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fractures.1 These changes occur from an imbalance in 
bone resorption and formation, where bone resorption 
outpaces bone formation to cause micro-fractures. The 
body responds to this micro-trauma by initiating an 
inflammatory response, which causes localized edema 
and therefore an onset of symptoms consistent with 
bone fracture.1 
Overuse injuries resulting in stress fracture are found 
in patients who have altered their physical activity 
by either increasing the number of repetitions with a 
relatively large load (such as a previously sedentary 
person suddenly running) or increasing the number of 
repetitions with a usual load (such as a person beginning 
to train for long distance running).2 Additionally, 
changing one’s exercising surface, such as transitioning 
from a treadmill to concrete, or using footwear which has 
lost its shock absorbing capacity may also lead to stress 
fractures.2 Osteoporosis or other bone-disease states, 
such as a vitamin D deficiency, may contribute to the 
weakening of bone. Subsequent physical activity in this 
population may result in a stress fracture. Stress fractures 
most frequently occur in weight-bearing bones such as 
the 2nd and 3rd metatarsals of the foot, the calcaneus, 
talus or the navicular.1
Vitamin D plays an integral role in the process of bone 
remodeling through its interaction with osteoclasts and 
osteoblasts. Vitamin D can be absorbed through diet 
but most of the body’s vitamin D is formed within the 
epidermal layer of skin after exposure to UVB radiation.3 
Vitamin D from the diet or epidermal synthesis is 
biologically inactive and requires enzymatic conversion 
to active metabolites. Vitamin D is transported to the liver 
and converted into 25-hydroxyvitamin D (25(OH)D), 
which is the major circulating stable form of vitamin D 
with a half-life of approximately 2 weeks.4 Measuring the 
amount of 25(OH)D in the blood can accurately reflect 
an individual’s current vitamin D status. Studies have 
shown that the optimal serum 25(OH)D concentration 
for maintaining healthy bone density is between 20 

ABSTRACT
Vitamin D deficiency has been shown to contribute 
to fractures and poor fracture healing potential. The 
goal of this paper is to identify the prevalence and 
association between a vitamin D deficiency in patients 
with a stress fracture of the foot or ankle. Vitamin D 
plays an integral role in bone remodeling through 
interactions between osteoblasts and osteoclasts and 
is crucial for bone turnover, which occurs with stress 
fractures. Through the examination of multiple research 
studies which assessed the role of vitamin D in both 
prevention and treatment of stress fractures, we found 
that hypovitaminosis D is prevalent in individuals 
with stress fractures of the foot or ankle. In addition, 
while the effectiveness of supplemental vitamin D in 
enhancing or expediting the healing of stress fractures 
is still unclear, research supports that prophylactic 
vitamin D supplementation is effective in reducing the 
risk of developing stress fractures. 

INTRODUCTION
In bone remodeling, or bone metabolism, a constant state 
of turnover occurs where old bone is reabsorbed and 
new bone is formed. Osteoclasts resorb bone whereas 
osteoblasts are the cells responsible for new bone 
formation. This remodeling process occurs primarily as a 
response to mechanical stress. The amount of remodeling 
depends on the rate and frequency of loading cycles that 
bone is subjected to.1
Stress fractures occur when the rate of microscopic 
damage exceeds that of bone repair after being subjected 
to repeated compressive or tensile stresses over time, 
which results in a small ‘hairline’ fracture. Instead of 
resulting from a single traumatic incident, stress fractures 
are due to an accumulation of microtrauma. None of the 
individual stresses leading to damage are severe enough 
to cause bone to fracture.2 A sudden increase in physical 
activity without sufficient rest periods may lead to 
pathologic changes in bone and the formation of stress 

Literature Review: Associated Hypovitaminosis D 
with Stress Fractures of the Foot and Ankle

Sara Shirazi, B.A., Laura Lee, B.S., Charlotte George, B.S., Desiree Dalcherone, 
B.S., Nava Mohammadi, B.S.
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and 40 ng/mL (50 to 100 nmol/L).5 25(OH)D must be 
converted in the kidney to 1,25-dihydroxyvitamin D (also 
known as calcitriol) to become the active form of vitamin 
D. Calcitriol induces bone resorption and stimulates gene 
expression in osteoblastic cells, which in turn induces 
osteoclastogenesis.4 The production of osteoclast cells and 
the stimulation of PTH-induced osteoclastic activation 
leads to bone resorption, a key component in the bone 
remodeling and healing processes. 

CLINICAL PRESENTATION
A retrospective study by Miller et al. showed that 
individuals with low energy stress fractures and 
associated vitamin D insufficiency present with a 
common list of clinical presentations. These include: 
serum vitamin D level < 40 ng/mL, an average age of 43 
years, and an overweight body mass index (BMI).3 All 
patients in the study initially presented with suspected 
low energy stress fractures and lower extremity pain.3 
Individuals may present with pain upon weight bearing, 
yet have no osseous changes that are visible by initial 
radiographic studies (Figure 1). However, diagnosis of 
stress fracture may be confirmed with a more sensitive 
magnetic resonance imaging exam (Figure 2).3 

A study by Smith et al. also shows that hypovitaminosis 
D levels are associated with low energy stress fractures, 
such as a fall < 5 feet, a repetitive stress injury, or a 
sports injury. In a sample size of 75 patients, females 
more commonly experienced stress fractures.6 It has 
been confirmed through several studies that a serum 
25-hydroxyvitamin D (25(OH)D) level of < 40 ng/
mL is indicative of insufficiency, whereas a range 
of 40–80 ng/mL is considered normal.7 One study 
examined military recruits and female runners, who 
are two groups considered high risk populations for 
hypovitaminosis D and, subsequently, stress fractures.5 
In this high risk population, it has been shown that the 
first few months of training lead to a period of high 
bone turnover, increasing the risk of stress fractures.7

The clinical presentation and demographic for higher 
incidence of stress fractures in vitamin D-deficient 
populations is as follows: female, Caucasian, middle 
age, and/or individuals with a high bone turnover who 
sustain repetitive or low-energy trauma injury. 

TREATMENT
To treat acute stress fractures, it is important to consider 
both the basic science of bone healing and the etiology 
of stress fractures. In its simplest form, any bone injury 
requires a period of non-weight bearing and protection 
from further bone injury. Though exact treatment 
protocol depends on which bone has a stress fracture, 
metatarsals with normal bone density can be stabilized 
with a stiff post-operative shoe.1 However, if any 
subluxation or displacement occurs, it is recommended 
for the patient to ambulate in a short leg cast or 
removable fracture brace for 4–6 weeks.8 Though 
usually unnecessary, an initial period of non-weight 
bearing for 2–3 weeks can also be added to the treatment 
protocol.1 This can be useful when treating more risky 
stress fractures, such as those in vitamin D deficient 
patients. Serial radiographs would prove additionally 
useful in monitoring the recovery process. In cases of 
more severe displacement, surgical intervention to gain 

Figure 1.  Initial radiographic image of the left foot of 
a 51-year old female patient.  This image does not show 
findings indicative of a stress fracture.  [Photo courtesy of 
Jason Miller, DPM]

Figure 2.  T2-weighted MRI image indicative of stress 
fracture with increase signal of the third metatarsal and 
peripheral soft tissue.  The patient’s vitamin D serum level 
was 33 ng/mL.  [Photo courtesy of Jason Miller, DPM]
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stability may be indicated.1 It should be noted that the 
current level of evidence is insufficient in proving that 
vitamin D supplementation for fractures will contribute 
to an expedited healing process.9

Although vitamin D supplementation and its potential 
contribution to fracture healing is inconclusive, there 
is evidence to support its efficacy in the prevention of 
stress fractures. For long-term care of patients whose 
stress fractures stem from a vitamin D deficiency, a 
serum 25(OH)D level of ≥ 40 ng/mL may be optimal 
for stress fracture prophylaxis.3 Another important 
factor to consider is excess biomechanical stress on 
individual bones, which may require modification of 
footwear, orthoses or custom shoe modification.

CONCLUSION
Vitamin D is essential for bone healing, and 
studies have demonstrated an association between 
hypovitaminosis D and stress fractures. Based on our 
review of the literature, hypovitaminosis D is prevalent 
in individuals with stress fractures of the foot and 
ankle. One shortcoming in the few foot and ankle 
studies is the typically small sample size. Small sample 
sizes may limit subject diversity, and may also make 
the effect of confounding variables more pronounced. 
The effectiveness of supplemental vitamin D on 
enhancing or expediting the healing of stress fractures 
is still unclear; however, prophylactic vitamin D 
supplementation seems to be effective in reducing the 
risk of developing a stress fracture. Although vitamin 
D levels of >30 ng/mL are known to be sufficient in 
adults, >40 ng/mL is recommended to prevent stress 
fractures in at-risk populations.3 In conclusion, it is 
imperative to take a thorough past medical history to 
identify a wide scope of etiologies of stress fractures 
including metabolic disorders. 
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and the use of various dressings and topical agents 
designed to facilitate wound closure and promote 
re-epithelialization. However, additional advanced care 
modalities for the treatment of neuropathic foot ulcers 
exist and include the use of growth factors, bioengineered 
tissue, electrical stimulation, ultrasound therapy, 
negative pressure wound therapy, and hyperbaric oxygen  
therapy (HBOT).3

MECHANISM OF ACTION
HBOT begins with the patient entering a sealed chamber 
and inhaling 100% oxygen at pressures higher than 
normal atmospheric pressure at sea level (1 ATM = 14.7 
pounds per square inch = 1 kg per square centimeter = 
760 mmHg).3–6 As a result, the patient inhales 20 times 
more oxygen directly into their bloodstream.7 
The National Fire Protection Association has classified 
two different types of chambers: Class A accommodates 
multiple patients and Class B is reserved for one patient. 
The Class A chamber is constructed using aluminum 
and steel and delivers 100% oxygen at pressures of 
6 ATM via an individual mask. Some benefits of a 
multi-occupancy chamber include a more spacious 
environment for the patient, the allowance of up to 20 
patients to be treated simultaneously, and the ability for 
health care providers to join the patient in the chamber 
in the event of an emergency. A disadvantage to multi-
patient chambers is the risk of transmission of infection 
throughout the chamber. In a Class B chamber with 
single-occupancy, patients may feel claustrophobic. 
Patients are not required to wear a mask in a Class B 
chamber because it is oxygen-pressurized and instead 
inhale 100% oxygen at pressures of 3 ATM. The first 
10–15 minutes after entering the chamber is known 
as the compression phase, during which the chamber 
pressurizes, and the average duration of HBOT therapy 
sessions is 90 minutes. Patients may feel discomfort and 
fullness within their ears during the compression phase. 
Once the chamber reaches full pressure, patients are then 
able to rest, sleep, or even watch television throughout 
the remainder of the session. Towards the end of the 

ABSTRACT
For the podiatric medical student on clinical rotations, 
seeing patients with complications of diabetes mellitus 
is a frequent and important part of training. Among these 
diabetic complications, understanding the intricacies 
of wound care can be a challenge. Currently, several 
standard treatments are used to manage diabetic 
neuropathic wounds including mechanical and surgical 
debridement, pressure off-loading, and strict glycemic 
control. However, despite keen management, neuropathic 
ulcerations often become chronic. Adjunctive therapies 
are used in an effort to prevent infection, wound-related 
amputations, and ultimately, disability and morbidity. 
These include negative-pressure wound therapy, skin 
substitutes, surgical reconstruction, and hyperbaric 
oxygen therapy, to name a few. Of these adjunctive 
therapies, hyperbaric oxygen therapy has shown to be 
an effective treatment for the neuropathic foot ulcer. 
This article aims to briefly inform the podiatric medical 
student about the use of hyperbaric oxygen therapy in the 
treatment of neuropathic foot ulceration.

INTRODUCTION
Patients with diabetes are prone to several foot disorders, 
including neuropathy, peripheral arterial disease, infection, 
and ulceration. Of these complications, foot ulcers are the 
most common and characteristic foot wound among this 
population and remain a significant source of morbidity and 
disability. According to a 2007 study by Rathur et al., about 
1 in 5 patients with neuropathic foot ulcers will subsequently 
require amputation.1 In a 2014 National Diabetes Statistics 
Report by the Centers for Disease Control and Prevention, 
about 60% of non-traumatic lower-limb amputations 
among people aged 20 years or older occur in people with 
diagnosed diabetes.2 Furthermore, in the United States, the 
3–5 year mortality rate of a patient with a diabetes-related 
amputation is 50%.3 Thus, the prevention of amputation is 
of utmost importance. 
Currently, the standard treatment options for the 
management of diabetic foot ulcers include mechanical 
and surgical debridement, pressure relief and off-loading, 

Hyperbaric Oxygen Therapy for Diabetic Foot Ulcers:
An Introduction for the Podiatric Medical Student

Johann-Christian Abordo, B.S., Stephanie Ko, B.S.
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session, the decompression phase of therapy will involve 
an equalization of ear pressure for the patient.3,4

HBOT is a useful tool in healing neuropathic foot 
ulceration. Patients with foot ulcerations may benefit 
from adjunctive therapy to enhance oxygen delivery 
to their tissues. Oxygen enrichment helps regenerate 
viable tissue, increases the presence of fibroblasts, and 
promotes the formation of healthy granulation tissue 
at the wound base. Furthermore, oxygen availability 
is crucial to the wound healing process, given that 
8% of diabetic patients concomitantly present with 
peripheral vascular disease and hypoxemia at initial 
ulcer diagnosis.3,8 In an environment of oxygen delivery 
with increased pressure, in vitro phagocytosis in tissues 
with declined perfusion ability is enhanced.9 
Reactive oxygen species are an oxygen derivative and, 
upon enzyme conversion, mediate wound-healing 
processes such as the production of extracellular matrix 
and angiogenesis.3 Hypoxic conditions can be treated 
with enhanced angiogenic properties using HBOT. 
Following a series of HBOT sessions in diabetic patients 
with chronic wounds, research supports that the density of 
capillary growth can be increased to 80% of the original 
tissues.10–12 Moreover, certain antibiotics require oxygen 
to function.3 Therefore, restoring circulation to the wound 
site has a profound effect on overall healing potential.

INDICATIONS
Currently, there is no unanimous agreement on the 
indications for using HBOT in the treatment of diabetic 
foot ulcers. The partial pressure of oxygen is increased 
to help aid in the tissue-healing process. The U.S. Food 
and Drug Administration is currently in favor of using 
HBOT as an adjunctive tool in treating diabetic foot 
ulcers. However, a study from the National Institute 
of Clinical Excellence in the United Kingdom did not 
support HBOT for diabetic foot wounds.13

New studies are leaning towards more standardized 
criteria for patients requiring HBOT. This may include 
chronic diabetic neuropathic foot ulcers which fail to 
show signs of healing for 6 weeks to 3 months, patients 
who do not require lower extremity vascular intervention, 
and patients demonstrating compliance to undergo a 
series of HBOT sessions.14,15 Additionally, according to 
the Undersea and Hyperbaric Medical Society, HBOT 
has proven to be effective and is currently indicated 
in a variety of other conditions including carbon 
monoxide poisoning, compartment syndrome, anemia, 
osteomyelitis, and burns.3 Since 2003, Medicare and 
Medicaid have approved coverage of HBOT for patients 
with Wagner grade 3 ulcers or greater that have not shown 
improvement via standard wound care modalities.3
It is important to note the contraindications for 
HBOT. Untreated pneumothorax is the only absolute 

contraindication for HBOT. Relative contraindications 
include a history of upper respiratory infection, grand 
mal seizures, an inability to equalize ear pressures, 
and claustrophobia. Care must be taken to record the 
patient’s medications, because aspirin at high doses, 
morphine, and corticosteroids should not be consumed 
while undergoing HBOT.3,4

CLINICAL OUTCOMES

Effects on ulcer healing
A study by Löndahl et al. in 2010 showed that 61% of 
patients who underwent HBOT reached absolute wound 
healing, as compared to 27% in the control group who 
were treated conservatively for a minimum of three 
months.14 At one year follow-up, twice the number of 
HBOT patients had ulcers that were healed.14 In two 
independent studies by Abida et al. and Duzgan et al., 63% 
and 82% of HBOT patients’ wounds healed as compared 
to the control group, respectively.15,18 Furthermore, a 
randomized study by Kessler et al. demonstrated that the 
use of HBOT in patients with Wagner grades 1–3 ulcers 
doubled reduction in ulcer size compared to the control 
group when used for 90 minutes twice per day, five days 
each week, for a two-week treatment period.16

Effects on amputation
The study by Löndahl et al. study did not show a 
positive correlation between HBOT and the prevention 
of amputations.14 However, an 11% increase in 
amputation rate for non-HBOT patients was reported 
by Duzgun et al., who revealed that HBOT decreases 
the likelihood of an amputation.18 Due to the limited 
amount of evidence and absence of standardized 
indications, Löndahl et al. and Duzgun et al. concluded 
that it is currently difficult to prove that HBOT 
decreases the rate of amputation.14,18

ADVERSE EFFECTS
Undergoing HBOT is considered safe, but, as with all 
treatment modalities, there are risks and complications.20 
The most common adverse event is middle-ear 
barotrauma resulting from the inability to equilibrate 
ear pressures during the compression phase of HBOT.14 
Out of approximately 11,000 patients surveyed, 17% 
expressed discomfort in their ears. Another adverse 
effect caused by HBOT is pulmonary barotrauma. If the 
patient is unable to exhale the excess gas volume during 
the decompression phase, the dangerous rise in pressure 
could lead to pulmonary tears resulting in air emboli. 
However, the reported rate of pulmonary barotrauma 
occurrence is about 0.002%.21,22 Lastly, there have been 
reports of 88 deaths in 36 different chamber fires due 
to the increased fire hazard when the chambers were 
oxygen pressurized.14,24
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COST EFFECTIVENESS
From an economic standpoint, HBOT is a time-
consuming and expensive treatment modality where the 
cost of a full treatment regimen for non-healing diabetic 
wounds differs among facilities. The cost for acquiring 
one chamber alone can range anywhere from $400,000 to 
millions of dollars, depending on the patient capacity of 
the device. Each treatment cost is influenced by several 
factors such as overhead service fees, reimbursement 
rates, and the patient volume using the service.4,12 

Although there are currently over 750 facilities in the U.S. 
that have access to hyperbaric oxygen chambers, HBOT 
is only available to a limited number of communities.25 
A full course of treatment in the United States can cost 
up to $50,000 with Medicare and $200,000 if paid in 
private, and on average will require multiple sessions 
totaling up to 60 hours in the chamber. Charges range 
from $200 to $1,250 per treatment session.4,26 In a 2003 
study by Guo et al., the incremental cost of HBOT for a 
non-healing diabetic wound was estimated to be $5,166 
per year after five years (accounting for quality-of-life 
adjustments).27 Compared to the high direct medical cost 
associated with a major amputation and rehabilitation, 
HBOT might actually decrease the cost of care for 
diabetic non-healing wounds in the first year following 
therapy.28 Overall, HBOT as an adjunct therapy for 
diabetic non-healing wounds has been shown to be cost 
effective and potentially cost saving.29

CONCLUSION
HBOT is an acknowledged adjunctive therapy for 
refractory neuropathic foot ulcerations. It has shown 
to increase the rate of ulcer healing in the long-term, 
improve the number of completely healed wounds, and 
ultimately, reduce the need for amputation.3,26 
Despite several supporting studies (dating back to 
the first reports nearly four decades ago), the lack of 
large-scale randomized trials has long plagued the 
validity of HBOT for diabetic foot ulcers.30 It should 
be noted, however, that despite these suboptimal 
studies, the consistency of positive results should not 
be overlooked.28 Moreover, the need for additional 
properly designed clinical trials is evident, especially 
when justifying the steep cost of treatment. 
In order to better define the role of HBOT in treating 
diabetic foot ulcers, future research should aim to 1) 
develop comprehensive criteria for selecting patients 
who are most likely to benefit and 2) determine optimal 
treatment protocols for successful therapy.31
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INTRODUCTION
A glomus tumor was first clinically described by Hoyer 
and Wood in 1812,1 and was later defined in detail 
by Masson in 1924.2  Glomus tumors are a rare type 
of neoplasm, accounting for less than 2% of all soft 
tissue tumors.3 A glomus tumor can appear in any part 
of the body, though it most frequently appears in the 
extremities. In women, 75% of cases appear in the 
subungual level and deep dermis of the hand. In men, 
the subungual area of the toes, the plantar surface of 
the heel, and the arch of the foot are the most common 
locations that these tumors will arise.4 As seen in 
Figure 1, 90% of glomus tumors are solitary and do not 
exceed a diameter of 1.0 cm, and they occur as bulging, 
unencapsulated masses with nodular, deep red, and 
irregular surfaces.5 Malignant evolution of this lesion is 
extremely rare, although it has been documented.5 
Histologically, glomus tumors arise from neoplastic 
proliferation of modified perivascular smooth muscle 
cells and are comprised of a collecting venule, an afferent 
arteriole, and an anastomotic vessel. This tumor type stems 
from the Sucquet-Hoyer canals within a glomus body, 
which is a neuromyoarterial canal system responsible 
for thermoregulation and blood flow to the skin.6,7 
Glomus tumors appear microscopically as branching 
vascular channels primarily lined by endothelial cells 
and interspersed with glomus cells of various shapes to 
subsequently form sheets, trabeculae, and nests.5
Diagnosis of glomus cell tumors can be difficult, as they 
are closely related to other pericytic tumors. Accurate 
diagnosis relies on the aforementioned histologic 
features as well as the clinical presentation. Upon 
physical examination, a superficial mass is sometimes 
detectable within a tender area, which presents as a 
red-blue nodule.8  In this review we will examine the 
published literature to address the diagnosis, imaging, 
and recommended surgical interventions for glomus 
tumors. In addition, we will address the complications 
and outcomes of treatment.

