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The Relationship between Risk Factors,
Risk Assessment, and the Pathology of Pressure

Ulcer Development

Vztah mezi rizikovymi faktory, hodnocenim
rizika a patologii vzniku dekubitalni léze

Abstract

Although many individuals experience the prime causes of pressure ulcers, not all will develop
permanent tissue damage. This arises due to the complexity and multifactorial nature of pres-
sure ulcer pathology. The literature acknowledges a variety of risk factors, which play a role in
pressure ulcer development. Indeed, it is known that any risk factor increases the probability of
pressure ulcer development if combined with pressure/shear forces. However, impaired mobility
is the most important attribute that exposes an individual to sustained unrelieved pressure and
shear forces and is known as contributing factor. Risk assessment is a central component of clinical
practice, but is a challenging process given the plethora of risk assessment tools currently in use,
and the lack of validity and reliability of these tools. This article aims to discuss how the risk factors
directly contribute to pressure ulcer development and to evaluate the current risk assessment
methods and procedures.

Souhrn

Pfesto, ze mnoho jedincd ma zkuSenost s vlivy, které jsou primarni pficinou vzniku dekubitd, ne
u vsech dekubitus vznikne. Toto je zplsobeno s ohledem na komplexni a multifaktorialni pficinu
a patofyziologii dekubitd. V literature jsou zdGraznovany rézné rizikové faktory, které sehravaji
vyznamnou roli pfi vzniku dekubitl. Je zndmym faktem, Ze jakykoli rizikovy faktor zvysuje
pravdépodobnost vzniku dekubitl, pokud je zaroven pfitomen tlak a tfeni. Nicméné, omezend
mobilita je nejdllezitéjsim atributem, ktery vystavuje jednotlivce trvalému tlaku a smykové sile
a je znam jako vyznamny pfispivajici faktor. Posouzenf rizik je Ustfedni soucasti klinické praxe,
ale je to narocny proces vzhledem k mnozstvi pouzivanych nastrojd pro hodnoceni rizik, a jejich
nedostatec¢né validity a reliability. Cilem prispévku je diskutovat, jak pifimo pfispivaji rizikové faktory
k rozvoji dekubitll a vyhodnotit sou¢asné metody a postupy pii hodnocenti rizika jejich vzniku.
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Introduction

A pressure ulcer, or pressure injury, is a loca-
lised injury to the skin and/or underlying tis-
sues, over a boney prominence. The prime
cause of the damage is due to external me-
chanical loads such as pressure (perpendicu-
lar force to the tissue), shear (parallel force to

the skin surface) or, a combination of those
two forces. Whereas, pressure and shear
are the primary cause of the tissue dam-
age, some risk factors such as age, inconti-
nence, increased moisture/temperature and
malnutrition increase the probability of pres-
sure ulcer development [1].

Pressure ulcers remain common in high-
-income countries and are also highly inci-
dent and prevalent in medium and low-in-
come areas. In Europe, prevalence rates vary
between 8.9 and 25%, and incidence rates
vary from 1.8 to 20% [2,3]. Furthermore,
pressure ulcers account for 4 and 5% of an-
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nual healthcare expenditure in Europe, with
nursing/healthcare assistants’ resource uti-
lisation contributing to 90% of this spend-
ing [4]. Worryingly, there is a tremendously
negative impact of a pressure ulcer on pa-
tients’ quality of life. Patients express that
pressure ulcers are a particularly negative
experiences, which have a detrimental im-
pact on their daily lives. This arises because
of the physical suffering related to discom-
fort and pain as well as psychological dis-
tress due to the anxiety around the healing
process [5].

Give the impact of pressure ulcers on the
individual, on the health system and on so-
ciety as a whole, healthcare professionals
should be able to objectively assess those at
risk and implement appropriate prevention
strategies. This is essential in order to avoid
the negative impact of pressure ulcers and
also the adverse consequences from the
high treatment costs. However, of concern
is the fact that current risk assessment tools
available have been shown not to be 100%
accurate [6,7]. This means that nurses may
often plan care based on non-reliable assess-
ments, exposing patients to an increased
risk of developing pressure ulcers. Thus, this
paper aims to discuss how the risk factors di-
rectly contribute to pressure ulcer develop-
ment and to evaluate the current risk assess-
ment methods and procedures.

