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Summary
Aim: To compare the predictive ability of sub-epidermal moisture
measurement versus traditional risk assessment and visual skin
assessment as a means of detecting early pressure ulcer damage
development among adults undergoing surgery.

Method: A non-experimental, comparative, prospective, descriptive design
was used. Participants who gave their informed consent had their skin
assessed over the areas that were weight bearing during surgery, using
visual skin assessment and the sub-epidermal moisture measurement.
Visual pressure ulcers were graded according to the EPUAP pressure
ulcer grading system. Risk assessment was undertaken using the Braden
and Waterlow Scale. Assessments took place pre-operatively, and then
daily, on the ward, beginning on day 1 post-operative and continued for 3
days or until discharge.

Background: Surgical population pressure ulcer incidence figures vary
between 1.3% - 54.8%, showing that pressure ulcers are a health problem
within the surgical population. Pressure ulcers develop when tissues are
subject to the action of pressure/shear and VSA only detects damage
when it is already present. Surgical patients, in the peri-operative period,
are subject to forced immobility and the action of pressure/shear, which
causes tissue and cell injury/damage. Because risk assessment scales
cannot detect changes that already occurred, new diagnostic methods
need to be used for the early detection of pressure ulcer damage. One
such method is sub-epidermal moisture measurement.

Findings: From 231 participants, with a mean age of 57.50 years, 55.8%
(n=129) were male. Pressure ulcer incidence was 51% (n=116), according
to SEM, and 3% (n=7) according to VSA. Most patients were assessed as
being not at risk post-operatively, according to the Braden scale
conversely, with the Waterlow scale participants were mainly assessed as
being at risk. For the population as a whole, the independent variables that
had a statistically significant impact on abnormal sub-epidermal moisture
15

measurement deltas were surgery time (p=0.038), orthopaedic surgery
(p=0.010) and spinal anaesthesia (p=0.028).
Of the participants who had assessments for 3 days post-operatively, 94%
(n=61) had a persistently high SEM delta on day 3 post-operative. The
variables that emerged as statistically significantly related to abnormal
sub-epidermal moisture measurement deltas among these participants
were orthopaedic surgery (p=0.020); supine surgical position (p=0.003);
spinal anaesthetic type (p=0.0001); and Waterlow and Braden mobility
sub-scale day 1 post-operative (p=0.0001).

For the total population, and also for those who had assessments for 3
days post-operatively, none of the independent variables had a statistically
significant impact on the dependent variable, abnormal VSA.
Conclusion: Risk assessment scales measure risk factors that are often
impossible to change and many are not related to pressure ulcer
development. Surgical patients, because of immobility, are vulnerable to
the action of compression and shear forces. These forces cause changes
at the cellular level that trigger inflammation, which is a precursor to early
tissue damage. Sub-epidermal moisture measurement can detect tissue
damage due to an increase in the underlying tissue water content,
resulting from inflammation. From the findings of this study, sub-epidermal
moisture measurement is very promising in the prediction of pressure ulcer
development among the surgical population.
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Introduction
In this chapter the writer will give a general overview of pressure ulcers
including the definition, international and national incidence and
prevalence figures and the impact of these wounds on cost and quality of
life. Then the writer will focus on the incidence, prevalence, and impact of
pressure ulcers among individuals who have been cared for in the
surgical/operating room setting. Additionally, an overview of risk factors
associated with surgery, risk assessment tools, visual skin assessment
and the use of new methods, specifically sub-epidermal moisture
measurement, will be provided. Finally, the writer will focus on the
significance of the study in relation to its purpose, research question and
aims, as well as providing an overview of what will be addressed in the
following chapters.

Background
General overview on Pressure Ulcers
Pressure ulcers are defined by the National Pressure Ulcer Advisory Panel
(NPUAP), the European Pressure Ulcer Advisory Panel (EPUAP) and the
Pan Pacific Pressure Injury Alliance (PPPIA) (2014) as areas of skin
damage that can include underlying tissue, and that usually develop over
bony prominences, as a result of pressure alone, or pressure in
conjunction with shear. For pressure ulcers to develop, individuals need to
be exposed to mechanical loading of the skin and underlying tissues.
Those who suffer from restricted mobility, or who are, or become totally
immobile, even if this immobility is temporary, are particularly at risk, as
they are not able to alleviate pressure/shear (Bouten et al, 2003). The
NPUAP/EPUAP/PPPIA (2014) identifies that there are other contributing,
or confounding factors, such as moisture and nutritional status, which are
also considered influential in the development of pressure ulcers.
However, the importance and impact of these factors is still not wellestablished.

Pressure ulcers are a major healthcare problem that can impact the
individual, the healthcare system and society (Health Service Executive
19

(HSE), 2009). The HSE in Ireland and the Royal College of Physicians
Ireland (RCPI) developed a National Quality Improvement Programme
(2014) to reduce the incidence of pressure ulcers to zero. The focus put
on pressure ulcers arose mainly because these are considered to be a
preventable healthcare problem, which is increasing in incidence and
thereby affecting individuals unnecessarily. These wounds are painful,
debilitating and can, in some cases, become life-threatening (HSE and
RCPI, 2014).

To understand the burden of pressure ulcers, it is important to consider
epidemiological studies focusing on prevalence and incidence figures.
However, for these figures to inform and promote evidence-based practice
it is paramount that studies, where these figures are taken from, show
methodological quality (NPUAP/EPUAP/PPPIA, 2014). Internationally the
prevalence and incidence of pressure ulcers varies between 2.2% - 42.7%
and 1.4% - 49%, respectively (Whittington et al, 2000; Scott et al, 2006;
Capon et al, 2007; Vanderwee et al, 2007; Keelaghan et al, 2008; Moore
et al, 2013). Focusing on Irish figures, the prevalence and incidence of
pressure ulcers varies between 4% - 37% and 8% - 14.4%, respectively
(Gallagher et al, 2008; McDermott-Scales et al, 2009; Moore and
Cowman, 2011; Moore et al, 2013). Prevalence and incidence data are
important as they can inform practice and policy makers by showing the
burden that pressure ulcers have for healthcare. Moreover, it is also
imperative to understand the impact that pressure ulcers can have not
only on cost, but also on individuals and their families’ quality of life.

In relation to the cost of preventing and treating pressures ulcers, a study
by Bennett et al (2004) estimates that the overall annual cost of treating
pressure ulcers in the United Kingdom (UK) was £1.77 million. This
represented 4.1% of the healthcare system expenditure for the 1999/2000
UK financial year. In a recent retrospective cohort analysis by Guest et al
(2015), it was estimated for the year 2012/2013 that approximately 2.2
million wounds were managed by the National Health Service (NHS) in the
UK. Guest and colleagues estimated, after adjusting for comorbidities, that
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the cost of managing these wounds was between £4.5 billion. This
analysis did not report on the cost of individual type of wounds. However,
considering the number of pressure ulcers for the year 2012 was around
153,00 (7%), this would be equivalent to an estimated cost of £315 million
for the NHS. The cost was attributed to resources, such as healthcare
professionals (general practitioners, nurses, etc.), wound care products,
devices, ambulance services, hospital visits and appointments.

Schuurman et al (2009) conducted a cost minimisation analysis in two
hospitals, looking at both prevention and treatment of pressure ulcers
using two individual approaches. These were a technical approach that
involved the use of special mattresses and/or dressings/ointments, and a
human approach that involved repositioning and mobilisation, which was
closely related to nursing time. The authors concluded that the mean cost
of prevention was €13 per day, when using special mattresses and/or
dressings/ointments. When a human approach was used the cost was €24
per day, related to repositioning/mobilisation schedules, which mainly
contributed to the nursing time involved. Additionally, Schuurman et al
(2009) found that the annual financial burden of pressure ulcers for the
Dutch health system was €27.5 million per year in terms of a technical
prevention approach and €63.6 million if a human prevention approach
was considered. In another study by Dealey et al (2012) the cost of
treating pressure ulcers in the UK was analysed and it was concluded that
the daily cost ranged from £43 to £374.

In an Irish cost analysis (Gillespie et al, 2013), a probabilistic decision
analytic model was used to determine the cost of all wounds. Considering
a 4.47% prevalence rate, or 204,783 individuals, the total cost of wound
care, in 2013 prices was an estimated €788,513,528, with the price per
patient being €3,850. The total cost value accounted for 6% of the Irish
health care expenditure. Although, this data relates to wounds in general,
given the incidence of pressure ulcers compared to other wound types, it
is evident that pressure ulcers have a negative financial impact on the
healthcare system and society. It is reasonable to suggest that the
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resources consumed may be misused to some extent if one considers that
the majority of pressure ulcers that individuals develop, irrespectively of
the healthcare setting, are preventable.

Apart from the financial cost, pressure ulcers also impact on the individual
and their families (Hopkins et al, 2006; Spilsbury et al, 2007; Gorecki et al,
2009; Moore and Cowman, 2009). Hopkins et al (2006), in their pilot study,
explored the experiences of eight older people living with pressure ulcers.
In this study, endless pain, restricted life and coping with the pressure
ulcer were identified as being the main detrimental effects of having a
pressure ulcer. In another study by Spilsbury et al (2007) the interviewed
patients described that the pressure ulcer had an impact on their
emotional and mental well-being, as the pressure ulcer made them feel
depressed, miserable and lacking confidence. The impact that pressure
ulcers had on them physically was mainly related to positioning and
comfort whereas, in relation to the social domain, pressure ulcers had an
impact on their daily activities. Another important aspect that emerged
from the study by Spilsbury et al (2007) was that patients saw healthcare
professionals as being responsible for failing to identify the early signs of
pressure ulcer development. A further systematic review by Gorecki et al
(2009) supports the previous findings, identifying that pressure ulcers
impacted on the individual at a physical, social, and psychological level.
From the evidence presented here, it can be seen that it is important to
ensure that preventive measures are put in place, and that early detection
and assessment methods that flag those at higher risk of developing
pressure ulcers, are used in practice. This is important so that effective
prevention measures can be put in place to combat risk and therefore
ensuring that pressure ulcers prevalence and incidence are reduced.

Pressure Ulcers and the Surgical Care Setting
From the international and national data presented, it is clear that pressure
ulcers prevalence and incidence is generally high and these figures give
healthcare professionals an insight into the burden and high occurrence of
this healthcare problem (HSE 2009, NPUAP/EPUAP/PPPIA, 2014).
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The NPUAP/EPUAP/PPPIA (2014) in their clinical practice guideline
analysed facility-acquired prevalence and facility-acquired incidence
figures across different healthcare settings. From the data they found that
facility-acquired prevalence and facility-acquired incidence rates by care
setting varied between 0% - 46% and 0% - 12% in acute care respectively,
between 13.1% - 45.5% and 3.3% - 53.4% in critical care, between 4.1%32.2% and 1.9% - 59% in aged care, between 0.47% - 72.5% and 0.25% 27% in paediatric care.

In relation to the surgery/operation room setting, no prevalence figures
were identified in the literature analysed by the NPUAP/EPUAP/PPPIA
(2014). However, in a survey study by Aronovitch (1999) pressure ulcer
prevalence among 1128 surgical patients was 8.5%. From an incidence
perspective, in a prospective cohort study by Schuurman et al (2009), of
204 patients undergoing cardiothoracic surgery, 53.4% (n=109) developed
pressure ulcers after surgery. These pressure ulcers were identified on
admission to ICU and from the 109 patients who developed a pressure
ulcer 59.3% were grade I, 37.6% were grade II and 2.8% were grade III.
Considering other studies (Grous et al, 1997; Aronovitch, 1999; Nixon et
al, 2000; Schoonhoven et al, 2002; Pokorny et al, 2003; Stevens et al,
2004; Feuchtinger et al, 2006; Karada and Gümüskaya, 2006;
Feuchtinger et al, 2007; Nixon et al, 2007; Bulfone et al, 2012; Lyder et al,
2012; Webster et al, 2015) that report incidence figures, the lowest
reported was 5% in a prospective, descriptive correlational study by
Connor et al (2010).

The incidence figures reported here show that adults undergoing surgery
are at high risk of developing pressure ulcers in the intraoperative period.
This risk arises due to the forced immobility, the inability to change
position to relieve pressure, and the fact that these patients do not feel
pain (Schoonhoven et al, 2002). This impaired response to pain is mainly
due to the anaesthesia and the fact that its action on the patient’s body is
prolonged beyond the intraoperative period, thus prolonging the risk for
the development of pressure ulcers (Connor et al, 2010; Bulfone et al,
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2012). Other variables have also been identified as a risk for the
development of pressure ulcers in patients undergoing surgery. These
factors include diastolic blood pressure below 60mmHg, length of surgery,
lying in the prone position, age, skin condition, warming blanket use during
surgery, extracorporeal circulation, comorbidities, medication, and
nutritional status (Aronovitch, 1999; Schoonhoven et al, 2002a; Pokorny et
al, 2003; Stevens et al, 2004; Bulfone et al, 2012; Webster et al, 2015).
These factors contribute to an increased risk of pressure ulcers
development. However, due to long periods of immobility the
skin/underlying tissues will be subjected to long periods of pressure and
shear and these are the main factors for pressure ulcers development.
Thus, it is of interest to see that patients undergoing surgery who were
mobile prior to surgery and had no a priori indication that a pressure ulcer
would develop, can present with a pressure ulcer after they leave the
operating room. Thus, a greater assessment of risk specific to the
operating department must be undertaken to reduce the incidence of the
population undergoing surgery.

Besides having a negative impact on the individual, the development of
pressure ulcers in the surgical care setting also has a detrimental impact
on the healthcare outcomes. For example, Lyder et al (2012) state that
hospital-acquired pressure ulcers are associated with an 11.2% increase
in in hospital mortality, and a 15.3% of mortality within 30 days of
discharge. Moreover, hospital-acquired pressure ulcers also impact on the
length of hospital stay and associated costs, with median increased length
of stays of 4.31 days and 10 days, reported in the literature (Anthony et al,
2004; Graves et al, 2005). This prolonged length of hospital stay will
impact on the hospital bed management system, as less new patients can
be admitted to the ward until the patient with a hospital-acquired pressure
ulcer is discharged.

In addition to an increased length of stay there is also an associated
increase in health care expenditure. Indeed, Lapsley and Vogels (1996)
examined the excess cost for additional hospital stay per day in 1992 for
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patients with pressure ulcers (with the average bed day cost of $483). For
those who underwent coronary arterial bypass the cost was $106,984.50
and for patients who had a hip replacement the cost was $23,908.50.
Interestingly, in a cost-effective study by Ba’ Pham et al (2011) where dry,
viscoelastic polymer overlays were compared to standard operating table
mattress the cost saving per patient was $46. Although this saving
appears to be small, in a larger scale, where around 760 incident surgery
related pressure ulcers can be prevented, a saving of approximately
$7million per year at the time of the study could be made.

Pressure ulcers acquired during surgery impact on the individual and on
the healthcare system. Thus, it is paramount that healthcare professionals
working in the surgical care setting access evidence-based data. This data
can show healthcare professionals the importance and gravity of pressure
ulcers. By accessing the existing evidence, health care professionals can
develop strategies to improve their practices to prevent pressure ulcers
from developing. This includes the use of tools that identify changes in
skin moisture, visual skin assessment and the use of risk assessment
scales. However, it is important to be critical when using routine
assessment methods. Because only by questioning current practices can
new assessment methods be tried and implemented, with due regard for
their validity and reliability.

Sub-epidermal moisture, visual skin assessment and risk
assessment
Pressure ulcers develop when the skin and underlying tissues are
exposed to mechanical loading. Patients undergoing surgery, due to the
nature of the surgical procedure will be immobile pre, intra and postoperatively, for different periods of time. Because they are not able to
alleviate pressure, they are considered to be at risk of developing a
pressure ulcer (Bouten et al, 2003). However, given that all patients do not
develop pressure ulcers following surgery, it is necessary to assess
patients who are undergoing surgery using tools that can accurately signal
those at risk and those who are already presenting with evidence of
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pressure ulcer damage. In order to try and identify those at risk different
methods are used in practice, with visual skin assessment and risk
assessment tools being the most commonly employed.

Risk assessment involves using a structured approach where the use of
risk assessment scales and clinical judgement will all contribute together
to the early identification of patients at risk. Thus, risk assessment scales
are predictive in nature as they try to identify/predict the risk factors that
people present with and that will put them at risk of pressure ulcer
development. Results from risk assessment will guide the early
implementation of adequate prevention measures (NPUAP/EPUAP/PPPIA
2014). In relation to visual skin assessment (VSA) this is an important
practice because healthcare professionals will be able to focus on
assessing skin integrity through regular inspection, in order to detect any
deterioration, or improvement in skin condition (National Institute for
Health and Care Excellence [NICE] 2014). Thus, VSA is a diagnostic
method as through visual identification it can diagnose if a pressure ulcer
is present or not. Visual skin assessment is also important for pressure
ulcer prevention because the status of the patient’s skin can help in early
detection of pressure ulcer development (RCN, 2001; HSE, 2009;
Whiteing, 2009; NICE, 2014; NPUAP/EPUAP/PPPIA, 2014). Therefore,
one can conclude that risk assessment and VSA are different
assessments methods as they are based in different approaches, risk
assessment scales are predictive and VSA is diagnostic.

There are also several pressure ulcer risk assessment scales being used,
although the most common are the Norton scale (Kelechi et al, 2013), the
Braden scale (Braden and Bergstrom, 2000) and the Waterlow scale
(Kelechi et al, 2013). These tools are meant to help identify the risk
factors, such as mobility/activity levels, nutritional status, age, presence of
pressure ulcer at admission, hospital length of stay (Coleman et al, 2013;
Moore et al, 2013a), that can predispose the individual to the development
of pressure ulcers. Thus, it is important to highlight, that although of value,
these risk assessment scales are not predicting pressure ulcer presence,
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or actual pressure ulcer development, rather are aimed at identifying risk
factors that could lead to pressure ulcer development (Anthony et al,
2008).

For people undergoing surgery, risk assessment is usually undertaken
pre-operatively, and post-operatively, and as such, does not capture what
happens to the patient in the intraoperative period. A large number of risk
factors (n=130) have been cited to be of relevance in the surgical
population, making it challenging to select specific risk factors, as it is
evident that these are many and varied (Aronovitch, 1999; Schoonhoven
et al, 2002; Schoonhoven et al, 2002a; Lindgren et al, 2004; Stevens et al,
2004; Feuchtinger et al, 2005; Lindgren et al, 2005; Aronovitch, 2007;
Schuurman et al, 2009; Lardenoye et al, 2009; Connor et al, 2010; Bulfone
et al, 2012; Tschannen et al, 2012; Lumbley et al, 2014; O’Brien et al,
2014; Webster et al, 2015). Further, the sensitivity and specificity of the
most common risk assessment scales have been questioned as being
useful in the surgical population (Pancorbo-Hidalgo et al, 2006).

Given the challenges with risk assessment, and also the fact that all
surgical patients will be at risk of pressure ulcer development, given the
reasons stated, namely, immobility and lack of ability to move or to feel
pain, the traditional approach to risk assessment needs to be challenged.
The hypothesis is that it may be better to ask whether the individual is
tolerating the immobility they have experienced and to do this, an
understanding and early recognition of the individual’s cellular responses
to pressure and shear is needed. Identification of the very early
development of a pressure ulcer is of value in practice because
interventions can be put in place to prevent the deterioration of the
pressure ulcer. In addition, knowing that the patient is not responding well
to the exposure to pressure and shear, this can be a trigger for reviewing
the care plan to prevent deterioration of the patient’s condition.

In addition to visual skin assessment, there are other methods that can be
used to help in the early detection of pressure ulcer damage. One of these
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methods is sub-epidermal moisture (SEM) measurement. The use of SEM
measurement as a diagnostic tool is based on the premise that when the
skin and underlying tissues are subject to mechanical loading, changes
can happen at the cellular level, that will lead to an abnormal increase of
interstitial fluid at the area of injury. As a result, there is corresponding
onset of inflammation and oedema and these can be identified as the first
signs of pressure ulcer development (Miettinen et al, 2006, Bates-Jensen
et al, 2009). If this deeper inflammatory response is identified before the
pressure ulcer is visible, then preventive measures could be put in place to
avoid the development of more severe ulcers (Bates-Jensen et al, 2007;
Bates-Jensen et al, 2008; Bates-Jensen et al, 2009; Guihan et al, 2012).

SEM measurement is related to the quantity of skin and tissue water
(Bates-Jensen et al, 2007; Bates-Jensen et al, 2008; Bates-Jensen et al,
2009). Inflammation and oedema that result from tissue damage, and that
indicate excess of interstitial fluid in the tissues (Miettinen et al, 2006) can
be measured through the use of instruments that use electric and
electromagnetic signals. Tissues have capacitive and conductive
properties that are dependent on water content, with the uppermost layer
being mainly capacitive and the deeper layers being mainly conductive
(Alanen et al, 2004). Taking into account that SEM is related to skin and
tissue water, this can be measured through the use of surface electrical
capacitance (Bates-Jensen et al, 2009). Surface electrical capacitance of
the skin is determined by the impedance of the skin to electrical forces,
and thus can reflect oedema and water content of the epidermal and subepidermal tissues (Bates-Jensen et al, 2009).

Although there are still few studies analysing the potential of SEM
measurement in early detection of pressure ulcer damage, the results are
promising as this method accurately assesses normal skin and also
detects changes in pressure subjected skin. Additionally, SEM
measurement is a method that allows for the early detection of pressure
ulcer damage presence with higher SEM measures corresponding to
increased skin damage (Bates-Jensen et al, 2007; Bates-Jensen et al,
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2008; Bates-Jensen et al, 2009; Guihan et al, 2012). Moreover, SEM
measurements can detect the development of skin damage which
becomes evident visually, one week later (Bates-Jensen et al, 2007;
Bates-Jensen et al, 2008; Bates-Jensen et al, 2009; Guihan et al, 2012;
Bates-Jensen et al, 2017; Bates-Jensen et al, 2017a; Kim et al, 2018;
O’Brien et al, 2018; Park et al, 2018; Raizman et al, 2018).

Patients undergoing surgery, who were initially not at risk of developing a
pressure ulcer, will be subject to protracted periods of pressure which will
be prolonged beyond the intraoperative period because of anaesthesia.
Therefore, these individuals are at high risk of developing a pressure
ulcer. Although visual skin assessment and the use of risk assessment
scales are important measures in practice, they fail to place enough
emphasis on surgical patients and underestimate the real risk amongst
these patients. This is mainly because most surgical patients, on
admission, have no apparent pressure ulcer risk and also present with
good skin integrity. Thus, the use of other methods like measuring SEM in
assessing specific areas of the body that have been weight bearing during
surgery, in the post-operative period, can help to predict more accurately
those who may be developing a pressure ulcer. This is because SEM
measures will give an indication if there is tissue damage, thereby giving
real time data in terms of the person’s individual responses to pressure
and shear. Further, the literature suggests that if a pressure ulcer is
caused within the operating department the ulcer will manifest, in general,
within 3 days post operatively (Black et al, 2015).

Considering that before surgery SEM measurement values in areas of the
body that will be weight bearing are low, it is expected that after surgery,
these values will increase. Higher SEM values are related to tissue
damage as previously discussed. However, tissue and skin damage only
become visible 24 to 72 hours after the pressure event (Black et al, 2015).
So, there will be a delay in the nurse’s visual identification of pressure
ulcer presence which would be detected much earlier by SEM. Moreover,
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the implementation of preventive measures will also be delayed putting the
patient at risk of developing more severe pressure ulcers.

Study Purpose
The main purpose of this study is to validate the use of SEM measurement
in the early prediction of pressure ulcer damage presence in patients
undergoing surgery. The use of SEM measurement is of important clinical
relevance. SEM measurement will not only facilitate the early identification
of changes at the sub-epidermal level but also of those patients at risk of
pressure ulcer development. Through the use of SEM measurement,
healthcare professionals can implement better and more focused
preventive practices. Ultimately, these practices will prevent any early
tissue damage, which might have started in the intraoperative period, from
developing further into a stage II or higher, pressure ulcer.

Research Question
For the purpose of this quantitative, non-experimental, comparative,
prospective, descriptive study the writer wished to explore the following
research question:
³'RHVVXE
-epidermal moisture measurement predict early pressure
ulcer development more accurately when compared to traditional
risk assessment and visual skin assessment among adults
XQGHUJRLQJVXUJHU\"´

Considering the research question, the aim of this study was therefore, to
compare the predictive ability of sub-epidermal moisture measurement
versus traditional risk assessment and visual skin assessment as a means
of detecting early pressure ulcer damage development, among adults
undergoing surgery.

Study Objectives
The objectives of this study were:
x To carry out a detailed review of the literature pertaining to risk
factors and, predictive validity and reliability of risk assessment
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scales, namely Norton, Braden and Waterlow, for pressure ulcer
management ;
x To determine the predictive ability of SEM measurement as a
diagnostic tool for determining the presence of early pressure ulcer
damage among adults undergoing surgery;
x To establish the clinical significance of SEM as a diagnostic tool of
early pressure ulcer damage determination among adults
undergoing surgery;
x To determine pressure ulcer incidence associated with surgery;
x To make recommendations for practice.

Summary
Pressure ulcers are areas of skin damage that can include underlying
tissue. These develop normally over bony prominences, as a result of
pressure alone, or pressure in conjunction with shear. Pressure ulcers are
seen as a major healthcare problem with international and national
prevalence and incidence figures varying between 2.2% - 42.7% and 1.4%
- 49%, 4% - 37% and 8% - 14.4%, respectively. Moreover, pressure ulcers
impact negatively on the individual adversely affecting their quality of life.
Pressure ulcers also impact on society and the healthcare system, not
only in terms of the increased costs that pressure ulcers carry but also
because of the effects they have on individuals who would otherwise
actively contribute to society.

Pressure ulcer data are normally presented in a rather generalist way.
Thus, it is important to analyse its incidence in other populations and
particular care settings, especially if this population is not expected at first
to develop a pressure ulcer. Worryingly in the surgical population the
incidence of pressure ulcers can vary between 5%-53.4%. There is a need
therefore, to increase awareness on the problem of pressure ulcers in this
population. These figures show that adults undergoing surgery are at high
risk of developing pressure ulcers. This is mainly due to a forced
immobility that can be prolonged after the intraoperative period. This
forced immobility, will subject areas of the skin and underlying tissues,
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which are weight bearing during surgery, to mechanical loading that will
lead to skin and underlying tissue damage.

Pressure ulcers that develop as a result of undergoing surgery have an
impact on the length of hospital stay and consequently result in an
increased cost for the healthcare system. For this reason, and to prevent
pressure ulcer development, it is necessary that healthcare professionals
undertake risk assessment. Though recommended, visual skin
assessment is not able to identify if damage, that is not visible, has
already started in the underlying tissues. In addition, risk assessment
scales can only flag those patients that currently present with risk factors
however, do not necessarily take into account the changes in mobility
status that arises due to undergoing surgery with anaesthesia. So it is
necessary to identify other methods that might recognize cellular and
underlying tissue changes and predict the early presence of pressure
damage, in order to prevent its further development. Thus, the writer
hypothesised that one such method that allows for the early detection of
tissue damage and of pressure ulcers presence is SEM measurement.

Thesis Structure
The thesis is presented in 5 sections, divided into 12 chapters. Section 1
provides the introduction to the thesis; section 2 presents a detailed and
systematic literature review and is divided into 4 chapters, giving a review
of various aspects related to pressure ulcers in general and pressure
ulcers in relation to the surgical care setting, including a discussion on
sub-epidermal moisture. Chapter 4 gives a summary and conclusion to the
literature review. Section 3 is divided in to 2 chapters and focuses on the
methodology and methods. The first chapter in this section gives a review
of evidence-based practice and a discussion of the methodology, design
and methods used, in particular, sampling, data collection and data
analysis. This is followed by a focus on what happened in the main study.
Section 4, is divided into 3 chapters addressing the results that answer the
research question and the objectives of this study. In chapter 7 the
systematic review on the risk assessment scales predictive validity and
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reliability will be presented. This will be followed by chapter 8 were the
results obtained in the pilot study will be presented. Lastly chapter 9 will
present the results of the study by focusing on the demographics, the
categorisation of the key findings, and finally giving a summary and
conclusion to the chapter. Section 5 is divided in to 3 chapters, with
chapter 10 presenting a discussion of the data obtained in relation to the
demographics, and key findings. This is followed by chapter 11 which
focuses on strengths and limitations of the study, the dissemination of
findings and the implications for nursing practice, research, education and
policy, as well as presenting a personal reflection on the research
undertaken. Finally, chapter 12 presents a final conclusion to the thesis.
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Section 2: Literature
Review
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Introduction
This section presents a literature review putting into context various
aspects pertaining to pressure ulcers, in general, and in relation to
pressure ulcers and the surgical patient/care setting. This literature review
will be divided into four chapters. First the writer will focus on the
epidemiology of pressure ulcers, mainly incidence, prevalence, and
facility-acquired rates. This will be followed by a discussion of the cost of
pressure ulcers, both at the human (quality of life and mortality) and
healthcare system level. Next, the aetiology and classification of pressure
ulcers will be presented, and this will be followed by a discussion on the
role that sub-epidermal moisture may have in the identification of tissue
damage that is indicative of early pressure ulcer damage development.
Finally, a summary and conclusion of this section will be presented.
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Chapter 1: Pressure Ulcers
Epidemiology and Cost
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1.1. Introduction
Pressure ulcers are a burden on both the healthcare system and the
individual/family. Understanding how common this health condition is and
how it is distributed in the general and surgical population becomes crucial
to try and tackle a preventable, but seemingly impossible to eradicate,
problem. To try and understand how extensive the burden of pressure
ulcers is epidemiological studies are very important.

1.2. Pressure Ulcers: Epidemiology
Epidemiology is a science that studies the occurrence of different
conditions (e.g. pressure ulcers) by exploring and trying to comprehend
their frequency and distribution in specific populations (Gerrish and Lacey,
2010; Berlowitz, 2014). This is mainly done through studies, for example,
cohort studies (Gerrish and Lacey, 2010), which measure incidence and
prevalence rates of a specific condition being researched. Incidence
informs on the proportion of new cases of a disease over time in a defined
population (International Guidelines, 2009; NPUAP/EPUAP/PPPIA, 2014).
However, incidence is more easily calculated through cumulative
incidence, where a specific time period is determined to measure the
occurrence of new cases of a disease (International Guidelines, 2009;
NPUAP/EPUAP/PPPIA, 2014).

In relation to prevalence, this measures the percentage of individuals, in a
defined population, with a disease, in a precise period of time
(International Guidelines, 2009; NPUAP/EPUAP/PPPIA, 2014). Looking at
the population prevalence of disease this can influence the predictive
validity in terms of positive and negative predictive values. Positive
predictive value focuses on the likelihood of having the target condition
given a positive test result and negative predictive value looks at the
likelihood of not having a condition given a negative test result (Stralen et
al, 2009). These can be calculated using the following formulae:
x Positive predictive value: True positives/ (True positives + False
positives) × 100
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x Negative predictive value: True negatives/ (True negatives + False
negatives) × 100
As prevalence values vary so do the values of positive and negative
predictive validities, with increasing prevalence being associated with
increased positive predictive value and decreased negative predictive
value (Stralen et al, 2009). Besides, positive and decreased negative
predictive values, sensitivity and specificity are also used to determine
predictive validities however these are not influenced by prevalence or
incidence. In terms of sensitivity this is a calculation of the proportion of a
positive result among those that are correctly identified as having the
condition, whereas specificity is a calculation of the proportion of negative
results among those that are correctly identified as not having the
condition (Stralen et al, 2009). Sensitivity and specificity are calculated
using the following formulae:
x Sensitivity: True positives/ (True positives + False negatives) × 100
x Specificity: True negatives/ (True negatives + False positives) × 100

Facility-acquired rates focus on the proportion of patients who have
developed a condition, which is associated directly with the healthcare
facility where the individual is cared for (International Guidelines, 2009;
NPUAP/EPUAP/PPPIA, 2014).
By knowing how incident or prevalent a condition is, healthcare services
can plan strategies to maximise preventive measures and develop
educational sessions that will raise awareness on, for example, pressure
ulcers (International Guidelines, 2009, Gerrish and Lacey, 2010; Berlowitz,
2014). Through this, clinical practice can be improved and better
outcomes for patients and their families can be achieved (International
Guidelines, 2009, Gerrish and Lacey, 2010; Berlowitz, 2014).

1.3. Pressure Ulcers Prevalence and Incidence
The NPUAP/EPUAP/PPPIA (2014) highlights the importance of
conducting epidemiological studies so that the impact and burden of
pressure ulcers are better understood. This will increase healthcare
professionals’ awareness of the problem of pressure ulcers thus,
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promoting and improving clinical practice that will then be more effective in
preventing them.

Pressure ulcer prevalence and incidence from a general perspective
varies among different countries and healthcare settings, with values
ranging from 2.2% - 54% and 1.4% - 49%, respectively (Whittington et al,
2000; Scott et al, 2006; Capon et al, 2007; Vanderwee et al, 2007;
Gallagher et al, 2008; Hurd and Posnett, 2009; McDermott-Scales et al,
2009; VanGilder et al, 2009; Moore and Cowman, 2011; Moore et al,
2013; Skerritt and Moore 2014; Moore et al, 2015). However, for the
purpose of this study only prevalence and incidence figures pertaining to
the surgical care setting will be analysed.

1.3.1. Pressure Ulcers in the Surgical Care Setting: Incidence and
Prevalence
The clinical practice guideline of the NPUAP/EPUAP/PPPIA (2014)
analysed prevalence, incidence and facility-acquired figures across
different healthcare settings. Focusing on the incidence of pressure ulcers
in the surgical care setting, from the studies included, this varied between
1.3%-54.8% (Grous et al, 1997; Stordeur et al, 1998; Lewicki et al, 2000;
Nixon et al, 2000; Chalian and Kagan, 2001; Schoonhoven et al, 2002;
Pokorny et al, 2003; Stevens et al, 2004; Feuchtinger et al, 2006; Karadag
and Gümüskaya, 2006; Aronovitch, 2007; Feuchtinger et al, 2007; Nixon
et al, 2007; Kim et al, 2009; Schuurman et al, 2009; Campbell et al, 2010;
Connor et al, 2010; Bulfone et al, 2012; Tschannen et al, 2012; Wright et
al, 2014; Webster et al, 2015).
From the studies analysed the lowest incidence figure was identified by
Webster et al (2015) and from the 474 patients undergoing any surgery
lasting more than 30 minutes, 1.3% developed a pressure ulcer. On the
other hand, Karadag and Gümüskaya (2006) found that of the 84 patients
undergoing various types of surgery, excluding emergency surgery, 54.8%
developed pressure ulcers, with 97.8% of pressure ulcers occurring within
3 days of surgery. Interestingly from the studies included, in one
interventional study (Chalian and Kagan, 2001) the group information was
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retrospectively compared to a previous study and demographic data of the
population was not sufficient to ascertain if the two groups were
comparable, or not. Furthermore, the authors acknowledge that there was
no control for confounding variables and that only clinical significance was
sought. Thus, the data retrieved from the study need to be interpreted with
caution. Also in the descriptive interrupted time series study by Pokorny et
al (2003) some patients that developed pressure ulcers did so between
day 5 and 47 post-operatively, and some of those patients who developed
pressure ulcer by the end of the day of surgery, had to wait a mean of 4
days from time of admission to surgery. Thus, one can argue if the
incidence figures are truly reflecting surgery related pressure ulcer
incidence. Similarly Campbell et al (2010) are not clear in identifying from
those who developed pressure ulcers, who underwent elective or
emergency surgery and for how long they were admitted in each acute
care site. This information could give a better insight on whether, or not,
the incidence of pressure ulcers obtained in this study, were all as a direct
consequence of having had surgery.
In the studies analysed most pressure ulcers identified were stage 1 and
stage 2 pressure ulcers, which developed mainly in the heels, sacrum and
buttocks of the participants.

In relation to prevalence studies within the surgical care setting, these
appear to be scarce as the NPUAP/EPUAP/PPPIA (2014) found no
studies with prevalence figures. The writer found five studies that reported
on the prevalence figures in the surgical care setting. Aronovitch (1999)
undertook a multisite descriptive study, and mailed forms to 1,543
members of the Wound, Ostomy and Continence Nurses Association. A
total of 104 forms relating to 1,128 surgical patients were returned and
analysed. From the data collected the prevalence of pressure ulcers in the
surgical population was 8.5%, with 48% of pressure ulcers being identified
in the first 48 hours post-operatively and 81%, 72 hours post-operatively.
In an observational cross-sectional cohort study (VanGilder et al, 2009)
conducted between 2008 and 2009, data pertaining to the different
surgical units, were combined per year. Prevalence varied from 32.6% in
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2007, 37.9% in 2008 and 34.4% in 2009. The highest prevalence was in
2008 and this decreased by 3.5% in 2009. One of the reasons for this
could be related to the decrease in Medicare and Medicaid reimbursement
for pressure ulcers that have been acquired during the patients’
hospitalisation. Thus, visual skin assessment and risk assessment
become an integral routine aspect of care, allowing for the identification of
patients at risk of pressure ulcer development. Consequently, this
promotes the implementation of more directed care and preventive
practices.
In the two other studies (Primiano et al, 2011; O’Brien et al, 2014) it is not
clear if the figures reported relate to prevalence or incidence. Primiano et
al (2011) in their prospective study had as a primary outcome, the
development of new pressure ulcers within 72 hours post-operatively.
O’Brien et al (2014) retrospectively analysed medical records of surgical
patients and reported on new onset pressure ulcers. Considering that
incidence, reports on the proportion of new pressure ulcers that develop
during a specific period of time, in patients’ pressure ulcer free, one can
argue that incidence and not prevalence was reported in the studies.
However, it is also possible that the authors are referring to period
prevalence figures. Nevertheless, the writer finds the way this data has
been reported to be ambiguous.
In the last study by O’Connor (2016), pressure ulcer prevalence was 6.4%,
with pressure ulcers developing in the sacrum. Although, prevalence is
reported on a small sample (n=32), this was the only prevalence study in a
surgical care setting in Ireland.

1.3.2. Prevalence and Incidence: Meaning and variance in the figures
Prevalence and incidence studies are important to inform practice,
however, the way studies are conducted can yield misleading, or
inaccurate results. This will lead to the accumulation of data with inherent
reliability and validity issues, which in turn can limit the comparability
between healthcare settings and populations (International Guidelines,
2009; NPUAP/EPUAP/PPPIA, 2014).
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According to the International Guidelines (2009) there are a few aspects
that need to be taken into consideration when assessing the data
produced in studies trying to determine the incidence and prevalence of
pressure ulcers. These are:
x Understanding and proper use of terminology, incidence versus
prevalence;
x Issues/Difficulties with aspects part of the research process:
o Data collection and recording;
o Study population;
o Identification of pressure ulcers;
o Correct classification of pressure ulcers.
x How data from studies are evaluated, interpreted and compared.

In relation to the first point, the meaning of incidence and prevalence has
already been explored however, it is important to reiterate that for
meaningful data to be obtained it is necessary that researchers are clear
about the definition of incidence and prevalence (International Guidelines,
2009). If these two concepts are not clear, then the results obtained can
give erroneous conclusions with no real benefit for clinical practice.
Looking at two previous studies (Primiano et al, 2011; O’Brien et al, 2014)
it is possible to see that the use of the terms and the results reported are
not clear. Taking the study from Primiano et al (2011) the author reports in
its title that the study focuses on pressure ulcer prevalence and risk
factors. But the study also reports that the primary outcome is the
development of new pressure ulcers within 72 hours post-operatively. It is
possible to see here that there is a misunderstanding in relation to the
term prevalence and what the authors are looking for, which actually
appears to be incidence data.

Another aspect that needs to be addressed when analysing and
presenting data from prevalence and incidence studies is related to the
way data are collected and recorded (International Guidelines, 2009). It is
important to consider the type of design used to conduct the study.
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Moreover, it is also necessary to consider the experience of the
researcher in data collection, and the experience of those that will collect
the data for the research, e.g. nurses in the ward or specialist nurses.
Although, nurses have experience in caring for the population of choice,
they might not be experienced in data collection. Besides data collection
experience, it is also important to consider the nurse’s experience in
pressure ulcer assessment and classification as this might influence, not
only the data collected, but also the results of the study. This required
experience is related to the level of training in data collection, the skill to
do clinical assessments, and in the ability to complete and gather the
relevant necessary documentation (International Guidelines, 2009).

In relation to the study design, two aspects need to be addressed that can
impact on the value of the findings, or that can in a way influence the
conclusions reached. The first aspect is related to retrospective studies.
These, although of value, look at data that were collected in the past and
use it to analyse a particular phenomenon in the present time, to make
comparisons and to evaluate its evolution. However, it is important to note
that the majority of the data used, in the studies included here, were
obtained from medical records, written and electronic, and the data
contained in these were not recorded with a research intent behind it
(Gerrish and Lacey, 2010). For this reason, the accuracy and rigour of the
final data collected, and conclusions drawn from this can be flawed.
Moreover, underreporting can also occur, and the data that is being
collected may be incomplete or may not be a true reality of the number of
participants being affected by a certain phenomenon. For example,
looking at pressure ulcers, nurses might not report all stage 1 pressure
ulcers and might not be sure if they are looking at a stage 1 pressure
ulcer. Both of these scenarios will affect the data collected in relation to
pressure ulcer prevalence and incidence, by either over or
underestimating the results (International Guidelines, 2009).