IMAGING
The literature shows that various imaging modalities 
have been used to diagnose glomus tumors.8 These 

Glomus Tumor: A Review of the Literature
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Figure 1.  (A) Subungual mass can be visualized with 
discoloration of the nail bed of the third toe.  Sagittal 
(B) and transverse plane (C) MRI T1-weighted images, 
respectively, demonstrating the subungual mass and 
erosion of the distal phalanx.  (D) and (E) depict tumor 
excision and required subsequent nailbed removal.  (F) 
shows primary closure of the effected digit.  Once tumor 
is removed, it can be sent to pathology (G) for histological 
examination.  (H) Photo from a 39-month post-operative 
follow-up appointment.  [Photo permission courtesy of 
Sage Publications, Inc.]
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the development of MRI technology. Glomus tumors 
appear as enhanced, well-circumscribed soft tissue 
masses on T2-weighted images (Figure 3). On a 
T1-weighted image, the lesion appears as a well-
marginated subungual mass with low signal intensity 
(Figure 4). These MRI findings allow the practitioner 
to detect lesions early—often before clinical symptoms 
such as pain and tenderness are present—allowing an 
earlier diagnosis to be made.10 The practitioner may also 
order pathology labs to differentiate a glomus tumor 
from other pericytic tumors such as myopericytoma 
or myofibromatosis and assist in diagnosis.11  Upon a 
histological exam, and as seen in Figure 5, there are 
a few characteristic features of glomus tumors, which 
include the presence of well-demarcated, round cells 
“arranged in a perivascular growth pattern.”11  The latter 
two lesions have ill-defined borders and larger, more 
spindle-shaped cells with increased cytoplasm.11 

DISCUSSION
Glomus tumors are a benign neoplastic growth of 
modified perivascular smooth muscle cells.12 These 
lesions historically present in middle-aged women, 
and occur 75% more frequently in the hands than 
any other sites of the upper and lower extremities.8 
The classic clinical triad presents as pain, point 
tenderness, and temperature (cold) hypersensitivity. It 
has also been shown to have an association with the 
monogenic disorder neurofibromatosis type 1. Patients 
with neurofibromatosis type 1 should be specifically 
questioned about finger or toe pain.7

Unfortunately, delays in diagnosis—or even 
misdiagnosis—are common with glomus tumors. 
Symptoms are often present for an extended period of 

modalities include plain radiographs (X-ray), 
ultrasound, thermogram, arteriogram, and magnetic 
resonance imaging (MRI). Typically, the affected 
digit appears unremarkable on a radiograph. However, 
radiolucency becomes evident once the subungual 
lesions have crossed the periosteal border and begin 
to erode the osseous proximal phalanx (Figure 2).9 
The accuracy and ability to diagnose glomus tumors 
earlier in their formation has greatly advanced with 

Figure 2.  AP 
radiograph of 52-year-
old male with several 
month history of 
left second toe pain, 
tenderness to palpation, 
and abnormal nail 
morphology at the 
level of distal phalanx.  
[Photo courtesy of 
Samir Trehan, M.D.]12

Figure 3.  T2-weighted 
sagittal plane MRI of 
the right foot showing a 
hyperintense lesion with 
a hypointense rim at the 
distal phalanx.  [Photo 
courtesy of Jamari 
Sapuan, M.D.]13

Figure 5.  Histology slide showing glomangioma with 
prominent network of anastomosing vessels surrounded by 
glomus cells.  Hematoxylin and eosin stain-200x.  [Photo 
courtesy of Samir Trehan, M.D.]12

Figure 4.  T1-weighted MRI of the right forefoot.  Black 
arrow denotes a well-marginated subungual mass with 
low signal intensity.  Appearance is consistent with a 
glomus tumor.  [Photo courtesy of Timothy Pater, M.D.]8
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lesions. Once an appropriate diagnosis is made, surgical 
treatment consisting of marginal tumor excision has 
been shown to result in both symptomatic relief and an 
ultimate cure.12
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time before a patient seeks medical attention. This delay 
may be due to the intermittent nature of the pain, which 
typically worsens at night.8  Misdiagnosis may be the 
result of clinical symptoms that often mimic other more 
common diagnoses. Delay in diagnosis varies wildly in 
the literature, ranging from 4 months to 15 years after the 
onset of symptoms.8  In addition, patients may endure 
many years of symptoms prior to seeking medical 
attention.8 Glomus tumors have many symptoms in 
common with other pathologies, including neuroma, 
ingrown toenail, entrapment neuropathy, infection, 
melanoma, pseudogout, gout, and clinical depression, 
and these similarities may complicate diagnosis.9,12,14–17 
Patients with less classically presenting glomus tumors 
are more likely to face a diagnostic dilemma requiring 
further studies to distinguish the lesion from more 
common diagnoses.8 

SURGICAL INTERVENTION
After correct diagnosis is made with histological 
examination and imaging, surgical removal of the 
glomus tumor is the definitive treatment. Previous 
surgical methods accessed the tumor via the nail and 
nail matrix.18  Today, new surgical methods use a 
procedure that leaves the nail matrix untouched. A full-
thickness vascularized skin flap exposes the tumor, 
allowing it to be easily removed from the epithelial 
bed.18 A study performed by Horst et al. included 
seven cases in which vascularized full-thickness skin 
flaps were created by careful subperiosteal dissection 
without damaging the nail matrix.18  The glomus 
tumor was then removed with a small surgical blade 
or curette. Postoperatively, all seven patients reported 
to be pain-free within three to six months of surgery. It 
has been reported that recurrent symptoms are rare, and 
the recurrence of symptoms is suggestive of incomplete 
surgical debridement of the tumor.8  Although glomus 
tumors are benign and absent of malignant histological 
features such as high mitotic count, high nuclear grade, 
and large size, surgical resection is an appropriate 
approach to eliminate discomfort.19

SUMMARY
Successful diagnosis of glomus tumors relies heavily 
on clinical presentation and the healthcare practitioner 
having a high index of suspicion. Given the potential 
for a vast array of differential diagnoses and the glomus 
tumor’s low level of incidence, some patients may 
undergo unnecessary surgical treatment and or medical 
management prior to reaching the correct diagnosis. 
By using certain clinical findings to rule out other 
pathologies, including examination of the nail, point 
tenderness, cold hypersensitivity, and MRI, healthcare 
practitioners can more accurately diagnose these 
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Current surgical treatments of OCDs are reserved 
for symptomatic focal lesions that fail to respond to 
conservative treatment modalities. Chronic lesions 
that remain symptomatic despite a trial of conservative 
measures should be considered for surgical treatment, 
which include bone marrow stimulation through 
arthroscopic guidance, autologous osteochondral 
transplant (i.e. osteochondral autograft transfer 
system [OATS]), transmalleolar drilling, and 
allogenic osteochondral transplantation (i.e. De Novo 
NT® allograft).5 
The common drawbacks to surgical management 
of OCDs of the talus include the development 
of fibrocartilage rather than hyaline cartilage, 
access difficulty, donor site morbidity, necessity 
for transmalleolar osteotomies, and the need for 
multiple procedures.5  Therefore, an optimal surgical 
technique for repair of an OCD of the talus would 
be single-staged, completely arthroscopic in nature, 
have minimal morbidity, and produce durable tissue 
that closely resembles articular cartilage.3

The purpose of this article is to review the current 
literature regarding the etiology, presentation, and 
surgical/non-surgical treatment modalities for OCDs 
of the talus.

CLINICAL PRESENTATION
Most osteochondral lesions of the talus are attributed 
to traumatic events. However, lesions of non-traumatic 
origin may also occur in up to 24% of cases. Clinically, 
osteochondral lesions are seen about 70% of the time 
in males and occur at an average age of 20 to 30 years 
with no apparent ethnic predilection.2 The clinical 
presentation of osteochondral lesions can be either 
insidious or acute. The patient should be questioned 
about a history of trauma, pain, swelling, intra-
articular mechanical symptoms, and activity-related 
pain. Furthermore, the clinician should inquire about 
the onset and course of the pathology, as well as prior 
treatments attempted.

INTRODUCTION 
Osteochondral defects (OCDs) of the talus involving 
talar articular cartilage and subchondral bone are 
common pathologies found in patients with chronic 
debilitating pain after ankle sprains.1  In the United 
States, ankle sprains have an estimated occurrence of 
27,000 daily injuries.2  Up to 50% of acute ankle sprains 
and ankle fractures may lead to an osteochondral 
lesion. These lesions can be characterized by 
compression or separation of a fragment of articular 
cartilage, with or without attached subchondral bone.3 
Cartilage has poor blood supply and therefore reduced 
healing potential, which can subsequently lead to a 
slow and relentless progression toward increasing 
size and severity of a lesion. This ultimately leads to 
degenerative arthrosis.2

Modern advancements in cartilage-sensitive imaging, 
such as magnetic resonance imaging (MRI) and 
computed tomography (CT), have led to a drastic 
increase in the detection rates of talar OCDs. As a 
result, a greater in-depth analysis of existing treatment 
strategies has become a necessity in treating these 
lesions. OCDs of the talus are typically diagnosed 
through the use of imaging, in conjunction with a 
detailed history, physical, and objective findings from 
the patient. Treatment is typically dictated by the size, 
location, severity of the lesion, and patient profile.2 
Nonoperative treatment of OCD lesions is indicated 
for cases which are asymptomatic or discovered as 
non-displaced for both children and adults.1  Current 
proposed nonoperative treatments for OCDs of the 
talus include rest and cast immobilization, hyaluronic 
acid and platelet-rich plasma injections, hyperbaric 
oxygen therapy, and several other modalities. 
However, Berndt and Harty found that 75% of 
adult patients who were treated with rest and cast 
immobilization, irrespective of the stage of the lesion, 
had poor results.4  Due to this reason, there exists an 
impetus to develop better nonoperative treatment 
modalities and lesion staging systems.

Osteochondral Lesions of the Talus:
An Evidence-Based Review of the Literature
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Patients commonly report an initial traumatic event, 
such as an inversion ankle injury that resolves after a 
few weeks but may evolve into chronic pain, limited 
range of motion of the ankle, instability, or locking.5 
Symptoms are also associated with lateral ankle 
ligament laxity that is often exacerbated by prolonged 
weight bearing and activity.3 Shearer and colleagues 
reported on 92 adult subjects with osteochondral 
lesions of the talus. Eighty-nine percent of those 
subjects were able to recall having had a previous 
ankle injury, 94% had pain with activity, and more 
than 66% reported ankle swelling, while relatively 
few subjects reported catching and locking of the 
ankle joint.6

PHYSICAL EXAMINATION
Upon physical examination, patients with osteochondral 
defects of the talus typically complain of diffuse 
tenderness rarely localized to the specific location of 
the OCD. The talar dome should be palpated with the 
ankle in both dorsiflexion and plantarflexion to assess 
the location of maximal tenderness. Ankle stability can 
be assessed with an anterior and posterior drawer test 
as well as inversion and eversion testing of the ankle. 
Motion of the ankle joint during ankle plantarflexion and 
dorsiflexion should be compared with the contralateral 
side. Additionally, the subtalar joint should be assessed 
in order to determine if a subtalar coalition exists, as this 
will change treatment strategies. The medial and lateral 
ankle ligaments should be palpated for tenderness 
to identify if a concomitant ankle sprain is present.7 
One study found that 50% of subjects had decreased 
ankle dorsiflexion, 20% had detectable loss of subtalar 
joint motion, 15% of subjects had detectable swelling 
of the ankle joint, and 19% had a positive anterior  
drawer sign.6

Given the nonspecific nature of the physical exam 
findings, the diagnosis of osteochondral lesions of 
the talus is confirmed through the use of imaging and 
should not be based on findings solely obtained from 
a history or physical examination.3 Several other 
common causes of ankle pain should be included in the 
clinician’s differential diagnosis, such as syndesmotic 
injury, impingement syndromes, arthritis, occult 
fracture, lateral ankle instability, tarsal coalition, and 
pathology of the subtalar joint.7

OSTEOCHONDRAL LESION LOCATION
Berndt and Harty originally noted that osteochondral 
lesions were located most commonly posteromedially 
(57%) or anterolaterally (43%) on the talus.4 However, 
more recently, in a series of 428 patients, Elias et al. 
found medial talar dome lesions to be far more common 
and significantly larger than lateral lesions.8 Elias 

and colleagues divided the talar dome using a novel 
9-zone anatomic grid system of the talus to evaluate 
the true frequency of OCDs of the talus. Additionally, 
the study showed that, with regard to the specific 
zones of injury of the talus, the centromedial zone 
of the talus was the most common lesion site (53%), 
followed by the centrolateral zone (25.7%), while the 
posteromedial (6.8%) and anterolateral zones (2.3%) 
were the most rare.8 
The prognostic significance of the lesion location 
remains a topic of debate. Schimmer et al. reported 
better outcomes in patients with medial lesions 
compared with those of lateral lesions.9 Furthermore, 
knowing the exact lesion location aids in pre-
operative planning. Maximal exposure with minimal 
complications is often difficult to achieve, thus 
adequate pre-operative planning and the determination 
of lesion location is imperative.11 

IMAGING
In the past, plain radiographs have been employed as 
the first-line imaging technique in the diagnosis of 
OCDs. However, because of the recent advancements 
in cartilage-sensitive imaging such as MRI and CT, the 
extent and severity of OCD lesions can now be better 
evaluated. These techniques can aid the surgeon in 
determining if grafting is indicated for treatment.
Plain radiographs typically include plantarflexed-
mortise and dorsiflexed views of the ankle. The 
plantarflexed-mortise view allows adequate visualization 
of posteromedial lesions, while the dorsiflexed view 
of the ankle allows visualization of anterolateral or 
anteromedial lesions. However, Dragoni and colleagues 
found that plain radiographs could miss up to 50% of the 
injuries, due to inability to adequately assess the state of 
the cartilage.12 
The ability to assess the state of the patient’s cartilage 
is best done through the use of MRI. MRI can detect 
bone edema and has the capacity to distinguish between 
normal, native cartilage, repair cartilage (including 
fibrocartilage), and synovial tissue. Given these 
characteristics, MRI is now becoming the gold standard 
in imaging OCDs. A potential drawback of MRI is the 
tendency to exaggerate the size of OCDs.2
While MRI may overestimate the size of OCD lesions, 
CT does not. Therefore, CT is a useful modality in 
estimating and comparing perioperative lesion size. 
While CT can accurately assess lesion size, it does not 
assess the viability of cartilage as well as MRI.2
While many imaging modalities exist, current literature 
suggests that each modality has its limitations in 
evaluating OCDs. Therefore, clinicians often utilize 
multiple imaging modalities to assess OCD lesions.
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CLASSIFICATION SYSTEMS
Given the advancements in imaging modalities, four 
classification systems have been proposed and are 
utilized in most recent literature.  The oldest and most 
commonly used classification system is the Berndt and 
Harty system.4  This 4-stage system was developed 
in 1959 and is based on radiographic observations.  
Shearer et al. proposed an added 5th stage (all stages 
listed in Table 1).  The 5th stage includes subcortical 
radiolucent defects without cortical fragmentation that 
are detectable via CT or MRI.6 

The Ferkel et al. CT classification is a second system 
that has been more recently popularized given its 
practical application to arthroscopic interventional 
procedures (Table 2). The 5 Ferkel stages allow for 
3-dimensional visualization, and therefore may assist 
with pre-operative arthroscopic planning (Figures 1 
and 2).11 A third classification system was defined by 
Borne et al., and is recognized by the International 
Cartilage Repair Society.13  It is an arthroscopic OCD 

TABLE 1.4,6

TABLE 2.11

Figure 1. Ferkel et al. computed tomography classification 
system of osteochondral defects of the talus.11  Stage I: 
Cystic lesion within the dome of the talus, intact roof on all 
views. Stage IIA: Cystic lesion with communication of talar 
dome surface. Stage IIB: Open articular surface lesion with 
underlying non-displaced fragment. Stage III: Undisplaced 
lesion with lucency. Stage IV: Displaced fragment. Figure 
reused with permission from Richard M. Ferkel, M.D. and 
Sage Publishing.

