CONTINUING MEDICAL EDUCATION

Pressure ulcers: Pathophysiology, ® |
epidemiology, risk factors, o
and presentation

Joshua §. Mervis, MD, and Tania J. Phillips, MD
Boston, Massachusetts

Learning objectives

Aftes completing (his leaming aclivity, participants should be able Lo describe the burden that pressure ulcers pose (o the individual and society; cxplain the pathophysiology of
pressure wlesrs, including the roles of pressure, shesr, and friction; identify at-risk populations and discuss the elements of risk assessment and utility of risk assessment tools; and
classify pressure ulcers according to the updated NPUAP staping system.

Disclosures

Editors

The editors involved with this CME activity and all conrtent validation/peer reviewers of the jourral-ased CME activity have reporied no relevant financial relationships with
commercial interesi(s).

Authors
The authors involved with this journai-based CME aclivity have reported no relevan financial relationships with commereial interest{s).

Planners
The planners involved with this journal-based CME activity have reported no relevant financial relationships with commercial inferest(s), The editorial 2nd education staff involved
with this joumal-hased CME activity hdve reported no relevant Bnancial relationships with commercial interest{s),

Though preventable in most cases, pressure ulcers continue to pose a major burden to the individual and
society, affecting =3 million adults annually in the United States alone. Despite increased national attention
over the past 20 years, the prevalence of pressure ulcers has largely remained unchanged, while the
associated costs of care continue to increase. Dermatologists can play a significant role in pressure ulcer
prevention by becoming aware of atrisk populations and implementing suitable preventive strategies.
Moreover, dermatologists should be able to recognize early changes that occur before skin breakdown and
to properly identify and stage pressure ulcers to prevent delay of appropriate care. The aim of the first
article in this continuing medical education series is to discuss the pathophysiology, risk factors,
epidemiology, social and economic burdens, and clinical presentation of pressure ulcers. (J Am Acad
Dermatol 2019;81:881-90.)
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Abbreviations used:

ICL: intensive care unit
NPUAP: National Pressure Ulcer Advisory Panel

Qnce thought to be an unavoidable consequence
of paraplegia or infirmity, tissue damage caused by
sustained pressure has long been known to exist,
The renowned British surgeon Sir James Paget
assessed this form of injury in 1873, noting: “The
sloughing and mortification or death of a part pro-
duced by pressure...Sloughing follows these in the
skin and subcutaneous tissue and fat. These latter die
before the skin as sloughing proceeds faster in them,
so when the skin comes away, the place formerly
occupied by these tissues is empty.”’ This descrip-
tion is remarkably accurate given what we know
today. Nonetheless, it was only with the start of
World War I and the parallel modernization of
nursing that people widely began to appreciate
that pressure ulcers could be prevented and treated.”

Often referred to as pressure ulcers in the mod-
ern vernacular, many terms have been used to
describe pressure-induced wounds, including de-
cubitus ulcer, pressure sore, and bedsore. Notably,
decubitus—*“to lie down” in Latin—does not accu-
rately describe these ulcers because they may occur
in any position of prolonged pressure. In addition,
in 2016, the National Pressure Ulcer Advisory Panel
(NPUAP) released new terminology guidelines,
redubbing the preferred name as “pressure injury”
to better reflect all forms of tissue damage caused by
pressure, including the stage before skin break-
down.” We will use “pressure ulcer’ in this
continuing medical education article because it is
still the most widely used and accepted
terminology.

The NPUAP defines a pressure ulcer as “localized
damage to the skin and underlying soft tissue usually
over a bony prominence or related to a medical or
other device...as a result of intense and/or pro-
longed pressure or pressure in combination with
shear.”” The most common locations in adults are
over the bony prominences of the sacral and hip
regions, though the lower extremities are affected in
=25% of cases.*> While less often considered,
neonatal and pediatric patients also suffer from
pressure ulcers, which are most common over the
occiput in these populations.®

Moreover, although pressure ulcers have been
given substantial consideration within hospitals
and long-term care facilities in recent decades,
they remain a significant problem. In the United
States alone, pressure ulcers affect =3 million
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adults annually and result in a diminished quality
of life, high costs for the individual and health care
system, and significantly increased morbidity and
mortality. This purpose of the first article in this
continuing medical education series is to discuss
the pathophysiclogy, risk factors, epidemiclogy,
social and economic burdens, and clinical presen-
tation of pressure ulcers. The second article in this
series will focus on prevention and treatment
strategies.

