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A NOTE FROM THE EDITORIAL STAFF: 
 

Welcome to the 20th volume of the National Foot and Ankle Review (NFAR), an academic    
journal produced by students at the California School of Podiatric Medicine (CSPM) at Samuel 
Merritt University. Each article is written by student authors and is peer-reviewed by student   
editors throughout the course of the academic school year.  
 
As an editorial team, we thank all the student authors who submitted manuscripts for review. We 
received a record-breaking response to our call-for-papers this year, reflecting a growing interest 
in student journals and research. We wish our fellow students success in their future endeavors 
and a rewarding lifetime of learning. It was a pleasure working with you all. 
 
Next, the editorial staff would like to gratefully acknowledge our faculty advisor, Dr. Eric D. 
Stamps, for his invaluable guidance and keen editorial eye. We also thank Dr. Albert Burns, the 
founder of this journal, for his many years of dedication. 
 
We dedicate this volume of the National Foot and Ankle Review to Dr. John Venson, who  
retired earlier this year after serving as the CSPM Dean for almost 10 years. 
 
Finally, thank you for your support and readership of the National Foot and Ankle Review. We 
are proud to present the final product of our work this year. 
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Indications for Use of Isolated First MTPJ Arthrodesis in  
Primary Surgical Treatment of Hallux Abducto Valgus 

 
Emily Khuc, B.A., Isaac Wilhelm, B.S., Lewis Kane, B.A., M.S. 

 
ABSTRACT 

First metatarsophalangeal joint arthrodesis is a 
joint-destructive procedure that has been applied to hal-
lux abducto valgus surgery as an adjunct procedure or 
when revision is required. However, evidence has sug-
gested that first metatarsophalangeal joint arthrodesis 
can be considered a primary, solitary surgical procedure 
for the correction of hallux abducto valgus. Recent ev-
idence suggests that the large 1st intermetatarsal angle 
associated with moderate and severe deformities can be 
recovered with distal arthrodesis. First metatarsoph-
alangeal joint arthrodesis in cases of severe hallux ab-
ducto valgus deformity can be especially helpful if pa-
tients are unable for any reason to have a proximal bun-
ion procedure. It is important to consider the available 
evidence of first metatarsophalangeal joint arthrodesis 
as well as patient recovery and expectations when de-
veloping treatment plans for moderate to severe hallux 
abducto valgus. 
 
INTRODUCTION 

First metatarsophalangeal joint (1st MTPJ) ar-
throdesis procedures are used for the treatment of joint 
related pathologies, which include varying degrees of 
hallux rigidus, hallux abducto valgus (HAV), hallux 
varus, gout, and rheumatoid arthritis. Arthrodesis is 
typically considered a secondary procedure for these 
joint pathologies, especially HAV, which has many 
other joint-sparing surgical options. However, there are 
benefits to arthrodesis, one being that it achieves per-
manent reduction of MTPJ deformity. Control of 1st 
MTPJ positioning in all 3 planes of possible motion re-
stores hallux anatomical positioning and therefore 
weightbearing ability.1 Frontal plane valgus deformity 
can be corrected to neutral. Transverse plane abduction 
can be reduced to restore 1st MTPJ congruency. Sagittal 
plane stabilization in a slightly dorsiflexed position 
eliminates the primary range of motion of the 1st 
MTPJ.1 Although arthrodesis eliminates some function-
ality, it also eliminates pain associated with degenera-

tive arthrosis. Sigvard Hansen and others have de-
scribed the 1st MTPJ as nonessential—a joint that may 
be fused without significant functional consequence—
yet patients may still refuse any reduction in function-
ality.2  

A common angle used to guide surgical decision-
making in HAV treatment is the 1st intermetatarsal an-
gle (IMA), which is the angle created by the long axis 
of the 1st and 2nd metatarsals. Normal values are often 
regarded as less than 9°.3 Typical surgical decision 
making regarding IMA and procedure choice usually 
guides surgeons to more distal procedures if the IMA is 
low and more proximal procedures if the IMA is high. 
For example, distal metatarsal osteotomies are typically 
recommended for an IMA less than 15°. For IMA val-
ues greater than 15° a proximal metatarsal osteotomy or 
tarsometatarsal fusion may be considered.4 The use of 
MTPJ arthrodesis to treat severe, high IMA HAV has 
been debated in recent literature.5,6 Some evidence sug-
gests that primary treatment of HAV with isolated 1st 
MTPJ arthrodesis can achieve levels of IMA correction 
similar to metatarsal base osteotomies and tarsometa-
tarsal fusion.7–9 Other evidence suggests that there is a 
lower limit to the amount of correction possible with 1st 
MTPJ arthrodesis, due to its distal location.10–12 The 
purpose of this literature review is to present recent ev-
idence for 1st MTPJ arthrodesis as a primary procedure 
for treating HAV.  
 
PATIENT SELECTION 

When considering a primary 1st MTPJ arthrodesis, 
initial evaluation should address the patient’s postoper-
ative functional expectations and willingness to comply 
with non-weightbearing protocol. Most patients have a 
positive outcome postoperatively and can return to their 
regular daily activities, as evidenced by several satis-
faction studies. A study by Jones and Sweet in 2017 of 
active duty military patients compared return to duty 
rates between patients receiving either 1st MTPJ ar-
throdesis or other surgical treatment for hallux rigi-
dus.13 There was no significant difference in percent 
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satisfaction between the arthrodesis group (79.3%) and 
the other treatment groups (80–85.2%).13 In a func-
tional test conducted by Brodsky et al. in 2005, 53 pa-
tients were asked to stand on tiptoes, kneel, squat, and 
to pick up an item from the floor.14 Although only 67% 
were able to stand on their tip toes, 87–98% of patients 
were able to pass the other functional tests.14 Addition-
ally, patients reported returning to most physical activ-
ities, including jogging (75%), golfing (80%), hiking 
(92%), and tennis (75%).14  
 Postoperative recovery requirements are also im-
portant when deciding to perform a primary 1st MTPJ 
arthrodesis. If patients have high IMA HAV but are un-
able to be entirely non-weightbearing during recovery 
from a tarsometatarsal joint arthrodesis or a base oste-
otomy, 1st MTPJ arthrodesis can achieve deformity cor-
rection with some postoperative weightbearing. Studies 
have shown that patients are able to stand on their heel 
and lateral aspect of their foot in a standard surgical 
shoe immediately after the procedure,15,16 and fusion is 
achieved in 6–8 weeks, allowing most patients to return 
to regular shoes by 6 weeks.15 The recovery period for 
1st tarsometatarsal fusion varies, but patients are gener-
ally non-weightbearing for at least 6 weeks.17 First 
MTPJ arthrodesis has the benefit of being a technically 
simpler surgical procedure with more variety in availa-
ble methods of fixation and joint preparation than more 
proximal arthrodeses. However, there is debate as to the 
amount of IMA correction that can be achieved, as well 
as the mechanisms by which 1st MTPJ arthrodesis is 
able to achieve a large level of correction. 
 
THE EFFECT OF ARTHRODESIS ON 
INTERMETATARSAL ANGLE 
 Several studies have attempted to define the degree 
to which an isolated 1st MTPJ arthrodesis may reduce 
HAV deformity.5,6 A recent meta-analysis on 1st MTPJ 
arthrodesis and IMA reduction, by Dayton et al. in 
2014, only included studies in which 1st MTPJ ar-
throdesis was used as the primary and isolated surgical 
procedure.5 In a subset of the Dayton et al. meta-analy-
sis, which only included studies with a mean IMA over 
15°, a total of 267 feet had a mean preoperative IMA of 
15.9° corrected to a mean IMA of 10.48°.5  

Conservative estimates of 1st MTPJ arthrodesis 
support its use in correction of moderate IMA measure-
ment.10,11,12 A study by Pydah et al. in 2009, estimated 
that the power of 1st MTPJ arthrodesis to correct to a 
normal IMA of 9° was limited to a preoperative IMA of 
13.6° or lower.10 In this study, the mean IMA improved 
from 13.1° preoperatively to a mean of 8.6° postopera-
tively for a mean correction of 4.4°.10 More aggressive 
estimates of 1st MTPJ arthrodesis effects on IMA sup-
port the use of arthrodesis in high IMA.7–9 A more re-
cent study by McKean et al. that was not included in the 
2015 Dayton meta-analysis showed a preoperative 

mean IMA of 19.2° corrected to a mean of 10.8°.7 The 
improved IMA correction in recent studies could reflect 
a variety of improvements to surgical technique, but 
could also reflect increasing popularity of 1st MTPJ ar-
throdesis for use in correction of larger IMA HAV.  

Additionally, these previously mentioned studies 
have all been based on the use of a primary, solitary 1st 
MTPJ arthrodesis. However, 1st MTPJ arthrodesis is 
commonly used as a revision procedure and little is 
known about how corrective ability differs when com-
pared to a primary correction. Often, a typical primary 
and joint-sparing procedure for HAV will include vari-
ous levels of lateral soft tissue release to treat valgus 
rotation.3 In theory, presence or absence of stabilizing 
lateral soft tissues could alter the biomechanical out-
comes of arthrodesis. Researchers have theorized that 
primary arthrodesis, with preservation of soft tissue 
structures, achieves IMA reduction because of the in-
creased advantage given to the adductor hallucis mus-
cle, which now operates as a corrective force to pull the 
1st metatarsophalangeal fusion towards the 2nd metatar-
sal. However, this possible mechanism of action has not 
been studied or confirmed. Cronin et al. published the 
most convincing evidence so far that preserving the lat-
eral soft tissues may improve outcomes.9 In this study, 
IMA changes were recorded at both the 6-week postop-
erative time point and final postoperative time point 
(mean of 13.7 months). The mean IMA difference at 6 
weeks was 6.3°, but the mean IMA difference at the fi-
nal follow-up was 8.22°.9 Although arguments could be 
made for the additional reduction in IMA being the re-
sult of decreased soft tissue swelling or other factors, 
the differences in IMA reduction at different postoper-
ative time points could also suggest surgically created 
corrective forces working over time. Unfortunately, 
other current studies only report IMA changes at a sin-
gle time point. Grimes et al. found that pre- to postop-
erative IMA values after revisional arthrodesis only de-
creased by 1° on average.18 However, the large degree 
of variability in their outcomes may explain this small 
average difference (0–22° preoperative, 0–20° postop-
erative). It appears that, when used as a revision proce-
dure, 1st MTPJ arthrodesis offers less powerful correc-
tion.   

Correction of severe deformities where IMA is 
greater than 15° have been reported as possible with 1st 
MTPJ arthrodesis, even though the evidence is limited. 
Surgeons who are attempting to achieve this level of 
correction or greater correction might still consider us-
ing additional procedures or a completely different pro-
cedure altogether. Evidence in literature shows that an 
arthrodesis with another procedure can correct a greater 
amount of IMA. Rippstein et al. in 2012 published a 
retrospective study of 1st MTPJ arthrodesis with either 
an oblique distal dorsal to proximal plantar (Mau) oste-
otomy or a modified tarsometatarsal arthrodesis.19 The 
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investigators found no significant difference between 
the two proximal procedures when used in conjunction 
with 1st MTPJ arthrodesis. The study reported that using 
1st MTPJ arthrodesis with a more proximal procedure 
achieved a mean postoperative IMA of 4.6° from a 
mean preoperative IMA of 18.8°.19 These IMA correc-
tions are much greater than any mean differences re-
ported by the Dayton 2014 meta-analysis.5 Although a 
large reduction in IMA is possible with additional pro-
cedures or more proximal procedures, an advantage of 
an isolated 1st MTPJ arthrodesis is that a large amount 
of correction can be achieved with a single distal pro-
cedure. Adding a more proximal procedure eliminates 
the distal procedure advantages of technical ease. 
 
MIDFOOT BIOMECHANICS OF 1ST MTPJ 
ARTHRODESIS 

In addition to the well documented effects on IMA, 
1st MTPJ arthrodesis has several other less researched 
and highly speculated biomechanical effects. Currently 
available biomechanical studies of 1st MTPJ arthrodesis 
have been focused on gait analysis. DeFrino et al. in 
2002 demonstrated that 1st MTPJ arthrodesis restores 1st 
ray weightbearing function via measurement of peak 
plantar pressure on the hallux at the toe off moment of 
gait.20 A motion analysis study of 8 patients with 1st 
MTPJ arthrodesis by Stevens et al. in 2017 found the 
same increases in peak plantar pressure, as well as 
changes in motion between forefoot to rearfoot when 
compared to controls.21 The arthrodesis group had (1) 
lesser transverse plane (abduction/adduction) motion 
during toe off (P = 0.003), (2) greater frontal plane (in-
version/eversion) motion at toe off  
(P <0.001), and (3) lesser sagittal plane (plantarflex-
ion/dorsiflexion) motion throughout the stance phase   
(P <0.001).21 Although the sample size in this study was 
low, these significant findings provide evidence that 1st 
MTPJ arthrodesis affects proximal foot and ankle bio-
mechanics. 

Other authors have assessed biomechanical 
changes anatomically, investigating the influence of 1st 
MTPJ arthrodesis on proximal joint orientation. Dayton 
et al. in 2014 studied the effects of 1st MTPJ arthrodesis 
on medial cuneiform obliquity to the 1st metatarsal, a 
characteristic which has been theorized to cause 1st ray 
hypermobility.22 The authors reported a direct correla-
tion between change in IMA and change in medial cu-
neiform obliquity. This data supports the idea that 
frontal plane changes occur at the tarsometatarsal joint 
after 1st MTPJ arthrodesis, which may contribute to de-
formity correction as well as prevent deformity recur-
rence. 

These potential midfoot effects, however, might 
also caution against the use of 1st MTPJ arthrodesis in 
certain types of patients. Patients with joint space nar-
rowing in the midfoot could have joint-pain related 

symptoms exacerbated if motion is increasingly limited 
post-procedure. The existing studies on 1st MTPJ ar-
throdesis and more proximal biomechanics of the foot 
loosely suggest that 1st MTPJ arthrodesis can be helpful 
in treating cases of HAV which are related to midfoot 
dysfunction, but also might be contraindicated when 
patients have midfoot arthridities and pain. 
 
CONCLUSION 

First MTPJ arthrodesis is a procedure for HAV 
which can be used as a primary surgical treatment of 
IMA of at least 16°.5,6 First MTPJ arthrodesis studies 
have reported IMA reduction as high as 8.4°,7 espe-
cially when arthrodesis was used as a primary surgical 
procedure. The mechanisms by which 1st MTPJ ar-
throdesis is able to correct severe IMA have yet to be 
determined, but studies suggest that arthrodesis poten-
tially eliminates tendinous imbalance and creates both 
bony and muscular corrective advantages to secure the 
positioning of the 1st ray in all 3 planes of motion.22  

Further research should be focused on defining the 
full scope of indications and limitations of 1st MTPJ ar-
throdesis for correcting HAV. Although current studies 
show that moderate HAV deformities can be corrected 
using an isolated 1st MTPJ arthrodesis, there is insuffi-
cient data addressing those with an IMA larger than 
18°. This is mainly because most research has been lim-
ited to retrospective analysis. Most surgeons do not 
choose to perform isolated 1st MTPJ arthrodesis in 
cases of severe IMA, limiting the number of available 
high IMA case outcomes to review. In addition, studies 
that compare primary arthrodesis versus secondary or 
revisional arthrodesis have not been performed. Addi-
tional anatomic studies could also be helpful in deter-
mining the effects of 1st MTPJ arthrodesis more proxi-
mally in the 1st ray. In summary, 1st MTPJ arthrodesis 
is an appropriate distal HAV surgical procedure to cor-
rect IMA deformity up to 16–18° and allows patients to 
return to daily activities without recurrence of 1st MTPJ 
osteoarthritis. 
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A Corroborative Review of Sesamoid Pathology 
 

Kyle Miller, B.A., Jason Jolliffe, B.A., Rafay Qureshi, B.S., Saakshi Chowdhary, B.S.  
 

ABSTRACT 
The sesamoid apparatus is critical to the biome-

chanics of the foot and functions not only as a pulley 
and shock absorber, but also as a stable guide that fore-
foot motion follows during propulsion. Mechanistic 
changes to this apparatus can lead to various patholo-
gies. Acute fractures, stress fractures, and sesamoiditis 
account for 80% of sesamoid bone pathology. This re-
view examines current research on etiology, diagnostic 
testing, imaging and treatments. Overall findings sug-
gest a need for a comprehensive study evaluating the 
overall effectiveness of hemi-resection versus complete 
excision. 
 
INTRODUCTION 

Sesamoid bones can be found all over the body and 
are characteristically either partially or totally embed-
ded in a tendon. They function to increase mechanical 
advantage and protect the tendon while also supporting 
the surrounding blood supply.1 Injury to the sesamoid 
bones of the first metatarsophalangeal joint (MTPJ) can 
be both painful and debilitating and may lead to a loss 
of function if not treated properly.2 The sesamoids 
themselves are embedded in a complex of muscles, lig-
aments and bones called the sesamoid apparatus. This 
apparatus is key for push-off during gait as it functions 
as a stable point of reference that the forefoot follows 
during propulsion.3 The anatomic location of the sesa-
moids increases their susceptibility to repeated stress 
and trauma as they receive the full weightbearing load 
from the first metatarsal (MT) head.4 Sesamoid pathol-
ogy accounts for 9% of all foot and ankle injuries, of 
which acute fractures, stress fractures and sesamoiditis 
make up 10%, 40%, and 30% respectively.2 However, 
even with this high incidence of injury, inconsistencies 
remain in regards to diagnosis and treatment necessitat-
ing a better understanding of the detection and surgical 
intervention of sesamoid pathology.  
 
ANATOMY 

Diagnosis of sesamoid pathology requires a good 
understanding of the anatomy at the first MTPJ, specif-
ically the sesamoid apparatus. There are two sesamoid 

bones associated with the first MTPJ: the tibial and fib-
ular sesamoid. The sesamoids ossify between 7–10  
years of age.5 Irregular sesamoid ossification can occur 
when multiple ossification centers are present, resulting 
in bi- or tri-partite sesamoids.1 The incidence of bipar-
tite sesamoids ranges from 7.8–35.5%, with approxi-
mately 80% of bipartite sesamoids occurring in the tib-
ial sesamoid.6 Less clear is the incidence of bilateral bi-
partite sesamoids, where the literature shows a broad 
range of 25–85%.7,8 Once ossified, the tibial sesamoid 
is larger 80% of the time and bears more weight during 
gait than the fibular sesamoid.1 The main blood supply 
to both sesamoids is the first plantar MT artery.9  

The sesamoids of the first MTPJ are embedded in 
the medial and lateral heads of the flexor hallucis brevis 
(FHB), which are continuous with the plantar MP liga-
ment (plantar plate). This complex inserts into the base 
of the hallucal proximal phalanx (PP) and provides an 
articular bed for the first MT head to fall into. The first 
MT head has a double contoured articular surface sep-
arated by the sesamoid ridge (crista).1 The crista specif-
ically acts as a guide during gait as the propulsive forces 
pass through the MT head.3  

During normal gait the first MTPJ must support in-
creased weight and muscular forces across the joint 
compared to the lesser MTPJs.3,10 For this reason, the 
plantar plate of the first MTPJ is uniquely thickened to 
support these forces.10 The sesamoid apparatus is based 
around this thickened plantar plate as it not only encases 
the sesamoids but also acts as a point of insertion for 
numerous ligaments, intrinsic and extrinsic muscles of 
the foot. Stability between the articular surfaces in the 
face of these forces comes from a robust capsuloliga-
mentous complex made up of a collection of structures: 
the sesamoid apparatus, a pair of collateral ligaments, 
the extensor expansion and the deep transverse metatar-
sal ligament (DTML). The sesamoid apparatus holds 
the two sesamoids in place via five ligaments in associ-
ation with the plantar plate: the intersesamoidal liga-
ment, medial metatarsosesamoidal ligament, medial 
phalangeosesamoidal ligament, lateral metatarsosesa-
moidal ligament, and lateral phalangeosesamoidal liga-
ment.1 The aponeurotic extensor expansion surrounds 
these capsular ligaments as it fans out from the extensor 
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hallucis longus before blending with the plantar plate, 
PP, and neck of the first MT plantarly.1,3 There is further 
attachment to the sesamoid apparatus from the DTML 
attaching to the fibular sesamoid and lateral plantar 
plate, as well as the deep slips of the plantar aponeuro-
sis.1 Intrinsic tendinous insertions to the sesamoid appa-
ratus include the FHB, adductor hallucis (transverse 
and oblique heads), and abductor hallucis.1,10 The sesa-
moids also act to protect the extrinsic flexor hallucis 
longus (FHL) as it courses between them.1 This ana-
tomic organization allows the sesamoid apparatus to 
function not only as a pulley and shock absorber but 
also as a stable guide that forefoot motion follows dur-
ing propulsiobn.3 
 
ETIOLOGY 

The sesamoid complex plays a significant role in 
shock absorption, protecting against mechanical 
stresses during gait, providing mechanical advantage 
for the FHB during dorsiflexion of the hallux, and ele-
vating the first MT head to offload direct forces during 
propulsion.11 Fractures of the tibial and fibular sesa-
moids may occur as a result of the variety of stresses 
placed on the intricate anatomical layout of the first 
MTPJ. During weight transfer of a normal gait cycle, 
40–60% of a person’s body weight pass through the 
first MTPJ and sesamoids, with forces upwards of 200–
300% during high impact activities such as running and 
jumping.12 Due to the high impact nature of such move-
ments, fractures can occur in either a transverse or com-
minuted manner.11 The most predominant type of frac-
ture occurs transversely.11 

Sesamoid fractures may present acutely due to 
crush injuries or other singular traumatic events, often 
completely disrupting the surrounding ligamentous 
structures in the process.13 Hyperextension or forced 
dorsiflexion of the great toe is the most common mech-
anistic cause of such injuries.14 Athletic activities in 
which explosive propulsive movements and high im-
pact forces are required (during football, basketball, 
tennis, sprinting, dancing) are often more culpable to 
acute sesamoid fractures.14 

Stress fractures may develop over time due to re-
petitive micro-trauma and soft tissue strain of increased 
intensity to the hallux MP complex.15 These injuries 
have a high incidence in patients with high arched (ca-
vus) feet, resulting in a plantarflexed first ray and in-
creased loading on the first MTPJ and sesamoid com-
plex during gait.16 Many of the same activities that re-
sult in acute or stress sesamoid fractures may also result 
in sesamoiditis. 