There is a challenge also related to the conduct of prospective studies.
This type of study analyses a phenomenon starting in the present and
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collecting data going forward for a specific period of time (Gerrish and
Lacey, 2010). Prospective studies are more rigorous and are preferred
over retrospective studies. They allow the researcher to plan the study in
order to capture, as best as possible, the phenomenon being studied
(International Guidelines, 2009). A downside of prospective studies is the
fact that healthcare professionals can change their behaviour which will
influence their practice and consequently the results derived from the data
collected (Gerrish and Lacey, 2010). For example, if a study is focusing on
the incidence of pressure ulcers, and nurses know that patients are being
assessed for the presence of pressure ulcers, they might increase the
number of repositions, or more actively promote patients’ mobility which
can impact on the number of new pressure ulcers developing, creating a
Hawthorne effect. This can indirectly affect the data and results obtained.

When analysing, comparing, or combining prevalence and incidence
studies, it is important to consider the population in the different studies.
This is because some studies focus on a more elderly population, while
others might focus on patients with specific conditions, like populations
with spinal cord injury. Due to more restricted mobility and activity levels
these individuals may show higher pressure ulcer prevalence/incidence
figures when compared to studies where the population is younger or is
mainly composed of healthy volunteers. In addition, individuals have
different characteristics and thus only those that are similar can be
compared (International Guidelines, 2009). For example, if one study is
looking at the incidence of pressure ulcers in elective surgical patients this
cannot be generalised to all surgical patients. This is because some
patients are admitted as emergencies and might have been immobile for
long periods. Thus, it is important to consider all the different population
characteristics, including exclusion and inclusion criteria so that only
comparable data are being analysed and thus meaningful results are
obtained (International Guidelines, 2009).

Identification and correct classification of pressure ulcers are two other
aspects that International Guidelines (2009) highlight as being relevant
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when analysing prevalence and incidence data, specific to pressure
ulcers. In relation to the identification of pressure ulcers, this will impact on
the accuracy of incidence and prevalence figures. This is because those
who are collecting the data need to know what a pressure ulcer is and
differentiate it from other skin breaks and skin diseases. For this,
education on pressure ulcer identification is crucial. Moreover, the use of
photographs can also help in the correct identification of pressure ulcers.
Thus, if pressure ulcers are not properly identified, incidence and
prevalence studies might be reporting inaccurate data.

The correct classification of pressure ulcers is also crucial, as the use of
different classification systems will prevent the comparability of incidence
and prevalence studies. Furthermore, the correct use of classification
systems, and the knowledge of using them, is also important as this might
lead to wrong pressure ulcer classification and over or underestimation of
incidence and prevalence studies results (International Guidelines, 2009).

Finally, it is important to consider how data from incidence and prevalence
studies are evaluated, compared, and interpreted as disparate data, if
combined, can yield misleading data and conclusions. This information is
necessary as policy makers use incidence and prevalence figures to
develop guidelines or to implement different preventive measures, being
these directly related to the patients or indirectly, like education sessions
for staff. Only comparable data will create reliable and valid findings and
conclusions that can be used to improve practice and patient experience.

1.4. Pressure Ulcer Cost
Considering the incidence and prevalence figures presented, it is clear,
that pressure ulcers are a real healthcare problem, which, although many
efforts are being made to prevent them, persist. Considering that pressure
ulcers are a frequent problem in different healthcare settings and they can
span any age group (NPUAP/EPUAP/PPPIA, 2014), they have an
associated cost for both the healthcare system and for patients. This cost
is considered to include both direct and indirect costs (International
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Guidelines, 2013). The former is related to the cost for the healthcare
system and is often related to the patient themselves, for example
dressing changes and use of medication. Indirect cost can impact in both
society and the individual, due to the potential loss of income because of
restricted levels of activity.

1.4.1. Cost to the Healthcare System
The high prevalence and incidence of pressure ulcers, 2.2% - 54% and
1.4% - 49% respectively, has a great impact on the healthcare system due
to an increase demand to manage them, which results in an increased
cost (International Guidelines, 2013). This increased cost puts economic
pressure on limited healthcare budgets that find it difficult to decide how
and where to effectively allocate their resources to better control for any
economic losses (Graves et al, 2005; International Guidelines, 2013).
Thus, it is necessary that analysis of the impact on cost that pressure
ulcers have is undertaken.
Various studies have been identified where cost-analysis of pressure
ulcers was done, irrespectively of the healthcare setting (Bennett et al,
2004; Drew et al, 2007; Schuurman et al, 2009a; Brem et al, 2010; Padula
et al, 2011; Ba’ Pham et al, 2011; Dealey et al, 2012; Moore et al, 2013b;
Graves and Zheng, 2014; Guest et al, 2015; Nussbaum et al, 2018).

From the studies analysed, it is interesting to see that the costs associated
with pressure ulcers are high across USA, UK and Europe. Also, cost
increases with increased pressure ulcer stage. Bennett et al (2004),
estimated pressure ulcer costs varied between £1,064 (for stage 1) to
£10,551(for stage 4) at 2000 prices. Brem et al (2010) found that the
average hospital cost for treating stage 4 pressure ulcers and related
complications was $129,248. Looking at the overall cost of pressure ulcers
for the healthcare system, Graves and Zheng (2014) in Australia and
Guest et al (2015) in the UK reported on a cost of $13,947,536 and £315
million, respectively.
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Expectedly, treatment is more costly when compared to prevention.
Schuurman et al (2009a), analysed prevention and treatment of pressure
ulcers using two different approaches. From their results they concluded
that the cost of prevention, taking a technical approach would be of €27.5
million per year and if a human approach were used, the cost would be of
€63.6 million. In relation to treatment, a technical approach would cost
around €178.8 million and a human approach would cost around €174.5
million. Also, Padula et al (2011) from their analysis found that the cost of
prevention was $7276.35 whilst the cost of standard care was $10,053.95.
From these values it is possible to conclude that prevention is associated
with a lower cost and thus should be the practice of choice. Moreover, the
cost of pressure ulcers is also associated with the use of devices,
dressings, preventive practices and healthcare professionals’ time
(Bennett et al, 2004; Drew et al, 2007; Dealey et al, 2012; Moore et al,
2013b).
Considering that this writer’s research is going to focus on the surgical
care setting, is important to note that the detrimental effect that pressure
ulcer development due to surgery will impact not only on healthcare
outcomes, but on the costs related to these. The incidence of patients who
develop pressure ulcers after undergoing surgery can be as high as 54.8%
(Karadag and Gümüskaya, 2006). So, this is telling us that those
individuals who were pressure ulcer free and expect to remain pressure
ulcer free post-surgery have approximately 50% chance of developing a
pressure ulcer. These pressure ulcers are termed hospital-acquired
pressure ulcers and have a direct impact on the healthcare system cost.
Lapsey and Vogels (1996) in their retrospective study, where information
from medical records was retrieved, concluded that post-operatively
acquired pressure ulcers increased the length of hospital stay. This
increased length of stay was associated with excess cost for the different
years in analysis. In the year of 1990 the total excess cost was
$237,587.70, in 1991 it was $151,613.70 and in 1992 the cost was
$23,908.50. These data are based on the fact that the average bed per
day cost was $483. It is interesting to see that the cost decreases over the
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years, which could be due to better preventive practices and an increase
in resources. However, there is still an excess cost caused by the
development of pressure ulcers post-surgery.

In a retrospective chart review by Anthony et al (2004), hospital-acquired
pressure ulcers increased the length-of hospital stay. Moreover, in the
hospital where data was obtained, the cost that would be incurred per year
could be around £700.000, if patients stayed for example, an extra 7 days.
Although, the data is not specific to surgical patients, these people are at
risk of developing pressure ulcers and therefore staying longer in hospital,
thus increasing cost (Graves et al, 2005).

Both studies from Schuurman et al (2009) and Lyder et al (2012)
corroborate the fact that hospital-acquired pressure ulcers increase the
length of hospital stay. In the first study (Schuurman et al, 2009) surgical
patients who developed a pressure ulcer post-surgery had a length of
hospital stay that ranged between 9-19 days. In the second study Lyder et
al (2012) reported an increase in the length of hospital stay for patients
with pressure ulcers of around 11.6 days. Although, no cost-analysis was
undertaken it is reasonable to conclude that based on some of the
previous studies that developing a pressure ulcer increases length of
hospital stay and this will invariably increase the cost as well.

From the data, it is clear that pressure ulcers are costly and strain
healthcare budgets. Understanding these costs and estimating how
treatment and prevention programmes and new interventions can
minimise the occurrence of pressure ulcers will enable support for their
implementation as the evidence shows that there is value for money and
associated benefits for patients (Graves et al, 2005; Posnett et al, 2009;
International Guidelines, 2013; Graves and Zheng, 2014).
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1.4.2. Human Cost: Quality of Life and Mortality
1.4.2.1. Quality of Life
Pressure ulcers affect the life of those who develop them, as well as that
of their family and carers. Quality of life is a subject that is normally central
in research, as it is important to understand how certain health problems
affect individuals so that prevention, treatment, and educational strategies
can be more focused and relevant. Quality of life is influenced by people’s
culture, values, way of life and how these interplay in achieving life goals
(World Health Organisation (WHO), 1997). Furthermore, the way people
see themselves in life and how external factors (e.g. society, work) interact
with this perception will determine what quality of life means to each
individual (WHO, 1997). Thus, healthcare professionals need to gain
understanding of patients’ experiences of their particular health problems,
so that their care planning can be made more relevant. To gain this
understanding, quality of life studies become paramount.
Fox (2002) in their descriptive phenomenological study examined patients’
experience of living with a pressure ulcer. The themes that merged were
divided into physical, psychological and social domains. In the physical
domain the most occurring issues were pain, exudate levels and loss of
independence. At the psychological domain, the main issues were related
to emotional factors, like anxiety, frustration and anger. Worrying about the
healing process was closely connected with anxiety. Additionally,
relationships and body image were also affected. In relation to the social
domain, patients mentioned feeling socially isolated.

Franks et al (2002) explored the health-related quality of life amongst
patients with and without pressure ulcers receiving nursing care in the
community, using the Short Form-36. From the results, body pain scores
were lower for non-pressure ulcer patients, when compared to pressure
ulcer patients (p=0.042). Furthermore, reduced self-care (p=0.010) and
mobility (p=0.001) were characteristic of patients with pressure ulcers.
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Hopkins et al (2006) also analysed, using a Heideggerian approach, the
experience of patients living with a pressure ulcer. From this study the
main themes that emerged were a feeling of endless pain, restricted life
and difficulty in coping with the pressure ulcer. Endless pain was seen by
some of the patients as constant and one of its most dangerous effects
was restricting repositioning and mobility, which in turn, puts the patient at
increased risk of aggravation, or further pressure ulcer development. In
relation to restricted life this was aggravated by reminiscing on their life
before the ulcer; by the wound odour and its impact; and the fact that they
saw themselves as a burden on their family. Coping with the ulcer, was
another difficulty felt by the patients especially because they tended to see
that their situation could be worse. This constant comparison with others
could hinder the ability to find strategies to deal with the presence of a
pressure ulcer.
Continuing to explore patient’s experience, Spilsbury et al (2007) focused
on hospital inpatients and tried to gain access to the effect that the ulcer
and its treatment had on their quality of life. In line with the previous
studies, pressure ulcers affected patients at the emotional, mental,
physical and social levels. Within this level, pressure ulcers affected
patients positioning, comfort and activities of daily living; increased
chances of infection and were associated with pain. In this study some
patients blamed healthcare professionals for developing a pressure ulcer,
as they failed to prioritise patients’ care or did not undertake skin
assessments promptly. Other participants blamed themselves, their poor
health condition, or their restricted mobility as being the cause of pressure
ulcers. Essex et al (2009) and Gorecki et al (2009) also analysed quality of
life related to pressure ulcers and the themes that emerged are similar to
the previous studies.

Thus, it is possible to say that pressure ulcers affect individuals at all
levels, physical, psychological, social, financial, general health, and wellbeing. Furthermore, these domains will interact and influence each other,
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and will change with time. This interaction will then affect patient’s quality
of life as a whole.

From the research studies aforementioned only three (Fox, 2002; Hopkins,
2006; Spilsbury et al, 2007) focused on the lived experiences of patients
with pressure ulcers. This was done through unstructured and semistructured interviews that allow an in-depth understanding how pressure
ulcers affect people’s quality of life. In these studies sample size was small
and all participants were purposefully chosen. This can limit the
transferability of these results as the lived experience of each person is its
own. However, the themes that were analysed can inform healthcare
professional on the potential issues and difficulties experienced by those
affected with pressure ulcers.
In terms of the studies by Franks et al (2002) and Essex et al (2009), were
case control methodology was used, to compare groups with and without
pressure ulcers, by using SF-36 questionnaires. In these studies bigger
sample sizes were achieved and more structured results obtained, as the
questionnaire is already divided in to predefined categories. However,
because participants cannot express their feelings and individual
experience of living with a pressure ulcer the results of these studies are
reductionist, and their transferability is also limited. The last study was a
meta-synthesis (Gorecki et al, 2009), which is at the top of the evidence as
it synthesis all the available qualitative research on a topic. However, only
31 studies were identified that explored the lived experiences of people
with pressure ulcers but these were analysed using structured health
related quality of life instruments. Although of value, these results cannot
be generalised and its transferability will be limited to people in the same
circumstances, like for example care setting. Nonetheless, and although
each person experience of a disease is unique, these studies can help
healthcare professionals have a better understanding of the burden that
pressure ulcers are for patients and their families.
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1.4.2.2. Mortality
Although mortality associated with pressure ulcers might seem difficult to
comprehend, it is a possibility. Few studies have analysed mortality
directly related to pressure ulcers, however two studies make reference to
mortality that is associated with pressure ulcer presence. Lyder et al
(2012) in a retrospective secondary analysis of a Medicare Patient Safety
Monitoring System database for the years 2006/2007 found that of the
identified 51,842 patients, 2,313 (4.5%) had developed at least one new
pressure ulcer while in hospital. Of those with pressure ulcers, the
mortality in hospital was 11.2% (n=258). The mortality 30 days after
discharge, of those who had developed pressure ulcers, was 15.3% (n=
353). Lozano et al (2012) in a systematic analysis of the available data on
the causes of death for 187 countries between 1987 and 2010, found that
for all ages in 1990 around 32.100 people died as a direct result from
pressure ulcers and in 2010 the number had increased to 42.600 people.
Furthermore, the HSE in Ireland, published its annual report of the number
of serious reportable events reported for the year 2015, of which stage 3
and 4 pressure ulcers are included. Twenty (19%) of the 103 care
management events reported related to pressure ulcers acquired after
admission to a healthcare and social care residential facility. Furthermore,
in 3 cases it was confirmed that the person had died. Thus, the evidence
presented here shows that pressure ulcers are a healthcare problem and
measures need to be taken to halt this preventable health problem.

1.5. Summary
Prevalence and incidence of pressure ulcers in general varies between
2.2% - 54% and 1.4% - 49%, respectively. If the focus is on the surgical
care setting, incidence figures varies between 1.3%-54.8%, and
prevalence has been reported at 8.5% and 10.7%. Thus, pressure ulcers
are a common healthcare problem and although the methodological
quality of some of the epidemiologic studies analysed might warrant some
consideration, the data obtained shows how serious the problem of
pressure ulcers is.

52

The economic figures presented help us understand the cost that pressure
ulcers have for the healthcare system. These costs related to both
preventive and treatment measures and highlight the need to be costeffective in our strategies to combat pressure ulcers. This does not mean
that the cheapest modality should be used but, as the data shows the
gains by choosing one resource over another, need to be high and need to
bring better outcomes for the patient.

The cost for the individual is not only from a financial perspective, but also
affects different aspects of life domains, such as social and psychological
perspectives. Pressure ulcers have a negative impact on patient’s quality
of life. The perception that pressure ulcers are a negative experience is
also aggravated by the fact that mortality related to them is a reality.

1.6. Conclusion
From the data discussed, it is clear that pressure ulcers are a significant
problem that has a negative impact on the healthcare system, society and
the individual. The challenge for the surgical population is that, surgical
patients who enter the healthcare system pressure ulcer free often
become victims of this largely preventable health problem.
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Chapter 2: Pressure Ulcer
Aetiology and
Classification
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2.1 Introduction
For prevention, treatment and education pertaining to pressure ulcer
management to be effective, it is necessary to develop a better knowledge
of the skin structures, its role in maintaining tissue integrity and which
processes are involved in pressure ulcer formation. Only by grasping the
genesis of the pressure ulcer problem will healthcare professionals be
able to decrease the number of pressure ulcers worldwide.

2.2. The Skin and Underlying Structures
A basic understanding of the anatomy and physiology of the skin and
underlying structures is important to try and have a better understanding of
how pressure affects the skin and leads to the development of an ulcer.
Furthermore, and considering that age has been identified as a risk factor
for the development of pressure ulcers (Lindgren et al, 2004; Coleman et
al, 2013; Moore et al, 2013a; Webster et al, 2015), it is relevant to highlight
the differences between young and aged skin.

The skin is the largest organ in the body and its main function is to protect
the underlying tissues from bacteria, trauma, cold, heat, and excessive
moisture, just to mention a few (Sussman and Bates-Jensen, 2012). This
organ is composed by two distinct layers the epidermis and the dermis.
These two layers are in turn composed of a number of layers and
structures.

The first layer of the skin is the epidermis. The epidermis consists of
keratinocytes (a fibrous protein) which form five different layers – stratum
corneum, stratum lucidum, stratum granulosum, stratum spinosum and
stratum germinativum (basale) (Gawkrodger and Ardern-Jones, 2012;
Sussman and Bates-Jensen, 2012). In the epidermis, keratinocytes form
in the stratum germinativum and as they mature, they migrate upwards
(Sussman and Bates-Jensen, 2012), which means that the epidermis is
constantly renewing itself. Keratinocytes produce keratin, which is a
protein that prevents water loss, and because it is insoluble, it also
prevents the entrance of harmful substances. Besides keratinocytes, the
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epidermis also has other components such as Langerhans cells which are
part of the immune system and help fight infection, and melanocytes that,
apart from producing the protein melanin, also have a role in the immune
system (Gawkrodger and Ardern-Jones, 2012; Sussman and BatesJensen, 2012).

Although, all epidermal layers have an important role, the stratum
corneum, as the last barrier between the skin and all external factors
(Sussman and Bates-Jensen, 2012), gains a special importance. For this
reason, it is necessary to keep the stratum corneum hydrated and
lubricated in order to keep the skin intact (Sussman and Bates-Jensen,
2012). If the stratum corneum is damaged by excessive hydration or
moisture, dryness, or mechanical trauma, its protective function is
hindered, and this will cause an increased trans-epidermal water loss
(Sussman and Bates-Jensen, 2012). These traumas to the skin, and in
particular the stratum corneum, can be reversible as the normal adult skin
has the ability to regenerate and recover its barrier function (Sussman and
Bates-Jensen, 2012). However, this regenerative ability is slower in aged
skin (Sussman and Bates-Jensen, 2012).

The next skin structure is a protein layer, known as the basement
membrane, which can be found between the epidermis and the dermis,
and connects these two structures (Gawkrodger and Ardern-Jones, 2012;
Sussman and Bates-Jensen, 2012). In the dermis, it is possible to find the
dermal appendages that include hair follicles, sebaceous and sweat
glands (Sussman and Bates-Jensen, 2012).

The dermis is the next and last layer of the skin. It is a vascular structure
that nourishes and gives support to the epidermis (Sussman and BatesJensen, 2012). The dermis also has nerve structures that transmit signals
in relation to pain, heat, cold and pressure (Sussman and Bates-Jensen,
2012). The dermis, like the epidermis, is also divided into layers. The two
layers that constitute the dermis are the superficial and the deep dermis
(Sussman and Bates-Jensen, 2012).
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The superficial dermis is composed of collagen, elastin and ground
substances that form the extracellular matrix. It is also composed of
fibroblasts, giving turgor and toughness to the skin (Sussman and BatesJensen, 2012). This layer is mainly a connective tissue. Additionally, in this
layer, blood vessels, lymphatic and epithelial cells, as well as small
muscles and neurons are located (Sussman and Bates-Jensen, 2012). In
relation to the deep dermis, this can be found over the subcutaneous fat
and is composed of a network of blood vessels, collagen fibres and
fibroblasts and gives tensile strength to the skin (Sussman and BatesJensen, 2012).

An International Review (2010) consensus document on pressure ulcer
prevention, discusses the importance of microclimate in the development
of pressure ulcers. Of particular interest is the discussion on how
increased skin moisture, or excessive dryness can lead to pressure ulcer
development. According to the authors, of this international review (2010),
increased moisture can weaken the network of collagen in the dermis and
soften the stratum corneum. This weakening and softening will predispose
the skin to increased maceration and consequently friction, which will
increase skin damage. On the other hand, dry skin can also constitute a
problem because of lower water content, reduced level of lipids,
compromised tensile strength and flexibility, and a weakened dermalepidermal junction (International Review, 2010).

After the two main skin components, the underlying structures that can be
found are the superficial fascia, which is just below the dermis and
involves the subcutaneous fat (Sussman and Bates-Jensen, 2012). This is
followed by a fibrous connective tissue, the deep fascia, which wraps and
separates muscle, tendons, ligaments, blood vessels, nerves and bones
(Sussman and Bates-Jensen, 2012). Another structure underlying the
main layers of the skin is the subcutaneous fat. This can be found under
the dermis, its main function is thermoregulation and aging makes this
structure thinner (Sussman and Bates-Jensen, 2012). After these
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structures there are skeletal muscles, tendons, ligaments, nerves, bursa
and bones (Sussman and Bates-Jensen, 2012).

2.2.1. Ageing Skin
Besides the potential damage that can be caused to skin structure, skin
itself enters a natural and continuous process of ageing that will lead to
changes in its structures and in its protective capacity. Ageing affects not
only the anatomy of the skin, but also its physiology and appearance,
these changes occur in skin topography and microcirculation (Sussman
and Bates-Jensen, 2012). At the epidermal level, ageing causes atrophy
of the epidermis, this becomes thinner and transparent (Sussman and
Bates-Jensen, 2012). Also, Langerhans cells and melanocytes decrease
in number, which in turn decreases the skin’s immune function
(Gawkrodger and Ardern-Jones, 2012; Sussman and Bates-Jensen,
2012). Keratinocytes proliferative ability decreases and cells become
senescent (old), and although these can survive for a long time, because
they lose the ability to divide, they die (Sussman and Bates-Jensen,
2012). This will impact on wound healing, as elderly people skin cells
capacity to regenerate is decreased or is non-existent. Ageing also
impacts on the basement membrane as this, degenerates and causes the
flattening of the dermal-epidermal connection, the reduced adhesion of the
two layers and a reduction in epidermal thickness (Sussman and BatesJensen, 2012). This frailty of the dermal-epidermal junction can more
easily predispose the skin to shear stresses (Sussman and Bates-Jensen,
2012) that in turn can, in the presence of pressure, promote the
development of an ulcer.

In relation to the dermis, this is also affected by ageing. First, the elastin
and collagen fibres network become damaged, which impair the tensile
strength of the skin making it easier to breakdown (Gawkrodger and
Ardern-Jones, 2012; Sussman and Bates-Jensen, 2012). Secondly, the
capillary loops decrease in number, thus impairing the blood flow
(Sussman and Bates-Jensen, 2012). The sympathetic nervous system is
also affected, and this will impact on the dermal vasculature. The main
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consequence of which, is an impaired thermoregulation control of the skin
(Gawkrodger and Ardern-Jones, 2012; Sussman and Bates-Jensen,
2012). Lastly, ageing also compromises vascular endothelial cells, which
will also impact on microcirculation (Gawkrodger and Ardern-Jones, 2012;
Sussman and Bates-Jensen, 2012).

It can be seen, therefore, that the skin goes through changes that alter its
ability to deal with strain, shear and pressure. These changes are mainly
related to two components, elastin and collagen (Defloor, 1999; Sussman
and Bates-Jensen, 2012). With ageing, elastin and collagen fibres lose
their strength in resisting tensile forces. So, when people are subject to
varying intensities and duration of pressure, the skin and underlying tissue
will eventually break and develop into a pressure ulcer. However, older
skin, due to the fact that elastin and collagen tensile and breaking strength
are impaired (Sussman and Bates-Jensen, 2012), will be prone to tissue
injury more readily than younger skin. Indeed, older skin shows less
resistance to mechanical loading and consequently to pressure (Defloor,
1999). It is important to understand that although pressure ulcers affect all
age populations (NPUAP/EPUAP/PPPIA, 2014), older people that are
subject to pressure might present with more difficulties in overcoming the
effects of the damage in their skin.
Ageing impacts greatly on the skin’s capacity to regenerate itself and to
protect itself from external factors, such as pressure. The skin is a
complex structure which is in continuous repair, regeneration and ageing.
This structure interacts with the underlying tissues and has the capacity of
protecting the body from external hazardous factors. However, if its
protective capacity is pushed to the limit and the interaction with external
factors such as pressure occurs, skin can tear and depending on other
contributors, the development of an ulcer can occur. Thus, it is
fundamental to understand, given the interest of this research, how
pressure can damage the skin and underlying tissues and which
mechanisms contribute to this.
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2.3. Pressure ulcers: Pressure and Shear
Pressure ulcers are areas of skin damage that can include underlying
tissue, and develop normally over bony prominences, as a result of
pressure alone, or pressure in conjunction with shear
(NPUAP/EPUAP/PPPIA, 2014).

Pressure is the application of a force, over a surface, which has a direction
and intensity (International Review, 2010). The direction of pressure is
perpendicular to the surface where it is being applied. Furthermore,
pressure intensity will be dependent on the unit of area to which the force
is being applied (International Review, 2010). Thus, if we have the same
force being applied over different sized surfaces, a smaller area will suffer
a higher pressure when compared to a larger area. When pressure is
applied over a bony prominence, this force will cause skin and underlying
tissues to deform (International Review, 2010). Tissues are compressed
and elongated creating tensile stress and shear stress due to distortion
(International Review, 2010).

Another causative factor for the development of pressure ulcers is the
combination of pressure and shear. Shear, like pressure, is a force
however this force is applied parallel to the body surface when the body
slides over another surface, like a chair or a bed (Defloor, 1999;
International Review, 2010; Gefen et al, 2013). Shear will contribute for
the deformation of the skin and tissues creating shear stress (International
Review, 2010). When the body slides, the top layers of the skin stretch,
creating a strain, and at the same time the underlying tissues also stretch
and deform, because the subcutaneous tissue slides over the muscle, and
the muscle will slide over the bone, so all structures become displaced
(Gefen et al, 2013). The higher the deformation is, the higher the shear
strain in the tissues.

Both pressure and shear create a state of stress within the tissues, due to
compression, distortion, change of shape, elongation and stretching, all
acting at the same time (Gefen et al, 2013). These changes can be felt at
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the interface between the skin and the surface where the body is resting,
and depending on the intensity and duration, damage will occur. Interface
pressure is considered to occur between the surface, where the body is
lying or sitting, and the skin (International Review, 2010). Considering that
the intensity of pressure is up to five times higher near the bone
(International Review, 2010) than at the skin level, interface pressure is
not an appropriate measure of the damage threshold and strains that
occur at the bone muscle interface (Oomens et al, 2010).

Oomens et al (2003) used numerical modelling where a buttock model
was simulated to try and understand the level of stress and strain on the
tissues. Findings showed that underneath the bony prominence, 25% of
the tissue deformed with the application of the mechanical load. Moreover,
the stress was higher in the muscle layer, under the ischial tuberosity, and
this reduced to zero when the buttock was no longer in contact with the
cushion.

In another study by Linder-Ganz et al (2007) they tried to calculate the
strain and stress distribution in the gluteus of 6 healthy participants during
sitting. Compressive strain and stresses where higher in the muscle tissue
below the ischial tuberosities, when compared to more superficial tissues.
The compressive strain was 74% in the gluteus, while the stress was
34kPa. In the fat tissue, the compressive strain was 47% and the stress
was 18kPa. Furthermore, the compressive stresses peaked at the bone
(ischial tuberosity) and muscle (gluteus) interface. Also, both strains and
stresses increased if weight was added. Xiao et al (2014) used a finite
element model of a human buttock and also studied the process of ulcer
formation. Peak compressive stress occurred at the muscle layer, below
the bone. This shows that although interface pressure at the skin level is
the main measure to determine pressure damage, higher pressures are
happening at the interface between muscle and bone. Indeed, decades
ago, Husain in 1953, had already highlighted that localised pressure
occluded more vessels in the muscle, when compared to the skin and
subcutaneous tissue. These studies show that pressure due to the
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mechanical loading of the tissues has a greater impact on the inner tissue
layers near the bones, when compared to the skin surface.

Friction is no longer alluded to in the definition of a pressure ulcer by the
NPUAP/EPUAP/PPPIA (2014), because friction alone does not cause
pressure ulcers (Antokal et al, 2012). However, friction is considered to be
a contributing and aggravating component of shear (Defloor, 1999;
International Review 2010; Gefen et al, 2013). Friction is a force that
resists the relative movement of one surface against another. An example
of friction occurs when patients are moved along the bed and their skin
rubs against the sheets. This will then be aggravated by the fact that while
the skin is rubbing against the sheets, the sacrum, for example, stays in
place but the tissue has been stretched resulting in shear stress. Friction
can occur in the absence of shear, for example, when a patient rubs his
feet over the bed sheets. However, given that shear is a combination of
friction and gravity (International Review, 2010), friction needs to be
considered in tandem with pressure and shear to have a fuller
understanding of the causative mechanisms leading to pressure
ulceration.

As demonstrated, it is well known that pressure and pressure with shear
(which in turn is aggravated by frictional forces) will lead to the
development of pressure ulcers. However, other factors will influence how
damaging pressure can be. For this reason, different cause pathways and
conceptual schemes will be further analysed.

2.4. Pressure ulcers: Cause/Damage Pathways
Pressure ulcers develop as a result of the interaction of pressure
(compressive force) with the body or the interaction of pressure in
conjunction with shear (parallel force) with the body. There are other
factors that will determine the influence of pressure in the tissues, which
will also be determinant for the development of pressure ulcers.
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Braden and Bergstrom (2000), in their pressure ulcer conceptual scheme,
argue that intensity and duration of pressure and shear, and tissue
tolerance to these forces are three important factors for the development
of pressure ulcers. This conclusion was based on the evidence from some
chosen empirical studies. However, the evidence was not systematically
searched for and analysed, as the authors affirm that a comprehensive
literature review was not necessary. This, in methodological terms, raises
questions pertaining to the quality of the conclusions arrived at, as only
part of the evidence available, at the time, was accessed. Nonetheless, in
their conceptual scheme Braden and Bergstrom (2000), identify pressure
and tissue tolerance as critical contributors/causes for pressure ulcer
development. They further elaborate that different risk factors might
influence the main contributors. The authors consider that when the tissue
is under prolonged and intense pressure, pressure ulcers will always
develop. However, in some circumstances where the pressure is smaller
both in intensity and duration, it is the tissue tolerance that will determine if
a pressure ulcer will develop.

Defloor (1999) when constructing his conceptual scheme, analysed the
Braden and Bergstrom scheme, and argued that tissue tolerance cannot
be considered a causative factor. Indeed, in his scheme, similar to the
NPUAP/EPUAP/PPPIA (2014) definition, 15 years on, pressure and shear
are considered as the main causes for pressure ulcer development.
Without a doubt, pressure, as well as shear needs to be present for a
pressure ulcer to form. These two forces are a constant presence when
the human body interacts with different surfaces and is in different
positions. However, Defloor (1999) adds that tissue tolerance is a variable
but not a cause. Equally, intensity and duration are not seen as a
causative factor but as variables that influence pressure.

Pressure and shear were previously analysed, however how they actually
contribute to pressure ulcer development still needs to be further
discussed, and to better understand this, it is important to look at the
variables that influence pressure.
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2.5. Variables that Influence Pressure
Two of the main variables that influence pressure are intensity and
duration (Defloor, 1999; Loerakker, 2007; International Review, 2010).
Intensity is related to the power of the pressure, which will be dependent
on the surface where the person is lying or sitting (Defloor, 1999). Duration
is related to the period of time that the person is subjected to that pressure
(Defloor, 1999). In relation to intensity, this can be influenced by the
person’s position, their body build, the surface where they are lying or
sitting and any interventions offered to redistribute the pressure (Defloor,
1999). Moreover, the pressure necessary to occlude the capillaries has
been considered as a measure of the minimum pressure intensity to
initiate the development of a pressure ulcer. Husain (1953) studied the
effects of pressure on tissues, and, after applying pressure to the legs of
rats, postulated that 32mmHg of pressure is the minimum value to cause
pressure ulcers. Conversely, Defloor (1999), based on a review of the
literature, argued that arterial capillary pressure is around 47mmHg, and
when pressure is applied, the pressure in the capillaries will also increase
due to self-regulation. This mechanism will only fail when the applied
pressure is close to the diastolic pressure. Furthermore, Defloor (1999)
adds that Husain’s study has poor scientific basis, given that pressure was
measured in an open arterial capillary, which will influence the natural
physiology and the accuracy of the measurement.

In relation to the duration a person is exposed to pressure, this will depend
on their sensory perception to pain, their activity and mobility levels, and
any interventions offered to the person to combat pressure (Defloor,
1999). According to Keane (1979) a healthy sleeping person will make, on
average, a full postural change every 11.6 minutes and so this was
considered the minimum mobility requirement for a person to maintain
tissue integrity. Thus, the longer a person is lying or sitting on the same
position, the longer the same area of the body will be exposed to pressure
and the greater the chance of developing a pressure ulcer. People of
interest in this situation are those with restricted mobility due to physical
constrains or those, such as surgical patients, who have long periods of
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immobility imposed upon them during the surgical procedure (Defloor,
1999). Moreover, surgical patients, due to the nature of the anaesthetic
intervention cannot move, are most of the time sedate and their perception
of pain and discomfort is limited, or non-existent. Because of this they are
at a greater risk for developing pressure ulcers, due to the fact that the
causative factors, plus risk variables are all present and acting together.

Intensity and duration of pressure are two determinant variables for the
development of pressure ulcers. Thus, Defloor and Grypdonck (1999)
analysed the influence of body posture, sitting, and the extent to which
different cushions reduce maximum pressure. After measurements being
taken from 56 healthy volunteers, the authors found that pressure can be
higher when people are sitting when compared to when they are in the
lying position. This could be due to the fact that the force is being exerted
over a smaller area, and so the pressure is higher. From the different
sitting positions studied, sitting back with feet on a foot rest yielded the
lowest pressures, with a value of 37.9 mmHg. If the person was sliding
down, or slouched in the chair, pressure was higher with values of 51.3
mmHg to 55.3 mmHg. It was evident from the experiment that resting the
lower legs reduced the levels of pressure, but the reducing effect of the
different cushions used was varied. This could have been attributed to the
materials and properties of the cushion (Moore and Van Etten, 2011).
Despite this, the experiment is of interest as it helps us understand how to
maximise a sitting posture to minimise the effects of pressure.

In another study, Defloor (2000) analysed which lying position yielded the
lowest pressure. The author used 62 healthy volunteers and analysed 10
different positions, on two different mattresses. From the data obtained the
author concluded that the lying position had lower interface pressures,
however the interface pressure at the muscle level was not analysed.
From the various positions evaluated, the supine 90° position had the
highest pressure readings, 48.4 mmHg and 39 mmHg, irrespective of
mattress being used, with the maximum pressure being localised in the
sacrum. The 30° semi-fowler position had the lowest pressure readings,
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30.3 mmHg and 24.4 mmHg, irrespective of the mattress. However,
generally a polyethylene-urethane mattress yielded lower pressures, when
compared to the standard thick foam hospital mattress.
Further work of interest by Defloor and Schuijmer (2000) analysed the
pressure reducing effect of five different operating room table mattresses.
Considering that position and duration of surgery are two variables that
cannot be changed, using other preventive measures such as mattresses,
could help in the reduction of pressure ulcers that have their origin in the
operating room and become visible in the post-operative period. From the
data collected from 36 healthy volunteers, results showed that in the
supine position the mean maximum pressure was 32 mmHg, for a
polyurethane mattress and 49.2 mmHg for a standard foam mattress. The
authors concluded that irrespective of the position during surgery,
pressure was always highest on the standard foam mattress when
compared to the other mattresses. In addition, the polyurethane mattress
showed the lowest mean pressures in all positions, when compared to the
other mattresses. Moreover, interface pressure was always higher in all
other positions when compared to the supine position.

Focusing on surgical patients, this data is very relevant if we consider that
patients undergoing surgery are, in the majority of the cases, pressure
ulcer free when they enter the operating room (Hayes et al, 2014; Kim et
al, 2018). During surgery, immobility is forced as the person needs to be
still and in a particular position for the surgical procedure. Although, the
dermis and the subcutaneous layer act as buffers against pressure and
the fascia protects the muscle layers (Pope, 1999; International Review,
2010) the pressure sensors and sensation to pain are inexistent because
of anaesthesia. So, surgical patients become particularly vulnerable to the
adverse effects of pressure and shear, when compared to non-surgical
patients. Thus, as mentioned previously, it is important to develop
preventive practices for the specific type of care setting, the operating
room, and to ensure that they are effective in reducing the effects of
pressure during surgery.
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2.6. Pressure and Shear influence on Tissue and Cell
Biophysiological Process
Pressure in conjunction with shear are the main causative factors for the
development of pressure ulcers, however how they affect underlying
tissues and cells, and which processes lead to tissue breakdown are not
clearly understood (Loerakker et al, 2007). Some theories have been
developed and analysed for their effect on tissues and cells, and how they
might lead to pressure ulcer development. These theories include
ischaemia; ischaemia-reperfusion injury; impaired lymphatic function and
sustained cell deformation (Grey et al, 2006; Loerakker et al, 2007;
Oomens et al, 2014; Kottner et al, 2015). However, some debate exists on
which is the primary cause-pathway for tissue damage and pressure ulcer
development. Stekelenburg et al (2007) argue that cell deformation
associated with ischaemia is the main precursor of tissue damage,
pressure ulcer and deep tissue injury development. Whereas, Gefen and
colleague (2016), argue that cell deformation can lead to cell death much
quicker than ischaemia. Thus, it is important to revisit the factors that at
cell level will trigger the reactions that lead to tissue damage and pressure
ulcer development. This will give a better understanding of the
biophysiological processes that will help detect pressure/shear damage.

Cells constitute the structural units of tissues and these form the organs
and all the constituents of the human body. If any abnormal physiological
process takes place within the body, it can always be understood at the
cellular level (Young, 2013). The cell is surrounded by a phospholipidic
plasma membrane that separates the intracellular and extracellular space
and allows for the transport of different particles between the two mediums
(Young, 2013). The intracellular space is formed by several organelles
including the nucleus, the mitochondria, the Golgi complex, the
cytoskeleton, and the cytoplasm just to mention a few. The cytoplasm is
composed of 80% to 90% of water and the cytoskeleton gives shape to
the cell (Young, 2013).
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One of the cell cytoskeleton roles is to allow for cell shape change and
movement (Gefen and Weihs, 2016). This is a very important
characteristic of cells, as this allows them to react appropriately to the
physiological pressure that some parts of the body are subjected to in
different occasions, such as walking. However, if pressure is continuous,
without any relief, as it occurs during surgery, then cell and tissue viability
might be at risk (Gefen and Weihs, 2016). Indeed, Strong and Smit (2018),
alert to the fact that forces, like pressure cause cell compression,
displacement and distortion which can lead to biomechanical and
physiological changes of their structure. So, when the body is subject to
pressure and shear, tissues are squeezed and consequently cells start to
deform (figure 2.1). If deformation overcomes the cell and the plasma
membrane threshold, the cytoskeleton and other cellular structures can
become gradually injured, damaged or even destroyed (Cobb et al, 1996;
Gefen and Weihs, 2016; Strong and Smit, 2018).
According to Strong and Smit (2018), and depending on the intensity and
duration of pressure, tissues and cells can go through a range of six
damage related states. These six states are (Strong and Smit, 2018):
x Normal state, where tissues and cells are in an equilibrium;
x Adapted state, where the tissue and cell, change their anatomy,
behaviour and physiology to try and adapt to external forces;
x Stressed state, where the adaption causes problems, in the tissue
and cell anatomy and physiology;
x Injured state, where there is injury in the cell but this is reversible;
x Damaged state, where there is damage that is irreversible;
x Dead state, where the tissue and cell are dead.

As it is possible to understand, when individuals due to immobility (e.g.
during the peri-operative period) or impaired mobility (e.g. post-operative
period) are subject to the actions of pressure and shear, their tissues
become trapped in a state of injury or damage, which if sustained can lead
to cell death.
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Figure 2.1: Progression from pressure induced injury, to damage and cell death.
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Another important aspect related to cell and tissue deformation is that the
latter can lead to perfusion problems (Strong and Smit, 2018), which in
turn can trigger the occurrence of ischaemia, ischaemia-reperfusion injury
or impaired lymphatic drainage. All of these processes promote tissue
injury and damage that, if continued, can cause cell death.