PATHOPHYSIOLOGY

Key points

* Sustained pressure over a bony prominence
ultimately leads to tissue ischemia and
necrosis

¢ Combination of shear and friction while
lying at an incline may affect underlying
capillary beds and contribute to local tissue
hypoxia

s Excess moisture can lead to maceration and
contribute to skin breakdown

In individuals with normal sensation, mobility,
and mental status, prolonged pressure elicits a
feedback response that prompts a change in body
position; however, when the feedback response is
absent or impaired, sustained pressure ultimately
leads to tissue ischemia, injury, and necrosis.
Pressure ulcers typically begin when the individual’s
body weight exerts a downward force on the skin
and subcutaneous tissue that lie between a bony
prominence and an external surface, such as a
mattress or wheelchair cushion. Sustained pressure
from medical devices may also cause pressure
injuries. It is generally thought that force that results
in an external pressure more than the arterial
capillary filling pressure, around 32 mm Hg, and
more than the venous capillary outflow pressure,
around 8 to 12 mm Hg, inhibits blood flow and
results in local tissue hypoxia.” While some have
questioned these patticular threshold pressures, the
centrality of ischemia and sustained pressure to the
etiology of pressure ulcers is widely accepted.®
Sustained external pressures above a threshold
causes prolonged ischemia and sets the tissue
down a path toward necrosis. Reperfusion injury,
which occurs because of the return of blood supply
after a period of ischemia, has been posited as an
additional source of tissue damage leading to
pressure ulcers.”'? Reperfusion of ischemic tissue
may cause increased formation of reactive oxygen
species and trigger an inflammatory response. Tn
rats, multiple ischemia—reperfusion cyc ave
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been shown to cause more tissue damage than
continuous ischemia alone."!

The highest pressures often occur at the interface
of bone and muscle, causing necrosis at this depth
while leaving the skin relatively spared.’**?
Likewise, the effects of hypoxia and risk of tissue
damage are initially greatest in muscle, followed
by subcutanecus tissue and then skin, likely
reflecting their respective metabolic requirements.™*
Therefore, at the point when skin ulceration is
observed, extensive deep tissue injury is Likely to
have already occurred.

In addition, as reflected in the newest NPUAP
guidelines,” shear and friction, as when lying at an
incline, may affect local capillary beds and are
thought to contribute to tissue hypoxia.’” When
lying at an angle, the downward force of gravity is
countered by friction, which prevents the person
from sliding down in the bed. Though the skin may
not move down the bed, internal structures like
muscle and bone that are not in contact with an
external surface are displaced downward because of
gravity, These shearing forces can disrupt blood flow
as vessels caught between the skin and bone are
distorted or compressed,®*’

Finally, excess moisture from either perspiration
or incontinence can macerate the skin, making it
more susceptible to breakdown with friction and
repositioning. %7

EPIDEMIOLOGY

Key points

* Pressure ulcers are a significant problem
worldwide and affect =3 million people in
the United States

* The overall prevalence of pressure ulcers in
hospitalized patients has been estimated to
range from 5% to 15% but may be signifi-
cantly higher in intensive care units and
certain long-term care settings

Pressure ulcers are a significant problem world-
wide.>**** Recent epidemiologic data regarding
pressure ulcers in the United States are somewhat
limited, but the incidence has been estimated at
around 1 to 3 million per year.”” Among hospi-
talized patients, the reported prevalence rates vary
mgmﬁcantly, affecting 5% to 15% of patients over-
all*>?® but affecting consistently higher percentages
of patients in intensive care units (ICUs).*’ The
1999 National Pressure Ulcer Prevalence Survey,
which included =350 acute care facilities and
42,000 patients, found that the overall prevalence
of pressure ulcers was 14.8%, with 7.1% of ulcers
oceurring during 2 hospital stay.”® Pressure ulcers