Figure 2.  CT scan of a Ferkel et al. stage 3 lesion of the 
medial dome of the talus.  A: Coronal view showing lucency 
under the lesion, indicative of a fibrous membrane.  B: 
Axial view showing the anterior-posterior size of the lesion 
on the medial talar dome.11  Figure reused with permission 
from Richard M. Ferkel, M.D. and Sage Publishing.
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lesion grading system used to estimate the stability, 
extent of osseous involvement, and determine whether 
osteochondral fragmentation is present.13 A fourth 
MRI classification system is useful in quantifying the 
amount of early marrow edema and in determining 
whether a non-displaced lesion exists.14

NONOPERATIVE TREATMENT STRATEGIES
For asymptomatic or symptomatic OCDs of the talus, 
nonoperative treatment is typically attempted for a 
minimum of six months. The mainstays of conserva-
tive intervention involve NSAIDs, sports restriction 
with combined physiotherapy, taping, and orthoses, and 
cast immobilization. The intention of these treatments 
is to offload the damaged cartilage in order to prevent 
further edematous changes and necrosis of underlying 
bone. Additionally, offloading the talus is performed 
to allow appropriate time for healing of any detached 
bone fragments. Children with OCDs tend to heal better 
with conservative treatment, while older patients tend 
to have a less favorable prognosis.15 

Rest & Cast Immobilization
Nonoperative treatment is described in most recent lit-
erature as limited weight-bearing to tolerance of pain 
with or without the use of NSAIDs. Additionally, level 
2 evidence suggests that 45% of patients who presented 
with a Berndt and Harty stage I, II, or medial III lesion 
made a full recovery with rest and the use of NSAIDs.6 
There is currently no consensus for the indications of 
cast immobilization; however, several studies suggest 
that lesions classified as Berndt and Harty stages II or 
III should initially be managed with cast immobiliza-
tion. The duration of casting ranges from 3 weeks to 
4 months. Full recovery rates with cast immobilization 
vary from 29–69%.16–19 

Hyaluronic Acid Injections 
Hyaluronic acid (HA) injections are widely used in 
the treatment of osteoarthritis of the knee and more 
recently the ankle.20–22 The glycosaminoglycan HA is a 
component of synovial fluid and is found in many tis-
sues throughout the body. Studies have shown that the 
molecular weight and viscosity of natural HA decreases 
with age, thereby losing its lubricating capability.23 The 
function of the HA injection is to diminish pain by pro-
viding visco-supplementation to the damaged underly-
ing cartilage. The injection of HA into the ankle joint 
for pain reduction in the treatment of osteoarthritis has 
yielded success rates of up to 83% as compared to pla-
cebo, thereby prompting the study of HA in the treat-
ment of OCDs.24,25 Furthermore, a 2008 publication 
suggests that high-molecular weight HA injections sig-
nificantly diminished the pain, stiffness and functional 
limitations associated with OCDs of the talus.26 Patients 

in this study received weekly injections consistent with 
manufacturer specifications. Efficacy of the injections 
peaked at four to five months with the only reported 
side effect being injection-site pain.26 HA injections for 
the treatment of OCDs have yet to gain clinical momen-
tum, but should be viewed as a possible alternative for 
non-surgical or refractory cases. 

Platelet-Rich Plasma (PRP) Injections
PRP is plasma rich in essential growth factors for heal-
ing such as TGF-β1, PDGF, and IGF-I. TGF-β1 is a 
major component of cartilaginous integrity and aids 
in repair. Plasma rich in growth factors (PRGFs) are 
therefore believed to slow or prevent destruction of the 
joint cartilage. Mei-Dan et al. performed a randomized 
study of 32 patients injected with either HA or PRP 
and found that both led to decreased pain scores and 
an increase in joint function. However, the PRP treated 
group had a significantly better outcome than did their 
HA counterparts.27

Steroid Injections 
Corticosteroids are believed to decrease synovial tissue 
inflammation as well as the deposition of macrophages, 
lymphocytes, and mast cells in a joint with osteoarthritis 
(OA). The efficacy of intra-articular ankle corticosteroid 
injections for the treatment of OCDs has not been exten-
sively studied throughout literature.28 In 2009, Hepper 
et al. reported the efficacy of steroid injections into the 
knee joint with OA. Pain was significantly reduced for 
one week; however, at four to six weeks the injections 
had proven to be no better than a placebo. Although no 
study has been done on OCDs of the talus, corticoste-
roids are assumed to have a similar result and therefore 
are not indicated in the treatment of OCDs.29

Hyperbaric Oxygen Treatment (HBOT)
Bone edema as seen on MRI is believed to be asso-
ciated with pain and is indicative of an active lesion. 
HBOT treats edema by producing a PO2 gradient 
between arterial blood and hypoxic tissue. This creates 
a natural physiological pump to promote the circulation 
of blood gases in a designated direction to help with 
the resolution of edema and to improve circulation. The 
reduction in edema may only be beneficial in the reduc-
tion of pain. HBOT has not been implicated in the OCD 
reparative process or bone healing.30 

Concentrated Bone Marrow Aspirate 
Autogenous concentrated bone marrow aspirate is a 
useful adjunct to enhance healing in OCD lesions of 
the talus. Bone marrow aspirate contains hematopoietic 
stem cells that differentiate into red and white blood 
cells, platelets, macrophages, and mesenchymal stem 
cells. Mesenchymal stem cells are multipotent and 
have the ability to undergo chondrocyte differentiation.  
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As a result, the combination of platelets and mes-
enchymal stem cells in concentrated bone marrow 
aspirate may lead to improved remodeling of the sub-
chondral bone, increased type II collagen, and pro-
teoglycan differentiation of fibrocartilage. Thus, bone 
marrow aspirate can create a more hyaline-like tissue 
with greater durability.31,34

When used as an adjunct to arthroscopic bone mar-
row stimulation, the aspirate may be injected under 
arthroscopic guidance to the site of the OCD lesion. 
Furthermore, in tissue replacement procedures, bone 
marrow aspirate can be used to bathe the harvested tis-
sue prior to implantation. 
For foot and ankle surgeons, the tibia and calcaneus 
offer convenient harvest sites through which a signifi-
cant amount of aspirate can be obtained using a percu-
taneous approach. While the potential to provide rapid 
healing of soft tissue and bone in complex reconstruc-
tion of the foot and ankle is intriguing, there is currently 
a lack of research to support the safety of bone marrow 
aspirate in these cases.31

SURGICAL TREATMENT TECHNIQUES
Many surgical techniques exist for the correction of talar 
OCDs, with the primary aim of surgical management 
being pain relief and functional improvement in the least 
invasive manner possible. Surgical treatment should be 
employed after conservative treatment options have 
failed to reduce or eliminate the symptoms of the OCD 
lesion. Focal lesions that remain symptomatic following 
conservative treatment modalities can be treated with 
surgical techniques such as bone marrow stimulation, 
transmalleolar drilling, and osteochondral autograft 
transfer system (OATS).2  Furthermore, a new technique 
for OCD correction using De Novo NT® juvenile carti-
lage allograft has been elucidated by Kruse et al.5 

Bone Marrow Stimulation
Bone marrow stimulation of the talus can be performed 
arthroscopically via standard anterolateral and antero-
medial ankle portals.1 A posterolateral approach has 
also been used, however, this approach requires care-
ful identification and avoidance of the sural nerve.7 The 
bone marrow stimulation technique involves an initial 
partial medial synovectomy followed by debridement 
of the affected area of the ankle joint. Debridement 
includes excision of any detached osteochondral frag-
ments and curettage of necrotic subchondral tissue. 
Following debridement, connections are made with the 
healthy subchondral tissue via “microperforations” in 
the bone. Microperforations are typically made with 
either a Kirschner wire or 1.5 mm drill on low power. 
The resulting microfractures in the bone promote heal-
ing by disturbing blood vessels, which leads to a release 
of growth factors and eventually the formation of new 
bone marrow in the defect.2 

Transmalleolar Drilling
For OCD lesions that are challenging to reach, a trans-
malleolar drilling approach can be utilized. These 
lesions are typically located on the posteromedial 
shoulder of the talus.36  This approach involves antero-
grade drilling of a Kirschner wire through the medial 
malleolus towards the talar OCD. The drill position is 
monitored using a combination of ankle arthroscopy 
and fluoroscopy. Once the defect is identified, the drill 
is used to excavate the lesion (Figure 3).32 

Osteochondral Autograft Transfer System 
The osteochondral autograft transfer system (OATS) 
attempts to restore the biomechanical properties of the 
impaired hyaline cartilage, which often characterize 
OCDs. This technique is especially helpful for large 
cystic type-V lesions. OATS primarily involves the 

Figure 3.  Transmalleolar drilling approach with arthroscopic visualization of ankle joint.  Image used with permission from the 
American Journal of Sports Medicine.
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harvesting of osteochondral tissue from the ipsilateral 
knee in a non-weight bearing location followed by 
an arthroscopically guided transfer of this tissue into 
the talar defect. The OATS technique may require 
a malleolar osteotomy in order to achieve adequate 
exposure of the ankle joint.24 

De Novo NT® Allograft 
Most recently, Kruse et al. described a technique involv-
ing the allogenic juvenile cartilage implant. De Novo 
NT® (Zimmer, Warsaw, IN) is composed of juvenile 
immature chondrocytes, which are theorized to produce 
hyaline cartilage as opposed to fibrocartilage. Surgical 
technique for this product involves debridement of the 
OCD to healthy subchondral bone, loading the allograft 
onto a 10-gauge catheter, and arthroscopic insertion of 
the graft into the defect. The graft is then sealed with lay-
ers of Tisseel® and fibrin glue.5 

SURGICAL OUTCOMES
Many surgeons advocate for an expanded use of 
arthroscopic techniques in surgical correction of talar 
OCDs. Arthroscopic approaches allow for minimal tissue 
dissection, reduced risk of neurovascular damage, and 
expedited postoperative recovery periods.35

A recent analysis conducted by Zengerink et al. revealed 
the success rates of various surgical techniques. 
Successful treatment was defined as an excellent or good 
outcome described by scoring systems such as AOFAS, 
Ogilvie-Harris, and Hannover. According to this analysis, 
the success rates are 63% for transmalleolar drilling, 85% 
for BMS, and 87% for OATS.25

Given the novel status of the De Novo NT® implant, 
comprehensive analysis of its long-term efficacy is 
unavailable. However, Kruse et al. are optimistic about its 
utility, asserting that it has the potential to create hyaline 
cartilage while maintaining a low morbidity rate. 

SUMMARY AND CONCLUSION
Osteochondral lesions of the talus are an increasingly 
diagnosed pathology without definitive treatment modali-
ties or guidelines. Given the current evidence available, it 
can be concluded that OCDs are commonly secondary to 
trauma, and are often recalcitrant to both conservative and 
surgical modalities. Diagnosis is typically made through 
the use of advanced imaging techniques in addition to the 
clinical presentation of the patient. Conservative treat-
ment modalities yield the best results in pediatric patients 
and may be beneficial in early staged OCD lesions. 
Literature suggests that conservative treatment should 
be applied in symptomatic adults with Berndt and Harty 
stage I and II OCD lesions. However, treatment of OCDs 
in the advanced stages remains a point of contention in 
the literature. Nonetheless, many patients are inclined to 
attempt conservative treatment modalities first. Newer 

conservative approaches such as HA, PRP, and concen-
trated bone marrow aspirate have been gaining clinical 
momentum and may be considered as adjunctive therapies 
to current conservative or surgical treatment modalities. 
Late stage OCDs and those recalcitrant to non-surgical 
modalities for at least six months are considered candi-
dates for surgical intervention. Although there is a paucity 
of long-term data showing efficacy of various treatments 
at this time, arthroscopic bone marrow stimulation is 
one of the more commonly used surgical approaches. 
However, talar osteochondral defects remain a strong 
focus in the foot and ankle community, as new surgical 
techniques and graft systems are developed every year 
for their treatment. Indeed, treatment strategies for talar 
OCDs are ever-changing. Therefore, a current under-
standing of the literature is of chief importance for phy-
sicians handling these challenging cases. 
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control.  Some believe that barefoot running is suitable 
on sand or softer surfaces and dangerous on harder sur-
faces such as concrete.1 
The debate regarding the prevalence of running injuries 
in barefoot running reflects concerns within the running 
community, athletic wear industry, and sports medi-
cine community.1  One reason for a renewed interest in 
barefoot running is the lack of reduction in injury rates 
among shod runners.3  Due to the nature of the sport, 
79% of runners suffer some kind of lower extremity 
injury every year.4  Repetitive ground reactive forces 
that are exerted on the foot and subsequent lower 
extremity joints make runners susceptible to injuries 
such as plantar fasciitis, Achilles tendonitis, patellofem-
oral pain syndrome, and tibial stress fractures.2  This 
literature review examines this new barefoot running 
movement and its alleged benefits of enhanced perfor-
mance and reduction of lower extremity injuries.

GAIT MECHANICS
To highlight differences between barefoot and shod run-
ning, it is necessary to understand the basic gait cycle.  
The running gait cycle is divided into four phases for 
each leg: stance phase, early float, mid swing, and late 
float.5  The running gait cycle starts and ends when 
the foot makes contact with the ground.2  The stance 
phase is the most important phase of the running gait 
cycle, and it is during this phase that major differences 
between barefoot and shod running are seen.2 
The stance phase is characterized by forefoot, midfoot, 
and rearfoot strike patterns.2  A rearfoot strike pattern 
occurs when the heel contacts the ground first followed 
by contact of the metatarsals, also known as a heel-toe 
gait.1,5  A forefoot strike occurs when the metatarsal 
heads contact the ground first and then the heel makes 
contact, also known as toe-heel gait.2  A midfoot strike 
pattern occurs when the entire foot contacts the ground 
at the same time.2 
Although there is no clear evidence, barefoot runners are 
commonly characterized as having a forefoot or mid-
foot strike pattern and shod runners have a tendency to 

ABSTRACT
Despite advances in footwear, up to 79% of runners will 
suffer a running injury in any given year.  Recently, bare-
foot running, as opposed to shod running, has received 
attention for its suggested benefits of increased perfor-
mance and decreased injury.  Recent research focused on 
the biomechanical and structural implications of barefoot 
running shows a significant difference between barefoot 
running and shod running.  These differences are conse-
quently believed to contribute to the proposed differences 
in performance and injury.  The controversy surrounding 
barefoot running largely stems from the complete lack of 
long-term controlled studies that assess barefoot running 
and its effect on injury rate.  This review aims to evaluate 
the current evidence and literature on barefoot running as 
a means for injury prevention.  

INTRODUCTION
Evolutionarily, humans have been ambulating with-
out foot support for about 250,000 years.  Humans ran 
long distances barefoot on hard terrain largely until 
the 1970s, when contemporary shoes were invented 
to provide arch support, cushion, and a stiffened sole.1  
Minimalist shoes, such as moccasins and sandals, are 
rarely documented in archaeological record, but are 
proposed to have been invented in the Upper Paleolithic 
period.1  It is thought that barefoot running is as natural 
as barefoot walking.  Barefoot running has existed for 
thousands of years, but only recently has there been a 
renewed interest in its application among runners and 
the sports medicine community.1  
In recent years, barefoot running, as opposed to shod 
running, has gained attention for the potential to 
increase the healing process, promote more efficient 
performance, and decrease injury rates.2  However, 
there is controversy surrounding the proposed bene-
fits of barefoot running.  On one end of the spectrum, 
advocates of barefoot running argue that barefoot run-
ning is more natural and prevents injury.  On the other 
end, skeptics believe that shoes are necessary to pro-
vide adequate protection, heel cushioning, and motion 
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be rearfoot strikers.2  A rearfoot strike pattern is thought 
to be common in shod runners due to greater cushion-
ing of the heel, which serves to reduce heel impact.2  A 
rearfoot strike pattern results in increased impact peak 
pressure due to vertical ground reactive forces during 
contact and significantly higher loading rates in early 
stance.26  A forefoot strike pattern is characterized by 
being able to reduce impact, noted in rearfoot striking, 
through the eccentric loading of the posterior leg mus-
cles by landing with a plantarflexed foot.26 

BAREFOOT BIOMECHANICS
Understanding the biomechanical adaptations during 
barefoot running is key to fully determining its advan-
tages and implications (Table 1).  During impact of the 
foot with the ground there will be collision forces in 
effect, which characterize the difference between rear-
foot strike and forefoot strike.  Collision forces during 
impact will have markedly higher vertical ground reac-
tive force during rearfoot strike.1  Ground reactive force 
(GRF) is integral when evaluating and measuring gait 

patterns.  The magnitude of GRF upon the foot is a 
result of several variables, such as stride length, run-
ning speed, shoe type, terrain inclination, and hardness 
of the ground surface.5  When GRF is measured during 
a running cycle, a bell curve is formed with the peak 
occurring when the sole of the foot is in contact with 
the ground.1  A barefoot runner will have a significantly 
different GRF, largely due to the tendency of having 
a forefoot strike pattern.2  This type of footstrike pat-
tern will create a smaller GRF than shod running.1,7  
Barefoot runners will generate smaller peak forces due 
to decreased ground contact time as compared to a shod 
runner.5,8  More specifically, in a study performed by 
Lieberman, it was found that a rearfoot strike on a hard 
surface in a barefoot runner at 4 m·s-1 produced a GRF 
impact peak of about 400–600 body weights per sec-
ond and a magnitude that was between 1.5 and 2.5 body 
weights.1  Habitually shod runners are protected from 
the elevated impact peak because the cushioned heel in 

contemporary shoes dampen the magnitude in a rear-
foot strike by approximately 10%.1  However, because 
rearfoot landing in barefoot runners is much more pain-
ful due to the lack of support and impact absorption, 
especially on hard surfaces, habitually barefoot run-
ners will often use a forefoot or midfoot strike pattern.  
Although forefoot and midfoot strike patterns do gener-
ate an impact force (around 10–20 Hz vibrations in the 
vertical direction), many studies have also shown that 
they do not generate any appreciable impact peak.1,9  
Two important differences in strike patterns are respon-
sible for the variation in impact peak.  One difference 
is that the foot will land in a plantarflexed position 
during a forefoot strike, and the impact force will be 
transmitted to the ankle in a controlled manner because 
the ankle will be compliant.10  On the other hand, rear-
foot strike is characterized as landing in a dorsiflexed 
position, when the ankle is much stiffer.  This causes 
an increased percentage of mass that will be forced to 
stop and exchange momentum with the ground during 
the peak of impact (the effective mass).10 Evidence 

has shown that the effective mass in forefoot strikers 
is 1.7 ± 0.4% body mass (BM) and 6.8% ± 3.0% BM 
in rearfoot strikers.1  The second difference is compli-
ance, which is discussed in detail in “Neuromuscular 
Adaptations.” A forefoot striker is characterized as 
having more dorsiflexion at the ankle and more flexion 
at the knee during the moment of impact which helps 
dampen the magnitude of impact force.1  A rearfoot 
striker will land with more extended and stiffer ankles 
and knees.1  This concept helps illustrate why barefoot 
runners characterically land on the ball of their foot.
Another collision force that is used to evaluate gait 
pattern is the impact transient.  The impact transient 
occurs during the first 50 ms of the stance phase and 
can be observed during the peak GRF.11  A habitually 
barefoot runner will not generate an impact transient 
during a GRF curve because they have a forefoot foot-
strike.  Conversely, a habitually shod runner with a 
rearfoot strike will have an impact transient that will be 

Table 1.  Summary of barefoot-running versus shod-running biomechanics. Information sourced from Reference 2.
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translated as a peak within the GRF curve and as a col-
lision force exerted upon the lower extremity, approxi-
mately 2–3 times the runner’s body weight.12 
Leg stiffness is also a variable that is utilized in kine-
matic studies.  It is defined as a ratio between the maxi-
mum GRF and the maximum leg compression when the 
foot contacts the ground.8  The hardness of the surface 
determines leg stiffness.13  When running on harder sur-
faces, leg stiffness decreases, while running on more 
compliant surfaces increases leg stiffness.13  Running 
on uneven terrain will result in leg stiffness that con-
stantly changes to maintain stability.14  Leg stiffness 
increases with higher stability or cushioned shoes ver-
sus running barefoot.15,16 
In addition to leg stiffness, ankle stiffness must also be 
considered.  It is determined by inertial mass, muscle 
fiber recruitment, and reflex response.1  In a rearfoot 
striker, the heel is the first structure in contact with the 
ground.  It will dissipate kinetic energy that is trans-
lated from the ground due to the collision forces, and, 
as a result, the effective mass of the runner increases.1,17  
Increased collision forces pose a danger to joints, as it 
may lead to higher injury rates.  In forefoot strikers, the 
metatarsals are the first to contact the ground, and ankle 
stiffness is much lower.2  Since there is a decreased col-
lision force, the GRF instead rotates the foot around the 
ankle and in turn converts translational kinetic energy 
into rotational kinetic energy.2  The production of rota-
tional kinetic energy allows for the Achilles tendon and 
the plantar fascia to store and release elastic energy 
more efficiently.  Barefoot runners have the ability to 
convert kinetic energy into translational energy more 
efficiently because there is an increased amount of 
energy that is preserved during ground collision.1,18  
Furthermore, one study noted that knee flexion, knee 
adduction, and external rotation of the hip were reduced 
in barefoot running due to decreased moment arms 
around these joints.19