Competing surfaces and shoe wear have also been 
shown to contribute to sesamoid injuries. Studies have 
indicated that the implementation of artificial playing 
surfaces such as turf, along with athletes wearing 
lighter, more flexible shoes, does not provide ideal 

shock absorption and support for injury prevention dur-
ing high impact activities.17 Although distinct factors 
such as mechanism of injury, foot type, footwear, and 
supportive surfaces have been identified, physical ex-
amination often yields indiscernible findings, limiting 
diagnostic accuracy in the absence of imaging studies 
and further workup. 
 
DIAGNOSING AND IMAGING 

In podiatric literature, there is consensus that acute 
and stress fractures of the sesamoids are difficult to rec-
ognize because imaging often reveals morphological 
similarities to other conditions including sesamoiditis, 
bipartite sesamoids, inflammatory arthritis, and gout. 
While bone scans have a relatively high sensitivity for 
revealing increased focal uptake and identifying the 
hallux sesamoid bones as the source of injury (74%),18 
they do not indicate the specific type of pathology in-
volved and often yield false positive results with a wide 
range of specificities.18–20 Polarized light microscopy 
and a simple blood test evaluating specific biochemical 
markers are efficient methods to rule out gout and/or 
inflammatory arthritis as a differential diagnosis.20,21 

 
 Acute Fractures 

Acute sesamoid fractures are often misdiagnosed 
as soft tissue injuries and are commonly missed by the 
clinician looking for larger fractures of the MTs and 
phalanges.21 Diagnosis begins by performing a clinical 
assessment revealing pain and tenderness upon 
weightbearing and extension of the hallux.21,22 Radio-
graphs are then ordered and followed up with a com-
puted tomography (CT) scan if further imaging is 
deemed necessary. Dorsoplantar, lateral, and axial ses-
amoid weightbearing films are useful when initially 
evaluating for injury. However, in severe injuries, ob-
taining weightbearing radiographs may not be an op-
tion.20,23 Non-weightbearing options include a lateral 
oblique view for visualizing the fibular sesamoid and a 
medial oblique view for visualizing the tibial sesa-
moid.23 Overall, an axial sesamoid view gives a better 
view of both sesamoids and their attachments to the MT 
heads.22 On imaging, acute fractures are more difficult 
to diagnose as they often appear similar to bipartite ses-
amoids. While X-rays present fractures with sharp, ra-
diolucent, and uncorticated lines,19 CT scans further 
portray bipartite sesamoids with smooth, corticated 
margins and acutely fractured sesamoids with relatively 
jagged edges.19,20 There is a wide range of incidence of 
bilateral bipartite sesamoids, ranging from 25–85%,7,8 
making it difficult to validate diagnostic bilateral imag-
ing.21 
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Stress Fractures 
Stress fractures are primarily diagnosed using CT 

scans that show sclerosis and periarticular calcifica-
tions.20 Radiographs can also be ordered but have a time 
delay of 10–14 days before stress fractures can be visu-
alized with a sensitivity range of 30–70%.18 Literature 
shows that MRIs offer spatial resolution,24 have a high 
sensitivity to stress fractures (99%), and can eliminate 
soft tissue differential diagnoses.25 This makes MRIs an 
excellent alternative for detecting stress fractures. 

 
Sesamoiditis 

MRI can be useful in discovering abnormalities of 
bone marrow signaling and soft tissue derangement,19 
thus making it the modality of choice for diagnosing 
sesamoiditis via detecting fluid buildup.20 Initial radio-
graphs are less useful for sesamoiditis because they 
yield normal results.20 Thorough testing methods may 
prove to be especially useful as bipartite sesamoids of-
ten occur with sesamoiditis, further complicating the di-
agnosis.24 
 
TREATMENT 
 
Conservative 

For acute fractures, stress fractures and sesamoidi-
tis, the first line of treatment is non-surgical. In both in-
juries, Protect, Rice, Ice, Compression, and Elevation 
(PRICE) protocol is necessary for early stages of symp-
toms as well as administration of non-steroidal anti-in-
flammatory drugs (NSAID) for pain relief. Although 
both of these early approaches will start the healing pro-
cess and mitigate clinical symptomatology, correcting 
the biomechanical abnormality for sesamoiditis is es-
sential for the overall treatment plan.2 The repetitive 
stress causing sesamoiditis indicates use of orthotics, 
inserts, or pads to redistribute body weight evenly and 
inhibit motion at the first MTPJ.26 Making adjustments 
to custom orthotics, using gel inserts, taping, or modi-
fied cast immobilizations are additional techniques for 
correcting the biomechanical issues. Immobilization 
can be achieved using a carbon fiber forefoot plate and 
a Morton’s extension for restricting forefoot mo-
tion.4,11,27 Additionally, in patients with a lesser demand 
for biomechanical intervention, a dancer’s pad, meta-
tarsal bar, or transferable metatarsal pad can suffice.4 
For non-union or chronic sesamoid fractures, the use of 
orthotics that offload pressure points specific to the hal-
lux metatarsal phalangeal complex while also restrict-
ing dorsiflexion is necessary.11 In significant stress frac-
tures, a non-weightbearing cast should be applied for 6–
8 weeks with the orthotic being implemented after the 
cast is removed.4 Nonsteroidal anti-inflammatory med-
ications are not a first line treatment but can be benefi-
cial for sesamoiditis when injected intra-articularly.11 
Soluble phosphate based steroid injections such as 

decadron phosphate and local anesthetic injections are 
done using radiographic guidance and can provide pain 
relief when used sparingly.11,28 Finally bone stimulation 
can complement the conservative approaches above.29 

 
Operative Indications 

Sesamoid fractures can be treated with operative 
care if the first line non-surgical treatments fail after be-
ing employed for the first 6 months. In a review of 
lower extremity pathologies, Blake RL (1989) found 
that conservative success rates obtained fair results and 
30% of sesamoid fractures eventually required surgical 
intervention.30 The most common intervention is the 
sesamoidectomy. Although removal of both sesamoids 
was historically the preferred treatment,31,32 it was later 
concluded that removal of both sesamoids resulted in 
the most severe complications to the tendons of FHL 
and FHB.33,34 In addition, it was reported that partial re-
sections or hemi-resections resulted in limited compli-
cations.33 

 
 Sesamoidectomy: Approaches and Complications 

There are four major approaches to remove the ses-
amoids depending on the injury present: intra-articular 
medial approach, extra-articular medial approach, 
dorsolateral approach, and plantar approach.4,29 Re-
moval of individual sesamoids produces biomechanical 
abnormalities that need to be considered pre-opera-
tively. For a tibial sesamoidectomy, a medial or plantar 
medial incision should be used to access the sesamoid. 
Specifically, when using the plantar approach, lateral 
nerve injury and neuroma formation can occur, whereas 
in the medial approach, medial cutaneous nerves are at 
risk from the intra- and extra-articular approaches. For 
a fibular sesamoidectomy, although the dorsal approach 
is preferred it can be surgically demanding due to the 
depth of the sesamoids. In contrast, the plantar approach 
to the fibular sesamoid can lead to injury of the digital 
nerves of the first intermetatarsal space. When remov-
ing the tibial sesamoid, complications can include hal-
lux valgus deformity, while removing the fibular sesa-
moid may result in a hallux varus deformity.2 Other 
complications for sesamoidectomy can include hallux 
malleus, joint instability, and weakened plantarflexion. 
It was reported that 10% of patients had postoperative 
weakness of plantarflexion.33 In addition, a 30% loss of 
push off strength can be seen with sesamoid excisions.34 

More recent studies have shown that rather than 
complete excision of the sesamoids, removal of two-
thirds of either sesamoid led to a decrease in disturb-
ance of the ligaments attached and thus showed an in-
crease in overall pain relief.35 Although studies on ses-
amoidectomies performed before 2003 found high lev-
els of discomfort (41–50%)8,33 and development of 
major deformities (5–42%),36,37 newer studies have 
found much better outcomes for patients.38 Taylor et al 
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(2014) summarized the data from five studies per-
formed over a 10-year period 2003–2012 in a review 
article. In all the studies included in the review, patients 
were able to return to activity, reported lower levels of 
pain, and had fewer deformities postoperatively com-
pared to studies performed before 2003. 
 
Other Surgical Interventions 

If sesamoidectomy is contraindicated, bone graft-
ing of the non-united sesamoid fracture or partial exci-
sion of the proximal pole of the sesamoid may be per-
formed.11 When evaluating the effectiveness of a partial 
excision of the proximal pole of the sesamoid, Biedert 
et al. (2003) reported that all subjects returned to sports 
within 6 months and with surgical complications.15 
Mcbryde et al. (1988) reported that 19 of 21 subjects 
went on to a full recovery (union of the sesamoid) after 
undergoing an autogenous bone graft for the correction 
of a sesamoid fracture.39 In addition, this technique can 
avoid the specific injuries for the fibular sesamoidec-
tomy listed above.27 Bundell and Blackney (2002) ex-
plored new techniques using a Burouk percutaneous 
screw fixation on 9 patients suffering from sesamoid 
fractures. After 3 months, all 9 patients had a significant 
relief from pain and then after 6 months all patients had 
returned to regular activity without complications.40 
Together, these recent studies present promising out-
looks for patients needing alternative operative treat-
ment for sesamoid pathologies. 
 
CONCLUSION 

Although the sesamoid apparatus has been heavily 
researched for over a century, researchers have yet to 
reach an overall consensus on the diagnosis and treat-
ment of sesamoid pathology. Diagnostic imaging tends 
to yield a high level of sensitivity but a lower level of 
specificity, which contributes to this difficulty in clas-
sifying injuries of the sesamoid apparatus. 

Evidence suggests that although postoperative pain 
and various complications can occur with sesamoidec-
tomy, it is still the most indicated treatment for injuries 
that persist longer than 6 months. More recent tech-
niques such as hemi-resections, as well as screw fixa-
tion, present promising outlooks for patients needing 
operative treatment. However, because of small sample 
sizes, no definitive conclusions can be drawn. Future 
studies should attempt to narrow down the range of bi-
lateral bipartite sesamoids, and compare sesamoidec-
tomy against more novel approaches to determine the 
standard of care for this common foot pathology.   
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ABSTRACT 

Bone Marrow Edema Syndrome is a self-limiting, 
diagnosis of exclusion based on a history of acute ankle 
or foot pain along with a bone marrow edema pattern 
on MRI. Bone marrow edema is a pathologic character-
istic of numerous foot and ankle pathologies; thus, it is 
imperative to rule out these disorders before diagnosing 
a patient with bone marrow edema syndrome. This re-
view serves as an introduction for the podiatric medical 
student so bone marrow edema syndrome can be in-
cluded within a catalog of differential diagnoses. This 
article discusses possible etiologies, clinical presenta-
tion, imaging studies, and treatment options for this un-
common and often misdiagnosed disorder.  
 
INTRODUCTION 

Bone Marrow Edema Syndrome (BMES) is de-
fined as increased interstitial fluid within bone marrow 
caused by an unknown etiology. Bone marrow edema 
syndrome has also been referred to as transient bone 
marrow edema, transient osteoporosis, regional migra-
tory osteoporosis algodystrophy, and reversible early 
osteonecrosis. In 1959, Curtiss and Kincaid first de-
scribed BMES in the hips of pregnant women during 
the third trimester and later termed this disease transient 
osteoporosis; based on its pattern of signal intensity on 
MRI, clinical findings, focal osteopenia on radio-
graphic imaging, and the self-limited nature of the dis-
ease.1-3 This syndrome is distinguishable from other 
causes of bone marrow edema such as trauma, infec-
tion, osteonecrosis, and neoplasm by the transient reso-
lution of clinical symptoms and imaging abnormalities. 
 
ETIOLOGY 

The term bone marrow edema was first used by 
Wilson et al. in 1988, where the author followed 10 pa-
tients with debilitating hip or knee pain, and found ill-
defined bone marrow hyperintensities on MRI which 
were represented by transient increase in bone marrow 
water content.4 Although the pathogenesis of BMES is 
unknown, the literature provides several hypotheses. 

Early descriptions were based on fetal compression of 
the obturator nerve leading to decrease in bone mass 
and to osteoporosis, however animal studies where the 
nerve was lesioned failed to reproduce demineralization 
of the hip.5 Koo et al. suggests that to better understand 
the pathophysiology of BMES, the mechanism of arte-
rial dilation should be understood. They theorized that 
vascular dilation increases perfusion, leading to the in-
duction of interstitial edema by various conditions such 
as trauma, infection, infiltrative marrow disease, and tu-
mors.6 Researchers have found that elevated levels of 
lipoproteins and plasminogen activator inhibitor in pa-
tients with bone marrow edema suggest a hypofibrino-
lytic or thrombophilic process that may cause intraosse-
ous venous obstruction. Subsequently, complete fibri-
nolysis leads to reperfusion and reactive hyperemia, 
which leads to elevated intraosseous marrow pressure 
which causes hip pain.6,7 The self-limiting course of the 
disease is consistent with the reversibility of the hypo-
fibrinolytic and thrombophilic process and the histo-
logic evidence of tissue repair after subthreshold ische-
mia. Therefore, the venous obstruction hypothesis rep-
resents the best understood explanation for the 
pathogenesis of BMES.  
 
CLINICAL PRESENTATION 

BMES is a rare cause of acute ankle pain; the only 
study that records this incidence is a study by Radke et 
al., where 10 out of 1200 patients over a 2-year period 
presented with this complaint.8 Symptoms may last 
from weeks to months, depending on initial severity and 
extent of bony involvement. The initial phase consists 
of severe pain associated with bone loss on x-ray over 
several months, followed by spontaneous resolution. 
Radke et al. found that their patient population pre-
sented with three phases, starting with rapid aggrava-
tion of pain and disability lasting 1 month, followed by 
a plateau in intensity over 4 months, and ending with 
regressing symptoms. This contrasts with patients with 
transient bone marrow edema of the hip that complain 
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of acute onset of pain that is present with activity, dis-
proportionate functional disability, and antalgic gait. 
On physical examination, most of the patients had sub-
tle swelling and tenderness over the dorsal aspect of the 
foot.8 Bone marrow edema primarily affects the hip, 
more specifically the proximal femur, followed by 
knee, ankle, and foot, and rarely, the upper extremity.8 
In a study by Singh et al., the talus was noted to be most 
frequently affected in the foot with talar edema seen in 
10 of 18 BMES patients. The cuboid was the next fre-
quently affected foot bone, followed by the cunei-
forms.2  
 
IMAGING 

Radiographic imaging is the first-line modality for 
BMES, primarily to rule out possible fractures, oste-
ochondral lesions, and ankle sprains. Characteristic 
changes on radiographs include a focal increase in radi-
olucency, preservation of joint space, and the absence 
of bony erosions and subchondral fractures.8 The in-
creased radiolucency is commonly seen 4–8 weeks af-
ter the initial presentation of pain. Computed tomogra-
phy (CT) is not as helpful as MRI but can exclude focal 
lesions.9 CT is complementary as it shows the joint 
space integrity, extent of local demineralization and ex-
cludes other pathological conditions.8 MRI is the gold 
standard in diagnosing BMES, showing edema-like sig-
nals in fluid sensitive images, while CT and histological 
studies show no osteoporosis. Bone marrow lesions on 
MRI are hyperintense on fluid sensitive images and hy-
pointense on T1-weighted images.10 Based on MRI 
findings, the Association Research Circulation Osseous 
(ARCO) classification system can be divided into stage 
0 with no pathological signs, stage 1 bone marrow 
edema, stage 2 osteonecrosis, stage 3 subchondral frac-
ture, and stage 4 joint space narrowing.11 The diagnosis 
of BMES is one of exclusion as there is difficulty dif-
ferentiating it from Complex Regional Pain Syndrome 
Type 1 (CRPS 1) and early stages of avascular necrosis 
(AVN). With CRPS 1 there are patchy signal alterations 
seen on MRI, while AVN demonstrates the presence of 
a double line sign on MRI. Multiple bones are affected 
with CRPS 1, parts of one bone with AVN and a single 
bone with BMES. Soft tissue is rarely involved with 
BMES and AVN, in contrast to CRPS 1 where soft tis-
sue is often involved.8 
 
TREATMENT  
 
Conservative Treatment  

Prior to surgical intervention, conservative treat-
ments including non-steroidal anti-inflammatory drugs, 
physical therapy, partial weightbearing, and pharmaco-
logical therapy should be exhausted.  

Iloprost, a vasoactive prostacyclin analogue, tar-
gets vascular impairment that has been hypothesized to 

cause BMES. Iloprost is primarily used for systemic 
vascular diseases such as scleroderma or Buerger’s dis-
ease.11 lloprost’s mechanism of action includes dilation 
of vascular beds and inhibition of platelet aggregation.1 

This treatment is indicated for early stages of BMES, 
specifically ARCO stages 1 and 2.11 Aigner et al. stud-
ied 6 patients with imaging-confirmed BMES in the ta-
lus and found that the mean Mazur foot score, a clini-
cian-based outcome score, improved from 58 points to 
93 points at 3 months post-treatment. These patients 
were given five infusions of 50 micrograms of Iloprost 
over 5 consecutive days.1 Aigner et al. proceeded to ex-
pand on their previous study and investigated the reso-
lution of BMES on MRI with Iloprost infusion therapy 
and three weeks of partial weightbearing. Fifteen of 
twenty-three patients showed total regression on MRI 
after 3 months.12 Rohner et al. were the first to perform 
a long-term retrospective review of the use of Iloprost 
to treat BMES in the foot and ankle with a follow up of 
greater than 2 years.11 This study examined the func-
tional outcomes and pain in 23 patients with the vali-
dated Ankle-hindfoot scale, Kaikkonen score, Short-
Form 36, and visual analog scale. Rohner et al. reported 
a statistical improvement in functional outcomes, but 
no statistically significant improvement in pain. No pa-
tients reported adverse events. Despite the promising 
results of this study, it is important to consider known 
side effects of Iloprost, including headache, nausea, hy-
potension, and flushing.11  

Bisphosphonates (BSP) are also described in the 
literature as a potential adjunctive therapy based on the 
pathophysiology of increased bone turnover and low 
bone mineral density seen in BMES. BSP inhibit bone 
resorption and are a successful first line treatment for 
osteoporosis.3 The primary issue posed with BSP treat-
ment includes the inconvenience of intravenous (IV) in-
fusion and compliance of oral administration. IV forms 
of BSP, such as clodronate and pamidronate, must be 
infused slowly to prevent renal toxicity and are only ad-
ministered within a hospital setting.3 Daily self-admin-
istration of oral BSP, alendronate, involves a strict dos-
ing regime and has slower bioabsorption than IV BSP.3 
Ibandronate is a BSP with a rapid infusion time. In a 
study by Ringe et al., 12 patients with BMES were ad-
ministered the drug once every 2–3 months.3 By 6 
months, all participants had a reduced visual analog 
scale pain score, and 11 patients had increased bone 
mineral density. High-performance athletes studied by 
Simon et al. had pain reduction 2 weeks after treatment 
with ibandronate.13 Singh et al. compared the use of 
partial weightbearing in a controlled ankle motion 
walker versus IV or oral BSP and found that patients 
given IV BSP had a lower mean time to resolution of 
BMES.2  

Despite the literature providing evidence of pain 
resolution and functional improvement with pharmaco-
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logical therapy, there are currently no double-blinded 
randomized controlled trials; the majority of the studies 
are case series.  
 