202
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were seen in 21.5% of patients in ICUs, and the
elderly were more at risk, with the highest preva-
lence at 29% among patients 71 to 80 years of age. ™
The National Pressure Ulcer Prevalence Survey was
repeated 5 times between 1999 and 2005.° By 2005,
data from 651 facilities with 85,838 patients,
including acute care (533 facilities, 74,401 patients),
long-term acute care (38 facilities, 1983 patients),
and long-term care (52 facilities, 6242 patients),
had been compiled. Between 1999 and 2005, the
prevalence of all pressure ulcers was constant, at
around 15% overall and 25% in ICUs.” Pressure
ulcers were most prevalent in long-term acute care
facilities (23-27%), while acute care and long-term
care facility prevalence rates ranged from 13% to
15%. Hospital-acquired pressure ulcers were
consistent around 7.5% overall and similar across
facility type.” Another study of Medicare benefi-
ciaries hospitalized between 2006 and 2007 found
that 4.5% of patients developed a pressure ulcer
during their hospital stays.”” Moreover, Keelaghan
et al’® found that among newly hospitalized pa-
tients, =26.2% of those admitted from nursing
homes compared with 4.8% of those admitted
from other living situations were found to have
pressure ulcers.

Patients with neurologic impairments have a
lifetime risk of developing a pressure ulcer that
ranges from 25% to 85%.°>' Up to middle age,
pressure ulcers are more prevalent in men because
of the increased number of men with traumatic
spinal cord injuries; however, among the elderly,
prevalence between sexes is neatly equal, which
likely reflects longer life expectancy in women.’
Some data suggest that darker-skinned patients have
a higher risk of pressure ulcer development,®* which
may in part be explained by increased difficulty in
recognizing nonblanching erythema before skin
breakdown.>?

Up to roughly 25% of patients in neonatal and
pediatric ICUs may develop pressure ulcers, while
incidence rates among noncritical hospitalized chil-
dren have been reported to range from 0.3% to 6%.°

AT-RISK POPULATTONS

Key points

* Anyone, including children and neonates, is
susceptible to pressure ulcers in the setting
of sustained pressure

¢ The greatest risk for pressure ulcers is in
people with impaired mobility or sensation
who are generally bed- or wheelchair-bound

¢ Natural skin changes with aging are an addi-
tional risk factor in elderly patients

(e
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Fig 1. Braden scale for the risk assessment of pressure ulcers.

Anyone experiencing sustained pressures over
the skin that are strong enough to cause underly-
ing tissue ischemia is susceptible to pressure
ulcers. Typically, this precondition of sustained
pressure occurs in people with impaired mobility
or sensation, possibly because of spinal cord
injury, other neurologic impairment, sedation,
peti- or postoperative immobilization, hospitaliza-
tion, and frailty, among other reasons. Poor nutri-
tion with a subsequent loss of muscle buik and
body mass, commonly seen in both immobilized
and elderly populations, accentuates bony prom-
inences and may increase risk of ulceration, either
directly because of pressure effects or because of
malnutrition. The elderly also have additional risk
factors inherent to natural skin aging, including
dermal and epidermal thinning, decreased
epidermal turnover, and loss of dermal papillae
resulting in flattening of the dermoepidermal
junction.>* Consequently, aging skin has less
resistance to shear forces and a reduced contig-
uous surface area between the dermis and
epidermis through which nutrient and oxygen
transport can occur®® Among neonatal and
pediatric populations, pressure ulcers are more
likely to be related to medical equipment.®’

Other medical conditions that have been
associated with pressure ulcers include cognitive
impairment, deep venous thrombosis, impaired
microcirculation, congestive heart failure, lower
extremity edema, diabetes, and rheumatoid
arthritis,*®
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ECONOMIC IMPACT

Key points

¢ Medicare and Medicaid have not paid for
hospital-acquired pressure ulcers since 2008,
costing hospitals >$11 billion annually

* Models have shown that implementing pre-
ventive strategies ultimately lowers costs

A recent analysis of a Medicare data set found that
after arterial ulcers, pressure ulcers are the costliest
chronic wounds.>’ Since 2008, Medicare and
Medicaid have not paid for hospital-acquired pres-
sure ulcers, putting the onus on hospitals to focus on
prevention. Hospital-acquired pressure ulcers alone
cost >$11 billion annually.* The average cost of 2
hospital stay for patients with pressure ulcers is
$72,000 compared with $32,000 for those without
pressure ulcers.®® A study from the United Kingdom
found that average individual cost of pressure ulcer

treatment ranged from $1500 for stage 1 to $18,000

for stage 4 ulcers.””