Lastly, barefoot runners demonstrate shorter stride 
length and a faster stride rate than habitually shod run-
ners with a rearfoot strike pattern.6  A shorter stride 
length is proposed to lower the impact force that is 
absorbed by the body and has a protective mechanism 
to prevent running-related injuries.6  There is little evi-
dence to explain why non-elite barefoot runners expe-
rience a shorter stride length versus habitually shod 
runners.  One hypothesis postulates that shortening 
stride through increased knee flexion and ankle com-
pliance makes the foot more likely to land in a plan-
tarflexed position and increases the occurrence of a 
forefoot strike pattern.  As a result, the runner will have 
a less stiff ankle, a lower rate of loading, and less strain 
in the posterior leg muscles.1

NEUROMUSCULAR ADAPTATIONS TO 
BAREFOOT RUNNING
There are several neuromuscular adaptations that occur 
during barefoot running, however, there is limited evi-
dence relating these adaptations to injury rates.  Tibialis 
anterior and medial gastrocnemius both activate during 
shod and barefoot running.  However, a recent study 
showed that there is a higher magnitude in activation of 
the medial gastrocnemius during barefoot running and 
a higher magnitude in activation of the tibialis ante-
rior during shod running.20  This supports the hypoth-
esis that barefoot runners exhibit plantarflexion during 
impact whereas shod runners land in a more dorsiflexed 
position.  Furthermore, the increase in activity of the 
gastrocnemius during a forefoot strike pattern has been 
shown to help distribute impact forces across a greater 
surface area.21,22  This demonstrates that the gastroc-
nemius is essential in barefoot biomechanics to help 
reduce impact forces.  
Sinclair et al. studied muscle force distribution in both 
barefoot and shod running conditions and observed that 
shod running was associated with increased hip flex-
ion and increased knee range of motion, whereas bare-
foot running was associated with increased flexion at 
the knee and ankle.23  They also observed that the peak 
forces for rectus femoris, vastus medialis, vastus lat-
eralis, and anterior tibialis were significantly increased 
during shod conditions compared to barefoot.  This fur-
ther illustrates the concept that shod runners experience 
knee extension due to the higher work output generated 
by the quadriceps during ground contact and exhibit 
increased leg stiffness.  Additionally, this study pro-
posed that stride length reduction during barefoot run-
ning may contribute to increased knee flexion secondary 
to the decreased work output of the quadriceps.  It was 
proposed that reduced stride length results in the stance 
leg positioned closer to the center of mass and causes a 
reduction in the amount of work that is needed from the 
quadriceps during impact.24  This muscular adaptation 
requires less absorption of energy at the knee joint and 
less knee joint range of motion.23  This finding is par-
ticularly important when examining knee injuries and 
barefoot running.  More specifically, increased work 
output from the quadriceps has been associated with 
patellofemoral pain syndrome.  Patellofemoral pain 
syndrome is the most common chronic injury experi-
enced by habitual runners.4  This evidence indicates 
that barefoot running may be a mechanism to reduce 
the incidence of patellofemoral pain syndrome.  
Lastly, it is proposed that the plantar fascia also plays 
a role in providing stability during barefoot running.  It 
is thought that the plantar fascia increases medial arch 
height to provide shock absorption and facilitate elas-
ticity during running.22  This allows for the shift to a 
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Additionally, a study by Bonacci et al. examined the 
relationship between patellofemoral pain syndrome 
and high patellofemoral contact stresses.15  They con-
cluded that barefoot runners exhibit lower vertical 
ground reactive forces due to lower rates of loading and 
greater patellofemoral contact, largely due to increased 
knee flexion.  Thus barefoot runners have decreased 
patellofemoral contact stresses.  Studies have shown 
that eversion on heel strike can cause overall malalign-
ment of the limb and result in increased patellofemoral 

more anterior footstrike and changes the distribution 
of eccentric forces across joints, increasing ankle 
eccentric forces and decreasing knee joint loading.22  
The plantar fascia helps redistribute the impact forces 
across a greater surface area, reduces loading rates, 
and reduces ankle and leg stiffness.  
In addition to the increased recruitment of the plantar 
fascia, some studies have also hypothesized that the 
intrinsic musculature of the foot becomes strengthened.  
Barefoot running proponents believe that by running 
without supportive and confining shoes, the foot has to 
recruit the intrinsic foot musculature to a greater degree 
in order to stabilize the foot, thus becoming stronger 
and more functional.3  Theoretically, the improvement 
in function and strength could decrease the incidence 
of injury.  A study by Kadambande et al., which com-
pared 100 randomly selected participants from the 
United Kingdom who regularly wore shoes to 100 par-
ticipants from India who did not wear shoes, found that 
the flexibility of shod participants was significantly less 
than their barefoot counterparts.  However, they did 
not find a significant difference in the intrinsic mus-
cle function.25  Evidence supporting the strengthening 
of intrinsic foot musculature from barefoot running is 
limited, and the claim that it reduces injury rates has 
not been scientifically proven.3 

RUNNING INJURIES
Runners incur running-related injuries. Up to 79% of 
runners suffer a running-related injury every year.6  
The etiology of running-related injuries are multifac-
torial and can be due to one or all of the following, 
including joint and muscle overuse, pre-existing inju-
ries, type of running surface, and improper footwear.27  
The most common running injuries include plantar 
fasciitis, Achilles tendonitis, tibial stress fractures, and 
patellofemoral pain syndrome (Figure 1 and Table 
2).28  The appeal of barefoot running rests on the claim 
that forefoot strike runners have fewer incidences 
of injury, and this claim is largely based on the sim-
ple reasoning that forefoot strike landings generate a 
smaller impact peak.11  However, recent research does 
not support the proposed benefits of barefoot running 
for decreasing injury rates.  
Knee pain or patellofemoral pain accounts for 20% 
of all running-related injuries.5  Knee pain frequently 
presents with pain in the anterior aspect of the knee 
joint, despite no obvious pathology or malalignment.  
As discussed above, the increased work output of the 
quadriceps in shod running can result in patellofem-
oral pain.29  Due to the decreased stride length, ver-
tical load rates, and decreased range of motion at the 
knee, the incidence of patellofemoral pain has shown 
to be significantly reduced among barefoot runners.26  

Figure 1. Musculoskeletal (MSK) injury distribution 
in both shod and barefoot runners. This distribution 
does not take plantar foot injuries into account. 
The percentage values above each bar indicate the 
number of injuries per number of runners in each 
group. Image used with permission from Altman AR, 
Davis IS. Prospective comparison of running injuries 
between shod and barefoot runners. Br J Sports Med 
2015;doi:10.1136/bjsports-2014-094482

Table 2.  Diagnosed musculoskeletal injuries in shod 
and barefoot runners.  Image used with permission from 
Altman AR, Davis IS. Prospective comparison of running 
injuries between shod and barefoot runners. Br J Sports 
Med 2015;doi:10.1136/bjsports-2014-094482
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reported and 346 were running-related.  They found 
that the number of foot injuries between the groups 
were similar: 41% in shod and 43% in the barefoot 
group.26  They proposed that, although foot injury 
rates were similar between the two groups, injuries to 
the other parts of the body are decreased in barefoot 
runners.  The largest differences were noted at the hip, 
knee, and ankle joints.  This discrepancy is primarily 
attributed to the decreased stride length and increased 
hip and knee flexion.38  Lastly, this study showed evi-
dence of a greater incidence of Achilles tendonitis 
and posterior tibial tendonitis in barefoot runners. The 
authors speculated that this was due to a forefoot strike 
pattern, which increases demand on these muscles as 
the foot moves into a dorsiflexed and everted position 
during the early stance phase of running.26  Although 
this evidence supports the hypothesis that shod runners 
experience a higher injury rate than barefoot runners, 
the study claims that this difference is not present when 
the number of miles run is considered, largely because 
barefoot runners do not run as many miles as shod run-
ners.  This study does, however, highlight the discrep-
ancy in the location of injury between these groups.  

ADVANTAGES OF BAREFOOT RUNNING
Although many advantages have been reviewed earlier, 
there are several advantages of barefoot running that 
are worth discussing. Barefoot running significantly 
alters gait in two specific ways: it increases proprio-
ception and decreases impact forces.3  Impact forces, 
as discussed earlier, are greatly reduced by decreasing 
stride length, increasing stride rate, decreasing range of 
motion at the ankle, knee, and hip, and plantarflexing 
the ankle during ground impact.3  Barefoot walking has 
been shown to improve knee and hip pain in patients 
with osteoarthritis.39  It was noted that the barefoot gait 
changes decreased peak joint loading at both the knees 
and hips to allow for decreased pain and more efficient 
gait in osteoarthritic patient.39 
Some studies have shown that there is improved pro-
prioception during static barefoot conditions.  A study 
performed by Robbins et al. investigated propriocep-
tive abilities in males by measuring the perception 
of slope on various sloped surfaces.40  The authors 
demonstrated that proprioception is not only decreased 
in males with age, it is also decreased when wearing 
shoes.  They summarized that any barrier between the 
plantar foot mechanoreceptors and the ground surface 
will impair positional awareness and postural con-
trol.  In an earlier study by Robbins et al., they also 
demonstrated that shoes with increased thickness or 
softer properties compromise balance in the elderly and 
young men.40,41  Theoretically, the enhancement of pro-
prioception should lead to improvement in the ability 

pain.2  Shod runners typically display more eversion of 
the heel on foot strike, which may result in an increased 
rate of patellofemoral pain syndrome compared to bare-
foot runners.2 
Plantar fasciitis is reportedly the most common cause 
of heel pain among athletes.30  Runners with chronic 
plantar fasciitis have higher loading rates and pressures 
over the rearfoot than runners without plantar fasci-
itis.31  The biomechanics of barefoot runners has been 
proposed to decrease incidence of plantar fasciitis by 
decreasing localized heel pressure due to the vertical 
impact force being distributed over the larger surface 
area of the forefoot and midfoot.8  Although there is a 
greater load to the plantar arch during barefoot running, 
Altman and Davis demonstrated that there is a higher 
incidence of plantar fasciitis in shod runners (as illus-
trated in Table 2) due to the increased vertical loading 
and ground reactive forces that rearfoot strikers experi-
ence.26,32  However, other studies on the biomechanics 
of plantar fasciitis have shown that there is no correla-
tion between distributing pressure across the plantar 
fascia and decreased incidence of plantar fasciitis.31 
Tibial stress fractures are a serious injury, and result 
from a combination of repetitive mechanical loading 
and decreased bone strength.33  It has been proposed 
that barefoot running decreases incidence of tibial 
stress fractures due to decreased vertical ground reac-
tive forces.  Although it has been suggested that tibial 
stress fractures result from increased tibial load and 
increased GRF, a meta-analysis performed by Bennell 
et al. in 2004 shows that there is actually currently 
no definitive correlation between increased GRF and 
increased incidence of tibial stress fractures.33,34 
Despite some of the evidence discussed supporting the 
benefits of barefoot running, it still cannot be assumed 
that barefoot running decreases the general incidence of 
running injuries. The etiology of injury can be multifac-
torial, and depending on the specific individual and the 
intensity of training attempted, barefoot running may in 
fact lead to the incidence of new types of injury.  In par-
ticular, metatarsal stress fractures are a common injury 
among barefoot runners due to greater cumulative 
trauma on the metatarsals.35  Although the ground reac-
tive force is decreased in barefoot running, the force is 
at the metatarsal rather than the heel, causing a stress 
reaction.35  In spite of the current limited evidence of 
metatarsal stress fractures associated specifically with 
barefoot running, there are numerous studies that postu-
late that they increase with minimal footwear.35–37 
A study performed by Altman and Davis provided evi-
dence that the foot is commonly injured body part in 
both barefoot and shod runners (Figure 1 and Table 
2).26  They included a total of 201 qualified runners; 94 
were shod and 107 were barefoot.  396 injuries were 
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unproven, and shod runners who use orthoses should 
be advised to continue wearing motion control foot-
wear with their orthoses.  
Overall, the switch from shod to barefoot running 
must be done gradually.  Studies show that any sudden 
alterations in running are associated with increased 
incidence of stress fractures.35  If done too quickly, 
shod runners who typically run in thick, elevated soles 
may be more susceptible to injury.3  Shod runners who 
abruptly switch to barefoot running may attempt to 
run barefoot while maintaining a rearfoot strike pat-
tern that could prove to be injurious while barefoot.  
Barefoot runners have reduced stride length compared 
with shod runners.3  Thus, habitually shod runners 
interested in barefoot running should consider grad-
ually reducing their stride length and practicing fore-
foot strike running while shod before fully committing 
to running barefoot.3

CONCLUSION
Given the research available, there is sufficient evi-
dence to demonstrate that the biomechanics and kine-
matics during shod running do differ from those during 
barefoot running. There is no evidence to show that 
barefoot running is less efficient or more likely to result 
in injury compared to shod running.  Although many 
studies claim that barefoot running reduces ground 
reactive forces at impact, increases proprioceptive 
abilities, and causes a forefoot strike pattern, there still 
remains little conclusive evidence that barefoot running 
does in fact reduce the incidence and rate of injury.  Due 
to the low quality of studies on this topic and the lack 
of strong evidence, conclusions related to injury pre-
vention associated with barefoot running must be made 
with caution.  
Theoretically, the observed biomechanical adaptations 
during barefoot running compared to shod running may 
be beneficial in treating or preventing running-related 
injuries.  More specifically, the reduction in knee flex-
ion during barefoot running due to the reduced work 
output from the quadriceps may help treat or prevent 
patellofemoral knee injuries, but there is little evidence 
supporting this concept.  Additionally, the decreased 
loading rates from a forefoot strike pattern may be 
effective in treating and preventing tibial stress frac-
tures and plantar fasciitis.  However, this claim assumes 
that the runner has a forefoot strike pattern, and there is 
limited evidence to support it.
The switch from shod to barefoot running as a means 
to minimize the incidence of injury, should be done 
with caution and with the supervision of a clinician 
well-versed in biomechanics.  The causes of running 
injuries are often multifactorial, thus the indications 
and contraindications for barefoot running may differ 

to sense position and posture, enabling the runner to 
adjust to the terrain and impact to prevent injury by 
changing gait patterns.  They also believed that shoes 
enforced a false sense of security in runners which 
inhibited their ability to sense the need to change gait 
patterns to reduce impact.41  Robbins et al. proposed 
that improved proprioception allows for the intrinsic 
musculature to be able to better adapt to impact forces 
by increasing the medial longitudinal column height 
to become more stable.42 
Barefoot running also allows for increased sensory 
input to the musculature of the lower extremities.26  
In a study that measured static balance in participants 
with and without socks, it was reported that there was 
increased static balance when standing barefoot.43  The 
input received from mechanoreceptors in the feet are 
better able to be sensed by the neuromuscular system.43  
Likewise, ankle position proprioception was improved 
when standing barefoot versus with shoes in a study 
that was performed in a static position.7  Even dynamic 
studies that examined dynamic postural stability in sin-
gle-leg landing in barefoot and shod conditions showed 
that there was more stability in those who were bare-
foot.  These differences may reduce the incidence of 
certain ankle injuries, such as sprains and fractures.2 

IMPLICATIONS IN BAREFOOT RUNNING
Given the innate differences in shod and barefoot 
running, the decision to switch from shod running to 
barefoot running should be done after taking proper 
precautions.  An obvious factor to take into account 
is the great potential for injury to the bare foot when 
contacting stones, glass, nails, sticks, insects, etc. 
while running.  
Due to the forefoot strike pattern in barefoot running, 
higher peak pressures on the forefoot can cause injury.  
Increased impact pressure under the forefoot and toes 
is thought to increase the risk for metatarsal stress 
fractures if the switch to barefoot running is done too 
quickly or aggressively.36  Studies have shown that a 
sudden switch to barefoot running from traditional 
shoes has been associated with increased incidences of 
metatarsal stress fracture, sesamoiditis, metatarsalgia, 
and plantar fascia rupture.35  Considering that no stud-
ies have been performed to investigate barefoot running 
when running downhill or in a fatigued state, there may 
also be increased potential for injury when running 
barefoot in these conditions.  
Barefoot running should also be avoided in people 
who need motion control for existing foot pathol-
ogy.  Barefoot running proponents claim that run-
ners with preexisting foot deformities will adapt to 
the new running parameters and will still benefit 
from reduced incidence of injury.3  However, this is 
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tions in running? Gait Posture 2013;38(3):490–4
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depending on the individual. For a runner with a his-
tory of injury, barefoot running may be a means to 
decrease pain by decreasing loading rate and forefoot 
pressure, or it may be a means to further aggravate 
their injury. Prior to making the switch to barefoot 
running, runners should have their running gait and 
training regimen evaluated, since adopting a forefoot 
strike pattern characteristic of barefoot running may 
increase the severity of injury depending on the indi-
vidual. Future research may help to settle some of the 
conflicting concepts regarding barefoot running as a 
means for injury prevention.
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and Podiatric Clinical Significance
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as “double Charcot’s disease.”11  It is vitally import-
ant to accurately diagnose, conservatively and surgi-
cally manage CMT patients, and to better understand  
CMT disease.