Surgical Treatment 

Core decompression is a treatment option for avas-
cular necrosis of the hip and has proven to shorten the 
natural progression of this pathology.14 Because re-
searchers propose that a possible cause of BMES is 
transient and reversible ischemia, they have recently 
applied this technique for transient osteoporosis in the 
foot and ankle. Core decompression therapy is used as 
a last resort if the patient cannot tolerate symptoms after 
conservative treatment. Radke et al. found that 4 pa-
tients, who had core decompression, had immediate 
pain relief after undergoing surgery.8 The authors con-
cluded that the time to resolution for core decompres-
sion versus conservative treatment was 3 months and 6 
months, respectively.8 Calvo et al. presented a case 
where a 45-year-old female with BMES in her navicu-
lar presented pain-free one week after treatment with a 
3-millimeter trephine. This patient had complete reso-
lution of bone marrow edema on MRI after 3 months.15  

The most recent surgical innovation for treating 
BMES is the injection of calcium phosphate cement 
into the subchondral bone, termed subchondroplasty. 
The main advantage of subchondroplasty is the mini-
mally invasive nature of this procedure. The majority of 
the literature involving this novel technique is within 
the knee; the longest follow-up period is 2 years. For 
the foot and ankle, the only available evidence comes 
from a short, 2 patient case series by Miller et al.16 At 
10 months post-treatment, both patients had minimal 
pain and could resume their activities of daily living.16  
 
CONCLUSION 

BMES has been extensively studied in the orthope-
dic literature of the hip and knee, but data is still scarce 
regarding the etiology and best treatment in the foot and 
ankle. As a diagnosis of exclusion, physicians must first 
rule out osteochondral lesions and osteonecrosis before 
diagnosing BMES. Because this disease is reversible 
and self-limiting, the treatment of choice is primarily 
non-steroidal anti-inflammatory medications and par-
tial weightbearing.8 Surgical treatment with core de-
compression is seen by some physicians as an unneces-
sarily invasive procedure for a self-limiting condition. 
Subchondroplasty serves as a promising minimally in-
vasive surgical approach. In conclusion, BMES is a di-
agnosis to consider when a patient presents with an 
acute onset of foot or ankle pain and positive bone mar-
row edema on MRI. 
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ABSTRACT  

Bone marrow aspirate concentrate is used in or-
thopedic and podiatric surgery for bone augmentation 
and improved healing, especially for fractures, non-
unions, bone defects, and osteonecrosis. Evidence sup-
ports the presence of high concentrations of stem cells 
and growth factors in bone marrow aspirate concen-
trate which aid with bony regeneration. This literature 
review discusses common harvest locations, indica-
tions for the use, and reported outcomes for this in-
creasingly popular surgical adjunct. 
 
INTRODUCTION  

Bone marrow aspirate concentrate (BMAC) is a 
concentration of fluid taken from bone marrow, which 
contains a high number of mesenchymal stem cells 
(MSCs) and osteogenic growth factors, including 
platelet derived growth factor (PDGF), transforming 
growth factor (TGF-beta) and vascular endothelial 
growth factor (VEGF). The ability of BMAC to induce 
osteoblastic growth and differentiation has fostered 
the use of BMAC in many conditions and procedure, 
such as non-unions, fractures, osteotomies and revi-
sion joint replacement surgery.1  

As an adjunct to encourage bone formation, the 
harvest and usage of BMAC in has been approved by 
the United States Food and Drug Administration.2 
Various sites in the body can be used to harvest autol-
ogous BMAC, including the iliac crest, tibia, and cal-
caneus. The iliac crest is the current gold standard for 
the harvest location with the highest concentration of 
mononuclear cells and the lowest associated pain (Ta-
ble 1).  

Autologous BMAC implantation has been effec-
tive in treating and preventing non-unions, osteonecro-
sis of the femoral head, cartilage enhancements, and 
critical limb ischemia.3,4 It offers a minimally invasive 
method of providing growth factors and promoting 
faster recovery.5 This article reviews the sites used to 
obtain BMAC and the use of BMAC in the treatment 

of fractures, non-unions, bone defects, osteonecrosis, 
and osteoarthritis.  
 
HARVESTING BONE MARROW ASPIRATE 
CONCENTRATE  
 
Patient selection 

Autogenous harvest of bone marrow is a safe pro-
cedure with few reported complications.6 Patient de-
mographics, such as comorbidities, tobacco usage, and 
age of the patient has little to no effect on the quality 
of bone marrow aspirate. Hyer et al. showed that there 
was no difference in the concentration of osteoprogen-
itor cells in BMAC between smokers and non-smokers 
and diabetics and non-diabetics.7 Beitzel et al. per-
formed linear regression analysis on age and the num-
ber of nucleated cells and MSCs per milliliter of 
BMAC, and found that there was no significant differ-
ence in BMAC content between the ages of 20 and 80 
years.8 
 
Location 

Common harvest sites of bone marrow aspirate 
concentration are the iliac crest, humerus, femur, tibia, 
and calcaneus.9 Among the various sites, bone marrow 
aspiration from the iliac crest has the greatest concen-
tration of mononuclear cells per milliliter. Hyer et al. 
found significantly more mononuclear cells and oste-
oprogenitor cells from the iliac crest compared to the 
tibia and calcaneus (Table 1).7 Patients also reported 
less pain with the iliac crest harvest location. Narbona 
et al. also reported a significantly greater concentra-
tion of mononuclear cells from the iliac crest than the 
femur and tibia (Table 1).10 Beitzel et al. showed that 
there was no significant difference in the concentration 
of mononuclear cells from BMAC harvested from the 
distal femur compared to the humerus (Table 1).8 The 
studies confirm the superiority of the iliac crest as a 
primary BMAC harvest location. Not only does it have 
higher concentrations of mononuclear cells, but is also 
the location associated with the lowest reported pain. 
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Within the iliac crest, Pierini et al. in 2013 found 
that the posterior iliac crest contained a greater number 
of mononuclear cells compared to the anterior iliac 
crest (Table 1). While this finding was not statistically 
significant, the posterior iliac crest bone marrow 
sources had more connective-tissue progenitors.11 In 
addition, Bierman et al. in 1952 found the posterior 
iliac crest a safer site to harvest bone marrow aspirate 
due to the ease of palpation and the lack of nearby neu-
rovascular structures.12 Thus, the posterior iliac crest 
should be the standard for aspiration of bone marrow 
concentrate for the lower extremity. 

 
Volume of Aspirate 

To avoid dilution of mononuclear cells and alka-
line phosphatase positive colonies, a 1997 study by 
Muschler et al. identified 2 ml as the ideal iliac crest 
aspiration volume.13 Soltan et al. in 2012 found aspi-
rating greater than 4 ml dilutes the progenitor cell pop-
ulation with nucleated cells from venous blood.14 A 
2005 study by Hernigou et al. found a positive corre-
lation between the number of progenitor cells in the 
graft and the success rate of atrophic non-union treat-
ment of the tibia.15 Therefore, if more volume or a 
greater number of progenitor cells is required, the rec-
ommendation is to aspirate from multiple locations.  
 

TREATMENT OUTCOMES 
BMAC has been used to treat acute fractures, frac-

tures with high non-union risk, non-unions, and oste-
onecrosis of the femoral head. BMAC has also helped 
to enhance cartilage formation.2  
 
Acute Fractures  

BMAC can be used as a non-union prophylactic 
in fracture treatment. It is especially useful in locations 
that are at higher risk of non-union, such as zone II and 
III of the fifth metatarsal. In a 2011 study, Murawski 
et al. used percutaneous internal fixation with a cannu-
lated screw and BMAC for 26 proximal fifth metatar-
sal fractures (zone II and III) in athletes.16 The mean 
time for fracture healing was 5 weeks with a return to 
activity in 7.6 weeks. Sural nerve neurapraxia was re-
ported in one case, which resolved 6 weeks after sur-
gery. Two patients reported pain around the screw 
head.16  

Comparatively, in a study by Massada et al., 17 
athletes with zone II and III fifth metatarsal fractures 
were treated with cannulated intramedullary screws 
without added BMAC.17 Results showed 100% clini-
cal cure with an average time of radiographic consoli-
dation at 7.3 weeks with a return to activity in less than 
9 weeks. Results indicate similar returns to physical 

Table 1. Comparison of mononuclear cell concentration from various harvesting location 

Study Year Location Concentration of mononu-
clear cells (x106) per milliliter 

Concentration of osteogenic 
progenitor cells per milliliter 

Pierini11 2013 
Posterior Iliac Crest 54.7 ± 27.7 

(range 11.7 – 121.0) Not reported 

Anterior Iliac Crest 49.0 ± 20.8 
(range 18.6 – 94.2) Not reported 

Hyer7 2013 

Iliac Crest 15.6 ± 38.7 
(range 0.1 – 222) 898.4 ± 1431.5 

Tibia 5.8 ± 11.7 
(range 0.1 – 46.8) 32.4 ± 135.4 

Calcaneus 7.1 ± 15.7 
(range 0.1 – 87) 7.1 ± 17.4 

Beitzel8 2013 
Proximal Humerus 38.7 ± 52.6 883.9 ± 577.6 

Distal femur 25.9 ± 14.3 551.3 ± 408.1 

Narbona10 2014 

Iliac Crest 10.05 ± 14.4 Not reported 

Femur 0.67 ± 1.1 Not reported 

Tibia 1.70 ± 4.8 Not reported 
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activity for zone II and III 5th met fractures, but radio-
graphic signs of healing appeared earlier in fractures 
treated with BMAC.  
 
Non-Union  

In a 2005 study, Hernigou and his colleagues im-
planted BMAC from anterior iliac crests in 60 non-in-
fected atrophic non-unions of the tibia using percuta-
neous technique and had a 95% success rate.15 Only 3 
of the 60 cases (5%) did not achieve union. No patients  
developed compartment syndrome, infection, hema-
toma, or chronic pain at the site of the bone marrow 
injection.15 In a 2012 study, Scaglione et al. treated 
long bone non-unions with BMAC harvested from the 
anterosuperior iliac spine. Radiographic evidence of 
complete healing was present in 78.9% of cases with 
an average healing time of 6.5 months. Complete heal-
ing in this study was defined as the presence of a 
bridge callus, loss of fracture line, and cortical bone 
continuity.18  
 
Bone Defects  

BMAC can be used as a scaffold adjunct to repair 
bone defects. Vulcano et al. used BMAC seeded on 
bone allograft to fill in bone defects during revision 
total hip arthroplasties for 5 patients.19 In 4 of 5 cases, 
they found significant symptomatic improvement and 
bone formation in the form of bone ingrowth, bone 
graft integration, and complete healing of the bone de-
fect. The failed case was secondary aseptic loosening 
of the acetabular cup caused by a hematoma. Hernigou 
et al. in 2017 compared irradiated allografts, allografts 
loaded with bone marrow derived mesenchymal stem 
cells (BM-MSCs), and autografts in acetabular graft-
ing. The authors found that allograft with BM-MSC 
resulted in greater bone formation (35%) compared 
to uncharged allografts (9%) and autografts (24%) at 
10 years of follow-up.20  

In a 2011 study by Jäger et al., BMAC was incu-
bated with a collagen scaffold (Col) or hydroxyapatite 
(HA) prior to implanting BMAC into a bone void 
greater than 1cm x 1cm.21 The collagen scaffold incu-
bated with BMAC (BMAC-Col) was used in 12 pa-
tients and BMAC with HA granules (BMAC-HA) 
were used in 27 patients. New bone formation was 
seen in the BMAC-HA group at 6.8 ± 2.7 weeks, 
which was significantly earlier than the BMAC-Col 
group at 13.6 ± 13.8 weeks. The complete mean time 
for bone healing for the HA group was 17.3 ± 7.8 
weeks and 22.4 ± 12.0 weeks for the Col group. Only 
three patients from the study did not achieve complete 
bone healing. In conclusion, BMAC used with hydrox-
yapatite may support a faster recovery time compared 
to BMAC used with a collagen scaffold.  
 
 

Osteonecrosis  
Gangji et al. studied the effects of BMAC on stage 

I and II osteonecrosis of the femoral head by compar-
ing a control group receiving core decompression and 
an experimental group receiving core decompression 
as well as BMAC implantation.22 When evaluated at 
24 months postoperatively, 5 of the 8 hips (62.5%) in 
the control group and 1 of the 10 hips (10%) in the 
bone-marrow-graft group had deteriorated to stage III 
osteonecrosis. Yoshioka et al. in a 2011 study fol-
lowed 9 cases of exogenous steroid induced osteone-
crosis of the femoral head in 6 systemic lupus erythe-
matosus patients.23 At the minimum follow-up of 3 
years, the patients treated with BMAC transplantation 
had decreased pain and improved hip function.  
 
Cartilage Formation  

Shapiro et al. conducted a randomized, single 
blind, placebo control trial with 25 patients with oste-
oarthritis of the knee. All subjects had bilateral knee 
osteoarthritis up to a Kellgren and Lawrence grade 3 
and were blinded to the study treatment arms. Patients 
had one knee injected with BMAC and the other with 
saline.24 The median patient age was 60 years old, the 
median Kellgren and Lawrence grade was 2, and 
BMAC was harvested from the superior iliac crest of 
all patients. Knees injected with BMAC showed sig-
nificant decreases in ICOAP (Intermittent and Con-
stant Osteoarthritis Pain) and VAS (Visual Analog 
Score) pain scores at 1 week, 3 months, and 6 months. 
However, the knees injected with saline showed simi-
lar results. This study demonstrates that BMAC offers 
no benefit for osteoarthritis. 
 
COMPLICATIONS OF BMAC USAGE  

Complications and death from bone marrow aspi-
ration are rare.25 A retrospective study by Bain in 2003 
examined the records of 55,000 patients between 1995 
and 2001 that had bone marrow harvested from the 
iliac crest.25 There were 26 (0.05%) adverse events re-
ported, which included 14 hemorrhages, 7 needle re-
lated incidents, 3 infections, and 2 miscellaneous 
events. Of the 14 hemorrhage patients, 6 needed a 
blood transfusion and 1 patient died. Roukis in 2009, 
reviewed 548 cases of bone marrow aspirate harvests 
from the lateral calcaneus and found no neurological 
complications, infection, wound-healing or iatrogentic 
fracture.6  

Another hypothetical complication of BMAC is 
an increased risk of cancer at the harvest and at the 
application sites where pluripotent stem cells’ may dif-
ferentiate into or stimulate a malignant process. This 
complication was extensively studied in 2013 by Her-
nigou et al. who reviewed 1873 bone marrow aspirate 
recipients for signs of malignancy. The frequency of 
cancer in other sites was 0.18%.26 This is much lower 
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than the French National Cancer Institute’s Statistics 
from 2004 to 2008, that showed an age adjusted cancer 
incidence of 0.7% for patients that are 42 years old and 
1.5% for patients that are 52 years old.27 Statistics 
show that patients treated with BMAC do not have a 
higher incidence of cancer compared to the rest of the 
population. 

   
CONCLUSION  

Although bone marrow aspirate concentration in 
podiatric surgery is infrequently used, it has potential 
for many applications. Evidence supports the use of 
BMAC in the treatment of bone defects, fractures, os-
teonecrosis, and non-unions. BMAC can increase un-
ion rates in fractures, non-unions, and revision joint 
implantation, and can also be used to help fill in bone 
defects. However, BMAC is ineffective in the treat-
ment of osteoarthritis.  

The process of bone marrow aspiration itself has 
been well documented. The best location for bone 
marrow aspiration is from the posterior iliac crest be-
cause of increased volume and concentration of mon-
onuclear stem cells. Evidence backing the safety of as-
piration with minimal complications is present, but 
there is a lack of randomized control BMAC trials in 
foot and ankle specific procedures. 

While our review focused on bone marrow aspi-
rate concentrate, there are other similar products on the 
market including cultured mesenchymal stem cell 
from mononuclear cells. A future study that reviews 
mesenchymal stem cells and compares their efficacy 
and clinical application to bone marrow aspirate con-
centrate should be conducted to further assess the effi-
cacy and future use of BMAC.  
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ABSTRACT 

Transmetatarsal amputation (TMA) is a surgical 
treatment option for limb salvage and infection control. 
The traditional TMA can be modified to improve bio-
mechanical and wound healing outcomes. The use of 
skin perfusion pressure to measure blood flow, the 
placement of incisions along foot angiosomes, and the 
use of muscle/tendon balancing to improve ambulation 
are important in the success of a TMA. This paper re-
views the indications for transmetatarsal amputation 
modifications and evidence for how surgical modifica-
tions may improve patient outcomes. 
 
INTRODUCTION 

Transmetatarsal amputation (TMA) is most com-
monly performed in patients who suffer from lower ex-
tremity ischemia and diabetes mellitus, followed 
closely by patients who experience trauma or malig-
nancy.1 In the diabetic population, TMAs are helpful 
for preventing the spread of poorly controlled bone, 
soft-tissue, or hematogenous infection.1–3  

Prior to the procedure, adequate pedal blood flow 
must be confirmed.4 Angiosomes, which represent an 
anatomic area of perfusion, can help guide incision 
placement and the course of amputation, focusing 
mainly on maintaining proper and adequate vascular 
supply to the area.5,6 The traditional TMA approach 
consists of a fish-mouth incision with a longer plantar 
flap to allow for better wound coverage and closure.7 If 
a local flap cannot be created, a free flap can be used to 
provide incision closure and to help wound healing. 
Postoperative management stresses the importance of 
proper offloading to prevent skin breakdown and surgi-
cal site dehiscence.8  

Biomechanics should also be considered when 
planning a TMA, as both ambulation and gait are af-
fected after an amputation. TMAs, as compared to 
Chopart or below the knee amputation, are the preferred 
amputation site in the foot, as the TMA maintains limb 
length and has less negative effects ongait.2 Tendon bal-

ancing procedures, when used with a TMA, further im-
prove foot function by reducing deforming forces of the 
gastrocneumius.1–3 For example, when extensor ten-
dons are transected during a TMA equinovarus deform-
ities may develop .9 To help prevent this complication, 
tendo-Achilles lengthening or gastrocnemius recession 
can be performed.10  

This literature review describes the classic TMA 
procedure, including pre-operative considerations, in-
tra-operative modifications, and outlines biomechani-
cal adjunctive procedures which may improve TMA 
outcomes.  
 
TRADITIONAL TRANSMETATARSAL 
AMPUTATION PROCEDURE 

The standard TMA begins with an incision along 
the plantar forefoot in an area with sufficient, non-com-
promised skin for adequate flap availability.7 A dorsal 
incision is made 1–2 cm distal to the planned site of 
metatarsal resection and is continued plantarly, distal to 
the metatarsophalangeal joint sulcus, creating a fish-
mouth type of incision. The plantar flap is kept at full 
thickness while the metatarsophalangeal joint capsules, 
sesamoids, and plantar plates are removed. Vessels 
should be ligated and tendons and nerves should be re-
sected proximally before osteotomies are performed.7 

The traditional TMA osteotomy involves a taper-
ing technique at the level of the metatarsal necks. Using 
a sagittal saw at the level of the metatarsal necks, a cut 
is made towards the weightbearing surface at a 15° to 
45° angle from dorsal distal to plantar proximal. The 
metatarsal parabola should be maintained with the se-
cond metatarsal being the longest, followed by the first, 
third, fourth and fifth.7,8 Ideally, the cut should be made 
to preserve as much length as possible. To preserve the 
tibialis anterior and peroneus brevis insertions, exces-
sive dissection and osteotomies at the bases of the first 
and fifth metatarsals should be avoided. The two-lay-
ered wound is closed using an absorbable suture mate-
rial with interrupted suturing technique, followed by 
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non-absorbable suture material or staples for skin clo-
sure.  