Multiple cost-effectiveness analyses have found
that the cost of prevention strategies is less than
the cost of treatment.”***! One model has shown
that implementation of effective prevention
methods could lower costs ($7300 vs $10,100
in standard care approach) and increase
quality-adjusted life years (11.2 vs 9.3).” The
implementation of prevention strategics, however,
may be challenging, given the increased up-front
costs and necessary changes to established
protocols and workflow. '
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BRADEN SCALE FOR PREDICTING PRESSURE SORE RISK

Evaluators Name

Palient's Name Dale of Assessment

SENSORY PERCEPTION

abdlity 10 respand meaning-
fulfy e pressura-ralatad
discomiert

1. Completely Limited
Unrespensive (does not moan,
flirich, of grasp) 16 painful

slimuli, due to diminished levat of
con-sclousness or sedation.

OR
limited ahilily 1o feel
palt aver most of body

2, Very Limited
Responds aniy 1o palaful
stimuli. Cannot communicate
discorniort except by moaning
or rasiessness

OR

has a sensery impairment which
limits the ability 1o feel pain or

3. Slightly Limited 4, No impairment

Responds to verbal com- Respands fo verbal

mands, but vanrict aways commands. Hasno

comErinicale discomiorn or the sangory deficit which woulkd

need {o be turned. limit abifity to feet or voice:
R pain or discomiort.

has sams sansory impairment
which limis ability e feet pain

clear liquids or IV's for more
than § days.

discomfort over % of body. ordigcamiori in 1 or 2 exlramitios.
MOISTURE 1. Constantly Moist 2. Very Moist 3. Occasionally Moist: 4. Rarely Molst
Skin is kept moist aimost Skin is often, but nol always maojst. Skin is oecagionally moist, raquidng | Skin s usually dry, fan
degree to which skin Is eonstanily by perspirgtion, wrina, Lingn must ke changad at least an ekira linen change approximately | only requires changing al
exposed to moisture atc. Dampness is deleclad once a shift. onee @ day. rouling nlenals.
every time patient is roved or
{uened.
ACTIVITY 1. Bedfast 2. Chairfast 3. Walks Creasionally 4, Walks Freguently
Confined o bed, Ability bo wab saverely limited or Walks occasionally during day, but | Walks outside room al least
degree of physical activity non-gxistent. Casnot bear own for vary short distances, with or twice a day and inside repm
waight andfor must be assisted into | without assislance. Spends at least once every twa
chair or wheelchalr, majority of each shift in bed or chair | heurs during waking hours
MOBILITY 1. Compietely knmobile 2. Very Limited 3. SHyhtly Limited 4. No Limitation
Dees not make even slight Makes occastonal slight changes in | Makes frequant though slight Makas major and fequent
ahility fo change and control | changes in body or extramity baody or exfremily position but changes in body of extremity changes in pesition without
body position posilion withou! assistance unabie to make frequent or pusition independenty. assistance.
significant changes independently.
NUTRITION 1. Very Poor 2. Prebably Inadequate 3. Adequate 4, Excellent
Mever als a completa meal. Rarefy eals a complete meal and Eats over half of mest meals. Eals | Eats rmost of evary meal,
ugual food Intake patiem Rarely eats mora then % of any generaily eats anly aboul v of any a total of 4 servings of protein Never relusas & meal.
food offered. Eals 2 servings or | food offered. Prolein intaka {meat, dairy products per day. Usurally gats afotal of 4 or
tess of proteln {meat or dairy includes only 3 servings of meator | Oecasionally wilf refuse a meal, bul | more sendngs of meat and
preducts) per day. Takes flulds datry products per day. will usually lake a suppfement when | dadry products.
poorly, Does not take a liquid Occasionally will 1ake 2 cietary offered Ceoasionally eats hetween
diglary supplement supplement. OR meals. Does not require
OR OR is on a tube feeding or TPN supplementation.
Is NFO andfor maintained on recoves fess than opimum amaunt | regimen which probably meets

of liquid ot or fube feeding

mast of nuirtional needs

FRICTION & SHEAR

4. Problem
Regquires mederate %o maximum
i @ in moving, Comp
lifting without sliding agalnst
sheets is impossible. Frequenty
slides down In bad or ¢halr,
requiring frequent repasitioning
with maximum assistance.
Spasticity, contraciures or
agilation feads lo aimoest
canstant friction

2, Polential Problem

Moves teebly or requires minimum
assistance, Duwring a move skin
probably slides to some extent
againsi sheets, chair, restraints or
other devices. Maintains refatively
good position in chair or bed most
of tha Sme bul occasionally slides
down.

