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Literature Review: Implementing Angiosome-guided
Revascularization for Lower Extremity Wounds
Meghan Teague, B.S., Lewis Kane, B.A. M.S., Shontal Behan, B.S.
ABSTRACT
Angiosome theory was originally described in the
context of plastic surgery and is commonly used to
guide revascularization interventions in patients with
ischemic foot wounds. This approach asserts that the
foot and ankle can be divided into territories (angiosomes) that are each supplied by a primary vessel. Restoring arterial supply to an angiosome may therefore
enhance wound healing. However, dynamic vascular
anatomy, diseased patient populations, and varied
wound distributions have made research on angiosomedirected revascularization strategies difficult to interpret. As a result, there is no current consensus regarding
the validity of angiosome theory in ischemic wound
therapy. Here we provide a brief overview of angiosome theory, the data supporting and refuting it, and potential approaches for future research.
INTRODUCTION
The angiosome concept was defined by Palmer and
Taylor in 1987 with the intent to improve skin flap outcomes.1 These authors described an angiosome as a region with integument and corresponding deep tissues
supplied by a single, common source artery. Labeled
angiosomes represent a three-dimensional area that the
source vessel supplies. Borders represent choke zones
between terminating vessels of two neighboring, separate angiosomes. Small, distal vessels in these areas
may collapse in a low flow state. The vessels bridging
neighboring angiosomes may provide collateral flow if
a source vessel is occluded.1–3
DEFINED ANGIOSOMES
Blood supply to the leg begins at the popliteal artery, which gives rise to the anterior tibial artery and the
tibioperoneal trunk at its first major branching point.
The anterior tibial artery courses anteriorly and becomes the dorsalis pedis artery distal to the ankle mortis. The tibioperoneal trunk branches into the posterior
tibial and peroneal arteries. The peroneal artery terminates by branching into perforating peroneal and lateral
calcaneal vessels. The posterior tibial artery courses
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posterior to the tibia and terminates as the medial and
lateral plantar arteries after giving rise to the medial calcaneal artery around the level of the flexor retinaculum.
The arterial supply of these three major vessels—anterior tibial, posterior tibial, and peroneal—and their
branches provide the basis of the angiosome concept in
the foot.
Taylor and Palmer first described five angiosomes
in the foot and ankle: three from the posterior tibial artery, one from the anterior tibial/dorsalis pedis artery,
and one from the peroneal artery.1 Attinger et al. later
added a sixth angiosome by separating the peroneal distribution into its two terminal branches.4
The angiosomes of the posterior tibial artery are
formed by the medial plantar, lateral plantar, and medial
calcaneal branches. The medial plantar artery supplies
the medial aspect of the plantar sole of the foot and extends to the instep at the anterior border of the talonavicular joint. The lateral plantar artery supplies the
plantar forefoot and lateral plantar sole. The angiosome
associated with the medial calcaneal artery supplies the
plantar surface of the foot as well (specifically the heel),
and extends to the medial glabrous junction. The anterior tibial artery supplies the anterior leg and continues
distal to the ankle mortis as the dorsalis pedis, where
the same angiosome supplies the dorsum of the foot.
The peroneal artery supplies an angiosome extending
from the posterior calf to the anterolateral ankle and lateral heel, contributing to the plantar heel pad. Attinger
et al. divided this area into two separate angiosomes:
one supplied by the perforating branch and another by
the lateral calcaneal branch.4 This distinction separated
the anterolateral foot and ankle from the posterolateral
ankle and heel.3,5
INDIRECT & DIRECT REVASCULARIZATION
In practice, the angiosome concept can be used to
guide vascular interventions. Nonhealing pedal wounds
are often ischemic and require increased vascular supply to heal. The target vessels when planning revascularization procedures is determined by one of two approaches: direct or indirect. Direct revascularization

targets the vessel supplying the angiosome in which a
wound is present and bypasses, stents, or opens this artery with balloon angioplasty.4,6,7 Indirect revascularization restores blood flow to the affected areas only by
improving flow through collateral vasculature. For example, improving flow through the peroneal artery may
improve collateral flow to all areas of the foot. 8 Both
approaches are commonly used, and controversy exists
in the literature as to whether angiosome-guided revascularization improves wound healing and limb salvage.
Several studies argue that the angiosome model is
not essential to limb salvage and healing. Acín et al. retrospectively analyzed 101 infrapopliteal endovascular
procedures for ischemic ulcer healing and limb salvage
from a 10-year period with 1- and 2-year follow-up, respectively.8 The authors concluded that there was no
significant difference in outcomes between patients
treated with direct and indirect revascularization approaches. The authors further segregated their data,
however, and subdivided the indirect revascularization
group into categories: patients with and without dynamic collateral vessels. Dynamic collateral vessels
were defined as patent connections between multiple
source arteries, such as the pedal arch and distal peroneal branches. The authors found a 7% decrease in healing rate in those patients without adequate collateral
blood flow (compared to their counterparts) who also
received indirect revascularization. In contrast, outcomes after indirect revascularization in patients with
patent collateral flow were no different than after direct
revascularization. Therefore, an angiosome-directed
approach for revascularization appears unnecessary
among this patient population so long as collateral vessels can reach the affected tissues. These results identify
a critical dilemma in previous studies that studied indirect revascularization. For example, Faglia et al. concluded that indirect revascularization via angioplasty of
the peroneal artery alone is not adequate for wound
healing.9 However, patency of the distal peroneal
branches following peroneal revascularization was
never confirmed in this study, and indirect revascularization through the peroneal artery may have been sufficient if its distal communicating branches were functional. In fact, directly addressing collateral flow with
endovascular intervention has the potential to improve
outcomes after indirect revascularization.10
In contrast, multiple studies support direct revascularization and, therefore, angiosome theory. Iida et al.
found improved healing in 86% and 69% of patients
when using direct and indirect revascularization, respectively (Iida et al.).11 Attinger et al. found a 9% limb
salvage failure with direct revascularization, while indirect revascularization increased failure rate to 38%.4
Meta-analyses have offered broader insight on this
topic, as they include larger subject populations and can
control for potential confounders. In a meta-analysis,

Biancari and Juvonen concluded that direct revascularization does improve wound healing, but the authors
qualified their results by stating their included studies
were of low quality and inconsistent study populations.12 Bosaquet et al. performed another meta-analysis with similar results. Although wound healing and
limb salvage outcomes in their review were improved
following direct revascularization, there was no significant difference in mortality rate.13 In the largest metaanalysis to date addressing angiosome-guided revascularization, Chae and Shin attempted to resolve the issues raised by Biancari and Juvonen by using rigorous
inclusion and exclusion criteria.14 (Of note, one of the
included studies was by Acín et al.,8 who found no significant difference between direct and indirect interventions.) The results from this study showed healing rates
to be notably higher when the angiosome model was
implemented.
REASONS FOR DISAGREEMENT
Applying angiosome theory when planning belowthe-knee vascular interventions is widely debated. Inconsistencies in the agreed number of angiosomes
within the foot, differences in collateral flow between
patients, and variability in wound locations make application of angiosome theory difficult. Furthermore, the
skin and underlying tissues are not always supplied by
the same vessels in equal distributions.1
We believe that the major hurdle obstructing the
study of angiosome theory is the lack of a common definition for pedal angiosomes. A 2014 study by Aerden
et al. perfectly illustrates this issue.7 These researchers
used both the angiosome diagram outlined by Taylor
and Palmer and Attinger et al.’s modified diagram to
classify wound distribution. This would obviously complicate wound allocation, since these two diagrams differ in their defined number of angiosomes in the foot
and ankle. The authors noted that 37 of 159 (23.3%)
wounds had “ambiguous” allocation into a specific angiosome. In addition, the authors were unable to classify the majority (53.9%) of wounds included in their
study. All of these unclassifiable wounds were localized to the toes, which cannot be allocated to a particular angiosome due to multi-vessel supply. (For example, an ulcer at the tip of the second digit may be supplied by medial plantar, lateral plantar, or dorsalis pedis
angiosomes.) For the sake of scientific clarity, any
wound crossing into multiple angiosomes or with an
ambiguous distribution should not be included for these
particular studies. In addition, angiosome distribution
varies in each individual patient, due to variation in size
and location of pedal arteries. This is obvious when
considering the fact that the dorsalis pedis artery originates from the peroneal artery in 5% of the population
and may be attenuated or absent in up to 12% of the
population.15 Attinger et al. admit to this variation by
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stating that the hallux can have its primary arterial supply from either lateral plantar, medial plantar, or dorsalis pedis vessels.3 When possible, individual-specific
angiosome distributions should be determined when
studying direct revascularization approaches.
Another obstacle to the study of direct revascularization procedures is that angiosome theory was developed in a relatively non-diseased population. Taylor
and Palmer’s original illustration of pedal angiosomes
used limbs that had been amputated secondary to
trauma or tumors.1 Angiosomes elsewhere in the body
were determined in cadavers free from extensive cardiovascular disease. Yet direct revascularization is, by default, studied in patients with vascular disease. It is unclear whether application of this theory to diseased populations is a valid approach, since the disease process
affects collateral flow and therefore changes angiosome
distribution over time.16,17 A technique developed recently by Kayaga et al. may be able to overcome this
issue by indirectly measuring tissue perfusion patterns
in patients, but this is to date the only study of which
we are aware to use this method.18 Direct and collateral
arterial supply is a dynamic property and constantly
changes over time in individuals. Therefore the angiosome definition is a moving target, and it must be
treated as such.
Lastly, wound care has inherent confounding variables, for which it is difficult to control when designing
original research studies and meta-analyses. Examples
of variables affecting wound healing include systemic
disorders (i.e. malnutrition, diabetes, and end stage renal disease), infection, dressings, and localized pressure
offloading. These are just some of the numerous issues
to consider when studying wound therapies. No single
study has been able to control for each of these variables, and this complicates data interpretation.
THE WOUND, ISCHEMIA, FOOT
INFECTION (WIfI) SCORE
A new model aims to address the need for a universal classification system based on three factors: extent
of the wound, ischemia, and presence of foot infection
(WIfI).19 This method combines previous classifications developed for diabetic foot ulcers and ischemia
models. It addresses the wound’s size, depth, and severity, as well as the ankle-brachial index, ankle systolic
pressure, and toe pressure. Finally, it takes infection
into account using the Infectious Diseases Society of
America (IDSA) guidelines for diabetic foot infection.
While this model does not aim to address clinical decision making, it does provide a more comprehensive understanding of the patient’s state of disease and risk for
amputation. A nonrandomized, retrospective study confirmed that as the WIfI score rises, the major limb amputation rate also increases.20 This study also found that
revascularization in patients with high disease severity
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improved wound healing times. WIfI stage 3 patients
who did not undergo revascularization had a mean
wound healing time of 238 days compared to 94 days
with revascularization.20 Use of the WIfI score, along
with risk stratification and a universal classification of
anatomical severity, has the potential to guide revascularization decision making more clearly in practice.
CONCLUSION
The angiosome concept has been proposed to guide
revascularization in patients with ischemic foot
wounds, conceivably enhancing wound healing. Multiple studies have investigated this application of the theory, but there is no current consensus due to inconsistent results. An argument for the lack of agreement
is the varying anatomical definition of angiosomes in
the foot. Further complications arise secondary to the
variety in patient collateral flow, wound location, and
wound severity. In order to determine whether angiosome theory enhances wound healing, the anatomical
boundaries of angiosomes in the foot need to be identified for each patient undergoing these interventions,
followed by the implementation of a universal wound
classification system, such as WIfI, to quantify wound
severity. Although the data remain unclear, angiosome
theory is worth investigating further for its potential to
guide lower extremity revascularization and advance
wound care.
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Assessment and Treatment of Ankle Joint Equinus
Luke McCann, B.S., M.S.
ABSTRACT
Ankle joint equinus is frequently mentioned as a
major deforming force of the lower extremity. However, it is rarely considered as a primary diagnosis of
foot and ankle problems, rather, it is viewed as a secondary factor that often receives inadequate attention.
Visual inspection of non-weightbearing ankle dorsiflexion, without the use of a goniometer, is frequently
how clinicians diagnose equinus. Interventions including heel lifts, stretching, injections, and splinting are
some of the conservative treatment options available.
Surgical treatment is a more definitive treatment option,
of which there are a variety of procedures available. A
thorough understanding of assessment, as well as treatment options for equinus, is critical for the podiatric
physician when making decisions managing this condition.
INTRODUCTION
Inadequate dorsiflexory range of motion (ROM) at
the ankle, also known as “equinus,” is a condition that
contributes to many lower extremity biomechanical
changes often resulting in subsequent maladies.2–4,6
Equinus tends to be a catch-all term whose definition
varies in the literature. There are several types of equinus, each with a different cause. It is important to discern between them, as it will change the treatment approach. Non-spastic equinus has come to be considered
one of the main deforming forces of the ankle and leads
to problems such as plantar ulceration, acquired flatfoot
deformity, and posterior tibial tendon dysfunction. 1
In 2002, DiGiovanni et al. evaluated the presence
of equinus in patients with various foot pathologies
(n = 34), including metatarsalgia, Morton’s foot, posterior tibial tendon insufficiency, plantar fasciitis, stress
fracture, and Lisfranc joint arthrosis. Eighty-eight percent of these patients were unable to dorsiflex the ankle
beyond 10 degrees, indicating the presence of equinus.2
An at-risk group of particular interest to the podiatric
community are patients with diabetes mellitus. The primary concern in regards to equinus in patients with diabetes is the associated increase in forefoot pressure. In
a 2-year longitudinal study, Lavery et al. evaluated
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1666 diabetic patients and found that when present,
equinus resulted in an average increase peak forefoot
plantar pressure of 7 N/cm2 (10 lbs/inch2). These same
patients were found to be 3 times more likely to ulcerate
in comparison to those without equinus. Their study
also found that patients with equinus were diabetic for
an average of 12.8 years, approximately 2 years longer
than those without the deformity.3
Additionally, equinus has an impact on the adjacent joints in the kinetic chain. Given that the average
United States citizen walks over 5,000 steps per day, it
can easily be extrapolated that, over time, altered arthrokinematics would eventually cause compensatory
joint and soft tissue changes at those locations.5 Houx
et al. studied the effects of equinus on the knee, hip, and
pelvis in children using ankle orthoses to create varying
levels of joint restriction. They found that equinus
causes increased knee flexion, hip flexion, and an anterior pelvic tilt. This resulted in an increased lumbar lordosis at initial contact with heel strike, followed by increased knee hyperextension when in stance phase.
These findings were most significant when the foot was
fixed in a position of -10 degrees of dorsiflexion.4
Drefus et al. found similar results when simulating
equinus in healthy adult patients wearing a fixed ankle
foot orthotic. They found that compensation for equinus
proximal to the ankle was most significant when the ankle was limited to -10 degrees of dorsiflexion.6 These
studies suggest that a substantial equinus is needed to
significantly affect the joints proximal to the ankle.
EVALUATING FOR PRESENCE OF EQUINUS
One challenge clinicians face is that there is not a
concise definition of equinus. Most authors do agree
that equinus is a limitation of the available dorsiflexory
ROM, but there is disagreement as to the actual ROM
needed for normal function. In a study of forefoot pressures, Lavery et al. defined equinus as an inability to
dorsiflex the ankle beyond 0 degrees.3 DiGiovanni et al.
suggests than 10 degrees of ankle dorsiflexion is a more
appropriate definition as it carries a higher inter-rater
reliability when it comes to clinical assessment. They