Postoperative management should include suffi-
cient offloading to reduce shearing forces at the incision 
site. Maintaining the foot at 90° to the leg with a poste-
rior splint is essential in minimizing surgical site dehis-
cence and tendinous balance.8 Orthotics, custom made 
shoes with toe fillers, stiff rocker-bottom soled shoes, 
and bracing can improve post-TMA gait. Local compli-
cations of TMA include infection, stump hematoma, 
and phantom limb pain.8 As with any major surgery, 
there is a risk of systemic complications including but 
not limited to acute cardiac events, deep vein throm-
bosis/pulmonary embolism, pneumonia, and sepsis.8 

 
MODIFICATIONS 
 
Use of Preoperative Skin Perfusion Pressure 

Non-invasive analysis of limb systolic pressure can 
help measure the potential for adequate wound healing. 
Ankle-brachial indices may be unreliable if the patient 
has medial arterial calcification.11 Toe pressure record-
ings may be used as they are less likely to give false 
readings in patients with calcific sclerosis of distal ves-
sels. However, if the patient has significant scarring, 
skin lesions, or digital amputations, toe pressure record-
ings may not be feasible.12  

Skin perfusion pressure, which allows for distal 
measurement of perfusion, is a non-invasive method to 
rule out peripheral arterial disease using a transcutane-
ous laser sensor placed onto a digit. Tsai et al. demon-
strated that skin perfusion pressure correlates with toe 
pressure. In 2000, they studied 85 limbs from 71 pa-
tients, finding a correlation coefficient of 0.873 be-
tween skin perfusion pressure and toe pressure 
(p<0.01), as well as high correlation coefficients in 
measuring vascular sufficiency in both diabetic (0.854, 
p<0.01) and non-diabetic (0.934, p<0.01) feet.13  

 
Angiosome Concept 

Taylor and Palmer popularized the concept of an-
giosomes which are segments of skin, subcutaneous tis-
sue, muscle, and bone supplied by a source artery. Five 
angiosomes have been identified for the foot and an-
kle.5,7,14 Application of the angiosome concept can help 
guide amputation incision placement. Incisions should 
be made along angiosome boundaries, with medial or 
lateral incisions occurring at glabrous junctions be-
tween angiosomes of the plantar and dorsal foot.5 It is 
important that any modification the TMA incision pre-
serves the dorsalis pedis artery and lateral plantar artery 
connection within the first interspace. For that reason, 
TMA osteotomy approach is lateral for metatarsals 2–5 
and medial for the first metatarsal.5,6  

 
 

Soft Tissue Modifications 
To achieve adequate TMA stump coverage, soft 

tissue preservation and planning is critical.15 The tradi-
tional fish-mouth excisional technique for a TMA may 
be modified in a patient with skin ulcerations, deeper 
soft tissue defects, or following previous surgery. A 
common approach used for a patient with a sub-meta-
tarsal ulcer includes a V-shaped excision of the ulcer, 
followed by a medial and lateral flap advancement in a 
V-to-T fashion.16 The same principle of flap advance-
ment can be applied when there are large soft tissue de-
fects medially or laterally. In the case of ulcerations, 
other modifications can be made depending on the lo-
cation of tissue compromise. In one case by Boffeli et 
al., a plantar rotational flap technique was used to ex-
cise a second metatarsal head ulcer and to work around 
previous partial first ray amputation.14 The ulcer was 
excised using the typical V-shaped wedge excision, fol-
lowed by a plantar skin flap which was advanced dor-
sally and rotated from lateral to medial.15 Plantar flaps 
provide good durability to withstand weightbearing 
forces and repeated skin breakdown to the area and are 
especially important to use in a diabetic and neuro-
pathic patient.17  

If local flaps are inadequate, surgical options may 
be limited to more proximal amputations such as 
Chopart or below the knee amputation.18 Surgeons 
should consider resection of more bony tissue, skin 
grafts, free flap, or closure by secondary intention be-
fore resorting to proximal procedures. Hahn et al. de-
scribed the use of free flaps for preserving the limb as 
distally as possible. Sixteen patients with either trau-
matic injury or diabetes mellitus underwent a TMA 
which was covered using a free-flap transfer.18 Results 
showed that all 16 patients tolerated the procedure well 
and free flap areas on the stump adapted to local tissue 
with continued positive results after 2 years of follow-
up.18 Though local flaps are more time-efficient and re-
quire less incision sites, they may not be appropriate for 
preventing the risk of more proximal amputations.16 
Furthermore, free flaps can fit around the wound site 
three-dimensionally, allowing for greater coverage and 
decreased wound dehiscence risk. 
 
Biomechanical Considerations and Tendon Balancing 

During a TMA procedure, the long extensor ten-
dons are cut, giving the posterior muscle group a me-
chanical advantage in plantarflexory strength, promot-
ing the development of equinus deformity.9 The tibialis 
anterior then becomes the primary ankle dorsiflexor and 
is greatly overpowered by the triceps surae.19 During 
ambulation, patients will have an increased forefoot 
pressure and may develop plantar ulcerations. Aronow 
et al. showed the impact of increased triceps surae con-
tracture on forefoot pressure in 10 cadavers post-TMA. 
Results showed that forefoot force increased by 59% 
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and as the total applied triceps surae force decreased 
from 21 to 0 lbs, the average magnitude of forefoot 
pressure decreased by 32.2%.19 To avoid increased 
forefoot pressure and plantar ulcerations, a tendo-
Achilles lengthening procedure (TAL) can be per-
formed either percutaneously or using open technique 
such as Z-plasty or V-Y lengthening. Mueller et al. 
demonstrated the efficacy of this procedure on 64 sub-
jects who were treated with either a total contact cast 
(TCC) or TAL procedure post-TMA. Results in the 
TAL group all showed reduced plantar forefoot pres-
sures and healed ulcers with 75% fewer ulcers re-occur-
ring at a 7-month follow-up and 52% fewer ulcers at 2-
year follow-up compared to the TCC group.20 Another 
effective surgical alternative that can be employed is a 
gastrocnemius-recession, which Holtmann et al. re-
ported to improve ankle range of motion by 10–30°.10  

TMAs may also cause a residual varus deformity 
created by the inversion moment of tibialis anterior, 
which can lead to recurrent lateral foot ulcerations. This 
imbalance may be prevented by an intramedullary 
screw fixation through the first metatarsal into the rear-
foot, with the foot in neutral position. This procedure 
does not require additional incisions when combined 
with a TMA.21 Complications of this procedure include 
infection, hardware migration, and iatrogenic fracture. 
Surgeons may also consider tendon balancing proce-
dures: popular options include flexor hallucis longus 
(FHL) and extensor digitorum longus (EDL) tendon 
transfers or peroneus brevis (PB) to peroneus longus 
(PL) tendon transfers. Of the two, FHL and EDL trans-
fers do not require additional incisions when performed 
with a TMA.21 Dayer et al. studied a cohort of 23 dia-
betic patients with chronic ulcerations under the 1st met-
atarsal head. They performed a modified Jones proce-
dure with FHL tendon transfer as well as a PB to PL 
transfer if there was a degree of 1st ray plantarflexion. 
In this study, tendon balancing procedures reduced the 
duration of ulcer healing to 4.4 weeks postoperatively, 
compared to previous conservative treatment with av-
erage wound healing time of 16.2 months.22 The mean 
follow-up time was 39.6 months and only one patient 
had an ulcer recurrence.  

Other tendon balancing procedures to prevent a 
varus deformity include a fourth and fifth digit flexor 
and extensor tendon tenodesis.21,23 This modification 
counteracts deforming forces from both the tibialis an-
terior and gastrocnemius-soleus complex.21,23–25 Ten-
don balancing procedures that require additional inci-
sion and dissection may be contraindicated in patients 
with poor vascular status. Tendon balancing procedures 
which require multiple incisions include a split tibialis 
anterior tendon transfer and PB to PL tendon transfer to 
plantarflex and evert the forefoot.26 Thus, a procedure 

such as the aforementioned intramedullary screw fixa-
tion may be a more viable option for patients with less 
than adequate vascular support.  
 
CONCLUSION 

Transmetatarsal amputations are used to manage 
infections, especially in patients who suffer from lower 
extremity ischemia, diabetes mellitus, and 
trauma.1 TMAs are favored compared to other lower 
extremity amputation sites as they preserve limb length 
and allow patients the ability to wear normal shoes with 
the addition of a shoe filler. As with any surgical pro-
cedure, TMAs have local and systemic risk of compli-
cations including but not limited to infection, phantom 
limb pain, acute cardiac events, deep vein thrombosis, 
and sepsis.8 To achieve better outcomes, surgeons 
should measure preoperative skin perfusion pressure, 
place incisions with consideration of foot angiosomes, 
and preserve maximal soft tissue. Following a TMA, 
musculoskeletal deformities such as equinovarus may 
result, which can be avoided intraoperatively with con-
current tendo-Achilles lengthening, gastrocnemius re-
cession, or tendon balancing procedures.9,10 Foot and 
ankle surgeons must analyze and account for these fac-
tors both preoperatively and postoperatively to provide 
the patient with maximum recovery potential from 
transmetatarsal amputation.  
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ABSTRACT 

Neuropathic ulcerations are a major concern in di-
abetic patients with peripheral neuropathy. Because 
ulceration poses risks such as limb amputation, sys-
temic infection, and death, diabetic peripheral neurop-
athy must be detected and monitored as early as possi-
ble. The stages of diabetic peripheral neuropathy are 
often clinically described in a binary manner, meaning 
that an individual area of the patient’s body has either 
lost all protective sensation or complete protective 
sensation is still present. In fact, many studies show 
that diabetic peripheral neuropathy is a progressive 
disease with differing thresholds and types of neurop-
athy. This literature review presents a summary of 
what is currently understood about the pathophysiol-
ogy of diabetic peripheral neuropathy and describes 
tests that can used to identify diabetic peripheral neu-
ropathy, including vibration perception threshold, the 
10g Semmes-Weinstein monofilament test, the Ips-
wich Touch Test, and sharp versus dull discrimination. 

 
INTRODUCTION 

Ulcerations secondary to diabetic peripheral neu-
ropathy (DPN) pose a risk to patients and a treatment 
challenge to providers. In 2015, 30.3 million people in 
the United States (9.4%) had a diagnosis of diabetes 
mellitus, and 1.5 million Americans are newly diag-
nosed with diabetes every year.1 Diabetes mellitus is 
the 7th leading cause of death in the United States, and 
108,000 non-traumatic lower-limb amputations were 
performed on diabetic patients in 2014.1 In 2003, 
Moulik et al. reported that the 5-year mortality rate for 
patients with a history of diabetes mellitus and neuro-
pathic ulcerations was 45%.2 

DPN occurs first in the feet, starting with the 
toes.3 Numbness, burning, and tingling sensations and 
muscle weakness are characteristic of early signs of 
DPN.3 Motor signs may also include a progressive ca-
vus foot and hammer toe deformities.3  

This paper reviews the pathogenesis of diabetic 
peripheral neuropathy and describes the tools availa-

ble to diagnose patients at risk for developing a neuro-
pathic ulceration, including: vibration perception 
threshold, the 10g Semmes-Weinstein monofilament, 
the Ipswich Touch Test, and sharp versus dull discrim-
ination.  

 
PATHOPHYSIOLOGY 

Hyperglycemia is at the center of diabetic periph-
eral neuropathy development.4 High concentrations of 
blood sugar cause morphological nerve changes con-
sisting of distal axonal loss, reduced myelin fiber den-
sity, and focal demyelination.5 The effect of glucose 
on both metabolic and vascular aspects of nerve phys-
iology through various pathways of biochemical regu-
lation leads to functional changes seen in DPN. 

Metabolic disruption of peripheral nerves is 
caused by overstimulation of the polyol pathway, in 
which glucose is converted to sorbitol and then to fruc-
tose.6 Abnormally high blood glucose levels increase 
the reduction of glucose to sorbitol. The accumulation 
of sorbitol depletes the secondary cellular messenger 
myoinositol, reduces Na+/K+-ATPase activity, and in-
creases free radical formation.6 The direct conse-
quence of oxidative stress from these changes dam-
ages peripheral nerve metabolic processes and de-
creases blood flow as the concentration of nitric oxide, 
a potent vasodilator, decreases.6  

Peripheral nerve injury from vascular insult also 
contributes to diabetic neuropathy. Vascular injury is 
caused by autoxidative glycosylation, a process that is 
catalyzed by free transition metals such as iron and 
copper.6 Free transition metals also catalyze the pro-
duction of free radicals from Advanced Glycation End 
products (AGE).6 AGE products absorb nitric oxide, 
thus inhibiting vasodilation, leading to a decrease in 
neuronal blood flow. The production of AGE and free 
radicals causes demyelination of peripheral nerves, re-
ducing nerve conduction.6 

The lipolytic pathway also causes vascular insult 
to peripheral nerves. In this pathway, the beta isoform 
of protein kinase C (PKC) is overstimulated in states 
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of hyperglycemia from the overproduction of diacyl-
glycerol.7 Elevated levels of PKC lead to microvascu-
lar damage (such as membrane thickening and degen-
eration of pericytes), causing swelling of endothelial 
cells, obstruction of nerve blood flow, resulting in de-
layed nerve signal conduction.7 

In summary, DPN stems from biochemical dis-
ruption caused by hyperglycemia. Disruptions to nerve 
cell equilibrium include overstimulation of the polyol 
pathway, oxidative stress, advanced glycation, and ab-
errant PKC, all which eventually cause deformation of 
neurovascular cells, ultimately decreasing nerve con-
duction.5,6,7 Despite extensive research, the mecha-
nisms described discussed are only hypotheses to ex-
plain the complex pathogenesis of diabetic peripheral 
neuropathy. 

 
VIBRATION PERCEPTION THRESHOLD 

Vibratory perception is neurospecific for large 
myelinated sensory fibers and is conveyed through the 
dorsal column/medial lemniscus pathway. In this path-
way, vibrations between 60–300 Hz are sensed by Pa-
cinian corpuscles. Type Aß large sensory fibers then 
transfer the sensation to cell bodies in the posterior 
root ganglion.8 Pacinian corpuscles are oval bodies 
formed by concentric layers of connective tissue con-
taining axons of nerve fibers that terminate in bulbous 
enlargements. These pressure sensitive receptors re-
side in the dermis of the fingers, gut mesentery, ten-
dons, and elsewhere. Meissner corpuscles can also be 
stimulated with contact pressure.8 Meissner corpuscles 
are tactile receptors, oval bodies formed by a connec-
tive tissue capsule containing fibrils that terminate into 
epithelioid cells. They are found in the dermal papillae 
of thick skin, especially in the fingers and the toes, and 
are mechanoreceptors for tactile sensation.9 Instru-
ments that measure vibration sensation use stimulators 
with adjustable amplitudes and frequencies between 
200–300 Hz, which is an optimal range for Pacinian 
corpuscle sensitivity. Conventional tuning forks, with 
frequencies of 128 Hz, stimulate both Pacinian and 
Meissner corpuscles.10 

Vibration perception threshold (VPT) is the low-
est voltage at which vibration can be detected at least 
50% of the time.11 Several instruments are available to 
measure VPT, all of which test the ability to discern if 
the instrument is vibrating or not at various levels of 
adjustable intensity. The main differences between in-
struments are related to design and portability, not 
functionality. The VPT test sensitivity for predicting 
diabetic neuropathy is 77.3 to 100% and the specificity 
is 72.8 to 81%.11 A VPT of greater than 25 V in pa-
tients with type 1 and type 2 diabetes is associated with 
a 7-fold increased risk of foot ulceration when com-
pared to a VPT of less than 15 V over a 4-year period.12 

Because of their widespread availability and ease 
of use, 128 Hz tuning forks are often used in place of 
VPT testing. The tuning fork measures vibration ex-
tinction threshold instead of the amplitude at which vi-
bration becomes perceivable. Vibration extinction 
uses the same sensory pathway as VPT and is detected 
by Pacinian corpuscles, and to a lesser degree, by 
Meissner corpuscles. In the tuning fork examination, a 
128 Hz tuning fork is struck by a reflex hammer and 
the base of the tuning fork is placed on the distal hal-
lux. The patient verbally indicates when they no longer 
feel the vibration from the tuning fork. Test results are 
abnormal if the sensation felt by the patient ends more 
than 10 seconds before the end of vibration time point 
felt by the examiner’s hand.13 In 2014, Lai et al. 
demonstrated that the sensitivity of a 128 Hz tuning 
fork to detect axonal neuropathies was 21% and the 
specificity was 88%. The positive predictive value of 
the conventional 128 Hz tuning fork was 54%.14 Com-
pared to VPT testing, the 128 Hz tuning fork test has 
much less diagnostic power and should only be re-
served for vibratory sensation testing when VPT in-
struments are unavailable. 
 
THE 10G SEMMES-WEINSTEIN 
MONOFILAMENT 

The 10g Semmes-Weinstein monofilament 
(SWMF) is used to assess whether protective sensation 
is intact in an individual with suspected peripheral 
neuropathy. Protective sensation refers to the ability to 
detect sufficient amounts of pressure sensation at the 
peripheries to prevent ulcerations from developing. 
Because of its ease of operation and portability, the 
SWMF is widely used to test protective sensation.  

In this test, the patient closes their eyes and ver-
bally indicates each time they feel the touch of the 
monofilament. The monofilament is placed on the skin 
for approximately 1 second, with the application of 
enough force to cause a slight bend in the SWMF. Loss 
of protective sensation is present when the patient is 
unable to feel sensation in one or more of the tested 
areas. Although research varies on how many sites 
should be tested on each foot, a common method for 
testing uses 10 sites on each foot (Figure 1).15 

These sites are typically tested from distal to prox-
imal, starting with the plantar foot and moving to the 
dorsal foot and ankle. The plantar testing sites are the 
1st, 3rd, and 5th digits, the 1st, 3rd, 5th metatarsal heads, 
the medial and lateral midfoot, and the heel. Plantar 
testing sites cover both medial and lateral plantar 
nerve sensory regions. The dorsal testing site is the 
first interspace, an area of deep peroneal nerve inner-
vation.16 
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Figure 1. 10g Semmes Weinstein Monofilament Test 
Locations 
 
THE IPSWICH TOUCH TEST 

The Ipswich Touch Test (IpTT) is a quick, non-
instrument based diagnostic test that was developed by 
Rayman et al. in 2011.17 The rationale for the study 
was that physicians often reported that they were una-
ble to perform bedside screening for patients at risk of 
developing decubitus ulcers because they were unable 
to find proper equipment. In this test, the examiner 
places their index fingers on the toes for 1–2 seconds 
to determine presence or absence of protective sensa-
tion.  

Light touch sensation is conveyed in the same 
manner that information from the SWMF is conveyed, 
which is through the dorsal column/medial lemniscus 
pathway via the stimulation of Meissner corpuscles. 
Merkel cells are also present in the dermis and are re-
sponsible for detecting continuous touch over a longer 
period of time. The system involving Merkel cells is 
slow adapting and information is conveyed via type 
Aß large sensory fibers.8 

In a comparative study, Rayman et al. compared 
the IpTT and SWMF tests on 265 patients whose VPT 
were greater than or equal to 25 V. In method A of the 
study, examiners used a SWMF to test the tips 1st, 3rd, 
and 5th toes as well as the dorsum of the hallux. In 
method B, only the tips of the 1st, 3rd, and 5th toes were 
tested. Neuropathy was defined as no sensation in 2 or 
more of the sites in each method. The sensitivity, spec-
ificity, and positive predictive value using SWMF for 
method A were 85%, 88%, and 89% respectively and 
for method B were 81%, 91%, and 91%.17 When the 
examiners used their index fingers at the testing sites 
instead of the SWMF, the sensitivity, specificity, and 
positive predictive value for method A were 79%, 
90%, and 90% respectively and for method B were 
76%, 90%, and 89% respectively.19 The results of this 
single study suggest that the IpTT may be comparable 
to the SWMF test. 
 
 

SHARP AND DULL DISCRIMINATION 
Another approach to testing sensory deficits in di-

abetic peripheral neuropathy is by having patients dif-
ferentiate between sharp and dull stimuli. A method 
for this exam is to break a cotton stick swab in half to 
create a sharp point and a dull point at opposite ends.13 
In this sensory pathway, pain is sensed by free nerve 
endings in the epidermis and information is transmit-
ted on type C small sensory fibers through the spino-
thalamic tracts to the ventral posterolateral nucleus of 
the thalamus. From here, the third sensory neuron syn-
apses on the paracentral lobule.8 This method is bene-
ficial as it tests a different pathway than SWMF or 
IpTT.13 In 1999, Smieja et al. tested sharp versus dull 
discrimination in a population of patients with diabetes 
mellitus and found the sensitivity and specificity to be 
83% and 40% respectively, and noted that the incon-
sistencies in test results are largely due to differences 
between examiners.18  
 
CONCLUSION 

A review of current literature about the patho-
physiology of diabetic peripheral neuropathy reveals a 
multifactorial etiology that consists of both metabolic 
and vascular causes. Patients who develop diabetic pe-
ripheral neuropathy are at risk for ulceration, which 
can lead to amputation and loss of life.2 Loss of vibra-
tory sensation is one indicator of diabetic peripheral 
neuropathy and can be tested with a 128 Hz tuning fork 
or vibratory perception threshold instruments.14 The 
10g Semmes-Weinstein monofilament and Ipswich 
Touch Test determine loss of protective sensation, 
both with high sensitivity, specificity, and positive 
predictive values.17 Sharp versus dull discrimination 
can also detect diabetic peripheral neuropathy through 
another sensory pathway and can be used if other tests 
are unable to be performed.18 As the incidence of dia-
betes and amputations continues to increase, it is im-
portant for all providers to understand and use a com-
bination of neurological tests for early and accurate 
detection of diabetic peripheral neuropathy. 
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Fish Acellular Dermal Matrix and Its Use in Wound Healing 
 

Kristy Iwahashi-Marquez, B.S., Matthew Mah, B.S. 
 
ABSTRACT 

Acellular dermal matrix derived from fish skin has 
recently been promoted as an effective and economical 
wound care product. Because of its high omega-3 fatty 
acid content and highly porous microstructure, this type 
of tissue has the ability to promote cellular growth and 
reduce inflammation. The aim of this literature review 
is to introduce the reader to fish acellular dermal matrix 
as a possible addition to their wound care armamentar-
ium.   
 