PATHOLOGY
Charcot-Marie-Tooth disease is a demyelinating, hyper-
trophic peripheral neuropathy that causes gross slowing 
of sensory and motor nerve conduction velocities.12 
Histologically, an onion bulb formation is observed 
in obstructed areas, which is the result of focal myelin 
swelling and fibroblast proliferation leading to sig-
nal transmission interruptions. In the past, CMT was 
referred to as peroneal muscular atrophy, progressive 
peroneal atrophy, and peroneal palsy, which are mis-
leading because peroneus longus is only affected in 
severe cases.12  Peroneus brevis is the main evertor of 
the foot, inserting at the proximal 5th metatarsal base. 
It is one of the first muscles to be affected, thus leading 
to a cavus foot type.11  Furthermore, it is more common 
to see intrinsic muscle atrophy prior to seeing wasting 
of the extrinsic muscles. Sabir and Lyttle hypothesized 
that the muscles supplied by the longest axons of the 
sciatic nerve are the first to be affected, and that muscles 
with the smallest bulk are the first to appear atrophied.12 
Thus, the intrinsic muscles, anterior compartment mus-
cles, and peroneus brevis are affected early, while the 
peroneus longus, tibialis posterior, and triceps surae are 
usually the last muscles to atrophy. Fenton et al.13 noted 
that 81%, 81%, 83%, and 91% of CMT patients exhib-
ited atrophy and weakness of the peroneus brevis, tib-
ialis anterior, extensor digitorum longus, and extensor 
hallucis longus, respectively, while the peroneus lon-
gus, tibialis posterior, and triceps surae gained mechan-
ical advantage over the weakened muscles. This led to 
a cavus foot type in these patients.
CMT can further progress into systemic manifestations, 
as pulmonary and cardiac symptoms can occur.7,14  CMT 
cases may damage the phrenic nerves, leading to dia-
phragmatic weakness, decreased respiratory function, 
decreased oxygen saturation, sleep apnea, and daytime 

INTRODUCTION
Charcot-Marie-Tooth disease (CMT) is the most com-
mon hereditary sensorimotor neuropathy of the lower 
limb and was first observed in 1886 by Charcot and 
Marie of France and Tooth of England.1–4  CMT poly-
neuropathy is first observed in the lower limb, and 
more specifically, in the foot. The prevalence of CMT 
is 1 in 2,500 or 40 in 10,000 people,1–4 which is more 
common than what is intuitively known or suspected. 
However, the literature on this disease is limited com-
pared to other podiatric pathological conditions, in 
part because CMT is difficult to diagnose. Brewerton 
et al.5  found that two thirds of patients with com-
plaints of high arch pain had a neurological problem, 
and half of these patients had CMT. High arch pain 
caused by CMT is important to detect early in order to 
delay polyneuropathy, muscle wasting, drug exacer-
bation, and accurate conservative or surgical manage-
ment. This polyneuropathic disease has a spectrum of 
seven genetically and phenotypically heterogeneous 
CMT types with specific genetic markers of each 
type. These may lead to pedal and lower leg disorders 
caused by specific mutations in either one or several 
myelin genes, resulting in defects of myelin structure, 
maintenance, and formation.6 Demyelination along 
the peripheral nervous system axons leads to debilitat-
ing motor and sensory defects in the lower extremity 
which commonly include pes cavus foot type, claw 
toes, muscle weakness, “stork legs,” neuropathy, 
and drop foot.7,8  The progression of CMT is based 
on autosomal and X-linked dominant and recessive 
inheritance combined with the heterogeneous gene 
mutation.9,10  The complexity of this disease calls for a 
multidisciplinary approach for CMT patients with the 
collaboration of podiatrists, neurologists, pain man-
agement, physical therapists, occupational therapists, 
genetic counselors, and other specialists. Sometimes, 
CMT is confused with similar disease names in the 
medical community such as Charcot osteoarthropa-
thy. Although rare, some diabetic patients exhibit both 
CMT and Charcot osteoarthropathy. This is known 
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somnolence.15  Severity of systemic manifestations is 
dependent on the genetic type of CMT.4,14,15

GENETIC FACTORS
As clinicians, it is important to identify and clinically 
recognize CMT presentation, but it is also important to 
have some genetic background knowledge of the most 
prevalent CMT types. There are currently seven recog-
nized CMT phenotypes, and each type can demonstrate 
autosomal dominant, autosomal recessive, or X-linked 
inheritance that affect different genes (see Table 1).4,6,9 
Due to the complexity and variety of CMT diseases, 
diagnosis and investigation of CMT is first begun by 
investigating the most common types of CMT before 
evaluating the less prevalent types. Furthermore, 
autosomal inheritance of CMT types 1 (CMT1) and 
2 (CMT2) are the most prevalent cases compared to 
different inheritance of the same type and other CMT 
types like CMT types 3–7.6,16  Unfortunately, the least 
common cases, CMT1 X-linked and autosomal reces-
sive are the most debilitating, progressive and severe 
presentation of CMT.4,6

CMT type 1 can be subdivided by single gene muta-
tions, into the subtypes such as 1A, 1B, and 1C.2,4,6 

CMT type 1A, duplication of peripheral myelin protein 
22 (PMP22) gene, is the most prevalent condition and 
accounts for 80% of CMT1 cases.17,18 CMT1 diseases 
exhibit mutated Schwann cells which lead to simi-
lar clinical presentations like motor symptoms, loss 
of proprioception, and palpable nerve enlargement. 
Distinguishing features of CMT1 compared to other 
types are a reduction of nerve conduction velocity (< 60 
percent normal) and onion bulb formation.19 CMT1B 
disease is caused by a point mutation of myelin pro-
tein zero (MPZ).20 Furthermore, instead of a single 
gene mutation, other syndromes that incorporate a 
combination of gene mutations exist, further compli-
cating clinical presentation. Roussey-Levy syndrome, a 
rare genetic muscle wasting disease, is associated with 
CMT type 1A and 1B, as it also includes PMP22 dupli-
cation and MPZ gene mutation. This syndrome still has 
the hallmarks of a CMT type 1 disease presentation, but 
it also includes postural tremor and gait ataxia.21

CMT type 2, also known as axonal CMT, also has dom-
inant inheritance and various subtypes. For example, 
CMT type 2A is the most common CMT2 condition, 
and may be caused by mutated mitochondrial fusion 
protein mitofusin 2 (MFN2).22 CMT2 often has a later 
onset compared to CMT1, and sensory symptoms pre-
dominate compared to motor deficits. 
CMT can also be inherited by X-linked dominance. 
These cases are due to mutations in the gap junction 
protein beta 1 (GJB1), also known as the connexin 32 
gene.23 CMTX1 accounts for 7–12% of CMT cases.23 

CMTX1 males are more symptomatic, demonstrating 
loss of ankle reflexes, as well as transient central ner-
vous system manifestations. The complexity and vari-
ety of CMT clinical presentations and genetic mutations 
adds to the difficulty of accurate diagnosis. Thus, it is 
important to include CMT in a differential diagnosis for 
patients who experience lower limb sensory and motor 
neurological deficits. 

PEDAL AND LOWER LEG  
CLINICAL PRESENTATION
Depending on the type of CMT, age of patient, time of 
onset, disease severity, and previous treatments, patients 
often complain of high arch pain, painful calluses under 
metatarsal heads, claw or hammer toes, foot fatigue, lat-
eral ankle instability, and difficulty finding proper shoes 
due to high arches.1,3,6,8,24 Due to muscle imbalance, cavus 
foot type is commonly bilateral with one side being more 
symptomatic than the other. Cavovarus deformity may 
be flexible or rigid due to the course of CMT, but usually 
the forefoot valgus component becomes rigid over time. 
Intrinsic muscle weakness leads to lesser digit contrac-
tures. Hallux malleus, as a result of anterior compartment 
weakness (especially extensor hallucis longus), coupled 
with a cavus foot type is a huge suspicion and indication 
of CMT, since hallux malleus is biomechanical abnor-
malities secondary to a neurological muscle imbalance.8
Patients may also present with lower leg wasting due 
to sparing of proximal thigh muscles, which leads to a 
“stork leg” or “inverted champagne bottle” appearance.8 
Patients may have a drop foot condition due to loss of 
the anterior leg muscles, which leads to a modified high 
steppage gait, also known as Marionette gait. The patient 
has to elevate their pelvis on the affected side during 
the swing phase of gait in order for the foot to clear the 
ground.6 Furthermore, the patient may compensate by 
bending their upper trunk to the contralateral side for 
balance, which leads to an unstable gait pattern.8 Nerve 
enlargement from onion bulb formation can sometimes 
be palpated or seen through the skin.9 Muscle atrophy is 
commonly seen in CMT patients, but patients may also 
exhibit sensory neuropathy. Patients are unable to sense 
pain, temperature, vibration, touch, and proprioception.2,6 
Hyporeflexia or areflexia during Achilles tendon testing 
is an initial screening tool for CMT diagnosis.11

DIAGNOSIS
CMT is an inherited disease, so it is crucial to obtain a 
detailed family history of pes cavus or other lower limb 
neurological or muscular problems. A detailed history 
of the present foot condition is equally important to 
determine the progression, severity, and degree of CMT 
in correlation to clinical presentation. Deep tendon 
reflex tests can be performed as an initial screening to 
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Table 1. Genetic and clinical features of CMT types 1–7. Information taken from References 2, 4, 6, 9, and 18. 
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SURGICAL INTERVENTION
CMT surgical intervention attempts to alleviate pain 
by anatomical modification. Pes cavovarus, claw-toe 
deformity, and muscle imbalance are the primary cor-
rections to help offload substantial hyperkeratotic for-
mations. Flexible (as compared to rigid) forefoot valgus 
with a rearfoot varus is important to identify in choos-
ing which osteotomy and tendon transfer will have the 
best outcome for the patient. Common soft tissue pro-
cedures include a peroneus longus transfer to decrease 
1st ray plantarflexion, posterior tibial tendon transfer 
to decrease inversion force, and Jones tenosuspension 
to correct hallux malleus deformity.29 Common osse-
ous procedures depend on which section of the foot is 
symptomatic: forefoot, midfoot, or rearfoot. Ward et al. 
reported that CMT patients with a flexible cavovarus foot 
observed lower rates of degenerative changes following 
first metatarsal osteotomy compared to triple arthrode-
sis.30 Wetmore et al. recommend that a triple arthrodesis 
should be considered a salvage procedure for long term 
results because only 7% of 30 triple arthrodesis patients 
rated the results as “excellent” after a 20 year follow-up. 
Secondary degenerative arthritis in the ankle and mid-
foot were noted as unsatisfactory long-term outcomes 
for salvage triple arthrodesis.31 Thus, CMT flexible cavus 
foot type has more surgical options and better outcomes 
than a rigid CMT foot because rigid CMT foot types can 
only be corrected with either an osteotomy or some type 
of fusion like a triple arthrodesis, which increases iatro-
genic joint arthritis.29–31 It is also important to manage a 
CMT patient’s surgical expectations knowing that there 
is no cure for CMT and peripheral neurological deficits 
may still progress and influence recurrent biomechani-
cal pathologies such as claw toes, cavus foot type, and  
stork legs.29,30

CONCLUSION
Charcot-Marie-Tooth disease is a complex hereditary 
peripheral neuropathy, which is difficult to diagnose 
and clinically recognize. Patients with complaints 
such as of high arch pain, muscle wasting, hallux 
malleus, and lateral ankle instability, should undergo 
detailed neurological and genetic testing to help with 
accurate diagnosis. Early intervention is important to 
delay the formation of rigid contractures and painful 
calluses. Due to the progression of CMT neuropathy, 
it is important to assess if the patient is a surgical 
candidate and which procedures to perform based on 
soft tissue and osseous deformities. Furthermore, cer-
tain drugs can exacerbate neuropathic symptoms like 
vincristine, amiodarone, colchicine, metronidazole, 
and tacrolimus, which should be avoided by CMT 
patients, adding to the need for early and accurate 
CMT diagnosis.32

determine which nerves have decreased function. Other 
somatosensory exams, such as the 128 Hz tuning fork, 
10 mg Semmes-Weinstein monofilament, two point 
discrimination, sharp/dull exam, and hot/cold decreased 
performance exams can likewise indicate the need for 
further detailed testing.9
Genetic testing is the most common diagnostic tool for 
CMT.2,4,9,16,25 Due to the genetic heterogeneity of CMT, 
genetic investigators have a systematic protocol to inves-
tigate the most common genetic mutations first, such as 
CMT1A, and then further investigate if the patient has 
a rarer form. Genetic testing can be expensive due to 
figuring out which gene to analyze and low insurance 
reimbursements, thus next-generation sequencing tech-
nologies for clinical use are being developed to help 
identify which chromosome or gene in an efficient step-
wise protocol. Genetic testing simply verifies the diagno-
sis and does not affect the management of CMT.
An invasive CMT diagnostic procedure is nerve conduc-
tion velocity (NCV) test, which can be supplemented 
with electromyography (EMG) and nerve biopsy. NCV 
tests are suggestive of CMT when conduction velocity 
falls below 60% of normal. EMG can be adjunctive to 
demonstrate the abnormal or decreased electrical signals 
in atrophied muscles. Nerve biopsy can demonstrate 
demyelination of large nerve fibers, increased collagen 
deposition, and fibroblast proliferation.4,8,12

CONSERVATIVE MANAGEMENT
There is no cure for CMT, thus most conservative man-
agement is based around supportive and accommodative 
modalities such as bracing, stretching, and palliative cal-
lus care. CMT patients are fitted for custom functional 
ankle foot orthoses (AFO) or functional foot orthoses 
(FFO) to alleviate arch pain and improve plantar pressure 
distribution.6,16,24 CMT patients who exhibit drop foot are 
encouraged to wear an AFO in conjunction with a sup-
portive walking device (e.g., crutches or walking sticks). 
Extra-depth accommodative shoes with multi-density 
inlays are also recommended for high arches to help sup-
port high peak plantar pressure spots since cavus foot type 
is known to have a tripod pressure foot print.3 Physical 
therapy and rehabilitation are also recommended to help 
delay rigid contractures.4
Some drugs have been shown to help delay the CMT 
polyneuropathy by promoting axonal regeneration and 
myelination, but are minimally effective. Sereda et al. 
showed in animal models that a progesterone antagonist 
drug can reduce PMP22 overexpression and slow nerve 
demyelination in CMT1A.26 Neurotrophin 3 has shown 
to improve axonal regeneration in peripheral nerves.27 

Vitamin C has also been shown to promote myelination 
in animal models.28
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Podiatrists can play an important role in the lives of 
CMT patients, because the associated neuropathy, 
muscle wasting, and osseous deformity are first seen 
in the lower extremity. Management and treatment for 
CMT families is a collaborative effort between multi-
ple medical disciplines requiring an understanding of 
CMT disease types and clinical presentations.
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along the anterior talofibular ligament to the calcaneo-
fibular ligament, taking special care to identify and 
avoid damage to the intermediate dorsal cutaneous and 
sural nerves. After debridement of the calcaneofibular 
and anterior talofibular ligament, the ends of the liga-
ments are re-approximated using absorbable sutures. A 
short leg cast is applied with the foot in an everted and 
slightly dorsiflexed position. The patient is instructed 
to remain non weight bearing for 10–14 days and will 
then progress to a weight bearing cast for an additional 
14 days.4

The arthroscopic Broström-Gould procedure is initiated 
much like the open Broström-Gould procedure; a pop-
liteal block administered, a thigh tourniquet is applied 
under general anesthesia, and the patient is placed in 
a spin position. The landmarks to be identified prior 
to the procedure are the peroneal tendons, distal tip of 
the fibula, and the superficial peroneal nerve. Several 
standard arthroscopic portals are often used, including 
the anteromedial, anterolateral, and retromalleolar ten-
doscopic views to allow for substantial debridement of 
the ankle joint. The anterior talofibilar and calcaneofib-
ular ligaments are debrided and re-approximated using 
microsuture lassos and absorbable sutures. The foot is 
held in a slightly dorsiflexed and everted position prior 
to applying a well-padded splint, which should be worn 
until the first postoperative visit. It is recommended that 
the patient transition into a below-the-knee cast 10–14 
days postoperatively and progress to weight bearing 
after 2–3 weeks.5

OUTCOMES
With any surgical modality it is best to examine and 
discuss the potential complications. When comparing 
surgical outcomes, it is important to note the preop-
erative condition of the patient. Extrinsic factors such 
as patient comorbidities and psychological status can 
affect the chances of surgical success. However, even 
with the best surgical candidates, certain complications 

INTRODUCTION
Ankle sprains are a common injury, with nearly half 
from sports participation.1 Inversion ankle sprains are 
more common than eversion ankle sprains, and as a 
result the lateral ankle complex is at a higher risk for 
injury. While ankle sprains tend to be successfully reha-
bilitated through conservative methods such as rest, ice, 
and physical therapy, repeated ankle sprains can lead 
to chronic lateral ankle instability and may need even-
tual surgical repair.2 The most vulnerable ligament in 
the lateral ankle complex is the anterior talofibular lig-
ament (ATFL) and is therefore the structure that usu-
ally needs repair. Several modern surgical approaches 
have been developed to repair the ATFL. The Broström 
technique with the Gould modification is a common 
procedure used today.3 With the advent of arthroscopy, 
an arthroscopic version of the Broström-Gould has 
also been developed and is a promising alternative. 
With the increasing popularity of minimally invasive 
surgery, it is worthwhile to compare the complications 
and results of these two procedures. This paper reviews 
several studies and recent literature to compare partic-
ular aspects of the traditional open Broström-Gould 
technique versus the arthroscopic Broström-Gould 
technique, particularly in regards to complications, bio-
mechanical effects, and short- and long-term results. 

SURGICAL PROCEDURES
Before comparing the results of both procedures, it 
is important to understand the differences in surgical 
approaches. Surgical technique for the open Broström-
Gould procedure is preformed after administration of 
a preoperative popliteal block. It is recommended the 
patient be oriented in the lateral decubitus position with 
local or general anesthesia administered. An ankle tour-
niquet may also be employed at this time. The fibular 
malleolus along with the anterior talofibular and cal-
caneofibular ligaments are identified and marked prior 
to beginning the procedure. The incision made extends 
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time to return to daily activity, postoperative complica-
tions, and recurrence of instability. The findings demon-
strated that arthroscopic Broström-Gould has equivalent 
clinical results to the open Broström-Gould technique. 
The arthroscopic technique, on the other hand, was faster 
and patients had less postoperative pain, enabling them 
to return to their daily activities sooner. The only caveats 
the study provided against arthroscopic Broström-Gould 
are that the surgeon needs to be adequately trained to 
perform the procedure, and that patients with coexisting 
disorders, such as extensive synovitis, are not good can-
didates for arthroscopic surgery.6
In regards to long-term results between arthroscopic and 
open Broström-Gould procedures, the two techniques are 
similar. A retrospective analysis by Nery et al. assessed 
38 patients at 9.8 years postoperatively after arthroscopic 
Broström-Gould procedure. They found that only four 
patients out of the 38 had to decrease their activity levels 
postoperatively, and only two reported a failure (AOFAS 
score < 80). The study concluded that the arthroscopic 
Broström-Gould technique provided similar long-term 
functional results to the standard open Broström-Gould 
technique, while also enabling surgeons to more easily 
diagnose and manage any intra-articular lesions.12 

CONCLUSION
In terms of overall success rates, the Broström-Gould 
technique is an excellent surgical option for lateral ankle 
repair. As such, it is important to consider the variety of 
surgical approaches and choose the one that will provide 
the best result. A review of current literature suggests 
that the open and arthroscopic Broström-Gould tech-
niques are equally efficacious with similar long-term 
outcomes.11 However, the literature does show that the 
arthroscopic Broström procedure, with its minimally 
invasive technique, does result in a faster post-operative 
recovery and is overall a shorter procedure.6 Finally, both 
surgical approaches have similar complication risks, with 
damage to the superficial peroneal nerve being a partic-
ular risk factor in both approaches.6,9,10 The main deter-
rents when considering the Broström-Gould arthroscopic 
approach are any kind of coexisting disorders that would 
contraindicate arthroscopy, such as extensive synovitis, 
and the time it takes a surgeon to become proficient in 
arthroscopy.6 Considering the skill and comfort level 
of the surgeon, it can be concluded that either the open 
or the arthroscopic Broström-Gould approach has the 
potential to stabilize the lateral ankle.
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specific to the procedure can occur. In the traditional 
open Broström-Gould procedure, the location of the 
incision places the superficial peroneal nerve at particu-
lar risk for irritation, which may result in transient numb-
ness post-operatively.6 A long term follow up study by 
Hsu et al. found that even with a low complication rate in 
an open procedure, there is possible occurrence of ankle 
and subtalar joint osteoarthritis.7 Other potential compli-
cations for an open procedure include wound infection, 
fibular fracture from drill hole placement, and peri-inci-
sional numbness.8
In comparison to the open procedure, the risk of dam-
age to the superficial peroneal nerve is also a concern 
with the arthroscopic approach. Transient and persistent 
post-operative numbness along the course of the super-
ficial peroneal nerve may occur and has been attributed 
to the placement of the anterolateral arthroscopic portal. 
Other complications include recurrence of lateral ankle 
sprain secondary to trauma, delayed wound healing of 
the anterolateral portal, tenderness of the scar, and post-
operative deep vein thrombosis.9 A study by Liu further 
identified the intermediate dorsal cutaneous nerves as 
at-risk structures and attempted to avoid damage by iden-
tifying the nerve via plantarflexion of the 4th toe during 
the procedure.10  Overall, it has been shown that there is a 
high success rate in both procedures. However, keeping 
potential complications in mind is a crucial factor when 
planning any surgical procedure.
In light of the possible complications, it is also important 
to compare the efficacy of the two procedures. A good 
measure of efficacy are the biomechanical results, as this 
plays a major role in the success of the procedure and 
in the likelihood for instability recurrence. In a study by 
Giza et al., arthroscopic and open Broström-Gould pro-
cedures were performed on seven paired cadaveric spec-
imens. The specimens were then stressed in various ways 
to test the lateral ankle complex’s resistance to inversion. 
They found no significant biomechanical differences 
with strength or degrees to failure between arthroscopic 
and open Broström-Gould procedures.11 In another 
study by Matsui et al., two groups of live patients hav-
ing undergone either an arthroscopic Broström-Gould or 
an open Broström-Gould procedure were compared and 
showed similar biomechanical results as well. Patients 
underwent talar tilt and anterior drawer tests at the one 
year post-operative mark, which yielded no significant 
differences from each other.6 Both studies conclude that 
the open and arthroscopic methods provided comparable 
biomechanical stability.6,11