Ischaemia happens when blood vessels in the tissues are occluded due to
the application of pressure, and thus blood flow is stopped and the supply
of oxygen and nutrients to the tissues and cells is compromised
(Loerakker, 2007; Kottner et al, 2009; Oomens et al, 2015). When tissues
become ischaemic a cascade of events are triggered that will lead to
tissue damage. For example, ischaemia leads to chemical and pH
imbalances; the production of inflammatory mediators and the formation of
oxygen derived free radicals (Loerakker, 2007; Sussman and BatesJensen, 2012). Depending on the duration of ischaemia, the damage
caused might be reversible or not. As blood vessels are occluded while
pressure and shear forces are being applied to the tissues, cells enter in
anaerobic metabolism, due to a lack of oxygen (Loerakker, 2007). This
anaerobic state within the cell, caused by ischaemia, leads to the
production of lactic acid which in turn creates a lower pH inside the cell,
causing cell death (Loerakker, 2007).

Besides the depletion of oxygen supply, cells are also deprived of
nutrients and glucose, which is essential for their functioning, which also
leads to cell death (Loerakker, 2007). A study by Gawlitta et al (2007)
where muscle cells were harvested and were subjected to low glucose
levels and low pH, found that low glucose levels led to loss of cellular
integrity and acidic medium lead to a decreased metabolic function in the
cells. The authors showed that cell death increased with a decrease in
glucose supply and a decrease in the intracellular pH.

In relation to ischaemia-reperfusion injury, this occurs when a previous
ischaemic area is perfused with oxygen rich blood (Loerakker, 2007;
Kottner et al, 2009; Sussman and Bates-Jensen, 2012). According to
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Loerakker (2007) this mechanism can trigger different responses at the
cellular level that lead to further tissue damage. These include cell
oedema, free oxygen radical production, increased microcirculation
permeability, lipid peroxidation, electrolytic changes in the mitochondria
and cytosolic calcium overload (Loerakker, 2007; Kottner et al, 2009;
Sussman and Bates-Jensen, 2012). When blood flow is restored to the
ischaemic area it becomes reddened, a phenomenon called reactive
hyperaemia, which if persists is an indication of tissue damage. As blood
flow is restored oxygen is resupplied to the tissues, and will combine with
oxygen derived free radicals that were produced during the ischaemic
period, originating reactive oxygen species (Loerakker, 2007; Sussman
and Bates-Jensen, 2012). Excess of reactive oxygen species damages
the endothelium, which leads to an inflammatory reaction which attempts
to counter act the destruction of the membrane. This is achieved through
platelet aggregation and stasis of blood flow which will further decrease
blood flow and thus lead to cell and tissue death (Loerakker, 2007).
Endothelium destruction occurs due to the degradation of the
phospholipidic membrane (lipid peroxidation). Other reactive oxygen
species that are formed include the superoxide anion which is converted
to hydrogen peroxide, which, when in excess, can convert in to hydroxyl
radicals that are cytotoxic (Loerakker, 2007).

A study by Peirce et al (2000) looked at the effects of ischaemiareperfusion injury using rat skin models. For this study, three different
experiments were analysed. In experiment one, the three groups had the
same ischaemia and reperfusion periods, but the number of days for the
experiment was different. In experiment two, a variation of ischaemia and
reperfusion periods and of cycles per day was used between the three
groups. In experiment three, one group was subjected to ischaemia alone
and the other to a cycle of ischaemia-reperfusion. In experiment one and
two an increase in ischaemia and reperfusion cycles resulted in increased
tissue damage, with increased necrotic area and decreased skin
thickness. Finally, in experiment three, ischaemia and reperfusion cycles
were found to be more damaging to tissues than ischaemia alone. Another
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study by Tsuji et al (2005) also compared microcirculatory injury between
two groups. In one group ischaemia and reperfusion cycles, were applied
and in the other group only compression was applied. The authors
concluded that injury was higher in the group where ischaemia and
reperfusion cycles were used. Given that ischaemia-reperfusion injury
promotes the production of reactive oxygen species, which lead to the
destruction of the cell phospholipid membrane, protein degradation and
oxidative damage of DNA, which causes cell death, it is reasonable to
conclude that ischaemic-reperfusion injury is more damaging to the cells
and tissues than ischaemia alone (Loerakker, 2007).

Besides ischaemia and ischaemia-reperfusion injury, impaired lymphatic
function is also considered to be a contributing factor for tissue damage
and pressure ulcer development. The lymphatic system works as
regulatory pathway where excess proteins and fluid are removed from the
tissue space and returned to the circulatory system (Loerakker, 2007).
However, when pressure is applied lymphatic vessels become occluded
and lymph flow is impaired. This causes a build-up of waste products that
will cause cell damage and death (Loerakker, 2007; Kottner et al, 2009).
Although, lymphatic compromise occurs, its precise contribution to tissue
damage is not well established, particularly as studies analysing this
mechanism are not in abundance (Loerakker, 2007).

As it is possible to understand, all the aforementioned processes including
sustained cell injury or damage, can lead to cell death. As described by
Cobb et al (1996) when cell death occurs cytoplasm swells, the
cytoskeleton loses its structural function and the plasma membrane starts
to protrude and form blebs, which are small bits of the cell that have
started to disintegrate (figure 2.1). Considering that cells start to die, and
by rupture of the plasma membrane, the cytoplasm and the cell
constituents leak in to the extracellular space, this triggers an inflammatory
reaction that will try remove the dead cells (Diegelmann and Evans, 2004;
Broughton et al, 2006; Landén et al, 2016). The inflammatory phase,
which can last between 2 to 7 days (Strodtbeck, 2001; Landén et al,
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2016), is characterised by the release of neutrophils, macrophages, and
lymphocytes, as these cells are responsible for clearing any cellular debris
and releasing cytokines and chemokines (Guo and DiPietro, 2010).
Cytokines, such as interleukin 1 alpha (IL1α), interleukin 1 receptor
antagonist (IL 1 RA) and interleukin-8 (IL 8), are important inflammatory
mediators (Bronneberg et al, 2007; Hemmes et al, 2017) that control, not
only the inflammatory cascade, but are necessary in other cellular
reactions to promote wound healing (Bronneberg et al, 2006; Cornelissen
et al, 2009). Through the activity of cytokines in the tissues to try and reestablish homeostasis, characteristic reactions like pain, oedema,
redness, and heat can occur (Bronneberg et al, 2007).

After these cytokines clear the affected tissue, proliferation and
remodelling of new cells and tissues should ensue (Diegelmann and
Evans, 2004; Broughton et al, 2006; Landén et al, 2016), however
because tissues remain under pressure, a state of chronic inflammation is
established (Bronneberg et al, 2006). This chronic inflammation is
translated visually into persistent erythema. Persistent erythema, or stage
1 pressure ulcer, occurs because cytokines continue to be released
causing vasodilation and the movement of fluid and inflammatory cells into
the interstitium (Bliss, 1998). Here one can hypothesise that the oedema
associated with the inflammation process is due to the release of fluid
(water) from the cells and from the interactions between the neutrophils,
macrophages, and leucocytes that, in a normal wound healing process, is
necessary for the next stages (Strodtbeck, 2001).

It is possible to conclude that a number of physiological processes and
responses are involved in early development and establishment of
pressure ulcers, thus understanding them becomes paramount, although
there are different theories that explain pressure ulcer development,
debate still exits around its true aetiology.
However, only by understanding and integrating these theories and
development pathways, can new methods, which focus on
biophysiological markers, detect pressure ulcer injury/damage and allow
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for more effective prevention methods to be put in place. One such marker
that stands out is inflammation, as it is a consequence of tissue damage
and as such needs to be measured. By measuring the increase in water
due to inflammation, one can ascertain if an early process of pressure
ulcer development is occurring. For this SEM measurement becomes
central.

2.7. Pressure Ulcer: Classification
Pressure ulcers can be classified, staged or graded depending on the
level of skin and tissue compromise. These can develop at the superficial
skin layers, due to a combination of pressure and shear, and progress
inwards, or can develop at the deep tissue level, with sustained
compression of tissue over bony prominences, and progress outwards to
the surface of the skin (Bouten et al, 2003). Oomens et al (2010) argues
that pressure ulcers can start to develop at the skin level and progress to
deeper tissue, but that the opposite is also possible with damage occurring
first at the bone muscle interface and then developing up to the skin
surface. Interestingly, different studies (Quintavalle et al, 2006; Kanno et
al, 2009; Deprez et al, 2011; Helvig and Nichols, 2012; Porter-Armstrong
et al, 2013) where ultrasound was used to detect tissue damaged,
detected pockets of fluid/oedema at different levels of the skin layers that
were comparable to skin damage. Furthermore, SEM measurements also
detected an increase in the fluid/water content of the sub-epidermal
tissues that were consistent with oedema due to tissue damage. Although,
authors do not seem to agree on whether or not damage occurs from the
inside out, or vice versa, classification systems seem to imply that tissue
damage starts in the upper layers and develops downwards.

The mainly used pressure ulcers classification system is the
NPUAP/EPUAP/PPPIA (2014). This results from an agreement between
European, American and Pan Pacific institutions that are concerned with
the development of guidelines in the area of pressure ulcers. The
NPUAP/EPUAP/PPPIA (2014) has classified pressure ulcers in six
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different stages that range from stage I to suspected deep tissue injury
(DTI).

Pressure ulcer stage I (Figure 2.2), is classified as non-blanchable
erythema and is characterised by intact skin with non-blanchable redness
(hyperaemia) of a localised area, normally over a bony prominence. When
compared to adjacent tissue the injured area can be painful, firm or soft,
warm or cool (NPUAP/EPUAP/PPPIA, 2014). Hyperaemia is a normal
reaction when pressure is applied to an area and causes the occlusion of
blood vessels, restricting the supply of oxygen to the skin and tissues
(Sussman and Bates-Jensen, 2012). However, in the case of pressure
ulcers stage I, the pressure is not relieved in time to reverse the damage
initiated, and thus the erythema becomes permanent (Sussman and
Bates-Jensen, 2012).

Figure 2.2: Pressure Ulcer Stage I (In NPUAP/EPUAP/PPPIA, 2014)

Pressure ulcer stage II (Figure 2.3), is classified as partial thickness skin
loss and is characterised by intact or open serum-filled blister or loss of
dermis with a superficial open ulcer with a red pink wound bed, without
slough (NPUAP/EPUAP/PPPIA, 2014).

Figure 2.3: Pressure Ulcer Stage II (In NPUAP/EPUAP/PPPIA, 2014)
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Pressure ulcer stage III (Figure 2.4), is classified as full thickness skin loss
and is characterised as subcutaneous fat that can be visible, but bone,
tendon or muscle is not exposed. Slough may be present but does not
occlude the depth of tissue loss. Undermining and tunnelling might be
present, and the depth of the ulcer will vary according to anatomical
location (NPUAP/EPUAP/PPPIA, 2014).

Figure 2.4: Pressure Ulcer stage III (In NPUAP/EPUAP/PPPIA, 2014)

Pressure ulcer stage IV (Figure 2.5), is classified as full thickness skin loss
and is characterised by exposed visible and palpable bone, tendon or
muscle with slough or eschar present on some parts of the wound bed.
Undermining and tunnelling are normally present, and the depth of the
ulcer will vary with anatomical location. These ulcers can extend into
muscle and/or supporting structures like tendon or joint capsule,
increasing the possibility of osteomyelitis development
(NPUAP/EPUAP/PPPIA, 2014).

Figure 2.5: Pressure Ulcer stage IV (In NPUAP/EPUAP/PPPIA, 2014)

After stage IV, pressure ulcers are defined as unstageable ulcer (Figure
2.6) and classified as depth unknown. These are characterised by tissue
loss in which the base/bed of the ulcer is covered by slough and/or eschar.
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Only after enough slough/eschar has been cleared, can the real depth of
the ulcer be determined (NPUAP/EPUAP/PPPIA, 2014).

Figure 2.6: Unstageable Ulcer (In NPUAP/EPUAP/PPPIA, 2014)

The last pressure ulcer category is suspected deep tissue injury (Figure
2.7) and is classified as depth unknown. This is characterised by a
localized area (purple or maroon) of discoloured intact skin or blood-filled
blister that results from damaged underlying soft tissue due to pressure
and/or shear. When compared to adjacent tissue, the injury area might be
painful, firm, mushy, boggy, warmer or cooler (NPUAP/EPUAP/PPPIA,
2014).

Figure 2.7: Suspected Deep Tissue Injury (In NPUAP/EPUAP/PPPIA, 2014)

According to Black et al (2015), a deep tissue injury occurs when the
muscle tissue tolerance to pressure is exceeded, and the cells
cytoskeleton breaks leading to cell deformation. Besides deformation,
ischaemia has also been considered as a contributor for cell death and
consequent tissue damage. Black et al (2015) based on their clinical
experience and cases, found that deep tissue injury becomes noticeable
between 24 to 72 hours, with the onset of a purple area, the evolution to
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full thickness can occur between 7 to 10 days. The authors also identified
situations that create and increase the risk for the development of deep
tissue injury. These include for example, being confined on a hard surface,
following a fall and being found on the floor, spending a long time in
interventional radiology and lying on an operating room table.

One of the issues that arise in relation to pressure ulcer classification is
related to the lack of homogeneity of the classification systems used in
research. From a part of the literature compiled in relation to the
development of pressure ulcers in surgical patients (Lewicki et al, 2000;
Nixon et al, 2000; Schoonhoven et al, 2002a; Pokorny et al, 2003; Nixon
et al, 2007; Wright et al, 2014) it was possible to identify that not all the
authors used the same classification system. This variance in the
classification systems makes it difficult for results to be compared,
because some authors classify ulcers up to stage 4 (e.g. Wright et al,
2014), while other authors start at stage 0 and subdivide some of the
stages. For example, Nixon et al (2007) used stage 0 and stage 1a, 1b
and 1b+. This shows that healthcare professionals have not reached a
consensus in pressure ulcer classification. In turn, this lack of
understanding makes it difficult for healthcare professionals, researchers
and educators to develop a common language and common practices
around pressure ulcer prevention and treatment.

Another issue that requires analysis in relation to pressure ulcer
classification systems is how consistently these are used in practice.
Defloor et al (2006) looked at the inter-rater and intra-rater reliability in
pressure ulcer classification when the EPUAP classification system was
used. The study was conducted in two phases. In the first phase, 56
photographs, plus a random selection of 9 from the same set, were
presented to 473 nurses, in a congress of wound care. The fact that there
is no report of the nurses having classified photos in a total independent
way raises question of performance bias within the study’s first phase. In
the second phase, the same 56 photographs were presented twice to
another 86 nurses, with an interval of a month. The results obtained in the
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first phase show that the multi-rater kappa for all 473 nurses was k=0.37
(p<0.001), which shows only a fair level of agreement between nurses. If
only the pressure ulcers photos are considered the level of agreement
increases to 55.6%, with 15.7% of ulcers being classified one stage too
high or too low. Furthermore, in 7.9% of the observations of nonblanchable erythema this was often confused with blanchable erythema. In
the first phase, the concurrent intra-rater reliability was assessed by
randomly selecting 9 photos which were shown twice to participants.
Again, the intra-rater reliability was low k=0.38 showing only fair
agreement between the first and second assessment made by the same
raters. In phase two, 86 nurses were presented twice with the same 56
photos with one month interval. The intra-rater reliability for the first
assessment was k=0.38, and one month later was k=0.43 (t=3.24; d.f. =
85; p=0.002). These figures continue to show that the same rater has low
level of agreement for both assessment times, with the same photos. From
these findings, the authors conclude that both the inter-rater and intra-rater
reliability of the EPUAP pressure ulcer classification system was low. The
majority of the difficulties found in this study were the differentiation of
pressure ulcers and incontinence lesions, as well was blanchable and
non-blanchable erythema. A further issue related with this study is the
difficulty in interpreting some photos, due to the angle or the light when
they were taken. Also, the authors suggest that to further understand the
reliability of the EPUAP, it might be worthwhile to include a description of
the patient. Nonetheless, it is worrying that such a low classification
agreement exists between nurses with such a prevalent problem.

Beeckman et al (2007) studied the inter-observer reliability in relation to
the EPUAP classification system and of the differential diagnosis of
pressure ulcers and moisture lesions. The authors carried out a survey of
1452 nurses across Europe, where they had to classify 20 photographs.
When considering the entire group of nurses, the median k=0.33, showing
that ulcers were often classified wrongly. Interestingly, nurses who
considered themselves as experts had a median kappa value of 0.47,
whilst basic experienced nurses had a median kappa of 0.33 (p<0.001).
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Although this was statistically significantly different, one can argue that
level of agreement is still only reasonable, especially considering the
expertise of some nurses. From the different photographs, differentiating
between a moisture lesion and a pressure ulcer was not easy, with nurses
that had training reaching a kappa of 0.37 and nurses with no training a
kappa of 0.34. These figures still show low levels of agreement,
irrespective of training. Additionally, in 35% of observation
misclassification between stage 3 and 2 occurred; in 39.9% of observation
non-blanchable erythema and stage 1 were confused; and in 40% of
observations pressure ulcer stage 1 was also confused with blanchable
erythema. These results show that nurses find it confusing to use the
EPUAP classification system, and further education should be made
available in practice. This confusion could be associated with the
complexity of the staging system, were a fewer number of stages should
be considered (Beeckman et al, 2007), considering that a pressure ulcer is
a pressure ulcer, be it stage 1 or stage 4. However, it is also important to
understand if using photos to classify pressure ulcers and then evaluate
reliability is the most correct method, as photographs are only a static and
two-dimensional picture that does not include all the complexity associated
with a pressure ulcer (Beeckman et al, 2007). Additionally, if lack of
consensus exists in classifying pressure ulcers, one could question if
research studies where nurses in practice are recording the data, or where
clinical records are used, are accurate enough to yield reliable information.

Finally, a systematic review of the inter-rater reliability of pressure ulcer
classification systems was conducted to determine, if recommendation of
one classification system could be achieved (Kottner et al, 2009).
However, from the analysis of included studies the authors concluded that
studies were too heterogeneous for significant and valid comparisons to
be made. Thus, it was not possible, from the data obtained, to recommend
a specific classification system to be used in practice. Although, these
conclusions were reached in 2009, the variability in the studies is still high
and thus, it is necessary that consensus is reached so that clinical practice
and pressure ulcer classification becomes homogeneous.
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2.8. Summary and Conclusion
2.8.1. Summary
The skin is a complex structure that has the ability to protect underlying
tissues from external factors. However, when tissues under bony
prominences are subject to pressure or pressure in combination with
shear, damage can occur, and a pressure ulcer may ensue. This will
depend on the intensity and duration of pressure and shear. Different
mechanisms, namely ischaemia, ischaemia-reperfusion injury, impaired
lymphatic function and cell deformation come in to play during exposure to
sustained pressure and shear forces, to cause cell death and tissue
damage. This tissue damage can start at the superficial skin levels or at
the deeper layer near the bone, where the compressive and shear strains
and stresses are higher. As such, a pressure ulcer may be classified in
different stages. The most common classification is that of the
NPUAP/EPUAP/PPPIA (2014). However, researchers often use different
classification systems, making it difficult to compare results. In addition,
the inter-rater and intra-rater reliability of some of the classification
systems are low, making it difficult to recommend the use of a specific one
for practice. Furthermore, given the work of Linder-Ganz et al (2006),
Ceelen et al (2008), Gefen et al (2008) and Loerakker et al (2010), who
have shown that cell deformation is a fundamentally important concept in
pressure ulcer development, the reliance on an outside in classification for
pressure ulcers really needs to be re-examined.

2.8.2. Conclusion
Pressure ulcers arise due to sustained, unrelieved compressive and shear
forces in the body. To reduce the likelihood of pressure ulcer
development, it is important to develop strategies to decrease the duration
and intensity of pressure and shear. Additionally, a common language
needs to be developed in relation to pressure ulcer classification and must
be related to the pathological processes involved in pressure ulcer
development, so that clinical practice can become more homogeneous in
relation to pressure ulcer prevention and treatment.
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Chapter 3: Sub-epidermal
Moisture
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3.1. Introduction
Pressure ulcers are areas of skin damage that develop as a consequence
of pressure alone, or pressure in conjunction with shear
(NPUAP/EPUAP/PPPIA, 2014). These two forces act upon the skin and
underlying tissue and depending on their duration and intensity, processes
that lead to tissue breakdown are triggered and a wound starts to develop
(Defloor, 1999).

A strategy used in practice is visual skin assessment (VSA) to try and
identify areas of pressure damage. VSA involves the use of grading
systems to classify visible damage. VSA, by its very nature, can only serve
to recognise damage when skin and/or tissue changes or breakdown are
visually evident (Moore et al, 2017). Although, this method is of
importance in practice it cannot identify when adverse cell responses to
pressure and shear are occurring in the deeper layers of the tissues.
Interestingly, a recent literature review (Oozageer et al, 2018) exploring
the evidence around the identification of pressure ulcers in people with
darker skin tone found that, these are more likely to develop higher stage
pressure ulcers, due to a delay in VSA identification of these ulcers. The
authors further argue that this delay is due to a focus on ethnic
background instead of a focus in skin tone variation. It is understandable
that early signs of pressure ulcer development, like non-blanching
erythema, can be difficult to assess depending on skin tone variation. As
such better methods to identify those at risk need to be developed. Thus,
given the limitations, VSA cannot act as a warning of impending tissue
damage, until this becomes evident on the skin surface.

For this reason it is necessary that novel methods that explore and can
use real-time data on biophysical processes are explored. Through the
use of more accurate assessment methods, nurses could more objectively
identify changes underneath the skin, known to be precursors of pressure
ulcer damage and thereby put actions into place that will, at the early
stages, allow for reversal of the cellular response before total cell
destruction occurs (Moore et al, 2017).
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One biophysical processes of current interest in research, is the
bioimpedance of tissues that can give a measure of SEM, which in turn
gives an indication of tissue changes and potential damage (Moore et al,
2017). The aim of this current research study is to compare the predictive
ability of SEM measurement versus traditional risk assessment (using the
Braden and Waterlow scales) and VSA as means of detecting early
pressure ulcer damage among adults undergoing surgery. Thus, a review
of the literature surrounding SEM and the electric properties of tissues was
undertaken to gain a better understanding of the concepts and processes
involved with SEM measurement.

3.2. Electrical Properties of Biological Tissues
To understand bioimpedance it is first necessary to establish the meaning
of electric properties of materials, so that they can then be applied to
biological tissues. The concepts that play a part in understanding how
materials and tissues behave when electric flow is present are impedance,
capacitance and resistance (Holder, 2005; Swisher et al, 2015).

Impedance, although a generalisation of resistance, is composed and
affected by resistance and capacitance, and can be defined as the
obstruction that a material has to the passing of electric current of different
frequencies (Glisson, 2011; Birgersson, 2012; Khalil et al, 2014; Salam
and Rahman, 2018). In terms of resistance, like impedance, it is a
measure of the opposition to the flow of current in an electric circuit with
lower resistance being associated with lower impedance as both of them
vary in a direct and proportional way (Holder, 2005; Glisson, 2011;
Birgersson, 2012; Salam and Rahman, 2018). On the other hand,
capacitance is a measure of the energy stored in an electric field/circuit,
and it has an opposing relation to impedance (Holder, 2005; Glisson,
2011; Birgersson, 2012; Salam and Rahman, 2018). As capacitance
increases or decreases, impedance will vary in an opposing way (Holder,
2005; Glisson, 2011; Birgersson, 2012; Salam and Rahman, 2018).
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In biological terms, bioimpedance is related to the electrical characteristics
of biological tissues when an electric current flows through them (Holder,
2005). Bioimpedance is dependent on tissue characteristics and on the
frequency spectre being applied to the tissues (Gabriel et al, 1996; Holder,
2005; Birgersson, 2012). Moreover, bioimpedance is fundamental to
detect changes in tissues that are a result of pathophysiologic processes
that lead to tissue damage and can result in pressure ulcers (Moore et al,
2017). These changes will be dependent on the electrical characteristics
of cells, skin and tissue, and on their reaction to injury.
The cell is the building block of tissues, and it is charged with ions (Na +,
K+, Cl-, H+) that are essential for the different reactions that occur in the
intra and extracellular space (Young, 2013). The cell has an ion rich
intracellular matrix/cytoplasm (conductive), is surrounded by an ion rich
medium, the extracellular matrix (conductive), and both the intra and
extracellular matrixes are separated by a lipid membrane that acts like a
capacitor (Holder, 2005; Swisher et al, 2015). Tissue, whether healthy or
damaged, is composed of cells with different sizes, shapes and
orientation, and these cell characteristics will determine how tissues
behave, by either storing, or conducting electrical signals/energy
(Birgersson, 2012). When pressure induced tissue injury occurs, a
cascade of processes lead to an increased cell permeability and death
(Sussman and Bates-Jensen, 2012). The continuity between the extra and
the intracellular space, and the associated free movement of ions and
increase of interstitial fluid, are important markers in the pathophysiology
of pressure ulcers.

Pressure ulcers develop due to pressure and shear forces that produce
stress and strains in the skin and underlying tissue, causing cell
deformation, thus affecting blood supply by occlusion of blood vessels and
lymphatic circulation impairment (Bader, 1986; Bates-Jensen et al, 2009;
Sussman and Bates-Jensen, 2012). If pressure/shear is relieved in time,
reactive hyperaemia takes place and the delivery of oxygen and nutrients
is restored allowing the tissues to recover. However, if pressure/shear
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persists, cell rupture will occur and circulation to the tissues is irreversibly
compromised (Bates-Jensen et al, 2009; Sussman and Bates-Jensen
2012). This deprives the cells of oxygen, nutrients and waste removal
which lead to cell necrosis and death followed by tissue breakdown
(Bader, 1986; Sussman and Bates-Jensen, 2012). Cell death can also
occur when oxygen is reintroduced in to a previous ischaemic area. In this
scenario the re-oxygenation of the tissue leads to an enzymatic reaction
where free-radicals are released (Sussman and Bates-Jensen, 2012). This
reperfusion injury is then aggravated by the further release of free-radicals
from mitochondria and neutrophils, which will prompt endothelium
destruction and consequently cell death (Sussman and Bates-Jensen,
2012). This triggers an inflammatory response that causes an increase in
the water and fluid content of the tissues (Sussman and Bates-Jensen,
2012).

In the normal skin and tissue there is some level of water and fluid needed
to maintain the skin hydration and its barrier function (Alanen et al, 2004;
Sussman and Bates-Jensen, 2012). This water and fluid content is also
known as sub-epidermal moisture (SEM) and can be determined with the
use of electric or electromagnetic devices (Bates-Jensen et al, 2007,
Bates-Jensen et al, 2008, Bates-Jensen et al, 2009; Sussman and BatesJensen, 2012). These devices use either capacitive and impedance based
capacitive factors, or dieletric factors, and are able to measure SEM based
on the different water content of the skin layers (Sussman and BatesJensen, 2012).

The difference in water content of the skin layers determines whether
tissues have capacitive or conductive properties (Alanen et al, 2004). The
uppermost layers of the skin and tissue are predominantly capacitive while
the deeper layers are conductive (figure 3.1) (Alanen et al, 2004; Sussman
and Bates-Jensen, 2012). The devices that measure SEM need to be in
contact with the skin so that the signals can travel through the skin and
tissue. In this way SEM is measured through the use of surface electrical
capacitance, which can be determined by the impedance of the skin to
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electrical forces, and thus can reflect oedema and water content of the
epidermal and sub-epidermal tissues (Bates-Jensen et al, 2009).

Capacitive layers: ability
to store electric charge

Conductive layers:
movement of electrically
charged particles

Figure 3.1: Electric Properties of the Skin Layers

Surface electric capacitance, through which SEM is measured, depends
on tissue impedance. Impedance is a measure of the obstruction of tissue
to the passage of current. In a damage-free tissue, at low frequencies the
current travels only through the extracellular matrix and the impedance
increases as there is more resistance to the flow of current (Holder, 2005;
Birgersson, 2012). At high frequencies the current travels through both the
extra and intracellular spaces and there is less resistance to the passage
of current and thus the impedance is lower (Holder, 2005; Birgersson,
2012). However, in abnormal tissue where cell injury/damage and death
occurs, and cell membranes are ruptured, there is no barrier between the
extra and intracellular matrix and there is increased fluid. In this scenario
both low and high frequency currents travel through the tissues due to
high conductivity and low resistance, and thus impedance is low (Holder,
2005; Birgersson, 2012) as there is no obstruction to the flow of current
because tissue and cell structures are damaged.

In a study by Ching et al (2011) impedance characteristics of tissues was
explored in a randomised controlled trial of 15 participants with stage I and
II sacral pressure ulcers. The researchers fitted 4 small surface electrodes,
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at 1 cm distance from the pressure ulcer and another 4 electrodes at a
distance of 5 cm from the pressure ulcer. From the diagram presented in
the article, it appears that each electrode is at a 1 cm distance from each
other. After applying a frequency between 30-10MHz by the use of an
impedance analyser, Ching et al (2011) concluded that impedance values
were lower closer to the pressure ulcer than those in the tissue further
away. All measurements had good reliability and validity with intraclass
correlation coefficients >.90. This small experiment shows that it is
possible to assess the electrical properties of tissues and shows that low
impedance is related to tissue damage.

Another study by Swisher et al (2015), using an in vivo rat model, set to
detect pressure induced tissue damage using impedance spectroscopy. In
order to create pressure ulcers, the dorsal skin of sedated rats was
treated, and two magnets were applied for 1 hour, or 3 hours. In the 1 hour
group the skin was observed for up to 9 days, as well as being monitored
with impedance and only mild reversible damage was observed.
Interestingly, the authors found that based on the impedance, some of the
rats had developed pressure ulcers that were not visible. They explain that
not all animals developed pressure ulcers due to animal variation. The 3
hour group presented more severe irreversible damage. In this group, by
day 3 of observations, wounded areas had lower impedance, with the
tissues being less capacitive and more conductive. According to the
authors this tissue behaviour was consistent with cell membrane
destruction. From these two studies where electrodes were used to
determine impedance it is clear that low impedance indicates tissue
damage, even when this is not visible at the skin surface.

From all that has been discussed so far, it is possible to understand that
low impedance is associated with an increase in the sub-epidermal
moisture. When an electrode is applied to the area of interest, a signal is
emitted and travels fast through the highly conductive and fluid rich subepidermal tissue. When the signal is reflected back to the electrode, the
device gives a measure of the surface electric capacitance. High surface
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electric capacitance is associated with high capacitance, as the stratum
corneum absorbs the energy released by a device and then this energy
propagates through the highly conductive sub-epidermal layers (Sussman
and Bates-Jensen, 2012). The energy reflected will be a measure of the
water content of the tissues and is an indication of damage, with high SEM
measurements being associated with tissue damage (Bates-Jensen et al,
2009; Sussman and Bates-Jensen, 2012). Sub-epidermal moisture
measures have been used in practice to determine their ability to identify
tissue damage and consequent pressure ulcer development.

Goretsky et al (1995) used surface electrical capacitance to monitor
restoration of human culture skin substitutes and skin autographs in 4
patients with burn injuries. To measure capacitance of the skin, the
authors used a capacitance probe for 10 seconds on the cultured skin, or
autografts. These measurements were done at days 7, 10, 12, 14 and 28.
For both the cultured skin and the autografts surface capacitance
decreased as the number of days passed. Interestingly, this decrease in
surface electric capacitance corresponded with changes in the hydration
of the skin surface, its healing and reepithelization of the culture skin and
the autografts.

In another study by Boyce et al (1996) surface electric capacitance was
again used to monitor repair of epidermal layer. For this, the surface
electric capacitance of cultured skin in vitro, and in vivo skin grafts, was
measured. Like the previous study, skin grafts surface capacitance
decreased as the wound started to heal, and the epidermis restored its
barrier function. For the cultured skin, up to day 14, there was a clear
decrease in surface capacitance, but up to day 21 the authors observed a
gradual increase in capacitance. This could be attributed to the instability
associated with the growth of skin cultures.

In both studies (Goretsky et al, 1995; Boyce et al, 1996) surface electrical
capacitance was used to detect epidermal restoration and wound healing
instead of damage. Damaged tissue has increased water content, and the
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same occurs for healing tissues. When an electric current is applied to the
skin, the higher the amount of water, the higher is the energy stored, as
water bounds and interacts with the electric energy being released. This is
then translated in a high surface electrical capacitance. In both
experiments, (Goretsky et al, 1995; Boyce et al, 1996) surface electrical
capacitance decreased as cells and tissues structures became well
defined and their water content returned to that of normal tissue.

SEM measurement is an indication of water and fluid content in damaged
tissues, other causes can influence and impact on the hydration levels of
the skin and tissues. Björklund et al (2013) suggest that the skin
membrane electrical impedance properties can change depending on the
skin water gradient. This is influenced by changes in skin hydration due to
occlusion which can be achieved using creams or lotions. Skin moisture
can be also influenced by the cellular structure of the stratum corneum
and lipid content of the skin and as such alterations in these can adversely
affect moisture content (Popkin et al, 2010). Also, one can argue that
perspiration can lead to high levels of fluid that will be picked up by the
SEM measurements, and as such it is important that any factors that can
influence the levels of moisture in the skin and tissues (e.g. oedema due
to cardiac or renal co-morbidities) are taken into account by researchers
when assessing skin and measuring SEM.

Surface electrical capacitance and the study of SEM as a measure for
early pressure ulcer damage detection have gained momentum and 15
studies identified in the literature (Bates-Jensen et al, 2007; Bates-Jensen
et al, 2008; Bates-Jensen et al, 2009; Guihan et al, 2012; Harrow and
Mayrovitz, 2014; Molloy, 2015; O’Connor, 2016; Bates-Jensen et al, 2017;
Bates-Jensen et al, 2017a; Oliveira et al, 2017; Gefen and Gershon, 2018;
Kim et al, 2018a; O’Brien et al, 2018; Park et al, 2018; Raizman et al,
2018) have been trying to determine if SEM measurement compared to
VSA, risk assessment scales and other devices, like ultrasound and
thermography, is more accurate in early pressure ulcer damage
identification. A detailed analysis of each study will be presented,
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however, a summary of the main findings of these studies can be found in
table 3.1.
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Table 3.1: Summary of studies on SEM measurement
Reference
Gefen and
Gershon
(2018)
Raizman et al
(2018)
O’Brien et al
(2018)
Park et al
(2018)
Kim et al
(2018a)

Oliveira et al
(2017)

Bates-Jensen
et al (2017)
Bates-Jensen
et al (2017a)

Title
An observational, prospective cohort pilot
study to compare the use of subepidermal
moisture measurements versus Ultrasound
and Visual Skin Assessment for early detection
of pressure ulcer injury
Utility of a sensor-based technology to assist in
the prevention of pressure ulcers: A clinical
comparison.
The relationship between nurses assessment
of early pressure ulcer damage and sub
epidermal moisture measurement: A
prospective explorative study.
The use of sub-epidermal moisture
measurement in predicting blanching erythema
in jaundice patients.
The relationship of sub-epidermal moisture
and early stage pressure injury by visual skin
assessment.
Accuracy of ultrasound, thermography and
sub-epidermal moisture in predicting pressure
ulcers: a systematic review.

Subepidermal Moisture Detection of Pressure
Induced Tissue Damage on the Trunk: The
Pressure Ulcer Detection (PUD) Study
Outcomes.
Subepidermal moisture detection of heel
pressure injury: The pressure ulcer detection
study outcomes.

Main Findings
SEM and ultrasound showed consistent agreement in the detection of deep tissue
injury. SEM measurement was abnormal 2 before VSA detected deep tissue injury
and 3 days before it was detected by ultrasound.

The incorporation of SEM measurements in care planning and allocation of
preventive practices showed a 93% reduction in pressure ulcer incidence.
Mean time for nurse's VSA to detect pressure ulcers was 5.5 days (±2.5), whereas for
SEM measurement it was 1.5 days (±1.4). These findings show that SEM detects
tissue damage 4 days before it is identified by nurse's VSA.
The authors from all their analysis concluded that in their sample of patients with
jaundice SEM measures were associated with concurrent skin damage, particularly
blanchable erythema
SEM predicted skin damage that only became visible one week later.

Ultrasound identified of pockets of fluid at different levels of skin layers that were
comparable to damage. SEM measurement allowed for the early detection of skin
damage with higher SEM readings associated with higher skin damage. SEM was
also able to predict skin damage that only became visible a week later. Both SEM
and ultrasound were identified as important methods in early skin damage detection.
SEM measurement was associated with concurrent damage and damage 1 week
later, with higher measures indicating greater moisture content and skin damage.
Also of interest is the fact that SEM detected DTI and differentiated those that
resolved, remained and deteriorated over 16 weeks.
High SEM measures indicated greater moisture and presence of skin damage.
Higher SEM measures were associated with visual damage one week later.
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Table 3.1: Summary of studies on SEM measurement (continued)
Reference

Title
The Prevalence rate of pressure ulcers in
the acute hospital setting and investigating
three methods of prevalence measurement.

O’Connor (2016)

Molloy (2015)
Harrow and
Mayrovitz (2014)
Guihan et al
(2012)

Bates-Jensen et
al (2009)

Bates-Jensen et
al (2008)
Bates-Jensen et
al (2007)

Exploring the relationship between risk
assessment tools and Sub-Epidermal
Moisture measurement
Sub-epidermal moisture surrounding
pressure ulcers in persons with a spinal
cord injury: a pilot study.
Assessing the feasibility of sub-epidermal
moisture to predict erythema and stage 1
pressure ulcers in persons with spinal cord
injury: a pilot study.
Sub-epidermal moisture is associated with
early pressure ulcer damage in nursing
home residents with dark skin tones: pilot
findings.
Sub-epidermal moisture differentiates
erythema and stage I pressure ulcers in
nursing home residents.
Sub-epidermal moisture predicts erythema
and stage 1 pressure ulcers in nursing
home residents: a pilot study.

Main Finding(s)
Majority of high SEM measures occurred on the day after surgery, which was also
the day when Waterlow scores identified participants as being immobile.
In this study the overall Waterlow score classified 94% of the participants as being
at low risk of pressure ulcer development. Interestingly, the sub-heading mobility
was the only where scores differed, as participants were mobile before surgery and
became immobile after it.
Also of interest is the fact that prevalence according to VSA was 6.4% whilst for
SEM prevalence was 51.4%.
Where SEM measurements were high, some of the participants went on to
developed pressure ulcers. Braden and Waterlow scale scores remained constant
over the 4 week study period.
Overall SEM measures were higher at the pressure ulcer site when compared to the
control (normal skin). Because SEM measures were higher at pressure ulcer site
then high SEM is indicative of tissue damage.
SEM measures increased with increasing skin and tissue damage.

SEM measures predicted the presence of erythema/stage 1 pressure ulcer that
became visible one week later. Higher SEM measures were associated with greater
skin damage.
SEM measurement has a great potential of helping in the identification and further
prevention of early pressure ulcer damage in people with dark skin tones.
Higher SEM measures were associated with greater skin and tissue damage. SEM
measures predicted the presence of erythema/stage 1 pressure ulcer that became
visible one week later.
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Bates-Jensen et al (2007) in their cohort study proposed to explore the
relationship between SEM and direct VSA of erythema and stage I
pressure ulcers, in a sample of 28 participants, over a 52 weeks period.
The mean age of participants was 84.7 years of age and mean Braden
Scale risk score was 16.3 (±3.6). Three SEM readings were collected each
week, from the right/left trochanter, right/left ischium, right/left buttock and
sacrum, using a NOVA Petite dermal phase meter (NOVA Technology
Corporation, 75 Congress St., Portsmouth). This device measured the
impedance value of in dermal phase units (DPUs), which is an arbitrary
relative value, with readings ranging from 0 to 999. Higher readings
indicate elevated SEM. During this study (Bates-Jensen et al, 2007) 28
stage 2+ pressure ulcers developed in 16 participants, giving an incidence
rate of 46%. SEM measures for all sites combined were 96.7±122.3 for
normal skin, 191.5±187.6 for erythema/stage 1 pressure ulcer and
568.9±319.5 for stage 2+ pressure ulcers. These values show that higher
SEM measurement is associated with higher skin damage. Furthermore,
as SEM measures changed weekly, visual skin changes were also
observed from week to week. Thus, there were significant differences
between SEM measures and VSA outcomes, with a relationship showing
that higher concurrent SEM measures were associated with greater skin
damage. According to Bates-Jensen et al (2007) SEM measurements
were able to predict skin damage that became visible one week later. SEM
was also able to predict increasing pressure ulcer damage with the
development of erythema/stage 1 pressure ulcer 1 week later, with an
odds ratio of 1.26 per 100 DPU. Prediction of erythema/stage 1 pressure
ulcer deteriorating to stage 2+ was not statistically significant.

Another cohort study by Bates-Jensen et al (2008) examined the
relationship between SEM measurement and direct visual assessment of
erythema and stage 1 pressure ulcers separately, within a shorter
observation period (20 weeks vs 1 year). In this study 28 participants, with
a mean age was 84.14 years and a mean Braden Scale risk score of
16.73 (±3.5) completed the 20 weeks of the study. In this study, the same
device was used for measuring SEM as in the study by Bates-Jensen et al
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(2007). A total of 15 stage 2+ pressure ulcers developed in 8 participants
over the 20 week study period, giving an incidence rate of 26%. Like in the
previous study, differences were found between SEM measures and VSA,
with higher SEM measures translating in greater skin and tissue damage.
The mean SEM for all sites combined (right/left trochanter, right/left
ischium, right/left buttock and sacrum) was 104±115 DPU for normal skin,
185±138 DPU for erythema, 264±208 DPU stage 1 pressure ulcer and
727±287 DPU for stage 2+ pressure ulcers. In keeping with the findings of
the previous study Bates-Jensen et al (2008) observed that SEM
measurements were able to predict erythema, stage 1 and 2+ pressure
ulcers with an odds ratio of 1.99 per 100 DPU. Furthermore, SEM
measurements in this study predicted the presence of erythema/stage 1
pressure ulcer that became visible one week later with an odds ratio of
1.003 (99% confidence interval (CI):1.000-1.006).