found that when using 5 degrees or less as the definition, clinicians were only able to accurately diagnose
equinus 77% of the time. When using 10 degrees of ankle dorsiflexion or less as the definition, the clinicians
were able to accurately detect equinus 97% of the time.7
The standard approach for measurement of equinus
is with use of a goniometer. The proximal arm is
aligned with the fibular shaft and the distal arm aligned
parallel to the plantar surface of the foot with the main
reference point being that of the rearfoot as opposed to
the forefoot.1 The foot should be placed in subtalar joint
neutral and dorsiflexed with the knee kept in the extended position. This is done non-weightbearing
(NWB), first with the knee extended and then with the
knee flexed beyond 25 degrees.2 Flexing the knee beyond 25 degrees relaxes the gastrocnemius and allows
for assessment of the soleus.8 When the ROM is limited
with the knee extended, it is considered a gastrocnemius-driven equinus. A gastrocnemius-soleus equinus
occurs when the ROM limitation is present with both
the knee flexed and extended.9 In addition to muscular
equinus, there can be an osseous equinus in which there
is an anterior impingement at the ankle joint limiting
dorsiflexion. Clinically, this is determined by palpation
of an osseous end feel at maximum dorsiflexion or by
taking stress lateral view radiographs in the weightbearing (WB) position and observing a bony impingement at the anterior aspect of the ankle joint.1
One concern with testing for equinus is that it is
typically evaluated during the NWB exam. This position lacks an adequate amount of force to truly elicit
maximal ankle joint dorsiflexion and the deforming
forces that occur when a patient takes a step. A test that
is less commonly used, but takes WB into consideration, is the WB lunge test. This is tested with the patient
in a WB position with their foot planted on the floor.
The patient performs a forward lunge with the contralateral limb. The maximum ankle dorsiflexion is measured at the point just prior to when the heel comes off
the floor.10 Bennell et al. demonstrated that this test has
high intra- and inter-rater reliability and recommended
its use, as it more accurately represents the ankle position while a patient is walking.10
CONSERVATIVE TREATMENT OF EQUINUS
Anecdotally, stretching has been considered to be
of benefit. However, this has been a topic of debate. In
2011, Katalinic et al. carried out a systematic review
that included a meta-analysis of 25 studies evaluating
the effectiveness of stretching modalities on prevention
of joint contracture in patients with neurological conditions such as traumatic brain injury, stroke, cerebral
palsy, and Charcot-Marie-Tooth (CMT). They concluded that stretching programs, including active
stretching, passive stretching, and splinting, had no

long lasting effect in preventing joint contracture in patients with neurologic involvement.11 The studies included were not limited to the ankle joint, but the concept can be applied to any joint where the muscles have
increased tone. Grady and Saxena published a paper assessing if a once per day stretching of the gastrocnemius
muscle could affect ankle dorsiflexory ROM. They
found that 6 months of daily, static stretching for 5 consecutive minutes only produced an average increase of
2.7 degrees of dorsiflexion.12 While this is an improvement, one must question how much benefit stretching
only once a day could provide. Macklin et al. studied
the benefits of continuous calf stretching for a slightly
longer period of 4 minutes twice per day and reported
an average increase of 10 degrees of dorsiflexion.13 In
regard to the diabetic population, Goldsmith et al. evaluated the effect of a 3 times per day self-stretching program on peak forefoot plantar pressures. They reported
that after 4 weeks of dorsiflexory stretching, diabetic
patients saw a 4.2% reduction in peak plantar forefoot
pressures.14 Since stretching is a modality that can easily be deployed, it should be strongly considered in the
management of equinus.
Night splints are another modality that has been
suggested to help manage equinus deformity. Night
splinting creates a long duration stretch via removable
splints that are worn through the night. There are many
studies using night splints to reduce symptoms of plantar fasciitis and Achilles tendonopathy. However, there
are few published studies specifically addressing equinus, and existing research has conflicting results. A
small 2006 study (n = 14) by Refshauge et al. reported
night splinting had no effect on dorsiflexion in CMT
patients. After 6 weeks of night splinting for 7 hours per
night, there was only 1 degree of improvement with ankle dorsiflexion.15 As a result, they did not recommend
the use of night splinting in CMT patients. More recently, Rose et al. carried out a larger study (n = 30)
where CMT patients wore night splints for 4 weeks.
They reported that an average of 4 degrees of dorsiflexion was gained in that time.16 Given the limited research
in this area, it would be difficult to recommend night
splinting as a primary means of addressing equinus deformity. Further study is needed in this area, particularly addressing non-neurologically driven equinus deformity.
The use of heel lifts has also been suggested as a
means of addressing equinus and the associated increased peak plantar pressure. Looking at customized
heel lifts, Zhang et al. found that use of a customized
25mm heel lift redistributes pressure more evenly along
the foot. However, it did not decrease peak plantar pressures at the forefoot. The heel lift did decrease peak
pressures at the calcaneus, which they attributed to the
more even distribution of ground reactive force upon
heel strike.17
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Serial casting and botulinum toxin A (BtA) are modalities that have been used flatfoot secondary to spastic
equinus in recent years. In a randomized prospective
study of 20 patients with cerebral palsy, Corry et al.
compared serial casting to the use of BtA gastrocnemius-soleus injections. Two weeks following a 4–6 week
course of serial casting, they found that the BtA group
had a more profound reduction of muscle tone and a
larger increase in passive dorsiflexion compared to the
serial casting group. However, neither group’s initial
gains remained to be statistically significant 12 weeks
after treatment.18 This finding suggests that, although
these treatments may provide some reduction of tone
and deformity, they are only short term solutions and
should be used in such a manner. In contrast to Corry et
al., two similar studies were performed by Ackman et
al. and Glanzman et al. comparing BtA, serial casting,
and a combination of BtA and serial casting. In both
studies, BtA alone had no long-term efficacy, whereas
serial casting produced some positive long-term effects.
A combination of BtA and serial casting produced the
greatest effect on spastic equinus in children with cerebral palsy.19,20
SURGICAL TREATMENT OF EQUINUS
A definitive way to permanently address equinus is
via surgical correction. First, the driving force behind
the equinus must be determined. As previously mentioned, the deformity may be caused by a spastic neurologic disorder resulting in an overactive posterior
muscle complex, a neurologic disorder like CMT disease resulting in a muscular imbalance, an osseous deformity at the anterior tibio-talar joint, or a non-spastic,
tight gastrocnemius or gastrocnemius-soleus complex.
Potential surgical options include osseous resection to
alleviate joint impingement, neurectomy to paralyze the
gastrocnemius muscle, proximal recession of the heads
of the gastrocnemius, gastrocnemius aponeurosis recession, tendo-achilles lengthening (TAL), complete achilles tenotomy, and anterior displacement of the achilles
tendon.1
Two surgical procedures encountered in the literature were TAL and gastrocnemius recession.1,21–23 The
TAL procedure allows for lengthening of the entire gastrocnemius-soleus complex which is indicated in a
moderate to severe gastrocnemius-soleus driven equinus.1,21 This can be carried out by a percutaneous triple
hemisection, a Z-lengthening, or a V-Y lengthening.
When the equinus is driven only by the gastrocnemius,
or if the equinus is only mild to moderate in severity, a
gastrocnemius recession is recommended.1,21 Common
gastrocnemius recession procedures include endoscopic gastrocnemius recession, mini open recession, or
an open procedure creating a “tongue in groove”. The
mini open recession, known as a “Strayer”, uses a speculum to create a longitudinal incision along the medial
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aspect of the leg. The open procedure typically entails
a posterior incision followed by a “tongue-in-groove”
lengthening of the gastrocnemius aponeurosis. Depending on the orientation, the procedure is referred to as
either a “Baker” procedure (tongue oriented distal to
proximal) or a “Fulp and McGlamry” procedure
(tongue oriented proximal to distal).1
The effects of surgical treatment of equinus can be
profound. In a small prospective study (n = 10) of diabetic patients with prior ulceration who underwent percutaneous triple hemisection TAL, Armstrong et al.
found an average reduction of peak plantar forefoot
pressures of 20N/cm2. Eight weeks post operatively,
there was an average increase of 9 degrees of ankle dorsiflexion.22 Further demonstrating the power of TAL,
Mueller et al. carried out a randomized control trial
comparing neuropathic ulcer healing times when
treated with total contact cast versus total contact cast
combined with TAL. The neuropathic ulcers healed at
an average of 41 days with TAL versus 58 days without
it.23
CONCLUSION
Equinus is a complicated topic that requires close
attention when determining its presence and how to
treat it. Lack of ankle dorsiflexion can be severely detrimental to the lower extremity in the long term. Accurate physical examination is crucial to determining the
driving force behind the ROM limitation. Simple observation of a patient’s passive ROM at the ankle during a
physical exam is inadequate. Conservative treatment
options are generally helpful, but fail to elicit drastic
changes and have long-term effects. Surgical treatment
options produce more definitive results. The overall
treatment course when addressing equinus should be
multifaceted. Patient education, conservative options,
and surgical considerations should be explored.
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An Alternative for Minimally Invasive Osteotomies:
The Gigli Saw Technique
Megan Ishibashi, B.S., Toby Ishizuka, B.A.
ABSTRACT
Osteotomies that require a large incision site and
are performed with a high-energy instrument may result
in neurovascular injury and postoperative wound complications. The Gigli saw technique is a minimally invasive alternative to open dissection osteotomies. This
technique uses a flexible stainless steel cable with attached handles in a reciprocating pattern to cut through
bone. This review aims to introduce this procedure to
the podiatric medical student, so that one can consider
this technique as a surgical option in a patient with peripheral vascular disease, soft tissue injury, or osteoporotic bone quality. This article will review several studies and surgical textbooks to explain how to use a Gigli
saw in podiatric surgeries and describe the strengths,
weaknesses, and future implications of this minimally
invasive technique.
INTRODUCTION
In 1894, obstetrician Leonardo Gigli pioneered the
Gigli saw osteotomy, a minimally invasive technique,
which he initially used for lateral pubiotomies.1,2 Up
until 2 decades ago, this technique was primarily implemented for craniotomies. Paley and Tetsworth were the
first to describe the Gigli Saw technique in the lower
extremity.3 The authors were introduced to this technique by Dr. Abdul Paktiss, who coined the term “Afghan Percutaneous Osteotomy.”3,4 The inadequate surgical conditions during the war in Afghanistan in the
1980s necessitated a technique that used minimal surgical equipment and decreased the chance of infection.4
The osteotomy was developed mainly for traumatic defects of the proximal tibia, often seen in war wounds. 4
Since then, it has become increasingly popular in foot
and ankle surgery as a percutaneous alternative for midfoot, calcaneal, and supramalleolar osteotomies.
A Gigli saw is a flexible stainless steel cable with
attached handles that is used in a reciprocating pattern.2,5 This minimally invasive technique uses stab incisions, which minimize complications that commonly
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arise from open surgical dissection, such as wound dehiscence, infection, and scar formation.6,7 The Gigli
saw is a low-energy instrument that reduces the incidence of thermal necrosis, and stimulates neovascularization.3,7,8 Aside from an osteotome, there are no other
low-energy tools that can be utilized for osteotomies.3
Paley et al. state that bone regeneration is of the utmost
concern when performing osteotomies, and the factors
contributing to successful bone healing include proper
alignment, careful dissection of surrounding soft tissues, and the amount of energy used to perform the osteotomy.9 The archetype of osteotomies is one that preserves the soft tissue and periosteum, while incurring
the least amount of trauma to the bone.
SURGICAL TECHNIQUE
Midfoot Osteotomy
The Gigli saw is used for midfoot osteotomies at
the level of the talocalcaneal neck, cuboid-navicular, or
cuboid-cuneiform bones.5 Indications for midfoot osteotomies include complex foot deformities caused by
neuromuscular disorders, post-traumatic deformities,
congenital disorders, and significant osseous deformities.2
The Gigli saw technique requires four transverse
incisions. The first incision is made on the plantar lateral aspect of the foot. A periosteal elevator is passed
subperiosteally along the bone, coursing through the
plantar aspect of the midfoot. This subperiosteal tunnel
protects the tendons and neurovascular structures of the
plantar foot. When the elevator tents the skin at the
plantar medial aspect of the foot, the second incision is
made. A suture is clasped by a curved tonsil hemostat
and is passed through the tunnel from lateral to medial.
The Gigli saw is then attached to the suture and pulled
through the same tunnel. The periosteal elevator is inserted through the plantar medial (second) incision and
coursed to the dorsum of the foot, ending lateral to the
tibialis anterior tendon. As the elevator tents the skin on
the dorsal aspect of the foot, the third incision is made.