When comparing the short-term results between 
arthroscopic and open Broström-Gould procedures, 
there are differences. A study by Matsui et al. reviewed 
arthroscopic Broström-Gould and open Broström-Gould 
cases at the one-year follow-up.6 The study looked at 
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provides cushioning. A rearfoot strike pattern was 
thought to be adapted due to the midsole cushion which 
elevates the heel approximately 8–16mm and makes 
it more likely to contact the ground first.2 There exists 
some controversy in the running community based on 
the hypothesis that cushioning predisposes runners to 
injuries and increases tibial impact shock. Although 
cushioning, motion control technologies, and materi-
als have all improved, running related injury rates have 
remained steady.7 Murphy et al.2 proposed that cushion-
ing may decrease tissue tolerance to mechanical stress 
and cause excessive pronation leading to injuries such 
as plantar fasciitis and deltoid attenuation. Cushioning 
may also decrease intrinsic arch support.11 Brauner et 
al. stated that cushioning alters leg stiffness, which in 
turn influences tibial impact shock.12

Since excessive cushioning potentially causes sports 
related injuries,2 barefoot running and minimalist shoes 
have gained popularity. Minimalist shoes have a mid-
sole designed for flexibility and thin cushioning to 
provide a sense of barefoot running. Perl et al. showed 
minimalist shoes without cushioning were more met-
abolically economical compared to cushioned shoes 
regardless of foot strike.13 Midsole cushioning adds 
more weight to the shoe and requires the runner to con-
sume oxygen at a higher rate.7

GAIT AND KINEMATICS
While the parameters of both risks and benefits associ-
ated with barefoot running have been demonstrated in 
numerous studies, the emergence of minimalist shoes 
continues to push the boundaries on defining a natural 
versus adapted gait. Athletes, collegiate coaches, and 
weekend warriors may claim minimalist shoes infuse 
greater levels of flexibility in training and performance, 
but studies have not fully supported these claims.7

Minimalist shoes may alter an athlete’s mechanics 
by increasing their stride rate with overall decreased 
range of motion in their hip, knee, and ankle all while 
landing in a plantarflexed position.7 This combination 
may also suggest that increased foot flexibility, which 
mimics barefoot gait, can reduce knee adduction move-
ment in individuals with lower extremity discomfort.14 

INTRODUCTION
Despite advances in running shoe technology, the inci-
dence of running related injury remains high, ranging 
from 19.4% – 79.3%.1,2 In contrast, minimalist shoes 
have taken an approach that is nearly the opposite of 
traditional running shoes and motion control tech-
nologies. Minimalist shoes aim to mimic barefoot 
running, as many believe in the proposed benefits of 
barefoot running such as those discussed in Christopher 
MacDougall’s book, Born to Run. Nevertheless, con-
troversy continues to surround the subject of minimalist 
shoes starting with the very definition itself. Gillinov 
et al. define minimalist shoes as having less cushion, 
reduced heel-forefoot offset, greater sole flexibility, and 
lack of arch support and motion control while Lussiana 
et al. defines them as having lighter mass, a low profile, 
greater flexibility, and smaller heel elevation.3,4 While 
these definitions share similarities, Esculier et al. did 
not find current descriptions of minimalist shoes ade-
quate to fully assess and research a minimalist shoe 
and thus created the Minimalist Index.1 The Minimalist 
Index is a rating scale for minimalist type shoes that is 
weighted equally between weight, flexibility, heel-to-
toe-drop, stack height, and motion control devices. By 
using the Minimalist Index, or a similar rating scale, 
minimalist shoes can be better differentiated.5,6

Minimalist footwear advocates assert that these 
shoes improve overall performance and have lower 
injury rates than motion control shoes.7 For example, 
Staheli claimed that optimal foot development occurs  
in barefoot conditions, while stiff and constrictive foot-
wear can lead to deformity and stiffness.8 Moreover, 
Rao and Joseph supported that children should avoid 
wearing shoes until it becomes necessary because rigid 
shoes can impede the development of intrinsic muscles.9 

Others have found different rates of flatfoot deformi-
ties in closed-toed shoes, open-toed shoes, sandals, and 
unshod groups from highest to lowest, respectively.9,10

CUSHIONING
Conventional running shoe anatomy consists of 3 differ-
ent material layers: insole, midsole, and outer sole. The 
midsole of the shoe consists of foam material, which 
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the ratio between the maximum ground reactive force 
and maximum leg compression during ground contact.2  

As a consequence, it also serves as an important com-
ponent of the spring-mass model, as it can be manip-
ulated based on the stiffness of the terrain the limb is 
acting on.22 Divert et al.23 found that barefoot running 
increases leg stiffness compared to shod runners and 
thus, the storage of elastic energy was depleted in addi-
tion to the dampening material in shoes. Lussiana et 
al.4 confirmed these results by finding the same trend 
based on differences in slope conditions on a tread-
mill in minimalist shoes versus traditional shoes. In 
addition to the terrain, shoes themselves also influence 
leg stiffness. In opposition to the previous findings 
by Divert et al.23 and Lussiana et al.,4 Murphy et al.2 
found that by using a more cushioned shoe, runners 
adopt the use of a stiffer leg as opposed to a shoe with 
limited cushioning. Given each individual’s unique 
mechanics, ideas such as these can help optimize the 
spring-mass model by manipulating the stiffness in 
order to reach the optimal stretch-shortening cycle 
and prevent excessive leg stiffness, as it has a higher 
tendency to result in bony injuries.24,25

Moreover, ankle stiffness and loading is higher in rear-
foot strike patterns versus forefoot strike patterns where 
the metatarsals serve as the initial point of contact and 
load more.2 This may be a possible explanation for dif-
ferences in strike pattern efficiencies as well as for why 
rearfoot strike patterns have an increased risk for knee 
injury while forefoot strike patterns have an increased 
risk for ankle and foot injury.26  Ankle joint angles at 
ground contact are also important when describing the 
dissipation of kinetic forces. The associated forefoot 
strike pattern with minimalist shoes allows for more 
translation of energy and recovery in the Achilles lead-
ing to less energy loss.2

IMPACT PEAK
The impact peak, or passive peak, continues to be con-
troversial, as it only occurs in rearfoot strikers.27 Shorten 
defines the impact peak as “neither uniquely defined by 
heel impact, nor a reliable indicator of magnitude,” and 
states that it consists of a high frequency heel impact 
transient followed by lower frequency loading peaks in 
the heel and forefoot.28  It can be inferred that there is 
no impact peak in a higher percentage of unshod indi-
viduals versus shod as a result of the tendency for their 
foot strike pattern to be more distal. In a forefoot strike, 
the ankle is more plantarflexed and the subtalar joint 
is more inverted.29  Even though this unique peak only 
occurs in rearfoot strikers, little evidence supports the 
idea of it playing a significant role in rearfoot-related 
running injuries.30  If the impact transient was the true 
source of injury in rearfoot strikers, numerous strategies 

Furthermore, the statistical analysis in one study 
demonstrated increased plantarflexion at foot strike in 
all tested slope gradients with minimalist shoes and fur-
ther validates the relationship between gait dynamics 
and footwear.4

Changes in the sagittal plane were not the only con-
clusions illustrated in the literature. Barefoot running 
could result in as much as a 61% increase in heel pad 
deformity at heel strike. Similarly, the adapted fore-
foot strike in athletes with minimalist shoes may have 
a higher propensity to overload the metatarsal fat pad 
resulting in possible metatarsal fractures.15  This was 
further illustrated by Gillinov et al. in which 20% of 
runners adopted a forefoot strike in minimalist type 
shoes compared to the 7% wearing traditional running 
shoes.3  It was also significant to note that ground con-
tact time and stride cadence both increased with the use 
of minimalist type shoes. In addition to the above asso-
ciation between athletes self-selecting forefoot strike 
patterns with minimalist shoes, users can expect an 
increase in ground reactive forces, rearfoot pronation, 
and knee stiffness. Furthermore, tibial accelerations 
have been recorded to reach higher peaks in midfoot 
and forefoot strikers upon ground contact despite 
decreases in ankle joint stiffness decreases, which also 
supports these findings.16,17

As current studies continue to look at the evolution of 
minimalist footwear in relation to changes in gait pat-
terns, so has the field of kinematics. Athletes can poten-
tially actively select strategies for performance gains as 
published research aims to further evaluate the costs and 
benefits of minimalist shoes. An interesting point stud-
ied was the effect of barefoot running and the finding of 
pre-activation of the medial head of the gastrocnemius, 
the lateral head of gastrocnemius, and the soleus.18  These 
findings may contribute to the reduced impact forces on 
the hips and knees that Shakoor and Block hypothesizes 
to be secondary to gait modifications.19  However, it is 
plausible to postulate that the shock transmission can be 
displaced in the back musculature instead, such as the 
erector spinae muscle group, while running barefoot.20 
Evidently, athletes can employ various strategies to 
adopt a more comfortable gait.

LEG STIFFNESS
The concept of the lower limb acting as a spring is one 
that has been discussed and accepted in the literature 
as an efficient aspect of locomotion. When using the 
spring-mass model to describe the lower extremity, 
the body is the “mass,” the leg is the “spring,” and the 
foot is the contact point to the support surface.21  Thus, 
as the body moves forward and the foot contacts the 
ground, the leg compresses and stores elastic energy 
that can later be used during push off. Leg stiffness is 
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area on MRI in the Nike Free group. Additionally, the 
strength of flexor hallucis longus and flexor digitorum 
longus muscles also increased in the Nike Free group. 
Plantarflexxion and supination in the experimental 
group also significantly increased, while the control 
group remained unchanged.5

RUNNING ECONOMY
Rearfoot, midfoot, and forefoot strike patterns demon-
strate different efficiencies at different speeds. Contrary 
to popular belief, a rearfoot strike is the most energy effi-
cient foot strike at average running speeds. Gruber et al.39 
showed that a rearfoot strike burned fewer carbohydrates 
than a forefoot strike at slow to medium speeds, and was 
most notable at 5.4% and 9.3% more efficient than a 
midfoot strike at submaximal speeds of 11 km/hr and 13 
km/hr, respectively.40  Furthermore, when analyzed with 
computer simulation, a rearfoot strike was 6.3% more 
energy efficient when compared to other foot strikes.41 
In contrast, midfoot and forefoot strike patterns become 
more energy efficient at maximal speeds.42

Besides a runner’s foot strike pattern, studies have 
shown that running economy was also influenced by 
different types of shoes, such as conventional shoes, 
minimalist shoes, and no shoes. Barefoot running was 
shown to have an increased economy due to the lack 
of heavy shoes that contribute to energy use.7  Divert 
et al.18 also attributed increased economy in barefoot 
running to the lack of shoe mass but not gait changes. 
Shoe masses greater than 440 grams have been shown 
to affect energy consumption and stride frequency 
during running.43,44  Minimalist shoes are lighter than 
conventional shoes, which contributes to decreased 
metabolic costs. Squadrone and Gallozzi observed 
that minimalist shoe runners adopt a forefoot strike 
pattern more often as well as an increased cadence.6 
Even though leg stiffness and the spring-mass model 
play an important role in determining economy, there 
continues to be disagreement on the overall effect. 
Dumke et al.45 showed that minimalist shoes are more 
efficient than conventional shoes because higher leg 
stiffness is observed in minimalist shoes, suggesting 
greater ability to store and release elastic energy. On 
the other hand, Murphy et al.2 claimed that a more 
cushioned shoe supports a stiffer lower extremity. 
Ultimately, it appears that more evidence supports that 
greater longitudinal shoe stiffness, shoe cushioning, 
and shoe comfort were all associated with improved 
running economy.44,45 

INJURY
Ankle injuries are the most common type of sports-re-
lated injury in the active community.46,47  Ankle injuries 
consist of 15–30% of all injuries and usually occur with 

could be used to mitigate the force. Shock-absorbing 
insoles do not decrease the incidence of stress frac-
tures, and running on hard surfaces does not increase 
injury rates.31–33  Likewise, from the approach of the 
foot inside of the shoe, others have claimed that while 
cushioning should theoretically decrease the degree of 
impaction of the foot, it may detract from the natural 
shock-absorbing qualities of the foot itself, which may 
ultimately contribute to injury rates.34–36  Thus, other 
factors such as exposure time and previous injuries 
should be used to predict injury rates in runners, not 
impact forces.33 

MUSCLE RECRUITMENT  
AND DEVELOPMENT
The literature has shed light on the advantages of 
barefoot running and training with respect to muscle 
recruitment and development. In a study conducted 
by Kadambande et al.,37 100 randomly selected indi-
viduals from the United Kingdom who wore shoes 
were compared to 100 randomly selected individu-
als in India who never wore shoes. According to this 
study, the flexibility of individuals in the shod group 
was less than the unshod group. Rao and Joseph took 
the effects of footwear on muscle recruitment one 
step further and evaluated the influence footwear had 
on the prevalence of flatfoot deformities in children 
between the ages of 4 and 13.9  Using a differential 
pressure footprint mat, the authors concluded that 
close-toed shoes significantly decreased the ability to 
develop an arch in children and caused more ligamen-
tous laxity. Furthermore, the introduction of footwear 
in early childhood impaired the development of the 
intrinsic muscles of the foot.
Proponents of minimalist style shoes claimed they 
assist in strengthening intrinsic muscles of the foot 
since they mimic the benefits of barefoot running. 
Johnson et al.38 evaluated the degree of muscle recruit-
ment and development in 37 runners transitioning to 
running in Vibram FiveFingersTM minimalist shoes. 
After ten weeks of running in Vibram FivefingersTM, 
the cross sectional area of the abductor hallucis mus-
cle had significantly increased. A study funded by 
Nike further supported the positive effects of intrinsic 
muscle development and also found a similar result 
in extrinsic muscles of the foot.5  In this study, two 
groups, each consisting of 25 participants, performed 
either a warm-up routine in Nike Free shoes followed 
by a workout routine in traditional shoes or a warm-up 
routine and workout routing in traditional running 
shoes 3–4 times per week for five months. This study 
found that the flexor hallucis brevis, flexor digitorum 
brevis, abductor hallucis, and quadratus plantae mus-
cles all had significant increases in cross-sectional 
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DISCUSSION
The literature suggests minimalist shoes provide several 
benefits. Research supports that the design and rationale 
behind minimalist shoes can help avoid medial column 
injuries associated with cushioning and overpronation,2 

decrease knee pain,26 can increase running efficiency 
in serious runners,42 and can facilitate intrinsic muscle 
development,38 among other advantages. Conversely, 
minimalist shoes may also increase foot and ankle 
injuries as a result of an altered gait pattern.3,26 One 
major shortcoming of minimalist shoe research is that 
conclusions relate to barefoot running but not to mini-
malist shoes. Although minimalist shoes aim to mimic 
barefoot running, the minimalist shoe is still a shoe 
and cannot fully replicate barefoot running.30 Another 
misconception is that while the minimalist community 
boasts that minimalist shoes decrease injury rates by 
altering strike patterns, the literature demonstrated this 
claim to be false. Instead, several researchers found no 
difference in injury rates with regards to strike pattern.50 
Different strike patterns simply alter aspects of gait 
such as initial point of contact, loading rates, and leg 
stiffness, which in turn determine the most likely type 
of injury to occur.25,26,51 Consequently, depending on the 
individual and duration of strenuous activity, minimal-
ist shoes may not be consistently beneficial.54,55
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collateral ligaments resist inversion of the ankle and 
are more commonly injured than the medial liga-
ments. Repeated injuries to lateral ligaments are a 
major contributor towards CAI in adults. The lateral 
collateral ligament complex consists of the ante-
rior talofibular ligament (ATFL), calcaneofibular 
ligament (CFL), and posterior talofibular ligament 
(PTFL). The ATFL is an intracapsular, two-band lig-
ament that originates from the distal aspect of the lat-
eral malleolus to insert medially on the lateral aspect 
of the talar neck.5  At an average of 7.2 mm wide and 
24.8 mm long in adults, the ATFL plays an important 
role in preventing anterior displacement of the talus 
from the mortise, as well as excessive inversion and 
internal rotation of the talus on tibia.3,5  However, it 
is the weakest of the lateral ligaments and is injured 
in about 90% of all ankle sprains.6  The CFL courses 
from the posterior inferior aspect of the lateral malle-
olus to insert onto the lateral aspect of the calcaneus; 
it runs deep to the peroneal tendons. The CFL is an 
extracapsular ligament that prevents excessive supi-
nation of the talocrural and subtalar joints. The CFL 
is approximately 5.3 mm wide and 35.8 mm long and 
is the second most commonly injured ligament, com-
prising 50–70% of inversion ankle sprains.5,6  The 
PTFL is only involved in about 10% of inversion 
ankle sprains, and has a minor role in resisting inver-
sion and internal rotation of the talus when the ATFL 
and CFL are intact.3,6  It is an intracapsular ligament 
which runs from the posterior aspect of the fibula to 
insert into the posterolateral aspect of the talus. The 
CFL is on an average 6.0 mm wide and 24.1 mm long 
and has a fibrofatty composition with broad attach-
ments on the talus and fibula.5 

PATHOMECHANICS AND CLINICAL 
PRESENTATION
A comprehensive history and physical examination 
is an important part of the CAI clinical evaluation. 
Necessary history questions include the mechanism of 

ABSTRACT
Chronic ankle instability, the frequent “giving way” of 
the lateral ankle, may result from recurrent ankle sprains. 
Stress radiographs of the ankle remain the gold standard 
for ruling in chronic ankle instability. Chronic ankle 
instability can be treated conservatively or surgically. 
Conservative treatment includes rehabilitation following 
ankle sprains, and the use of braces and custom-molded 
orthoses. Surgical treatment includes the Broström and 
Modified Broström techniques. In this literature review, 
we discuss the anatomy, pathomechanics, clinical pre-
sentation, as well as surgical and nonsurgical treatment 
of chronic ankle instability in adults. 

