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PURPOSE:

To enhance the learner’s competence with information about heel pressure ulcers.

TARGET AUDIENCE:

This continuing education activity is intended for physicians and nurses with an interest in skin and wound care.

OBJECTIVES:

After participating in this educational activity, the participant should be better able to:

1. Interpret factors contributing to potential pressure ulcers (PrUs).

2. Apply knowledge gained on risk factors, prevention and treatment of heel PrUs, suspected deep tissue injuries,

and ‘‘purple heel’’ to patient care scenarios.
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INTRODUCTION
The heel of the foot is of primary importance in human bio-

mechanics. It bears a significant portion of human body

weight in the standing position and allows for human

locomotion through the transmittal of ground forces to the

skeletal system while absorbing shock, pressure, and shear.

The heel also is the initial shock absorber during the gait cycle

in the ‘‘heel strike’’ and early phase of the stance stage of

the gait cycle in human locomotion. The anatomical nomen-

clature for the heel is calcaneus, which literally means ‘‘hard

rock.’’ The biomechanical and kinesiologic determinants of

the heel are compromised during prolonged bed rest, espe-

cially if multiple comorbidities exist, which impedes the

intrinsic neurovascular protective mechanisms. Most articles

and discussions about the heel in the context of wounds

simply classify the pathophysiologic and etiologic lesions as

pressure ulcers (PrUs), and more recently, the clinical litera-

ture is focusing on the purple heel, that is, a sentinel of deep

tissue injury (DTI).

A PrU, as defined by the National Pressure Ulcer Advisory

Panel, is localized injury to the skin and/or underlying tissue

usually over a bony prominence, as a result of pressure, or

pressure in combination with shear and/or friction.1 A num-

ber of contributing or confounding factors are also associated

with PrUs; the significance of these factors is yet to be elu-

cidated with scientific exactitude. Deep tissue injury is defined

as a medical condition of a pressure-related injury to sub-

cutaneous tissues under intact skin, as a result of prolonged

compression of bony prominences on underlying soft tissues,

particularly muscles.2 Pressure ulcers have imposed a con-

cerning challenge to society, affecting both the quality of in-

dividual health and the economic resources of healthcare

infrastructures.3 Underscoring their significance, PrUs were

selected by the Centers for Medicare & Medicaid Services

(CMS) as a condition subject to the Deficit Reduction Act

provision requiring hospitals to report the secondary diag-

noses that are present on admission of patients. This inclu-

sion placed the responsibility of the cost of care for PrUs on

the treatment facility unless the PrUs were present on ad-

mission.4 The CMS selected conditions that would become

subject to this provision based on 3 criteria: (1) high cost or

high volume or both, (2) a condition assigned to a higher

diagnosis-related group when present as a secondary diag-

nosis, and, (3) a condition is reasonably preventable through

application of evidence-based guidelines. This ruling empha-

sized the importance of identifying preexisting PrUs includ-

ing suspected deep tissue injuries (sDTIs) with appropriate

documentation, which allows for facilities to maintain treat-

ment reimbursement for PrUs. The final common pathway for

these initiatives is rooted in accountable care and, of course,

better outcomes for patients.

By reading this article, clinicians will be better able to in-

terpret the factors contributing to potential PrUs, design PrU

prevention strategies, and differentiate between sDTIs and

purple heel.

EPIDEMIOLOGY
Epidemiologic data suggest that heels are the second most

common sites for PrUs after sacrum. Results of 9 international

PrU prevalence surveys found that the prevalence of heel PrUs

accounts for 23.7% of that of ulcers in acute care facilities,

22.5% of that in long-term acute-care facilities, and 22.9% of

that in long-term-care facilities.5 The incidence of heel ulcers

was 26.1% of that of PrUs in acute-care facilities, 23.6% of that

in long-term acute-care facilities, and 24.5% of that in long-

term-care facilities.

In the cases of suspected DTIs, the heel is the most common

site of DTI development; DTIs found in the heels account for

41% of all DTIs, followed by those in the sacrum (19%) and

buttocks (13%).6

In a recent study reporting the overall prevalence data

and demographics of subjects with sDTIs from the Interna-

tional Pressure Ulcer Prevalence survey 2006–2009, the

prevalence of sDTIs at the sacrum and coccyx, the buttocks,

ischial tuberosities, and ankle and foot was found to be less

than expected when compared with the prevalence of severe

PrUs (Stages III and IV and unstageable) at the same

anatomical distribution. However, the prevalence of sDTIs

at the heel and elbow was conversely found to be greater than

expected.6

PREVENTION
As a clinical axiom, skin color over the heel usually reflects

the degree and extent of DTI. Red color heralds hyperemia

and ischemia, purple color suggests infarction, and black color

indicates tissue necrosis. In individuals with lightly pigmented
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skin, it is easy to observe the progression of skin color change;

even in people with darkly pigmented skin, the plantar surface

of the heel is comparatively devoid of melanin molecules,

which enables monitoring of skin color change (Figures 1A

and 1B).