How risk factors contribute to
pressure ulcer development
Pressure and shear forces cause tissue de-
terioration, which, if unrelieved, will lead to
permanent local tissue damage. Although
many individuals experience the prime
causes of pressure ulcers, not all will develop
permanent tissue damage. This arises due
to the complexity and multifactorial nature
of pressure ulcer pathology. Furthermore,
there are other attributes that can influence
the individual’s tissue susceptibility to the
damage process. Those characteristics influ-
ence the length of time that the individual
and their tissues can tolerate pressure and
shear forces. When an attribute prolongs the
length of time for tissue damage to occur,
it may be a potentially preventive attribute,
such as immobility. Conversely, it may be
a physiological specific characteristic of the
patient, such as age, for which there is no
prevention potential. When any attribute
shortens the length of time tissue can tol-
erate pressure/shear forces, it is known as
a risk factor [8].

According to the World Health Organi-
zation (WHO), a risk factor is an attribute or
characteristic that increases the probability
of an individual develops a disease [9]. A risk
factor can also be defined as a variable that
bears a significant statistical association with
the outcome [9]. In terms of the pressure
ulcer pathology, as discussed, risk factors de-
crease the length of time tissue can tolerate
the prime causes of pressure ulcers. The lite-
rature acknowledges a variety of risk factors
such as increased age, skin moisture, factors
affecting tissue perfusion/oxygenation, nu-
tritional status, body temperature and sen-
sory perception [1]. Any of these risk factors
increase the probability of pressure ulcer de-
velopment if combined with pressure and
shear forces. For example, a 90-year-old man
presents no history of ever having a pres-
sure ulcer, but his 82 years old wife had a fall,
became bedridden and developed a pres-
sure ulcer. Both of them had increased age
as a risk factor, however, only the lady had
the causal factor in place to develop the tis-
sue damage, as she became confined to bed
and had been exposed to prolonged unre-
lieved pressure and shear forces [8].

To sustain a pressure ulcer,
what does a patient have to be
exposed to?
Impaired mobility (be that immobility or
atypical abnormally frequent movements),
is the attribute that exposes an individual
to sustained unrelieved pressure and shear
forces and it is known as confounding or
contributing factor [1,10,11]. Further, it is also
a variable that correlates or connects the
prime cause of pressure ulcer to the risk fac-
tors. If, for instance, a person has diabetes, in
combination with impaired sensory percep-
tion as a risk factor, they would not be at risk
of developing a pressure ulcer unless mobi-
lity status was affected (or if they wore ill-fitt-
ing foot wear). Currently, there are 422 mil-
lion people living with diabetes globally [12]
and clearly, they are not all at risk of develop-
ing a pressure ulcer. However, if mobility sta-
tus modifies because of a trauma, a long
surgery, a hip fracture, acute illness or a neu-
rological disorder [1], for example, they will
then have the combination of a risk factor
and affected mobility, that can expose them
to pressure and shear forces. Fundamentally,
then, the risk of developing a pressure ulcer
changes significantly.

The difference between being at risk
of developing a pressure ulcer, to actually

developing one, involves the causal factors
setting up some pathological mechanisms
responsible for soft tissue to breakdown.
Based on laboratory experiments and ani-
mal studies, the literature acknowledges
four mechanisms for pressure ulcer devel-
opment [13]. The first is localised ischaemia,
traditionally thought of as being the key fac-
tor related to pressure ulcer development.
It is characterised by the blockage, or com-
plete occlusion, of a vein, artery or capil-
lary due to external loading. This results in
a reduction of nutrients supplementation
to the tissues and accumulation of toxic
waste products that also induces harmful
pH changes [14-17]. The second mechanism
is known as reperfusion injury. This damag-
ing process arises, when, after a long pe-
riod of ischaemia, blood supply is restored,
and in doing so there is a release of toxic
oxygen derived free radicals. These free ra-
dicals are excessive in abundance and ou-
tweigh the body’s own natural scaveng-
ing ability. As a result, the free radicals, due
to their toxic effects, cause significant tissue
destruction [18-20].