The curved hemostat is inserted from the third incision
towards the second incision to grasp the suture and attached Gigli saw. The elevator is then passed towards
the lateral aspect of the foot, and the fourth incision is
made dorsal to the cuboid and first incision. The curved
hemostat is moved through the fourth incision to grab
the suture and Gigli saw. The handles are then attached
to the Gigli saw, and the osteotomy begins from medial
to lateral. The cutting stops once the saw approaches the
cuboid. The periosteal elevator is placed subperiosteally from the fourth to the first incision to protect the
peroneal tendons. Once the osteotomy is completed, the
Gigli saw is cut and pulled out of the foot.5 Cutting the
saw prior to removal eliminates drag and the potential
for soft tissue trauma.7 Lamm et al. also describe this
technique; however, in their version, all four incisions
and dissection of the subperiosteal tunnels occur prior
to the attachment of the Gigli saw to the suture.2
Posterior Calcaneal Displacement Osteotomy (PCDO)
The calcaneal displacement osteotomy is described
for the surgical treatment of a flatfoot deformity. 7,10,11
In 1971, Koutsogiannis popularized this technique by
displacing the posterior calcaneal tuberosity medially to
correct hindfoot valgus.12 The Gigli saw technique for
this procedure is performed similarly to the midfoot osteotomy; two incisions are placed on the lateral aspect
of the foot along with one incision on the distal medial
side of the calcaneus. Subperiosteal tunnels are created
along the medial, lateral, and superior aspect of the calcaneus. The Gigli saw is passed superiorly through the
distal medial incision to the proximal and distal lateral
incisions. The Gigli saw overlies the superior portion of
the calcaneus before advancing through the tuberosity.
The osteotomy is then performed with careful preservation of the plantar structures.6,7
Supramalleolar Osteotomy
Supramalleolar osteotomy is implemented primarily in children due to distal tibia misalignment stemming from congenital deformities such as limb length
discrepancy. The overall technique is similar to the previously described procedures. Three incisions are
made: an anterolateral incision medial to the tibialis anterior tendon, a lateral incision on the lateral aspect of
the ankle, and an anteromedial incision anterior to the
posterior tibialis tendon. The periosteum is circumferentially elevated around the ankle with a periosteal elevator and then the Gigli saw is passed through this tunnel. The osteotomy is performed 5 centimeters above
the ankle joint with the tibia and fibula cut simultaneously. Before finalizing the cut, the saw is held by the
fingers versus the handles to allow for increased proprioception to prevent iatrogenic soft tissue injury. 8,9,13

ADVANTAGES
Studies have described that minimally invasive
techniques, as compared to open dissection, result in
decreased wound complications and faster healing
time, especially in smokers, diabetics, and patients with
skin infections and peripheral vascular disease.14
Chiang et al. examined the comparison of minimally invasive surgery for fibular plating in unstable ankle fractures and open reduction internal fixation.15 The study
included 71 patients, and the 37 patients in the minimally invasive group achieved equivalent radiographic
and functional outcomes, but had less pain on the third
postoperative day and decreased wound complications.
Chen et al. conducted a study with 99 patients comparing open reduction internal fixation to percutaneous reduction and screw fixation for displaced intra-articular
calcaneal fractures.16 The postoperative infection rate
was significantly higher in the open reduction internal
fixation cohort (12%) than in the percutaenous group
(3%). A study by Fallat et al. reported that a percutaneous medial fascial release for plantar heel pain results
in decreased postoperative pain and an increased healing time.17 In a sample size of 55 feet, the percutaneous
group returned to normal activity in 3.87 weeks compared to 6.19 weeks for the open group. Lim et al. compared percutaneous repair of a closed Achilles tendon
rupture to open repair in 66 patients.18 21% of the open
repair cohort had wound infections versus 0% in the
percutaneous group, however, the percutaneous cohort
had a 9% rate in wound puckering of the stab incision.
Minimally invasive surgical techniques versus traditional open surgery decrease patient morbidity, postoperative complications, and improve clinical outcomes ultimately resulting in decreased medical expenses.
The Gigli saw technique minimizes the risk of neurovascular injury intra-operatively. In a cadaveric study
of 20 below-the-knee specimens, DiDomenico et al.
employed the Gigli saw technique for a PCDO. 6 The
study reported preservation of the following neurovascular structures: sural nerve, medial and lateral plantar
nerve, and posterior tibial nerve, artery, and vein. The
tibial nerve and plantar nerves were located superior
and distal to the medial incision, and the sural nerve was
found anterior to the lateral incision.6 Tennant et al. reported that overzealous penetration of the medial cortex
with a high-energy saw blade might cause injury to the
medial neurovascular bundle; therefore, the use of a Gigli saw prevents this accidental damage to the medial
structures in the foot.19 This study reported no vascular
or wound complications in the 25 patients who underwent either a medial or lateral percutaneous endoscopically-assisted calcaneal osteotomy with a Gigli saw.
Paktiss et al. found no neurovascular complications, infection, or nonunion in their study of 50 proximal tibial
osteotomies.4 Lamm et al. performed a cadaveric study
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of 10 feet that underwent a Gigli saw midfoot osteotomy at the cuboid-cuneiform level. The authors found
no damage to the neurovascular structures in any of the
specimens.2
The stab incision placement of this minimally invasive technique also prevents wound and nerve complications. The standard incision for PCDO is an Lshaped incision over the lateral calcaneus. As a result,
patients commonly complain of nerve pain secondary
to a hypertrophic scar with this approach.6 The longer
L-shaped incision also increases the risk of wound dehiscence compared to the triple-stab approach of the Gigli saw technique. Furthermore, the small incisions
minimize trauma to the soft tissue, which decreases
postoperative edema. Lastly, the Gigli saw incisions
help to prevent sural nerve damage in contrast to the
standard L-shaped incision, which heightens the risk of
neuropraxia by its direct placement over the sural nerve
branches.19
Thermal necrosis is a common peril associated
with osteotomies performed by a power saw or other
high-energy tools.3,5,9,20 The Gigli saw is a low-energy
alternative that preserves the periosteum, which is an
integral factor in neo-osteogenesis.3,9 Paley et al. concluded that disruption to the endosteum and periosteum
required 7 and 10–14 days for bone formation to begin,
respectively. This latency period attributed to recanalization of the intramedullary vessels.9 Preservation of
the periosteum reduces the latency period for bone formation.3,5,9,21 Eralp et al. studied 44 tibias in 41 patients
and compared percutaneous drill hole osteotomy to the
Gigli saw technique.22 The Gigli saw cohort had shorter
healing times, suggesting that protection of the periosteum yields faster healing in patients undergoing proximal tibial osteotomies.22
DISADVANTAGES
Despite literature stating a minimized risk of neurovascular injury with the Gigli saw technique, studies
have noted complications such as damage to tendons
and neurovascular structures.9,23 Tennant et al. reported
a single occurrence of sural nerve damage, indicated by
post-operative numbness, after undergoing a percutaneous calcaneal osteotomy with Gigli saw.19 Paley et al.
warned that if the Gigli saw is not passed entirely
through the subperiosteal tunnel, this will result in injury to the neurovascular structures overlying the periosteum.9 Casey et al. concluded that there are few safe
zones for percutaneous pin placement during PDCO.
This study revealed that the medial calcaneal nerve, lateral plantar nerves, and posterior branch of the lateral
plantar nerve are the structures at highest risk of being
injured upon pin placement; this area is also the site of
the PCDO with the Gigli saw, suggesting a risk of nerve
damage with this procedure as well.24 DiDomenico et
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al. stated that the medial calcaneal nerve, anatomic variations of the posterior tibial nerve, and plantar nerves
are at risk of injury during a percutaneous PDCO.6
Lamm et al. reported damage to the anterior tibialis tendon near its insertion in 1 of 10 cadaveric feet during a
midfoot osteotomy.2 Eidelman et al. noted that the Gigli
saw technique has been used only rarely for supramalleolar osteotomies due to fear of damaging the tibialis
anterior tendon, peroneal tendons, and medial neurovascular bundle.8 Aggressive osteotomies through the
calcaneal tuberosity have reported damage to the plantar fascia; thus, widening the surgeon’s arms as the Gigli saw advances through the plantar cortex of the calcaneus avoids injury to the fascia.6,7,10 Although this
technique is useful in preventing iatrogenic damage to
the neurovascular structures during PCDO, many authors also caution against injuring the plantar soft tissue
structures.6,7,10
Studies have also reported that midfoot osteotomies with a Gigli saw have an occurrence of postoperative tarsal tunnel syndrome.2,5,9 Lamm et al. performed
prophylactic decompressions on 8 of 26 feet; out of the
18 feet that did not undergo this procedure, 1 foot developed tarsal tunnel syndrome.2 Paley et al. discovered
tarsal tunnel syndrome in 2 of 25 feet, both occurring
within 24 hours of the surgery.9 Both studies resulted in
a full restoration of normal sensation and motor function to the affected limb following decompression procedures.
As with any new technique, there is a learning
curve and common issues with the functionality of the
tool. If the Gigli saw is not flexible, a common setback
intra-operatively includes kinks in the saw.25 During a
PCDO, the foot must be held in a stable position to prevent the Gigli saw from getting stuck within the osteotomy site. With failure of this instrument, the completion of the osteotomy may be performed with an osteotome.20
FUTURE IMPLICATIONS
The Gigli saw technique can be utilized in chronic,
stable, or coalesced Charcot neuroarthropathy reconstruction. Lamm et al. studied the Gigli saw approach
for Charcot reconstruction in 11 feet (8 patients). 26
They first applied a Taylor Spatial Frame to distract and
realign the foot before performing a minimally invasive
arthrodesis. The study reported no deep space infections, hardware failure, recurrent ulcerations, or amputations within an average follow-up period of 22
months. This percutaneous technique needs to be studied more within the Charcot neuroarthropathy population to see if this approach consistently reduces postoperative complications, such as bone infection and soft
tissue injury.27

The Gigli saw method can be implemented in any
osteotomy and coupled with external fixation to decrease the use of internal fixation. Lamm et al. studied
the Gigli saw technique coupled with external fixation
for midfoot osteotomies, and found that this method
avoids retained hardware and preserves the surrounding
joints and neurovascular structures.2
Possible setbacks in the operating room include
equipment failure and power shortage, which result in
increased tourniquet time and general anesthesia of the
patient. Reliance on these factors is eliminated with the
Gigli saw, since it is hand-operated. Moodley et al.
noted that once familiarized with the Gigli saw, surgeons were able to perform transmetatarsal amputations
within 1 minute.20
CONCLUSION
The Gigli saw technique is a viable alternative for
foot and ankle osteotomies, especially in patients with
soft tissue injury and poor vascular supply.10 Open osteotomies, which require extensive surgical dissection
and exposure, come at the cost of increased risk of injury to neurovascular structures and bone.3,9 Paley et al.
affirmed that periosteal stripping may result in bone necrosis.9 Preservation of the periosteum through the subperiosteal tunnels in the Gigli saw technique minimizes
vascular disruption to the osteotomy site.2 PCDO complications are rare with the common lateral incision approach; however, Mendicino et al. reported occasional
complications such as wound dehiscence, delayed union, and soft tissue and peroneal tendon fibrosis.11 The
authors concluded that a percutaneous technique for
this procedure minimizes aggressive soft tissue and periosteum dissection.11
There is literature describing the Gigli saw technique for use in podiatric surgery; however, there is a
paucity of evidence comparing this minimally invasive
procedure with standard open dissections. There are no
studies thus far evaluating the rate of osteogenesis in
the foot and ankle post-Gigli saw versus standard protocol. Randomized controlled research studies comparing open dissection osteotomies to the Gigli saw technique are needed to validate this minimally invasive
method. However, based on the current literature, one
can assume that the Gigli saw technique is an advantageous alternative for midfoot, posterior displacement
calcaneal, and supramalleolar osteotomies in the patient
with significant comorbidities.
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Literature Review: Double Osteotomy of the
First Metatarsal for Hallux Abducto Valgus
Caroline Ko, B.S., Isaiah Song, B.S.
ABSTRACT
A double osteotomy of the first metatarsal is a
combined procedure of a proximal and distal osteotomy
of the first metatarsal. The technique provides a large
angular correction for severe cases of hallux abducto
valgus while minimizing the rate of recurrence and preserving the first metatarsophalangeal joint articulation.
Historically, this procedure has had major complications, including shortening of the first metatarsal, stiffness of the first metatarsophalangeal joint, and avascular necrosis of the first metatarsal head. The traditional
double osteotomy of the first metatarsal has evolved
with the goal of minimizing the aforementioned complications. The Peterson approach maintains the length
of the metatarsal while preserving the recurrence rate.
The modified Peterson approach incorporates a medial
plate and screws and reduces first metatarsophalangeal
joint stiffness. Minimally invasive percutaneous approaches of the procedure have been suggested to lower
risk of avascular necrosis. This literature review provides an overview of double osteotomies of the first
metatarsal and a discussion of associated outcomes and
complications.
INTRODUCTION
Hallux abducto valgus (HAV) is a deformity characterized by the lateral deviation of the hallux away
from the midline of the body and the medial rotation of
the hallux.1 This deformity is known as a bunion to the
general population and referred to as hallux valgus in
orthopedic texts. The prevalence of HAV was estimated
to be 23% of adults aged 18–65 and 35.7% in adults
older than 65 in a 2010 systematic review by Nix et al.2
The severity of hallux abducto valgus is commonly
classified as mild, moderate, or severe based on the deviation of the hallux valgus angle (HVA) and the intermetatarsal angle (IMA) (Table 1).3,4 Both angles are
measured in an anteroposterior (AP) weightbearing radiograph. The HVA is the angle created by the bisection
of the first metatarsal and the bisection of the proximal
phalanx. The IMA is the angle created by the mid-diaphyseal lines of the first and second metatarsals.1,5,6 A

commonly accepted value for normal HVA is less than
15 degrees, and normal IMA is less than 9 degrees.1
Table 1. Radiographic classification of hallux valgus
severity 3,4
Mild