Again, and in line with the previous studies, SEM measures and surface
electrical capacitance have shown to be able to detect tissue and skin
damage, which is only visible one week later through VSA. This delay in
visual detection can see initial reversible damage turn into a stage 1
pressure ulcer that without preventive measure can develop into higher
stage pressure ulcers.

In a further study, Bates-Jensen et al (2009) set to explore the relationship
between SEM measurement and visual assessment of early pressure
ulcer damage in nursing home residents with dark skin tones. Their
sample consisted of 66 participants that completed the 20 week period
study. From these, 83.3% (n=55) of participants had light skin tones, while
16.7% (n=11) of participants had dark skin tones. As with previous studies,
SEM was measured using the NOVA Petite dermal phase meter. Among
the participants with light skin tones, 13 developed 21 stage 2+ pressure
ulcers over the 20 weeks, and 3 participants with dark skin tones
developed 9 stage 2+ pressure ulcers during the study. Higher SEM
measurements were associated with greater skin damage. The authors
did not found differences between participants with dark and light skin
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tones in terms of development, or severity of incident pressure ulcers.
Looking at SEM measurement differences according to skin tone, SEM
measurements were in general lower for dark skin tones when compared
to light skin tones, for all sites and skin damage level.

Bates-Jensen et al (2009) identified that SEM readings predicted the
presence of erythema/stage 1 pressure ulcer that became visible one
week later with an odds ratio of 1.88 per 100 DPU and of stage 2+
pressure ulcers with odds ratio of 1.02 (95% CI: 1.007-1.024) per 1 DPU,
for participants with dark skin tones. Interestingly the authors tried to
explore which SEM measurement threshold values facilitated the detection
of skin damage. From their data, 50 DPU detected erythema/stage 1
pressure ulcer in dark skin tones with an odds ratio of 5.3 (95% CI: 1.8715.11). A value between 50 and 150 DPUs allowed for the detection of
stage 2+ pressure ulcers one week later in dark skin tones with an odds
ratio of 8.51 (95% CI: 1.95-3.71). However, for light skin tones a higher
value was needed, 300 DPU, to significantly detect stage 2+ pressure
ulcers in light skin tones (odds ratio of 4.3, 95% CI: 1.42-13.0). A
remarkable conclusion that can be taken from this study is, considering
the difficulties of visually assessing and identifying damage in darker skin
tones, SEM measurement has a great potential of helping in the
identification and further prevention of early pressure ulcer damage in
people with dark skin tones.

Guihan et al (2012) also examined the feasibility of obtaining biophysical
measures of SEM to predict pressure ulcers in persons with spinal-cord
injury. These people can be at higher risk as their mobility and activity
levels are increasingly impaired. The authors’ prospective single-arm posttest observational study included 28 participants, with a mean age of
65.19 years, who were followed for a period of 52 weeks. SEM
measurements were undertaken using the MoistureMeter-D, (Delfin
Technologies, Ltd, Kuopio, Finland), a dermal phase meter with values
ranging from 1 to 80, dielectric constant. In this study, 11 participants
developed 14 pressure ulcers (stage 1 to 4), and 22 participants
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developed 66 cases of erythema/stage 1 pressure ulcers. SEM
measurement values varied from 40±10 DPU for normal skin and 42±11
DPU erythema/stage 1 pressure ulcers. SEM measures increased with
increasing skin and tissue damage. In this study no relationship was
explored between VSA and SEM measurements.

Harrow and Mayrovitz (2014) also proposed to explore the ability of SEM
in pressure ulcer detection. The outcomes for this research included: the
short-term reproducibility of the device as determined by a single observer
making 3 repeated measures; identification of any trial order effect; the
influence of angular orientation on SEM around pressure ulcers; the
effectiveness of the device in differentiating pressure ulcers from
uninvolved skin and in relation to this differentiating ability any differences
in relation to anatomical site.

For measuring SEM, the authors (Harrow and Mayrovitz, 2014) also used
the MoistureMeter-D (Delfin Technologies, Ltd, Kuopio, Finland). Their
sample included 16 participants with spinal cord injury, who had stage 3 or
4 pressure ulcers in either the sacrum, or ischial areas. Each participant
had 4 SEM measurements done 1 cm away from the pressure ulcer
margin. The authors marked the points around the wound where the
measures were being taken, to allow for repeatability, at 90 º intervals and
aligned with the body axis. The same procedure was used for the control
SEM measurement, located around 12 cm proximal of the pressure ulcer.
The control site was uninvolved skin with the same diameter as areas with
pressure ulcers.

In relation to the first outcome, short-term repeatability of measurement by
a single observer, Harrow and Mayrovitz (2014) found the mean relative
error for the three trials taken at the control site was 2.5% (CI 2-2.9%),
ranging from 0 to 10.7%. The relative error shows that there was a
difference of 2.5% between each measure taken with the device.
However, because only this was a single-observer trial, the authors
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suggest that further studies should use multiple observers to have a better
determination of the device precision.
The second outcome, trial order effect, the authors (Harrow and Mayrovitz,
2014), were trying to understand if three repeated measures taken in one
position over the course of a few minutes were statistically independent.
Trial 1 was higher than the other two trials for both pressure ulcer and
controls, but only in the control group was the trial order effect significant,
with p<0.0001. The authors report that trial 1 was higher in 55 of 64
measurement sets. The results obtained show that the trials using the
device were not independent as the values obtained differed, which
means that the device is not able to measure the exact same aspect and
obtain a similar result with minimal error. One reason for the differences
found could be related to effect that the probe application had on expelling
water from the region, if this is the case in subsequent measures it will
measure less tissue water. Another explanation for this result is due to the
fact that while the probe is being held against the skin the stratum
corneum is occluded and the normal trans-epidermal water loss is
blocked, leading to water accumulation under the probe rendering the next
measures in the same location to be diverse. This probe effect can thus be
related to the amount of pressure applied in the skin with the probe. The
authors also remark that SEM measurement is sensitive to slight changes
of pressure, which might explain some of the variability in the trial
readings. Thus, they suggest that SEM might be influenced by the effect
that changing position and the time spent in it has in the tissue water
content and so needs to be further explored.

In outcome three, the aim was to determine if the angular orientation of the
probe influenced SEM measurements. Harrow and Mayrovitz (2014) found
the mean SEM measures obtained for the pressure ulcer site showed that
SEM values vary depending on the angle of the probe (p<0.01), whilst at
the control site the variation was not significant. The highest values were
measure at the 12 o’clock point for the pressure ulcer site and the 6
o’clock point for the control. Interestingly the 6 o’clock point in the control
site was the one closest to the pressure ulcer 12 o’clock point. One could
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question, therefore, if the measure obtained was a sign of skin/tissue
damage.
For the next outcome which looked at determining the ability of the device
in differentiating pressure ulcers from normal skin, Harrow and Mayrovitz
(2014) found that overall SEM measurements were higher at the pressure
ulcer site when compared to the control. One can infer that if SEM
measurements are higher at pressure ulcer site then high SEM
measurement is indicative of tissue damage. The final outcome was
concerned with determining if there were differences between the sacral
and ischial areas considering the SEM values. From the results obtained
Harrow and Mayrovitz (2014) found mean SEM values differed between
pressure ulcer site and control site for the ischial area, but not for the
sacrum (p<0.0005). Also SEM was greater at the control site for the sacral
area than for the ischial (p=0.02). This study showed the ability of SEM
measurement in differentiating between damaged and normal skin.

In a study by Molloy (2015) where the relationship between SEM and the
Braden and Waterlow Scale were assessed, data were collected from 29
participants over a period of 4 weeks. Braden and Waterlow Scale scores
were assessed weekly and VSA was done using the EPUAP (2009)
classification system. Participants had their sacrum, right/left shoulder,
right/left knee, right/left heel scanned twice weekly. SEM was measured
using the SEM Scanner ™ (Bruin Biometrics LLC (BBI), Los Angeles,
USA). This scanner is a hand held device with a circular electrode from
where low amplitude signals are emitted in to the patient’s skin (Bruin
Biometrics, 2014). This allows the scanner to give a measure of the
surface electrical capacitance, which is an indication of the SEM
measurement of the skin and tissues (Bruin Biometrics, 2014). The SEM
scanner displays a score (standard deviation) that can be calculated as
the difference between the highest and the lowest readings, and a score
≥0.5 indicates possible tissue damage (Moore et al, 2016). A study by
Clendenin et al (2015) showed, after taking more than 3000 SEM scanner
readings from a sample of 31 healthy volunteers, good agreement
between operators with mean differences ranging from -0.01 to 0.11. Also
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of note in the Clendenin et al (2015) study was that the inter-operator and
inter-device reliability exceeded 0.80 in all anatomical sites.
From the results obtained by Molloy (2015), 62% (n=18) of participants
were considered to be at high, or severe risk by the Braden Scale, while
the Waterlow Scale identified 79% (n=23) of participants as being high, or
very high risk of pressure ulcer development. Of interest was the fact that
overall agreement between Braden and Waterlow occurred in only 48%
(n=14) of the cases, whilst in the reminder of the cases there were
discrepancies in participants scores between Braden and Waterlow.
Another interesting aspect in this study is the fact that scores for both
scales remained constant over the 4 week period. Examining the results
presented further, weekly mean Braden scores varied from 12.34 to 12.18,
and, Waterlow scores varied from 16.86 to 17 thus, scoring participants as
being at high risk. However, if standard deviations were equated the
scores for some patients would indicate that there were not at risk of
pressure ulcer development.

In relation to the SEM measurements results, from the 29 participants,
Molloy (2015) found that 90% (n=26) had at least one high SEM reading,
54% (n=16) of these had high SEM readings in different anatomical areas
and 15% (n=4) had SEM readings in two anatomical locations for 3
consecutive days. A total of 1,339 VSA were recorded, of these 2.6%
(n=35) were abnormal and included blanchable erythema, pressure ulcer
stage 1 and 2. Abnormal VSA occurred in 41% (n=12) of participants. Of
all 29 participants, 14% (n=4) were reported to have developed pressure
ulcers. However, one participant had visual signs of blanchable erythema,
which is not classified as pressure ulcer damage. Three pressure ulcers
developed in the sacrum two stage 1 (one reverted to blanchable
erythema) and one stage 2. For these participants who developed
pressure ulcers SEM readings were high from two to three consecutive
days for two of the participants. But for the participant with a stage 2
pressure ulcer only one high SEM reading was identified. One other
participant had persistent high SEM readings with persisting blanchable
erythema. In all these 4 cases the majority of both SEM readings and VSA
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identified skin changes. In terms of correlation analysis in this study, there
was no correlation between SEM and the Waterlow scale (r=.095, p=.624),
and there was a low negative correlation between SEM and Braden (r= .234, p=0.222), but this was not statistically significant. In this study, it is
important to highlight that where SEM measurement was high, some of
the participants went on to developed pressure ulcers.
O’Connor (2016) explored the prevalence of pressure ulcers in an acute
hospital setting and examined the value of using three different methods of
pressure ulcer prevalence measurement, namely the Waterlow Scale,
SEM measurement and VSA. For this study, 31 participants undergoing
surgery that stayed in hospital for at least 24 hours and gave their consent
were included. Data were collected using the Waterlow Scale, the SEM
ScannerTM and VSA based on the EPUAP classification system on the
sacrum, right/left shoulder and right/left heel. Pain was also assessed at
each anatomical site using the universal pain scale. The data collection
schedule was repeated daily for 3 days. From the 31 participants, 67.7%
(n=21) were under the age of 65; 64.5% (n=20) were elective surgical
patients and 35.5% (n=11) were admitted through the emergency
department. In this study the overall Waterlow score classified 93.5% of
the participants as being at low risk. Interestingly, the sub-heading mobility
was the only one where scores differed, as participants were mobile
before surgery and became immobile after it.
In relation to SEM measurements, O’Connor (2016) found that a total of
16 patients had elevated SEM, in some patients this happened for 2 or 3
days consecutively. Of interest is the fact that the majority of high SEM
measurements occurred on the day after surgery, which was also the day
when Waterlow scores identified participants as being immobile. From the
31 participants only 6.4% (n=2) had stage 1 pressure ulcers in the sacrum
according to VSA. This represents pressure ulcer prevalence as identified
through VSA. According to SEM readings pressure ulcer prevalence was
51.4%.
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Two other studies (Bates-Jensen et al, 2017; Bates-Jensen et al, 2017a)
have been published on SEM measurement and its capacity to detect
pressure ulcer damage. In the first study (Bates-Jensen et al, 2017)
focused on the relationship of SEM measurement and pressure induced
tissue damage at the heels, on 417 participants over a period of 16 weeks.
Braden scores were assessed at study entry and then monthly, VSA and
SEM measurements were done at baseline and then weekly. Both VSA
and SEM measurements were done only for both heels. SEM was
measured using the Delfin MoistureMeter D (Delfin Technologies, LTD,
Greenwich, Connecticut) dermal phase meter.

In this study (Bates-Jensen et al, 2017) participants mean age was 76.5
years (±14.8), their Braden mean score was 15.6 (±3.6), and 68% (n=283)
of participants needed assistance to mobilise. Overall heel pressure ulcer
incidence, for erythema and all pressure ulcers stages, was 76% (n=318)
over the 16 weeks. Incidence of only pressure ulcers all stages was 30%
(n=126), with 5% (n=21) being pressure ulcers stage 2+, and 25% (n=105)
stage 1. Of these, 105 stage 1 heel pressure ulcers, 98 progressed to
pressure ulcer stage 2 and greater. From the 417 participants 5% (n=21)
developed 24 heel deep tissue injuries.

The authors (Bates-Jensen et al, 2017) found that SEM measurements did
not differ between the right and left heel over the study period for those
participants with no heel damage present. As skin damaged increased,
SEM measurements also increased, but the variance in the readings from
normal skin to damaged skin was small. Taking the right heel as an
example, SEM readings were as follows: normal skin 29.07 (±6.91),
erythema 30.79 (±6.72), pressure ulcer stage 1 29.83 (±7.95), pressure
ulcer stage 2+ 28.03 (±9.08) and DTI 25.69 (±7.66). Interestingly, was that
SEM reading for both heels was lower for DTI (right heel SEM=
25.69±7.66; left heel SEM= 27.58±7.66), when compared to normal skin
(right heel SEM= 29.07±6.91; left heel SEM= 28.85±6.82) (p=0.007). One
would expect that SEM measurement would be higher for DTI when
compared to normal skin. However, DTI SEM readings for both heels were
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lower compared to the other pressure ulcer classifications. According to
Bates-Jensen et al (2017) the lowers reading for DTI could be associated
with the fact that the tissue has become necrotic and there is less blood
flow to the area and possibly less water/fluid is present. Although, their
analysis did not look at necrotic tissue or DTI, Mayrovitz et al (2013), found
that reduced blood vascular volume was associated with reduced tissue
dielectric constant and thus SEM measurement (p=0.003), and an
increase in blood vascular volume meant an increase in SEM
measurement (p<0.001). In this study, Bates-Jensen et al, (2017) found
that SEM measurement was statistically significant for the detection of
pressure ulcer stage 1, as well as for detecting future pressure ulcer stage
1 and DTI.

In terms of SEM sensitivity and specificity, Bates-Jensen et al (2017),
found the following:
x For SEM values of 29 or above for stage 1 pressure ulcers,
sensitivity was 58.6% and specificity 47.2%, correctly predicting
47.6% of outcomes (area under the curve (AUC)= 0.53), in the right
heel. For the left heel sensitivity was 60.8% and specificity 47.5%,
correctly predicting 48.1% of outcomes (AUC= 0.54).
x For SEM values of 27 and below for DTI, sensitivity was 49.3% and
specificity 65%, correctly predicting 65% of outcomes (AUC= 0.57),
in the right heel. For the left heel sensitivity was 48.3% and
specificity 63.4%, correctly predicting 63% (AUC= 0.56).

From the results it is possible to see that SEM sensitivity, correct
identification of pressure ulcer stage 1 in both heels, was higher than
specificity. The AUC for both heels did not show a good result questioning
the accuracy of SEM measurement in how well it identified those with or
without pressure ulcers stage 1 in this study. In relation to DTI specificity
was higher, indicating good ability in identifying those without DTI, but
again the AUC results were poor. These values were not discussed by the
authors in great detail.
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A last analysis made by Bates-Jensen et al (2017) was related to the
progression of DTI’s. Most DTI’s persisted (55%, n=22), 25% (n=10)
progressed to full thickness loss and 20% (n=8) resolved either into
erythema or normal skin. SEM measurement was higher for DTI sites that
resolved than for those that progressed or persisted and mean SEM
measurement was found to be elevated the week before the DTI was
identified. In general, this study shows the potential that SEM
measurement has in identifying skin damage that either progresses, or
resolves, and also is able to identify damage a week earlier than VSA for
DTIs.

The same data collection method was used by Bates-Jensen et al (2017a)
as this study was part of previous work, and its purpose was to establish
the detection of pressure induced tissue damage on the trunk area
(sacrum and right and left ischial tuberosity), using SEM measurement. In
this study there was a particular focus on differences between dark and
light skin tones. From the 417 participants, the mean age was 76.5 years
(±14.8), Braden mean score was 15.6 (±3.6), and 68% (n=283) of
participants needed assistance to mobilise. Only one participant
developed a DTI in the sacral area, over the 16 week period. Overall
pressure ulcer incidence for erythema and all pressure ulcers stages was
52% (n=216), for only pressure ulcers all stages it was 46% (n=192), with
21% being pressure ulcers stage 2+ and 33% stage 1. Participants with
lighter skin tones had higher rates of erythema and stage 1 pressure ulcer
when compared to darker skin tones.

From the analysis Bates-Jensen et al (2017a) found that age, Braden
score and functional status were highly correlated with the presence of
visual skin damage (r=.79, p<0.001). Looking at anatomical sites, visual
skin damage in sacrum was correlated with age and Braden score, whilst
for the ischium, age and functional status were correlated. Adjusting for
age and Braden score, and considering only participants with medium and
light skin tones, SEM measurement was statistically significant in the
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prediction of stage 2+ pressure ulcers one week earlier than VSA, but this
was not the case for pressure ulcers stage 1.

The authors (Bates-Jensen et al, 2017a) analysed different SEM
measurement threshold values of 39, 41, 43 and 45 for damage detection.
x SEM measurement value of 43 had the best sensitivity at 37.5%,
and best specificity at 77.7% and correctly predicted 74.7% of the
outcomes with AUC=0.57. This was only for predicting stage 1+
sacral pressure ulcer.
x SEM measurement value of 39 had a sensitivity of 53.9% and
specificity of 59.5% (AUC= 0.56).
x SEM measurement value of 41 had a sensitivity of 42.5% and
specificity of 65.5% (AUC= 0.54).
x SEM measurement value of 45 had a sensitivity of 28.6% and
specificity of 84.7% (AUC= 0.56).

All the values for AUC are on the lower spectra which once again raises
question on SEM measurement accuracy. Interestingly though the authors
only do this analysis for the sacral area and stage 1+ pressure ulcers.
Furthermore, no reasoning is given on the choice of SEM measurement
threshold values.

The authors (Bates-Jensen et al, 2017a) final analysis was on whether
SEM measurement threshold values of 39 and 43 were able to identify
erythema and pressure ulcer stage 1+ the week before when compared to
VSA. SEM measurement at 39 would identify 41% of damage and at 43,
27% of damage, while only 23% of visual observations displayed damage,
thus showing the potential of SEM measurement in early pressure ulcer
damage detection.

Another study was a systematic review (Oliveira et al, 2017) of the
accuracy of SEM, thermography and ultrasound in pressure ulcer
prediction, with some of the studies included that have already been
described here. In this review of a total of 3,692 records identified and
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2634 records screened, 4 studies were included for SEM measurement
analysis, one for thermography and 5 for ultrasound. From the analysis of
these studies the authors concluded that in terms of studies
methodological quality some issues were highlighted in relation to sample
size, inclusion and exclusion criteria, selection, detection, reporting and
performance bias, informed consent, external validity and report of
confounding factors. All these aspects can impact on how results are
generalised and their appropriateness to be used in practice. Furthermore,
due to the significant heterogeneity of studies, meta-analysis was not
possible. From the analysis of the different studies it was possible to
conclude that more evidence was needed in relation to thermography and
its ability for pressure ulcer detection, although this method was more
likely to detect individual at risk of pressure ulcer development when
compared to the Braden Scale. Ultrasound was a method that allowed for
the identification of pockets of fluid at different levels of skin layers that
were comparable to damage. SEM measurement was also a method that
allowed for the early detection of skin damage with higher SEM readings
associated with higher skin damage. SEM measurement was also able to
predict skin damage that only became visible a week later. Both SEM
measurement and ultrasound were identified as important methods in
early skin damage detection.

The studies by Kim et al (2018a) and Park et al (2018) have been
published on SEM measurement capacity to detect early pressure ulcer
damage. The first study (Kim et al, 2018a) set out to explore the
relationship between SEM measurement and VSA in identifying early
stage pressure ulcer in a nursing home population, where 25 participants
were followed-up for a period of 12 weeks. SEM measurement and VSA
were measured on buttocks, ischial tuberosities, trochanters, sacrum, and
coccyx for each participant once a week. The second study (Park et al,
2018) set out to examine the relationship between SEM measurement and
VSA in identifying pressure ulcer in jaundiced patients. For this study 22
participants were followed-up for 6 weeks and SEM measurement and
VSA measures were done on both buttocks, ischial tuberosities,
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trochanters, sacrum, and coccyx for each participant once a week. In both
studies the NOVA Petite (NOVA Technology Corporation, 75 Congress St,
Portsmouth, New Hampshire, USA) dermal phase meter was used. This
phase meter has a wand that is placed on the skin for 5 seconds and
reads the impendence value of the skin in DPUs. The DPU value ranges
from 0 to 999 and has and arbitrary and relative unit, higher values
indicate higher SEM measurement.

In the study by Kim et al (2018a) participants mean age was of 81.2 years,
86.2% were female, 65.5% had dementia, the mean hospitalisation time
were 888 days (2.4years) and 13.8% had a history of pressure ulcer. The
Braden scale identified 34.8% of participant as being at high risk of
pressure ulcer development. A total of 2,612 measurements were done
with SEM, with 36 observations occurring with blanchable erythema and
stage 1 pressure ulcer occurred in 6 observations. The anatomical site
where more damaged was observed, both blanchable erythema and stage
1 pressure ulcer, where both trochanters. SEM measures for stage 1
pressure ulcer was statistically significantly higher than when no injury or
blanchable erythema were present (left trochanter p<.001, right trochanter
p=.004 higher). The difference in DPUs between stage 1 pressure ulcer
and blanchable erythema and no injury were of more than 200 points for
the right trochanter and 120-180 points for the left trochanter. Kim et al
(2018a) tried to compare the dependent variable VSA with the
independent variable concurrent and 1week prior SEM measurement
values. Also they considered in their analysis the covariates anatomic site,
Braden scale score, age, sex, diabetes, cerebrovascular accident,
hypertension and dementia. Due to the low frequency of skin damage in
the buttocks, ischial tuberosities and coccyx these were not included in the
analysis. The authors found:
x Mean concurrent SEM measurement values of normal skin,
blanching erythema and stage 1 pressure ulcer were 216.3, 232.3,
and 387.6 respectively at sacrum and both trochanters (p=.013);
x Blanching erythema to normal skin odds ratio was 1.003 (p=.047)
by 1 point increase of 1 week prior SEM value;
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x Erythema to normal skin odds ratio was 1.004 (p=.011) by 1point
increase of concurrent SEM value;
x Stage 1 pressure ulcer to the combined status of normal skin and
blanching erythema odds ratio was 1.003 (p=.005) by 1point
increase of 1 week prior SEM value;
x Odds ratio for concurrent SEM value was 1.007 (p=.030);

The authors also calculated the odds ratios of skin damage level by the
increases in SEM units of 20, 50 and 100:
x The odds ratios of blanching erythema to normal skin were 1.08,
1.22, and 1.48 times by the increase of 20, 50, and 100 units
respectively;
x The odds ratios of stage 1 pressure ulcer to combined status of
normal and blanching erythema were 1.16, 1.44, and 2.08 times by
the increase of 20, 50, and 100 units respectively.

From the model analysis the authors did not report on the influence of the
covariates for the model, yet it would be of interest to understand how
Braden scores related to SEM measurement and VSA. The authors
concluded that SEM measurement predicted skin damage that only
became visible one week later and also suggest its use in clinical practice
for more effective pressure ulcer prevention.

In the study by Park et al (2018) participants mean age was 70.5 years,
54.6% (n=12) were male, and the two primary medical diagnosis of the
participants were 41% (n=9) hepatobiliary cancer and 41% (n=9)
pancreatic cancer. In relation to the stage of pressure ulcers that
developed among the sample population, 45.5% (n=10) of cases were
only blanching erythema, 22.7% (n=5) of cases were blanching erythema
and stage 1 pressure ulcers, and 13.6% (n=3) of cases were blanching
erythema and stage 2 pressure ulcer. In this study Braden scale identified
86.4% (n=19) of participants as being at high risk of pressure ulcer
development. A total of 924 SEM measurements were taken, and of these
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measurements 196 were from blanching erythema and 19 were stage 1
pressure ulcer. SEM values for stage 1 pressure ulcer were 208.7±76.5
units, for blanching erythema were 164.8±107.5, and for normal skin were
115.9 ± 32.6 units (p<0.001). In terms of anatomical location of observed
skin damage, there were 54 cases at the sacrum and 14 and 15 cases at
the left and right ischia, respectively, of blanching erythema. There were
19 cases of stage 1 pressure ulcers observed in the sacrum. The SEM
values for stage 1 pressure ulcer were 60–80 points higher than that for
normal skin or blanching erythema at the sacrum and coccyx (p<0.001). At
the buttocks, both ischial tuberosities, and the left trochanter, SEM values
with blanching erythema were 40–106 points higher than that in normal
skin (p≤0.001).
Remarkably and considering that blanchable erythema is not classified as
pressure damage, the authors in the study were concerned with
determining the usefulness of SEM measurement as an indicator of skin
damage in blanching erythema. This is of interest if one considers that if
pressure is sustained blanchable erythema could potentially develop into
non-blanchable erythema and stage 1 pressure ulcer. For this they did a
model analysis, with blanching erythema as the independent variable, and
adjusted for pressure ulcer risk states (Braden scale score ≤18), and
anatomic site. They found that odds ratio for SEM measurement in
blanching erythema was statistically significant with the covariates
adjusted. Blanching erythema odds ratio was 1.016 (p<0.001) with a 1
point increase over the concurrent SEM value. Also, the authors noted that
when SEM measurement increases by 50 to 100 points, the risk of
blanching erythema was 2.248 or 5.053 times higher, respectively. In
terms of anatomical location, there was a statistically significant higher risk
of blanching erythema (6.277 times) at the sacrum (p<0.01) than at the left
greater trochanter, with a crude odds ratio for blanching erythema of 1.015
(95% CI: 1.004 to 1.026) with 1 point increase of the previous week’s SEM
measurement. The odds ratio for blanching erythema were statistically
significant when the pressure ulcer risk status was adjusted for sacrum,
coccyx, ischial tuberosities, and left trochanter (p<0.05). The authors from
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all their analysis concluded that in their sample of patients with jaundice,
SEM measures were associated with concurrent skin damage, particularly
blanchable erythema.

A recent study by Gefen and Gershon (2018) had two objectives, one was
to explore if SEM measurements were consistent with ultrasound
examinations in assessing subdermal tissue damage. The second
objective was to test the hypothesis that SEM scanner measurements
precede VSA in alerting healthcare professionals to the onset of pressure
ulcers and DTI and if it also precedes ultrasound. In this study participants
were recruited to one of four groups. Group 1 included participants at risk
(as determined by the Braden Scale) of pressure ulcer and DTI that had
no evidence of damage at study entry; group 2 included participants with
an existent stage 1 pressure ulcer; group 3 included participants with DTI;
and group 4 (control group) included participants without tissue damage
and that were not at risk. Participants recruited from a post-acute care
centre with high proportion of elderly patient were assessed daily for a
minimum of 3 and a maximum of 10 consecutive days. A nurse practitioner
recorded VSA, a physician recorded SEM measurements 6 at the sacral
area and 4 at the heels, and an ultra-sonographer collected ultrasound
images on the same day as SEM measurements were taken but at a
different time. For this study a convenience sample of 15 participants with
a mean age of 74 years was included. In group 1 all participants had SEM
readings ≥ 0.6 for two consecutive days in at least one anatomical location
and only one patient developed a DTI. This patient who developed a DTI
in the left heel had SEM measures that were elevated since the first
assessment day onwards. VSA only flagged damage on day 3 and
ultrasound found mild structural changes on the first assessment day, with
hypoechoic lesions, typical of DTI being noticeable only on day 4. By day
9 and 10 the DTI appeared to have resolved as per VSA, probably due to
the pressure ulcer management measures put in place, which were
started on the first day of abnormal SEM measurement. Abnormal SEM
and ultrasound remained present until day 10 of follow-up. Another finding
occurred in group 3 were 3 participants with existent DTI had abnormal
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ultrasound images and SEM measurements for 2 consecutive days,
showing agreement between these two assessment methods. However,
this same agreement did not occur with VSA.
Although, the findings in this study are very important to highlight the
potential of SEM measurements for early pressure ulcer damage detection
and prevention, the sample was very small and specific patients were
chosen for the different groups, limiting greatly the external validity and
generalisations that can be made.

Another recent study (O’Brien et al, 2018) set to explore the relationship
between nurses’ visual skin assessment and SEM measures in the
detection of early pressure ulcer damage. Data were collected daily for a
period of 4 weeks, in the sacrum and right/left heel, using the SEM
Scanner TM, from 47 participants in an acute hospital. The Norton scale
total score and mobility and activity status was also assessed for each
participant. Of the 47 included participants, 61.5% (n=29) were female and
38.3% (n=18) were male, with a mean age of 74.7 years. O’Brien et al
(2018) found that the mean Norton score among participants was 12 (min
8, max 17), indicating a medium risk of pressure ulcer development. In
relation to mobility status, the majority of participants presented with
slightly limited mobility (39%; n=18), 36% (n=17) were immobile and 25%
(n=12) had very limited mobility. In terms of activity, 43% (n=20) of
participants required assistance to mobilise, while 36% (n=17) were chair
bound and 21% (n=10) were bedfast. Focusing on the results for nurses’
visual skin assessment, 372 assessments were undertaken with 40%
(n=19) of the participants showing signs of abnormal skin. Among these
19 participants 21 stage 1 pressure ulcers developed, with the most
common anatomical location being the sacrum (81%, n=17). The mean
number of days it took for nurses to detect skin damage was 2 days to 11
days (Ȋ 5.5 ± 2.5).
In terms of SEM measurement, a total of 1,018 SEM measures were
taken, with abnormal SEM deltas (≥0.5) occurring in 66% of participants
(n=31). Of the 31 elevated SEM deltas, 22 participants had elevated SEM
deltas for 1 anatomical site only, 8 had elevated SEM deltas for 2 and only
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1 patient had elevated SEM deltas for all 3 anatomical sites. In terms of
location of elevated SEM deltas, 59% occurred at the sacrum, 29% at the
left heel and 12% at the right heel. The day of early pressure ulcer
detection for SEM readings ranged from 1 to 8 days (Ȋ 2.1 ± 1.9).

Considering that VSA is the gold-standard for pressure ulcer detection
O’Brien et al (2018) calculated correlations between VSA and the SEM
delta values per anatomical site. There was a strong correlation for the
sacrum (r=.65), medium for the right heel (r=.43) and low for the left heel
(r=.23). The correlation between nurses’ VSA and SEM measurements for
patients who developed subsequent stage 1 pressure ulcers was r=.47
(p=0.001), demonstrating a medium correlation between nurses’ VSA and
SEM measurements. Also, where VSA identified a pressure ulcer, SEM
deltas were elevated, indicating early pressure ulcer damage. In relation to
the time it took to detect early pressure ulcer damage this differed
between VSA and SEM measurement, with the mean time to detection for
nurses’ VSA being 5.5 days (±2.5), whereas for SEM measurement it was
1.5 days (±1.4). These findings show that SEM measurement detects
tissue damage 4 days before it is identified by nurses’ VSA.

The authors carried out a sensitivity and specificity analysis of SEM
measurement. Considering that 47 patients were assessed for pressure
ulcers on 3 anatomical sites, 141 pressure ulcer assessments were carried
out over varying lengths of follow-up (Range 2–20 days, Ȋ7.8 ± 4.2). The
comparison of SEM deltas with VSA yielded a sensitivity score of 100.00%
(CI 95%, 83.9%-100%) and specificity of 83.3% (CI 95%, 5.4%–89.5%).
These values show a good predictive validity of SEM measurements.
Two previous studies (Bates-Jensen et al, 2017; Bates-Jensen et al,
2017a) also explore the predictive validity of SEM measures, by
comparing it with VSA. In these studies sensitivity and specificity were
given for different SEM values, as these studies used a different device to
measure SEM. When comparing all studies O’Brien et al (2018) shows
better sensitivity and specificity. Nonetheless, specificity values among the
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studies are within the same range, with the lowest being 47.5% (BatesJensen et al, 2017) and the highest 83.3% (O’Brien et al, 2018). However,
it is difficult to compare SEM measurement predictive validities among
these studies because, the devices used and number of participants
assessed is too disparate.

In the last study Raizman et al (2018), set to explore the clinical utility of
using SEM measurements in practice and for informing interventions. The
authors compared outcomes from standard preventive practices with
those supplemented by information from SEM measures. This study was
conducted in two phases, with participants being assessed five times per
week for 1 month or until discharge. SEM measures and other
assessments were only done at the sacrum and both heels. In phase 1,
patients received standard care and SEM measures were taken but were
not used to inform interventions. In phase 2 the results from SEM
measurements in conjunction with risk assessment scores were used to
guide appropriate interventions and care planning. In phase 1 of the 89
included participants 55% (n=49) were female, the majority of participants
were >60 years old, and 13.5% (n=12) developed pressure ulcers. In
phase 2 of the 195 scanned patients, 1% (n=2) developed pressure ulcers.
According to the authors, the demographic characteristics of participants
in phase 2 are similar to those of phase 1, and the difference in pressure
ulcer incidence between both phases suggests a 93% reduction of
pressure ulcer incidence. This is attributed to the fact that SEM deltas
were incorporated in participants’ assessments and care planning.
Although, this study shows that SEM measurements have a positive
impact on pressure ulcer reduction, both groups were not necessarily
comparable, which could have impacted on the results obtained.

3.3. Methodological quality of studies reviewed
The majority of the studies reviewed here (Bates-Jensen et al, 2007;
Bates-Jensen et al, 2008; Bates-Jensen et al, 2009; Guihan et al, 2012;
Harrow and Mayrovitz, 2014; Molloy, 2015; O’Connor, 2016; Oliveira et al,
2017; Gefen and Gershon, 2018; Kim et al, 2018a; O’Brien et al, 2018;
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Park et al, 2018) had small sample sizes, and most did not report on
sample size calculation. In relation to the sample size this is an important
aspect when considering the methodological quality of studies as the
sample should try to represent a subset of the population, in order for the
results to be generalizable (Watson et al, 2008). Only Molloy (2015)
reported on a power calculation to obtain the sample size for the study,
this is necessary to determine the minimum sample required for the study
to be able to detect an effect (Gerrish and Lacey, 2010). The studies by
Bates-Jensen et al (20017), Bates-Jensen et al (2017a) and Raizman and
Raizman et al (2018) had large sample sizes however, the authors do
explain how sample size was calculated, and did not mention the power
they were interested in, which could introduce limitations in the
generalizability of the results.

Some studies (Bates-Jensen et al, 2007; Bates-Jensen et al, 2008; BatesJensen et al, 2009; Guihan et al, 2012; Bates-Jensen et al, 20017; BatesJensen et al, 2017a; Kim et al, 2018a; Park et al, 2018; Raizman et al,
2018) did not report on inclusion and exclusion criteria, this is a necessary
aspect of research as the sample needs to reflect and be relevant to the
research question under investigation (Gerrish and Lacey, 2010; Polit and
Beck, 2010). Additionally, if no inclusion and exclusion criteria are
reported, it is difficult for studies to be replicated, an aspect that allows for
better insight to be drawn on the subject under study. The studies by
Gefen and Gershon (2018) and O’Brien et al (2018), reported on inclusion
and exclusion criteria.

Most of the studies were observational and descriptive (Bates-Jensen et
al, 2007; Bates-Jensen et al, 2008; Bates-Jensen et al, 2009; Guihan et al,
2012; Harrow and Mayrovitz, 2014; Molloy, 2015; O’Connor, 2016; Gefen
and Gershon, 2018; Kim et al, 2018a; O’Brien et al, 2018; Park et al,
2018), there was a systematic review (Oliveira et al, 2017) and three
studies do not clearly identify the design employed (Bates-Jensen et al,
20017; Bates-Jensen et al, 2017a; Raizmand et al, 2018). Reporting on
the study design is necessary, to ensure that the appropriate methods are
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being employed to answer the research question (Atkins et al, 2004). The
observational descriptive study design used by the authors is relevant as it
allows for a description of the phenomenon of study SEM measurement
and its relationship to other assessment methods as well as its ability to
identify early pressure ulcer damage.

Two other issues were identified in the majority of the studies (BatesJensen et al, 2007; Bates-Jensen et al, 2008; Bates-Jensen et al, 2009;
Guihan et al, 2012; Harrow and Mayrovitz, 2014; Molloy, 2015; O’Connor,
2016; Bates-Jensen et al, 20017; Bates-Jensen et al, 2017a; Gefen and
Gershon, 2018; Kim et al, 2018a; O’Brien et al, 2018; Park et al, 2018;
Raizman et al, 2018) and are related to the external validity and to
confounding factors. In relation to external validity, because most of the
studies did not report on inclusion and exclusion or sample size calculation
it is not possible to make generalisation to the wider population. In relation
to confounding factors it is important researchers consider if the effect
achieved are due to the variable under investigation or the effects arose
due to another pre-existing variable. Harrow and Mayrovitz (2014) in their
study suggest that the position and time an individual area to be assessed
is under pressure prior to assessment can be a confounding variable.
Another confounding variable that needs to be considered is the
application of creams. Considering skin membrane electrical impedance
properties change depending on the skin water gradient and this is
influenced by changes in skin hydration, changes in skin hydration can
thus occur due to the occlusion effect of creams (Björklund et al, 2013),
which could over or underestimate, SEM readings. Another example of
accounting for confounding factors is that in the study of Bates-Jensen et
al (2017a) where the authors’ report that SEM measurement of sacral
areas was done only after incontinence care was given and area patted
dry. The issues addressed here are of extreme importance as research
needs to obey a strict process to achieve meaningfully data that can
inform practice and help in the understanding of SEM for the early
detection and consequent early prevention of pressure ulcers.
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From all that has been discussed, despite the fact that the studies present
with some methodological issues, all have been trying to explore the role
of SEM measurement in early pressure ulcer prevention. High SEM
readings were identified through the studies and were subsequently
matched with the development of pressure ulcers that became visible a
week later. High SEM readings are associated with increased tissue water
content that results from the pathophysiologic pathway of injury and that in
the present case is related to unrelieved mechanical loading. When
compared with VSA, nurses’ visual assessment, Braden and Waterlow
scales, SEM measurement was able to identify individuals at risk of
subsequent visible pressure ulcer development. In one of the studies
(Molloy, 2015) it was interesting to see that the Braden and the Waterlow
scale scores remained constant over the follow-up period, suggesting that
the participants condition also remained unchanged. However, over the
same period SEM values changed as a reaction to their improving or
deteriorating health status or to any interventions put in place for pressure
ulcer prevention (Moore et al, 2016).

Considering the growing body of research on the measure of subepidermal moisture through surface electrical capacitance, it is necessary
that SEM measurement is further explored to consolidate the evidence
around it. The majority of the studies focus on individuals in nursing
homes and medical wards, two studies looked at medical and surgical
patients (O’Brien et al, 2018; Raizman et al, 2018) and one study looked
at the surgical population only (O’Connor, 2016). However the small
sample and the short period of time for data collection only allowed for
some initial evidence to emerge. From the study of O’Connor (2016),
where the majority were elective surgical patients with no mobility issues, it
is interesting to see that, the prevalence of pressure ulcers according to
SEM measurement was 51.4%, and some went on to develop visible
pressure ulcers. Considering a high number of individuals going for
surgery are mobile and have no signs of pressure damage pre-operative,
however during surgery are immobile and may have reduced mobility
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post-operative SEM measurement may be a promising alternative to
traditional risk assessment in the surgical population.