INTRODUCTION 

Because chronic wounds cause mortality and have 
a substantial financial impact, new wound care products 
such as acellular dermal matrix (ADM) are of great in-
terest. In 2007, $116 billion dollars was spent on treat-
ing diabetes and related complications, with 33% of 
those costs dedicated to treating foot ulcers.1 ADM de-
rived from fish skin is a new wound care product that 
exploits fish collagen’s effect on wound healing.2 Fish 
collagen has both antimicrobial properties and anti-in-
flammatory effects.3 All types of ADM are acellular, 
thus fish ADM is shelf stable and does not require viral 
inactivation, a process that can remove biologically 
beneficial wound healing components.4 Most ADMs 
are derived from mammalian tissue, but these products 
have inherent risks. These risks include higher chance 
of autoimmune response, the risk of acquiring prion dis-
ease, and cultural conflicts with matrices derived from 
bovine and porcine sources. Fish ADM is a byproduct 
of the Northern Atlantic cod, a species that has no 
known human pathogens. The benefit of having low im-
munological risk is that fish ADM only requires gentle 
processing, which preserves natural fatty acids.3  

Studies have confirmed the effectiveness of fish 
ADM in treating chronic wounds as well as its lack of 
immunological response.3,4,5 Fish skin is rich in lipids 
and therefore has many bioactive properties.6 It pro-
motes human-adipose stem cell growth, acts as a bar-
rier, and provides scaffolding to aid in wound healing.  

The technique of applying fish ADM is similar to 
other wound grafting products currently on the mar-
ket.3,5 To apply, the matrix is cut to fit the correspond-
ing wound bed, moistened with saline, and secured with 
an overlying secondary dressing. The fish ADM can be 
changed every 2–7 days until the wound has healed. As 
fish ADM is acellular, it may be stored at room temper-
ature. Fish acellular dermal matrix is indicated for treat-
ing wounds, such as partial and full thickness wounds, 
pressure ulcers, venous ulcers, neuropathic ulcers, trau-
matic wounds, surgical wounds and drainage wounds.3 
It is contraindicated in patients with known allergies to 
fish or fish byproducts. 
 
MECHANISM OF ACTION 

Acellular dermal matrix derived from fish skin is 
similar to human skin.3 Both human skin and fish ADM 
provide a scaffold for cellular ingrowth and tissue re-
generation.3 The difference with fish ADM lies in its 
lipid content, as it is rich in Omega 3 oils, and its mi-
crostructure, as it is highly porous. Human amnion/cho-
rion membranes are mostly nonporous.  

On average, fish matrix contains 16.7 holes per 
100µm, whereas human allograft acellular matrix con-
tains 1.7 holes per 100µm.7 It is hypothesized that the 
porosity of fish ADM helps support cell ingrowth, as its 
pore size is within the range of the typical cell size.7 
Microscopic studies have confirmed that fibroblasts re-
model and integrate into the fish skin graft as they mi-
grate and proliferate.4 Imaging studies by Magnusson et 
al. in 2017 comparing fish ADM to human allograft 
ADM showed that fibroblasts infiltrated into and re-
modeled fish ADM, whereas fibroblasts remained com-
pletely segregated from the human allograft ADM.7 
Three-dimensional cell integration is increased with 
acellular fish skin graft.7 

Chronic wounds are defined by a chronic inflam-
matory state, which is the result of pro-inflammatory li-
pid mediators and chemotactic agents. Typically, 
wound healing should progress through 4 overlapping 
stages: hemostasis, inflammation, proliferation, and tis-
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sue remodeling.8 During the inflammatory phase, neu-
trophils, monocytes, and lymphocytes activate.9 Neu-
trophils infiltrate the wound area to clear invading mi-
crobes and cellular debris. Monocytes infiltrate and dif-
ferentiate into macrophages, which release cytokines 
that recruit and activate additional leukocytes. Orga-
nized induction of cellular apoptosis is also orchestrated 
by these cells, beginning the resolution of inflamma-
tion. If the inflammatory phase is prolonged, the wound 
may become a non-healing ulcer. It is in this stage of 
the healing process where omega-3 fatty acids may aid 
through anti-inflammatory mechanisms.9 

The omega-3 fatty acids in fish ADM contain sig-
naling molecules that re-establish homeostasis that is 
disrupted by chronic inflammatory mediators. Fish 
ADM contains two essential omega-3 fatty acids, 
eicosapentaenoic acid (EPA) and docosahexaenoic acid 
(DHA), which produce derivatives such as resolvins, 
protectins and maresins.9,10 These fatty acids act as sig-
naling molecules in anti-inflammatory and pro-resolv-
ing pathways that disrupt inflammatory mediators to re-
duce long standing inflammation and re-establish ho-
meostasis.10 Overall, they impact cell trafficking by 
stopping excessive accumulation of neutrophils and en-
hance clearance of cellular debris such as apoptotic 
neutrophils and macrophages.10,11 Omega-3 fatty acids 
are also antimicrobial in nature which can reduce the 
incidence of inflammation caused by infection.12 
 
OUTCOMES 

Fish ADM is an emerging wound care treatment 
product that has a growing body of evidence to support 
its efficacy. In a randomized control trial published by 
Baldursson et al. in 2015, 162 punch biopsy wounds of 
4 mm depth were with treated using either fish ADM or 
porcine derived matrix. After 25 days, 77.5% of 
wounds treated with fish ADM healed, while 65% of 
the porcine matrix group had healed.3 At the study’s 
primary end-point of 28 days, fish ADM had a compa-
rable healing rate to porcine matrix. This same study 
also demonstrated that fish ADM does not trigger auto-
immune activity via enzyme-linked immunosorbent as-
say (ELISA). Faster healing rates can lead to a better 
quality of life for the patient and reduced economic bur-
den related to wound care. 

In a case reported by Magnusson et al. in 2016, a 
patient with dehiscence after transmetatarsal amputa-
tion failed to heal after treatment with a topical collagen 
dressing. The wound subsequently healed after six ap-
plications of fish ADM.4 Fish skin grafts can be an ef-
fective treatment when other products are unsuccessful. 

Omega 3 fatty acids derived from fish oil have 
been studied extensively and their anti-inflammatory 
properties have been confirmed.13,14 Omega 3 fatty ac-
ids are effective in treating psoriasis when applied top-
ically.15,16 More recently, omega 3 oils taken orally have 

been shown to aid in the healing of neuropathic foot ul-
cers.17 A randomized control trial evaluated the effect 
of flaxseed derived omega 3 oils on wound healing and 
metabolic status in patients with neuropathic foot ul-
cers. Patients ingesting 1,000 mg of flaxseed oil with 
stage 3 diabetic neuropathic foot ulcers had significant 
decreases in ulcer size compared to a placebo group.17 
There were also significant decreases in HgA1c and se-
rum insulin concentrations over 12 weeks.17 
 
CONCLUSION 

Studies have shown that fish ADM is an effective 
treatment for lower extremity wounds. It contains many 
of the shared properties of other dermal products, with 
the added benefit of a unique microstructure and anti-
inflammatory effects. More research must be done to 
confirm its effectiveness and potential advantages over 
other dermal matrix products. 
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Critical Limb Ischemia 
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ABSTRACT 

Critical limb ischemia (CLI) is a sequela of lower 
extremity peripheral arterial disease that impairs distal 
limb perfusion to the extent that oxygen delivery is no 
longer sufficient to meet the metabolic needs of the tis-
sues, even at rest. If left untreated, critical limb ische-
mia leads to impending loss of limb that is a result of 
chronic compromised blood flow to the extremity. Risk 
factors for critical limb ischemia include persistent to-
bacco usage, sedentary lifestyle, obesity, and diabetes. 
Clinical signs of critical limb ischemia almost always 
involve the foot, emphasizing the crucial role the podi-
atric physician plays in the overall diagnosis, treatment, 
and management of the CLI patient. Timely recogni-
tion, proper diagnosis, and revascularization are vital to 
these patients who are at risk for amputation and other 
fatal complications of critical limb ischemia. This liter-
ature review aims to discuss the role of the podiatric 
physician in the care of the CLI patient population, with 
emphasis on clinical examination, wound care manage-
ment, and treatment modalities.   
 
INTRODUCTION 

Critical limb ischemia (CLI) occurs following 
chronic insufficient blood supply to the extremity, caus-
ing continual rest pain and ulceration or gangrene. CLI 
is the most advanced stage of peripheral arterial disease 
(PAD), is indicative of systemic atherosclerosis, threat-
ens tissue viability of the limb, and requires expedient 
restoration of distal arterial supply.1,2,3 CLI patients 
have a 12% amputation rate after 1 year and 50% mor-
tality rate after 5 years.4 Approximately 50% of CLI pa-
tients who have had their limb amputated develop is-
chemia in the contralateral limb, which without inter-
vention, results in amputation of the opposite limb 
within 5 years.5,6 This literature review discusses the 
importance of understanding this vascular disease in 
wound care, diagnostic modalities, and treatment meth-
odologies that can be applied to the CLI patient popu-
lation.  
 
 

PATHOPHYSIOLOGY 
Blood vessels must be functional for conduction of 

metabolic waste removal and diffusion of oxygen and 
nutrients to tissues. Atherosclerosis describes arterial 
hardening and thickening where vascular calcification 
is present, and there is significant decrease in ability to 
change arterial lumen size with elastic recoil.1,7 Dis-
rupted equilibrium of lipid accumulations and chronic 
vessel wall inflammation are two underlying factors 
which, in tandem, promote plaque formation.8,9 In ath-
erosclerosis, primary cholesterol and lipids are present 
in the tunica intima of the endothelium of major arter-
ies, and represent early signs of plaque formation.8,9 Af-
fected arteries return oxygen-rich blood to the heart, 
and mainly comprise arteries of the lower extremity, but 
include major arteries in the kidney, heart, and brain. 
As atherosclerosis progresses, fibrous plaques with li-
pid cores appear at bifurcations of arteries, causing ul-
ceration in arterial lumen, where a pro-thrombic milieu 
forms.9 When lumen diameter decreases by 50%, blood 
pressure and flow become markedly diminished. Ath-
erosclerosis is rather advanced when blood flow to the 
lower extremity is decreased.7,10 Collateral vessels 
compensate and deliver blood around the occlusion, but 
are inadequate to supply the entire leg and foot. The 
body’s response to these hypoxic conditions include 
compensatory efforts to change hemodynamics by an-
giogenesis (development of capillary networks) and ar-
teriogenesis (enlargement of pre-existing collateral ar-
teries) to increase blood supply to the limb.7,10 In CLI 
patients, ineffective compensatory efforts cause endo-
thelial dysfunction, persistent inadequate tissue perfu-
sion, and chronic inflammation.7,9,10 Atherosclerotic 
plaques cause rest pain, non-healing wounds, and gan-
grene due to the limb’s inability to satisfy metabolic de-
mands of tissue under this hypoxic state. Clinical signs 
of CLI almost always involve the foot, emphasizing the 
podiatrist’s crucial role in diagnosis, management, and 
treatment. Patients must be monitored for other arterial 
disease that could cause myocardial infarction or 
stroke, as they have an elevated risk.4,7,8 
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SYMPTOMS 
In its early stages, PAD can be asymptomatic. Dur-

ing vascular evaluation, the podiatrist should inspect in-
tegument quality in regards to temperature, turgor, tex-
ture, presence of rubor, and digital hair.2 Examination 
findings may include hair loss, atrophied muscle and 
subcutaneous tissue, and discolored, dry, or fissured 
skin.2 During physical examination, the podiatrist may 
note diminished pedal pulses in patients with early 
stage PAD.2 As PAD progresses, patients may experi-
ence onset of intermittent claudication, described as 
mild to severe leg pain upon exertion.1,2 Clinically, the 
podiatrist must distinguish symptomatology of PAD 
and CLI with saliency. For PAD patients presenting 
with claudication during examinations, the podiatrist 
may use the Edinburgh Claudication Questionnaire, 
which has 91% specificity and 99% sensitivity.9 The 
distance patients can walk without pain is pertinent to 
understanding presentation of intermittent claudication. 
Patients may report walking small distances, experienc-
ing cramping pain in their calf, relief when resting, with 
pain resuming once ambulatory again. CLI patients of-
ten present with burning sensation in their limb at rest, 
known as “rest pain,” which is more severe than clau-
dication. Ischemic rest pain can be experienced without 
ulceration or visible trophic lesions of the skin. Pain can 
be felt in recumbency and can be alleviated with both 
feet on the ground, as gravity aids in supplying blood to 
the lower limb.1 Patients may report sleeping with their 
limb off the side of the bed or in an otherwise dependent 
position, causing edema to develop in the foot and an-
kle.2 

CLI patients present with ulcers and gangrene from 
chronic diminished blood flow. Foot ulcers are often lo-
cated on the medial or lateral side, apex of the hallux or 
lesser toes, and plantar foot at the heel or ball of the 
foot.2 Ulceration will present as red crater-like lesions 
in the skin, and can have a thickened callused skin bor-
der. More severe ulcers may have deeper tendon or os-
seous structures exposed. Geriatric and disabled pa-
tients, and those diagnosed with diabetes mellitus or pe-
ripheral neuropathy have greater risk for developing 
ulcers that may go unnoticed and worsen over time, es-
pecially if located on less visible areas of the foot.1,2 
Dry gangrene is a rapidly progressive manifestation of 
inadequate perfusion to the limb and is often seen on 
toes. If patients cannot undergo revascularization, gan-
grenous parts of the toes may auto-amputate.1,2 
 
Classifications of Critical Limb Ischemia 

The Fontaine classification system, published in 
1954, grades clinical presentation of symptoms without 
diagnostic measurement.2,4,7,8,10 The Rutherford classi-
fication system was an adaptation of Fontaine’s pub-
lished after revision in 1997 and includes objective di-
agnostic measures.2,4,7,8,10 Both classifications are based 

on clinical symptomatology. The Fontaine system (Ta-
ble 1) is widely used for research, while the Rutherford 
system (Table 2) is used in patient management.2,4,7,8,10 
These classifications delineate criteria that differentiate 
patients with PAD and CLI.  
 
Table 1. Qualifying criteria of critical limb ischemia 
according to (a) Fontaine classification system and (b) 
Rutherford classification system 
 
(a) Fontaine Classification  
  

Stage Clinical Description 

III Rest pain, primarily in feet 

IV Necrosis and/or gangrene of lower limb 

 
 
 (b) Rutherford Classification 
 

DIAGNOSIS 
Atherosclerosis can silently progress to late stage 

PAD over several decades. Given its progressive pat-
tern, it is important to use reliable, valid methods of risk 
assessment. There are several non-invasive diagnostic 
tools to assess atherosclerotic development and confirm 
PAD severity.9 Doppler ultrasound can be used to con-
firm character of pedal pulses. Doppler is widely avail-
able, affordable, and reliable. Assessing sound of circu-
lating blood provides a suggestion of a vessel’s patency. 
Normal Doppler sounds of medium or large diameter 

Category Clinical 
Description Objective Criteria 

4 Ischemic rest 
pain 

TP/RAP <40 mmHg 
 

Faint ankle 
/metatarsal PVR 

5 

Minor tissue 
loss: non- 

healing ulcer, 
foot gangrene 

TP <40 mmHg 
RAP <60 mmHg 

 

Faint ankle 
/metatarsal PVR 

6 

Major tissue 
loss extending 
transmetatarsal 
level, awaiting 

amputation 

TP<40 mmHg 
RAP <60 mmHg 

 

Faint ankle 
/metatarsal PVR 

TP, toe pressure 
RAP, resting ankle pressure 
PVR, pressure volume recording 
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vessels are biphasic to triphasic.9A dull, monophasic 
sound or inaudible pulse may indicate blood vessel ob-
struction, and can be indicative of PAD or CLI.9 

The ankle-brachial index (ABI) is a prognostica-
tive tool using the comparative ratio of blood pressure 
in the brachium (upper arm) to blood pressure in the 
ankle.2 A significantly lower blood pressure in the ankle 
compared to the arm is prognostic of PAD and aids in 
CLI diagnosis. ABIs may be falsely elevated or supra-
systolic, and therefore unreliable. in individuals with di-
abetes mellitus, due to possible tunica media calcinosis 
11,12 A normal ABI is between 1.0 and 1.2.10 An ABI 
less than or equal to 0.80 suggests PAD.12 A decrease 
of 0.10 in a patient’s ABI is linked with a 10% increased 
risk of experiencing a major vascular event.2,10 

Toe systolic pressure (TSP) and Toe Brachial In-
dex (TBI) readings are useful when assessing peripheral 
pulses in diabetic patients as digital arteries are less sus-
ceptible to vessel stiffness, and TBI values are not al-
tered by tunica media calcifications.13 Doppler wave-
forms of the toes aid assessment of peripheral pulses.13 
TSP is useful when ABIs are incompressible.13 TSP 
greater than or equal to 55 mmHg predicts a favorable 
healing outcome of a diabetic foot ulcer, whereas a 
value less than 30 mmHg is demonstrative of severe 
limb ischemia.13 

Transcutaneous oxygen tension(TcPO2) assess ar-
terial insufficiency by quantifying tissue oxygenation 
levels. This method involves application of low heat to 
skin, facilitating oxygen diffusion from capillaries to an 
electrode sensor.11,12,13 Use of TcPO2 when resting was 
shown to have 100% sensitivity and 77% specificity.11 
TcPO2 following exercise increased specificity to 
100%.11 

A peripheral angiogram (peripheral arteriogram) is 
a diagnostic imaging technique that provides a vessel 
lumen “map.” A catheter is introduced into a blood ves-
sel (typically the common femoral artery) until reach-
ing the area to be assessed.10,14 Radio-opaque dye is in-
troduced and a radiographic image is immediately ob-
tained. Unlike other diagnostic techniques, this 
procedure is invasive and has several potential draw-
backs. Iodine based radio-opaque dye may cause aller-
gic reaction or renal injury.15 Patients with diabetes 
mellitus or chronic renal disease have amplified risk of 
radiocontrast-induced nephropathy (RCIN), an acute 
and severe complication of this procedure.10,14,15 Cathe-
ter insertion may injure the artery, and the patient is ex-
posed to ionizing radiation.10,14,15 Preventive measures 
are available for patients at higher risk of RCIN, and 
may include use of a less dense dye in smaller incre-
ments.10,14,15After occlusions are identified via periph-
eral angiogram, a revascularization treatment plan can 
be formulated.  
 
 

CONSERVATIVE AND SURGICAL  
TREATMENT OPTIONS 

CLI is a complex condition mandating an interdis-
ciplinary approach. Several limb salvage centers have 
demonstrated reductions in amputation and ulcer recur-
rence when thorough assessment protocols are estab-
lished and executed by a team involving vascular sur-
geons and podiatrists.6  

Treatment plans must address systemic risk factors 
leading to CLI, as well as proper nutrition and ambula-
tion, if the patient is functionally able. Pharmacological 
approaches involve lipid reduction, antiplatelet agents, 
or antihypertensive therapies, none of which have 
shown efficacy in limb preservation in CLI pa-
tients.3,16,17 Treatment objectives should be limb sal-
vage, preventing ulcer recurrence, and reducing short 
and long-term mortality rates. Treatment involves 
wound care, endovascular therapy, surgical bypass pro-
cedures, and foot reconstruction.3,16,17 Limb salvage re-
quires wound debridement, appropriate wound cover-
age, aggressive infection control, pressure offloading, 
and revascularization.4  

The podiatrist plays a primary role in wound care. 
For those at risk for foot ulceration, such as diabetic pa-
tients, proper foot hygiene and regular examination is 
critical in prevention of wound development. Changing 
out of dampened socks and washing feet with mild soap 
and warm water daily constitutes proper foot hygiene.2,6 

Applying moisturizing lotion to dry areas of skin, with 
the digital interspace to be kept dry and free of added 
moisture, is advised. Checking for fissures, calluses, or 
areas irritated by friction are essential in determining 
potential wound development.2,3,6 Gait analysis may 
highlight structural lower extremity abnormalities that 
can cause atypical pressure loading areas of the foot. 
Specialized footwear may be prescribed to relieve pres-
sure on areas of ulceration.6 When examining the 
wound, podiatrists may use a cotton swab or probe to 
test ulcer depth and severity, while noting its size. 
These wound characteristics must be routinely assessed 
and measured to determine healing progress as treat-
ment plans ensue. The wound must be examined for 
signs of infection, including cellulitis or a sinus extend-
ing to bone, suggesting osteomyelitis.3,6 Wound deb-
ridement can remove diseased tissue and callused skin, 
and should be cautiously performed in the ischemic foot 
as it is crucial to avoid damaging viable tissue.6 Sterile 
dressing must be applied to the affected area, incorpo-
rating pressure offloading to promote healing and de-
crease infection risk. Ulcers post a threat to ambulation, 
a goal of PAD/CLI treatment. Additionally, poor blood 
flow threatens normal tissue’s viability, presenting un-
favorable healing outcomes for foot ulcers. Necrotizing 
tissue must be inspected by routine physical examina-
tion for changes, as well as how advanced the changes 
are, if present, as CLI is rapidly progressive. TSPs and 
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ABIs must be routinely measured to see if there is any 
difference from the previous measurement as treatment 
continues. An adjunctive therapy in chronic ulceration 
treatment is Hyperbaric Oxygen Therapy (HBOT). The 
patient is placed in a pressurized chamber (higher than 
1 atm), providing increased pressure for oxygen to dis-
solve and saturate in blood.11,12,18 HBOT improved 
wound hypoxia and stimulated angiogenesis.11,12,18 

However, Fedorko et al. demonstrated that HBOT is not 
advantageous for non-healing ulcers in CLI patients, 
and does not decrease amputation rates.18 

As insufficient collateral blood flow decreases tis-
sue resilience, causes rapid tissue death, and disrupts 
wound healing, adequate and aggressive treatment of 
atherosclerotic arteries is critical for these patients. CLI 
often requires revascularization, including surgical by-
pass, widening lumen with stents, balloon angioplasty, 
or other interventions.3,16,17 A surgical bypass procedure 
redirects blood flow around an occluded vessel by cre-
ating new passages for blood by autologous vein graft 
or synthetic tubing.3,16,17 Endovascular revasculariza-
tion is one of the main procedures done to obtain ade-
quate wound healing and salvage one’s lower limb. De-
spite medical advancements, over 30% of CLI patients 
are not eligible candidates for revascularization proce-
dures due to possible adverse outcome of vascular by-
pass including operative-site wound infection and de-
hiscence, sepsis, necrosis, and graft occlusion.2,3,16,17 

Factors such as age, lack of useful veins for the proce-
dure, presence of lesions deemed unsuitable for endo-
vascular repair, end-stage renal disease (commonly ex-
isting with CLI patients), and overall patient condition 
that does not call for invasive treatment without great 
surgical risk makes patients ineligible for such proce-
dures.2,3,16,17 Successful bypass procedures are still as-
sociated with high mortality rates, graft failure, and am-
putation.3,16,17 Hybrid revascularization treatment 
merges endovascular procedures with open surgery, 
and can have greater limb salvage rates for CLI pa-
tients.2,3,6,16,17 Within 1 year of onset of the disease, 50% 
of CLI patients who are unable to undergo revasculari-
zation procedures will live without a major limb ampu-
tation, whereas 25% will have required major amputa-
tion, and the remaining 25% expire.2 
 A total of 25% of CLI patients have no other treat-
ment options and must resort to amputation.2 Current 
advancements are focused on cell-based regenerative 
therapies that utilize bone marrow derived circulating 
endothelial progenitor cells (EPCs) to promote neovas-
cularization.4 Patient pain scores and ABI’s improved 
after undergoing cell therapy. In clinical trials ³12 
months CLI patients with no other treatment options 
that had bone marrow cell therapy had a 70.6% ampu-
tation-free survival rate.4 Further clinical trials are 
needed to demonstrate that this treatment can allow the 

25% of those with no current options the ability to re-
tain their limb without impending amputation.4,19  
 
CONCLUSION 

Critical limb ischemia is a severe vascular condi-
tion that has a profound impact on quality of life and is 
of concern for both podiatric and vascular surgeons. 
Timely and accurate assessment and referral of patients 
with CLI can ultimately help reduce the adverse out-
comes of this condition. 
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Recent Alternative Topical Treatments for Plantar Verrucae 
 

Danielle A. Greenfield, B.S., Jessica A. Hethcoat, B.A. 
 