Current literature involving PrU prevention emphasizes the

value of recognizing high-risk patients7 and typically doing so

with the utilization of risk assessment scales. Evidence

suggests that risk scale utilization results in an increase in

the effectiveness of preventive measures for all PrUs.8 Some

report that identifying high-risk patients is the first step in

preventing heel PrUs, although no risk assessment scale cur-

rently exists that is specific for heel PrUs.

In a systematic review of PrU prevention, it was concluded

that having optimal nutrition, treating dry skin with mois-

turizer, and utilizing sheepskin bed overlays to reduce heel

pressure were the most promising approaches to reducing PrU

incidence. Although no available bed surfaces were found that

could provide complete pressure relief, specialized foam and

sheepskin overlays were found superior to standard hospital

mattresses in preventing PrUs.9

Various techniques of heel off-loading have been at-

tempted, given the fact that a complete heel pressure relief

bed surface does not exist. These techniques varied from

simple hospital pillows to more complex boot-shaped air

cushion devices or heel protectors made of siliconized hollow

fibers. Comparison studies found that hospital pillows were

more effective in reducing heel pressure than the heel pro-

tector made of siliconized hollow fibers.10 In addition, in an

acute-care hospital setting, the air cushion device was less

likely to suspend the heel off the bed than its pillow coun-

terpart,11 and the patients tended to develop PrUs more

rapidly than did pillow-using patients.

An evaluation of a protocol for prevention of facility-acquired

heel PrUs concluded that a pressure-relieving device was more

effective in reducing heel PrU incidence if it did not dislodge

during patient movement. In addition, it was observed that

the combination of a pressure-relieving device along with fre-

quent, regular, and rigorous nursing staff heel skin assessments

was more effective in reducing the risk of developing PrUs.12

Effective heel PrU prevention involves a multifaceted ap-

proach including risk identification, comorbidity assessment,

and implementation of pressure redistribution devices early

and aggressively. Ideal heel pressure–reducing products

have been described as those that reduce pressure, friction,

and shear; separate and protect the ankles; maintain heel

suspension; and prevent footdrop.13 Specific interventions

recommended for patients considered to be at higher risk

based on low Braden Scale scores include heel elevation off

the bed and avoidance of knee hyperextension. Clinical

guidelines and algorithms have been developed for managing

and identifying at-risk patients. One guideline, developed by

Fowler et al,14 primarily involves heel off-loading interven-

tions. Another, developed by Cuddigan et al,15 involves an

algorithm that assesses patient stability and incorporates early

use of heel elevation.

ANATOMY
Adapted to the function of withstanding forces of great

magnitude, the heel is composed of the calcaneus, the largest

bone in the foot, and a tough heel pad. The skin overlying the

heel has a mean thickness of about 3.8 mm, with a relatively

Figure 1A.

DEEP TISSUE INJURY OF THE HEEL

Figure 1B.

STAGE III HEEL PRESSURE ULCER

Photographs courtesy of William Falone, MSN, RN, CWON.
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thick epidermis of around 0.46 mm. Ramifications of fibrous

septa connect and anchor the skin to the periosteum of

calcaneus. The septae form the boundaries of fat compart-

ments of diameter ranging from 1 to 5 mm.16 The heel has

only a thin layer of muscle tissue, the panniculus carnosus, in

the subcutaneous tissue. Pockets of fat, also known as loculi,

which lie between the septae of the heel and are fluid in

texture, play an important role absorbing shock at the heel

(See Figure 2).16 Sweat glands, but no hair follicles or se-

baceous glands, are present in the heel pad.

The plantar fascia, which lies deep to the fatty tissue, is a

2- to 4-mm-thick plane of connective tissue that originates at

the calcaneus, courses along the plantar aspect of the foot, and

attaches to the heads of the metatarsal bones.

The arterial supply of the heel is provided anteriorly by the

lateral plantar artery and to a lesser extent by the medial

plantar artery and posteriorly by the medial calcaneal branch

of the posterior tibial artery. Two arterial plexuses formed

by anastomosing vessels are found, one at the periosteum

and the other subdermally supplying the panniculus carno-

sus muscle. By contrast, the fat compartments are virtually

avascular. Medial and lateral calcaneal nerves provide the

sensation of the heel.