INTRODUCTION
Chronic ankle instability (CAI) is characterized by 
recurrent “giving way” of the lateral ankle, and is often 
the result of repeated ankle sprains. Factors that con-
tribute to repeated ankle sprains are functional and ana-
tomic deficiencies at the ankle.1  Functional deficiencies 
include decreased proprioception, muscular imbalance, 
and impaired neuromuscular control. Predisposing ana-
tomic factors include ligament laxity, rearfoot varus, 
and improper positioning of talus in the ankle mor-
tise.1  The greatest risk factor for developing an ankle 
sprain is a previous sprain. When a sprain occurs, the 
ligaments are macroscopically torn and occasionally 
rupture, which leads to decreased stability and proprio-
ception of the ankle, allowing for recurrent sprains. 
Lateral ankle sprains are a common injury with approxi-
mately 23,000 ankle sprains occurring daily in the U.S.2 
High-impact sports tend to have the highest recurrence, 
with basketball leading at a rate of 70%.3 Repetitive 
sprains may lead to osteoarthritis and articular degen-
eration of the ankle.3  It is estimated that about 30% of 
ankle sprains can lead to CAI.4 

ANATOMY
To address the issues related to CAI, it is important 
to understand ankle ligament anatomy. The lateral 
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of the talus is a risk factor for ankle instability. Studies 
have also focused on the posterior position of the lat-
eral malleolus as the cause of ankle inversion sprains, 
predisposing the patient to CAI.8  Functional instabil-
ity is defined as proprioceptive deficiency, receptors 
and nerve centers that are involve in perception, and 
muscular deficiency. There are four types of receptors 
in the ankle joint. These receptors include the Golgi 
tendon organs, Ruffini joint mechanoreceptors, neuro-
muscular spindles, and the plantar cutaneous mecha-
noreceptors. The dysfunction of any of these receptors 
leads to high risk of ankle instability.8  Multiple stud-
ies have shown that ligament injuries occur because 
mechanoreceptors respond too slowly to prevent inver-
sion injury.8  Functional muscular instability, evaluated 
during gait analysis, is related to a delay in muscle 
activity due to neurological dysfunction or a mechan-
ical muscle defect.8  Functional postural instability 
relates to the position of the rearfoot, specifically in 
varus from altered ligaments, leading to an increase in 
lateral column pressure, which predisposes individuals 
to inversion ankle injuries. To test proprioception, have 
the patient perform a single-leg hop with their eyes 
closed. A positive test indicates instability resulting 
in lack of postural control.9  This test helps evaluation 
by activating all the necessary muscles of the lateral 
compartment and deep posterior compartment of the 
leg.9  Hubbard et al. conducted a study where they 
examined mechanical and functional insufficiencies 
together in individuals with CAI.10  The study aimed 
to determine which measures are important in differ-
entiating individuals with CAI and those without. The 
study concluded that there are four factors that signifi-
cantly predict CAI: increased anterior laxity, increased 
inversion laxity, diminished dynamic balance, and a 
lower peak plantarflexion torque.10  However, to obtain 
accurate joint kinematic measurements, special instru-
mentation and devices are required.11 

NON-OPERATIVE TREATMENT
Conservative treatment is typically used for at least 
six months before operative treatment is considered. 
Rehabilitation is aimed at developing strength, proprio-
ception, reflexes, and muscular reaction time. A com-
mon instrument used during rehab is a wobble board, 
as it is able to address all of these factors.12  Another 
device used commonly is an ankle brace. Ankle braces 
not only provide mechanical stability, but they also 
increase proprioceptive stimulation.13  Custom foot 
orthoses have been shown to improve balance and pain 
in patients.14,15  Orteza et al. evaluated the balance and 
pain levels of 15 subjects following an ankle sprain.15 

They concluded that molded orthoses improved bal-
ance of patients, while unmolded orthoses did not show 

the current ankle sprain, complete history of previous 
ankle sprains, and presence of associated injuries. The 
physical examination of an ankle sprain includes the 
patient’s ability to ambulate and assessment of bony 
prominences, ligaments, and surrounding soft tissue. 
Further exploration of ligament integrity can be done 
using the anterior drawer and talar tilt tests. The ante-
rior drawer test assesses the ATFL and is performed 
while the patient’s knee is bent and their ankle is in 
neutral position. While holding the distal tibia with 
one hand, an anterior force is applied to the heel with 
the other hand; a positive result is seen with increased 
anterior displacement. To assess the degree of ankle 
ligament laxity, many clinicians rely on talar tilt stress 
radiographs.4,7  This radiograph is taken while the cli-
nician positions the ankle in a neutral position and 
inverts the heel. Greater than 10 degrees of talar tilt 
from the neutral position of the ankle is considered 
an abnormal test and surgical intervention should be 
considered.4  However, the results of these manual 
anterior drawer and talar tilt tests can be unreliable 
and non-reproducible. Even though most CAI diag-
noses are made from clinical examination and stress 
radiographs, MRI is the most appropriate choice for 
ligament laxity evaluation.8

Chronic ankle instability can be prevented by iden-
tifying high-risk patients and applying appropriate 
treatment modalities. CAI risk factors fall into two 
classifications: intrinsic (foot morphology, age, sex, 
height, BMI, muscle strength, ligament system injury, 
and postural stability) or extrinsic (environment, shoe 
gear, brace, and specific sports).8,9  Currently, the prev-
alence and risk factors for CAI in the general, non-ath-
letic population have not been studied. These issues 
have only been studied in select populations, such as 
military personnel and athletes.9  In a retrospective 
study comparing BMI, body height and CAI, it was 
found that there is a statistically significant increase in 
the possibility of CAI per unit of BMI.9  This increase 
in CAI risk is thought to be the result of an inability of 
the ankle to quickly change momentum due to a high 
mass moment of inertia acting about it.9  Mild CAI 
has been found to positively correlate with height in 
males only.9

CAI results in two types of instability that can become 
debilitating if treatment is delayed: mechanical and 
functional.3,8 Mechanical instability results from 
defects in ligaments, cartilage, bone and positioning 
of the talus and fibula.3 A ligamentous lesion leads 
to ligament laxity, thus causing bone and joint insta-
bility. Alterations to talar osteochondral cartilage and 
differences in trochlea morphology will also lead to 
biomechanical abnormalities. Reduction in talar cov-
erage by the ankle mortise due to an anterior position 
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24 high-demand, athletic patients with chronic lateral 
ankle instability. These 24 patients (10 track, 6 bas-
ketball, 5 soccer, and 3 taekwondo athletes) under-
went the Modified Broström procedure with a suture 
bridge. There were 17 males and 7 females. On the day 
of surgery, the patients’ average age was 23.1 years, 
with a range from 17 to 28 years. The Karlsson score 
improved from a preoperative average of 43.5 points to 
92.2 points postoperatively.17 With this improvement, 
the study demonstrated that the Modified Broström with 
suture bridge technique results in excellent outcomes 
and is a superior technique for the high-demand athlete 
over the traditional Broström, or Modified Broström 
not implementing the suture bridge.

CONCLUSION
Ankle sprains can result in different biomechanical 
and soft tissue pathology, which ultimately cause CAI. 
Several studies review the causes and treatments of 
CAI. Currently, there has been research done on opti-
mal treatments for certain patient populations such 
as military personnel and athletes, but there is a need 
for studies to determine the causes and the most opti-
mal treatments for other cohorts. Diabetic and obese 
patients are at increased risk for CAI; these are two 
populations that continue to grow in the US and world-
wide. Therefore, there needs to be additional studies 
investigating the optimal treatments for these groups, 
who may not necessarily develop CAI from high-im-
pact sports or military deployment.
Ankle sprains are the result of mechanical and func-
tional instability and can lead to CAI. Stress lateral 
radiographs of the ankle prove to be a useful modality 
for the diagnosis. Lateral ankle sprains occur more fre-
quently than medial sprains, as the ATFL is the weak-
est ligament. Two types of CAI are mechanical and 
functional instability. CAI can be prevented by focus-
ing on early conservative or surgical treatment follow-
ing an ankle sprain. Non-operative treatment should 
be attempted for at least six months before operative 
modalities are considered. Wobble boards, ankle braces, 
and custom foot orhthoses have all been clinically 
proven to be effective non-operative modalities. These 
conservative measures aim to develop muscle strength, 
proprioception, reflexes, and muscular reaction time. 
The Modified Broström is the most commonly utilized 
technique for the non-athletic patient. For high-impact 
athletes, the Modified Broström technique with a suture 
bridge has been shown to have a superior Karlsson 
score and therefore should be utilized.
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it flattens and weakens the plantar soft tissue structures 
and commonly results in a rocker-bottom foot appear-
ance; this appearance is marked by rearfoot valgus and 
a vertical talus found medially in the sole as seen in 
Figure 2. Although the early years of CVT may not 
be painful, it can cause serious deformity and pain if 
left untreated.2 

ETIOLOGY
Approximately half of CVT cases occur in conjunction 
with neurological disorders or known genetic defects; 
these are often referred to as non-isolated cases. The 
other half occur in children without known neurologi-
cal disorders or genetic defects, and these are referred 
to as idiopathic or isolated cases. Of the isolated cases, 
20% have a positive family history of CVT, which is 
inherited in an autosomal dominant pattern. The most 
common linked genetic defects include aneuploidy of 

INTRODUCTION
Congenital Vertical Talus (CVT), also known as con-
genital convex pes valgus or “Persian slipper,” was first 
described by Henken in 1914, nine years after the dis-
covery of X-rays.1  CVT is a disorder of the foot that 
develops in utero. CVT can develop unilaterally or 
bilaterally and is a cause of rigid rocker-bottom pediat-
ric flatfoot diagnosed in pediatric patients ranging from 
0 to 18 months.2 The navicular in a patient with CVT 
is dorsally and laterally dislocated onto the head of the 
talus resulting in the progression of a wedge-shaped 
navicular. Figure 1 demonstrates the normal anatomy 
of the foot with no deformity. CVT is frequently con-
fused with talipes equinovarus, commonly known as 
clubfoot. Clubfoot, however, is characterized by dis-
placement of the talonavicular joint plantar medially. 
The talar head and neck in a foot with CVT are abnor-
mal in shape and orientation, frequently resulting in a 
flattened appearance. The talar position is important, as 

Figure 1. Artist’s rendition of the foot anatomy 
 without deformity.

Figure 2. Artist’s rendition of the lower extremities 
in a nine-month-old child with CVT. The forefoot is 
dorsiflexed and abducted while the rearfoot is in valgus, 
demonstrating the rocker-bottom foot type.
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Figure 3. The plantar feet (A) demonstrate forefoot abduction in a patient with a neuromuscular disease. Deep creases are 
evident on dorsal foot (B) secondary to forefoot and midfoot dorsiflexion in a patient with a neuromuscular disease. Used with 
permission from Wolters Kluwer Health, Inc.

joint and dislocation/subluxation of the calcaneocuboid 
joint.4  Other classifications differentiate isolated CVT 
from CVT with one or more comorbidities. The disad-
vantage of each of these classification systems is that 
they do not take motor function of the lower legs into 
account.7  Weak motor function of the lower legs should 
be considered, as it predicts a poor response to initial 
treatment and relapse. Miller and Dobbs suggest imple-
menting a new classification system that incorporates 
motor function to better predict patient response to treat-
ment and to improve individual treatment programs.4

PATHOANATOMY AND STANDARD 
RADIOGRAPHIC ASSESSMENT OF CVT
Common pathoanatomy of CVT includes a rearfoot 
that is in marked equinus and valgus. This abnormal-
ity is caused by contracture of the posterolateral ankle 
and subtalar joint capsules as well as contracture of 
the Achilles tendon.4  The forefoot is slightly abducted 
and dorsiflexed, the foot is very stiff, and calluses can 
develop under the head of the talus with ambulation, 
which is represented in Figure 4.3  The calcaneus is 
usually in extreme equinus. Lastly, the posterior tibial, 
peroneus longus, and peroneus brevis tendons are often 
subluxed anteriorly, changing their function from plan-
tarflexors to dorsiflexors.4 
Standard radiographic assessment of CVT includes an 
AP view of the foot as well as three lateral views of the 
foot in plantarflexion, dorsiflexion, and neutral position.7 
The gold standard for CVT is the lateral view of the foot 
in maximum plantarflexion, where the rigidity of the tal-
onavicular joint dislocation can be determined. It is dif-
ficult to diagnose CVT due to the cartilaginous nature of 
a newborn’s foot and the fact that the cuneiforms, navic-
ular, and cuboid have yet to complete ossification, as 

chromosome 13, 15, and 18.3  This association with 
neuromuscular disease may be secondary to muscle 
imbalance, which is demonstrated in Figures 3A and 
3B.4  Muscle weakness occurs with myelomeningocele; 
for example, a weak posterior tibialis may be paired with 
relatively strong dorsiflexors.5  Another cause of CVT may 
be congenital vascular deficiency of the lower extremity, 
such as an absence or deficiency of the anterior tibial and 
dorsalis pedis arteries.4 
While many cases of CVT are associated with terato-
genic conditions such as myelomeningocele, neuro-
muscular disorders, and chromosomal aberrations, an 
isolated form of CVT may occur.6  This form is due to an 
autosomal-dominant inheritance, suggesting a familial 
occurrence. This was demonstrated by Levinsohn et 
al., who observed 36 subjects from the same family 
over 4 generations.6  Fourteen subjects displayed clini-
cal and radiographic features of CVT, while 2 of these 
14 subjects also had a cavo-varus deformity consistent 
with Charcot-Marie-Tooth (CMT) disorder.6  In total, 
2 of the 36 subjects did not have CVT but showed the 
cavo-varus CMT deformity, and the remaining 20 fam-
ily members showed no features of CVT or CMT. DNA 
analysis revealed a missense mutation in the HOXD10 
gene located on chromosome 2 in all 14 subjects who 
showed features of CVT as well as the 2 subjects who 
showed features of cavo-varus CMT but no CVT. 

CLASSIFICATION
The Coleman classification system of CVT, which is cur-
rently used to divide cases into two types, emphasizes 
anatomical differences and the presence or absence of 
associated diagnoses.7  Type I is characterized by a rigid 
dorsal dislocation of the talonavicular joint, and Type II 
has both a rigid dorsal dislocation of the talonavicular 
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the tibiocalcaneal angle, and the talar axis first metatar-
sal base angle (TAMBA). TAMBA helps differentiate 
CVT from oblique talus, with a value greater than 35 
degrees considered to be diagnostic for CVT. However, 
it is important to note that CVT cannot be ruled out as a 
diagnosis with values less than 35 degrees. In these rare 
cases, the presence or absence of rearfoot equinus should 
be documented for differentiation purposes. If equinus is 
present, the deformity is rigid and is suggestive of treat-
ment equivalent to CVT with a TAMBA of greater than 
35 degrees.3  Treatment decisions should be based on the 
rigidity of the talonavicular joint and the rearfoot.

APPROACHES TO CORRECTION

Method of correction of idiopathic CVT
The standard treatment for idiopathic CVT has been 
extensive soft tissue release. However, this treatment 
may cause severe rigidity. Based upon the principles 
illustrated by Ponsetti for the treatment of clubfoot, 
a new method of cast immobilization and manipu-
lation was evaluated for idiopathic CVT. In a study 
conducted by Dobbs et al., 19 feet (in 11 patients)  
with idiopathic CVT were observed for a minimum 
of two years following treatment of CVT with serial 
manipulations and casting with limited surgery.8  All 
19 cases received Achilles tenotomies. Fractional 
lengthening of the anterior tibial tendon was per-
formed on two of the feet, while the peroneus brevis 
tendon was lengthened on one foot. Twelve of the 19 
feet had percutaneous pin fixation of the talonavicu-
lar joint. Plaster casting was performed in the same 
manner as those used to correct a clubfoot deformity 
introduced by Ponsetti, but the forces were applied 
in the opposite directions.7  Subjects saw significant 
improvement (p < 0.0001) in all of the radiographic 
measurements when compared to the pre-treatment 
measurements. All of the measured angles were 
within normal values for each patient of same age 
range.8  This method of serial manipulation and cast 
immobilization followed by talonavicular pin fixation 
and Achilles tenotomy yielded excellent results for 
patients with idiopathic CVT. 

Dobbs minimally invasive and serial casting method
In 2007, Dobbs described a procedure to correct 
both isolated and non-isolated CVT that involves 
serial casting and minimally invasive surgery.8,9 
The Dobbs method has also been shown to correct 
CVT in older children (ages 6–9 years) who had not 
received treatment. To assess the effectiveness of the 
Dobbs method, Alsani et al. performed a retrospec-
tive study involving 15 feet from 10 patients, aged 
1 month to 9 years.10 Of these 10 patients, 5 had an 
isolated, idiopathic CVT form, and the remaining 5 

represented in the radiograph in Figure 5.4  Thus, radio-
graphic evaluation of a newborn should be based off the 
spatial relationships between osseous structures such as 
the navicular, cuboid, and calcaneus.4 

Upon X-ray, standard lateral views will show a vertically 
positioned talus and dorsal dislocation of the navicular. A 
line through the long axis of the talus will pass beneath 
the first metatarsal-cuneiform axis. The lateral view of 
the foot in plantarflexion will show persistent dorsal 
dislocation of the talonavicular joint. “Oblique talus,” a 
mild to moderate form of CVT, will be shown on this 
view, and Meary’s angle will be greater than its normal 0 
degrees.2  The lateral view of the foot in dorsiflexion will 
reveal fixed equinus, while the AP foot view will show 
valgus of the midfoot and a talocalcaneal angle of greater 
than 40 degrees (20 to 40 degrees is normal). Magnetic 
resonance imaging (MRI) is often considered for eval-
uation of the neutral axis if a neuromuscular disorder is 
suspected to cause CVT, and this will show valgus of the 
midfoot and an increase in the talocalcaneal angle.1 
Measurements commonly used to diagnose CVT on 
the lateral radiograph include the talocalcaneal angle, 

Figure 4. Calluses can develop under the head of the 
talus due the slightly abducted and dorsiflexed foot and 
plantarflexed talus.