ABSTRACT 

This paper reviews evidence for the use of topical 
cantharidin-podophyllin resin-salicylic acid, 
imiquimod, and 5-fluorouracil in the treatment of plan-
tar verrucae. Recent evidence shows cantharidin-podo-
phyllin resin-salicylic acid has a success rate for plantar 
verrucae that ranges from 95–100% with relatively mi-
nor adverse events of pain and bullae. Recent studies on 
imiquimod report an efficacy of 80% and 83.3% in 
treating plantar warts, with some patients reporting mi-
nor pain at the application site. Finally, 5-fluorouracil 
use has a 95% and 100% resolution rate in patients with 
plantar warts, with a main adverse event being derma-
titis. 
 
INTRODUCTION 

Plantar verrucae are benign growths caused by the 
human papilloma virus (HPV) types 1, 2, 4, 27 and 57 
that appear on the weightbearing surface of the foot.1 
Plantar warts are painful, unsightly, and transmissible 
from person or infected surface to person. They are 
characterized clinically as well-circumscribed, hyper-
keratotic lesions which disrupt skin lines with pin-point 
bleeding upon debridement.  

Because plantar warts are frequently refractory to 
first-line medications optimal treatment is of great in-
terest to clinicians. Traditional treatments include liq-
uid nitrogen cryotherapy, topical treatments such as the 
keratolytic agent salicylic acid, oral medications, and 
intralesional chemotherapy. Topical salicylic acid, once 
the most popular treatment, works to macerate epider-
mis. Salicylic acid is now commonly used adjunctively 
allowing for deeper penetration through the stratum 
corneum.2 This is especially important when dealing 
with the thickened skin of the plantar foot.  

 It is important to note that specific wart genotypes 
are self-limiting and resolve spontaneously in 2 years.1,3 
Verruca caused by HPV types 2/27/57 are less likely to 
resolve spontaneously.4 For this reason, a viable treat-
ment plan is to wait and see if the wart clears. This is a 
more feasible option for patients with non-painful 
warts.5 

This literature review explores three newer topical 
treatments for plantar warts with focus on their efficacy, 
safety, and tolerability: cantharidin-podophyllin resin-
salicylic acid, imiquimod, and 5-fluorouracil with sali-
cylic acid. 
 
CANTHARIDIN-PODOPHYLLIN  
RESIN-SALICYLIC ACID 

Cantharidin-podophyllin resin-salicylic acid (CPS) 
is a combination of 1% cantharidin, 5% podophyllo-
toxin and 30% salicylic acid. While the individual in-
gredients have long been used for topical wart treat-
ments, the combination was first reported by Coskey in 
1984.6 More recently, it has been gaining popularity 
due to its safety and efficacy. 
 Cantharidin is a toxin produced by the blistering 
beetle. It induces acantholysis, leading to detachment of 
desmosomes causing the wart to remove with the blister 
upon debridement. Cantharidin is currently approved 
for the treatment of verruca vulgaris and mulluscoum 
contagiousum.7,8  
 Application includes cleaning and debriding the 
wart followed by application of CPS with an occlusive 
dressing for 24 to 48 hours. The patient then returns to 
the office for a second debridement and drainage of the 
blister created by the medicine.4 Application can be re-
peated every two weeks until resolution of the lesion 
but no current trials exceeded a total of 5 applications.  
 In a study by Ghonemy et al. in 2017, 96% of pa-
tients showed complete resolution of their warts with an 
average of 1.6 applications of CPS.4 Only 1 out of 15 
patients showed partial, instead of complete, resolution. 
In this study, 26.7% of patients experienced pain, while 
60% and 13.3% experienced bullae or hemorrhagic bul-
lae, respectively.  
 Similar results were reported by Lopez-Lopez et al. 
in 2016. They reported a 100% success rate using CPS 
with an average of 5.4 applications to achieve resolu-
tion.9 Patients in this study reported pain in 81.3% of 
the cases and 13% reported significant blistering. In re-
search conducted by Kacar et al. in 2011, 100% of pa-
tients had complete clearance with an average time to 
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resolution of 8–9 months. Pain, bullae, and hemor-
rhagic bullae occurred in 85.7%, 85.7%, and 42.9% of 
patients, respectively.10 
 Finally, Becerro de Bengoa Vallejo et. al found in 
2008 that 95.8% of patients had complete resolution of 
their warts with CPS.11 Of the 138 patients that experi-
enced complete resolution, 86.8% needed only a single 
treatment of CPS, and 9.0% required two or more treat-
ments. 
 CPS has strong evidence supporting its use with 
larger trial sizes and numerous articles published in its 
defense. Studies on CPS treatment of plantar warts all 
report clearance rates of >90% with a standard method 
of application.4,9–11 It should be noted that treatment 
with CPS requires 1–2 day follow up between applica-
tions. However, studies reported resolution of warts 
with as little as a single application, meaning time spent 
in the office may not be as extensive compared to other 
treatments. The most common adverse reaction to the 
cantharidin toxin from the reviewed studies is for-
mation of painful or irritating bullae. If this is tolerable, 
CPS is an effective treatment for plantar warts. 
 
IMIQUIMOD 

Imiquimod is an immune response modifier that 
has been studied for its efficacy in treating external gen-
ital warts, actinic keratoses and basal cell carcinoma. 
Imiquimod works by increasing the Th1 immune re-
sponse which results in virus inhibition.12 The data 
available for imiquimod 5% cream use comes primarily 
from research conducted on all cutaneous warts, not 
limited to the plantar foot.  
 Grussendorf-Conen et al. in 2002 studied the use 
of imiquimod 5% cream in the treatment of recalcitrant 
cutaneous pediatric warts. Eighteen patients were fol-
lowed for 2 years during this study. Previous treatments 
included salicylic acid, 5-fluorouracil, cryotherapy, sur-
gical excision, and laser therapy. Imiquimod was ap-
plied at home twice a day, and the hyperkeratotic tissue 
was pared every two weeks in the office. Total clear-
ance of warts was seen in 88.9% of patients, and the 
mean duration of treatment was 5.6 months for the 
cured warts. Of the 10 plantar warts, 80% were com-
pletely cleared with the use of the cream. No serious 
adverse events were reported during this study, and the 
authors denied any observation of redness or itchiness 
at the site of treatment.12  
 In 2015, Stefanki et al. published the results of a 
study comparing the use of imiquimod 5% cream to 
cryotherapy in the treatment of pediatric warts.13 Cryo-
therapy was performed every two weeks by the same 
physician for 3 months. Imiquimod was applied for 6–
10 hours for 5 consecutive days for a maximum of 3 
months. If the wart was on the palms/soles, treatment 

was supplemented with salicylic acid at the end of the 
day. 81.1% of patients using imiquimod/salicylic acid 
cleared their warts compared to 67.3% using cryother-
apy, but this was not found to be statistically significant. 
However, when plantar warts were analyzed individu-
ally, the study revealed they responded better to 
imiquimod 5% cream. Plantar warts were cleared 
83.3% of the time with imiquimod compared to 30% in 
the cryotherapy treatment group. No adverse events 
were observed with the use of imiquimod.  
 A published case report followed a 38-year-old 
male with a painful, recalcitrant plantar wart.14 Previous 
treatments included cryotherapy, cantharidin, intrale-
sional bleomycin, salicylic acid alone and imiquimod 
alone with mild success. The authors applied 
imiquimod 5% cream with a 40% salicylic acid pad un-
der duct tape occlusion. The dressing was left intact for 
3 days, followed by debridement of the lesion. This 
treatment was continued until complete resolution at 6 
weeks.   
 Of the treatments reviewed, imiquimod achieved 
the lowest rates of plantar wart resolution. However, 
unlike other treatments, imiquimod had no painful or 
irritable side effects. The number of patients was rela-
tively small in these trials, and there were a wide range 
of application methods. One study used salicylic acid 
with imiquimod and had a slightly higher clearance 
rate, which could indicate that combination therapy 
may produce better results than imiquimod alone.13 
Lastly, treatment with imiquimod relies on patient com-
pliance, so it is important that there is adequate patient 
education. 
 
5-FLUOROURACIL 

5-Fluorouracil (5-FU) cream is an antineoplastic 
antimetabolite that inhibits DNA and RNA synthesis. 
5-FU is currently FDA approved to treat actinic kerato-
sis and basal cell carcinoma. It is used off-label to treat 
verruca plantaris, but there is minimal evidence to sup-
port its efficacy.  

A study by Salk et al. (2006) compared the use of 
5-FU with occlusive tape to occlusive tape alone in a 
RCT.15 5-FU 5% cream was applied twice a day and 
then covered with occlusive tape after self-debridement 
with a pumice stone. Patients were seen every two 
weeks and the lesions were debrided. If there was no 
resolution within twelve weeks, the case was seen as a 
failure. 95% of patients in the 5-FU group showed com-
plete resolution of their warts, while only 10% in the 
occlusive tape group alone saw resolution. The average 
time to cure was nine weeks and 85% sustained their 
cure rate at a 6-month follow-up. The only reported 
ADR for both groups was instances of mild pain which 
did not interrupt activities of daily living.
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Young and Cohen studied the efficacy of 5-FU 

with salicylic acid in treating plantar warts.2 Patients 
were instructed to apply salicylic acid followed by ei-
ther 0.5% or 5% 5-FU. Lesions were debrided weekly 
or biweekly, dressed with salicylic acid, and occluded  
with moleskin. 100% of patients saw resolution of their 
plantar warts in a mean of 82.5 days, with 50% resolved 
in less than 2 months. Recurrence was seen in 15% of 
patients but resolved with a repeated course of treat-
ment. Ten percent of patients experienced local derma-
titis which resolved with temporary discontinuation of 
the treatment and the use of a topical corticosteroid.  

In summary, 5-FU has evidence to support its 
safety and efficacy as a treatment for plantar warts. 
Treatment with 5-FU is more effective when compared 
to occlusion alone, and healing rates are increased when 
supplemented with salicylic acid. Recurrence in both 
trials was seen in 15% of patient, when using 5-FU, pa-
tients should be informed there is a possibility their 
warts will return. The adverse reactions reported in-
clude mild pain and mild dermatitis. Like imiquimod,  
5-FU is applied at home by the patient, so patient com-
pliance is imperative. 
 
 

 
CONCLUSION 

According to the literature, CPS has the greatest ef-
ficacy with resolution rates over 90% in an average of 
1–4 months of treatment. The efficacy of 5-fluorouracil  
was similarly above 90% in the included studies with 
treatment averaging 2–3 months, but there were fewer 
studies to corroborate this statistic. Finally, imiquimod 
showed the least promise with cure rates around 80% 
and a resolution time of greater than 5 months. How-
ever, as efficacy of these treatments increases, it seems 
that the number of serious side effects also increases. 
CPS treatment groups reported instances of painful bul-
lae, which could be intolerable for some patients. A 
lower efficacy, but less painful treatment like 
imiquimod may be indicated for patients wishing to 
avoid any adverse reactions.  

Additional large randomized controlled trials on 
topical plantar wart treatment is needed, especially 
compared to cryotherapy, laser therapy, and salicylic 
acid. It was not the goal of this literature review to ex-
plore these other modalities. The literature consensus 
suggests that the use of salicylic acid with other topical 
agents may be synergistic.  
 
 

Table 1. Summary of Topical Treatment Studies 

Author Year Treatment N 
(feet) 

Resolution 
(%) 

Avg Time to 
Resolution 
(months) 

Recurrence 
(%) ADRs 

Becerro de 
Bengoa Vallejo11 2008 CPS 144 95.8 1–4 0 N/A 

Kacar10 2011 CPS 14 100 N/A N/A 
Pain, bullae,  
hemorrhagic   

bullae 

Lopez Lopez9 2016 CPS 75 100 2 0 
Pain, bullae,   

pruritis, 
bleeding 

Ghonemy4 2017 CPS 15 93 N/A N/A 
Pain, bullae,  
hemorrhagic   

bullae 
Grussendorf– 

Conen12 2002 Imiquimod 10 80 5.6 0 None ob-
served 

Stefanaki13 2016 Imiquimod 28 83.3 N/A N/A None ob-
served 

Salk15 2006 5-FU 20 95 2.25 15 Mild pain 

Young2 2005 5-FU 20 100 2.75 15 Local derma-
titis 
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Common Pedal Dermatological Conditions of the  
Homeless Population 

 
Andrew S Au, B.S., Wai Y Leung, B.A. 

 
ABSTRACT 

Pedal dermatological pathologies are seen fre-
quently among the homeless population. These condi-
tions are not adequately treated due to limited 
healthcare support and the homeless individual’s un-
stable living situation. Improvements in the education 
of podiatric students, physicians, and patients on com-
mon complications can improve treatment outcomes. 
Understanding how to educate patients who are home-
less on prevention and treatment compliance is im-
portant for long term care and reduction in shared 
healthcare costs. This article reviews common lower 
extremity dermatological pathologies among the 
homeless and the available cost-effective treatments. 
 
INTRODUCTION 

Pedal dermatological complications of the home-
less population are seldom addressed. Podiatric condi-
tions pose a concern for homeless individuals because 
walking is their major mode of transportation.1,2 Tinea 
pedis (38%), nail pathologies (15.5%), and corns/cal-
luses (7.7%), are among the dermatological conditions 
that affect homeless individuals.2–4 The well-being of 
the homeless can be neglected despite its potential for 
societal financial and medical ramifications. One an-
nual expense estimate for providing podiatric medical 
care to all uninsured in the United States, including the 
homeless, is nearly 2.5 billion dollars.5 This literature 
review summarizes mechanisms of foot dermatologi-
cal injury in the homeless, assesses common treatment 
modalities, and provides suggestions for improve-
ments in healthcare outreach for the homeless patient.  
 
HOMELESSNESS DEFINED 

The U.S. Department of Housing and Urban De-
velopment defines homelessness as individuals and 
families who reside in shelters and impermanent ac-
commodations. “Chronic homelessness” is defined as 
an individual experiencing homelessness of more than 
1 year.6 Every night in the United States, there are 
more than 549,000 homeless individuals, of which 
32% are unsheltered.6 Extreme weather fluctuations, 

such as wetness during the winter months, provide lit-
tle opportunity to stay dry and store clothing and bed-
ding.7  

When coupled with alcoholism, mental illness, 
smoking, and drug dependency, patients are predis-
posed to a deterioration in well-being.8–10 The conse-
quences of these environmental and health conditions 
can manifest dermatologically on the foot and influ-
ence the effectiveness of treatment. Due to limited ac-
cess to healthcare, lower extremity conditions of the 
homeless generally worsen before treatment by 
healthcare providers can be obtained.4,10 

Aspects of homeless living situations increase risk 
for common dermatological foot conditions. These as-
pects include prolonged walking, standing, poor hy-
giene, improper shoe fit, and lack of access to care.11,12 
Appropriately fitting and supportive shoes are a neces-
sity among homeless individuals and can improve 
their physical, mental, and social health.13–16 Ill-fitting 
shoes can cause apparent and unapparent foot injuries 
due to rubbing, affecting an individual’s ability to am-
bulate.17–19 In a 2011 study, Schwarzkopf reported 
43.5% of homeless individuals with a foot and shoe 
size mismatch of greater than 1 size.13 Shoe purchases 
may be infrequent among the homeless, since food and 
water rank as higher priority expenses.20 Footwear that 
is worn-out and non-waterproof offers minimal pro-
tection, and the hesitancy to remove shoes for fear of 
theft places the homeless individual at risk of poor foot 
hygiene.2,21,22 Older homeless individuals frequently 
develop dermatological problems due to their in-
creased prevalence of diabetes, peripheral vascular in-
sufficiency, and neuropathic conditions.23 Excessive 
distance and duration of walking increase complica-
tions of skin-related foot problems.11 These preventa-
ble problems are exacerbated by unmet healthcare 
needs.11,24 Chronic conditions such as peripheral vas-
cular disease, diabetes, and cognitive deficits further 
impair healing potential.25,26 Frequently reported foot 
dermatological problems among the homeless include 
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tinea pedis, corns, calluses, nail pathologies, immer-
sion foot, interdigital macerations, ulcers, cellulitis, 
blisters.26,27 

 

DERMATOLOGICAL CONDITIONS AND 
TREAMENTS 

 
Tinea Pedis 

Tinea pedis is a common, chronic fungal infection 
of the superficial foot and interdigital spaces.16 Tri-
chophyton rubrum is the leading cause of infection, 
with manifestations of itches, flakes, and fissures.28 
Tinea pedis has been reported in 38% of shelter-based 
homeless individuals.4 Unsheltered homeless individ-
uals may report higher percentages due to poorer foot 
hygiene.4 Exposure to fungal pathogens in highly pop-
ulated communal facilities provide a basis for infec-
tion.2 Predispositions to tinea pedis include plantar hy-
perhidrosis, immunodeficiencies, diabetes, age, and 
chronically dark and damp environments.16,29 Immu-
nodeficiency among the homeless can result from un-
derlying illnesses or stress related disorders.30 In a 
2016 study, Akkus et al. showed an association be-
tween patients with uncontrolled glycemic indices and 
the prevalence of fungal infection.31 Breaks in skin in-
tegrity, unsanitary shoes, and lack of access to health 
care are major factors among the homeless that lead to 
increased susceptibility to fungal invasion.32–36 Pre-
vention plays a significant role in the management of 
tinea pedis in the homeless population. Talking points 
should include keeping feet dry after walking, stand-
ing, or washing. 
 There are several topical antifungal medications 
that have been proven to be effective and often afford-
able. Medications should strive for the minimal treat-
ment frequency and duration to achieve clinical and 
mycotic cure. Oral antifungals are the most effective 
treatment for tinea pedis, but are not indicated unless 
the more cost effective topical treatments have 
failed.37,38 Studies have shown terbinafine 1% cream 
to be more effective in treating tinea pedis than clotri-
mazole 1% topical.39–42 Effectiveness, ease of admin-
istration, treatment duration, affordability, and acces-
sibility should be taken into consideration when 
providing topical medication for the homeless pa-
tient.37,39 
 