PATHOPHYSIOLOGY
The development of heel ulcers and chronic wounds in general

appears to be associated with the following commonly iden-

tified factors: pathomechanics, chronic hypoxia/reperfusion

injury, impaired nutrient supply, growth factor abnormalities,

and chronic inflammation.3

Unrelieved pressure is the critical pathomechanical factor

in the development of PrUs. The tissue cannot tolerate pres-

sures above 32 mmHgVthe critical interface pressureVfor

an indefinite period of time without sustaining irreversible

damage.17 There is an inverse, hyperbolic relationship be-

tween pressure and the duration of pressure application

necessary to cause ulcers.18 Unrelieved pressures 4 to 6 times

systolic blood pressure cause necrosis in less than an hour.

However, pressures less than the systolic blood pressure

might require 12 hours to produce a similar lesion.

The surface pressure may not be a good measure of the true

pressure in deep tissues, however.19 Deep muscle layers that

cover bony prominences are often exposed to higher stresses

than overlying skin surfaces. Prolonged compression increases

muscle stiffness around the bone-muscle interface, which

further stresses the muscles, making the muscle even more

prone to ischemia and infarction.20

The fibrous septae forming the loculations of the sub-

cutaneous fat inhibit dissipation of external pressure. In this

situation, the fat compartments build pressure leading to

edema and inflammation, which subsequently lead to more

pressure and ischemia and reperfusion injury.16 A previous

study that involved biopsies of PrUs in humans demonstrated

early necrosis of subcutaneous fat.21

By lowering the ulceration threshold 6-fold, shear stresses

exacerbate the tendency for ulceration caused by pressure.22

The classic example of shear stress generation is when a

patient reclines in a hospital bed with the head of that

bed elevated, which places the sacrum at increased risk

for tissue breakdown. The heel is also a site of frequent

shear stress exposure. Although the epidermis of heel skin

is thick and relatively resistant to tissue damage, shear

stresses especially in the presence of other complicating

factors, such as excessive perspiration and urinary or fecal

incontinence, can cause damage to the skin in the early phases

of PrU development.16 Moreover, even without any overt

shear stress present on the heel skin surface, pressures on the

heel skin can generate shear stresses on bone–soft tissue

interface.

The Compression Intensity Index (CII) is defined as follows:

CII ¼ Weight
R�T

� �1=2, where weight is the skin-support surface

force at the region of interest, R is the radius of curvature of

bony prominence, and T is the thickness of tissue overlying

the bony prominence.

The CII was proposed as an anatomical index for a quick

assessment of the mechanical loading intensity in the soft

tissue under the bony prominence of an individual and

therefore of the relative biomechanical risk for that individual

to develop DTI, based on the well-established association

between the magnitude of mechanical loads and the extent of

tissue damage.2

Analyses of sDTI prevalence data consistent with the CII

model were reported in the International Pressure Ulcer

Figure 2.

MRI IMAGES OF HUMAN HINDFEET

These MRI images of human hindfeet illustrate the fat globules, the septi, and the fibrous
connective tissues that make up the fat pad in the heel. The fat pad provides the heel with
the cushioning ability to the detriment of its blood supply especially in dysvascular
disease.
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Prevalence Survey, which found

sDTIs to be disproportionately

more prevalent than severe PrUs

at the heel and elbow.2

According to this CII model, the

heel is at greater risk for develop-

ment of sDTIs because of the

relatively small radii of curvature of the bony prominence

and the relatively thin overlying soft tissue.2 Both factors

contribute to a greater index of compression and greater

mechanical loading intensity applied by the bony prominence

to the overlying soft tissue. Because of its small surface area

and high tissue-interface pressure, the heel is one of the most

difficult anatomical areas to effectively off-load pressure.23

This model also offers an explanation for the relatively low

incidence of proportional sDTIs in anatomic locations, such

as the sacrum where the PrU prevalence is the highest. Un-

like the heel, areas such as the sacrum or buttocks are typically

made up of a greater overlying soft-tissue and a bony promi-

nence of a relatively larger radius of curvature, thus creating

a lesser index of compression and lesser mechanical load-

ing intensity applied by the bony prominence to the overlying

soft tissue.

Other than normal and shear stresses, decreased tissue

perfusion provides an important contributory role in the

pathophysiology of PrUs including sDTIs. In particular, once

an open lesion is formed, chronic ischemia impairs granula-

tion tissue deposition, proliferation of fibroblasts, mono-

nuclear cell infiltration, and delayed epithelialization.24–26 A

study found low ankle-brachial index (ABI) to be 1 of 3

significant risk factors, along with male sex and duration of

time spent in bed, for lower-extremity PrUs in older adults.23

In this study, an ABI cutoff level of 0.8 provided high sen-

sitivity and adequate specificity at predicting the development

of lower extremity PrUs.