Moderate

Severe

Hallux Valgus
Angle (HVA)

15–20°

21–40°

> 40°

1st Intermetatarsal
Angle (IMA)

9–13°

14–20°

>20°

A clinical decision on which surgical procedure
should be performed for a HAV case should not be
made solely based on the HVA and the IMA measurements. This classification does not take into account the
foot type of the patient or the width of the first metatarsal.7 Despite its limitations, the classification of hallux
valgus severity is useful for the evaluation of HAV and
for the ease of communication between physicians.6
The measurement of the distal metatarsal articular
angle (DMAA) or proximal articular set angle (PASA)
is also a notable radiographic measurement of hallux
valgus. The DMAA is the angle measured between a
line drawn perpendicular to the distal articulating surface of the first metatarsal and the longitudinal axis of
the first metatarsal in an AP weightbearing radiograph.6
An increased DMAA represents a lateral angulation of
the hallux, a subluxed joint, or both. This angular measurement, therefore, numerically represents the alignment and the congruency of the first metatarsophalangeal joint (MTPJ).6 All bunion surgical procedures attempt to align the hallux and first ray and restore congruity of the first MTPJ, and a double osteotomy of the
first metatarsal is an extra-articular method of DMAA
correction.
SURGICAL PROCEDURES FOR HAV
The etiology of hallux abducto valgus differs for
each patient. Causative factors include, but are not
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limited to, genetics, footwear, muscle imbalance, metatarsus primus adductus, first ray hypermobility, increased first metatarsal length, and ankle equinus.4,8,9
There are over 130 published operative techniques for
hallux valgus treatments and each has an unique approach in addressing the deformity.10 HAV correction
procedures involving the first metatarsal can be classified into distal osteotomy, proximal osteotomy, arthrodesis, double osteotomy, and triple osteotomy.5
These procedures can also be combined with adjunctive soft tissue procedures, such as an adductor tendon
tenotomy and capsulorrhaphy.7,11–13
For mild to moderate hallux valgus cases, distal
metatarsal osteotomies such as Mitchell, McBride, and
chevron procedures have been widely used in recent
years.9,14 In a chevron-Akin osteotomy, distal chevron
and Akin osteotomies are performed together and successfully correct mild and moderate hallux valgus with
hallux interphalangeus.1,15–17 In moderate to severe
cases of HAV, proximal osteotomies, such as an opening base wedge osteotomy, and diaphyseal osteotomies, such as a scarf osteotomy, have been
used.5,14,15,18 It is important to note that scarf osteotomy has been associated with high complication rates.
Complications include troughing with the loss of metatarsal height, delayed union, proximal fracture, infection, and high recurrence rate requiring a repeat surgery.19
In severe cases of hallux abducto valgus (HVA
>40° and IMA>20°), surgical procedures tend to be
more invasive due to a larger incision, more dissection,
and greater displacement of the capital fragment. A
Lapidus arthrodesis, or a fusion of the first tarsometatarsal joint, has been advocated when the causative factor of the deformity is hypermobility of the first tarsometatarsal joint.4,20 Yet significant shortening of the
first metatarsal is noted with a Lapidus arthrodesis. This
complication increases pressure on the lesser metatarsals and can result in transfer metatarsalgia.6,20 Fusion
of the first tarsometatarsal joint is also contraindicated
in adolescents with an open physis.4 Another option for
severe hallux abducto valgus cases is a double osteotomy of the first metatarsal.21,22 A double osteotomy has
shown successful angular corrections with low recurrence and complication rates, especially in cases with
an increased DMAA.22 This literature review focuses on
the associated outcomes and complications of the double osteotomy of the first metatarsal for severe hallux
abducto valgus cases.
DOUBLE OSTEOTOMY
Logroscino
Double osteotomy of the first metatarsal is an effective treatment option for severe hallux abducto val-
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gus cases with its benefit of low recurrence and complications rates.7,9 In 1948, Logroscino pioneered the technique of performing a double osteotomy on the first
metatarsal for HAV treatment.6 In a double osteotomy,
a proximal and distal osteotomy are performed together. A proximal osteotomy is performed on the base
of the first metatarsal to decrease a moderate to severely
increased IMA between the first and second metatarsal.
A distal osteotomy then corrects an abnormal
DMAA.6,14,22 This second step aligns the hallux parallel
with the other toes for propulsion.7 The technique of
performing two osteotomies on the first metatarsal
maximizes the benefits of the angular correction, minimizes the rate of recurrence, and preserves the metatarsophalangeal joint articulation.23
In 1999, a retrospective study by Coughlin et al.
supported Logroscino’s double osteotomy technique as
a successful treatment option for severe adolescent hallux valgus.22 The authors noted that a double osteotomy
ensures strong angular correction while maintaining articular congruity of the first metatarsophalangeal joint.
The study achieved an average correction of 22 degrees
for HVA, 9 degrees for IMA, and 14 degrees for
DMAA with 81% patient satisfaction. However, they
also noted that three major complications were associated with the traditional double osteotomy on the first
metatarsal: shortening of the first metatarsal, limited
range of motion at the first metatarsophalangeal joint,
and avascular necrosis of the first metatarsal head.24
Peterson Approach
Maintaining the length of the first metatarsal is critical in preventing future complications. Increased
length of the first metatarsal can lead to stiffness, arthrosis, and degenerative joint disease due to increased
intra-articular MTPJ pressure,23 and shortening the first
metatarsal length can lead to transfer metatarsalgia.23
In 1993, Peterson and Newman developed a new
double osteotomy technique that attempted to maintain
the first metatarsal length. In addition to a medial exostectomy of the first metatarsal head, the surgeons performed a distal closing wedge osteotomy and a proximal opening wedge osteotomy using the same piece of
bone from the closing wedge in the opening wedge procedure. A 3/16-in intramedullary Steinmann pin was
then incorporated for fixation. This technique ensures
that the first metatarsal retains its length before and after surgery. Thirteen out of 15 adolescent patients experienced successful outcomes with no pain or limitation of activities. No complications regarding the pin,
infection, or avascular necrosis were found in the study.
No patients in this study reported recurrence of hallux
abducto valgus, but two patients developed hallux varus
from overcorrection.23 A significant decrease in the first
MTPJ range of motion was also found to accompany
the procedure. Similarly, another retrospective study

conducted in 2004 reviewed the Peterson approach and
reported first MTPJ stiffness associated with the procedure.9 Despite the advantages of maintaining the first
metatarsal length and low recurrence rate, a reported
disadvantage of the Peterson approach is stiffness of the
first metatarsophalangeal joint.25 Mobility and range of
motion of the first MTPJ is a critical factor for patient
satisfaction, as it affects daily activity and the ability to
wear “peer-appropriate footwear.”9 This is especially
important in young, active, adolescent patients.
Modified Peterson Approach
In a 2001 study, Aronson et al. published results
from a modified version of the Peterson approach performed on 18 juvenile feet. A medial plate and screws
were included with the Peterson approach to prevent
MTPJ subluxation and reduce post-operative stiffness
that has been reported to accompany double osteotomies.26 The results showed strong angular correction of
HAV and reported no limitation of first MTPJ range of
motion. There were three cases of recurrence due to intraoperative undercorrection. In 2014, Marshall et al.
further updated the modified Peterson approach by incorporating a capsular advancement to avoid first MTPJ
stiffness and to decrease the recurrence rate. Results
from this study showed angular improvements with no
reported cases of first MTPJ stiffness or recurrence.25

head, especially when combined with an invasive procedure such as double osteotomy of the first metatarsal.13 In a 2016 retrospective study, Park et al. performed double osteotomy of the first metatarsal on 16
feet without lateral releases due to its presumed risk of
avascular necrosis. Four of the 16 feet resulted in recurrence of hallux abducto valgus with an HVA greater
than 20 degrees.29 In a similar 2016 study, Booth et al.
also omitted the lateral release and showed a significant
recurrence rate.5 Both authors emphasized and recommended the addition of lateral release procedure when
performing double osteotomy of the first metatarsal in
order to prevent recurrence of HAV. 5,29 Research results also demonstrate that the lateral release is not the
biggest causative factor in decreasing the blood flow to
the first metatarsal. In 2005, Kuhn et al. analyzed the
decrease in blood flow in each part of the chevron bunionectomy performed with adjunctive procedures of adductor tenotomy and lateral release. The medial capsulotomy decreased the blood flow to the metatarsal
head by 45%, and the lateral release and the chevron
osteotomy each decreased the blood flow by 13%.
Kuhn noted that the medial capsulotomy is the most significant factor in decreasing in blood flow as it disrupts
the capsular anastomosis. The study noted that no instances of avascular necrosis occurred following minimal capsular dissection during the procedure. 27

Percutaneous Approach
Avascular necrosis of the first metatarsal head is a
well-documented concern for bunionectomy surgeries,
including double osteotomies. The distal osteotomy
risks injury to a nutrient artery and capsular arteries of
the first metatarsal head. Therefore, percutaneous approaches have been researched to minimize disruption
of blood flow.24,27
In a 2012 study, Radwan et al. compared percutaneous distal metatarsal osteotomies to distal chevron
osteotomies and found that the decrease in soft tissue
damage with percutaneous approaches reduces the risk
for avascular necrosis.28 De Lavigne et al. and Díaz Fernandez et al. confirmed in separate respective studies
that percutaneous approaches also minimize the risk of
avascular necrosis after double osteotomy of the first
metatarsal.14,21 However, percutaneous double osteotomy in those studies resulted in significant shortening
of the first metatarsal, and both authors recommended
Weil osteotomies of the lesser rays to prevent transfer
metatarsalgia.14,21

OTHER CONSIDERATIONS
Double osteotomies are particularly appropriate for
adolescent patients. The primary goal for younger patients is to restore foot cosmesis and function, including
the full range of motion of the first MTPJ, while preventing recurrence and complications.23 Helal noted
that the destruction of the first MTPJ with fusion or arthroplasty in adolescent patients is “unjustifiable” as it
can lead to pain and stiffness.30 Double osteotomy of
the first metatarsal can correct HAV with low rates of
recurrence and first MTPJ stiffness without risking injury to the growth plate by remaining extra-articular.
Therefore, the procedure is optimal for adolescents with
open physes.9
Noncompliant patients who are unable to remain
non-weightbearing until the osteotomy is healed are not
good candidates for a double osteotomy of the first metatarsal. Noncompliance can result in complications
such as delayed union, non-union or malunion, lesser
metatarsalgia, lesser metatarsal stress fractures, and
chronic foot pain.6

Lateral Release
Adjunctive lateral release procedures are effective
in providing additional angular corrections,13 and they
are also vital in reducing recurrence rates of HAV.5,12,18
However, these procedures have raised concerns regarding the risk of avascular necrosis of the metatarsal