The tissue destructive mechanism is also
induced when external mechanical loads
occlude lymph vessels leading to an inc-
rease in the interstitial fluid. In addition there
is accumulation of toxic metabolites lead-
ing to tissue damage [21,22]. Finally, cell de-
formation is the most recently discovered
mechanism, and has been studied using
animal models, engineered tissue, and fi-
nite element modelling. These experiments
have shown that when external mechani-
cal loads overburden the soft tissue, cells
change shape, becoming deformed. If load-
ing is persistent, cell death will occur be-
cause deformation strains reach the maxi-
mum threshold, after which cell rupture is
inevitable [11,23,24]. This damaging process
is much faster than seen with ischaemia,
which needs an extended exposure time to
lead to cell death [25].

Individual susceptibilities and tolerances,
such as individual mechanical properties of
the tissue, tissue/bone morphology, physio-
logy and capacity of repair and transport
and thermal properties are also acknowled-
ged to play a role in influencing the dam-
age threshold that triggers pressure ulcer
mechanisms [1,26]. This means that when
the known pathological mechanisms are in
place while the individual is being exposed
to external mechanical forces, these proper-
ties may also be the reason why tissue re-
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Tab. 1. Sensitivity, specificity, odds ratio and confidence intervals for the four most used risk assessment scales [7].

Assessment Tool sensitivity(true positive) specificity(true negative) odds ratio 95% confidence intervals
Braden Scale 571% 67.5% 4.08 2.56-648
Norton Scale 46.8% 61.8% 2.16 1.03-4.54
Waterlow Scale 82.0% 274% 2.05 11-3.76
Clinical Judgment 50.6% 60.1% 1.69 0.76-3.75

sponds differently, leading some individuals
to develop a pressure ulcer and others not.

Evaluating pressure ulcer

risk assessment methods and
procedures

Risk assessment is the systematic process of
identifying patients for whom preventative
interventions are necessary [26] and is a cen-
tral component of clinical practice [1]. From
an ethical point of view, this screening pro-
cess and subsequent interventions employ-
ed to combat risk, cannot be harmful and
as such must have a reasonable chance of
benefiting the individual [27]. Thus, accu-
racy and reliability of screening is fundamen-
tal. Pressure ulcer risk assessment scales are
tools, which are based on a scoring system,
with the included parameters being the risk
factors and other known variables correlated
to pressure ulcer development [7].

To identify whether a risk assessment
scale is valid or not, statistical tests can be
performed. Sensitivity, or true positive, is
used to determine the ability of the scale to
correctly identify an individual at risk [28]. For
example, if there were 100 patients at risk of
developing a pressure ulcer in a hospital and
Braden Scale sensitivity is 57.1%, only around
57 out of 100 patients would be correctly
identified using this scale and 43 patients at
risk of developing a pressure ulcer would be
missed.

Specificity is another test that determines
the ability of the tool to correctly identify an
individual as being disease-free, in this in-
stance the person being not at risk of pres-
sure ulcer development [28]. A second exam-
ple to illustrate sensitivity is, if there were
100 patients not at risk of developing a pres-
sure ulcer and the Braden Scale specificity
is 67.5%, then around 67 out of 100 patients
would be correctly identified as not being at
risk. Commonly, highly sensitive tests have
low specificity, meaning that they will cor-
rectly identified many at risk, but will have
many “false positives” [29]. This is a challenge

because, in clinical practice, is extremely im-
portant to have the ability to correctly iden-
tify those truly at risk of developing a pres-
sure ulcer as they need prevention measures
in place. It is also crucial to correctly identify
individuals not at risk in order not to spend
valuable resources on staffing hours and
prevention devices, such as pressure redis-
tribution surfaces.