Muscle tissue is metabolically highly active and thus ex-

quisitely vulnerable to ischemia. The thin panniculus carnosus

muscle in the subcutaneous tissue of the heel is fed a mod-

erately rich vascular supply. Thus, the panniculus carnosus

muscle may be the primary site of injury in heel PrUs.16 Sup-

portive evidence was demonstrated by a study that experi-

mentally induced PrUs over the trochanteric region of the

fuzzy rat, which subsequently developed early necrosis of the

panniculus carnosus muscle.27 The loculated fat in the heel is

another particularly vulnerable tissue supply to ischemia

having the most marginal vascularity. In comparison with

other tissues, the skin is quite resistant to ischemia and

has been shown to withstand normothermic ischemia up to

12 hours without necrosis.28

Ischemia-reperfusion injury is

another mechanism of PrU devel-

opment on the heel. Tissue reper-

fusion followed by ischemia can

cause reactive oxygen species that

overwhelm endogenous antioxi-

dants, resulting in a cascade of

events including mast cell degranulation, recruitment of

neutrophils to endothelial wall, arteriolar constriction, and

increased vascular permeability that leads to inflammation and

edema.29,30 Animal studies have reported that, in young

animals, chemotaxis, oxidant release, and phagocytosis by

neutrophils play key roles in tissue damage following

reperfusion, whereas increased oxidative stress and mast cell

density/action appear to have a more significant perturbation

on the antioxidant defense in older animals.29,30 Individuals

with diabetes mellitus are at increased risk of reperfusion

injury secondary to decreased levels of microvessel nitric

oxide, a potent vasodilator that protects the vascular

endothelium from reperfusion injury.31

Although colonization with bacteria is normal and can even

be helpful during the initial healing phase, critical colonization

and local infection impede healing. Wounds that have greater

than 105 organisms per gram of tissue tend not to heal and are

‘‘stuck’’ in the inflammatory stage.32

Patients with spinal cord injury (SCI) and associated co-

morbidity are at an increased risk for the formation of PrUs.

These individuals are paralyzed below a certain level of the

body, which limits their ability to relieve the pressure acting

on the immobile portions of the body. Moreover, the sensory

loss that results from SCI renders the patients unaware of the

impending or existing injury caused by prolonged pressure.

Also, the neural and metabolic regulatory mechanisms for the

maintenance of adequate tissue blood flow are impaired in

patients with SCI.33,34

Another population group at risk for pressure ulceration is

older adults. Aging is associated with slower wound healing and

subsequent functional wound closure. Reduced proliferation of

fibroblasts, keratinocytes, and vascular endothelial cells; de-

creased collagen synthesis; and diminished fibroblast response

to growth factors are associated with advanced ages.35–37 The

heel pad skin becomes less resilient, and the shock-absorbing

ability of the heel pad declines with age.38,39

PURPLE HEEL
By contrast to DTI, which is a distinct histopathological en-

tity with mechanical stress being the essential etiologic factor,

‘‘purple heel’’ is not a well-recognized entity or syndrome.40

Nonetheless, clinicians know empirically that a change in

Although colonization with bacteria is normal

and can even be helpful during the initial

healing phase, critical colonization and local

infection impede healing.
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color over the heel can mean impending, evolving, and sig-

nificant pathology that is typical of DTI.40 However, it is not

certain that purple heel is exclusively the consequence of re-

lentless pressure and friction causing DTI. Purple heel shares

several risk factorsVatherosclerosis, diabetes, and arterial

emboli/thrombiVwith purple/blue toe syndrome that may

occur bilaterally and is characterized by intense pain, purple/

blue color, skin necrosis, and ischemic gangrene in the

affected toes. In both purple heel and purple/blue toe syn-

drome, sudden changes in skin color are an ominous clue of

imminent ulceration and the progression of ischemia and

necrosis.40

SUMMARY
PrUs affect both an individual_s health and the economic

resources of healthcare infrastructures. The heel is the second

most frequent site of PrUs in general and the most common

location for sDTIs. By instituting regular, frequent reposi-

tioning of the extremity; skin assessment; and introducing

heel-protective devices, the prevalence of hospital-acquired

heel PrUs can be significantly reduced.&
PRACTICE PEARLS

& The heel is the second most common site for PrUs, and the

most common site for DTI.

& The development of heel ulcers is associated with

pathomechanics, chronic hypoxia, reperfusion injury,

impaired nutrient supply, growth factor abnormalities,

and chronic inflammation.

& As a clinical axiom, skin color over the heel usually reflects the

degree and extent of DTI. Red color heralds hyperemia and

ischemia, purple color suggests infarction, and black color

indicates tissue necrosis.

& Effective heel PrU prevention involves a multifaceted approach

including risk identification, comorbidity assessment, and

implementation of pressure redistribution devices early and

aggressively.

& Although purple heel is not a well-recognized entity or

syndrome, sudden changes in skin color are an ominous

clue of imminent ulceration and progression of ischemia

and necrosis.

& In contrast to DTI, it is not certain that purple heel is exclusively

the consequence of relentless pressure and friction.
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