CONCLUSION
There is currently no gold standard procedure or
protocol for hallux abducto valgus correction.18 A double osteotomy of the first metatarsal is a great option to
consider for severe hallux abducto valgus cases where
the HVA is greater than 40 degrees, the IMA is greater
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than 20 degrees, and the DMAA is high. The procedure
can produce great angular correction while remaining
extra-articular, and thus is especially recommended for
adolescent patients. Double osteotomy of the first metatarsal has low recurrence rates and allows multi-planar
correction. The Peterson approach of the double osteotomy additionally maintains the first metatarsal length.
The complications of limited range of first MTPJ motion caused by the Peterson approach were addressed
with Marshall’s modified Peterson approach. Another
complication of concern was avascular necrosis. Minimally invasive methods were introduced to avoid avascular necrosis, but reintroduced the complication of a
shortened metatarsal. An adjunctive lateral release procedure does not increase the risk of avascular necrosis
and can be used to lower the rate of recurrence. While
progress has been made to counter the complications of
a double osteotomy, no technique has successfully removed all risks of a shortened first metatarsal, stiffness
of the first metatarsophalangeal joint, and avascular necrosis of the first metatarsal head. Future studies on
double osteotomy approaches that minimize complications will be highly beneficial for patients with severe
hallux abducto valgus.
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The Use of Prophylactic Vitamin C for Prevention of
Complex Regional Pain Syndrome in the Foot and Ankle:
A Review of the Literature
Stephen Kriger, B.A., Shontal Behan B.S., Sara Shirazi, B.A.
ABSTRACT
Complex regional pain syndrome is a chronic pain
disorder, which typically occurs following trauma or
surgery. The condition involves the extremities and is
characterized by disabling pain out of proportion,
edema, vasomotor instability, and impaired motor function. While research has not been able to agree on a specific treatment or prevention of the syndrome, prophylactic vitamin C has been described as a promising, effective form of prevention if given directly following
traumatic fracture or surgical intervention.
INTRODUCTION
Complex regional pain syndrome (CRPS) is a severe pain condition that can result after surgery or
trauma. Pseudonyms such as reflex sympathetic dystrophy, algodystrophy, Sudeck’s atrophy, and causalgia
have all been used. However, the International Association for the Study of Pain defined the condition as
CRPS in 1993 secondary to the complexity of clinical
symptoms such as motor, somatosensory, and autonomic abnormalities.1 Pain out of proportion to provoking stimulus located in a glove or stocking distribution
further defines regional pain syndrome.1
CRPS is most prevalent in females during the
fourth decade of life, however children in early adolescence have also been diagnosed.2–4 Most common
symptoms include a constant, deep pain that is not relieved with rest and is exacerbated by light touch,
movement and temperature changes.5 Hyperalgesia, allodynia, and hypoalgesia can all be present as well.6
Pain does not follow an anatomical or dermatomal pattern.7 Vasomotor disturbances secondary to autonomic
abnormalities cause acute erythema, edema, and
warmth or chronic changes including livedo reticularis.8 Motor abnormalities may become evident initially or present themselves later on as the condition
progresses. Muscle weakness, spasms, intention tremors, and dystonia are just some of the irregularities that
might become apparent.9
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The pathophysiology of CRPS is poorly understood. However, it is agreed to be multifactorial, involving both the central and peripheral nervous systems.
Sympathetic disturbances to blood vessels can cause increased sensitivity to particular hormones and neurotransmitters generating irritable nociceptive neurons,
while also affecting oxygenation in surrounding tissues
ultimately causing acidosis.10 Free radicals have been
found in muscle fibers further hindering microcirculation by causing alterations to capillaries.11 An increase
in pro-inflammatory proteins is also believed to contribute to the maintenance of CRPS.12
CURRENT TREATMENT
Due to the broad spectrum of symptoms observed
in CRPS, treatment is non-specific and diverse and includes pain control, rehabilitation, education, and psychological interventions; surgery has also been employed.5 Typically, patients acclimate themselves to the
pain and advance to physical, psychological, and social
therapies.13 If necessary, pharmacological treatment
can be utilized for severe pain and includes anticonvulsants and tricyclic antidepressants. Opioids are generally inappropriate.10 The limited surgical interventions
include insertion of spinal cord stimulators, ketamine,
sympathetic blocks, and a rare request for amputations.14
As previously stated, CRPS is a serious complication following trauma or surgery to an extremity, thus
advancements in prevention are desired. One prospective treatment option is the use of vitamin C, the theory
being that its antioxidant properties will bind harmful
oxygen free radicals that prevent or slow fracture healing and therefore will be able to reduce the risk of
CRPS.15 CRPS is an especially well-known problem
following fracture to the distal radius, and the first studies involving vitamin C treatment for CRPS focused on
this aspect of the body. Vitamin C’s effect on the pre-

vention of CRPS following injury to the lower extremity, specifically the foot and ankle, is now beginning to
be examined.
PROPHYLACTIC VITAMIN C THERAPY
Since it was first recognized, vitamin C has been
an area of interest to researchers, as it was thought to
have properties that help prevent and treat certain diseases.16 Vitamin C is an antioxidant that is essential in
the protein metabolism process, production of neurotransmitters, and enrichment of iron absorption, in addition to its role in collagen formation and contribution
to bone health.17–21 Humans are not able to produce vitamin C, so they have to ingest it from natural plant and
animal sources or supplementation.22
In 1999, Zollinger et al., in an attempt to measure
the prophylactic use of vitamin C, examined two groups
of patients following wrist fractures. Beginning on the
day of fracture, one group began taking 500 mg of vitamin C and a control group took a placebo daily for 50
days. The authors found that, while 22% of subjects in
the placebo group developed CRPS, only 7% of subjects in the vitamin C group progressed to the syndrome.23,24 A similar conclusion was reached following
surgical correction of distal radius fractures.25 Beginning on the first post-operative day, subjects received
1,000 mg of vitamin C for 45 days, and the incidence of
CRPS was approximately 5 times lower than in the placebo group. Furthermore, several meta-analyses have
shown a decrease in postoperative CRPS following
perioperative vitamin C supplementation, providing
further evidence for the beneficial use of prophylactic
vitamin C.26,27 There is some conflicting evidence,
however, that suggests that there are no substantial advantages for the use of vitamin C as a preventive measure against the development of CRPS in patients with
wrist fractures.15,28 These studies determined the quality
of evidence of previous prophylactic vitamin C research
to be low and further described potential higher complication rates in vitamin C users with displaced fractures.15,28 Overall, the overwhelming majority of the
findings give credibility to the significance of vitamin
C administration as a prophylactic agent to inhibit the
incidence of CRPS. Additionally, it has been speculated
that vitamin C prophylaxis could be beneficial following other forms of trauma or surgery23.
With evidence to support the prophylactic use of
vitamin C for prevention of CRPS, an attempt was
made to find the optimal dosage of vitamin C.29 Preventive doses of 200 mg, 500 mg, or 1500 mg of vitamin C
daily for 50 days following wrist fracture were examined against a control group. The incidence of CRPS in
these three groups was 4.2%, 1.8%, and 1.7%, respectively, clearly demonstrating that larger doses were

more effective. The authors were therefore able to conclude that a daily dose of 500 mg of vitamin C for 50
days is recommended directly following fracture. 29
Given the high quality of Vitamin C evidence, the
American Academy of Orthopedic Surgeons now recommends the use of vitamin C to prevent CRPS in patients with distal radius fractures.30 The prophylactic
use of vitamin C was further substantiated by Malay et
al., whose meta-analysis supported the academy’s recommendation.31
Because vitamin C effectively prevents CRPS following wrist fractures, Besse et al. decided to see if vitamin C could prevent CRPS in the foot and ankle.32 The
authors compared two groups of subjects following
scheduled foot or ankle surgery. One group received a
daily dose of 1,000 mg of vitamin C for 45 days beginning on the first post-operative day, and the control
group received a placebo. The authors found that CRPS
occurred in 9.6% of subjects in the control group and
only 1.7% of subjects in the treatment group. A later
meta-analysis mirrored these results.31 These studies
demonstrate the effectiveness of vitamin C in preventing CRPS in the foot and ankle, and the authors recommend preventive management by treatment with more
than 500 mg of vitamin C following foot and ankle surgery or injury. However, more foot and ankle specific
studies may be needed to confirm these conclusions.33
CONCLUSION
Given the devastation of CRPS, any prevention is
beneficial. When given as a prophylactic immediately
following extremity trauma or surgery, vitamin C may
prevent CRPS. More research, specifically dealing with
the lower extremity and optimal vitamin C dosage, may
be needed to support these claims.
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Aurotherapy: A Literature Review and its Implications for
the Treatment of Hypergranulation Tissue in Wounds
Lisa Yoon, B.A., Jose Lingao, B.A.
ABSTRACT
Chronic ulcerations account for a large proportion
of the total cost of wound care in the United States, yet
only a small fraction of the population suffers from
these wounds. Therefore, it is imperative to research
and develop alternative treatment options that are both
efficacious and economical. Aurotherapy, the use of
gold compounds in wound care, has been gaining traction in nonhuman trials. Gold is proposed to increase
healing rates by inhibiting matrix metalloproteinases
and TGF-B and by enhancing angiogenesis and collagen synthesis. Trials involving human applications,
however, are limited in the medical literature. This paper reviews the research to date investing gold and its
potential application in wound care.
INTRODUCTION
The dynamic process of wound healing can be divided into three phases: the inflammatory phase, the
proliferative phase, and the maturation phase. The initial inflammatory phase is characterized by rubor (redness), calor (heat), tumor (swelling), and dolor (pain).
These hallmark findings are coordinated by proinflammatory cells, which release various inflammatory cytokines and growth factors. The subsequent phase, proliferation, is defined by angiogenesis and the formation of
marked type III collagen to form granulation tissue. In
the last phase, maturation, type III collagen is remodeled into type I collagen to regain tensile strength of
normal skin. Underlying comorbidities, such as diabetes or vascular compromise, can impede this process of
wound healing and lead to chronic open wounds. This
fundamental understanding has led to many commercial wound care products to induce phases of the healing process, including gold-embedded products.
General health is a significant factor in determining
the potential for healing, but there are other factors that
can hinder this process, including the wound care products utilized and the chronicity of the wound itself.1
One hindrance to wound healing is hypergranulation
tissue, which impedes the migration of epithelial cells

across the wound bed, impairing wound closure.2 Hypergranulation tissue is also known as “proud flesh,”
overgranulation, exuberant granulation tissue, hypertrophic granulation, and hyperplasia of granulation tissue.1–3 Research on the etiology of hypergranulation tissue has shown that irritation of the wound bed by external friction, allergic reaction to wound dressings, and
occlusive dressings are possible causes of this phenomenon.1
Current treatment options for hypergranulation tissue include sharp debridement, occlusive dressings,
steroid creams, cauterization, immobilization, skin
grafting, and a simple “wait and see” approach.1,4,5 The
specific approach varies between clinicians, and the
lack of a standardized treatment protocol complicates
our understanding of successful interventions. It is
common to use several approaches to see which path is
therapeutic, but this “trial and error” approach costs
both the patient and clinician time, effort, and capital.
Furthermore, these factors predispose the patient to further long term complications, such as delayed wound
healing, infection, and possible amputation.
While there is no agreement on hypergranulation
treatment, recent studies have examined the addition of
gold into wound care products. This technique, termed
aurotherapy, was initially developed in veterinary medicine. Human wound care trials, however, have been
limited. The aim of this article is to describe the mechanisms of action of aurotherapy, the evidence of its usage in literature, and the risks, benefits, and complications of this therapeutic approach.
IMMODULATION OF AUROTHERAPY
The mechanism of action of gold stems from its
role in modulating the immune response. When administered systemically, gold (Au+) and its metabolites, including [Au(CN)2]–, Au3+, and Au0, inhibit various proinflammatory cells, causing a reduction in superoxide
anion synthesis, pro-inflammatory cytokines, and leukocyte recruitment.6,7 The various gold metabolites are
known to act intracellularly, interfering with reductionoxidation reactions, further suppressing the effects of
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pro-inflammatory cytokines. The immunomodulatory
activity of Au+ is also implicated in altering the effects
of peptides and immunoglobulins, most likely due to its
chelating property.6 Gold has been shown to decrease
the release of histamine, impeding monocyte migration
and macrophage phagocytosis.6,7 In theory, topical application of gold compounds should elicit the same
changes to localized inflamed tissues. This is the driving force behind the development of gold-embedded
wound care products.
EVIDENCE FOR AUROTHERAPY IN WOUND
HEALING
Because of their anti-inflammatory effects, gold
compounds have traditionally been used to treat patients with rheumatoid arthritis.6 Within the last few
years, however, there has been increased interest in using gold in the treatment of wounds. Gold has been used
in an array of different formulations, such as nanoparticles conjugated to collagen scaffolds, hydrocolloid
membranes, and cryopreserved human culture of fibroblasts.8–11 In a controlled group study by Azturk et al.,
collagen scaffold-gold nanoparticles showed promising
results on 2 cm by 1 cm full-thickness ulcerations incised on rat models, as compared to the control group
with Matriderm, a wound-care product containing only
collagen and elastin.12 The results at day 14 showed the
incorporation of gold nanoparticles in collagen scaffolds produced higher wound closure percentages, increased tensile strength, increased neovascularization
and granulation tissue.10,11
Kim et al. showed wound healing to be four times
faster when using gold nanoparticles deposited in hydrocolloid membranes (pAuNP-HCM) compared to
gauze (GZ) or hydrocolloid membrane (HCM) control
groups in rats.8 In the first 5 days following application
of pAUNP-HCM, Kim and colleagues found a 35.7%
reduction of the primary wound compared to the GZ
treated group, but no difference compared to the HCM
group. Interestingly, at day ten after application, the
HCM group and pAuNP-HCM showed smaller wound
sizes than the GZ treated group. Their results showed
groups treated with gold had increased collagen expression and higher concentrations of vascular endothelial
growth factor (VEGF), angiopoietin 1 and 2, all of
which are crucial elements to wound healing. Furthermore, it was found that the gold-treated groups showed
a decreased expression of matrix metalloproteinase 1
(MMP-1) and transforming growth factor beta (TGFβ), contributing to increased rates of healing. These results suggest the use of pAuNP-HCM can improve tissue regeneration in wounds.7
In a study done by Leu et al., gold nanoparticles
(AuNP) with the addition of antioxidant agents, epigallocatechin gallate (EGCG) and α-lipoic acid (ALA),
were studied on full-thickness wounds in mice.9 These
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antioxidants have shown to be helpful in wound healing
by enhancing re-epithelialization and angiogenesis during the process of granulation tissue formation in myofibroblasts.10 The authors treated mice with either
EGCG, ALA, AuNP, a combination of the antioxidants
(EA), and a mixture of both gold nanoparticle and antioxidants (AuEA). In addition, the authors studied the in
vitro effects on cell proliferation and migration of human foreskin fibroblasts (Hs68) and human keratinocyte cells (HaCaT).10
The group treated with AuEA showed the best
wound healing property in vivo compared to those of
the control and vehicle groups. The authors report a statistical significance of P < 0.01 at day 7.10 AuEA increased the number of both Hs68 and HaCaT in vitro
compared to EA, and the authors report a failure to see
an increase in the vehicles when used in isolation. Superoxide dismutase (SOD1) was measured to monitor
the effects of AuEA on wound inflammation. Leu et al.
report a decrease in SOD1 after AuEA treatment, thus
supporting evidence of hindering oxidative stress of
wounds.9 The authors conclude that the use of Au-NP
is critical, and the addition of both anti-oxidants accelerates the wound healing process through a symbiotic
anti-inflammatory and antioxidant effect.9
Although evidence to support the use of gold to
treat hypergranulation tissue in wound care is lacking
in human trials, its application in animal research has
shown promising results. Horses are prone to lower
limb injury, especially in the cranial hock and proximal
cannon region due to physical activity of training and
minimal subdermal tissue that overlays these regions.13
For this reason, wounds in these areas commonly result
in exuberant granulation tissue.9 In an equine study by
Fraeunfelder, 12 acute and 17 chronic wounds were
studied with an average follow up of 18 months.14 Gold
acupuncture beads were strategically placed 3–5 mm
beneath the skin margins around the perimeter of the
equine wounds, with sharp debridement of the hypergranulation tissue, as needed. Subsequent bandaging
was optional based on the temperament of the horse or
owner compliance. The aurotherapy treated wounds
showed successful healing and no re-ulceration in all 29
acute and chronic equine wounds during the follow-up
period, except two subjects that died in the follow-up
period. The horses achieved earlier return to activity in
4–6 weeks compared to the previously noted 3–5
months as reported by Fraeunfelder of untreated equine
wounds.14 Success was measured by closure and quality
of the healed wound, and subjective observations during activity including the horse’s ability to gallop
freely, jumping, and racing. The author failed to report
quantifiable data including the rate and timeline for
both acute and chronic wound closure. Further studies
are needed, but successful treatment of chronic equine