3.4. Summary and Conclusion
3.4.1. Summary
Pressure ulcers are areas of skin damage that develop as a consequence
of pressure alone, or pressure in conjunction with shear. These two forces
act upon the skin and underlying tissue. Due to their duration and
intensity, different causal pathways are triggered causing tissue injury and
a cascade of processes that lead to an increased cell permeability and, if
pressure and shear are not relieved, cell death. This in turn leads to an
inflammatory response that causes an increase in the water and fluid
content of the tissues. The skin presents with some normal water content,
to maintain hydration, with is also known as sub epidermal moisture
(SEM). Sub-epidermal moisture can be assessed with the use of electric
or electromagnetic devices that measure surface electrical capacitance,
which can be determined by the impedance of the skin to electrical forces,
and thus can reflect oedema and water content. The higher the water
content the faster the signal emitted travels and is then reflected back and
gives a measure of the SEM. SEM measurement has been researched as
a new method for the early pressure ulcer damage identification. High
SEM readings are associated with tissue damage and the early onset of
pressure ulcers stage 1. SEM measurement when compared to visual skin
assessment was able to identify damage that only became visible one
week later. Although, there were some issues with the studies
methodologies, results shown that SEM measurement might be a tool in
the prevention of pressure ulcers.

3.4.2. Conclusion
SEM is a novel method being tested in practice to help identify the
inflammatory stage of tissue damage where the water/fluid content are
increased and thus surface electrical capacitance can be measured. SEM
measurement, using electrical and electromagnetic devices, is promising
in identifying early tissue damage. SEM measurement has proved its
117

potential in recognising damage that only becomes visible one week after
and high SEM readings have shown to be intrinsically associated with
tissue damage and early pressure ulcer damage development. Thus, for
its objective assessment and biophysical measure of what is happening
beneath the skin surface, SEM measurement, when compared with visual
skin assessment and risk assessment scales, can be more useful in
detecting early pressure ulcer damage development.

It is important to highlight that it may be far more useful to detect
biophysiological responses to pressure and shear, then to determine if
patients are at risk, considering that risk assessment scales are inherently
flawed and there are too many and too many disparate risk factors among
the literature. Thus, SEM measurement provides factual information that
can be used to employ more effective prevention strategies to prevent
further tissue deterioration and damage, which leads to pressure ulcers.
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Chapter 4: Literature
Review Summary and
Conclusion
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4.1. Summary
The incidence of pressure ulcers in the surgical care setting varies
between 1.3%-54.8%, and prevalence has been reported at 8.5% and
10.7%. Pressure ulcers are a significant cost for the healthcare system,
related to both preventive and treatment measures. Also, pressure ulcers
have a cost for the individual from a financial, social, and psychological
perspective. Given the significant morbidity and mortality associated with
pressure ulcers, including the impact on the health service it is imperative
that pressure ulcer incidence and prevalence are actively combated.

The skin structure protects underlying tissues from external factors.
However, when tissues are subject to pressure, or pressure/shear,
damage can occur, and a pressure ulcer may ensue. Pressure ulcers
develop as a consequence of different mechanisms that occur under the
skin, and that are dependent on the intensity and duration of pressure and
shear. The different mechanisms which lead to the development of
pressure ulcers are; ischaemia, ischaemia-reperfusion injury, impaired
lymphatic function and cell deformation. These processes occur in the
tissues exposed to sustained pressure and shear forces, which then leads
to tissue damage and cell death.

Tissue damage can involve different skin layers and depending on how
superficial, or deep they are, they can be classified in different stages. The
most commonly used classification system is the NPUAP/EPUAP/PPPIA
(2014). Although, classification systems are often used in practice, it is
interesting to note that the inter-rater and intra-rater reliability of some of
the classification systems are low, making it difficult to recommend the use
of a specific one for practice.

Pressure, or pressure and shear act on the tissue and skin triggering
tissue injury and a cascade of processes that lead to an increased cell
permeability and death (should pressure/shear not be relieved). From this,
an inflammatory process ensues causing an increase in the water and
fluid content of the tissues. Skin naturally presents with some water
120

content to maintain hydration, which is also known as sub-epidermal
moisture (SEM). Sub-epidermal moisture can be assessed using electric
or electromagnetic devices that measure surface electrical capacitance.
Surface electrical capacitance can be determined by the impedance of the
skin to electrical forces, and thus can reflect oedema and water content of
tissues. The higher the water content, the faster the signal emitted travels
and is then reflected back giving a measure of SEM.

SEM measurement has been researched as a new method for the early
pressure ulcer damage identification, with high SEM readings being
associated with tissue damage and the early onset of pressure ulcers
stage 1. SEM measurement has also, when compared to visual skin
assessment, identified damage that only became visible one week later.
Thus, the use of SEM measurements in the surgical care setting is
important to understand if individuals after surgery present with
biophysiological signs of early tissue damage, which, if detected may be
more useful in the planning of strategies aimed at preventing deterioration
of the early pressure ulcer damage.

4.2. Conclusion
Pressure ulcers result from sustained, unrelieved, compressive forces, or
pressure associated with shear. It is clear that pressure ulcers are a
significant, real and never solved problem that has a negative impact on
the healthcare system, society and the individual. The challenge for the
surgical population is that surgical patients who enter the healthcare
system are normally pressure ulcer free, but often become victims of this
largely preventable health problem. Thus, to reduce the probability of
visual pressure ulcer development, it is necessary to develop strategies
that will help recognise adverse responses in an individual.

For this reason, and because the damage begins underneath the skin and
cannot be readily seen or risk assessed using visual methods, new
methods need to be developed and implemented in practice. One such
method is SEM measurement, which helps identify the tissue damage
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through measurement of the water/fluid content, where high water content,
is associated with inflammation and tissue damage. The potential of SEM
measurement lies in being able to identify a problem that has started but
may have its progression reversed. Within the surgical population this is of
significant importance, given that sustained immobility is unavoidable
during the surgical procedure. Thus, it may be of greater value not to ask
whether the surgical patient is at risk, because they clearly are. But, rather
ask are they having an adverse response to pressure and shear forces.
SEM measurement presents a potential to achieve this, however, given
that the research evidence for SEM measurement and the surgical
population is very sparse, this potential needs exploration and thus forms
the rationale for the current study.
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Section 3: Research Design
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Introduction
This section focuses on the methods employed within this research study.
It is divided in two chapters. The first chapter will give an analysis on the
importance of research for evidence-based practice. A brief outline of the
different research designs and characteristics will be presented. This will
then be followed by a last chapter where the research design for the
present study will be presented.
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Chapter 5: Methodological
underpinnings of Research
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5.1. Introduction
The focus of this chapter is on research and its importance for evidencebased practice. The discussion will include a debate around the
methodological underpinnings of research, as well as on the paradigms
that form the basis for the different research designs commonly used. This
discussion will be followed by a more in-depth analysis of the main
research designs used in research, with a focus on the quantitativequalitative debate. Within the research designs, the different methods that
can be used will be highlighted, leading to a rationale for the choice of
design for the current study.

5.2. Research, Nursing Research and Evidence-Based-Practice
5.2.1. Research
It is well established that pressure ulcers are a healthcare problem which
impacts on a number of levels: the individual and family level; the
healthcare system and its organisations level; and finally, the societal
level. Thus, considering that studies and reports (Franks et al, 2002;
Lindgren et al, 2004; Capon et al, 2007; Andersen and Karlsmark, 2008;
Gallagher et al, 2008; Gorecki et al, 2009; Dealey et al, 2012; Moore and
Cowman, 2012; Moore et al, 2013; NPUAP/EPUAP/PPPIA, 2014) have
shown that pressure ulcers are a burden, it is important that healthcare
professionals develop new knowledge and trial new methods that can help
in the treatment and prevention of pressure ulcers. This will in turn have a
positive impact on social gain and can also, with time, reduce the already
high incidence and prevalence of pressure ulcers.

The idea of using research to drive healthcare services forward is an
important one. Indeed, the WHO (2012) advocates that research is a
fundamental aspect to drive global health and implement policies and
strategies that will bring better health outcomes, globally. Research is a
process where a question that is relevant for healthcare practice is raised
and through the implementation of rigorous methods and analysis, an
answer is found, or perhaps more questions are raised (Gelling, 2015;
Quick and Hall, 2015). Normally the question arises from a difficulty in
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practice, or from the need to find more effective alternatives to the practice
currently in place. If we consider the present study, the current practice for
assessing patients for potential early pressure ulcer damage is based on
the use of visual skin assessment. Although, this assessment modality is
continually used, there is a significant problem with intra and inter-rater
reliability of visual skin assessment (Defloor et al, 2006; Beeckman et al,
2007). Thus, the incidence of severe pressure ulcers remains
unacceptably high, as such, there is a need to define and operationalise a
research question that will bring new relevant, knowledge on the topic. So,
the writer is trying to determine, if measuring SEM could be a valid and
applicable method in practice.

For research to be valid, it needs to follow a systematic process that can
be modified depending on the data and information that is being unearthed
(Watson et al, 2008; Gelling, 2015). Moreover, research sets to develop
new knowledge, on its own, or knowledge that as an applicability to
society (Watson et al, 2008). The research process is comprised of a
number of steps that include searching and analysing the relevant
literature pertaining to the research topic; setting the research question;
selecting the appropriate research design to answer the research
question; choosing the most relevant research method; acquiring ethical
and governance approval; undertaking a pilot study; sampling and
recruitment of participants; data collection; data analysis and finally
dissemination and implementation of findings, as relevant (Watson et al,
2008; Gerrish and Lacey, 2010; Gelling, 2015).

As it can be seen, the research process follows precise steps that should
allow the researcher to collect the necessary and relevant data to answer
the research question. Although, this seems to be a linear process that is
followed without critical input, the research process is a dynamic one
where, depending on the information that the researcher is gathering,
changes are made based on critical analysis of the findings (Gelling,
2015). One can then conclude that research is a necessary tool to be used
in healthcare practice, if this practice is to be developed.
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5.2.2. Nursing Research
Research is important for all disciplines and sciences and this is also the
case for nursing. The Nursing and Midwifery Board of Ireland (NMBI) in
their Code of Professional Conduct (2014) and Ethical Conduct in
Research (2015) stress the importance that research has for nursing and
for the delivery of care. Research is an essential aspect for every
practicing nurse, be it by engaging in actual research or by accessing it
and implementing research evidence in practice (NMBI, 2014, 2015).
Nurses, and other healthcare professionals, need to understand that their
training and education is not a singular event for life, instead, critical
enquiry and the search for continuous professional development is a
fundamental premise, to engage in safe healthcare practices (Department
of Health and Children (DoHC), 2008).

The premise that, research is a fundamental aspect to drive forward any
component of society be it education, economy or health, is present in
many of the State reports. For example, in 2001 the DoHC in their Quality
and Fairness, a health system for you, health strategy, highlighted the
importance of engaging in evidence-based-practice in the health system to
improve the care being delivered to the population. This incentivised all
healthcare professionals to engage in research, and proactively identify
any needs for further research within the healthcare system.

In 2003, the DoHC commissioned a Nursing and Midwifery Research
Priority Study. Results showed that nursing research was considered
paramount for the delivery of care. Nursing research, like any research, is
a process of enquiry where by using a systematic methodology, tries to
find the information and develop the knowledge for the nursing profession
(DoHC, 2003). Thus, nursing research, is focused in improving nursing
practice to deliver high-quality and safe care (DoHC, 2003). Furthermore,
nursing research can promote knowledge development and the
implementation of policies and practices that are cost-effective and safe
(DoHC, 2003). Through this, a better understanding of health trends
among different populations can be gained (DoHC, 2003).
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However, important nursing research is, there are still barriers that delay
the research process. In two recent studies (Johnston et al, 2016; Scala et
al, 2016) these barriers and probable facilitators have been identified.
Johnston et al (2016) in their qualitative study, through a focus group
interviewed 22 community and district registered nurses, on their
understanding of the barriers and facilitators for implementing research.
The main themes, and sub-themes identified were seen both as barriers
and facilitators for the implementation or engagement in research.

These were (Johnston et al, 2016):
x Keeping up to date with research
o Roles and responsibilities
o Attitudes, beliefs, and experience
x Using clinical tools
o Autonomy
o Supporting or restricting good practice
o (Tools) Design considerations
o Patients record systems
x Education and training
o Accessing training
o Style of training
o Qualities of educator/trainer
x Implementation
o Approval procedure by organisation
o Support and supervision
o Multidisciplinary work
o Time and resources
o Vulnerability (using one’s judgement)

In an integrative review of research and non-research papers published
from 2005-2015, Scala et al (2016) found similar barriers/facilitators for the
development of nursing research and integration of research in clinical
practice for achieving the concept of evidence-based-practice. These
barriers/facilitators where: access to infrastructures; executive leadership
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support; strategic priorities and relevant interests; educational tactics; and
leveraging established networks and resources (Scala et al, 2016).

Both studies identified similar barriers and facilitators for driving or halting
nursing research and are, in general, related to personal (nurses),
professional (managers, directors, boards) and organisational
(management in hospitals and health service) factors (Johnston et al,
2016). Thus, for nurses to engage in nursing research it is necessary in
first place that there is executive and direct managerial leadership that not
only supports nurses that want to invest in research, but also those who
want to bring new research into practice (Johnston et al, 2016; Scala et al,
2016). However, it is necessary that this is relevant for the area of practice
to promote a spirit of enquiry, in nurses.

Additionally, it is important that organisations and professional
bodies/unions approach research as an inherent part of the nursing care
process (Johnston et al, 2016; Scala et al, 2016). Through these bodies
research activities, links with academia and inclusion of patients support
groups could be a strategy to adopt and thus facilitate the integration of
research into practice and turn it into a “routine”, instead of it being seen
as an “extra” (Johnston et al, 2016; Scala et al, 2016). Moreover, the
establishment of partnerships with academia, the development of
protected time periods in work to expose nurses to research, and
destigmatising research are all strategies that will facilitate the
development and implementation of nursing research in practice
(Johnston et al, 2016; Scala et al, 2016).

5.2.3. Evidenced-Based-Practice
Nursing research and research in general, are the basis for evidencebased-practice (EBP). EBP uses findings from research that has been
conducted in a rigorous and unbiased way, yielding methodological quality
because the research process has been followed appropriately (Polit and
Beck, 2010; Melynk and Fineout-Overholt, 2011; Cook et al, 2012). The
DoHC (2008) in their report Building a Culture of Patient Safety considered
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EBP as being fundamental for the delivery of safe and high-quality patient
care. The DoHC (2008) recommended that evidence from national and
international research be analysed and used for guiding policy, making
healthcare systems reform and improving and developing patient care and
patient healthcare professional interactions. Importantly, patients are seen
as a fundamental element for EBP and therefore should be included in all
research initiatives.

EBP, has its origins in evidence-based-medicine, and comprises three
components: external evidence, internal evidence, and the patient’s own
expertise (Sackett et al, 1996; Melynk and Fineout-Overholt, 2011). These
three aspects combined are essential to enable the development of EBP
organisations and EBP organisational culture within healthcare systems,
to promote better delivery of care (Melynk and Fineout-Overholt, 2011;
Melynk, 2014).

The first component, external evidence, is achieved when those involved
in developing EBP gather information from research (systematic reviews,
randomised control trials [RCT’s]), that has been conducted following a
rigorous process. Moreover, it is important that the information and
evidence being compiled is significant for the care setting and area of
practice where it is to be used. The key aspect here, as noted by Melynk
and Fineout-Overholt (2011), is transferability, and to ascertain that
transferability is possible one must clarify that the outcomes of the
research are applicable for the changes being implemented in practice.
Besides the information obtained from quantitative research, qualitative
research findings are fundamental to inform EBP as this gives a detailed
insight and compiles in a rigorous way, the opinions and lived experiences
of patients and practitioners. The lived experiences of patients and
practitioners can help shape new practices and thus improve patient care
and healthcare services quality.

The second component, internal evidence, is generated within healthcare
settings and teams, through the implementation of practice initiatives, such
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as quality improvement projects and outcomes management (Melynk and
Fineout-Overholt, 2011). Audits are another example of internal evidence
that can inform EBP. These resources, by assessing what happens in
reality, on a day-to-day basis, will consequently inform those involved in
EBP development of the feasibility of new practices and the applicability of
the external evidence into practice. This can be complemented based on a
multidisciplinary approach, by the expertise, clinical enquiry, reasoning,
and evaluation that clinicians engage in their practice.

The last piece necessary for a truly driven EBP organisational culture is
the patient, as they are the main reason research and healthcare practices
move forward (Melynk and Fineout-Overholt, 2011). Patients concerns,
values, experiences of healthcare services can help those developing EBP
blend its research findings with the human component of healthcare
deliver. Only by including all these three components can EBP exist and
thereby help advance and standardise healthcare practices, improve
patients’ outcomes and reduce unnecessary expenditure, by the
development of cost-effective practices (Spruce, 2015).

To engage in EBP it is necessary not only to follow a systematic process
characterised by a number of steps but also to nurture a spirit of enquiry
(Gerrish and Lacey, 2010; Melynk et al, 2010; Melynk and FineoutOverholt, 2011). This spirit of inquiry is needed mainly to challenge
organisational culture and structures in order to move forward the
standards of care and assuring that patients are receiving high quality care
(Melynk et al, 2009; Melynk et al, 2010; Melynk and Fineout-Overholt,
2011). The steps that nurses and practitioners need to follow for the
development of EBP are (Newhouse et al, 2007; Fineout-Overholt et al,
2010; Melynk et al, 2010; Stillwell et al, 2010; Melynk and FineoutOverholt, 2011):
x asking a question;
x searching for the best evidence;
x critically analysing and appraising the evidence;
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x integrating evidence in line with patient values and clinical
experience;
x evaluating outcomes of evidence based-practice;
x dissemination of EBP results.

After following these steps and implementing EBP it is important that
outcomes are shared with other colleagues and healthcare institutions so
they can benefit from the knowledge gained by others in the same field,
and duplication of work is avoided (Melynk et al, 2010; Melynk and
Fineout-Overholt, 2011).

As with nursing research, integrating EBP in nursing practice can also be
fraught with difficulties related mainly to personal, professional, and
organisational barriers. Some of these barriers include time constraints,
lack of support from managers, poor access to research, lack of resources
and lack of personal incentive to engage in EBP, or to further knowledge
around research and EBP (Beyea and Slattery, 2006; Melynk and FineoutOverholt, 2011). Although EBP, derived from both qualitative and
quantitative research, is accepted as fundamental for best practice,
Goding and Edwards (2002) raised a few issues in relation to EBP. They
argue that EBP hinders intuition, innovation, and risk-taking behaviours.
Furthermore, they contend that it reduces the availability of different
interventions, or practices, and EBP does not take in to account a more
constructivist approach to care delivery. Worryingly, they also argue that
some authors’ research and certain industry funded research dominate the
databases, over and above that which is based on scientific merit, leading
to biased evidence availability. These sentiments are echoed by Melynk
(2014) who also raises the question of the “so what” about EBP.
Nonetheless, the overwhelming argument within the literature is that EBP
is essential to ensure consistency in health care delivery, so that better
health outcomes can be achieved.

As demonstrated, EBP can have a significant impact on clinical outcomes.
Thus, by collecting and critically analysing the available evidence, nurses
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and healthcare professionals can make a difference by contributing to the
development of safe and high-quality care. The writer is looking to
understand the effectiveness of a new method for the early detection of
tissue damage. Thus, by engaging in the research process in a rigorous
manner, leading to the development of new evidence, the writer will be
enabled to contribute to the development of EBP.

5.3. Research Paradigms
Before initiating, or choosing a research design that will set the plan and
procedures for the study ahead, it is important that the researcher is
familiarised with the philosophical underpinnings (or paradigms) in which
the different research designs are based (Creswell, 2009). These
philosophical bases are the foundations through which research designs
justify the methods and procedures for the planned research (Clark, 1998;
Creswell, 2009). Any debate around philosophical views are somewhat
daunting and seem to be an often forgotten topic when a researcher
presents the whys of choosing one research design over another
(Creswell, 2009). Because philosophical views are the bases from which
different methods are derived, it is necessary that researchers state the
philosophical background for their study as this will facilitate any
explanations of why the given design was chosen (Creswell, 2009).

Creswell (2009) identifies 4 different paradigms: post-positivist (or
empirical), constructivist, advocacy/participatory and pragmatism.
However, post positivism was preceded and developed from the initial
more rigid positivist paradigm (Clark, 1998). The positivistic paradigm is
concerned with reaching the truth about phenomena through research, by
testing hypotheses and theories (Watson et al, 2008). For positivism, all
that is unobservable, such as emotions, could not be studied and was
therefore considered not to be true and non-existent (Clark, 1998). Only
observable phenomena that could be quantifiable were real, valid and
researchable. Furthermore, positivism postulated that researchers had to
detach their subjectivity and their mind, from the world and become totally
objective beings (Clark, 1998; Watson et al, 2008). As only by this
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detachment would it be possible to prevent any subjective influence from
the researcher, and attain a truly objective inquiry, free from bias (Clark,
1998). This paradigm was used as the philosophical base for the medical
model approach to research. Nursing research followed the medical model
and as such initially adopted the positivistic paradigm. However, because
nursing care is always holistic, where the person’s experience, feelings,
thoughts and living environment are all one when care is delivered, this
paradigm was then questioned for its effectiveness in developing nursing
research (Clark, 1998). Considering that total truth about phenomena can
never be obtained and that the observable reality is not complete without
the unobservable reality, a new paradigm, post-positivism emerged (Clark,
1998).

Post-positivism paradigm, at its core, is still concerned with the objective
reality that can be accessed by using observation and measurement of
phenomena (Creswell, 2009). Another characteristic of this paradigm is its
reductionist approach (Creswell, 2009). This is where phenomena need to
be divided in related parts, in order to be tested. However, post-positivism
evolved from a more rigid stance to accept that the experiences, emotions
and what is not possible to quantify, can help explain (and enrich) and
understand objective realities (Clark, 1998). Thus, quantitative methods
can include questionnaires and interviews that can give some insight into
factors in the life, or experience, of the participant, that can influence the
phenomena being measured. Hence, bias is accepted as something that
can occur, and that researchers need to try and avoid by introducing
practices that will minimise any external or internal influencing factors
(Clark, 1998; Creswell, 2009).

Another paradigm is social constructivism (also known as interpretivism),
which is normally the underpinning for qualitative research design. This is
because the concern of this worldview is to interpret and describe
phenomena from the point-of-view of the person, who is living, or
experiencing the phenomena (Creswell, 2009). This paradigm is
concerned with the subjectivity within meanings and the interpretation that
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each individual gives to aspects of the world that they are experiencing.
Thus, the research engages with the individual using open questions to
access, as much as possible, his/her understanding and experience of a
situation. Further, the researchers own experience is accepted as
influencing his/her interpretation of the situation (Creswell, 2009). Contrary
to the post positivism, constructivists develop their theory as they access
individuals’ experiences.

A further paradigm is advocacy/participatory and is also mainly related to
qualitative research. This paradigm’s main concern is to bring about
change for those whose living situation is not ideal, which means that this
paradigm stance is closely connected with social justice and political
agendas (Creswell, 2009). Individuals who are the focus of
advocacy/participatory paradigm are active parts in the research process
as they are living the situation that is being researched and changed
(Creswell, 2009). Thus, research is with, and not delivered on, or to,
individuals (Creswell, 2009). With this paradigm consciousness over social
issues can be raised.

The final paradigm, from those identified by Creswell (2009), is
pragmatism and this in turn is normally the base for a mixed methods
research approach. Pragmatism is focused on actions and situations and
uses all available methods and strategies that will facilitate the researcher
in understanding the research problem, which they believe can occur in
any context of life, e.g. social, political (Creswell, 2009). By using more
than one research design and method, pragmatists believe they can better
encompass the “what and how” and thus can have a more in depth
understanding of the research problem (Creswell, 2009).

All the paradigms identified, are the basis for the three main research
designs and it is interesting to see how their focus can be from a more
rigid position with positivism and post-positivism, to more relaxed
approaches, such as advocacy/participatory where the participants of
research are active parts in the process. Considering all the different
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paradigms, it is important that nursing research is able to implement the
most appropriate paradigm in face of the research problem under
investigation. This is fundamental so that it is possible to better grasp the
experiences, facts and situations that are related to the practice of nursing
and to further it for the interest of the profession and those receiving
nursing care.

5.4. Research Designs
5.4.1. Qualitative Research
Qualitative research methods gained momentum in the 20th century, and
its inductive nature is concerned with understanding the meaning people
give to phenomena or to situations and experiences they have been
through (Strauss and Corbin, 1998; Creswell, 2009). Qualitative research
uses interpretative analysis to access the subjectivity of concepts and their
relation (Carr, 1994; Strauss and Corbin, 1998). Through the qualitative
research process peoples’ interpretations of a situation, or problem, their
experiences, their social and cultural context, emotions and thought
processes are accessed (Carr, 1994; Strauss and Corbin, 1998;
Meadows, 2003). Thus, by being embedded in this process the researcher
is presented with a plethora of valuable information (Carr, 1994; Strauss
and Corbin, 1998; Meadows, 2003). This information will be used to drive
change, to create awareness and help implement practices focused not on
numbers, but on what is the essence of the healthcare system, the people.

According to Strauss and Corbin (1998), qualitative research has three
components which are data; obtained through the interactions between
the individual and the research by means of observations, interviews,
written diaries; procedures (or coding); which relates to the way data are
conceptualised, and written and verbal reports, which are related with
disseminating the results. Although, qualitative research is in general
concerned with exploring human phenomena through the lens of the
individual, different approaches can be used. Creswell (2009) and Gerrish
and Lacey (2010) outline the following approaches, ethnography,
grounded theory, phenomenological, narrative and case studies research.
137

In ethnographic approaches, the researcher focuses on cultural groups in
their natural environment and that are intact over a period of time. Here,
data are collected through observation and interviews. In grounded theory,
the researcher develops a theory based on the views of the participants in
the research process. In this approach data are continuously compared
with emerging categories and more than one group of individuals is part of
the research to optimise information. Phenomenological research, on the
other hand, is concerned with the way individuals interpret the
phenomenon being investigated. Narrative research is based on people’s
stories about aspects of their lives. These stories are then merged with the
researcher’s own experience in a collaborative final narrative. Finally, case
studies focus on detailed exploration of situations, processes, and
individuals (Creswell, 2009; Gerrish and Lacey, 2010).

Qualitative research, although not seen by many as a relevant research
method because it does no quantify phenomena, has become imperative
for nursing research in many ways. Qualitative research helps nurses
better understand their main focus of care, the person. Thus, qualitative
research is focused on exploring the meaning that people give to
phenomena that has a direct impact on their life, or lived experiences.
This type of research is not appropriate to the writer’s study as the
objective, is not to understand peoples’ experiences and thoughts on the
risk of developing pressure ulcers. However, considering the importance
of including patients in the decision making of their care processes, the
writer used published qualitative research in supporting the study
hypotheses. Indeed, the underlying driving force for this study was that
pressure ulcers are a burden for the patients at many levels. Thus, for the
writer, given the gaps in our knowledge and understanding, it makes
sense to explore novel methods that will help in the early detection of
pressure ulcer damage and thus reduce the burden of pressure ulcers for
patients.
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5.4.2. Mixed-Methods Research
Considering the increased complexity of contemporary healthcare, where
disease seems to adjust to new technologies and globalisation brings
together different cultural ways of perceiving health, it is necessary that
research accompanies and tries to join all the tools it has, to find the
answer to new challenges (Gerrish and Lacey, 2010). This is a premise
that underlies mixed-methods research, as by combining both quantitative
and qualitative research it can link what is best in both to have a more
global understanding of a certain phenomenon (Creswell, 2009; Gerrish
and Lacey, 2010).

Mixed-methods research entails four factors that need to be considered
and these are, timing of the research, in relation to data collection,
whether this will be done in stages, or all at the same time (Creswell,
2009). Another factor is the weighting that is given to both qualitative and
quantitative methods in the general study, which will depend on the
researcher’s main objective and interest (Creswell, 2009). In addition,
mixing quantitative and qualitative methods can include actual merging, or
connecting some aspect of both quantitative and qualitative research
(Creswell, 2009). The last factor is related to the theory that will guide the
research, which needs to be decided on as theories shape the research
process and help provide a rationale for the choices made (Creswell,
2009).

Mixed-methods as a research method, has the ability to try and bring a
more in depth understanding of a situation, or problem, as it allows
researchers to access vital information that is brought by the integration of
two different methods. However Bryman (2006) noted in a content
analysis of 232 social science articles that there are two aspects of
concern. Firstly, the fact that researchers do not prepare enough, or
familiarise themselves, with the characteristics inherent to the mixedmethods approach can lead to questionable findings. The author highlights
that in some cases quantitative and qualitative methods were used to
answer different research questions in the same study. The second aspect
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is the fact that mixed-methods can provide a great variety and amount of
data from which new knowledge can be developed to inform practice.
Thus, mixed-methods approach is a research design that can help nursing
research, not only look at a more quantifiable aspect of practice, such as
incidence rates of pressure ulcers, but at the same time try and
understand how pressure ulcers affect those in whom they develop.

Once again it is possible to see from the characteristics of this research
method that it does not fit within the present research. This is because the
present research was not primarily interested in exploring the patients’
experience of the processes involved in determining early pressure ulcer
damage, or how they perceive what could put them at risk of developing
pressure ulcers.

5.4.3. Systematic Reviews
To achieve EBP it is imperative to systematically analyse and appraise the
evidence that is available from research. The research method that better
allows gathering of all the evidence and that informs EBP is systematic
review. Individual research studies also help inform EBP, but if a problem
exists in practice the researcher should not focus on the outcomes of only
one study, especially if it is underpowered. It is preferable to synthesise all
the information available. Thus, systematic reviewing the research
literature is the best method to potentially access all the available
information (Greener and Grimshaw, 1996).

Systematic review is a research method through which published and
unpublished research evidence is accessed, through a systematic search
of the literature. This evidence is then analysed, critically appraised,
summarised and disseminated to answer a research question (Cook et al,
1997; Green et al, 2011; Holland and Watson, 2012). Considering the
plethora of research published each day and the fact that healthcare
professionals cannot keep up-to-date with all of it, undertaking a
systematic review will facilitate the access to the needed information
(Mulrow, 1994). Like any other research method, systematic reviews follow
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the research process in a rigorous way and must account for literature
bias and risk of bias in the studies that are being systematically analysed
(Centre for Reviews and Dissemination [CDR], 2008; Victor, 2008).
Further, systematic reviews can focus, based on the research question, on
quantitative or qualitative research data and thus researchers will either
engage in meta-analyses, for quantitative data, or meta-synthesis, for
qualitative data (Dixon-Woods et al, 2005).

Meta-analysis is a systematic review method where quantitative studies,
principally randomised controlled trials, are statistically combined (Egger et
al, 1997; Deeks et al, 2011). For data to be able to be statistically
combined it is necessary the studies are homogenous and included
research that focuses on similar problems and research methods (Moore,
2012). Otherwise, combining disparate data will yield misleading
conclusions.

In relation to meta-syntheses, this is an interpretative method through the
combination of data from qualitative studies that have a common focus
(Walsh and Downe, 2006; Zimmer, 2006; Finfgeld-Connett, 2010). The
meta-synthesis process involves comparing, translating, analysing and
then synthesising the primary data of qualitative research (Walsh and
Downe, 2006; Zimmer, 2006; Finfgeld-Connett, 2010). By doing this the
researcher will be able to develop a new interpretation of the phenomena
and also augment its understanding, which will ultimately lead to new
knowledge development for practice (Walsh and Downe, 2006; Zimmer,
2006; Finfgeld-Connett, 2010).

In relation to this study, the underpinning hypothesis has never been
tested before, so it would not be feasible to undertake a systematic review.
However, systematics reviews can help the writer gain a better
understanding on the many issues being investigated such as SEM, risk
assessment and pressure ulcer development in surgical populations.
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5.4.4. Quantitative Research
Quantitative research, deductive in nature, is concerned with the study of
measurable and quantifiable phenomena, where cause-effect relationships
can be determined (Creswell, 2099; Watson, 2015). Quantitative
researchers adopt an outside position in relation to the research process
and look to confirm theories that are established prior to the start of the
research process (Watson et al, 2008). This approach of being detached
from the research process is used so that bias can be minimised and the
true effect of the phenomena under investigation determined (Melynk and
Fineout-Overholt, 2011). Individuals’ points of view and experiences are
not the main focus of quantitative research. Quantitative research uses
experimental and non-experimental approaches to test the research
hypotheses and find an answer to the research question posed (Creswell,
2009; Gerrish and Lacey, 2010; Melynk and Fineout-Overholt, 2011;
Watson, 2015).

Within the quantitative research experimental approach, one can identify
RCTs which are the gold-standard in terms of experimental approaches.
This because in RCTs an equal number of participants can be randomly
assigned (in order to avoid bias) to an intervention or a control group
allowing for the comparison and establishment of deductive relations
between variables (Watson et al, 2008).Through RCTs, cause and effect
relationships can be tested with the evidence developed allowing for
changes in practice to occur, if appropriate (Melynk and Fineout-Overholt,
2011; Watson, 2015).

In the non-experimental study group, one can find surveys designs used
as an option when true experiments cannot be employed because of the
nature of the problem under investigation (Melynk and Fineout-Overholt,
2011). Survey design is widely employed in nursing research (Watson,
2015), and is used to observe and describe phenomena in which the
findings can then be used to formulate new hypotheses to be tested
(Creswell, 2009; Melynk and Fineout-Overholt, 2011). Description in the
quantitative context is a numeric one (Creswell, 2009). Within the survey
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design one can include a variety of different methods. Survey research
can be either cross-sectional, where data are collected all at the same
point, or longitudinal, where the sample is followed along a period (Melynk
and Fineout-Overholt, 2011).
Correlational descriptive studies are used to describe a relationship (but
not cause and effect) between, or among, one or more variables (Melynk
and Fineout-Overholt, 2011). Another quantitative method is correlational
predictive studies where the researcher looks to understand if a variable
which occurs first in a time frame, predicts the variable that occurs after at
a later point, allowing the researcher to infer any causal relationship
between variables (Melynk and Fineout-Overholt, 2011).

Another type of quantitative study is known as case-control, where
individuals with one condition are followed at the same time as individuals
that do not present with the condition being investigated, so that a possible
association among one, or more predictor variables may be understood
(Melynk and Fineout-Overholt, 2011). Ultimately, cohort studies are used
to follow group of individuals, with similar characteristics, in a longitudinal
way. This approach is used to determine the incidence of a phenomenon,
or to understand the possible relationship between a variable and an
outcome (Melynk and Fineout-Overholt, 2011).

It is interesting, to see that, the non-experimental descriptive approaches
of quantitative research have a more human approach. This enables the
translating of a hard positivist paradigm to a more inclusive post-positivist
one. Fundamentally, quantitative research, although more “numerical”
than qualitative research, can, through its non-experimental methods
inform nursing research and practice of how certain phenomena influence
patients’ responses and how nurses can then implement changes as
required.

The use of the appropriate design is fundamental for the research and
hypothesis being tested to be considered valid and for its findings to be
valuable for EBP. Thus, if the researcher wants to follow a group of people
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over a period of time to understand how work load affects their sleep, an
RCT is not the correct design to use but a correlational longitudinal design
is. For this reason, it is necessary to understand what can be
accomplished by each design, in order to make the right choice.
Considering all that has been analysed, the writer for the present study is
going to adopt a post-positivism paradigm approach. The writer considers
this to be the most appropriate paradigm to follow as its basis is to
understand objective phenomena that can be quantified. For this a
quantitative approach is the right choice of design to follow. This is
because the writer was not concerned with patients’ experiences of
having, or being at risk of developing a pressure ulcer. Instead the writer
was concerned with quantifying the phenomena that pressure ulcers are,
and trying to understand which variables and characteristic of surgical
patients influenced not only the development of pressure ulcers but also
how did these patient characteristics related to the assessment methods
being analysed. Further, the writer was interested in understanding the
use of SEM measurement as a diagnostic tool for early pressure ulcer
damage development among the study participants, as well as trying to
compare the accuracy of this novel method against well-established
methods like risk assessment and VSA, for early pressure ulcer damage
detection.

In this study the writer proposed to determine the predictive ability of subepidermal moisture measurement compared to traditional risk assessment,
namely Braden and Waterlow scale, and VSA, in the early detection of
pressure ulcer damage presence, among adults undergoing surgery.
Thus, to gather the necessary data to accomplish the proposed besides
the research design the writer needs to decide on a quantitative approach.
Taking into account that the writer is not trying to compare intervention
among groups, and is not trying to determine a cause and effect
relationship, a non-experimental design is the most appropriate. This is
because the writer was concerned with following the natural course of
events, the development or not of pressure ulcers in patients undergoing
surgery, within the research time-frame. Besides adopting a non144

experimental approach the writer also had a prospective component in
order to determine the incidence of pressure ulcers in the surgical
population during the study period.

Two other quantitative characteristics of this study were its comparative
and descriptive nature. The comparative component was included
because the writer was interested in comparing the predictive ability of
SEM measurement with traditional risk assessment scales and VSA in the
detection of pressure ulcers, in the surgical population. In terms of the
descriptive component this was chosen because the writer wanted to
describe and thus understand the phenomenon under investigation,
without manipulation of any care processes which would have normally
been offered to the participants.

Thus, as it is possible to understand from the phenomenon proposed to be
investigated, a post-positivistic paradigm and a quantitative design with a
non-experimental approach are the most appropriate methods to be used.
A similar non-experimental prospective research design was used by Kim
et al (2009) were the authors were concerned with comparing the
predictive validity of three risk assessment scales, with the end point being
to choose the most appropriate for predicting pressure ulcers.

5.4.5. Quantitative vs Qualitative Research
In nursing research, whether to use quantitative or qualitative methods has
been the basis of debate for many decades (Creswell, 2009). Supporters
of the quantitative approaches, which have always been seen as the right
way of doing research, have often undermined the more humanistic
qualitative research design. Indeed, there has been a stance where
qualitative researchers were expected to justify the merits that their
worldview brings. It has always been argued that, because qualitative
research focus on the subjective, and bases its theories and knowledge
development in the meanings and thought processes of the individuals, or
groups being investigated, that the data are not valid (Corner, 1991; Carr,
1994; Clark, 1998; Burnard and Hannigan, 2000; Rudnick, 2014).
145

However, quantitative methods advocates suggest that they are
presenting raw data that has been stripped of context and influences,
when in reality this is not possible (Corner, 1991). For example, consider
the practice of measuring pain where quantitative researchers plot the
values in a graphic and then extrapolate conclusions. Quantitative
methods will never be able to obtain an objective value using this common
method, because pain is different for each individual they are
investigating.

Both quantitative and qualitative research categorise data, looking for
patterns and possible similarities and differences within the data from
which new hypotheses and trains of thought can be established (Burnard
and Hannigan, 2000). Thus, the focus of the debate should be on how the
findings from quantitative and qualitative data can be brought together for
a more rounded contribution to EBP. As Watson et al (2008) comments
there is always a quantitative component in qualitative research because
verbal responses can be measured. Likewise, there is always a qualitative
component in quantitative research because some of the answers given
by individuals are based on their own interpretation of the question
(Watson et al, 2008). Thus, the focus needs to be not which paradigm is
best, but on being sure that the research question and the phenomena
being studied are being investigated using the most appropriate design so
that the data obtained creates valid and valuable new knowledge for
healthcare practice.

5.5. Summary and Conclusion
5.5.1. Summary
Research is an essential aspect in nursing, as through a rigorous process
new knowledge can be unearthed. Normally the need for research arises
from a difficulty in practice that needs to be addressed so that patients can
receive high quality care. Also, research forms the basis for evidencebased practice, and thus tries to facilitate the development of better
practices and policies that will ultimately benefit the patient and healthcare
system. EBP, by following the steps in a rigorous way, compiles the
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evidence around a topic and tries to determine if the findings and results
from research are applicable, valid and reliable. For this, critical appraisal
is fundamental to assess if the research design, the data collection
process and the population were followed in an unbiased way. Indeed, if
systematic bias is introduced in the research process, the findings cannot
be considered appropriate for EBP because one cannot be sure if other
influencing factors either positively or negatively influenced the outcome
measures.

One very important aspect in critically appraising research is making sure
that the design is appropriate for the hypothesis under investigation.
Between a quantitative, qualitative, mix-methods, or systematic review
design, the researcher needs to be sure that the right design is employed
for the right phenomena. So by choosing the adequate methods, and
robustly following the correct research process one can be assured of
producing findings that can inform practice and promote EBP.

5.5.2. Conclusion
Undertaking research is an essential aspect if one is to improve patient
care. Pressure ulcers are a persisting problem in the current healthcare
system and new methods of identifying, preventing, or treating pressure
ulcers need to be explored. For this research exploring novel methods
needs to be undertaken if pressure ulcers are to be controlled. Thus, to
engage in this research process it is necessary to gain an understanding
of the different paradigms and research designs so that the right choice of
design may be made. From the explored, the writer deduced that a
quantitative, non-experimental design, where the focus was to describe
and compare a novel method against traditional methods for pressure
ulcer prediction was the most appropriate methodological approach.
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Chapter 6: Research
Design of the Study
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6.1. Introduction
This chapter will present the research design process, the ethical approval
process, the data collection protocol and data analysis undertaken in this
research study.

6.2. Research Question
This study set out to answer the following research question:
³'RHVVXE
-epidermal moisture measurement predict early pressure ulcer
development more accurately when compared to traditional risk
assessment and visual skin assessment among adults undergoing
VXUJHU\"´

6.3. Research Aims and Objectives
The aim of this study was to compare the predictive ability of SEM
measurement versus traditional risk assessment and VSA as means of
detecting early pressure ulcer damage development, among adults
undergoing surgery.