3. No Apparent Probiemn

Moves in bed aad in chalr
independently and has sufficient
muscle strength to Il up
completely during moye. Mainlains
good position in bed or chair,

@ Copyright Barbara Braden and Nancy Sergstrom, 1988 All rights reserved

PSYCHOSOCIAL IMPACT

Key point

Tota! Score

Fig 2. Common sites of pressure ulcers.

® Pressure ulcers have significant physical,
social, and psychological impacts that can
significantly affect quality of life

Apart from the serious medical complications

that can arise, living with a pressure ulcer can have
physical, social, and psychological impacts that
significantly affect quality of life.*% Undergoing
treatment, be it in the hospital, clinic, or home,
often necessitates reduced physical activity and
time away from one’s daily routine and usual social
activities. Bauer et al®® found that hospitalized
patients with pressure ulcers had a median length
of stay of 7 days versus 3 days for those without
pressure ulcers. Decreased independence, social
isolation, pain, fear, and anxiety have all been
reported to be common to the experience of living
with a pressure ulcer. "%
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RISK ASSESSMENT

Key points

* Risk-assessment tools can help identify at-
risk patients, but evidence for their efficacy
in lower pressure ulcer incidence is lacking

¢ Clinical judgment may be as valuable as the
commonly used risk-assessment tools
currently available

At-risk patients require a thorough assessment
that incorporates a detailed medical history, skin
examination, and evaluation of patient support
systems, Risk assessment instruments have been
developed to identify individuals who are at greatest
risk and to reduce the incidence of pressure ulcers,
with the idea being that at-risk individuals may then
benefit from more rigorous interventions.®’
Agreement on the predictive risk factors is lacking,
however,*® which has led to the proliferation of
various tools that include diverse wvariables of
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Table I, National Pressure Ulcer Advisory Panel staging system*®

Pressure injury stage Other notes

L Nonblanchable erythema
of intact skin

Description

Blanchable erythema or sensory changes may precede
development of stage 1 injury; purple or maroon discoloration
indicates deep tissue pressure injury

2 Partial-thickness skin loss Adipose or deeper tissues are not exposed; often caused by
with exposed dermis adverse microclimate and shear
3 Full-thickness skin loss Adipose tissue is visible in the ulcer bed, which may have
undermining and tunneling; fascia, muscle, tendon, ligament,
cartilage, or bone is not exposed
4 Full-thickness skin and Fascia, muscle, tendon, ligament, cartilage, or bone is expaosed;
tissue loss undermining, tunneling, and epibole may be present

Extent of tissue damage within the ulcer is obscured by slough or
eschar and cannot be determined; removal of slough or eschar
reveals a stage 3 or 4 pressure injury

Obscured full-thickness
skin and tissue loss

Unstageable
pressure injury

Persistent nonblanchable
deep red, maroon, or
purple discoloration

Deep tissue
pressure injury

May be seen with intact or nonintact skin

*Data from Edsberg et al?

interest. The Braden (Fig 1), Norton, and
Waterlow scales are the most commonly used risk
assessment tools for lowering the incidence of
pressure ulcers.*? Studies of the effectiveness of
risk assessment instruments have yielded mixed
results.”® In general, these scales have all shown
low sensitivity and specificity in identifying at-risk
patients.” Likewise, there is no current evidence that
these tools are superior to clinical judgment in
lowering pressure ulcer incidence,”” though few
high-quality studies have been carried out. A ran-
domized comparison of nurses using the Braden
scale (n = 74), unstructured risk assessment
(n = 106), or rtraining plus unstructured risk
assessment (n = 76) found no statistical difference
in pressure ulcer incidence among hospitalized
patients.” A single-blinded randomized controlled
trial comparing the Waterlow scale (n = 411), the
Ramstadius screening tool {(n = 420), and nurses’
clinical judgment (n = 420) revealed no difference in
pressure ulcer incidence in hospitalized pattients.56
Moreover, studies have not stratified by care setting
or patient subgroups.®! The ability to develop one
risk assessment instrument that has validity across all
care settings and patient populations is unlikely,
particularly given that predisposing risk factors may
vary by clinical setting.*”*