wounds with hypergranulation tissue shows the potential of gold-based therapy.
SHORTCOMINGS
Much of the evidence supporting aurotherapy in
wound management has been studied in animal models.
Although these studies have shown promising results
on the benefits of gold compounds for treating wounds,
there are limitations for its widespread use. First of all,
there is a lack of chronicity of the wounds in the previously described studies. Many of the wounds on the rat
models were induced, full-thickness incisions, as compared to, ulcerations secondary to underlying diseases
such as diabetes or venous insufficiency. This poses a
question to whether gold-embedded compounds are efficacious on chronic open wounds. Secondly, the only
known application of aurotherapy for the treatment of
both acute and chronic wounds in recent literature is
supported by a study of equine models. Therefore, research on human application is imperative for the success of aurotherapy for wound management. Lastly,
previous research for the use of gold compounds were
studied on healthy animal models without comorbidities. This is an important aspect to consider because
various comorbidities can lead to immunocompromise
and negatively alter the wound healing cascade.
ADVERSE EFFECTS
Adverse reactions have been noted with the usage
of gold in literature. Type I and Type III hypersensitivities such as contact urticaria and glomerulonephritis,
respectively, have been the most common problems associated with human usage of aurotherapy.4 In vivo oxidation of Au+ has been shown to form a reactive intermediate metabolite after phagocytosis by lysosomes
and subsequent enzymatic degradation by myeloperoxidase.4 Furthermore, T cell sensitivity to trivalent gold
ions can cause protein denaturation.4,15 In dentistry,
gold has been utilized extensively in tooth replacement
and implants and has demonstrated similar adverse reactions and histological challenges such as epithelial
proliferation, capillary genesis, and infiltration of lymphocytes, giant cells, and plasma cells. It has also been
shown that the formation of a fibrous capsule to encapsulate the metal can prevent vascularization and impede
the inflammatory reaction from progressing.16,17
CONCLUSION
Animal models, specifically in rodents and horses,
have shown some improvement in rates of wound healing with the use of gold. However, the adoption of gold
into clinical practice has been slow, due to documented
adverse effects that occur with use. More research
needs to be done at the biochemical level on the mechanism of aurotherapy, to help understand its benefits in
wound healing. The potential, however, is promising

given the previous implementations on equine wounds
for treating hypergranulation tissue reporting successful wound healing and earlier return to activity. With
the cost of health care rising in the patient populations
most encountered in podiatry, 18 finding alternative cost
effective and resource efficient treatment options is of
interest to the practitioner and patient.
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Necrotizing Fasciitis in the Lower Extremity:
A Literature Review
Farheen Iqbal, B.S., Mohammad Junayed Khan, B.A.
ABSTRACT
Necrotizing fasciitis in the lower extremity is a lifethreatening soft tissue infection and is one of the few
podiatric surgical emergencies. With a nonspecific clinical presentation, this infection can often be misdiagnosed. Diabetes mellitus is the most common predisposing factor. Behavioral risk factors include smoking
and intravenous drug use. Necrotizing fasciitis is subdivided into three types based on bacterial etiology: type
I is a polymicrobial form, type II is a Streptococcus
form, and type III is a gram negative form. In addition
to clinical findings, diagnostic imaging such as ultrasound, computed tomography, and magnetic resonance
imaging can assist diagnosis. Antibiotic therapy and
surgical debridement are the keys to treatment, with
amputation occurring frequently, especially among patients with diabetes mellitus.
INTRODUCTION
Necrotizing fasciitis (NF), also known as the “flesh
eating bacteria,” is a rare but serious soft tissue infection that rapidly causes necrosis across skin, subcutaneous tissue, and superficial fascia. NF in the lower extremity (LE) most commonly arises after trauma; however, patients with diabetes mellitus are at increased
risk because they have been found to contract NF even
after benign traumatic episodes such as minor, superficial lacerations in the plantar foot.1 A systematic literature review by Angoules et al. found that the lower extremity was the most commonly infected site (68% of
NF patients).2 This study also reported that 31% of NF
patients had diabetes mellitus, 27% had a history of
smoking, and 17% had a history of drinking alcohol.
Diabetes mellitus predisposes patients due to the loss of
protective sensation, vascular compromise, and immunodeficiency. Regardless of risk factors, the early clinical manifestations of both NF and other soft tissue infections in the LE can be very similar. NF should always be considered in the assessment of lower extremity infections, because, if left untreated, NF has a mortality rate of 100%.1 Improper course of action, despite
treatment, has led to a high, yet wide mortality rate of

23–76%, making early recognition and intervention vital for saving a limb or a life.3
INITIATION OF INFECTION
A study by Chen et al. has shown that, in patients
with diabetes, NF infections most commonly begin as
diabetic foot ulcers (DFU).4 Angoules et al. found that
the most common predisposing factors for NF were intravenous (IV) drug use (33%) and other forms of
trauma (11%), followed by spontaneous infection
(11%), and postoperative wound infection (1.25%).2
Another systematic literature review of NF by Goh et
al. reported that 4.3% of NF patients across nine studies
contracted NF from a surgical wound, while 31.4% of
NF patients contracted NF from identified trauma
(whether self-inflicted with an IV needle or accidental).5 Although rare, another form of trauma that can
cause NF is from a puncture wound by a marine animal
or an insect exposed to seawater.3 In both postoperative
wounds and cutaneous scars of IV drug users, tissue hypoxia present in these wounds or scars diminishes both
healing potential and resistance to infection creating a
conducive environment for NF.3
PATHOPHYSIOLOGY
An initial traumatic event will create a portal for
the bacteria to penetrate the skin, where the development of NF begins in the hypodermis and superficial
fascia. The infecting bacteria produce enzymes that first
destroy the fascia and hypodermal layers, particularly
the fat, leading to necrosis.6 The bacteria also secrete
exotoxins, which cause capillaries in the dermis to vasoconstrict.7 If these bacterial toxins enter systemic circulation, they can stimulate systemic inflammatory response syndrome and multiple organ dysfunction which
can quickly become fatal.7,8 Bacterial infiltration of
vessels in the hypodermal layers leads to occlusion
from thrombosis and the resulting ischemia from this
occlusion is the main source of pain experienced by patients.1 Pain out of proportion to external causes is the
earliest clinical feature common to all types of NF.8 As
the nerves supplying the area of necrosis die, the patient
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will feel numbness rather than pain.9 Patients with diabetes mellitus and peripheral neuropathy may experience little to no pain.8
CLINICAL SIGNS & SYMPTOMS
Based on an analysis of patient symptoms in a systematic literature review by Goh et al., a generalized
triad of common NF symptoms include: edema
(80.8%), local pain (79.0%), and erythema (70.7%). 5
Wang et al. proposed a clinical staging of NF as stages
1, 2, and 3 (early, intermediate, and late).10 The clinical
features of the early stage include erythema, edema,
warm skin, and tenderness to palpation that extends beyond the area of involvement. The intermediate stage
presents with blister or bullae formation and the late
stage presents with crepitus, skin anesthesia, and skin
necrosis with dusky discoloration (Figure 1). In the late
stage, clinical examination will reveal tachycardia, hypotension, fever, and tachypnea.7 While there are three
clinical stages of NF, the clinical progression of these
stages can be classified into two types: a rapid, fulminant form and a slower, subacute form. A patient with
fulminant NF may present with intermediate to late
stage symptoms as well as pain out of proportion, septic
shock and multiple organ failure.1 In contrast, a patient
with subacute NF presents with early stage symptoms
and typically has 2–3 days before full expression of
multiple organ dysfunction and septic shock occurs.
The fulminant form rapidly worsens and may become
fatal within hours.7,11

Figure 1. An illustrated diabetic foot that contracted
NF after a 4th toe amputation.
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CLASSIFICATION SYSTEM & ANTIBIOTICS
A common classification system for NF stratifies
the disease into three types, based on the bacterial species involved. Before cultures are obtained, NF is
treated empirically with broad-spectrum antibiotics to
cover for gram-positives, gram-negatives, and anaerobes.12 The most common organisms cultured in NF infections are Staphylococcus aureus (18.9%) and Streptococcus Group A (13.7%).2
Type I
Type I is a mixed, polymicrobial form involving
both aerobic and anaerobic organisms. The type I infection most commonly affects those with chronic illness,
such as HIV and uncontrolled diabetes mellitus, as
these patients are in an immunocompromised state.1
The treatment for type I is similar to the empiric treatment for NF, since these infections are polymicrobial
and require very broad spectrum coverage. Ampicillin/sulbactam with clindamycin is a common combination used to cover polymicrobial NF infection and piperacillin/tazobactam or carbapenems such as imipenem
may be used as well.13,14
Type II
Type II is a mono-microbial form which most commonly occurs in the LE, affects a younger, healthier
population, and involves Streptococcus pyogenes, a
group A beta-hemolytic bacterium. Type II infections
can also be co-infected with Staphylococcus aureus and
MRSA, which complicates treatment and management.
The most severe and fulminant NF infections are type
II, mostly due to M protein, exotoxins A and B, and mitogenic factors of Streptococcus pyogenes that lead to
tissue destruction and the recruitment of cytokines leading to a cytokine storm. These factors lead to severe tissue necrosis, toxic shock syndrome, and multiple organ
failure.1 High dose beta-lactams, which are also used to
cover gram-positives in type I infections, may also be
used in type II infections; however, findings from Zimbelman et al. show that clindamycin in combination
with a beta-lactam may be superior to a beta-lactam
alone in overwhelming streptococcal infections such as
NF.15 Clindamycin is especially effective against
group-A streptococcus because it inhibits a major virulence factor, M protein, and inhibits exotoxin synthesis
as well. If there is a concurrent Staphylococcus aureus
or MRSA infection, intravenous vancomycin, daptomycin, and linezolid should be dispensed.13 In addition, a newer cephalosporin known as ceftaroline fosamil has shown to be clinically effective against MRSA
soft tissue infections.16 Ceftaroline is a Food and Drug
Administration (FDA) approved anti-MRSA drug, and
it has potential as an alternative to cover the MRSA coinfections of type II NF.