The study objectives were to:
x Carry out a detailed review of the literature pertaining to risk factors
and, predictive validity and reliability of risk assessment scales,
namely Norton, Braden and Waterlow, for pressure ulcer
management ;
x Determine the predictive ability of SEM as a diagnostic tool for
determining the presence of early pressure ulcer damage among
adults undergoing surgery;
x Establish the clinical significance of SEM as a diagnostic tool of
early pressure ulcer damage determination among adults
undergoing surgery;
x Determine pressure ulcer incidence associated with surgery;
x Make recommendations for practice.
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6.4. Research Design
The research design selected to conduct this study was a nonexperimental, comparative prospective descriptive design.

6.5. Justification for the Research Design
The writer sought to determine the predictive ability of sub-epidermal
moisture measurement compared to traditional risk assessment (Braden
scale and Waterlow scale) and visual skin assessment, in the early
detection of skin/tissue damage and early pressure ulcer damage
presence, among adults undergoing surgery. For this, a non-experimental
comparative prospective descriptive design approach was chosen to
answer the research question. The non-experimental approach was
chosen because the writer was concerned with following the course of
events: the development or not of pressure ulcers in participants
undergoing surgery. This study also had a comparative component as the
writer was interested in comparing the predictive ability of sub-epidermal
moisture measurement with traditional risk assessment scales and visual
skin assessment in the detection of pressure ulcers. Furthermore, this
study had a prospective component in order to facilitate the determination
of the number of new pressure ulcers that may have developed during the
study period. Finally, the descriptive nature of the study was important to
describe and thus understand the phenomenon under investigation,
without manipulation of any care processes which would have normally
been offered to the participants.

6.6. Study Outcomes
The primary outcome of interest for this study was pressure ulcer
incidence among the study participants, as identified using visual skin
assessment, versus SEM measurement.
The secondary outcomes of interest for this study were:
x Comparison of the sensitivity and specificity of Braden and
Waterlow risk assessment scales, in determining those at risk of
pressure ulcer development undergoing surgery;
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x The impact of variables: traditional risk assessment, duration and
type of surgery and the presence of comorbidities, on pressure
ulcer incidence.

6.7. Methods
6.7.1. Systematic Review
The aim of this systematic review was to carry out a detailed review of the
literature focusing on the predictive validity and reliability of risk
assessment scales, namely Norton, Braden and Waterlow, for pressure
ulcer management. The aim of this was to establish which of the risk
assessment scales, Norton Braden or Waterlow, showed better predictive
validity and reliability in risk assessing those at risk of pressure ulcer
development.

For the purpose of this systematic review a search strategy, undertaken
between May and April 2017, was established, so that the writer could
access the available primary and secondary research that explored the
reliability and predictive validity of risk assessment scales namely, Norton,
Braden and Waterlow scale.The inclusion criteria for this systematic
review was all quantitative original research that focused only on the
reliability and predictive validity of the Norton, Braden and Waterlow risk
assessment scales, alone or in comparison. These studies were limited to
the surgical care setting and adult population (≥ 18 years old). No
limitations in terms of language or dates of publications were applied.
For the search strategy of this review, the following search terms were
used:
x Pressure ulcer MesH, pressure ulcer*1, pressure sore*, decubitus
ulcer*, decubitus sore*, bed sore*, bedsore*, bed ulcer*;
x Braden scale*, score*, tool*, assess*, Norton scale*, score*, tool*,
assess*, Waterlow scale*, score*, tool*, assess*;

1

* denotes words variations e.g. ulcer/ulceration
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x Surgery MesH, surger*, surgical, surgical Procedure*, operating
room*, operating theatre, operation room*, operation theatre, postoperative, postoperative, theatre, operation*;
x Risk assessment Mesh, risk assess*, risk predict*, nursing
assessment MesH, nursing assess*, wound assess*.
In terms of the databases searched for this systematic review, these
included the following:
x The Cochrane Wounds Group Specialised Register;
x EBSCO CINAHL (1982 to present);
x MEDLINE;
x Web of Science.

Reference lists of all included studies and other relevant publications, such
as systematic reviews and guidelines were searched and any relevant
research articles were retrieved. Two authors independently assessed
titles and, where available, abstracts of the studies identified by the search
strategy, for their eligibility for inclusion in this systematic review. We
obtained full versions of potentially relevant studies and two authors
independently screened these against the inclusion criteria, and there was
always consensus between the two authors in relation to the studies and
the data to be included.
After retrieval of identified studies these were data extracted using a data
extraction tables provided by the RCSI, this table was adapted in order to
reflect the data needed to be extracted for this systematic review. The
data extraction tables can all be found in chapter 7. Included studies data
was extracted on the following information: author, date of study, study
design, care setting, participant age (mean), outcome measures, data
collection methods, follow-up, sample size, sampling methods, risk
assessment scale used, pressure ulcer incidence or prevalence, reliability,
cut-off score, sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV) and AUC (area under the curve). Quality
appraisal of the included studies was based on the risk of bias
assessment by the Cochrane Handbook, where some of the risk of bias is
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relevant for the analysis of the studies included in this systematic review. ,
Also relevant elements of the EBL Critical Appraisal Checklist (Glynn,
2006) which attention is centred mainly in non-experimental studies were
used for quality appraisal. This quality appraisal tool focuses in trying to
determine the validity, applicability and appropriateness of a study.
For data synthesis, initially a structured narrative summary of the studies
reviewed was presented and in relation to data analysis this was also
done narratively based on the outcome measures.

6.7.2. Main Study
Included participants, who gave their informed consent, underwent risk
assessment using two of the most commonly employed risk assessment
scales: Braden and Waterlow risk assessment. Skin assessment was
undertaken visually using the EPUAP/NPUAP (2009) pressure ulcer
grading system. Skin was also assessed using the SEM Scanner™, to
measure sub-epidermal moisture. Training on the use of the scanner was
initially provided by a representative of the manufacturer, with supporting
materials for further study and practice. To take SEM measures, the
scanner is placed directly in contact with the skin for around 1 second this
process should be done until at least three reading are done at each
anatomical area being assessed. For example because the sacrum
comprises a bigger area 6 readings are needed (see figure 6.1), whilst
heel assessment is done by doing 4 readings. Then the scanner
processes the reading and a delta (¨) value is given and is displayed on
the screen of the scanner. A SEM score of ≥0.5 is indicative of damage,
considering this occurs for two consecutive days. After use the scanner is
completely cleaned with low alcohol disinfectant wipes. In this study any
participant being assessed had anatomical assessment areas free of
moisture and creams as this could influence the reading by increasing the
delta values.
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Figure 6.1: Example of SEM reading in sacral area

The skin assessments were undertaken over the areas that were weight
bearing during surgery. All assessments took place as follows:
x Pre-operatively, on the day of surgery, on the ward if the patients
were admitted the day/days before surgery or in DOSA (day of
surgery admission), if patients were admitted on the day of surgery;
x Daily, on the ward, beginning on day 1 post-operative, for 3 days or
until discharge (see figure 6.2).

Also, it is important to note that the nursing staff in the different wards
were data was being collected knew of the objective of the studies and its
protocol, but were not informed of the daily results of the risk
assessments, the VSA and of the SEM measures.

6.8. Study Setting
This study was conducted in two academic teaching hospitals in an urban
area in Ireland. Participants were recruited from the surgical preassessment clinic, pre-assessment outpatient department, from DOSA
and from the wards where they were admitted.

6.9. Access
Permission to access the potential participants from this study was given
by the surgical clinical lead, the surgical directorate nurse manager and by
the critical care directorate nurse manager (theatre) (appendix 1), the
ethical committee for the first site and by the ethical committee of the
second site.
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Patient goes in to surgery and might be at
risk of developing a pressure ulcer

SEM measurement and
VSA pre-operatively

Variables:
x Age
x Type of Surgery
x Duration of Surgery
x Risk Status
x Co-morbidities

Pressure Ulcer
development skin
areas that are
weight bearing
during surgery?

SEM measurement and
VSA post-operatively

SEM measurement and
VSA daily for 3 days or
until discharge (if this is
before the end of the 3
days)

Figure 6.2: Study Methods Model.

6.10. Study Participants
The participants of interest for this study were adults undergoing surgery
(general or orthopaedic, elective or non-elective) who were pressure ulcer
free on recruitment to the study. The criteria used to include and exclude
participants were as follows:
x Inclusion criteria:
 All consenting adults aged 18 or over;
 Participants that were pressure ulcer free;
 Participants undergoing surgery;
 Participants that were in hospital for more than 24 hours
post-surgery.
x Exclusion criteria:
 Participants with existing pressure ulcers;
 Pregnant women;
 Participants that went in to hospital as a day-case;
 Participants who did not provide or did not have the capacity
to provide informed consent.

6.11. Sample Size
With the statistical advice of the Biostatistics Department of the Royal
College of Surgeons in Ireland (RCSI), the sample size was calculated as
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follows: the ‘rule of thumb’ sample size suggests that a minimum of 10
events (or pressure ulcers) per variable were required in the multivariable
model (Peduzzi et al, 1995). Given that the incidence of facility acquired
operating room setting pressure ulcers can vary between 5% (Connor et
al, 2010) and 53.4% (Schuurman et al, 2009) among surgical patients, it is
reasonable to assume that pressure ulcers are common among these
individuals and taking the middle value of 26% was suggested as
reasonable (Statistical Advice, RCSI, Biostatistics Department, October
2015). There were 5 variables under investigation, this required 50
pressure ulcers for the model, and therefore, 200 patients were needed to
validate these risk factors. These figures included an additional 10% of
patients to be included in case there are any dropouts, loss to follow-up or
deaths.

6.12. Ethical Issues
When conducting research, nurses/midwifes need to act in an ethical way
and their research process needs to be underpinned by ethical principles.
Thus, this study and the researcher actions during the research process
are based on the ethical principles here identified (NMBI, 2015):
x Respect for the persons/Autonomy: The person is independent
to make his/her own choices and decisions. They have the right to
full disclosure, self-determination and the right to withdraw from the
study at any stage.
x Beneficence and Non-maleficence: This is related to doing good
and doing no harm to the person. It is important that during the
research process the benefits and the potential risks are weighed
and that any risks for the person are minimised. Also the research
is expected to benefit the person and also the wider population.
x Justice: This is related to the right of the person to be treated
during the whole research process in a fair and equitable way.
x Veracity: This is related to the right of the person to be told the
truth about all aspects of the research study that they are taking
part.
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x Fidelity: This ethical principle is also related to trust and focuses
on the importance of building a trusting relation between the
researcher and participants.
x Confidentiality: During the research process the researcher will
access private information relating to the participants. Thus, it is
essential that participants’ privacy is kept and that all the data
collected is kept confidential. This needs to be made clear for the
participants in order for them to trust the researcher.

This research study was conducted in keeping with the ethical principles
as identified by the NMBI (2015). It was reinforced that if patients decide to
withdraw their participation in the study, their decision will not have any
impact in their care. Also, the participants’ dignity and privacy was
respected throughout the study including aspects of respectful and cordial
treatment, and privacy of the data collected. Furthermore, and following
the new European Union general data protection regulations (2018), all
data collected from participants were kept private and anonymised. In
relation to any risks associated with this research study, there was no
potential harm expected from any of the activities listed for the purpose of
this research study. The skin assessment is usually not uncomfortable and
the writer will explain what she is doing, while assessing the skin and
taking the SEM measurements.

Consent was obtained for all the data collected during the study. Ethical
approval for the proposed study was sought with the Ethics (Medical
Research) Committee of the hospitals where the study was conducted, to
ensure that this study was adhering to the ethical principles identified and
to guarantee potential participants safety and well-being.

The initial application to the research Ethics Committee of the hospital,
where the pilot study was conducted, was made on the 24 th of January
2016. The committee wrote on the 1st of March 2016 (see appendix 2)
requiring clarification on the several points.
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Clarification was provided on the points raised (see appendix 3) and an
updated version of the application was submitted with the relevant
changes highlighted as requested, on the 10th of March 2016. On the 23rd
of March 2016, full ethical approval was granted (see appendix 4). The
ethical approval letter from the hospital Ethics (Medical Research)
Committee, the ethical application form and all related documents were
submitted to the RCSI Research Ethics Committee, as per research
governance policy. This committee accepted the hospital ethical approval
and gave their subsequent approval for the study and commencement of
data collection on the 9th of May 2016.

A second data collection site was included, due to the low recruitment rate
in the first data collection site. Application to the research Ethics
Committee of the second site was made on the 12th of December 2016.
On the 21st of December 2016, full ethical approval was granted (see
appendix 5). The ethical approval letter from the hospital Ethics (Medical
Research) Committee was submitted to the RCSI Research Ethics
Committee, as per research governance policy. This committee accepted
the hospital ethical approval and gave their subsequent approval for the
study and commencement of data collection on the 22nd of February 2017
(see appendix 6 and appendix 7).

For data collection, the writer used a password protected laptop, because
data collection took place in a facility outside of the RCSI and so the
researcher did not have access to an RCSI computer. However, remote
access to RCSI is available to researchers. In order to protect participant’s
privacy and anonymity at all times during and after the study, all data
collected were coded, making it irrevocably anonymised and only indirectly
identifiable. All study data (such as consent forms, participant leaflets,
approval letters) were scanned, encrypted and immediately transferred
and saved directly onto the V: drive of the RCSI server. Thus, all the study
data was securely stored and encrypted within the applicants’ unique
project folder located within the V: drive of RCSI IT server, using a unique
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access code provided by RCSI to the researcher. Access was limited to
the researcher and her supervisors.

6.13. Pilot Study
A pilot study was undertaken to identify any gaps in the research process
and review the areas where adjustments needed to be made to improve
the quality of the research process.

All adults that met the inclusion criteria, undergoing elective surgery in the
surgical directorate of the selected teaching hospital were invited to
participate. Participants were recruited in the pre-assessment clinic and in
out-patients, prior to surgery. Potential participants were given the patient
information leaflet by the one of the nursing staff in the pre-assessment, or
out-patient clinic. Participants who gave their informed consent were skin
assessed, over the areas that were weight bearing during surgery, using
the EPUAP/NPUAP pressure ulcer grading system and the SEM
Scanner™, to measure sub-epidermal moisture. Risk assessment was
done using the Braden scale (appendix 8) and Waterlow scale
(appendix9). Assessments took place pre-operatively, immediate postoperative, and then daily, on the ward, beginning on day 1 post-operative
and for 3 consecutive post-operative days or until discharge if this
occurred after a minimum of 24hrs.

6.14. Subject Recruitment
All adults going for surgery in the two hospitals were invited to participate
in this study. Participants were either recruited in the pre-assessment
clinic, patients pre-assessed in outpatients, were recruited from the
outpatient’s clinic, in DOSA or in the ward they were admitted to. The
patient information leaflet was given to the patient in the pre-assessment
clinic, outpatient clinic, DOSA or ward by the nursing staff. Informed
consent was obtained, by the researcher, on the day of surgery if patients
were being admitted through DOSA. If patients were admitted the day
before surgery informed consent was obtained, by the researcher, on day
of admission in the ward where the patient was admitted to. The time
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interval between giving information and seeking consent was more or
equal to 24hours.

6.15. Study Duration
Data was collected for the all participants for over a period of 18 months
which allowed achieving the necessary sample.

6.16. Data Collection
Data for the study was collected as follows:
x Demographic data: included the subject’s gender, age, surgery
type, duration of surgery, type of anaesthesia, position in surgery,
and the presence of co-morbidities.
x Sub-epidermal moisture measurements: on areas subjected to
pressure depending on surgery position.
x Visual skin assessment: was undertaken over areas that were
weight bearing during surgery, using the EPUAP/NPUAP (2009)
classification system, for staging any pressure ulcer identified.
x Risk assessment: the Braden and Waterlow risk assessment tools
were used.

All sub-epidermal moisture measurements and visual skin and risk
assessments took place as follows:
x Pre-operatively, on the ward if the patients were admitted the day
before surgery, and every subsequent day until the surgery;
x Post-operative, daily for 3 days or until discharge.

Participants having elective surgery, were not assessed pre-operative, on
the day of surgery in DOSA because it was standard care, in the preoperative theatre environment, that patients were not subjected to extra
practices that had the potential to increase stress levels prior to surgery.
For these reasons participants were only captured post-operative. All
participants that had at least one assessment post-operative were
included.
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The reason for collecting data on each participant for up to a maximum of
3 days after the day of surgery was because it is reported that a pressure
ulcer becomes visible between 24 to 72 hours after the pressure event
(Black et al, 2015).

6.16.1. Instruments for Data Collection
6.16.1.1. The Braden Scale
The Braden scale risk assessment scale (Bergstrom et al, 1988) is used to
identify risk factors that individuals present with and that could lead to
pressure ulcer development. Since the Braden scale is one of the most
widely used scales for assessing those considered at risk of pressure
ulcer development (Defloor and Grypdonck, 2004; Pancorbo-Hidalgo et al,
2006), the researcher considered it to be relevant to use this scale to risk
assess those undergoing surgery.

This scale is composed of 6 domains:
x sensory perception;
x moisture;
x activity;
x mobility;
x nutrition;
x friction and shear

Five domains are scored from 1-4, where 1 indicates the existence of a
problem and 4 indicates no problem. The domain friction and shear is
rated from 1-3. Risk scores vary between ˂9, indicating ‘very high risk’ and
15-18, indicating that individual is ‘at risk’ (Kelechi et al, 2013).
In terms of the Braden scale reliability Bergstrom et al (1998), reported an
intra-class correlation of r=0.95. Halfens et al (2000), inter-rater reliability
was reported in terms of Cohens kappa, with k=0.86. Finally Rogenski and
Kurcgant (2012) reliability was 0.946, using the inter-class correlation
(Pearson’s correlation). All three studies show high reliabilities, however
because they were calculated using different methods it is not possible to
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compare them. In terms of Braden scale sensitivity this varied between
50% and 97%, whilst its specificity varied between 7% and 100%
(Bergstrom et al, 1987a, b; Bergstrom et al, 1998; Lyder et al, 1999;
Halfens et al, 2000; Lewicki et al, 2000; Seongsook et al, 2004; Kim et al,
2009; Cox, 2011; Park et al, 2015). Although, there is great variability in
both reliability and validity, the Braden scale is one of the most used
scales in practice.

6.16.1.2. Waterlow Scale
The Waterlow scale risk assessment scale (Waterlow, 1985) is used to
identify risk factors that individuals present with and that could lead to the
development of pressure ulcers. Since the Waterlow scale is widely used
for assessing those considered at risk of pressure ulcer development
(Defloor and Grypdonck, 2004; Pancorbo-Hidalgo et al, 2006), the
researcher considered it to be relevant to use this scale to risk assess
those undergoing surgery. This scale is composed of 11 domains:
x Build/weight for height;
x Skin type/visual risk areas;
x Sex;
x Age;
x Malnutrition Screening Tool;
x Continence;
x Mobility;
x Special risks - tissue malnutrition, neurological deficit, major surgery
or trauma;
x Medication.

Each domain of the scale is scored using a range of values from 0 to 8.
Total risk scores are calculated as follows: ≥10 at risk, ≥15 high risk, and
≥20 very high risk (Kelechi et al, 2013).

The Waterlow scale reliability was reported by Wang et al (2015) with an
inter-class correlation of 0.915, showing very good reliability. In terms of
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sensitivity and specificity this varied from 53% to 91.3% and from 22.4% to
84.4%, respectively (Schoonhoven et al, 2002b; Pancorbo-Hidalgo et al,
2006; Kumari et al, 2015; Park et al, 2015a). The Waterlow scale shows
high variability in terms of validity, and reliability studies are not abundant,
however, it is one of the most used commonly scales in practice
particularly in the UK.

6.16.1.3. EPUAP/NPUAP Pressure Ulcer Classification
Pressure ulcer classification is necessary to allow all healthcare
professionals to have a common ground when discussing pressure ulcers.
For this reason and considering the EPUAP/NPUAP (2009) results from
an agreement between European and American wound care institutions
and experts, the writer decided to use this to classify any pressure ulcers
identified. It is important to mention that there is a more recent guideline
for pressure ulcer classification, the NPUAP/EPUAP/ PPPIA (2014),
however, because of differences in the interpretation of some pressure
ulcer stages, in Ireland, the EPUAP/NPUAP (2009) is the one still in use.
The EPUAP/NPUAP (2009) classification system is composed four stages:
x Pressure ulcer stage I: non-blanchable erythema characterised by
intact skin with non-blanchable redness (hyperaemia) of a localised
area, normally over a bony prominence.
x Pressure ulcer stage II: partial thickness skin loss characterised
by intact or open serum-filled blister or loss of dermis with a
superficial open ulcer with a red pink wound bed, without slough.
x Pressure ulcer stage III: full thickness skin loss characterised as
subcutaneous fat that can be visible, but bone, tendon or muscle is
not exposed. Slough may be present without occluding the depth of
tissue loss. Undermining and tunnelling might be present, and the
depth of the ulcer will vary according to anatomical location.
x Pressure ulcer stage IV: full thickness skin loss characterised by
exposed visible and palpable bone, tendon or muscle with slough or
eschar present on some parts of the wound bed. Undermining and
tunnelling are normally present, and the depth of the ulcer will vary
with anatomical location. These ulcers can extend into muscle
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and/or supporting structures like tendon or joint capsule, increasing
the possibility of osteomyelitis.

Considering that it is important that nurses in practice are able to correctly
classify pressure ulcers to allow continuity of preventative care, reliability
of the EPUAP pressure ulcer classification system is important. Although,
few studies have been found to report on the EPUAP reliability, Defloor et
al (2006) found in their study that reliability varied from k=0.38-0.43, whilst
Beeckman et al (2007) reported on a reliability of k=0.33-0.47. Both
studies show poor to median inter-rater reliability. Nonetheless, this
classification system is widely used within the European health care
setting and thus will enable greater generalisability of the study findings.

6.16.1.4. SEM
The SEM Scanner™ was developed by Bruin Biometrics and is a handheld, portable, diagnostic medical device (see appendix 10). The SEM
Scanner™ is a painless, non-invasive device that is placed over the skin
area that will be weight bearing during surgery, for example the heels. The
SEM Scanner™ detects and measures water below the stratum corneum.
Also, the SEM Scanner™ has a capacitive sensor that emits a low
amplitude current (radio-electric) signal to measure the relative
capacitance. When this electric signal is emitted, it travels freely and
quickly through the damaged tissue because surface electrical
capacitance and impedance are compromised. When the signal is
reflected to the sensor, the scanner displays a SEM delta value, which is
calculated as the difference between the highest and lowest measures
and if SEM delta is ≥0.5 for two consecutive days it indicates early
pressure ulcer damage.

SEM measurement is a recent method for early pressure ulcer damage
detection and as such, only one study (O’Brien et al, 2018) was found to
have reported on the inter-rater reliability of SEM measurement when
compared to nurses VSA. The correlation found in this study was medium
with r=0.47. In terms of predictive validity, three studies have been found
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to report on SEM measurements validity. O’Brien et al (2018) reported on
a sensitivity score of 100% and specificity of 83.3%, while Bates-Jensen et
al (2017, 2017a) sensitivity varied from 28.6%-60.8% and specificity varied
from 84.7%-47.2%. In these studies sensitivity and specificity were
dependent on SEM threshold values.

6.17. Data Analysis
Data collected was coded and entered onto SPSS (version 22), data
cleaning was undertaken and data were checked for accuracy. Data was
then analysed using descriptive and inferential statistics. Initially,
frequencies for demographics and for each variable were produced. This
was followed by simple descriptive statistical analysis which was used to
describe the key features of the data using means and standard deviations
(SD) as appropriate. Inferential statistics were undertaken using the chisquare (X2) and the kappa (k) statistics to measure the association
between Braden and Waterlow scales in terms of mobility scores and the
incidence of early pressure ulcer damage using SEM measurement and
VSA.
The chi-square (X2) is a measure of association between two variables
(Anthony, 1999; Gerrish and Lacey, 2010). When X2 statistics are
computed the asymptotic significance gives the p value of the association
between the variables, with a p value of <0.05 indicating that there is a
significant statistical association between the variables (Anthony, 1999;
Gerrish and Lacey, 2010).

Kappa (k) is a measure of agreement between variables and a value of 1
indicates perfect agreement (Anthony, 1999; Gerrish and Lacey, 2010).
According to the kappa values, levels of agreement can be classified as
(Anthony, 1999):
x agreement is due to chance k=0.0
x poor agreement k between 0.0-0.20
x fair agreement k between 0.21-0.40
x moderate agreement k between 0.41-0.60
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x substantial agreement k between 0.61-0.80
x almost perfect agreement k between 0.81-1.0

Logistic regression analysis was used to determine the impact of the
independent variables under investigation on the dependent variable.
Results were presented using odds ratio (OR) with 95% confidence
intervals (CI) and alpha values.
Accuracy of the Braden and Waterlow risk assessment scales, SEM and
VSA were determined using sensitivity, specificity and likelihood ratio.
Sensitivity is a calculation of the proportion of positive measures that are
correctly identified as being positive, whereas specificity is a calculation of
the proportion of negative measures that are correctly identified as being
negative (Anthony, 2009; Pallant, 2010).
Sensitivity and specificity are calculated using the following formulae:
x Sensitivity: True positives/ (True positives + False negatives) × 100
x Specificity: True negatives/ (True negatives + False positives) × 100

In terms of likelihood ratio this can be positive or negative. A positive
likelihood ratio explores the proportion of individuals that were correctly
assessed as being at risk and were actually at risk. A negative likelihood
ratio explores the proportion of individuals that were correctly identified as
not being at risk, and that were not actually at risk (Altman and Bland,
1994; Stralen et al, 2009). These were calculated using MEDCALC®
(https://www.medcalc.org/calc/diagnostic_test.php), diagnostic test
evaluation calculator. In this statistical programme the number of cases in
the diseased group that test positive (a) and negative (b); and the number
of cases in the non-diseased group that test positive (c) and negative (d)
were entered in the respective boxes and from there the sensitivity and
specificity and positive and negative predictive values were calculated.

6.18. Summary and Conclusion
6.18.1. Summary
The research question for this study was ³'RHVVXE
-epidermal moisture
measurements predict early pressure ulcer development more accurately
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when compared to traditional risk assessment and visual skin assessment
DPRQJDGXOWVXQGHUJRLQJVXUJHU\"´

This research was set to explore SEM measurement, versus VSA and
traditional risk assessment, in the identification of early pressure ulcer
damage. Also a systematic review was undertaken to explore the
predictive validity and reliability of risk assessment scales, namely, Norton,
Braden and Waterlow. Moreover, to establish the appropriateness of the
research protocol a pilot study was undertaken

In the main study a non-experimental, comparative prospective descriptive
study design was employed. Pressure ulcer incidence as identified using
VSA versus SEM measurement, was the primary outcome of this study.
Secondary outcomes included comparison of sensitivity and specificity of
Branden and Waterlow risk assessment scales with SEM measurement
and VSA, and the impact of the independent variables on the dependent
variables. The study setting included two hospitals, where participants
were included if they were over 18 years old, undergoing surgery and
were pressure ulcer free. After ethical approval from the study sites,
potential participants were recruited from pre-assessment clinic,
outpatients’ clinic, DOSA or the ward they were admitted to.

Data collection included demographic data, SEM measurements, and
VSA, and risk assessment, using Braden and Waterlow scales. Data
collection occurred in the pre-operative and post-operative up to 3 days, or
until discharge. Data was analysed using SPSS, and focuses on
descriptive and inferential descriptive analysis, where the incidence of
pressures ulcers as measure through SEM and VSA was calculated.
Logistic regression analysis was used to determine the impact of the
independent variables on the dependent variable, the presence or
absence of early pressure ulcer damage as identified through SEM
measurement or VSA.
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6.18.2. Conclusion
The study design, the data collection protocol and instruments used as
well as the data analysis process described, were the basis for conducting
this research and obtaining the relevant data to understand if SEM
measurements predict pressure ulcer development more accurately when
compared to VSA, Braden and the Waterlow scale.
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Section 4: Results
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Introduction
The focus of this section is on the results obtained in this research study
and is divided in three chapters. The first chapter will present a systematic
review on the risk factors and the most widely used risk assessment
scales, namely Norton, Braden and Waterlow, focusing on their use in the
surgical population. The following chapter will present the results from the
pilot study and the last chapter will present the main results obtained from
the data collection and its analysis.
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Chapter 7: Systematic
Review of Pressure Ulcer
Risk Factors and Risk
Assessment
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7.1. Introduction
One of the objectives of this study was to carry out a detailed review of the
literature pertaining to risk factors and, predictive validity and reliability of
risk assessment scales, namely Norton, Braden and Waterlow, for
pressure ulcer management. Thus, this chapter will focus on the risk
factors related to pressure ulcers that were identified in the literature for
the general and surgical population. After identifying the different risk
factors a discussion of these including their relevance for pressure ulcer
development, will be presented. A discussion on the three widely used
pressure ulcer risk assessment scales Norton, Braden and Waterlow, will
be presented, focussing on the scales predictive validity and reliability.

7.2. Pressure Ulcer Risk Factors
The causative factors for the development of pressure ulcers are pressure,
or pressure in conjunction with shear. Moreover, the action of pressure
and shear will be dependent on their intensity and duration. If people could
live without the influence of gravitational forces, then they would not be
affected by the action of these forces. However, when people walk, lie, or
sit down, there are areas of the body under bony prominences that will be
affected by these forces. Additionally, there are risk factors that will
influence the tolerance of the body and its tissue to pressure and shear,
and these risk factors increase the possibility of developing a pressure
ulcer. Although there are many risk factors suggested in the literature, for
this study, both general and surgery specific risk factors will be identified
and discussed.

Table 7.1, presents the various risk factors identified in the literature
analysed. These were divided in two categories, pressure ulcer general
risk factors and those related to surgery only. As it can be seen from table
7.1, there were 43 risk factors identified in the general category, whilst
there were 130 risk factors identified in the surgery category (figure 7.1).
For both categories, there are a high number of risk factors considered to
affect pressure ulcer development and only a few are common within the
same category and across categories.
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Figure 7.1: Surgery Risk Factors Word Cloud
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This plethora of risk factors poses a problem, as it would be impossible for
nurses to assess patients on each single risk factor and any risk
assessment document used would be several pages long. Moreover, and
focusing on the surgical patients, it would be impractical in the theatre
environment to assess each patient on the many risk factors pre, peri and
post-surgery, to try and prevent pressure ulcers, as this would affect time
management. Additionally, it would not be feasible to implement
preventive strategies that would address all these risk factors. As an
example, there would be nothing that one could do to avoid diabetes, as
this is an irreversible medical condition. As new research literature
emerges, more risk factors are identified. However, all these risk factors
are in most of the cases, characteristics associated with each patient or
sample of patients and are not related to pressure ulcers.

When analysing table 7.1, it is possible to identify the most common risk
factors for each category. In the general category, the most common risk
factors were mobility/activity, age, and nutrition (Lindgren et al, 2004;
Gallagher et al, 2008; Bulfone et al, 2012; Coleman et al, 2013; Moore et
al, 2013a; Webster et al, 2015).
In the surgery category, the most common risk factors were age, type of
anaesthesia, position in theatre and duration of surgery (Aronovitch, 1999;
Schoonhoven et al, 2002; Schoonhoven et al, 2002a; Lindgren et al, 2004;
Stevens et al, 2004; Feuchtinger et al, 2005; Lindgren et al, 2005;
Aronovitch, 2007; Schuurman et al, 2009; Lardenoye et al, 2009; Connor
et al, 2010; Bulfone et al, 2012; Tschannen et al, 2012; Lumbley et al,
2014; O’Brien et al, 2014; Webster et al, 2015).

From the risk factors identified in both categories, age is the only common
risk factor among general and surgical populations. This is understandable
as different populations will present with different characteristics that will
impact on the development of pressure ulcers. To gain a better
understanding on how nutrition, age, immobility, anaesthesia, position in
surgery and duration of surgery are related to pressure ulcer development,
a discussion on each risk factor will follow.
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Table 7.1: Pressure Ulcer Risk Factors – General and Surgery Specific
Pressure Ulcers General Risk Factors

Pressure Ulcers Surgery Related Risk Factors

Author(s)

Risk Factor(s)

Author(s)

Risk Factor(s)

Webster et al

Old age; Diabetes Mellitus; Cardiac disease; Vascular

Schoonhoven

Length of surgery; Vascular disease; Warming

(2015)

disease; Multiple comorbid conditions

et al (2002)

blanket; Age; Extracorporeal blood circulation

Bulfone et al

Length of action of pressure; Tissue surface dehydration

Schuurman et

Duration of surgery; Position on operating room

(2012)

or excess wetness; Obesity; Malnutrition; Comorbidities

al (2009)

table

Lindgren et al

RAPS total score; General physical condition; Physical

Webster et al

Old age; Skin condition; Being admitted from a

(2004)

activity; Mobility; Food intake; Serum albumin; Friction

(2015)

location other than home; Comorbidity; Recent weight

and shear; Time of hospitalization; Age; Weight; Diastolic

loss; Incontinence; Restricted mobility pre-surgery;

blood pressure; Immobility (considered a strong risk

Pillow placed under knees during surgery; Epidural;

factor)

Length of surgery was not associated

Coleman et al

Mobility, Activity; Perfusion (including Diabetes);

Bulfone et al

Duration on operating table; Position on operating

(2013)

Skin/Pressure ulcer status; Also considered important:

(2012)

table; Specific aids used; Anaesthesia;

Moisture; Age; Haematological measure; Nutrition;

Extracorporeal Circulation; Hypo and Hyperthermia;

General health status

Age; Cerebrovascular disease; Renal failure
Anaesthesia duration; Total time diastolic ˂50mmHg

Gallagher et

Mobility; Incontinence; Cognitive impairment; Longer

Connor et al

al (2008)

hospital stay

(2010)

Moore et

Activity; Mobility; Age; Nutrition; Presence of pressure

Stevens et al

High surgery time; Lateral position in operating

al(2013a)

ulcer at admission; Hospital length of stay

(2004)

table

Pokorny et al

Hypertension; Obesity; Diabetes Mellitus; Heart Failure

(2003)
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Table 7.1: Pressure Ulcer Risk Factors – General and Surgery Specific (continued)
Pressure Ulcers General Risk

Pressure Ulcers Surgery Related Risk Factors

Factors
Author (s)

Risk Factors

Author (s)

Risk Factors

Nixon et al (2000)

Increased number of hypotensive episodes; Mean core temperature during surgery;
Decreased mobility in day 1 post-operatively

Nixon et al (2007)

Pressure ulcer grade ≥1b; Pre-operative albumin; Weight loss; Intra-operative minimum
diastolic blood pressure

Aronovitch (1999)

Increased surgical time; Position during surgery; Age; Weight; Type of anaesthesia;
Use of heating blanket; Extracorporeal circulation; Moisture; Exposure to pressure
related to retraction; Type of surface; Length of time from admission to surgery

Grous et al (1997)

Use of warming blanket

Schoonhoven et al

Pre-operative: Analgesia; Malnutrition

(2002a)

Intra-operative: Longer diastolic blood pressure ˂60mmHg; High length of surgery;
Spinal, head and neck surgery; Prone position
Post-operative: Staying in ICU

Aronovitch (2007)

Warming device; Anaesthesia; Comorbidities

Tschannen et al (2012)

Older age; Long time in operating room table; Diabetes Mellitus; Use of vasopressors

Lardenoye et al (2009)

Delayed early mobilisation post-operatively; Inadequate calorie intake; Incontinence;
Position during surgery
Renal insufficiency (if patient in this study had renal insufficiency more likely to develop
pressure ulcer)

Feuchtinger et al
(2006)
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Table 7.1: Pressure Ulcer Risk Factors – General and Surgery Specific (continued)
Pressure Ulcers General Risk
Factors
Author(s)
Risk Factor(s)

Pressure Ulcers Surgery Related Risk Factors
Author(s)
Lindgren et al (2005)

Lumbley et al (2014)

O’Brien et al (2014)

Strouder et al (1998)

Feuchtinger et al (2005)

Fred et al (2012)
Lindgren et al (2004)

Risk Factor(s)
Pre-operative: Old age; Weight loss; Low BMI; Low serum albumin; Low RAPS
score; Female; American Society of Anaesthesiologists status; New York Heart
Association status; Food intake
Surgical time ≥4 hours; Diabetes Mellitus; Hypertension; Non-specific cardiac
issues; Supine position; Abdominal, non-cardiac thoracic and orthopaedic
surgery
American Society of Anaesthesiologists status; Underweight BMI; Non-cardiac
surgery; Cardiac Heart Failure; Renal disease; Age; Existing airway prior to
arriving to operating room
Intra-operative: Receiving blood products
At admission: Norton and Braden scale score; Low Haemoglobin
concentration; Existing pressure ulcer
Post-operative: Use of steroids; Use of antihypertensive
Kemp et al. 1990:
Age; Time in operating room; Extracorporeal circulation
Papantonio et al. 1994:
Age; Diabetes Mellitus; Pre-existing respiratory disease; Low haematocrit;
Albumin ˂3.6g/dl; Ecchymosis; Time in operating room
Jerusum et al. 1996:
Age; CVA; Renal insufficiency; High APACHE and PIRT scores; Low Braden
st
score 1 post-operative day
Weight loss; Temperature drop of 1.8°C; High American Society of
Anaesthesiologists score; Low Braden score
RAPS total score; Physical activity; Mobility; Food intake; Friction and shear;
Time of hospitalization; Female gender; Age; Weight; BMI; Serum albumin
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7.2.1. Relationship between Risk Factors and Pressure Ulcer
Development identified in the General and Surgical Populations
7.2.1.1. Nutrition
In the general population, nutrition is commonly cited as a risk factor
(Lindgren et al, 2004; Bulfone et al, 2012; Coleman et al, 2013; Moore et
al, 2013a). Although, nutrition is linked to the development of pressure
ulcers, how it contributes towards ulceration is not well established
(Moore, 2008). Poor nutrition, or malnutrition, results in muscle wasting
and loss of soft tissue (Moore, 2008). This results in bony parts of the
body becoming more prominent. In immobile, malnourished persons, the
pressure is too high over these bony prominences because pressure is
equal to force dived by area (International Review, 2010), the smaller the
area, as with more prominent bony prominences, the higher the pressure.
Moreover, collagen, which is an integral part of the dermis, will also be
compromised, as collagen synthesis and deposition is dependent on
adequate protein intake (Gawkrodger and Ardern-Jones, 2012; Sussman
and Bates-Jensen, 2012). Thus, because of the tissue wasting that
occurs, the protective and buffer properties of the dermis, subcutaneous
tissue and fascia are compromised. Besides a poor nutritional status, too
much weight is conversely, not always considered to be synonymous with
pressure protection. However, Linder-Ganz et al (2007) showed in their
research, of strain and stress distribution, if weight is added to a body the
strain and stress levels inside the tissue at the muscle layer will increase,
damaging the cells leading to the development of a pressure ulcer.

3.2.1.2. Age
Age, or old age, has also been identified as a risk factor for the
development of pressure ulcers among the general population (Lindgren
et al, 2004; Coleman et al, 2013; Moore et al, 2013a; Webster et al, 2015).
This is of importance, given that in 2010 around 524 million people in the
world were 65 years of age or older, representing 8% of the world’s
population (WHO, 2011). However, the WHO (2011) estimates that by
2050, the number of elderly people will triple to 1.5 billion representing
16% of the world’s population. The increase in the number of elderly
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people will represent an increase of people who will suffer from restricted
mobility, will be immobile, or will have very low levels of activity (Sainio et
al, 2006) and so will be at a higher risk of developing a pressure ulcer.
Furthermore, the effects of ageing on the skin will impact greatly on its
capacity to regenerate itself and to protect itself from external factors, such
as pressure and shear (Defloor, 1999).

In relation to surgical specific risk factors, in some studies age was also
linked to the development of pressure ulcers post-operatively (Aronovitch,
1999; Schoonhoven et al, 2002; Lindgren et al, 2004; Feuchtinger et al,
2005; Lindgren et al, 2005; Bulfone et al, 2012; Tschannen et al, 2012;
O’Brien et al, 2014; Webster et al, 2015). However, this risk factor is not
uniformly identified in the literature, with other research not citing old age
as a specific risk factor (Schuurman et al, 2009; Connor et al, 2010;
Stevens et al, 2004; Pokorny et al, 2003; Nixon et al, 2000; Nixon et al,
2007; Grous et al, 1997; Schoonhoven et al, 2002a; Aronovitch, 2007;
Feuchtinger et al, 2006; Lardenoye et al, 2009; Lumbley et al, 2014;
O’Brien et al, 2014; Strouder et al, 1998; Fred et al, 2012). This suggests
that among the surgical population, other factors may be of greater
importance than age alone. Many years ago, Bliss and Simini (1999)
identified that pressure ulcers can occur in any person of any age, should
they be exposed to sustained unrelieved pressure and shear forces.
Considering this and the fact that pressure ulcer incidence in paediatrics is
almost the same, as it is in older persons (Curley et al, 2003), it becomes
apparent that the focus needs to be on exposure to pressure and shear,
rather than age in, itself. Further, focussing on older age may inadvertently
lead healthcare professionals to miss pressure ulcer risk among younger
surgical patients. Indeed, in the study of Kim et al (2018) the mean age of
those developing pressure ulcers was 61.7 years, a similar age identified
by Tschannen et al (2012).