Figure 5. An illustrated x-ray of an infant with CVT with 
abnormal bone positioning: the talus is positioned vertically.
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DISCUSSION

Extensive surgical correction comparison:  
peritalar release vs. MROR
The authors of the MROR study state that the MROR 
method is the preferred procedure to correct CVT rather 
than the peritalar release for various reasons. First, the 
success rate of MROR is superior to that reported for 
peritalar release. MROR yielded “good” (term defined 
by authors) results in 24/31 patients, whereas peritalar 
release only yielded “good” results in 17/32 patients.11,12 
Evidently, there is a higher success rate for the MROR 
procedure compared to the peritalar release. 
Napiontek states that there was an overall lack of 
accurate talonavicular reduction in the majority of the 
feet corrected with the peritalar release, even though a 
horizontal talus position was achieved.11  Only 2 of 32 
feet showed talonavicular reduction following a peri-
talar release at a 9.2 year follow up, which illustrates 
the fact that this procedure is not effective in reduc-
ing midtarsal joint dislocation. Ramanoudjame et al. 
also add that the peritalar release may cause excessive 
talocalcaneal divergence, and the excessive release  
of the subtalar joint may cause avascular necrosis of 
the talus.12

Extensive surgical & soft tissue corrections vs. mini-
mally invasive and serial casting method
A study was conducted with the purpose of comparing 
long-term results in patients with CVT who received 
extensive soft tissue release surgery (11 patients) ver-
sus those patients who received the newly introduced 
minimally invasive technique (16 patients).13 This 
study analyzed the clinical, radiographic and func-
tional outcomes with a follow up time of 7 years and 
was able to show that patients treated with the mini-
mally invasive method had better long term foot flex-
ibility and pain scores compared to those treated with 
the extensive soft tissue release surgery. Ankle arc 
of motion, PODCI scores for pain, normative global 
function, and radiographic values were all improved 
in the group receiving minimally invasive correc-
tion. The advantage seen in the minimally invasive 
approach is that it relies on serial casting to gradu-
ally stretch the dorsolateral soft tissue, thus leaving 
the tenotomy of the dorsolateral tendons unnecessary. 
Lastly, the talonavicular joint is fully reduced with 
casting alone. Overall, the minimally invasive method 
is most effective and can reduce the amount of sur-
geries required in order achieve a common goal of 
mobility. Similar to the Ponsetti method for clubfoot 
treatment, the researchers hypothesized that limiting 
intracapsular surgeries via the minimally invasive 
method results in less scar tissue and, thus, increases 
mobility of the foot.13

had non-isolated, syndromic CVT form. All 15 feet 
were manipulated and casted serially, or the reverse 
Ponsetti method, followed by percutaneous Achilles 
tenotomy and limited open reduction of the talona-
vicular joint. On average, six casts were required to 
achieve correction, but increased age and the pres-
ence of syndromic CVT required an average of eight 
casts. After two years, all patients showed plantigrade 
and flexible feet with reduced talonavicular joints and 
good radiographic correction. There were no reported 
complications during treatment or during the fol-
low-up period. However, the authors acknowledged 
that short-follow up time and small sample size may 
have masked complications of the Dobbs method in 
this study.10 

Extensive surgical & soft tissue corrections:  
peritalar release
Surgical intervention in the form of a peritalar release 
was often used in the past to address CVT. However, 
a retrospective study found a lack of accurate talona-
vicular reduction in the majority of cases, even though 
a horizontal talus position was achieved.11 This poor 
result is augmented by the incidence of adverse out-
comes with this technique: 17 of the 32 cases resulted 
in avascular necrosis of the talus.11

Extensive surgical & soft tissue corrections:  
midtarsal release with open reduction
Due to the complications and lack of talonavicular 
reduction associated with a peritalar release, another 
surgical option to correct CVT has become the midtar-
sal release and open reduction (MROR) approach. The 
MROR method is based on the idea that the vertical 
talus itself is only one component of the deformity, and 
the main disorder is a dorsal midtarsal dislocation. One 
study assessed the effectiveness of MROR combined 
with lengthening of tibialis anterior, extensor digito-
rum longus, and extensor hallucis longus tendons; the 
Achilles tendon was also lengthened in certain cases.12  
At mean follow-up of 11 years, the researchers had 
achieved significant reduction of both tibiotalar and 
mean calcaneal pitch angles. The major complica-
tions of MROR include persistent dorsal subluxation 
of the talonavicular joint and the development of pes 
planovalgus, which is due to a shortened lateral col-
umn. Fortunately, the Campos da Paz osteotomy is a 
complementary procedure used to reorientate the cal-
caneocuboid joint, which seems to prevent the devel-
opment of pes planovalgus.12  However, avascular 
necrosis of the talus is usually not a complication of 
this surgery. All things considered, the authors con-
cluded that the MROR approach is a satisfactory pro-
cedure for correction of CVT.12



Page 54, National Foot and Ankle Review 2015–2016

know the potential complications that may or may not 
arise in each procedure. 
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Long-term problems reported with extensive soft tis-
sue release include stiffness of the ankle and subtalar 
joints. Although recurrence occurred in both treatment 
groups, those in the minimally invasive group were 
retreated with repeat casting while all patients in the 
extensive surgery treatment group went on to have 
more extensive soft tissue releases and osseous surgi-
cal procedures completed.13 
The Dobbs method was successful for correcting both 
idiopathic and syndromic types of CVT in children.10 
However, extensive surgical methods show variable 
rates of success, especially when examining their suc-
cess across different age groups and CVT types.11,12 
Extensive surgical correction may also lead to severe 
stiffness and limitation of physical activity as the chil-
dren become adolescents and adults.10  These reasons 
illustrate why the Dobbs method is safer than and pre-
ferred to extensive surgical procedures.

CONCLUSION
CVT is a serious deformity that can take on an isolated, 
idiopathic form or be associated with neuromuscular 
disorders in a non-isolated form. Knowledge of the 
pathoanatomy and standard radiographic assessment to 
diagnose CVT is an important first step in understand-
ing how to treat CVT. Historically, CVT was primarily 
treated with extensive surgical and soft tissue release 
that yielded variable rates of success and various com-
plications. Recently, the treatment of CVT has shifted 
toward a closed treatment consisting of serial manip-
ulation and casting, followed by minimally invasive 
talonavicular pin fixation and an Achilles tenotomy 
(Dobbs method). This technique has yielded excellent 
results with respect to the appearance and function of 
the foot. The Dobbs method exhibits much less seri-
ous complications than the other methods presented; it 
lacks the failure of talonavicular reduction and avas-
cular necrosis of the talus seen in the peritalar release 
and lacks the persistent dorsal subluxation of the tal-
onavicular joint and development of pes planoval-
gus seen in the MROR. Deformity correction is best 
measured radiographically at a minimum of two years 
in patients with CVT. A patient with CVT does well 
throughout their life if early intervention and correction 
are implemented. 
Treatment of CVT is, for the most part, based on physi-
cian preference. Some surgeons support that extensive 
surgical treatment of CVT provides adequate correc-
tion, especially for patients under 12 months old.11  

Others are inclined to use a minimally invasive method 
of serial casting, and only turn to extensive surgery if no 
progress is shown using the initial treatment.10  In any 
case, physicians should be well informed of the options 
for treating CVT, be aware of their success rates, and 



Volume 18, Page 55

National Foot & Ankle Review

Cryotherapy: A Review of Methods, Applications, 
and Dangers for Treating Soft Tissue Injury

Natalie Coriaty, B.A., Kathan Shah, B.S., Andrew Cheng, B.S.

vessels. This not only improves the healing capacity 
of the wound, it directly reduces the permeability of 
injured vessels.3

The physiological underpinnings of cryotherapy are 
predicated on the notion that the cooling of tissues 
decreases the edematous and inflammatory processes 
that elicit pain. The reduction of temperature in a region 
leads to autonomic vasoconstriction due to increased 
affinity of smooth muscle alpha-adrenergic receptors 
for norepinephrine.4  This subsequently decreases local 
edema and pain due to swelling. While cryotherapy 
does not address the cytotoxic aspects of inflamma-
tion, it reduces the number of neutrophils, monocytes, 
and lymphocytes entering injured tissue, which lessens 
these cells’ destructive capacity.1,2

A supplementary benefit to the use of cryotherapy is the 
accompanied analgesic effect. Direct cooling of nerves 
slows the transmission of action potentials, particularly 
in superficial nociceptive nerves that are easily cooled 
by topical modalities.4  A reduction in the level of pain 
that patients experience may allow for increased range 
of motion and the ability to initiate rehabilitation exer-
cises earlier in their recovery.5,6  Eiff and Smith showed 
that early mobilization may help patients return to their 
pre-injured functionality sooner and more efficiently 
due to less pain experienced three weeks post-injury 
than those patients who had immobilized treatments.8 

30% fewer of the early mobilized patients experienced 
pain at three weeks post-sprain compared to the patients 
who were immobilized.8  Because the transient analge-
sic effects of icing increase the capacity for patients to 
mobilize injuries earlier and thereby reduce subsequent 
pain, cryotherapy plays an important role in treatment 
plans following injury.7,8

METHODS OF CRYOTHERAPY
Common cryotherapy techniques include applying bags 
of crushed ice, commercially available ice packs, and 
frozen gel packs. While each can successfully decrease 

INTRODUCTION
Cryotherapy, the act of using cold temperatures for med-
ical treatment, has applications that range from gently 
cooling tissues to reduce edema and pain to freeze-burn-
ing tissues with liquid nitrogen.2–4 The purpose of this 
review is to discuss the use of cryotherapy as a treat-
ment modality for soft tissue injury. This review will 
focus on the anti-inflammatory, pro-coagulative, and 
analgesic functions of cryotherapy as well as their rel-
evance in the clinical setting. We will also address how 
cryotherapy can be applied in an acute injury such as 
an ankle sprain, a postoperative injury, and overuse soft 
tissue injury such as plantar fasciitis. While physicians 
and laypersons alike typically recognize cryotherapy 
as a means to assist in recovery from injury, they must 
be cognizant of its dangers. Consequently, the poten-
tial dangers of cryotherapy, including nerve injury, a 
decrease in core body temperature, and decreased joint 
range of motion will be considered.

FOUNDATIONS OF CRYOTHERAPY
Cellular damage—whether due to trauma, exer-
cise-related inflammation, or cell-induced inflamma-
tion—results in instability of cellular osmolality and 
increased cellular permeability.1  The combination of 
increased cellular permeability and changes in local 
ion balance increases local edema.1  If cellular dam-
age or unusual cellular activity is prevalent, immune 
cells will activate and initiate a release of inflammatory 
mediators such as vasoactive compounds, cytotoxic 
reactive oxygen species, and arachidonic acid-derived 
compounds.1  The increase in vasodilation, vasoper-
meability, and cellular disfigurement heightens edema, 
irritates cells, and causes the region to be red, hot, and 
painful.2  Cryotherapy also increases blood viscosity, 
enhancing hemostasis and the ability of injured blood 
vessels to heal.3  Coagulation instigates the formation 
of clots through vasoconstriction and the activation of 
platelets and fibrinogen which can then seal damaged 
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Early cooling has shown to result in greater pain relief 
and potentially assists in earlier functionality of the 
region compared to delayed cold therapy.10  Hocutt 
et al. additionally found that when cryotherapy was 
started on patients between the start of the injury to a 
day after the injury, the patient experienced less pain 
sooner and a return to activity (measured by ability 
to jump and run) in almost half of the time as those 
who started icing two or more days in. In all patients, 
the same compression methods were used as a way to 
remove healing due to compression as a potential bias. 
Hocutt discusses the more rapid reduction of hemor-
rhage, edema, and the nutrient demand of the affected 
area by cryotherapy as the reason earlier icing reduces 
pain and potentiates a more speedy return to activity.11  

They show that heating methods, though sometimes 
preferred by the patient, actually reverse the anti-in-
flammatory effects of icing and extends healing time 
by 2.5 times. Similarly, delayed icing allowed for 
increased formation of hematoma, increased activity of 
inflammatory cells including mast cells, and increased 
edema.11  Early application of ice may have greater 
long-term benefits with soft tissue recovery because it 
delays and reduces the overall impact of secondary tis-
sue injury from agitated cells damaged by the primary 
injury and the immune response.4

Timing of ice applications is an additional consideration 
when using cryotherapy for ankle sprains and other acute 
soft tissue injuries. Bleaky et al. compares two common 
icing protocols: one that employed direct ice contact for 
20 minutes every two hours and another that employed 
10 minutes of icing on, 10 minutes off, then 10 min-
utes on again.12  The intermittent icing protocol reduced 
skin temperatures to 5°C most effectively, which was 
the temperature necessary to cool injured tissues and 
nerves at the appropriate depth. These findings show 
that intermittent icing may be better for reducing both 
pain and swelling than constant application. In contrast 
with Bleaky’s findings, Hocutt describes the four stages 
of cryotherapy in terms of timing spanning from 1–15 
minutes. The first three stages (during minutes 1–12 
of ice application) are based on the descriptions of the 
patients’ experiences starting at the sensation of cold 
(stage one) moving to an aching or burning sensation 
(stage 2) and ending at numbness (stage 3, minute 12).11 
Hocutt postulates that stage four, which occurs between 
12 and 15 minutes, achieves the deepest level of cryo-
therapy. Evidence therefore suggests that for icing to 
be successful, it must achieve deep internal cooling.6 

Whether the most effective timing for icing sprains is 
attained best by intermittent 10 minute applications, 
three 20 minute applications per day, or 1–3 15 minute 
applications per day is inconclusive.

the temperature of target tissues, they differ in their 
ability to cool tissues of varying depths. To examine the 
best method for decreasing skin temperature, Merrick 
et al. compared ice-based modalities (bags of crushed 
ice and commercially available ice packs such as 
Wet-Ice®) to non-ice-based modalities (commercially 
available frozen gel pack Flex-i-Cold®).6  These inves-
tigators found that ice-based techniques led to colder 
skin temperatures (as cold as 6.24°C) than modalities 
that did not involve ice, which achieved a skin tempera-
ture of 9.86°C. This same study found a similar cooling 
ability when measuring intramuscular temperatures at 
1 cm sub-adipose. Specifically, ice-based modalities 
decreased the intramuscular temperature to 27.21°C, 
while Flex-i-Cold® only lowered the temperature to an 
average of 29.46°C. However, when measuring intra-
muscular temperatures taken at 2 cm sub-adipose, there 
was no significant difference in the cooling ability of 
these three modalities.7  This study provides guidelines 
regarding the type of modality to use for the depth of 
cooling desired. For example, if a patient suffers an 
injury and the inflammatory response has created dam-
age at the level of the skin, the patient should use ice-
based modalities to decrease the temperature of the 
skin. However, if the damage extends to a deeper level 
such that it is 2 cm or more sub-adipose tissue, then 
the choice of modality for cryotherapy will not greatly 
affect the overall temperature reduction achieved. 
In situations such as osteoarthritis, patients experiences 
stiffness of the joints and increased swelling around the 
joint.9  When the specific goal of cryotherapy is to reduce 
arthritic swelling, cold packs should be used.9  Hecht et 
al. conducted a study in which subjects received 10 ses-
sions of 20-minute ice pack application to measure the 
reduction in edema around the knee. They compared 
this group of patients to a control group of patients that 
did not receive any type of ice treatment. Edema was 
studied by measuring the mid-patellar knee circum-
ference. After the first session of ice pack application, 
there was no statistically significant difference in the 
reduction of edema between the 2 groups. However, 
after 10 sessions of ice pack application, the patients 
who received ice pack treatments had a reduction in 
overall circumference of the knee by 1.43 cm, com-
pared to the control group, which only experienced a 
reduction of 0.43 cm.9  These results reveal the efficacy 
of icepack cryotherapy in treating joint-related edema.

CRYOTHERAPY IN ANKLE SPRAINS
While cryotherapy may be a popular treatment to assist 
in the recovery of soft tissue injuries, there is limited 
research supporting its efficacy. Hubbard and Denegar, 
however, suggest that applying ice to injured soft tis-
sues within the first few days of injury is beneficial.10 
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0 (“I have not used this treatment”) to 4 (“Excellent 
improvement or no pain”). Cryotherapy alone received 
a mean score of 2.27, which is over half way towards 
an excellent imprvement.16 Cryotherapy therefore can 
potentially be therapeutic for patients suffering from 
plantar fasciitis. 

DANGERS OF CRYOTHERAPY
Cryotherapy, when used incorrectly, has the potential 
for frostbite, nerve palsy, and diminished propriocep-
tion of a joint if overused.17,18  Capillary refill time is a 
method employed to quantify the severity of the local 
cooling in the lower extremity.3  A study by Wilke et al. 
showed that if at any point the capillary refill time is 
greater than five seconds, cryotherapy must be stopped 
because of insufficient blood perfusion to the region 
which can potentially lead to tissue ischemia if unin-
terrupted. If the cold treatment is not halted, cold injury 
may lead to severe hypoperfusion injury such as gan-
grene or frostbite.3  A patient’s age and comorbidities 
must be recognized to avoid thermal injury.3  For exam-
ple, patients with loss of protective sensation should 
be aware of the potential complications of cryotherapy 
overuse and must be able to follow directions.3  In these 
instances, less intensive icing techniques with strict 
timing should be applied to avoid tissue damage. If 
properly monitored, high-risk groups will likely avoid 
ill effects from overuse injuries due to cryotherapy.3

Fullam et al. studied cryotherapy in athletes, a group 
of people who regularly employ cryotherapy as a ther-
apy, to examine complications of cryotherapy in active 
patients. Fullam found that cryotherapy reduces ankle 
joint range of motion and mean velocity of the cen-
ter-of-pressure path in the anterior, posterolateral, and 
posteromedial reach directions for up to thirty minutes 
post-icing.18  This residual cooling should therefore be 
considered a period of disability because it leaves the 
patient’s joint vulnerable to injury during high-intensity 
exercise.18  According to Swenson et al., another contra-
indication for icing within 30 minutes prior to exercise 
is that the cooling of soft tissue can cause collagen fibers 
in muscle, tendons, and ligaments to become rigid and 
inflexible.17  This stiffness leaves the soft tissue suscep-
tible to further strain or rupture injury.17  Athletes are in 
prime condition, but should be sure to allot 30 minutes 
for the rewarming of their iced tissues that are vulnera-
ble to stress during vigorous exercise. 

CONCLUSION
When used safely, cryotherapy reduces edema, slows 
pain transmission, and limits destructive immunolog-
ical responses to damaged tissue. We have shown in 
this review that cryotherapy is effective for reducing 
pain in a range of conditions, including ankle sprains, 

POSTOPERATIVE CRYOTHERAPY
Cryotherapy assists with postoperative recovery by 
reducing the speed of nociceptor transmission, enhanc-
ing vasoconstriction, and increasing blood viscosity.3,4 
Cohn et al. demonstrated the benefits of continuous 
cooling after arthroscopic anterior cruciate ligament 
reconstructions of the knee.13 This study showed 
that, on average, patients receiving cryotherapy dis-
continued oral pain medication more than 24 hours 
earlier than those in the control group. The authors 
also reported a 53% decrease in the need for injected 
Demerol, as well as an increase in the compliance and 
competence of patients during physical therapy. While 
patients who received cryotherapy did not have shorter 
hospital stays, their recovery experience was shown to 
be of higher quality because of their enhanced mobil-
ity and decreased reliance on opioid drug treatments.13 

Speer et al. also demonstrates the clinical importance 
of postoperative icing by comparing patients who did 
and did not ice post-operatively.14 Patients using post-
operative cryotherapy reported decreased day-of-sur-
gery pain (based on a visual analogue scale) and better 
sleep. Analysis of the patients’ long-term postoperative 
recovery revealed that patients receiving cryotherapy 
had decreased swelling, and more successful rehabili-
tation due to diminished pain, decreased narcotic use, 
and the ability to sleep for longer periods.14 These two 
studies support the benefits of maintaining cool tem-
peratures around the regions of an operation once the 
patient is in recovery.

CRYOTHERAPY IN PLANTAR FASCIITIS
The benefits of cryotherapy are not isolated to acute 
soft tissue injury; chronic overuse injuries such as 
plantar fasciitis have also been shown to benefit from 
this treatment modality.15  According to Costantino et 
al., the best treatment option for plantar fasciitis may 
involve cryoultrasound, a technique in which the ther-
apeutic effect of cryotherapy is combined with that of 
ultrasound technology.15  In this study, patients received 
10 daily treatments of cryoultrasound therapy, each 
lasting 20 minutes. Data from this study showed that, 
on average, patients who received cryoultrasound ther-
apy using a -2°C probe saw pain reduction from 7.57 
to 3.26 on the visual analog scale (VAS) after 3 months 
(the VAS scale ranges from 0–10). Pain levels were 
reduced even further to a VAS score of 2.17 after 12 
months.15 
Furthermore, the patients themselves can describe just 
how effective cryotherapy can be for the treatment of 
plantar fasciitis. In a study performed by Gill et al., 
patients were exposed to a myriad of conservative 
treatments for plantar fasciitis.16 The patients were then 
asked to rate their use of each treatment modality from 
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postoperative tissue damage, chronic plantar fasciitis, 
and other inflammatory conditions associated with soft 
tissue damage. Although adverse effects of cryother-
apy are rare, they must be taken into consideration by 
prescribing physicians. Patients who lack protective 
sensation must be closely monitored to ensure that 
inadvertent tissue damage does not occur. If applica-
tion guidelines are neglected, ice injuries such as frost-
bite, chronic pain, and even loss of digits can occur. 
While cryotherapy generally produces favorable out-
comes and is a commonly used modality, additional 
studies to delineate the optimal application length and 
method for many different ankle and foot injuries are 
required to better assess its benefits.19 More statisti-
cally significant randomized controlled trials involving 
cryotherapy in acute soft tissue injuries, post-operative 
care, and chronic injuries must be performed to sug-
gest definitively that cryotherapy is beneficial. Future 
research must employ larger study sizes, ensure similar 
baseline measures with study subjects, and eliminate 
external confounding factors such as NSAID use and 
various compression/bracing methods in order to for-
mulate more legitimate evidence.4 In order to validate 
cryotherapy as a useful tool, evidence-based guidelines 
must be created because thus far much of the cryother-
apy data is anecdotal.
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