Type III
Type III is a less common mono-microbial form involving Clostridium species or gram-negative Enterobacteriaceae such as E. coli, Pseudomonas, and
Klebsiella. Most commonly, these species arise in immunocompromised patients and patients with an external injury or surgical site in the LE.17 Although rare,
Vibrio vulnificus and Aeromonas hydrophila may be
present in a type III infection secondary to a puncture
wound from fish or marine insects.3 Similar to type II
NF, the species involved in the type III infection produce powerful virulence factors which can rapidly lead
to fatal sepsis. Type III infections are treated with a
clindamycin/penicillin combination, while tetracyclines and third-generation cephalosporins are indicated for Vibrio and Aeromonas infections.14 In addition, ceftazidime-avibactam has potential to cover type
III NF infections caused by Enterobacteriaceae. A study
by Karlowsky et al. found that 99.5% of Enterobacteriaceae isolates in their study, including drug resistant
bacteria such as ESBL and AmpC β-lactamases, were
susceptible to ceftazidime-avibactam.18
LAB TESTS AND IMAGING
Healthcare providers often use the Laboratory Risk
Indicator for Necrotizing Fasciitis (LRINEC) to assist
with making an early diagnosis and for distinguishing
NF from other LE soft tissue infections. LRINEC includes C-reactive protein, white blood cell (WBC)
count, hemoglobin, sodium, creatinine, and glucose. A
score between 0 and 13 is then calculated by analyzing
the six lab variables and applying the values of each to
the scoring system depicted in Table 1, which is based
on a study by Wong et al. in 2004.19 An LRINEC score
greater than or equal to 6 is highly sensitive and specific
for NF.19,20 However, a recent study by Liao et al. utilized LRINEC on NF patients who were misdiagnosed
clinically and 43.3% of these patients also had a score
less than 6. This suggests that the LRINEC scoring system alone is not useful for early recognition of NF, but
it can assist with distinguishing NF from other soft-tissue infections.20 For a prompt diagnosis of NF, bedside
tests and imaging studies are often performed. The most
popular bedside test is known as the “finger test.”5,12
This test is performed by anesthetizing the area of suspected infection and creating a 2-cm incision that extends to the deep fascia. The index finger is then used
to probe the area. A lack of bleeding and lack of tissue
resistance, along with the presence of “dishwater pus”
all indicate a positive “finger test.”
Imaging tests such as x-ray, ultrasound (US), computed tomography (CT) and magnetic resonance imaging (MRI) can be used to aid diagnosis and help visualize the extent of soft tissue damage. X-ray is only useful
for NF infections involving gas-producing bacteria
such as Clostridium perfringens. MRI has a 90–100%

sensitivity rate for NF infections and is widely considered the diagnostic test of choice; however, it is only
50–85% specific which leaves a high risk for misinterpretation. CT is slightly less sensitive for NF (80–
100%), but it is more specific (80–91%); however, CT
is used less often due to high costs and lower accessibility.21 MRI and CT are performed most often for NF
infections, but clinician-performed POC US, which is
ultrasound performed by the physician in the emergency room, by the hospital bed, or in an office setting,
has shown potential for greater sensitivity and specificity (88.2–93.3% and 83.3–95.4%, respectively) than
MRI and CT.22 The literature, in general, favors POC
US over CT and MRI to confirm early diagnosis of NF
infections.1,21 Although there is currently no gold standard study for a NF diagnosis, POC US should be viewed
as one, as it is very sensitive and specific for NF, yields
faster results, is less expensive than MRI and CT, and
is noninvasive compared to the bedside “finger test.”
These beneficial aspects of POC US allow a clinician
to check for NF anytime patients, particularly diabetics,
present with the non-specific symptoms of a soft tissue
infection in their LE.
Table 1. Laboratory Risk Indicator for Necrotizing
Fasciitis.19
Laboratory Variable
Score
C-Reactive Protein
<15 mg/dL

0

≥15 mg/dL

4

WBC
<15,000 per mm3

0

15,000-25,000 per mm
>25,000 per mm

3

3

1
2

Hemoglobin
>13.5 g/dL

0

11-13.5 g/dL

1

<11.0 g/dL

2

≥135 mmol/L

0

<135 mmol/L

2

Na

Creatinine
≤1.6 mg/dL

0

>1.6 mg/dL

2

Glucose
≤180 mg/dL

0

>180 mg/dL

1
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2.
SURGICAL DEBRIDEMENT & AMPUTATION
Surgical Treatment
Surgical debridement is essential for treatment of
NF and must be performed within 12 hours of patient
admission, per standard of care.23 Timing and extent of
the first surgical debridement determines the prognosis
of the patient. Delaying the first debridement beyond 24
hours from onset of the initial symptoms may increase
the mortality rate by up to 7.5–9 times.7 It is crucial to
debride until healthy bleeding margins are found, because leaving even a small amount of necrotic tissue
may cause relapse.24 Therefore, surgical debridement
becomes imperative in the lower extremity, as many
cases of lower limb NF require amputation.
Amputation
Amputation may be required in urgent situations
involving hypotension, shock, extensive necrosis or a
rapidly progressing infection.25 In addition, patients
with diabetes mellitus and concomitant foot ulcerations
have a higher risk of amputation. In a retrospective
study by Chen et al., 110 of 2265 cases at a diabetic foot
center in Taiwan were found to have NF.4 100 of the
110 NF cases presented with concomitant DFUs. The
amputation rate in those with NF and concomitant
DFUs was 72.4% compared to the amputation rate of
those with NF and no DFUs, which was 0%. Chen et al.
concluded that DFUs complicated by NF have a greater
risk of amputation.4
CONCLUSION
Similar to gas gangrene, open fractures, and compartment syndrome, necrotizing fasciitis is a surgical
emergency; however, it is often misdiagnosed. NF may
be confused with cellulitis because its initial signs and
symptoms are non-specific. Awareness of NF subtypes
can assist early diagnosis, but relying only on clinical
findings may lead to misdiagnosis. Based on limited research, the most effective imaging tool to confirm NF
is POC US. Podiatrists are responsible for the lower extremity care of many patients with diabetes mellitus.
Therefore, it is important that NF be considered any
time that a patient with diabetes presents to a podiatric
clinic with localized erythema, swelling, and pain.
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Hyperbaric Oxygen Therapy for
Necrotizing Soft Tissue Infections:
An Introduction for the Podiatric Medical Student
Anmy Vu, B.S., Sandy Nguyen, B.S., Jaya Shree Rajagopalan, B.S.
ABSTRACT
Necrotizing soft tissue infections are serious infections that can be lethal if treatment is delayed. Current
therapeutic methods for necrotizing soft tissue infections include operative debridement, antibiotics, and
sometimes hyperbaric oxygen therapy. However, there
is debate on the effectiveness of adjunct hyperbaric oxygen therapy for necrotizing soft tissue infections and
its impact on recovery time. Hyperbaric oxygen treatment has been an effective adjunct therapy in the treatment of many other chronic wounds and soft tissue infections, inducing faster wound healing. This paper
highlights the clinical effectiveness and adverse effects
of hyperbaric oxygen therapy for the treatment of necrotizing soft tissue infections.
INTRODUCTION
Necrotizing soft tissue infections (NSTIs) lead to
fulminant tissue destruction and systemic signs of toxicity that plague susceptible patients, such as those with
diabetes mellitus, obesity, immunosuppression, recent
surgery, traumatic wounds, and those who use IV drugs.
This definition covers necrotizing forms of cellulitis,
fasciitis, myositis, and combinations of these pathologies.1,2 Unfortunately, NSTIs manifest rapidly with
quick deterioration and widespread necrosis of soft tissue upon initial presentation, ultimately leading to septic shock.3,4 Postponing surgical debridement of NSTIs
increases mortality rate by 9-fold.2 NSTIs are often a
challenge to accurately diagnose, and it is of utmost importance to the podiatric physician to hold a high index
of suspicion for these infections.
The primary treatment modalities for NSTIs include operative debridement and antimicrobials. Novel
strategies such as intravenous immune globulin and hyperbaric oxygen therapy (HBOT) have been described,
but their efficacy remains controversial.1 Proponents of
HBOT point to its ability to demarcate the borders between devitalized and healthy tissues, facilitating accurate debridement and precise amputation.1 Even though
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HBOT is still being carefully researched, there are already numerous studies demonstrating positive outcomes of HBOT in the treatment of NSTI. The purpose
of this paper is to introduce HBOT as a potential treatment modality for NSTIs.
HYPERBARIC OXYGEN THERAPY
HBOT is a treatment method in which an individual is exposed to 100% oxygen in an enclosed environment of increased atmospheric pressure above 1 atm.
This environment saturates blood plasma with dissolved oxygen. Treatment of wounds using this method
can be performed up to three times daily, with a duration of 1.5–2 hours for 20–40 days.5 HBOT was originally introduced to treat decompression sickness, arterial gas embolism, and acute carbon monoxide poisoning, although its use has expanded to a variety of other
medical conditions (e.g., wounds).5
HBOT treatment is beneficial in patients with necrotizing fasciitis, as it causes leukocyte oxidative killing and antibiotic synergy. HBOT decreases bacterial
activity by increasing oxygen free radicals that subsequently oxidize bacteria proteins, membrane lipids, and
damage their DNA. Both mechanisms are especially effective against anaerobes.6 Faglia et al. showed an increased transcutaneous oxygen level in patients receiving HBOT for chronic diabetic wounds. Only 3 of 35 of
the patients with HBOT required amputation, compared
to 11 of 33 of the control patients. In addition, the
HBOT patients had faster recovery times than those
without oxygen therapy.7 Experimental and clinical experience suggests that HBOT is helpful in decreasing
systemic illness and reduces tissue loss by separating
the borders between devitalized and healthy tissue in
patients with NSTIs.8
The physiological effects of HBOT improve cellular oxygen supply by increasing the tissue-cellular diffusion gradient. In a hypoxic state, as seen in patients
with wounds and infections, arterial oxygen partial

pressures are lowered. When this happens, there is decreased tissue-cellular diffusion gradient and lower perfusion rates of oxygen to tissues.10 Normal cellular metabolism in quiescent tissues requires 60 mL of oxygen
per liter of blood flow to maintain normal cellular metabolism. With HBOT at 3 atm, oxygen bound hemoglobin is not utilized, yet tissues are still able to attain
60 mL/L of oxygen.5,10 Therefore, HBOT increases the
arterial oxygen pressures and increases the tissue-cellular diffusion gradient allowing for the 60 mL of oxygen
per liter to reach hypoxic tissue.
NECROTIZING SOFT TISSUE INFECTION
Patients with NSTIs most commonly present with
three classic symptoms: local pain, swelling, and erythema.3 In addition, necrotizing fasciitis can present
clinically with hypotension, crepitus, skin necrosis, and
bullae.1 NSTIs can be broken down into early and advanced symptoms. Erythema, local warmth, edema, and
sclerosis of skin are commonly seen in the early stages
of NSTIs. In this stage, the overlying skin may appear
normal while underlying tissues undergo rampant necrosis.3
After 48 to 72 hours, the erythema subsides and the
symptoms advance, yielding purplish-black skin due to
thrombosis of nutrient vessels. The pain is severe and
typically disproportionate to exam findings. The infection spreads rapidly along the deep fascial planes, and
eventually causes systemic inflammatory responses,
sepsis, and shock with multisystem organ failure.4,11
NSTIs present clinically in a variety of ways and should
be approached with a high level of suspicion.
The mainstay for investigation and treatment of
NSTIs is surgical exploration. The use of the finger test
as a bedside procedure is regarded as a reliable indicator
of NSTIs. In this test, a 2-cm incision is made under
local anesthesia to the level of deep fascia. The clinician
then gently probes the tissues with their index finger.
Findings correlated with an NSTI include a lack of
bleeding, the presence of “dishwater” pus, and lack of
tissue resistance to probing.3
The podiatric clinician should utilize clinical features to tailor early, operative debridement for the best
clinical outcomes. Unnecessary diagnostic testing of
NSTIs can delay this crucial step. Some of these studies
would include MRI, ultrasonography, and x-rays. Positive x-ray findings for NSTIs would show soft-tissue
thickening and internal gas formation. However, these
signs do not present radiographically until necrosis is
advanced.3
NSTIs can be classified according to the types of
microorganisms involved. Each type has its own epidemiology, pathology, and prognosis. Gram-stained
smears, biopsy, labs, and bacteriologic cultures are
helpful in diagnosing and treating patients with NSTIs,
but early detection is crucial.12 There are two main