7.2.1.3. Position in Theatre, Anaesthesia and Duration of Surgery
Position in theatre, anaesthesia and duration of surgery were identified in
the literature as surgery specific risk factors (Aronovitch, 1999;
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Schoonhoven et al, 2002; Schoonhoven et al, 2002a; Stevens et al, 2004;
Feuchtinger et al, 2005; Schuurman et al, 2009; Lardenoye et al, 2009;
Connor et al, 2010; Bulfone et al, 2012; Tschannen et al, 2012; Lumbley et
al, 2014; Webster et al, 2015) and linked to the development of pressure
ulcers.

Firstly, patients undergoing surgery, due the nature of this procedure,
need to be positioned in the operating room table, need to receive
anaesthesia for the procedure to go ahead and need to be in theatre
under these, conditions for as long as it is needed to complete the
procedure in a safe and successful way (Price et al, 2005; O’Connell,
2006; Walton-Geer, 2009; Nilsson, 2013). The position in surgery will be
determined by the surgical procedure, the patient condition, the
anaesthetics and the need for the exposure of the surgical site (WaltonGeer, 2009; Nilsson, 2013). The most common surgical positions are
supine, prone, lateral decubitus, either left or right, lithotomy and sitting.
Depending on the practicalities of the procedure, small adaptations of
each position can occur (O’Connell, 2006; Walton-Geer, 2009).
Irrespectively of the position patients are lying in, on the operating table,
the force created by the weight of the body and the counteracting force of
the table against the patient’s tissue, will subject the tissue to the effects of
pressure and shear, which will be higher at the bony prominences.
However, despite this, the position in theatre needs to be maintained to
perform the surgery and the only solution to alleviate pressure is the use
of offloading or pressure relieving/redistributing materials.

Besides position in surgery, the duration of surgery also impacts on
pressure ulcer development, as the patients’ tissue will be subject to the
pressure/shear forces that can start the tissue breakdown pathways. As
pressure acts on tissue ischaemia, cell deformation and cell death start to
occur and the longer the state of immobility is sustained, the less, tissues
tolerate the action of pressure/shear (International Review, 2010).
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Clearly, both length of surgery and position in the operating room are
important variables that influence pressure and shear, because they
contribute to the intensity and duration of pressure/shear. In the surgical
setting, the intensity of pressure/shear will be influenced by the surface
where the person is lying on and the position the person is placed in
(Defloor, 1999). This is because pressure is equal to force divided by area
and if the person is placed directly on a bony prominence, there will be a
relatively small areas of the body carrying all the weight (Moore and van
Etten, 2011). Furthermore, the principle of pressure redistribution using a
surface relates to the concepts of immersion and envelopment, which are
influenced by the nature and thickness of the material that makes up the
lying surface (van Etten, 2014). So, the harder and the thinner the surface,
the less immersion and envelopment will occur. Further, the duration of
pressure/shear will depend on the actual duration/time of the surgical
procedure, which can include the pre, peri and immediate post-operative
(or the period the patient regains consciousness, or starts mobilising)
(Schoonhoven et al, 2002). This makes sense when one considers that
prolonged, unrelieved pressure and shear are the factors that results in
the physiological manifestations which lead to pressure ulcer
development.

Additionally, for the surgery to proceed, patients need to receive
anaesthesia. This is a practice by which patients are put in an
unconscious state, using medications that cause muscle relaxation, loss of
sensory perception, analgesia, and sedation (Price et al, 2005; O’Connell,
2006; Walton-Geer, 2009; Nilsson, 2013). Thus, the patient has no
perception of pain and discomfort and stays in a state of immobility that is
dependent on the surgery duration, and on the time, it takes for the
anaesthetics to wear off after surgery. Another aspect related to
anaesthesia, is its effect on the autonomic nervous system, which results
in vasodilation, lower blood pressure and decreased tissue perfusion
(O’Connell, 2006; Walton-Geer, 2009). This will add to the burden of the
pressure ulcer ischaemia causal pathway.
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Positioning during surgery is associated with immobility as patients cannot
move and depending on the position different areas of the body were bony
prominences are will be subject to pressure/shear. Also, anaesthesia by
itself creates a state of immobility which will subject tissue to the effects of
pressure. The longer the duration of this state of immobility the more
prone patients are for tissue damage and eventual pressure ulcer
development. Thus, one can argue these three risk factors are
subcomponents of forced immobility which is the main precursor for the
effects of pressure/shear in the tissue. For this reason, the writer argues
that immobility is a risk factor also in the surgical population.

7.2.1.4. Immobility
From a review of risk factors among the general patient population,
impaired mobility and activity appear to be the principal contributors for the
development of pressure ulcers (Lindgren et al, 2004; Gallagher et al,
2008; Bulfone et al, 2012; Coleman et al, 2013; Moore et al, 2013a;
Webster et al, 2015).

Immobility, mobility, and activity are important concepts to consider when
assessing the risk of an individual developing a pressure ulcer. Mobility is
a state of being movable (Sussman and Bates-Jensen, 2012), where an
individual is active and moves to engage in daily activities. Thus,
immobility is a state of no movement (Sussman and Bates-Jensen, 2012),
or it could be considered a state were the level of movement is insufficient
for the body to respond safely to the duration and intensity of
pressure/shear.

In a study by Exton-Smith and Sherwin (1961) the movement of 50 elderly
individuals, with an age range from 65 to 93 years old, was observed by
the use of an apparatus, composed by an inertia switch in circuit with an
electrical impulse counter. Every time the patient made a movement, the
inertia switch would activate via a ratcher strip that was attached to the
mattress. The authors identified that 20% (n=10/50) made less than 20
movements a night, and of these patients, 90% (n=9/10) developed
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pressure ulcers. One participant had an average nightly score of 23
movements, which decreased the following night to 15, and erythema of
the sacrum became noticeable. This same participant went on to further
reduced movements to 7, and then developed a sacral pressure ulcer.
This data was among the first to demonstrate that the less mobile an
individual is the higher their chances of developing a pressure ulcer.

Brandeis et al (1994), also identify level of activity as a risk factor for the
development of pressure ulcers, showing a 3-fold probability of a pressure
ulcer developing among those with impaired ambulant levels. This is
further supported by work of Fischer et al (2004), who, in a cross-sectional
prevalence study, undertook logistic regression analysis to identify the
relation between risk factors of pressure ulcer development in hospitalised
adults. Using the Braden subscales scores, the odds ratio of pressure
ulcer development for the subscales friction/shear was OR=6.05, sensory
perception OR=5.76, mobility OR=5.30, activity OR=4.24, moisture
OR=2.86 and nutrition OR=2.54. This shows that although all subscales
appear to have influence on the development of pressure ulcers, mobility,
activity and friction/shear have the highest scores showing up to a 6-fold
increased probability of the development of pressure ulcers. Further,
sensory perception also showed a high odds ratio, indicative of high
association with pressure ulcer development, but this subscale is
intrinsically related to mobility. This is because if an individual does not
feel pain, or discomfort indicating a need to change position, that person is
likely to remain immobile and at a high risk of pressure ulcer development.

Interestingly, in a study by Moore and Cowman (2012), in the long-term
care population, overall Braden scores indicated that the population were
at low, or not at risk. However, 53% of the 1100 included participants,
were immobile, or presented with very limited mobility, and 58% were
chair/bedfast. The concern with use of the overall Braden score as an
indicator of risk, as identified here, is that other factors which may detract
from risk, such as the individual being nutritionally stable and not
incontinent, may dilute the overall weight given to the risk status. In other
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words, if the person only presents with immobility, then they may actually
fall into an overall no/low risk category, when in fact they are presenting
with one of the most important risk factors for pressure ulcer development.
Indeed, in the study of Moore and Cowman (2012) a statistically significant
association was found between activity and mobility and pressure ulcer
development (X2 = 45.50; p<0.001; X2 = 46.91; p=0.0001, respectively),
rather than with the overall Braden score.

It is clear from the pressure ulcer causal pathways, and from the data
presented here, that immobility and low levels of activity will predispose
the individual to exposure to pressure and shear. These forces will,
through a series of physiological processes, cause cell deformation and
subsequent cell death. For these reasons, the literature espouses the
importance of primarily focussing on mobility levels (Coleman et al, 2013).
For the surgical population this is a very important consideration, as this
population is subjected to an immobility state in the perioperative period,
which can be prolonged by the effects of anaesthesia. This population is
thus at high risk of pressure ulcer development, and for many this risk
begins during the surgery period. If the patient were not immobilised due
to the nature of the procedure and anaesthesia, then none of the
purported risk factors, such as age or, nutritional status would be relevant
in terms of pressure ulcer development. This proposition is based on the
fact that pressure and shear cause pressure ulcers, and other factors,
though important in the presence of pressure and shear, are not primary
risk factors, rather are known as contributory factors (Coleman et al,
2013).

7.3. Risk Assessment Scales Systematic Review Search Strategy:
Results
From the search strategy (figure 7.2) 1669 articles were identified, after
removal of duplicates, 90 titles of the remaining articles were read. From
these 25 articles were further excluded, yielding a total of 65 eligible
articles. The abstracts of these records were read and the full-text of 21
records, were retrieved. From these, 18 articles were included in
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quantitative synthesis and 3 were systematic reviews. These records will

Identification

be synthesised and analysed.

Records identified through
database searching
(n = 1669)

Additional records identified
through other sources
(n = 4)

Included

Eligibility

Screening

Records after duplicates removed
(n = 90)

Records screened
(n = 90)

Records
excluded
(n=25)

Full-text articles assessed for
eligibility
(n = 65)

Full-text articles
excluded (n=44)

Studies included in qualitative
synthesis
(n = 0)

Studies included in quantitative
synthesis (n=18)

Studies included – systematic
reviews (n=3)

Figure 7.2: Risk Assessment Scales Search Strategy Flow Diagram. Adapted from Prisma 2009
Flow Diagram
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7.4. Pressure Ulcers: Risk Assessment
To effectively prevent individuals from developing pressure ulcers, it is
crucial to identify those who might be at risk and to do so healthcare
professionals need to incorporate risk assessment into their practice. From
a review of the literature, it has been shown that the surgical healthcare
setting is a high-risk area for individuals in terms of pressure ulcer risk. It is
therefore pertinent to review the literature surrounding risk assessment, to
determine whether scales currently used are specific and sensitive enough
to determine the risk for persons undergoing surgery.

Risk assessment usually entails a systematic approach where the use of
risk assessment scales, skin assessment and clinical judgement are
thought to contribute to the early identification of patients at risk of
pressure ulcer development (NPUAP/EPUAP/PPPIA, 2014). Skin
assessment is important because the status of the patient’s skin can help
in early detection of pressure ulcer development or can identify, if a
pressure ulcer is already present. Risk assessment can be done by using
a scale that will, by means of a scoring of risk factors, identify if a patient is
at risk of developing pressure ulcers. There are many risk assessment
scales available in practice and healthcare settings usually decide
themselves on which scale to use (Pancorbo-Hidalgo et al, 2006; Webster
et al, 2011; Kelechi et al, 2013).

Pancorbo-Hidalgo et al (2006), in their systematic review, identified 12 risk
assessment scales with the most commonly used being Norton, (Table
7.2), Braden (Table 7.3) and the Waterlow scale (Table 7.4), although it is
suggested that over 60 risk assessment scales are available. The
existence of a plethora of risk assessment scales raises the question as to
whether they actually measure, what they are supposed to measure. This
is of particular relevance, considering that there is no consensus in which
risk assessment to use (Pancorbo-Hidalgo et al, 2006; Anthony et al,
2008; Kelechi et al, 2013). It is important to highlight that these scales are
not predicting pressure ulcer presence, or development, but are aimed at

186

identifying risk factors that could lead to pressure ulcer development
(Anthony et al, 2008).

In the surgical clinical setting, risk assessment scales are used to help
healthcare professionals identify if a particular patient going for, or
following surgery, is at risk of developing a pressure ulcer. Therefore,
these assessments are usually undertaken pre and post-operatively
(Strouder et al, 1998; Feuchtinger et al, 2005; Lindgren et al, 2005; Fred et
al, 2012; O’Brien et al, 2014). The risk status identified is then intended to
indicate which measures should be taken to prevent pressure ulcers from
developing. Considering that the incidence of pressure ulcers in the
surgical setting is as high as 54.8% (Karadag and Gümüskaya, 2006), it
begs the question pertaining to the sensitivity and specificity of these
assessment tools for this clinical setting. The challenge may lie in a
number of issues. Firstly, perhaps the risk factors included in these
commonly used tools do not actually reflect perioperative risk. Secondly,
undertaking a risk assessment before and after surgery may not
accurately capture the risk experienced by the patient during the
perioperative period. As mentioned previously, the fundamental issue is
that depending on the duration of surgery and the pressure redistribution
practices in the theatre environment, patients in the operating department
are at high risk of pressure ulceration (Schoonhoven et al, 2002). Given
these issues it is important to understand whether the common risk
assessment scales used, in particular Norton, Braden and Waterlow,
measure risk in the surgical population in a reliable and valid way. To
appreciate this, a deeper understanding of the scales’ predictive validity,
sensitivity and specificity and intra and inter-rater reliability needs to be
addressed.

For research to be of value it is important that the results are valid and
reliable (Anthony, 1999). Validity is concerned with making sure that the
instrument measures what it proposes to measure (Gerrish and Lacey,
2010). Validity can be determined using content validity, construct validity,
or criterion-related validity (Anthony, 1999). Content validity explores the
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relevancy of each item included in an instrument, construct validity is more
focused on the ability of the instrument to measure the traits of interest,
whereas criterion-related validity focuses on how well the new instrument
performs against the gold standard (Anthony, 1999).

With regard to risk assessment scales, one needs to be assured that they
are measuring what they say they are measuring. For this, determining the
risk assessment predictive validity is paramount. A strong predictive ability
will enable correct detection of an individuals’ risk factors for pressure
ulcer development (Anthony, 1999). Further, predictive validity can be
positive or negative. Positive predictive validity (PPV) explores the
proportion of individuals that were correctly assessed as being at risk and
were actually at risk. Negative predictive validity (NPV) is the opposite, in
that it explores the proportion of individuals that were correctly identified
as not being at risk, and that were not actually at risk (Altman and Bland,
1994; Stralen et al, 2009).

A further aspect to consider when assessing risk assessment scales is
their sensitivity and their specificity. Sensitivity is defined as the proportion
of positive cases that were correctly identified as having the problem,
whilst specificity can be defined as the proportion of negative cases that
were correctly identified as not having the problem (Anthony, 1999;
Pallant, 2010). Reliability, on the other hand, is concerned with the
consistency of measurement, and thus the repeatability of an experiment,
tool, or scale (Anthony, 1999; Gerrish and Lacey, 2010). To address
reliability in risk assessment scales, one determines the intra and interrater reliability, which means the agreement and consistency between and
within observers using a tool (McHugh, 2012). Inter-rater reliability is
concerned with the reliability between multiple data collectors, while intrarater reliability is concerned with the reliability of one data collector
(McHugh, 2012). To gain a better understanding on the validity and
reliability of the three main used scales, these will now be analysed
individually. This will be followed by an analysis of the comparison
between the three scales.
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7.4.1. Reliability and Validity analysis of the Norton, Braden and
Waterlow scales individually
The following section will focus on the individual characteristics of the
three most widely used scales. In particular their reliability and validity will
be analysed, to gain a better understanding on how well they identify
those really at risk of pressure ulcer development, by the identification of
risk factors.

From the literature search, 65 research articles were identified that
explored the validity or reliability of the Norton, Braden and Waterlow scale
individually, or together. Of these 65 articles (see table of excluded studies
in appendix 11), 4 focused uniquely on the surgical population, and 17
included both medical and surgical populations in their sample.

7.4.1.1. Norton Scale
The Norton scale was developed by Doreen Norton in 1962, with its main
target population being hospitalised older adults (Rafferty and Traynor,
2002). With the aim of developing nursing care, providing better nursing
care for the patient and promoting patients’ independence, Norton
engaged in several research projects (Rafferty and Traynor, 2002), and
through some of these wanted to understand the factors that lead to
pressure ulcers. Norton attributed the development of pressure ulcers to
two factors, the clinical condition of the patient – general physical and
mental condition; and to nursing care and how it helps relieve pressure
(Rafferty and Traynor, 2002).

The Norton scale incorporates 5 domains, that can be found in table 7.2,
with the risk score varying between ˂9, very high risk and 18 ˃, low risk
(Kelechi et al, 2013).
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Table 7.2: Norton Scale Characteristics
Scale

Risk Factors/Domains
Physical Condition

Risk Score

Category

˂9

Very high risk

10-13

High risk

14-17

Medium risk

>18

Low risk

x Good
x Fair
x Poor
x Very Bad
Mental Condition
x Alert
x Apathetic
x Confused
x Stuporous
Activity
x Ambulant
Norton

x Walks with help

(1962)

x Chair bound
x Bedfast
Mobility
x Full
x Slightly Impaired
x Very Limited
x Immobile
Incontinence
x None
x Occasionally
x Usually Urinary
x Urinary and
Faecal

Besides the original Norton scale some authors report on the use of a
modified Norton scale, which includes more domains than the original
scale. From the studies identified, four reported on two different modified
Norton scales. One was developed by Ek (1987) with the domains food
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and fluid intake being added. Feuchtinger et al (2007) report on the
modified Norton scale developed by Bienstein (1991) where the domains
skin condition, cooperation/motivation, additional diseases, and age were
added.
Of the risk factors previously identified as being the most important in the
general population, only mobility/activity are also identified in the Norton
scale. If one considers the modified Norton scale, depending on the
author, both food and fluid intake and age, are also common. Focusing on
the risk factors identified for the surgical population, none are identified by
the Norton scale. However, if one considers that anaesthesia and duration
of surgery will impact on the patient’s mobility and activity levels and,
exposure to pressure/shear, then the risk factor mobility and activity in the
Norton scale could hypothetically be considered a common risk factor
relevant to the surgical population.

From the 22 research articles pertaining to the Norton scale, 5 focused on
the Norton scale alone; 12 compared the Norton scale with other scales; 4
focused on a Modified Norton scale and 1 compared the modified Norton
scale with other scales. From the 9 articles addressing only the Norton
scale none, analysed the risk assessment scale validity or reliability in the
surgical population.

7.4.1.2. Braden Scale
The Braden scale (table 7.3) was developed by Barbara Braden and
Nancy Bergstrom in 1987, based on their conceptual schema on the
aetiology of pressure ulcers. The authors identified mobility, activity, and
sensory perception as the causes for pressure. They further discussed the
importance and effect of extrinsic factors, namely moisture and friction and
shear, and intrinsic factors, such as nutrition and age, in tissue tolerance.
They conceptualised that all these factors were necessary for the
development of pressure ulcers. Based on some of these risk factors, the
authors created the Braden scale, which is composed of 6 domains with
the risk score varying between ˂9 very high risk, 10-12 high risk; 12-14
moderate risk and 15-18 at risk (Bergstrom et al, 1987). The target
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population for the Braden scale are hospitalised adults (ICU), and patients
in the nursing home and home care settings.

Table 7.3: Braden Scale Characteristics
Scale

Risk Factors/Domains

Risk
Score
˂9

Sensory Perception
xAbility to respond to

Category
Very high
risk

pressure related discomfort
Moisture

10-12

High risk

12-14

Moderate

xDegree of skin exposure to
moisture
Braden
(1987)

risk

Activity
xDegree of physical activity
15-18

Mobility

At risk

xCapacity to change &
control body position
Nutrition
xFood intake
Friction and Shear

Besides the original Braden scale, a modified Braden scale was also
identified in the literature (Kwong et al, 2005; Chan et al, 2009). In the
modified Braden scale, two more domains were added, namely skin type
and build for height, based on the findings of Pang and Wong (1998). It
was suggested by the authors that adding these two domains increases
the predictive validity of the Braden scale. However, little evidence is
provided for this assertion.

From the risk factors previously identified as being the most common in
the general population only mobility, activity, and nutrition are included in
the Braden scale. However, for the risk factors previously identified as
being the most common in the surgical population, none are specifically
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included in the Braden scale. However, if one considered that anaesthesia
impacts on sensory perception, and that both anaesthesia and duration of
surgery will impact on the patient’s mobility and activity levels and,
exposure to pressure/shear, then the risk factor mobility and activity in the
Braden scale could hypothetically be considered a common risk factor
relevant to the surgical population.

From the 49 articles pertaining to the Braden scale, 32 focused only on the
Braden scale, 16 compared the Braden scale with other scales and 1
focused on the modified Braden scale. Of these research articles, 11
explored the reliability and validity of the Braden scale in the surgical
population.

Table 7.4 presents the general characteristics of the studies analysed in
terms of the reliability and validity of the Braden scale. From the 11 studies
analysed, only one had as its main outcome exploring the inter-rater
reliability of the Braden scale (Rogenski and Kurcgant, 2012), the
remaining studies main outcome was to determine the predictive validity of
the Braden scale (Bergstrom et al, 1987a, b; Bergstrom et al, 1998; Lyder
et al, 1999; Halfens et al, 2000; Lewicki et al, 2000; Seongsook et al,
2004; Kim et al, 2009; Cox, 2011; Park et al, 2015). Considering all the
studies, only two focused exclusively on the surgical population (Lewicki et
al, 2000; Kim et al, 2009).

In relation to the designs of the studies analysed, one was a retrospective
study (Cox, 2011), one was meta-analysis (Park et al, 2015), one did not
clearly state the research design used (Bergstrom et al., 1998), and the
remaining 8 studies (Bergstrom et al, 1987a, b; Lyder et al, 1999; Halfens
et al, 2000; Lewicki et al, 2000; Seongsook et al, 2004; Kim et al, 2009;
Rogenski and Kurcgant, 2012) were non-experimental prospective,
comparative, or descriptive studies.

The mean age of the populations included in the studies varied between
50.5 years and 72 years old. One study (Park et al, 2015) reported on the
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mean age for the individual included studies (see study for more details).
In terms of sample size, this varied from 74 to 347 participants, with a
mean of 197.7 participants across 10 of the studies. One study (Park et al,
2015) was a meta-analysis that reported on data from 21 studies.

The sampling methods used varied among the studies. One study used
random sampling (Bergstrom et al, 1998) three studies used consecutive
sampling (Bergstrom et al, 1987a, b; Lyder et al, 1999). The remaining 6
studies used convenience sampling (Halfens et al, 2000; Lewicki et al,
2000; Seongsook et al, 2004; Kim et al, 2009; Cox, 2011; Rogenski and
Kurcgant, 2012). The study by Park et al (2015) was a meta-analysis, and
reports on the sampling methods employed by the authors, of the included
studies. These sampling methods were random and consecutive.
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Table 7.4: Braden Scale Studies Characteristics
Author

Bergstrom
et al (1987a)

Design

Prospective

Care-Setting

Medicalsurgical

Age
(mean)

57.2

Outcome

Determine sensitivity
and specificity

Bergstrom
et al(1987b)

Prospective

Medicalsurgical

Bergstrom
et al (1998)

Not clear

surgical &
Skilled
Nursing

Cox (2011)

descriptive,
correlational

72 hours of admission
were skin and risk

Follow -Up

Weekly for
6 weeks

Weekly for
12 weeks

Assessment on the first
1) Predictive validity
of the Braden

then every 48 to 72

4 weeks

(for total

Scale

hours (Monday-

or up to

Wednesday-Friday) until

discharge

sample)

2) Critical cut-off point
for classifying risk

Sample
Size

Sampling

99

Consecutive

100

Consecutive

Total =

day of the study and

63

Facility

Retrospective

Patients included after

assessed

50.5

Tertiary care
& Medical-

Intervention

discharge or for a

843

Medical-

Random

Surgical =
282

maximum of 4 weeks

Which risk factors
Medicalsurgical

69

derived from Braden
are predictors of
pressure ulcers
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Chart review

n/a

347

Convenience

Table 7.4: Braden Scale Studies Characteristics (continued)
Author

Design

Care-

Age

Setting

(mean)

Outcome

Intervention

Follow-

Sample

Up

Size

Sampling

The risk factor blood
1) Sensitivity and
3 hospitals

specificity of Braden in
Netherlands.

Halfens et al

Prospective

(including

(2000)

multi-centre

surgical

60.9

ward)

2) Which risk factors can
enhance sensitivity
and specificity

circulation was added to
the scale, the extended
Braden scale was filled
every 5 days, or when the
health status of the

Up to 10
days

320

Convenience

219

Convenience

337

Convenience

patient changed, starting
on the first day of
admission.

Kim et al
(2009)

Prospective
nonexperimental

Surgical
ICU

Compare predictive
58.1

validity of scales (will
focus only on Braden)

Optimal cut-off point to
Lewicki et al
(2000)

Descriptive

Surgical

62

identify PU risk in
cardiac surgical
population
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Patients were risk

Until

assessed upon admission

discharge

and skin assessed daily

, death,

between 10-11AM

transfer

Risk assessment pre-

Up to day

surgery, day 1, 3 and 5

5 post-

post-surgery

surgery

Table 7.4: Braden Scale Studies Characteristics (continued)
Author

Design

Care-

Age

Setting

(mean)

Outcome

Data Collection

Determine predictive

Lyder et al
(1999)

Prospective
repeated
measures

validity of Braden and

Hospital
medicalsurgical

physiological and non72

physiological variables
associated with prediction

ward

of PU in Black and

Park et al
(2015)

Meta-

including

analysis

medical-

and

Prospective

n/a

Kurcgant

exploratory

(2012)

and ICU

After initial risk and
skin assessment,
patients were reassessed within 24 to

Until

48hrs after being

discharge

74

Consecutive
series

admitted. Skin

on Mon/Wed/Fri

validity of Braden through

-

-

21studies

-

-

87

Convenience

meta-analysis

Medicalsurgical

Sampling

Size

Determine predictive

surgical

Rogenski

Sample

assessment was done

Hispanic elders

Various

Follow-Up

Verify PU prevalence and
56.6

inter-rater reliability of
Braden

Skin and risk
assessment done by
six collaborators in all
admitted patients

197

Table 7.4: Braden Scale Studies Characteristics (continued)
Author

Design

Care-

Age

Setting

(mean)

Outcome

Data Collection

Seongsook
et al (2004)

Comparative

including
surgical

predictive validity of
62

3 scales (going to
focus only on
Braden)

Sample
Size

Sampling

Initial risk and skin

Compare the
ICU

Follow-Up

assessment within 24hrs to

Until

72hrs after being admitted.

discharge,

Following assessments

transfer, or

were done on

death

Mon/Wed/Fri.

198

112

Convenience

7.4.1.2.1. Braden Scale: Reliability
From the studies included in the analysis (see table 7.5), one had as its
main outcome of inter-rater reliability (Rogenski and Kurcgant, 2012).
There were another 2 studies that report reliability (Bergstrom et al, 1998;
Halfens et al, 2000), however, because these studies used different
measurements to assess inter-rater reliability their results will be reported
individually.

The study by Bergstrom et al (1998), where the incidence of pressure
ulcers was 12.8%, reported an intra-class correlation of r=0.95 for the two
raters. In the study by Halfens et al (2000), the incidence of pressure
ulcers was 14.7%, and the inter-rater reliability was reported in terms of
Cohens kappa, with k=0.86. Rogenski and Kurcgant (2012) in their study
reported a 15.6% prevalence of pressure ulcers in the surgical population.
Reliability was determined using the inter-class correlation (Pearson’s
correlation) and this was 0.946.

7.4.1.2.2. Braden Scale: Validity
In terms of the scale predictive validity, this was reported in 10 studies
(Bergstrom et al, 1987a, b; Bergstrom et al, 1998; Lyder et al, 1999;
Halfens et al, 2000; Lewicki et al, 2000; Seongsook et al, 2004; Kim et al,
2009; Cox, 2011; Park et al, 2015). All studies reported on the incidence of
pressure ulcers and on the sensitivity and specificity of the Braden scale
(see table 3.5). In relation to other validity measures, PPV and NPV were
reported in 5 studies (Bergstrom et al, 1998; Lyder et al, 1999; Seongsook
et al, 2004; Kim et al, 2009; Cox, 2011). In terms of the AUC, this was only
reported on 3 studies (Seongsook et al, 2004; Kim et al, 2009; Park et al,
2015).

From the studies analysed, pressure ulcer incidence varied between 4.7%
and 32%. The cut-off scores reported varied from a lower cut-off score of
14 to a higher cut-off score of 22. In terms of the Braden scale predictive
validity, its sensitivity varied between 50% and 97%, whilst its specificity
varied between 7% and 100%. In relation to the PPV, this varied between
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17% and 100%, while the NPV varied between 50% and 100%.
Considering the AUC, reported in the studies, this varied from 0.707 to
0.881.

7.4.1.3. Strengths and Limitations of the Included Studies
From the studies included in this analysis, only two focused primarily on
the validity of the Braden scale in the surgical population (Lewicki et al,
2000; Kim et al, 2009). The remaining studies (Bergstrom et al, 1987a, b;
Bergstrom et al, 1998; Lyder et al, 1999; Halfens et al, 2000; Seongsook
et al, 2004; Cox, 2011; Rogenski and Kurcgant, 2012; Park et al, 2015)
included both medical and surgical patients from different specialities. It is
not clear among these studies what percentage of patients were
exclusively surgical. This aspect is very important to understand, in order
to determine how representative the sample included is of the medical and
surgical population so that recommendations and generalisations to be
made. Furthermore, using a sample of patients that have different
characteristics, can lead to sample heterogeneity. High level of
heterogeneity among studies might create over, or underestimation of
results and thus lead to erroneous conclusions and recommendations for
practice (Defloor and Grypdonck, 2004).

All the studies included, had large sample sizes however, sample size
calculation and power analysis were not reported in any of the studies.
The types of sampling methods used were convenience and consecutive
sampling. Both methods, can introduce bias in the research as those
included might be uncharacteristic of the population or some segments of
the population under investigation might be underrepresented, thus
leading to misleading conclusions (Gerrish and Lacey, 2010; Polit and
Beck, 2010).

Another methodological issue identified in the included studies (except the
meta-analysis and the retrospective study), was performance bias, as the
staff in the included studies was aware of the study objectives and
outcomes. And as such, could have augmented their preventive practices,
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thus unwillingly influencing the results of the outcome measures. This was
also the case for potential detection bias, as blinding of researchers was
only reported in some of the included studies (Bergstrom et al, 1998;
Lyder et al, 1999; Halfens et al, 2000). Blinding is fundamental as outcome
assessors might influence each other when risk and skin assessing
patients. Ultimately, both types of bias will impact negatively in the results
obtained and in any conclusions that can be drawn (Higgins et al, 2011;
Holland and Watson, 2012).

Finally, from the study designs, only one study was retrospective (Cox,
2011). This type of design limits the applicability of the results obtained.
This is because the authors used data that was measured in the past and
it is not possible to ascertain if any measurement errors, like incorrect
scoring. Thus there is a difficult in ascertaining how rigorously data was
collected and this can impact on the validity of the findings (Polit and Beck,
2010).

There was one meta-analysis by Park et al (2015), where the studies
included were reported as having methodological quality due to a low risk
of bias in the included studies. However, one of the studies included
(Serpa et al, 2011), used data from a previous study database, which
could have introduced bias in the results. Furthermore, this meta-analysis
had a moderate to high heterogeneity, which varied from 64% to 96.2%.
This high heterogeneity indicates that pooling of data should not have
been done, because the studies have differences in their methodological
processes. These methodological differences, when compared yield
disparate data and consequently results from which generalisations
cannot be made (Higgins et al, 2011).

From the studies that reported on the Braden scale inter-rater reliability,
results show almost perfect reliability. However, it is not clear from two of
the studies (Halfens et al, 2000; Rogenski and Kurcgant, 2012) if raters
were blinded to each other results and if risk assessment was done
independently, to prevent detection bias.
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In relation to the predictive validity of the Braden scale, and comparing the
values of sensitivity and specificity, the scale shows better sensitivity than
specificity. This is because specificity values varied within a wider value
range, than did sensitivity values. Thus, the Braden scale ability to identify
those that are not at risk is poor, as at times only 7% of patients were
identified as not being at risk. Thus, one can question the scale’s ability in
appropriately differentiating those that are not really at risk. This could
indicate an over estimation of at risk patients that are, actually not at risk
(false positives). On the other hand, the scale shows a good ability for
predicting those that are at risk of pressure ulcer development, which in
some studies was as high as 97%.

The Braden scale also showed better NPV than PPV, as the PPV values
varied within a wider value range that was as low as 17%. These values
indicate that the Braden scale has a better ability to correctly identify most
of the patients that do not have pressure ulcers, as not being at risk. The
AUC, which is a measure for diagnostic test accuracy (Eusebi, 2013),
showed fair to good Braden scale accuracy, in risk assessing those that
are at risk of pressure ulcer development.

Given that the studies included present with some methodological issues,
and only two studies focused exclusively, on the surgical population, from
the evidence reviewed, it is not possible to support or refute the use of the
Braden scale in the surgical population.
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Table 7.5: Validity and Reliability of Braden Scale
Pressure Ulcer
Author

Incidence (I) or

Other

Reliability

Cut-off

Sensitivity

Specificity

PPV

NPV

(%)

(%)

(%)

(%)

Prevalence (P)

AUC

Bergstrom et al (1987a)

I = 7%

-

-

≤16

100

90

-

-

-

Bergstrom et al (1987b)

I = 9%

-

-

≤16

100

64

-

-

-

r = 0.95

19*

50

82

17

96

#

80

73

17

97

$

Bergstrom et al (1998)

Cox (2011)

I =12.8%

I =18.7%

Data on medicalsurgical sample only

-

(intraclass

19

correlation)

18

70

79

30

96

-

18

100

7

20

100

* Cut-off score for time 1 (admission)
#

Cut-off score for time 2 (48h to 72h after admission)

$

Cut-off score for pre-breakdown (observation identified as preceding the first recorded pressure ulcer)
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-

-

Table 7.5: Validity and Reliability of Braden Scale (continued)
Pressure Ulcer
Author

Incidence (I) or

Other Information

Reliability

Cut-off

Sensitivity

Specificity

PPV

NPV

(%)

(%)

(%)

(%)

Prevalence (P)
Halfens et al
(2000)

Kim et al
(2009)

I = 14.7%

I = 18.8%

Braden

k = 0.86

20

73.7

70.1

-

-

-

Extended Braden

k = 0.85

20

49.9

88.8

-

-

-

-

-

14

92.5

69.8

97.6

0.881

-

-

-

Day of Surgery
Lewicki et al
(2000)

I = 4.7%

Day 1 post-op
Day 3 post-op

-

(1999)

I = 32%

40.6

22

50

78.6

14

66.6

29.6

14

57.1

92

20

50

70.9

Day 5 post-op

Lyder et al

AUC

Black ≥75 years

18

81

100

100

60

Black ≤74 years

16

77

50

77

50

Hispanic ≥75 years
Hispanic ≤74 years

-

-

Insufficient data
Not
significant

204

90

14

60

50

Table 7.5: Validity and Reliability of Braden Scale (continued)
Pressure Ulcer
Author

Incidence (I) or

Other Information

Reliability

Cut-off

Sensitivity

Specificity

PPV

NPV

(%)

(%)

(%)

(%)

Prevalence (P)
Park et al
(2015)

Rogenski and
Kurcgant
(2012)

Seongsook et
al (2004)

-

-

P = 19.5% total
P = 15.6%

-

72

81

-

-

0.84

-

-

-

-

-

-

16

97

26

37

95

0.707

Inter Class
-

surgical only

I = 31.1%

-

AUC

Correlation
0.946

-

-

205

7.4.1.3. Waterlow Scale
The Waterlow scale (table 7.6), was developed by Judy Waterlow in 1985
with its target population being hospitalised adults (critical and general
care). The scale is composed of 10 domains with the risk score varying
between 10+ at risk, 15+ high risk and 20+ very high risk (Kelechi et al,
2013).

The risk factors identified in the general population are reflected in the risk
factors included in the Waterlow scale. However, for the risk factors
specific to the surgical population, only age and duration of surgery are
included as risk factors in the Waterlow sale. Nonetheless, if one
considers that anaesthesia and duration of surgery will impact on the
patient’s mobility and activity levels, and exposure to pressure, then the
risk factor mobility in the Waterlow scale could hypothetically be
considered a common risk factor.

Table 7.6: Waterlow Scale Characteristics
Scale

Risk Factors/Domains
Build/Weight for Height

Risk
Score

Category

10+

At risk

15+

High risk

20+

Very high

Skin Type Visual Risk
Areas
Sex, Age
Malnutrition Screening
Tool
Waterlow (1985,
2005)

risk

Continence
Mobility
Special Risks
xTissue Malnutrition
xNeurological Deficit
xMajor Surgery or
Trauma
xMedication
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From the 19 research articles identified pertaining to the Waterlow Scale,
7 focused only on the Waterlow scale and 12 compared the Waterlow
scale with other scales. Of the 7 studies addressing only the Waterlow
scale, only one study explored the reliability, or validity of the Waterlow
scale in the surgical population.

As it can be seen in table 7.7, the study by Serpa et al (2009) explored the
predictive validity of the Waterlow scale in a medical-surgical ward. The
authors used retrospective data from a previous study. Their sample size
included 98 patients, with a mean age of 71 years old. In this study,
pressure ulcer incidence was 7.14%. The predictive validity of the
Waterlow scale (table 7.8), was determined for 3 assessment episodes.
The cut-off values varied from 17, for the first assessment, to 20 for the
remaining two assessments. Considering all assessments, the sensitivity
varied between 85.7% and 71.4%, specificity varied between 32.9% and
67%. The PPV varied between 9% and 14.3% and the NPV between
96.8% and 97.4%, finally, the AUC varied between 0.54 and 0.69.

From the values presented, it can be seen that the Waterlow scale shows
better sensitivity values indicating a good ability for predicting those that
are at risk of pressure ulcer development. In terms of specificity, the
Waterlow scale does not do very well in identifying those that are not really
at risk of developing pressure ulcers. Looking at the PPV of the scale, this
was poor, as very few patients that had, or developed a pressure ulcer,
were identified as being at risk. On the other hand, the NPV was high, with
the majority of those without pressure ulcers being correctly identified as
not being at risk. Lastly, the AUC was very low with the highest value
being 0.64, which indicates poor accuracy.

This study used retrospective data for its analysis, which can introduce
measurement errors as data was collected in the past, and the authors
cannot ascertain how rigorously it was collected and as such, this can
impact on the validity of the findings.
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Table 7.7: Waterlow Scale Study Characteristics
Author

Serpa
et al
(2009)

Design

Retrospective
data analysis

Care-

Age

Setting

(mean)

Medicalsurgical

71.1

ward

Outcome

Data Collection

Sample

Follow-Up

Size

Sampling

Until PU

Evaluate

Risk assessment

predictive

completed at initial

validity of

assessment or at

Waterlow

48hrs interval.

development,
transfer,

98

Convenience

discharge, or
death

Table 7.8: Validity and Reliability of Waterlow Scale
Pressure Ulcer
Author

Incidence (I) or

Reliability

Prevalence (P)
Serpa et
al.(2009)

I = 7.1%

-

Other

Cut-

Sensitivity

Specificity

PPV

NPV

Information

off

(%)

(%)

(%)

(%)

AUC

1st assessment

17

71.4

67

14.3

96.8

0.64

2nd assessment

20

85.7

40.7

10

97.4

0.59

20

85.7

32.9

9

96.8

0.54

rd

3 assessment
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Another aspect that should have been reported is the ratio of medical and
surgical patients in the sample, as these two populations have different
characteristics, and it would be important to ascertain if the sample was
dominated by one population. If the sample is not homogenous this can
lead to an over or underestimation of the scale validity (Defloor and
Grypdonck, 2004).

Given that only one study, analysing the predictive validity of the Waterlow
scale was found, from the evidence reviewed it is not possible to support
or refute the use of this scale in the surgical population.
7.4.2. Comparing the Reliability and Validity of the Norton, Braden
and Waterlow Scales
To try and gain further insight into the predictive validity and reliability of
the risk assessment scales previously discussed, an analysis of studies
comparing the Norton, Braden and the Waterlow was undertaken. This
analysis will first report on the methodological characteristics of the
included studies and will be followed by a comparison of the reliability and
predictive validity of the scales, when compared to each other.

From the studies analysed 15, compared the predictive validity of the
Norton, Braden and Waterlow scale. Of these, 6 studies (Schoonhoven et
al, 2002b; Pancorbo-Hidalgo et al, 2006; Kwong et al, 2005; GonzálezRuiz et al, 2014; Kallman and Lindgren, 2014; Park et al, 2015a), focused
on the medical-surgical population and only 2 studies (Feuchtinger et al,
2007; Kumari et al, 2015), focused exclusively on the surgical population.
In terms of reliability, only 2 studies compared the reliability of the Norton,
Braden and Waterlow scale and of these, only one study (Wang et al,
2015), focused on medical-surgical population.

7.4.2.1. Methodological Characteristics of Included Studies
The detailed characteristics of the studies included in this analysis of risk
assessment scales, can be found on table 7.9. Among the studies, 4 were
prospective (Schoonhoven et al, 2002b; Feuchtinger et al, 2007;
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González-Ruiz et al, 2014; Kumari et al, 2015), 2 were cross-sectional
(Kallman and Lindgren, 2014; Wang et al, 2015), 1 was non-experimental
(Kwong et al, 2005), and 2 were systematic reviews (Pancorbo-Hidalgo et
al, 2006; Park et al, 2015a).