Another noted test is the odds ratio (OR)
or risk prediction. OR is a measure of the as-
sociation between an exposure and the out-
come, which can also be used to compare
the magnitude of various risk factors on the
outcome [30]. Table 1 shows the validity per-
formance, OR and the 95% confidence inter-
vals for the four most used risk assessment
scales according to a systematic review car-
ried out by Pancorbo-Hidalgo et al. [7]. The
Waterlow Scale has the highest sensitivity,
but the lowest specificity and, in compari-
son with the three assessment tools displa-
yed on the table below, also has the lowest
OR. The Braden Scale has the highest OR,
however, does not have perfect sensitivity or
specificity. Overall, as can be seen in Tab. 1,
there are challenges with all the current me-
thods of risk assessment.

A robust randomized clinical trial found
no statistical significant differences in pres-
sure ulcer incidence when healthcare staff
used either the Waterlow risk assessment
tool, the Ramstadius risk assessment tool,
or nursing clinical judgment alone [6]. Addi-
tionally, a systematic review by Moore and
Cowman found that there is no reliable evi-
dence that use of current risk assessment
tools makes any difference to pressure
ulcer incidence [6]. Therefore, in daily clini-
cal practice, a combination of different eva-
luation approaches may increase the con-
fidence of the diagnosis [28]. Indeed, the
National Pressure Ulcer Advisory Panel, Euro-
pean Pressure Ulcer Advisory Panel and Pan
Pacific Pressure Injury Alliance [1] suggests
that a comprehensive skin assessment
and clinical judgment may be combined

to achieve a more successful and holistic
assessment.

To enhance the quality of risk assessment,
the focus of this process should be on the
prime causes of pressure ulcer development
and on the factor, that predisposes an indivi-
dual to pressure and shear forces; this factor
is believed to be mobility [8,31]. Further fac-
tors that influence the length of time the tis-
sue can tolerate impaired mobility may also be
considered [8,25,32]. However, those factors
should only be investigated if mobility issues
are identified [8]. Moreover, the rise in tech-
nology for healthcare should be incorporated
into the wound care field, such advanced tools
for screening and early prediction of pressure
ulcers, for example, ultrasound imaging and
subepidermal moisture measurement [33].

Implications for practice

Pressure ulcer pathology is complex and has
a multifactorial exposure-outcome relation-
ship. From the managers regulating pres-
sure ulcer prevention policies, to the bed-
side staff, a greater understanding of this
topic would certainly benefit clinical judge-
ment and give guidance for the prescription
of higher quality prevention care. Therefore,
healthcare professionals’ education is the
foundation of any prevention strategy for
hospital or community settings.

Scientific evidence is a strong ally in the
evidence-based decision making process.
Systematic reviews and guidelines are exam-
ples of scientific literature with high-qua-
lity recommendations for clinical practice.
Although further studies in the risk assess-
ment field are needed, the validity rates for
the current most used risk assessment scales
point out that nurses are spending valuable
resources among patients that are not al-
ways at risk. Further, they may be missing
at risk individuals by failing to identify them
correctly. To improve risk assessment, the
screening process should primarily focus on
mobility status and then move to including
other risk factors as aggravating variables.
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In summary, risk assessment is essential
to identify patients at risk of pressure ulcer
occurrence and to guide the implementa-
tion of efficient prevention strategies. Risk
assessment is a challenging process given
the plethora of risk assessment tools cur-
rently in use, and the lack of validity and re-
liability of these tools. None the less, focuss-
ing on the prime cause of pressure ulcers,
namely, pressure and shear, followed by giv-
ing consideration given to the factor that ex-
poses an individual to pressure and shear
is fundamental to success. As such, there is
a hierarchy of risk factors with immobility
being the prime risk factor and once impair-
ment in this factor is identified, other factors
such as perfusion, nutrition, moisture and
others come into play. Adopting a patholo-
gical approach to risk assessment will serve
to clarify the process, and hopefully help to
reduce the burden of pressure ulcers for the
individual, the health service and society as
a whole.
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