forms of NSTIs. Type I infections are poly-microbial
and are the most common type of NSTI involving a mix
of aerobic and anaerobic species.3 Bacteroides, Clostridium, and Peptostreptococcus are the most common
anaerobic species found in Type I NSTIs. One of these
three anaerobes is usually found in combination with
one or more facultative anaerobic streptococci and
members of the Enterobacteriaceae. Type II infections
are generally mono-microbial, most commonly involving beta-hemolytic streptococcal species (Group A
streptococcus). Beta-hemolytic streptococcal species
are isolated alone or in combination with Staphylococcus aureus. Haemophilus influenza has also been associated with NSTIs, although it is not as commonly an
infecting agent.1,2,4,13 Overall, there are many infectious
agents that cause NSTIs, and it is important to identify
the causative agent for treatment planning.
CLINICAL OUTCOMES
Research on hyperbaric oxygen as an adjunctive
treatment modality for NSTIs has shown various outcomes depending on patient selection criteria and relative access to HBOT. According to a 2015 Cochrane
Database of Systematic Review of adjunctive hyperbaric oxygen for necrotizing fasciitis, HBOT fails to
demonstrate strong clinical evidence to support or refute its effectiveness.14 However, Devaney conducted a
13-year retrospective study of 341 patients which
showed that HBOT results in a significant reduction in
mortality when coupled with antibiotics, surgery, and
intensive care management of sepsis. Here, the multivariate analysis was adjusted for age and illness severity as noted by the need for ICU admission in patients
with NSTI (odds ratio = 0.45, P = 0.05). Eighty-two
percent of the patients included in this study were transferred from other hospitals, so the data could represent
only those individuals who are stable enough to be
transported.4
Other studies have also reported positive results
with use of HBOT. A retrospective study of 42 patients
showed a decrease in mortality from 34% to 11.9% in
patients who had HBOT adjunct therapy for NSTIs. Patients in the study who received 23.6 treatments (on average) saw adequate healing, and at least seven treatments that incorporated 69 hours of hyperbaric oxygen
was needed to halt infection. Originally, there was concern for potential amputation. However, this was
avoided by only using HBOT after debridement had
first occured.15 Hollabough found that the mortality rate
was 7% versus 42% in patients who received HBOT
and those who did not, respectively.16 In a study conducted by Flanagan et al., patients who underwent debridement for cervical necrotizing fasciitis in conjunction with HBOT showed reduced hospital recovery
time.17 According to Jallali et al., the average hospital
time for patients without oxygen treatment was 15 days,
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while the average recovery time for patients with oxygen care was 7.5 days.18 Finally, a review of the impact
of HBOT on necrotizing fasciitis concluded that positive results, such as faster recovery times without need
for amputation or longer term antibiotic use, were seen
in patients receiving HBOT as an adjunct therapy.19
Overall, HBOT as an adjunct to NSTI treatment
has proved beneficial in literature, but it should be
noted that it is not a valid replacement for debridement
and antibiotic treatment. Positive clinical outcomes
have been reported in numerous studies involving a
large sample size. These studies indicate the potential
of HBOT to reduce amputation rate and increase survival in patients suffering from NSTIs.
ADVERSE EFFECTS OF HBOT
Overall, HBOT is regarded as a safe treatment modality, but there are several associated side effects.
Complications such as hypoglycemia, oxygen toxicity,
dizziness, anxiety reactions, dyspnea, and chest pain
may occur in 0.5–1.5% of patients.20 The most common
complications are middle ear barotrauma, followed by
sinus barotrauma in patients with upper respiratory tract
infections or allergic rhinitis.20 A large retrospective
analysis found the overall per-session incidence of adverse events from HBOT to be 0.72%. The adverse effects should be considered, especially if patients require
many sessions of HBOT.
CONCLUSION
Evidence for the use of HBOT in NSTIs is conflicting due to a lack of randomized trials and the relatively
new application of this treatment for NSTIs. Clinical
practice utilizing HBOT has largely been reliant on
physician preference, with some centers utilizing
HBOT as a mainstay and others never using it at all.14
Many studies have shown positive clinical outcomes in
the treatment of NSTIs with HBOT in conjunction with
proper debridement technique.
Future research should include multi-center, randomized, controlled trials to delve into the effectiveness
of HBOT in NSTIs. Timing of HBOT treatment should
also be monitored and correlated with patients’ recovery to determine at what point during wound care a patient would benefit from hyperbaric oxygen therapy.
Studies and reviews have shown that patients showed
improvement of necrotizing fasciitis infections with oxygen therapy earlier in treatment, but no timeline has
yet been provided.21 Patient selection criteria should be
stringent as to not skew the results of the study, taking
into account a standardization of surgical and antibiotic
approaches to therapy. Finally, longer follow up of patients should be considered to measure standard of life
and healthcare costs.
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Case Report: Achilles Tendon Repair with a Multifilament
Stainless Steel Cable Crimp System to Treat Calcaneal Gait
and Chronic Plantar Wound
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ABSTRACT
Introduction: Neuropathic plantar heel ulcerations are
exceptionally difficult to treat due to the prominence of
underlying bone, absent protective sensation, and frequent patient noncompliance. Case presentation: We
present a patient with a 7-year history of persistent plantar heel ulceration secondary to diabetic polyneuropathy and calcaneal gait. The pathologic gait pattern began after a failed Achilles tendon lengthening. After exhausting advanced local wound care and traditional surgical management, the patient was treated with a shortening procedure of the Achilles tendon using a stainless
steel suture and cable crimp system, surgical debridement, and total contact casting, which successfully
closed the plantar ulcer. Discussion: Plantar ulcerations
require adequate offloading, which, for this patient, was
only achieved with a novel technique to shorten the
Achilles tendon. Conclusion: It is appropriate to consider advanced methods of tendon repair when prior
Achilles tendon surgery results in a calcaneal gait.
INTRODUCTION
Tendo-Achilles lengthening (TAL) is a surgical intervention that can be used to treat neuropathic forefoot
ulcerations in diabetic patients with equinus. TAL is a
useful intervention for treating gastroc-soleus contracture and decreased compliance of the tendon itself, as is
frequently seen in patients with longstanding diabetes
mellitus.1 The TAL procedure increases passive dorsiflexion range of motion, decreases peak forefoot plantar
pressures during gait, and allows for faster resolution of
forefoot ulcers, while limiting the potential for ulcer recurrence.2–4 Recurrence of the original forefoot ulceration is often used to assess treatment success, but this
should not be the only consideration in a high-risk population.
The TAL is not without risk. Common complications of TAL include iatrogenic overlengthening and
partial or complete rupture of the Achilles tendon during the postoperative period. Inappropriate lengthening
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results in significant pathology in the insensate foot. 4
Loss of function of the Achilles tendon results in
plantarflexion deficits at the ankle due to both muscle
atrophy and an altered length-tension relationship
within the gastroc-soleus complex.5,6 However, dynamic balance at the ankle joint from gastroc-soleal
work during gait is not the only function that the Achilles tendon provides. Cadaver experiments show that the
Achilles tendon is the primary static structure limiting
passive ankle joint dorsiflexion.7 The combination of
dynamic and static stability allows the foot to function
as a rigid lever arm at the ankle, resulting in normal
forefoot loading, heel-off, and toe-off phases of walking gait. Injury to the Achilles tendon may impair one’s
ability to transfer center of pressure distomedially from
heel to forefoot while walking. A calcaneal gait, in
which an individual walks primarily on the heel, represents the extreme of this scenario.4,8 The reported incidence of this complication varies wildly—from 0–
60%—in the literature.9 However, many of these estimates were made in patients with spastic equinus.
CASE PRESENTATION
A 68-year-old female presented to clinic in 2012
with a 3-year history of neuropathic ulceration on her
left plantar heel. Her pertinent past medical history included type II diabetes mellitus with polyneuropathy
and prior left tendo-Achilles lengthening. Prior treatments for the neuropathic ulcer included mechanical
debridement of the ulcer, hyperbaric oxygen therapy,
negative pressure wound therapy, skin substitutes, and
a myriad of dressings. Her current medications included
metformin. Her physical exam revealed a full thickness
ulcer plantar to her left calcaneus with pale granulation
tissue and hyperkeratotic borders that did not probe to
bone and loss of protective sensation to the level of the
ankles bilaterally. Her biomechanical exam demonstrated inability to actively plantarflex her left ankle to
the neutral position.

Over the next year, the patient was treated with surgical debridement, negative pressure wound therapy,
antimicrobial wound ointments, and a controlled ankle
movement (CAM) Walker boot, all without complete
ulcer resolution. Vascular perfusion scans during this
time confirmed that arterial supply was adequate for
wound healing. Six months after treatment with the
CAM boot, a deep space infection occurred and a surgical incision and drainage (I&D) was performed along
with a left Achilles shortening procedure in attempt to
repair her attenuated Achilles tendon. Two months after
Achilles shortening and surgical I&D, the patient presented with partial wound dehiscence. Surgical debridement with a partial calcanectomy was then performed along with a course of intravenous antibiotics,
but this resulted in complete dehiscence of the surgical
site.
Over the next 2 years, the wound was treated with
amniotic membrane allografts, total contact casting
(TCC), antimicrobial wound ointments, and advanced
wound dressings without resolution. Biomechanical
exam findings and gait analysis still revealed an inability to actively plantarflex the left ankle to neutral and a
calcaneal gait. After 4 years of treatment without relief
of the neuropathic ulcer, an Achilles tendon shortening
procedure was performed along with surgical debridement of the wound.
A stainless steel suture with cable crimp system
was utilized for shortening.* To date, a multifilament
stainless steel suture system has only been studied in
the hand for flexor tendon repair using 3-0 and 4-0 suture sizes.10,11 In this case, the surgeons obtained a kit
designed specifically for the Achilles tendon. Intraoperative tendon repair was confirmed with the Thompson
test to ensure adequate ankle plantarflexion prior to surgical closure. Surgery was followed by weekly applications of TCCs and appropriate offloading for 3 months,
during which time the wound completely healed. The
ulcer remained closed at a follow-up of 10 months.
Surgical Technique
The surgery was performed under general anesthesia with the patient in the prone position. Using the previous incision as a guide, an incision was made medial
to the Achilles tendon, and blunt dissection was then
carried down to the Achilles tendon. A substantial
amount of scar tissue formation in the posterior leg was
noted at the previous surgical site. After the Achilles
tendon was dissected, it was noted to be attenuated and
lengthened with no plantar flexion noted when the calf

Figure 1. Intraoperative photo demonstrating attenuated and
lengthened left Achilles tendon. Photo used with permission
from Alexander Reyzelman, DPM.

Figure 2. A 3-0 multifilament stainless steel suture is attached to the distal end of the tendon using a single cross lock
stitch. Photo used with permission from Alexander
Reyzelman, DPM.

*

PONTiS™ Multifilament Stainless Steel Suture with Crimp – Size #3, PONTiS Orthopaedics LLC
2299 Post Street, Suite 207, San Francisco, CA 94115 USA
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was squeezed (Figure 1). The Achilles tendon was then
freed completely from the surrounding soft tissue and
the tendon was transected at the proximal aspect of the
incision.
Using the multifilament stainless steel suture system Achilles tendon repair device, tendon segments
were reapproximated as well as transposed over one another and shortened. The #3 multifilament stainless
steel suture was attached to both ends of the tendon using a single cross lock stitch at each end (Figure 2). The
sutures were then firmly pulled to flatten and embed the
cross-lock onto the surface of the tendon. The needles
were cut from their attachment to the suture and the
ends were passed into the pulley system. The crimp
holder loaded with a crimp was brought into the field
and the sutures were passed from opposite sides
through the crimp. Using gentle traction from both
sides, the tendon ends were brought together (Figures
3 and 4). The device was secured by compressing the
crimp when the foot was noted to be in a moderately
plantarflexed position. It was again verified that there
was adequate plantarflexion of the foot at the ankle. Using 2-0 multistrand polyethylene suture, the overlapping proximal and distal stumps of the Achilles tendon
were sutured together for reinforcement, making sure to
cover the multifilament stainless steel suture system repair device (Figure 5). The wound was thoroughly irrigated with normal saline, and the paratenon was closed

Figure 3. Implanted suture strands are threaded though the
crimp system. Photo used with permission from Alexander
Reyzelman, DPM.
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using 3-0 synthetic absorbable suture in a simple interrupted fashion. At that time, subcutaneous closure was
performed with the same 3-0 absorbable suture material. Using 3-0 nylon, the skin was closed with horizontal mattress sutures. After dressing the surgical site with
nonadherent dressing and sterile gauze wrap, the foot
was placed in a posterior splint with the ankle slightly
plantarflexed, and the patient was instructed to remain
nonweightbearing until seen in clinic for follow-up.
DISCUSSION
Chronic, neuropathic plantar heel ulcerations are
difficult to heal. These wounds should be treated conservatively before surgical options are entertained.
Proper wound-bed preparation, mechanical debridement, different types of dressings, skin substitutes,
growth factors, and appropriate offloading are first-line
treatment possibilities for patients with these types of
ulcers.12
The primary etiology of the wound, such as limb
ischemia, venous insufficiency, and limited joint mobility, also needs to be considered and treated. 13 In the
case of this patient, deranged biomechanics and patient
noncompliance fundamentally contributed to ulcer persistence. After exhausting all conservative measures,
the patient’s condition necessitated surgical intervention to shorten the Achilles tendon. The initial shortening procedure to help offload the plantar heel ulcer
failed to rectify the problem; the patient still experienced weak plantarflexion at her ankle, which manifested in a calcaneal gait. Reasons for this gait pattern
may have stemmed from iatrogenic complications from
a previous TAL, trauma to the Achilles tendon from

Figure 4. The tendon ends are retracted together via the cable
strands, shortening the Achilles to provide adequate plantarflexion at the ankle. Photo used with permission from Alexander Reyzelman, DPM.

Compared to other tendon repair procedures, the
multifilament stainless steel suture system has been
shown to decrease surgical time, required tendon exposure, and friction within the tendon sheath after repair.11
The multifilament stainless steel suture system construct also achieves ultimate tensile strength prior to
tendon gapping. However, these results apply to cadaveric flexor digitorum profundus repair,11 and the system
has not yet been studied in the Achilles tendon. These
benefits suggest that the multifilament stainless steel
suture system repair method, with its combination of
multifilament stainless steel suture material and cablecrimp system, offers a stronger, more accurate tendon
shortening procedure that can be employed to correct
lower extremity structural problems. More research involving the use of these systems, specifically in dealing
with the Achilles tendon, is necessary to support this
outcome.
Figure 5. The overlapping proximal and distal stumps of the
Achilles tendon are sutured together for reinforcement using
epitendonous sutures, making sure to cover the implanted

prior operations, or failure of the suture material or knot
complex used in the shortening procedure.4–6,14–21
Owing to the continued presence of the patient’s
calcaneal gait, an additional Achilles tendon shortening
proced ure was scheduled. The ineffectiveness of the
first shortening procedure necessitated the use of a multifilament stainless steel suture system Achilles open repair method, an unconventional approach to Achilles
tendon shortening and repair. This method was employed while using the Thompson test to confirm ample
ankle plantarflexion prior to surgical closure.22 The operation proved to be successful, and the plantar heel ulcer closed after 3 months of post-operative TCC and offloading. This is the first report illustrating application
of a multifilament stainless steel suture system for pathology outside of the hand.
The system that was used employs high-caliber,
multifilament stainless steel suture material in a single
cross-lock configuration with a cable-crimp system.
Use of a crimp allows for each end of the shortened tendon to have suture impl anted individually followed by
tendon approximation complete with proper tensioning
and lack of gapping, a common complication of tendon
repair.14 Multifilament stainless steel is used as suture
material in this procedure due to its strength, and the
single cross-lock pattern is chosen because of its decreased force of flexion.10 Although this suture material
strengthens the repaired tendon more than standard suture materials, excessive tension may result in suture
withdrawal from the tendon and failure of the technique. Care must be taken to avoid over-approximating
the tendon ends.

CONCLUSION
It is appropriate to consider advanced methods of
repair when prior Achilles tendon surgery results in a
calcaneal gait. In this case, the multifilament stainless
steel suture system was successfully employed to
shorten and repair the Achilles tendon and subsequently
heal the patient’s chronic plantar heel wound. Additional research is necessary to determine if this system
should be more widely considered for Achilles tendon
repair.
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