Corns and Calluses 

Excessive mechanical pressures on the skin can 
develop into painful hyperkeratotic lesions.43 Pro-
longed weightbearing, abnormal foot mechanics, and 
neglected foot deformities are common contributing 
factors.13,43 Dermatological hyperkeratotic conditions 
can also develop because of ill-fitting shoes, and have 
been reported in up to 57% of surveyed homeless in-
dividuals.4,11,44   

 It is important to evaluate shoes when rendering 
care for the homeless. In a 2005 study, Menz et al. re-
ported an association between narrow fitting shoes and 
the prevalence of corns.22 A wide toe box shoe is rec-
ommended for homeless patients to prevent painful 
corn development. However, the homeless individ-
ual’s difficulty in funding new shoe purchases must be 
considered. The presence of these hyperkeratotic le-
sions can have adverse outcomes in the form of ulcer 
formation, especially in those who have underlying di-
abetes. One study has shown that diabetes in homeless 
patients are often uncontrolled when compared to the 
general diabetic population.45 Performing a diabetic 
foot evaluation is important because motor neuropathy 
can cause deformity, while sensory neuropathy can 
lead to an open ulcer secondary to a puncture wound 
in a poorly sensate or insensate foot. Patients with pe-
ripheral neuropathy are at exceptional risk for devel-
oping ulcers if they have callus formation.46 
 Foot pain caused by corns and calluses is easily 
relieved by debriding the hyperkeratotic lesions down 
to healthy skin. The effectiveness of negative pressure 
sharp debridement to alleviate the pain associated with 
the pressure of dead tissue was studied by Redmond in 
1999, who reported significant reduction in pain im-
mediately following treatment.47 Palliative foot care 
should be supplemented with patient education in the 
prevention of hyperkeratosis reformation. Due to high 
rates of recurrence, foot care supplies such as corn 
pads and web spacers should also be made available to 
the patients as a short-term preventative measure.48 
 
Nail Pathology 

Onychocryptosis is a recurrent pathology in the 
homeless individual and is associated with improper 
footwear.11,44 Shortly trimmed toenails, repetitive 
walking, poor foot hygiene, and hyperhidrosis contrib-
ute to the etiology of the condition.49 Onychocryptosis 
most commonly occurs at the hallux nail, and has been 
reported to affect 15% of homeless individuals.11 Con-
servative treatment includes taping, packing, gutter 
treatment, and wide boxed shoe recommendations. 
Taping has been shown to resolve ingrown toenail 
symptoms in 51% of patients.50 Packing and gutter 
treatments are similarly effective in the management 
of mild cases of onychocryptosis, but have long treat-
ment periods that span from 6 to 12 weeks.51,52 The 
cost and risk of these conservative treatments are low, 
but sufficient patient compliance is required to be ef-
fective. In cases of severe nail pain and discomfort, 
surgical avulsion may provide long term relief. Partial 
nail avulsion without the use of matrixectomy result in 
high percentages of recurrence which may be a less 
suitable option for homeless patients with inconsistent 
healthcare access.53 The homeless individual’s state of 
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health must be noted before opting for surgical treat-
ment since reduced arterial perfusion to the toe is a 
contraindication for chemical matrixectomy.54 Diabe-
tes without arterial disease, however, does not have a 
significant impact on postoperative complications.54,55 
 Another pathological condition of the nail affect-
ing homeless individuals is onychomycosis. The fun-
gal nail infection is caused mainly by Trichophyton 
rubrum and Trichophyton mentagrophytes. It has been 
reported to affect up to 30% of homeless individuals.11 
Diabetes, peripheral vascular disease, and immunode-
ficiency are prevalent predisposing factors among the 
homeless population.56 Tinea pedis is often present in 
patients with onychomycosis.56 Reducing exposure to 
the pathogens by maintaining foot hygiene is a preven-
tative measure for infection.55 Ciclopirox lacquer 8% 
topical solution without excessive routine nail deb-
ridement can achieve efficacy results of 29–36% in 
mycotic cure and up to 8.5% in complete cure for mild 
to moderate onychomycosis caused by dermato-
phytes.57 Application of topical solution without regu-
lar extensive nail debridement is suitable for patients 
who are less compliant or are contraindicated for oral 
antifungal drugs. Treatment compliance of onychomy-
cosis is difficult, since treatments can last several 
months without any noticeable change.58 The physi-
cian can increase patient involvement with specific in-
structions on the application of topical antifungal to 
the nail, and curb patient expectations of a rapid clini-
cal cure with an explanation of the inherent slow 
growth of the nail.58  

 
Immersion Foot 

Immersion foot is the result of moisture and cold 
temperatures centered around the lower extremity. 
Prolonged exposure to cool moisture in the form of 
rain or sweat may lead to vasospasm, which stimulates 
an inflammatory response, resulting in tissue and 
nerve injury.59 If not properly treated, hypothermia, 
desquamation and gangrene may develop. Smoking 
and vasoconstrictor medication use further complicate 
injury.60 In one study, immersion foot was observed in 
5% of the homeless participants.11 Patients who are 
homeless in excessively cold environments should be 
educated in the initial treatment for immersion foot. 
Attempts to rapidly rewarm the extremity is an instinc-
tive response, but can worsen the condition caused by 
cold injury. Elevation and slow warming of the af-
fected lower extremity should be done instead. Recur-
rence is more likely in individuals who experienced 
prior cold injury.59 Therefore, patients with history of 
immersion foot who have no means of relocating need 
to be thoroughly informed. Accessibility to clean, dry 
socks, and water-resistant shoes are particularly im-
portant in prevention of immersion foot among home-
less individuals.  

CONCLUSION 
This review presents common podiatric dermato-

logical complications in homeless patients. Tinea 
pedis, corns/calluses, nail pathologies, and immersion 
foot were found to be common conditions in the home-
less population. Homeless patients report avoiding 
medical attention because of the condescending view-
points of health care professionals.61 Understanding 
the unique difficulties and challenges that the home-
less face should serve as a principle for developing 
meaningful patient interactions.62 During clinical in-
teractions, physicians have the opportunity to create a 
positive healthcare experience, so that patients are 
more likely to consider routine foot health and hygiene 
assessment. Each encounter is a valuable opportunity 
to deliver patient education. Encouraging habits such 
as choosing correct footwear and drying feet regularly 
can help the homeless patient avoid many of the der-
matological conditions that occur from prolonged 
walking or standing. Podiatric providers who interact 
with homeless populations should remember these 
basic tenents to provide these patients with the best 
possible care. 
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ABSTRACT 

First tarsometatarsal joint arthrodesis (Lapidus ar-
throdesis) provides powerful correction of hallux val-
gus. This procedure traditionally requires 6 weeks of 
non-weightbearing postoperatively, but recent ad-
vances in surgical fixation and technique have allowed 
for earlier patient weightbearing. This meta-analysis 
compares the incidence of postoperative complications 
in Lapidus studies with weightbearing prior to six 
weeks versus studies with weightbearing after 6 weeks. 
Early weightbearing was associated with increased risk 
of hallux varus (6.67%). Late weightbearing was asso-
ciated with hardware failure necessitating removal 
(3.88%).  
 
INTRODUCTION 

First tarsometatarsal joint (TMTJ1) arthrodesis, 
also known as the Lapidus arthrodesis, is a procedure in 
which the base of the first metatarsal is fused to the me-
dial cuneiform.1 It corrects severe cases of hallux val-
gus by reducing the first intermetatarsal angle, and it 
continues to gain popularity as a surgical option for me-
dial column instability.2 While TMTJ1 arthrodesis is 
considered a definitive surgical correction for hallux 
valgus, the prolonged period of required post-operative 
non-weightbearing may be a deterrent for both the pa-
tient and surgeon.  

Historically, because of the perceived risk of non-
union, TMTJ1 arthrodesis was thought to require 6 
weeks of post-operative non-weightbearing. However, 
improvements to technique and fixation have dimin-
ished the necessity for prolonged postoperative offload-
ing. Surgeons who immediately or quickly allow their 
postoperative patients to bear weight often use a 
crossed solid screw fixation or locking plate with me-
ticulous joint preparation and resection down to 
healthy, bleeding bone.2 

This meta-analysis compares studies that report 
postoperative complications following TMTJ1 ar-
throdesis. Early weightbearing is defined as full, pro-
tected, or partial weightbearing before 6 weeks postop-

eratively. Studies in which patients started postopera-
tive weightbearing after 6 weeks were classified as late 
weightbearing.  

 
MATERIALS AND METHODS 
 
Search and Selection Criteria 

PubMed, Google Scholar, the Cochrane Library, 
and Embase were searched for eligible studies pub-
lished prior to October 2017. Keywords searched were 
“Lapidus arthrodesis,” “first tarsometatarsal ar-
throdesis,” and “first metatarsocuneiform arthrodesis”. 
All randomized controlled trials and nonrandomized 
retrospective studies were included. Non-English lan-
guage papers were excluded. Two of the authors 
(NFAR removed initials for editing anonymization**) 
independently performed the searches for inclusion in 
the study. A third party (NFAR removed initials for ed-
iting anonymization**) resolved disagreements. The 
following were the selection criteria (Figure 1): 
1. Study discusses the surgical outcome of TMTJ1 ar-

throdesis. 
2. Participants were above the age of 16 years. 
3. Complications are reported up to a minimum fol-

low up of 6 months or a mean follow up of at least 
20 months. 

4. Postoperative weightbearing protocol is specified 
in the study. 
 

 
 
Figure 1. Flow diagram of study selection process 
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 There were 47 studies initially reviewed for this 
meta-analysis.3–49 Selection criteria were met by 32 
studies, which were included in quantitative analy-
sis.3,5–8,10,11,15–17,19–21,24,26,28–34,37–43 These studies include 
subsets of TMTJ1 arthrodesis patients from manu-
scripts which report outcomes of different postopera-
tive weightbearing protocols within the same manu-
script. Postoperative weightbearing protocols of the in-
cluded studies, both early and non weightbearing, are 
summarized in Table 1. The primary outcomes re-
ported by the included studies were non-union, non-un-
ion necessitating revisional surgery, hardware failure 
necessitating removal, delayed union, recurrence of 

hallux valgus, hallux varus, skin infections, neuritis, 
and DVT.  
 
Statistical Analysis 

Two-sample t-tests between proportions were per-
formed with a 95% confidence interval. The t-test was 
used to analyze whether there was a significant differ-
ence in the incidence of complications when comparing 
early and delayed postoperative weightbearing. Only 
the studies that included the complication of interest 
were used for incidence rates. Statistics were deter-
mined as significant versus non-significant at the 0.05 
critical alpha level

 
 

Table 1. Postoperative weightbearing protocols of studies included in meta-analysis of 1st tarsometatarsal joint 
arthrodesis complication rates. 

Author Year Wks to WB Immobilization plan Ambulation device 

Barp3 2017 4 Protected WB Not specified 

Chopra8 2016 6 Partial WB Removable SLC 

King21 2015 3 NWB SL posterior or sugar tong splint or a SL 
boot 

Paulick35 2013 0, 2 Group A: WB 
Group B: NWB 

Group A: post op shoe 
Group B: surgical boot 

Cottom10 2013 1.5 NWB CAM walker 

Klos22 2013 0 Protected full WB Full WB 

Ellington12 2011 6 NWB in cam walker Post op Shoe 

Menke31 2011 4 NWB posterior splint Pneumatic boot 

Basile4 2010 0 Protected full WB CAM walker 

Saxena40 2009 4 Group A: SLC Group A: CAM walker 

Saxena40 2009 6 Group B: SLC Group B: Not specified 

Sorensen42 2009 2 Posterior splint Wks 4–6: CAM walker 

Hamilton18 2007 6 SLC Wks 7–10: Removable Walking 
Boot 
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Thompson44 2005 2 Jones posterior splint Wks 4–6: SLC with heel WB 
Wks 4–6: removable fracture boot 

Coetzee9 2004 0 Protected full WB Partial WB fiberglass cast 

Faber13 2004 2 Posterior splint WBAT in cast till 6 wks 

Metzdorf32 2001 0 Protected WB Heel WB in surgical shoe or SLC 

Bednarz5 2000 2 NWB – SLC Protected WB SLC wks 3–6 

Myerson33 1992 0 Protected WB BS WBAT ± crutches 

Sangeor-
zan39 1989 0 Protected WB 

Wks 0–2: TTWB 
After: WOL in SLC until 

radiographic fusion 

Treadwell45 2005 0.43 NWB Heel WB on surgical shoe 

McMahon30 2016 10 Wks 0–2: Posterior splint 
Wks 2–6: CAM walker Wks 7–10: CAM walker 

Mani28 2015 10 Wks 0–2: Posterior splint 
Wks 2–6: CAM walker Wks 7–10: CAM walker 

Popelka36 2012 6 Crutches Full WB 

Basile4 2010 6 Cast, CAM walker or 
splint WBAT after 6 wks 

Taylor43 2008 6 SLC until osseous union  

Haas17 2007 12 Wks 0–2: Jones splint 
Wks 2–8: SLC CAM Walker 

Kopp23 2005 8 Cast or Boot WB in a cast or boot until evidence of 
union 

Patel34 2004 6 Days 10–14: Jones splint 
Wks 2–6: NWB WLC 

Wks 6–8: CAM walker partial WB 
Wks 8–10: CAM walker full WB 

Lombardi26 2003 6 SLC Wks 7–8: Partial WB in surgical shoe 

Shi41 2000 10 Wks 0–6: NWB cast or 
splint 

Wks 6–10: Partial WB in longitudinal 
arch support 

Full WB 10–14 wks 

Catanzarit7 1999 10 SLC or Posterior splint 4-point crutch gait 
Once union was achieved 

Table Key 

TTWB, toe touch weightbearing 
WOL, weight of leg 
WB, weightbearing 
NWB, non–weightbearing 

WBAT, weightbearing as tolerated 
SLC, short leg cast 
BS, bunion shoe 
Wks, weeks 
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RESULTS 
 
Non-unions 

Twenty-nine studies in this meta-analysis reported 
an incidence of non-union.3–5,7–10,12,13,18,19,21–23,28,30–36,39, 

40–45 Non-unions were reported in 62 of 1,272 TMTJ1 
arthrodeses (4.87%) with early weightbearing proto-
cols. Non-unions were reported in 30 of 757 TMTJ ar-
throdeses (3.96%) with late weightbearing protocols. 
There was no significant difference (P = 0.3406) be-
tween non-union rates in late versus early weightbear-
ing protocols.  
 
Non-union Necessitating Revisional Surgery 

Sixteen studies reported incidence of non-unions 
requiring revisional sur-
gery.3,7,9,10,13,21,23,28,32,34,35,39,41,42,44 In the studies with 
early weightbearing, 43 of 848 TMTJ1 arthrodeses 
were non-unions, and 31 (73.30%) of those non-unions 
were revised. In the studies with late weightbearing, 21 
of 515 TMTJ1 arthrodeses were non-unions, and 12 
(57.14%) of those non-unions were revised. There was 
no significant difference (P = 0.1735) between non-un-
ion rates in late versus early weightbearing protocols 
(Table 2). 
 
Hardware Failure Necessitating Removal 

Other complications of TMTJ1 arthrodesis are 
hardware failure and pain caused by hardware.          

Fourteen studies reported incidence of hardware re-
moval following TMTJ1 arthrodesis.3,9,10,13,18,22,31,32,33, 

35,36,40,42,45 Hardware removal was reported in 65 
(9.63%) of 675 TMTJ1 arthrodeses with early 
weightbearing protocols. Hardware removal was re-
ported in 3 (1.95%) of 154 TMTJ1 arthrodeses with late 
weightbearing. There was a significantly higher rate of 
hardware removal in the TMTJ1 arthrodeses with early 
versus late weightbearing (P = 0.0017) (Table 2). 
 
Delayed Unions 

Thirteen studies reported rates of delayed union.4, 

5,8,9,10,12,13,21,22,33,40,42,48 Delayed union was reported in 9 
(1.25%) of 721 TMTJ1 arthrodeses with early 
weightbearing protocols. Delayed union was reported 
in 4 (1.04%) of 383 TMTJ1 arthrodeses with late 
weightbearing protocols. There was no significant dif-
ference (P = 0.7582) in the incidence of delayed union 
following TMTJ1 arthrodeses with early versus late 
weightbearing (Table 2). 
 
Recurrence 

Recurrence of hallux valgus after TMTJ1 ar-
throdesis was reported in 13 studies.3,5,7,9,10,12,13,21–

23,32,33,42 Recurrence was reported following 11 (4.84%) 
of 764 TMTJ1 arthrodeses with early weightbearing. 
Recurrence was reported following 1 (1.18%) of 85 
TMTJ1 arthrodeses with late weightbearing. There was 
no significant difference (P = 0.1217) in the recurrence 

Table 2. Complication rates reported by studies describing early or late weightbearing following TMTJ1  
arthrodesis. 

Complication 
Early WB Late WB 

P Value Reported 
(n) 

Total 
(n) % Reported 

(n) 
Total 

(n) % 

Non-union 62 1272 4.87 30 757 3.96 0.3406 

Delayed union 9 721 1.25 4 383 1.04 0.7582 

Recurrence 11 764 4.84 1 85 1.18 0.1217 

Varus 15 536 2.79 7 105 6.67 0.0435 

Infection 33 930 3.55 11 175 6.29 0.0892 

Neuritis 13 503 2.58 1 74 1.35 0.5209 

DVT 3 288 1.04 1 59 1.69 0.6700 

Hardware removal 65 675 9.63 3 154 1.95 0.0017 

Revision of  
non-unions 31 43 73.3 12 21 57.1 0.1735 
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of hallux valgus following TMTJ1 arthrodeses with 
early or late weightbearing (Table 2). 
 
Hallux Varus 

Ten studies reported the incidence of iatrogenic 
hallux varus.3,7,10,13,21–23,26,32,42 Hallux varus was re-
ported following 15 (2.79%) of 574 TMTJ1 arthrodeses 
with early weightbearing. Hallux varus was reported 
following 7 (6.67%) of 105 TMTJ1 arthrodeses with 
late weightbearing. Incidence varus was significantly 
higher in the TMTJ1 arthrodeses with late weightbear-
ing (P = 0.0435) (Table 2). 
 
Skin Infections, Neuritis, and DVT 

Skin infections, ranging from pin site infections to 
cellulitis, were reported in 33 (3.55%) of 930 TMTJ1 
arthrodeses with early weightbearing.3,9,10,13,18,21,22,32, 

33,35,36,41,44,45 Skin infections were reported in 11 
(6.29%) of 175 TMTJ1 arthrodeses with late 
weightbearing. Neuritis was reported following 13 
(2.50%) of 541 TMTJ1 arthrodeses with early 
weightbearing versus 1 (1.35%) of 74 TMTJ1 ar-
throdeses with late weightbearing.3,9,13,22,30,32,33,39,41 
Deep vein thrombosis (DVT) was reported in 6 stud-
ies.3,5,13,22,23,41 The incidence of DVT following TMTJ1 
arthrodesis was 1.04% and 1.69% for early and late 
weightbearing, respectively. None of the differences in 
incidence of skin infection, neuritis, and DVT follow-
ing TMTJ1 in early and late weightbearing were statis-
tically significant (Table 2). 
 
DISCUSSION 

 We found no significant difference in the inci-
dence of non-union, delayed union, recurrence, infec-
tion, neuritis, DVT, and revision of non-unions between 
early and late weightbearing following TMTJ1 ar-
throdesis. Significant findings were increased incidence 
of hallux varus with late weightbearing (6.67%) versus 
early weightbearing (2.79%), and an increased inci-
dence of hardware removal following TMTJ1 ar-
throdesis with early weightbearing (9.63%) versus late 
weightbearing (1.95%) (Table 2). 
       Our review indicates that hardware removal is 
more likely with early weightbearing following TMTJ1 
arthrodesis. Cottom et al. reported hardware removal 
rates as high as 17%, citing pain and infection as com-
mon indications for removal.10 Our analysis did not dif-
ferentiate between the types of fixation used TMTJ1 ar-
throdesis. There are multiple ways to stabilize the ar-
throdesis, including cross-screw fixation, locking/non-
locking plates, external fixators, Kirschner wires and a 
combination of each.35,37 External fixators allow for 
early weightbearing following TMTJ1 arthrodesis. Be-
cause the hardware is eventually removed, studies using 
external fixators were not included in our statistical 
analysis for hardware removal. Lamm et al. reported the 

open portal created by an external fixator as a cause for 
early hardware removal in one patient.25 However, ex-
ternal fixation allows earlier weightbearing which can 
decrease the complication of DVT.25 Future studies 
should investigate the role of fixation, especially exter-
nal fixation, on complications following TMTJ1 ar-
throdesis. 

Our statistical methodology was limited due to the 
suboptimal level of evidence available. Most of the 
studies analyzed were retrospective trials, which do not 
control for perioperative and surgical factors, patient 
demographics, surgical technique, fixation, and so  
forth. Also, recent surgical technique and fixation im-
provement was thought to be a confounding factor 
which favored positive outcomes for early weightbear-
ing. Five papers included in this meta-analysis were 
published before 2000. However, the average publica-
tion year of the 17 studies with late weightbearing in 
our meta-analysis was 2007. The average publication 
year of the 34 studies with early weightbearing was 
2008, only 1 year later.  