CLINICAL PRESENTATION

Key points
* Common locations for pressure ulcers
include over the sacrum, ischial tuberosity,
greater trochanter, heel, and Iateral
malleolus
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» All pressure ulcers should be staged accord-
ing to the most recent NPUAP staging system

* Undermining and tunneling should always
be assessed along with standard wound
measurements

Approximately 7094 of pressure ulcers occur over
the sacrum, ischial tuberosity, or greater trochanter,
while 15% to 25% occur on the lower extremities,
typically the heel or lateral malleolus (Fig e
Though these locations are the most classic,
pressure ulcers can occur at any site of prolonged
pressure, including the elbow, ear, nose, chest, and
back.

Staging

Several pressure ulcer classification scales have
been used,”*®° but the NPUAP staging system, first
devised in 1989 and most recently revised in 2016,
has been widely adopted. The newest system defines
6 classifications (Table T, Figs 3 and 4). Pressure
ulcers should be staged after cleaning the wound
bed to ensure optimal visualization of the anatomy. If
obscured by adherent slough or eschar, the pressure
ulcer is classified as “unstageable.”

In addition to the 6 defined stages, 2 types of
pressure injury are newly defined by the NPUAP.’
“Medical device-related pressure injury” refers to
prolonged pressure from diagnostic or therapeutic
devices and should be staged no differently than
other pressure ulcers. “Mucosal membrane pressure
injury” is caused by the presence of a medical device
over a mucous membrane and cannot be staged.

Of note, pressure ulcers should be staged
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Fig 3. Pressure ulcer stage diagrams. A, Stage 1. B, Stage 2. C, Stage 3. D, Stage 4. E,
Unstageable pressure injury. F, Deep tissue pressure injury. Used with permission of the
Natfonal Pressure Ulcer Advisory Panel.

Accordingly, a pressure ulcer that is initially stage 3 to as a stage 3 or lesser ulcer. The NPUAP has
but progresses to stage 4 over the course of advised against such “reverse staging”®' because
treatment is now classified as stage 4; however, reepithelialization may precede the healing of
as this ulcer heals, it should not again be referred deeper tissue.®
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Fig 4. Pressure ulcers. A, Stage 1 over the metatarsophalangeal joint. B, Stage 2 on the heel. C,
Stage 3 on the sacrum. D, Stage 4 on the sacrum. E, An unstageable pressure injury on the
lateral malleolus. F, Deep tissue pressure injury on the lower leg. Photographs courtesy of

Robert S. Kirsner, MD, and Luis J. Borda, MD.

Other features

Undermining, or extension of tissue damage
under the edges of intact skin such that the ulcer
area is larger at the base than skin surface, is often
seen in stage 3 and 4 pressure ulcers. These wounds
may also show tunneling, or sinus tracks that extend
into and through subcutaneous tissue, typically
beyond the edges of intact skin. The depth and
location of undermining and tunneling can be
assessed using a cotton-tipped applicator and should
be regularly recorded along with standard wound
measurements. Epibole, which refers to rolled
wound borders caused by the downward extension
of epithelium over the ulcer edges, may occur in
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deeper pressure ulcers and impede the migration of
keratinocytes from the wound margins.

In conclusion, pressure ulcers are a common
problem that continue to pose a major social and
economic burden. Sustained pressure over bony
prominences leads to ischemia of the underlying
tissue and skin. Pressure ulcers occur in pecple who
are immobilized or lack sensation, most often seen in
association with spinal cord injury, other neurologic
dysfunction, or hospitalization. The newest NPUAP
guidelines now define 6 classes of pressure injury
that better reflect the clinical presentations of tissue
ischernia and necrosis that may occur in the absence
of skin breakdown. Prevention and treatme é)ﬂ
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pressure ulcers is the focus of the second article in
this continuing medical education series.
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