There were numerous complications listed by re-
searchers that occurred too infrequently to warrant sta-
tistical analysis. Shortening of the first metatarsal can  
result in transfer lesions or other biomechanical issues. 
Barp et al. report a case of second metatarsophalangeal  
joint capsulitis that required a Weil osteotomy.3 Further 
postoperative complications reported in the included 
studies include tibialis anterior tendonitis,3 extensor 
hallucis longus tendonitis,3 second metatarsophalan 
geal joint capsulitis,3 sesamoiditis,3,21 transfer lesions 
underneath second metatarsal head,7,26 metatarsal stress 
fracture,25 and pseudarthrosis.10,22  
 
CONCLUSION 
       Postoperative weightbearing protocols following 
TMTJ1 arthrodesis have changed over time in response 
to advances in technique and fixation. We compared the 
rate of complications reported by studies using early 
weightbearing versus late weightbearing and found no 
difference in rates of non-union, delayed union, recur-
rence, infection, neuritis, DVT, and non-union revision. 
Our meta-analysis found that weightbearing before 6 
weeks postoperatively is associated with greater risk of 
hardware removal, and weightbearing after 6 weeks is 
associated with greater risk of iatrogenic hallux varus.  
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Ultrasound Diagnosis of Acute Plantar Fascia Rupture in 
the Emergency Setting 

 
Matthew Janda, B.A. 

 
ABSTRACT 

We present the case of a 30-year-old female with 
a history of plantar fasciitis and steroid injections who 
presented to the emergency department at Alameda 
County Medical Center in Oakland, California, with 
medial arch pain and an inability to bear weight on her 
right foot. On examination, there was notable swelling 
and tenderness to palpation at the medial heel. Ultra-
sound findings revealed a thickening of the plantar fas-
cia and a large tear. These findings were crucial for 
making a correct diagnosis and for immediately plac-
ing the patient in a CAM boot with a non-weightbear-
ing status. Although the current gold standard for plan-
tar fascia rupture diagnosis is magnetic resonance im-
aging, this case demonstrates the use of ultrasound 
diagnosis as an alternate imaging modality. 
 
INTRODUCTION 

Diagnostic ultrasonography is effective, mini-
mally invasive, and fast.1 Additionally, because it is 
both radiation free and affordable, ultrasound encour-
ages serial follow-up. For these reasons, ultrasound 
has been effective in the diagnosis of acute soft tissue 
conditions, such as plantar fasciitis and Achilles ten-
don rupture. Diagnostic ultrasound provides an ability 
to rapidly confirm a traumatic diagnosis in a patient 
suffering from an acute injury.  

While inflammation of the plantar fascia, or plan-
tar fasciitis, is common and affects an estimated 10% 
of the general population,1 partial or complete rupture 
of the plantar fascia is rare. It is most frequently seen 
in athletes who have a history of plantar fasciopathy 
who report experiencing a “pop” or tearing sensation 
during an athletic event,2 or by patients who recently 
received a steroid injection to treat their plantar 
fasciitis.3 More specifically, the incidence of plantar 
fascia rupture increases to 3.3% in patients diagnosed 
with plantar fasciitis who received a steroid injection.4 

Acute plantar fascia ruptures are typically identi-
fied at the proximal aspect of the medial fascia band 
and are seen as a partial or complete disruption of the 
fascia. This differs from plantar fasciopathy, which is 

plantar fascial thickening greater than 4mm, loss of re-
flectivity of the ligament with the central bundle most 
specifically affected, and enthesophyte formation.5 
Although the current gold standard for diagnosis of 
partial ruptures of the plantar fascia is magnetic reso-
nance imaging (MRI), this imaging modality can be 
expensive, time consuming, and difficult to obtain. For 
a more prompt, less expensive confirmation of plantar 
fascial pathology, diagnostic ultrasound may be a bet-
ter imaging modality. This case report demonstrates 
the use of diagnostic ultrasound, rather than MRI, to 
diagnose acute plantar fascia rupture in an emergency 
department setting.  
 
CASE PRESENTATION 

A 30-year-old female presented to the Highland 
Hospital Emergency Department with medial arch 
pain and inability to bear weight on the right foot. The 
patient reported an 18-month history of plantar 
fasciitis in the right foot. The patient’s physical activ-
ities included short distance running and rugby games 
several times a week. She was previously treated twice 
with steroid injections in her right foot. The first ster-
oid treatment occurred 1 year prior to the emergency 
department presentation, and the second steroid injec-
tion was given 2 weeks prior to presentation. Twelve 
hours prior to emergency department presentation, the 
patient was sprinting in cleats when she felt a sudden, 
sharp arch pain associated with a “pop” while acceler-
ating. Thereafter, she was unable to bear weight. 

Upon physical examination, patient had non-focal 
swelling in the right heel as well as mild ecchymosis 
at the medial aspect of the heel (Figure 1). The pa-
tient’s heel was tender to palpation with the apex of 
her swelling occurring at the plantar aspect of the me-
dial tubercle. Weightbearing assessment of the right 
lower extremity was deferred, due to the patient expe-
riencing sharp pain. The patient’s neurovascular status 
was intact.  

Findings from an ultrasound study (Figure 2) 
were significant for thickening of the plantar fascia at 
the origin relative to a normal plantar fascia (average 
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thickness of 3.8 mm).6 The irregular outline and dis-
ruption of the plantar fascia was visible, confirming a 
large partial tear of the plantar fascia. Secondary find-
ings included surrounding hematoma and inflamma-
tion indicated by increased vasodilation of the tissue 
surrounding the plantar fascia tear. Results from the 
ultrasound study suggested acute plantar fascia rupture 
which was consistent with the clinical history and 
presentation. For treatment, the patient was non-
weightbearing for 2 weeks in a Controlled Ankle 
Movement (CAM) boot and then was transitioned to 
weightbearing as tolerated for two additional weeks. 
Six months later, persistent heel pain prompted an 
MRI of the right foot. The MRI was consistent with a 
full rupture of the right plantar fascia central band and 
demonstrated calcaneal bone marrow edema con-
sistent with stress reaction of the calcaneus. The pa-
tient was then immobilized in a cast for 3 weeks with 
symptom improvement. 

 

 
Figure 1. Right foot 1 day after injury. Note minimal 
edema and small focal area of ecchymosis at the me-
dial aspect of the heel.  
 

 
Figure 2. Ultrasound study of injured right foot in the 
emergency department. The red arrow indicates area 
of plantar fascia disruption.  
 
DISCUSSION 

Diagnostic ultrasound should be considered as a 
method for primary evaluation and assessment of sus-
pected traumatic rupture of the plantar fascia. In this 
case, diagnostic ultrasound confirmed the diagnosis in 
an emergency department setting. When compared to 
MRI, diagnostic ultrasound is more affordable and 

more rapid while allowing rule-out of other rare, yet 
serious, conditions such as plantar vein thrombosis.7 

Unlike the conservative treatment of plantar 
fasciitis, which includes stretching, ice massage, night 
splints, orthotics, steroid injection, and shockwave 
therapy8, immediate non-weightbearing for plantar 
fascial ruptures is important. Treatment protocol con-
sists of 2 to 3 weeks of non-weightbearing in a low-
knee or high-top boot, followed by an additional 2 to 
3 weeks of weightbearing in a boot. When properly di-
agnosed and immediately treated, the risk of plantar 
fascial reinjury is minimal and patients can expect 
complete return to activity.9 In this case, the patient 
was able to be immobilized immediately due to the di-
agnosis provided by an ultrasound study. 

This study demonstrates the benefit of rapid con-
firmation of a plantar fascial rupture using diagnostic 
ultrasound. The patient in this report was originally 
treated with 2 weeks of non-weightbearing but had re-
curring symptoms 6 months later. This suggests that 
an earlier or longer period in a non-weightbearing cast 
may have provided a better outcome. In the case where 
no imaging is obtained and the physician mistakes 
plantar fascia rupture for plantar fasciitis, no period of 
non-weightbearing is likely to be recommended, and 
the patient outcome may be suboptimal. Ultrasound 
imaging allows physicians to make the correct diagno-
sis and administer treatment more quickly and confi-
dently, especially in settings where MRI may be diffi-
cult to obtain.  

Currently, there is limited data available on the 
use of ultrasound to diagnose plantar fascia rupture. 
Further research is needed regarding the specificity 
and sensitivity of ultrasound methods for acute diag-
nosis of plantar fascia rupture. 
 
CONCLUSION 

Diagnostic ultrasound has the potential to be a 
useful modality for the diagnosis of acute plantar fas-
cia rupture. While MRI remains the current gold stand-
ard, there is an incentive to switch to a more cost-ef-
fective imaging modality if its sensitivity and specific-
ity is comparable. Additionally, speed and portability 
are valuable in the emergency department setting. In 
this case report, the patient was able to heal from in-
jury using immobilization alone due to immediate di-
agnosis using ultrasound. Future research comparing 
ultrasound to magnetic resonance imaging is neces-
sary to determine which modality is best for assess-
ment of acute plantar fascia injury. 
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Bilateral Leg Ulcers Secondary to Intravenous Heroin Use 
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ABSTRACT 

Heroin is a recreational drug that may cause rare 
and unique complications. In this case report, we re-
view the treatment of a 33-year-old heroin addict, who 
presented to the emergency department with bilateral 
leg bullae and severe, intractable leg pain. Treatment 
included a combined approach of sharp debridement, 
negative pressure wound therapy, hyperbaric oxygen 
therapy, and split thickness skin grafting. This case is 
unique because of the unusual skin reaction resulting 
from intravenous drug usage and the large size of the 
wounds that developed in the lower extremity. 

 
INTRODUCTION 

Diamorphine, known more commonly as “heroin,” 
was first marketed as an over-the-counter opioid to re-
lieve pain. It was banned from use following the dis-
covery of its addictive potential.1 Since 2010, there has 
been a steady increase in the use of nonprescription opi-
oids in the United States, and heroin drug users account 
for 48% of all hospital admissions related to opioid 
overdose.2 Adverse effects from overdose include car-
diac arrest, respiratory depression, withdrawal syn-
drome, and hypothermia.3 The number of heroin-re-
lated overdose deaths per year has increased since the 
early 2000s and is therefore a rising public health con-
cern.2,4 

There have been several case studies reporting rare 
complications from heroin abuse. Some of the reports 
include neurological complications, endocarditis, pul-
monary edema, and skin reactions in an acute setting.5–

7 When a heroin addict presents to the emergency de-
partment, differential diagnoses include the effects of 
heroin itself, needle sharing infections, and effects of 
unknown adulterants mixed with the heroin formula-
tion.8 When the drug is administered intravenously, ab-
sorption is rapid and penetrates into the central nervous 
system.7 Therefore, intravenous injection can cause ma-
jor health complications both due to the method of drug 
administration as well as the sudden systemic physio-
logical changes that result. 

In this case report, we present a patient with a her-
oin skin reaction from intravenous injection in the arm 

that manifested in the lower extremity. A large surface 
area bolus formed on the patient’s legs bilaterally, rup-
tured, and became a wound. At this time, no reports 
have been published on lower extremity drug skin out-
breaks from heroin use or their treatment in a podiatric 
wound care setting.   
 
CASE REPORT 

A 33-year-old female presented to the emergency 
department with complaints of “painful blisters grow-
ing all over her body” that started less than 24 hours 
prior to admission. The patient reported that she was in 
her usual state of health and had been abstinent from 
drugs for the last 3 months. However, she reported self-
administering heroin intravenously into her left arm the 
night before her hospital admission. The patient then 
fell asleep only to awaken 30 minutes later with severe 
painful blisters on both her legs, inner thighs, and left 
axilla. The patient complained of severe intractable 
pain in both her legs that worsened when walking. At 
the time of admission, the blisters began opening and 
draining with clear, serous fluid. She denied any fevers, 
chills, nausea, vomiting, chest pain, or shortness of 
breath. The patient denied any form of skin reaction like 
this occurring in the past. The patient reported a medi-
cal history of back pain, anxiety, and depression. The 
patient had no significant allergies, surgical history, or 
family history. Social history included heroin, mariju-
ana, and tobacco use from the time the patient was 14 
years old until present day. 

Upon hospital admission, the patient was alert and 
oriented to person, place and time, with no fever, chills, 
or nausea. Her respiratory rate was elevated at 22 
breaths per minute. Her other vital signs were normal. 
Lower extremity sensation was intact. Vasculature ex-
amination indicated adequate perfusion of extremities 
with palpable dorsalis pedis pulses, and 2+ graded pit-
ting edema up to the knee with extensive bolus for-
mation on the inner legs bilaterally. Within 12 hours of 
admission, the medial aspect of the left leg showed an 
irregularly-shaped hematogenous bulla, which ex-
tended from the medial malleolus to the proximal me-
dial condyle of the tibia (Figure 1). The patient had no 
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evidence of fractures, burns, or trauma to the lower ex-
tremity. Laboratory data included elevated creatinine 
phosphokinase (5040 U/L), leukocytosis (21.17 x 
109/L), and hypoalbuminemia (2.7 g/dL). Urine toxicol-
ogy screening was positive for benzodiazepines, opiate, 
and tricyclic antidepressants.  

The patient was initially managed by the infectious 
disease specialist with intravenous fluids and bedside 
wound care. The wounds were treated with saline wash 
and covered with dry-sterile dressings. The patient was 
started on complete drug cessation therapy through the 
hospital drug rehabilitation program. Pain management 
was also closely involved in this patient’s care, consid-
ering both her high level of pain and her tendency to-
wards opiate abuse. 

 

 
Figure 1. Left leg bulla upon initial admission.  
 
Podiatric Wound Care  

Following hospital admission, podiatry was con-
sulted for treatment of the lower extremity wounds. 
Prophylaxis for deep vein thrombosis was adminis-
tered. Plain radiographs, magnetic resonance imaging, 
and non-invasive vascular studies were unremarkable. 
Blood cultures and wound cultures were negative for 
pathogens. For 8 weeks, this patient received a combi-
nation of sharp debridement of wounds, negative pres-
sure wound therapy (NPWT) and hyperbaric oxygen 
therapy (HBOT). The patient was unable to have her 
wound vacuums applied bedside because of the severe 
levels of pain she experienced. The patient was brought 
into the operating room under spinal anesthesia a mini-
mum of 3 times per week to receive sharp debridement 
and wound vacuum replacement, a total of 27 surgical 
procedures over the course of 8 weeks. Sharp debride-
ment was performed using a curette and rongeur to re-
move nonviable soft tissue at the wound base and mar-
gins and to promote bleeding and granular tissue. Once 
granular tissue was identified, an electrically powered 
NPWT device was placed over the wound and set to  
-125 mmHg. The patient was also placed in 90-minute 
HBOT session of 100% oxygen bi-weekly, at mini-
mum. The patient was non-weightbearing with a wheel-
chair during treatment. 
 After 4 weeks of the aforementioned treatment reg-
imen, the bilateral wounds extended over a surface area 
greater than 500 cm2. The patient continued to have 2+ 
pitting edema and severe leg pain. All wound borders 

were well demarcated with no signs of maceration, un-
dermining, or necrosis. There was no evidence of peri-
wound erythema, malodor, or tracking. Mild serosan-
guineous drainage was present bilaterally. 

On the right lower extremity, after 4 weeks, was a 
full thickness ulcer with a bright red granular base (Fig-
ure 2). The wound extended from the plantar aspect of 
the midfoot, to the calcaneus, and to the level of the 
middle 1/3 of the tibia. The wound measured 62 cm x 
12 cm and probed to the right 5th metatarsophalangeal 
joint 3 cm deep and to the right plantar calcaneus bone 
3 cm deep. 

The left leg, after 4 weeks, had a full thickness ul-
cer on the medial aspect of the leg starting from the me-
dial malleolus and traveling up proximally to the upper 
1/3 tibia. This ulcer measured 36 cm x 9 cm. During her 
hospitalization, the patient also developed a separate is-
land ulcer on the left foot measuring 2 cm x 2 cm on the 
medial aspect of the left calcaneus.  

 

 
Figure 2. Right lower extremity wound, post-debride-
ment, 4-week progress.  
 

 
Figure 3. Left lower extremity wound, post-debride-
ment, 4-week progress.  
 

After 8 in-patient weeks, the patient was taken to 
an off-site plastic surgeon for soft tissue closure. A split 
thickness skin graft was harvested from the patient’s 
upper right thigh. The graft was meshed and applied to 
both wounds. The right heel was not covered during this 
procedure due to calcaneal bone exposure with positive 
wound culture for Staphylococcus aureus. The postop-
erative result shows wound appearance 10 weeks after 
graft application. The left leg healed with adequate cov-
erage of the large wound, with mild skin contracture 
and edema (Figure 4). The right foot and leg showed 
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similar signs of improved healing following split thick-
ness skin grafting, other than the area of bone exposure 
that was excluded from graft coverage (Figure 5). 

 

 
Figure 4. Left leg following split-thickness skin graft 
application, 10-week progress.  
 

 
Figure 5. Right foot and leg following split-thickness 
skin graft application, 10-week progress. 
 
DISCUSSION 

This wound care case is unique due to the patient's 
background of heroin addiction, the type of reaction 
that occurred after administering heroin, and the size of 
the wounds. Differential diagnoses associated with 
drug use were considered, which include effects of 
adulterants added to street drugs and infection from 
needle use.8 Complications of heroin abuse can include 
mononeuropathy, rhabdomyolysis, compartment syn-
drome, and demyelinating polyradiculoneuropathy.9 
Dermatologically, the patient may develop an unusual 
non-healing wound, abscess, or soft tissue infection.10–

12  
Of these highlighted complications, this patient 

showed signs of rhabdomyolysis; the lab work showed 
highly elevated levels of creatinine phosphokinase. 
Rhabdomyolysis is a condition in which injury to the 
muscle releases myoglobin and creatine kinase into the 
blood, causing renal injury.13 Associated symptoms of 
rhabdomyolysis may include tenderness, muscle weak-
ness, and swelling of the extremities, consistent with 
our patient presentation.14 In rare occasions, rhabdomy-
olysis from heroin abuse can lead to compartment syn-
drome or gangrene.9,13,14 In this case, the patient did not 
experience all of these complications, but the diagnosis 
of rhabdomyolosis still most accurately explains the 

sudden ulceration distal to the site of injection and her 
severe pain.  

The treatment objectives in this case were to reduce 
the size of the ulcer, decrease infection, and prevent am-
putation. This was achieved through basic tenents of 
wound care, which include debridement, ensuring per-
fusion to the area, and reducing bacterial burden.15,16 In 
this case, adjunctive modalities were added to support 
the healing of large, painful wounds. NPWT has been 
shown to decrease edema, promote granulation, and 
draw wound edges together.16–19 In addition, NPWT 
helps protect large wounds from infection and assist in 
removing any wound contamination.18 Normally, a 
wound vacuum is changed bedside, but because of the 
patient’s low pain threshold, all debridement and 
NPWT changes were done in the operating room under 
spinal anesthesia. Furthermore, HBOT was incorpo-
rated into the wound care plan. The patient reported a 
history of prolonged tobacco use, which has been 
shown to decrease the oxygen carrying capability in 
red-blood cells, hindering wound healing.20 HBOT in-
creases the partial pressure of oxygen which is exposed 
to the body to 100%, ultimately increasing oxygen sat-
uration to ischemic areas of the body.20–22 A combined 
wound care treatment using NPWT and HBOT has 
shown to improve and speed up the healing process in 
complex wounds.19,21–23 Once the wound was covered 
with granular tissue at 8 weeks, a split-thickness skin 
graft was able to be applied with success.  

Management of drug addiction is a necessary arm 
of wound treatment. Besides attaining a healthy wound 
base, evidence supports that total secession of drug use 
promotes wound healing.24 In this case report, the pa-
tient began using various recreational substances start-
ing at 14 years of age. Exposure to any recreational 
drugs at a young age results in a higher chance of de-
veloping an addiction.25 Many addicts show extended 
periods of abstinence initially, but return to have an ep-
isode, as seen in this patient.25,26 Abstinence from all 
drug use in this case was facilitated by the patient’s ex-
tended hospitalization and monitoring. 
 
CONCLUSION 

After administering an intravenous heroin injection 
to the arm, a 33-year-old-female developed bilateral 
lower extremity wounds consistent with rhabdomyoly-
sis. Initial skin boluses became large surface-area 
wounds after an initial emergency department course of 
treatment. The patient was referred to podiatry for 8 
weeks of wound care, which included sharp wound deb-
ridement, NPWT, and HBOT. The patient then received 
split-thickness skin grafts and went on to heal both 
wounds. Early wound care and drug abuse cessation is 
crucial in treatment of wounds complicated by drug use. 
Although a podiatrist’s scope of practice pertains to the 



	

Volume 20, Page 61 

lower extremity, it is important to understand the sys-
temic effects a certain diagnosis has on the rest of the 
body. A multidisciplinary approach with other special-
ties such as pain management, plastic surgeons, infec-
tious disease, and drug rehabilitation team show suc-
cessful outcomes, as seen with this patient. 
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