The mean sample size across the studies was 454 participants (min: 23,
max: 1229). The systematic reviews included a total of 62 studies, of
which 10 were duplicates within the reviews. Within the included studies, 5
used convenience sampling (Feuchtinger et al, 2007; González-Ruiz et al,
2014; Kallman and Lindgren, 2014; Kumari et al, 2015; Wang et al, 2015),
1 used purposive sampling (Kwong et al, 2005) and 1 used quasi random
sampling (Schoonhoven et al, 2002b). The mean age of the participants
included was only reported in 4 studies (Schoonhoven et al, 2002b;
Feuchtinger et al, 2007; Kwong et al, 2005; Kallman and Lindgren, 2014;),
and this varied between 71 and 54 years of age.

Within the 9 studies, the main outcome in one was measuring the
reliability of the Braden, Norton and Waterlow scales (Wang et al, 2015).
From the remaining 8 studies, only one study (Schoonhoven et al, 2002b)
did not undertake a comparison of the predictive validity of the scales.
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Table 7.9: Comparison of Studies Characteristics of Risk Assessment Scales
Author

Feuchtinger
et al (2007)

GonzálezRuiz et al
(2014)

Kallman and
Lindgren
(2014)

Kumari et al
(2015)

Design

Exploratory
Prospective

Prospective
descriptive

Crosssectional
descriptive

Observational
prospective
cohort

CareSetting

Cardiac
Surgery
ICU

Medicalsurgical

Hospital
medicalsurgical

Surgical
ward of
hospital

Age
(mean)

Data collection

FollowUp

Sample
Size

62

1) Number of patients at
risk of pressure ulcer
2) Which scale best fits
in surgical ICU
between Braden and
Modified Norton

Skin assessment done on
day of surgery
Skin and risk assessment
post-op done daily in AM for
four days after surgery

Daily for
4 days

53

Convenience

-

Sensitivity, specificity,
PPV, NPV, AUC of ROC
of Braden and Extended
Braden

Every day for 40 days one
nurse risk assessed
consented patients using
the modified Norton scale
and the Braden scale

40 days

1001

Convenience

Data was collected in one
day between 7AM and 4PM

n/a

346
85 were
surgical

Convenience

Skin and risk assessment
done 24h postoperative.
Patients on conservative
treatment also assessed
within 24h. Skin inspected
daily for PU development

n/a

100

Convenience

71

-

Outcome

Compare the predictive
validity of 4 scales- Will
focus only on Braden,
Norton and Modified
Norton

Compare the predictive
validity of Braden,
Norton and Waterlow
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Sampling

Table 7.9: Comparison of Studies Characteristics of Risk Assessment Scales (continued)
Author

Design

CareSetting

Kwong et al
(2005)

Nonexperimental
prospective

Hospital
including
surgical
ward

PancorboHidalgo et al
(2006)

Systematic
review

Various
including
medicalsurgical

Park et al
(2015a)

Systematic
review and
metaanalysis

Various
including
medicalsurgical

Schoonhoven
et al (2002b)

Prospective
cohort study

Hospital
medicalsurgical
wards

Age
(mean)

Outcome

Data collection

Follow-Up

Sample
Size

Sampling

54

Develop new Braden
and compare validity
with Braden and
Norton

Skin and risk
assessment within 24h
of admission
Skin was then assessed
daily.

21days or if
patient
transferred

429

Purposive

n/a

Effectiveness of use of
risk scales; degree of
validation;
effectiveness of scales
as indicators of risk

-

-

33 studies

-

n/a

Compare the overall
predictive validity of
Norton, Braden, and
Waterlow scales

-

-

29 studies

-

Occurrence of PU ≥
grade 2

Patients were assessed
by nurses within 48hrs
of admission and once
weekly until PU
development, discharge
or hospital stay >12
weeks

Up to 12
weeks

60.1

212

1229
759 were
surgical

Not strictly
random

Table 7.9: Comparison of Studies Characteristics of Risk Assessment Scales (continued)
Author

Wang et
al (2015)

Design

Crosssectional

CareSetting
Hospital
medicalsurgical
ward

Age
(mean)

-

Outcome

Data collection
Six chief nurses risk
assessed patients using
the 3 scales
independently of each
other

Explore inter-rater
reliability of Braden,
Norton and Waterlow
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Follow-Up

-

Sample
Size
23
10 were
surgical

Sampling

Convenience

As initially mentioned of the included studies, 7 focused on the medicalsurgical population (Schoonhoven et al, 2002b; Kwong et al, 2005;
Pancorbo-Hidalgo et al, 2006; González-Ruiz et al, 2014; Kallman and
Lindgren, 2014; Park et al, 2015a; Wang et al, 2015), and only 2 studies
focused exclusively on the surgical population (Feuchtinger et al, 2007;
Kumari et al, 2015).

From the two systematic reviews, only one (Pancorbo-Hidalgo et al, 2006)
reported the care setting of the included studies and 9 studies were
undertaken in a medical-surgical ward and 3 in a surgical ward only.
Within the remaining studies undertaken in a medical-surgical ward, only 3
studies (Schoonhoven et al, 2002b; Kallman and Lindgren, 2014; Wang et
al, 2015), reported the number of participants that were recruited from the
surgical ward.

7.4.2.2. Comparison of the Reliability of the Included Studies
Wang et al (2015), was the only study that compared the reliability of the
Braden, Norton and Waterlow scales (table 7.10). Reliability was
expressed in terms of the intra-class correlation (ICC). Norton showed
higher ICC at 0.967, followed by Braden with an ICC of 0.955, and then
Waterlow with an ICC of 0.915.

7.4.2.3. Comparison of the Validity of the Included Studies
In terms of the predictive validity of the scales, a detailed reporting of the
sensitivity, specificity, PPV, NPV and AUC can be found in table 7.10. All
studies reported on sensitivity and specificity (Schoonhoven et al, 2002b;
Pancorbo-Hidalgo et al., 2006; Kwong et al, 2005; Feuchtinger et al, 2007;
González-Ruiz et al, 2014; Kallman and Lindgren, 2014; Kumari et al,
2015; Park et al, 2015a). Further, 7 studies also reported on PPV and
NPV (Schoonhoven et al, 2002b; Kwong et al, 2005; Pancorbo-Hidalgo et
al, 2006; Feuchtinger et al, 2007; González-Ruiz et al, 2014; Kallman and
Lindgren, 2014; Kumari et al, 2015). Finally, 4 studies reported the AUC
(Schoonhoven et al, 2002b; González-Ruiz et al, 2014; Kallman and
Lindgren, 2014; Park et al, 2015a).
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Within the included studies, 3 compared the Braden, Norton and Waterlow
scales (Schoonhoven et al, 2002b; Pancorbo-Hidalgo et al, 2006; Park et
al, 2015a), 2 compared the Braden and the modified Norton (Feuchtinger
et al, 2007; González-Ruiz et al, 2014), 1 compared the Braden, Norton,
Norton plus and Waterlow scales (Kumari et al, 2015), 1 compared the
Braden, modified Braden and the Norton (Kwong et al, 2005), and 1
compared the Braden, Norton and the modified Norton (Kallman and
Lindgren, 2014).

In relation to the cut-off scores, these varied across scales from a
minimum of 9 to a maximum of 20, considering only the Braden, Norton
and Waterlow. If modified Braden and Norton scale are included, the cutoff scores varied from 9 to 25.

In terms of sensitivity, this varied between 43.5% to 100% for the Braden
scale; 46.2% to 95.6% for the Norton scale; and 53% to 91.3% for the
Waterlow scale.

In relation to specificity, this varied between 5% to 89.6% for the Braden
scale; 55% to 93.5% for the Norton scale; and 22.4% to 84.4% for the
Waterlow scale.

Considering the PPV, this varied between 5% to 69% for the Braden
scale; 5% to 70% for the Norton/modified Norton scale; and 6.7% to
38.8% for the Waterlow scale. For the NPV this varied between 50% to
100% for the Braden scale; 35% to 100% for the Norton/modified Norton
scale; and 89% to 97.2% for the Waterlow scale.

Finally, the AUC of the scales varied between 0.55 and 0.832 for the
Braden scale; 0.54 and 0.84 for the Norton scale; and 0.61 and 0.81 for
the Waterlow scale.
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Table 7.10: Comparison of Validity and Reliability of Risk Assessment Scales

Feuchtinger et al
(2007)

González-Ruiz et
al (2014)

Kallman and
Lindgren (2014)

Kumari et al
(2015)

Pressure Ulcer
Incidence (I) or
Prevalence (P)

Sensitivity
(%)

Specificity
(%)

PPV
(%)

≤20

97

5

69

50

-

≤25

58

47

70

35

-

16

65.7

79.6

19.4

97.4

0.832

Modified Norton

14

67.9

78.7

18.4

97.2

0.828

Braden

≤18

74.5

73.7

35

93.8

0.787

≤16

74.5

70.6

32.5

93.6

0.787

Modified Norton

≤23

77.8

68.4

31.6

94.3

0.791

Braden
Norton
Norton plus
Waterlow

17
16
13
11

100
95.6
95.6
91.3

89.6
93.5
85.7
84.4

42.5
44.8
40
38.8

100
98.6
98.5
97

-

Author

Scale
Braden (Day 1 postop)
Modified Norton (Day
1 post-op)

Braden

Norton

Reliability

I = 49% on admission
to ICU

-

I = 4.2%

-

P = 16.2%

I = 23%

-

-
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Cut-off

NPV
(%)

AUC

Table 7.10: Comparison of Validity and Reliability of Risk Assessment Scales (continued)
Author

Pressure Ulcer
Incidence (I) or
Prevalence (P)

Scale
Modified Braden

Kwong et al (2005)

Braden

I = 2.1%

Sensitivity
(%)

Specificity
(%)

16

89

75

7

100

14

89

72

5

100

14

89

61

5

100

57.1

67.5

22.9

91

46.8

61.8

18.4

87

82.4

27.4

16

89

Reliability

-

Norton

Cut-off

Braden
Pancorbo-Hidalgo et al
(2006)

Norton

-

-

-

Waterlow

PPV
(%)

NPV
(%)

AUC

-

-

Park et al (2015a)

Braden
Norton
Waterlow

-

-

-

72
76
53

63
55
84

-

-

0.79
0.84
0.81

Schoonhoven et al
(2002b)

Braden
Norton
Waterlow

I = 11%

-

<18
<16
>9

43.5
46.2
89.5

67.8
60.4
22.4

8.1
7.1
6.7

94.9
94.5
97.2

0.55
0.56
0.61

-

ICC =
0.955
ICC =
0.967
ICC =
0.915

-

-

-

-

-

-

Braden
Wang et al (2015)

Norton
Waterlow
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7.4.2.4. Strengths and Limitations of the Included Studies
Only 2 studies (Feuchtinger et al, 2007; Kumari et al, 2015) focused
exclusively on the surgical population, while the remaining 5 studies
(Schoonhoven et al, 2002b; Kwong et al, 2005; González-Ruiz et al, 2014;
Kallman and Lindgren, 2014; Wang et al, 2015), focused on the medicalsurgical population. Of the studies that focused on the medical-surgical
population only 3 (Schoonhoven et al, 2002b; Kallman and Lindgren,
2014; Wang et al, 2015), reported on the number of surgical patients
included in the total sample. This aspect is important, to try and
understand if the sample is representative of both medical and surgical
patients, or if a certain characteristic of the sample is more predominant
relatively to others. When the sample is not representative enough then
conclusions drawn from the results obtained cannot be generalised to
either subset of the population (Higgins et al, 2011).

Another aspect that emerged from the studies included was the sample
sizes. Most studies reported on big sample sizes, which is important to
enhance the likelihood that the sample is representative of the population.
However, two studies (Feuchtinger et al, 2007; Wang et al, 2015) reported
on smaller samples which limits any generalisation of the results obtained,
as one cannot be sure the number of participants included is
representative enough of the population under analysis (Higgins et al,
2011; Holland and Watson, 2012). Furthermore, sample size calculation
and power analysis were not reported in any of the studies.

In terms of the sampling methods used, convenience, purposive and
quasi-random can all introduce bias in the results as those included might
be uncharacteristic of the population. Further, some segments of the
population under investigation might be underrepresented, thus leading
limiting the applicability of the results obtained (Polit and Beck, 2010).
Moreover, bias can also occur through this type of sampling, as the
authors are choosing themselves who to include and can thus, include
participants that will be more physically limited and thus prone to higher at-
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risk scores. This may present an over estimation of the validity and
reliability of the scale (Polit and Beck, 2010).

A further methodological issue identified in 3 of the studies (Feuchtinger et
al, 2007; González-Ruiz et al, 2014; Kallman and Lindgren, 2014) was
detection bias, as blinding of researchers was not reported. Blinding is
fundamental, as outcome assessors might influence each other when risk
and skin assessing patients, which would impact negatively in the results
obtained and in any conclusions that can be drawn (Higgins et al, 2011;
Holland and Watson, 2012). Also, it is possible that performance bias
occurred in the studies, as it is not clear in some studies if staff in the
wards knew about the study. In some studies staff was informed of the
study’s indented outcomes (Higgins et al, 2011; Holland and Watson,
2012). The danger with this type of bias is associated with differences in
the care provided that might affect the outcome under investigation. For
example, staff might reposition patients more often than usual. Although,
researchers cannot always control for these biases, recognising them and
reporting on any measures implemented to try and minimise their effect is
important to ensure that the research process was robust (Higgins et al,
2011; Holland and Watson, 2012).

Within the systematic reviews included in this analysis, one review did not
report on heterogeneity (Pancorbo-Hidalgo et al, 2006). The other
systematic review (Park et al, 2015a) reported on heterogeneity, which
varied between 79.9%-90.5%. The heterogeneity for this study was very
high indicating inappropriate pooling of data (Higgins et al, 2011).
Furthermore, Park et al (2015a) pooled data from 6 retrospective studies.
Considering that retrospective studies are associated with potential
measurement errors, as the authors cannot be sure if data was collected
appropriately, thus, any results from these studies need to be used with
caution and cannot be generalised (Higgins et al, 2011). Thus, the results
reported in this systematic review cannot be generalised.
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It is clear that all studies presented with methodological issues mainly
related to the data collection process, making it challenging to generalise
the results and to infer solid conclusions. In a Cochrane systematic review
Moore and Cowman (2014) found only two RCT assessing risk
assessment scales, one presented high risk of bias, and one with low risk
of bias. Despite this identified lack of high-quality studies, the research
being conducted to produce evidence for the use of risk assessment
scales continues to lack rigour in its methods. Thus, the evidence
reviewed here is important as it will direct further research on the
predictive validity of Norton, Braden and Waterlow, risk assessment
scales.

Considering that very few studies were identified that addressed the
reliability and validity of the risk assessment scales, under analysis, in the
surgical population, it is not possible to support or refute their use for this
population. Additionally, the wide range of values, inconsistencies and
methodological issues in the studies analysed make it impossible to
support any of the scales without doubt.

7.4.3. Discussion on Risk Assessment Scales
From the analysis of the methodological issues, predictive validity and
reliability in the studies that focused on the Norton, Braden and Waterlow
scale it is evident that many issues arose that question the scales ability to
correctly identifying those who are at and not at risk of pressure ulcer
development. Furthermore, there was a scarce amount of research
evidence on the use of the scales in the surgical population.

One of the first issues that can be identified in most of the studies is the
variability in their population in terms of the wards where participants are
recruited from. Also, when comparing participants within the same care
setting, even though their characteristics are similar, there might be a
tendency for the risk assessment to overestimate the risk, if one study
group is very dependent. So, it is important, when describing the
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characteristics of the population to consider any evident discrepancies
between participants (Defloor and Grypdonck, 2004).
Another aspect related to the risk assessment scales is the fact that
although all are assessing risk they do so while considering different risk
factors. Among Braden, Waterlow and Norton, the risk factors that are
common are mobility and continence/incontinence/moisture. The risk
factor common between the Norton and the Braden scale is activity and
the common risk between Braden and Waterlow is nutrition/malnutrition.
The risk factors that are common among the different scales and those
identified as important among the general population, are age,
nutrition/malnutrition, and mobility.

From the risk factors identified as important within the general population
and comparing them to those within the surgical population (table 7.11)
only one risk factor is common, namely age. However, if one takes in to
account that because of duration of surgery people are subject to long
periods of immobility, and that anaesthesia also delays mobility, one can
argue that these two factors are intrinsically connected with mobility levels.
Thus, as can be seen in table 7.11 only mobility is common across all
scales and populations.

Although, some common risk factors exist among the scales, and among
those found in the general and surgical population, the fact that for each
scale risk factors vary, one can question the appropriateness in comparing
scales that are not comparable. By trying to do so researchers are
focusing their attention in trying to prove which scale is the best, in terms
of predictive validity and reliability. Instead they should endeavour to solve
the real problem, which is to identify the risk(s) factor(s) that will
undoubtedly identify those that are really at risk of pressure ulcer
development, so that effective preventive practices can be put in place.
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Table 7.11: Comparison of Risk Factors
General

Surgical

Risks

Risks

-

-

-

-

-

-

-

+

-

-

-

-

Age

+

-

-

+

+

Malnutrition/Nutrition

+

-

+

+

-

+

+

+

-

-

+

+

+

+

Potential

+

-

-

-

+

Medication

+

-

-

-

-

Physical condition

-

+

-

-

-

Mental condition

-

+

-

-

-

Activity

-

+

+

-

-

Sensory Perception

-

-

+

-

-

Friction and Shear

-

-

+

-

-

Position in Theatre

-

-

-

-

+

Anaesthesia

-

-

-

-

+

Subscales

Waterlow

Norton

Braden

BMI

+

-

Skin Type

+

Sex

Continence/Moisture/
Incontinence
Mobility (status)
Special Risks
xTissue Malnutrition
xNeurological Deficit
xMajor Surgery or Trauma
xOrthopaedic/Spinal
xOn table >2hrs
xOn table >6hrs
xMedication

Another challenge identified by this analysis is the scoring of the
subscales and the overall scoring, which differs from scale to scale. The
Braden maximum score is 23 and the minimum is 6; the Waterlow
maximum score is 93/94 (depending on the score for malnutrition) and the
minimum score is 2; and the Norton scale maximum score is 20 and the
minimum score is 5. Furthermore, in the Waterlow and Norton scales the
higher the risk score the higher the risk of pressure ulcer development.
The Braden scale is the opposite where a low score is equivalent to a high
risk and vice versa. Additionally, depending on the score obtained, a
different cut-off can be considered. If one can determine at which cut-off
222

score more people that were at risk of pressure ulcer development did
develop a pressure ulcer and vice versa, then that cut-off score would be
the “gold-standard”. However, this is again dependent on the
characteristics of the population/care-setting being risk assessed and so is
not static (Defloor and Grypdonck, 2004). Thus, one cannot say for sure
that the cut-off score, for example, for the Braden scale should be 16.

From the analysis of the included studies, it becomes apparent that some
researchers incorrectly see risk assessment scales as diagnostic tools.
However, risk assessment scales are not diagnostic tools these scales can
only, based on the risk items in their list, identify those who might be at risk
of pressure ulcer development (Defloor and Grypdonck, 2004). Thus, the
validity being determined is not in relation to the presence or absence of
an actual pressure ulcer itself but is instead a measure of the degree in
which the risk is correctly predicted (Defloor and Grypdonck, 2004).
However, it could be argued that the only way to accurately determine
whether risk is absent or not is whether or not the patient goes on to
develop a pressure ulcer. Thus the number of pressure ulcers that develop
among those, risk assessed becomes a proxy measure of risk.

From the studies analysed, it was impossible to determine which scale
showed the best reliability and predictive validity among the surgical
population. This was because very few studies were found that focused
exclusively on the surgical population.

In relation to the predictive validity of the scales, it was impossible to
establish which scale best identified those that were at risk and that had a
pressure ulcer, and those that were not at risk and did not have a pressure
ulcer, because sensitivity and specificity varied from very low to very high
values. This wide range of values made it difficult to ascertain which scale
had the best validity. Furthermore, it was found that for instance the
Braden scale showed better sensitivity and the Waterlow scale showed
better specificity.
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The fact that one scale appears to better identify those at risk, and another
scale appears to better identify those not at risk, raises the question as to
whether nurses should use both scales to risk assess patients. This
practice would be impractical, as nursing time would be spent ticking
boxes. For this reason, it is necessary to revisit the difficulties related to
the existing risk assessment scales. However, as mentioned by Defloor
and Grypdonck (2004), authors seem to be more concerned in trying to
prove that they have found the true predictive validity and reliability of the
different scales, or are trying to show which scale is best, when this is not
possible.

From the literature reviewed it seems impossible to establish which scale
is the “gold-standard” in terms of identifying the risk factors that will place
someone at risk of pressure ulcer development. Thus, there is a need for
the development of well-structured research projects where homogeneity
of populations and methodologies is paramount in order to obtain results
that will facilitate an understanding of where the true value of risk
assessment scales lie, in the context of pressure ulcer development
prevention.

7.5. Summary and Conclusion
7.5.1. Summary
To help prevent individuals from developing pressure ulcers, it is important
to identify those who might be at risk. One strategy that is implemented in
practice is the use of risk assessment, often through a structured
approach, where the use of risk assessment scales, contribute to the
identification of those at risk. These scales are not predicting pressure
ulcer presence but are aimed at identifying risk factors that could lead to
an individual to develop a pressure ulcer. In the surgical clinical setting risk
assessment scales are used to help healthcare professionals identify if a
particular patient going for surgery is at risk of developing a pressure. Not
all patients will be at risk before going for surgery, as some will be
admitted the day of, or the day before, surgery. However, it is important
that risk assessment takes place among those having surgery, as all
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patients, due their immobility period, should be considered at high risk of
pressure ulcer development.

Understanding if risk assessment scales are being used appropriately; if
all nurses using them can interpret what they ask and, most of all are the
scales assessing and identifying what they are supposed to is important.
For this reason the most commonly used risk assessment scales, the
Norton, Braden and Waterlow were analysed in terms of their predictive
validity and reliability.
From the studies analysed a consensus on which is the most valid and
reliable scale could not be achieved. The studies identified different
sensitives, specificities, positive and negative predictive validities, that
varied according to cut-off score, type of care setting and population.
Furthermore, most of the studies presented with methodological issues,
questioning the certainty of the evidence. No studies focussed specifically
on the surgical setting, particularly identifying risk during surgery, thus
from the evidence reviewed here, the most commonly used risk
assessment scales, Braden, Waterlow and Norton, may have limited
applicability among surgical patients.

7.5.2. Conclusion
Risk assessment is an auxiliary process that can help identify those that
present with risk factors for the development of pressure ulcers. However,
many discrepancies were found between the studies and as such, it was
not possible, with certainty to identify from among the Norton, Braden and
Waterlow scales, which is the most valid and/or reliable in pressure ulcer
risk assessment, particularly within the surgical population. More focused
and methodologically sound research needs to be undertaken to gain a
fuller understanding of these scales and to determine their usefulness in
pressure ulcer prevention strategies.
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Chapter 8: Pilot Study
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8.1. Introduction
The pilot study is an important part of the research process as it is a
smaller version of the main study that will allow the researcher to assess
the feasibility of the study (Watson et al, 2008).

By executing the pilot study as planned, it was possible to:
x Assess each step of the research process;
x Assess the recruitment process;
x Review objectives and outcomes;
x Determine if the questions being asked and the results being
obtained were of relevance;
x Determine if the results obtained were unearthing important data;
x Assess if the data collection instruments being used were collecting
the data that is necessary to answer the research question.

These points were essential to identify gaps in the research process and
review the areas where adjustments needed to be made to improve the
quality of the research process, the data collected and the results obtained
(Watson et al, 2008; Gerrish and Lacey, 2010). This section will describe
the pilot study, which was undertaken to determine the suitability of the
research protocol.

8.2. Research Protocol for the Pilot Study
The protocol was developed after a review of the literature and discussion
with experts in the field of pressure ulcers prevention, and academic
supervisors. It is well established that for pressure ulcers to develop
individuals need to be exposed to mechanical loading of the skin and
underlying tissues. Further, those who suffer from restricted mobility, or
who are total immobile, for example, those participants undergoing
surgery, are particularly at risk, as they are not able to alleviate
pressure/shear (Bouten et al, 2003), for the duration of the surgery and
after surgery their mobility is greatly restricted. New methods are being
developed which can help identify those patients that are potentially at risk
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of developing a pressure ulcer. If these methods, of which SEM
measurement is one, prove accurate, then they can act as a precursor to
the initiation, or increase in prevention offered. In this way they will help to
avoid a possible early pressure ulcer from worsening.

8.2.1. Aim
The aim of the pilot study was to evaluate the appropriateness of the
research protocol within the clinical setting.

8.2.2. Objectives
The objectives of the pilot study were two-fold. The first objective was
related to the protocol and specifically aimed to determine:
x Adherence to the study protocol;
x Clarity of the protocol;
x Ease of use of the data collection instruments, the EPUAP (2009)
grading system, Braden and Waterlow risk assessment scales and
the SEM scanner.

The second objective was related with the patients and specifically aimed
to determine:
x Consent rate;
x Tolerability of SEM scanner;
x Patient well-being/tolerance of the study protocol.

8.2.3. Study Setting
An academic teaching hospital in Ireland was selected to conduct this pilot
study. Three wards in the hospital where elective surgical patients were
transferred to after surgery were included.

Participant inclusion criteria for the study were:
x All consenting adults (aged 18 or over);
x Patients pressure ulcer free;
x Patients undergoing elective surgery;
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x Patients that have attended pre-assessment clinic, or have
been pre-assessed in outpatients;
x Patients that are in hospital for more than 24 hours’ postsurgery.

Participant exclusion criteria for the study were:
x Participants with existing pressure ulcers;
x Pregnant women;
x Patients undergoing emergency surgery;
x Patients that go in to hospital as a day-case;
x Neurosurgery patients;
x Patients who do not provide, or do not have the capacity to,
provide informed consent.

8.2.4. Ethics
Permission to access the hospital and its patient was obtained from the
hospital ethics committee, the surgical clinical lead, the surgical directorate
nurse manager and the critical care directorate nurse manager (Theatre).

8.2.5. Procedure
8.2.5.1. Participant recruitment
All adults that met the inclusion criteria, undergoing elective surgery in the
surgical directorate of the selected teaching hospital were invited to
participate. Participants were recruited in the pre-assessment clinic and in
out-patients, prior to surgery. Potential participants were given the patient
information leaflet by the one of the nursing staff in the pre-assessment, or
out-patient clinic.
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8.2.5.2. Interventions
Pre-operatively
x Informed consent was obtained from patients by the researcher:
o In day of surgery admission (DOSA),
OR
o In the ward where the patient had been admitted prior to
surgery.
x Patients were assessed by the researcher on body areas that were
planned to be weight bearing during surgery using:
o Visual skin assessment using the EPUAP (2009) grading
system;
o Sub-epidermal Moisture Scanner;
o Braden Scale;
o Waterlow Scale.
x Assessments took place before the patient went into theatre in:
o DOSA;
o The ward where patients has been admitted to.

Post-operatively
x In the Recovery room, after surgery, if it was safe to do so, and if
the patient condition allowed, the researcher undertook a patient
skin assessment;
x Patients were assessed by the researcher on body areas that were
weight bearing during surgery using:
o Visual skin assessment, using the EPUAP grading system;
o Sub-epidermal Moisture Scanner;
o Braden Scale;
o Waterlow Scale.
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Follow-up in Ward
x Patients were assessed by the researcher, on body areas that were
weight bearing during surgery using:
o Visual skin assessment using the EPUAP grading system;
o Sub-epidermal Moisture Scanner;
o Braden Scale;
o Waterlow Scale.

Study Duration
The data were collected for a maximum of 3 consecutive days, per patient,
after surgery, or until discharge if this occurred after a minimum of 24hrs.

Data collection
The researcher collected the data and recorded it on a paper document,
the information was then transcribed to the computer.

8.2.6. Data Analysis
Data were analysed using simple descriptive statistics, which were used to
describe the key features of the data using means and standard deviations
as appropriate.

8.2.7. Results: The patients
8.2.7.1. Patient consent rate
Patient information leaflets were given from the beginning of September
2016 until the end of November 2016 as the recruitment rate was low
considering there were 2-3 elective surgeries in each week. Because the
pilot study cannot run for an undetermined period it was agreed between
the academic supervisors and the researcher to recruit until the end of
November.

From the 10 patients who met the inclusion criteria 4 consented to
participate, giving a 40% consent rate. From the 4 participants that initially
consented to participate in the study, 2 withdrew, 1 on the first day and
another on the second day. From the 4 patients, one withdrew from the
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study after surgery as he was in too much pain to continue to participate.
Another patient withdrew from the study on the second day as she had
been unwell, was vomiting and the pain related to surgery had worsen.
The second patient included was not assessed immediately postoperatively as there were a few difficulties during surgery and the patient
then refused to continue. The third consenting patient refused to be
assessed immediately post-operatively as he said he was in too much
pain was tired and did not want to be disturbed.

8.2.7.2. Demographics
There were 10 patients who were given the patient information leaflet, 3
were male and 7 were female. The ages of the consented patients were
32, 52, 78 and 84 years of age.

8.2.7.3. Patient tolerability of SEM scanner
All consented patients on whom SEM measurements were taken using the
SEM scanner found it comfortable, causing no pain. The pain mentioned
by the patients was only related to the necessary movements patients had
to make for the researcher to access the areas that were weight bearing.

8.2.8. Results: Data Collected
A summary of the data collected from the 2 participants is presented in
table 8.1 and table 8.2. From the data collected, patient 1 who was longer
in theatre, showed higher SEM deltas that only decreased on day 3, for
the right heel, whilst, patient 2 showed some high SEM deltas across the
different weight bearing areas. These deltas were higher on either day 1 or
day 2 depending on the anatomical area. For both patients, Braden and
Waterlow scores were lower on day 1, but once they started to mobilise
Braden scores increased and Waterlow score decreased indicating less
risk.

Of interest is the fact that some SEM values were high indicating possible
tissue damage, while Braden and Waterlow scores showed that the
patients where not at risk of pressure ulcer development. Taking for
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example, patient 1 on day 2 post-operative, the SEM delta was 1,
indicating possible damage. However, the Braden Score was 20 and the
Waterlow score was 9. This shows that although the patient appeared to
be not at risk as indicated by the risk assessment scales, the SEM delta
value for the right heel was high up to day 2, indicating that the patient
was showing early signs of pressure ulcer damage development.

Table 8.1: Pilot Study demographic and surgical data
Patient
#

Gender

Age

Co-Morbidities

1

F

84

Endocrinological

2

M

78

Cardiological

Type of
Surgery
Laparoscopic
Hemicolectomy
Laparoscopic
Colostomy

Position

Length

in

of

Surgery

Surgery

Lithotomy

4h30

Supine

44min

8.2.9. Results: Study Protocol
8.2.9.1. Clarity of the protocol
The protocol was clear and had been discussed at length prior to starting
data collection. All documents were revised by academic supervisors who
were happy with its contents.

8.2.9.2. Ease of use of the data collection instruments
All data collection instruments were analysed and discussed prior to start
of data collection and they proved easy to use. Training and information
sheets were made available for the SEM scanner and the researcher was
confident in its use.

8.2.10. Amendments to the study protocol arising from the pilot study
The following are the amendments made to the research protocol because
of the pilot study:
x The assessment immediately post-operatively was removed from
the protocol (appendix 12). From the feedback of patients they were
in too much pain, discomfort and tired immediately after surgery;
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x A second academic teaching hospital was included. This arose due
to cancellation of elective surgeries in the original site, because of a
“trolley crisis” that affected the country over the year 2016, with
around 93.621 patients waiting on trolleys for beds (Irish Nurses
and Midwives Organisation (INMO), 2016);
x Additionally, all types of surgeries, either elective, or not where
included.
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Table 8.2: Pilot Study Data Collection
Patient

Day

Pre-Op

Immediate Post-op

1

Day 1 Post-op

Day 2 Post-op

Day 3 Post-op

Weight Bearing Area
R Elbow
L Elbow
R Heel
L Heel
Sacrum

SEM Delta
0.3
0.6
0.2
0.2
0.5

VSA
Blanchable
Blanchable
Blanchable
Blanchable
Blanchable

R Elbow
L Elbow
R Heel
L Heel
Sacrum

0.5
0.3
0.8
0.3
0.5

Blanchable
Blanchable
Blanchable
Blanchable
Blanchable

R Elbow
L Elbow
R Heel
L Heel
Sacrum

1.3
0.1
0.8
0.5
0.4

Blanchable
Blanchable
Blanchable
Blanchable
Blanchable

R Elbow
L Elbow
R Heel
L Heel
Sacrum

0.4
0.4
1.0
0.6
0.4

Blanchable
Blanchable
Blanchable
Blanchable
Blanchable

R Elbow
L Elbow
R Heel
L Heel
Sacrum

0.7
0.7
0.7
0.3
0.4

Blanchable
Blanchable
Blanchable
Blanchable
Blanchable
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Braden

Waterlow

23

8

15

17

15

9

20

9

20

9

Table 8.2: Pilot Study Data Collection (continued)
Patient

Day

Pre-op

Weight Bearing Area
R Scapula
L Scapula
R Heel
L Heel
Sacrum

Immediate Post-op

Day 1 Post-op
2

Day 2 Post-op

Day 3 Post-op

SEM Delta
0.6
0.7
0.7
0.5
0.3

VSA
Blanchable
Blanchable
Blanchable
Blanchable
Blanchable
Blanchable

Braden

Waterlow

23

Not done

21

8

23

7

23

7

Refused to be assessed
R Scapula
L Scapula
R Heel
L Heel
Sacrum

0.2
0.4
1.5
0.3
0.8

R Scapula
L Scapula
R Heel
L Heel
Sacrum

0.3
0.4
0.6
0.8
0.7

R Scapula
L Scapula
R Heel
L Heel
Sacrum

0.1
0.3
0.2
0.2
0.3
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Blanchable
Blanchable
Blanchable
Blanchable
Blanchable
Blanchable
Blanchable
Blanchable
Blanchable
Blanchable
Blanchable
Blanchable
Blanchable
Blanchable
Blanchable
Blanchable
Blanchable

8.2.11. Discussion
The objective of the pilot study was to determine if the planned research
protocol was feasible and if adjustments needed to be made. Following
ethical approval, all stakeholders in the selected academic teaching
hospital were informed of the study and recruitment started. From the 4
consented patients, only 2 finished the full data collection. Considering
that in a period of 4 months only 4 patients were consented it is possible to
conclude that the planned recruitment was not effective and thus a new
site had to be included for data collection. From the 2 participants, it is
interesting to see that, while SEM delta values showed patients had a high
reading up to day 2 depending on the weight bearing area measured,
Braden and Waterlow scores from day 1 onwards indicated patient were
not at risk of pressure ulcer development.

All the data collection instruments were found easy to use and the patients
did not find the SEM scanner painful, or uncomfortable. The only negative
aspect identified by the patients was the immediate post-operative
assessments which were removed from the original protocol. Furthermore,
non-elective patients were also included in the protocol as well as a data
collection schedule.

8.3. Summary and Conclusion
8.3.1. Summary
A pilot study was conducted to test the research protocol and determine
the appropriateness of the same for the main study. Four patients going
for elective surgery consented to participate, however only 2 participants
finished the full data collection. The main issues identified were the
immediate post-operative assessment, the low recruitment rate. After the
inclusion of another site for data collection, the inclusion of non-elective
patients and changes to the data collection schedule the planned and
amended research protocol was considered appropriate for the main
study.
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8.3.2. Conclusion
Conducting a pilot study is an essential aspect of any research process as
it allows the researcher to evaluate the feasibility of the study protocol. As
only 2 participants concluded the pilot study, the following amendments
were made, inclusion of another site for data collection, inclusion of nonelective patients and changes to the data collection schedule.
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Chapter 9: Main Results
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9.1. Introduction
This research study set out to answer the research question ³'RHVVXE
epidermal moisture measurement predict early pressure ulcer
development more accurately when compared to traditional risk
assessment and visual skin assessment among adults undergoing
VXUJHU\"´
The aim was to compare the predictive ability of sub-epidermal
moisture (SEM) measurement versus traditional risk assessment (using
the Braden and Waterlow scales) and visual skin assessment (VSA) as
means of detecting early pressure ulcer damage among adults undergoing
surgery.

The main study objectives were to:
x carry out a detailed review of the literature pertaining to risk factors
and, predictive validity and reliability of risk assessment scales,
namely Norton, Braden and Waterlow, for pressure ulcer
management ;
x determine the predictive ability of sub-epidermal moisture as a
diagnostic tool for determining the presence of early pressure ulcer
damage among adults undergoing surgery;
x establish the clinical significance of sub-epidermal moisture as a
means of early pressure ulcer damage development among adults
undergoing surgery;
x determine pressure ulcer incidence associated with surgery;
x make recommendations for practice.

The primary outcome of interest for this study was pressure ulcer
incidence among the study participants, as identified using VSA versus
SEM measurement. The secondary outcomes of interest were:
comparison of the sensitivity and specificity of Braden and Waterlow risk
assessment scales in determining those at risk of pressure ulcer
development undergoing surgery and the impact of the independent
variables namely, traditional risk assessment, duration and type of surgery
and the presence of comorbidities; on pressure ulcer incidence. For this a
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data collection method was developed to collect the relevant data to
answer the research question, and to address the aims, objectives, and
outcomes of this study.

Initially, this chapter will give a detailed description on how data were
collected. This will be followed by the results obtained, particularly the flow
of participants through the study. A detailed description of the
demographic details of the participants included in the study will be
included, namely:
x gender;
x age;
x co-morbidities;
x type of surgery;
x total time in theatre environment;
x duration of surgery;
x type of anaesthesia;
x position in surgery.

The incidence of early pressure ulcer damage development, as
determined by SEM measurement and VSA, will also be reported. For
pressure ulcer incidence, as determined using SEM measurements, two
days of consecutive high SEM readings were considered indicative of
early pressure ulcer damage as this was observed in a large study
conducted in the USA (ClinicalTrials.gov Identifier: NCT01965444).
Data will also be presented in relation to:
x Braden total score and risk status;
x Waterlow total score and risk status;
x Mobility status assessed by Braden and Waterlow scales on day 1
post-operative;
x Anatomical location and staging of identified pressure ulcers;
x Abnormal SEM delta for 3 consecutive follow-up days;
x Braden scale predictive validity;
x Waterlow scale predictive validity;
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x SEM predictive validity;
x Impact of independent variables on pressure ulcer incidence as
determined by SEM;
x Impact of independent variables on pressure ulcer incidence as
determined by VSA.

Finally, results from the logistic regression analysis model used to quantify
the relationship between the dependent variables SEM measurement and
VSA and the explanatory variables will be presented.

9.2. Data collection
Data were initially collected in one academic teaching hospital in an urban
area in Ireland, where patients undergoing elective surgery were given
information leaflets by the nurses in the pre-assessment clinic and
outpatient clinic. Patients’ informed consent was obtained by the
researcher on the day of surgery, if patients were being admitted through
DOSA. If patients were admitted the day before surgery, informed consent
was obtained by the researcher on the day of admission in the ward where
the patient was admitted to.

Participants who gave their consent were assessed using the Braden and
Waterlow scale, SEM measurement and VSA:
x on the day of surgery, pre-operatively;
x on the ward if the patients were admitted the day before surgery;
x in DOSA if patients were admitted on the day of surgery;
x immediately post-operatively, in the recovery ward (and if it was
safe to do so);
x daily for 3 days or until discharge.

After the pilot study was conducted two aspects of the study were
changed. The first change became necessary due to the recruitment rate,
which was slow and was mainly affected by the cancellation of elective
surgeries, due to a “trolley crisis” that affected the country in 2016 with
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around 93.621 patients waiting on trolleys for beds (INMO, 2016). For this
reason, and to optimise recruitment rates, another academic teaching
hospital was added for data collection. Besides the low recruitment rate, in
the pilot study participants expressed that immediate post-operative
assessments caused discomfort and participants felt they were too tired, in
pain, or still under the effects of anaesthesia to be approached and
assessed immediately after surgery in the recovery room. So, the
immediate post-operative assessment was eliminated from the data
collection schedule.

The new data collection schedule included all surgical patients and
occurred in two main ways:
x pre-operative (for patients admitted to hospital but awaiting surgery)
and post-operative;
x post-operative alone (for those admitted via DOSA).

Following discussion with the clinical and supervisory team, these two
approaches were deemed appropriate in order not to adversely impact on
the sample size.

In relation to the pre-operative and post-operative data collection modality,
whenever possible, data were collected every day until the day of surgery,
and then post-operative for up to 3 days.
In the modality where data were collected only in the post-operative
period, this occurred for day 1, day 2 and day 3 post-operative only. This
type of data collection was influenced by participants discharge, or if
participants refused to continue to be part of the study.

There were 2 participants who had data collected immediately postoperative one from the pilot-study and another patient from the main
study. The patient from the main study had been assessed the day before
and when the writer went to do data collection the next day she had just
returned from surgery and was feeling well for the assessments. In relation
to those participants that had assessments on day 4 this arose because
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they were not feeling well on day 3 but wanted to continue being
assessed.

Potential participants were given information leaflets at the preassessment clinics and at the patient admission office on the day of
surgery admission. Those patients who were admitted to the clinical wards
were given the information leaflets in the ward and for those that
consented to participate, these were all assessed pre-operatively. Most
participants were assessed post-operatively only. Participants having
elective surgery, that were not admitted in the wards, were only captured
post-operatively because it was standard care in the pre-operative theatre
environment that patients were not subjected to extra practices that had
the potential to increase stress levels prior to surgery.

After obtaining consent, participants were assessed using the SEM
scanner, the Braden and Waterlow scales, and the EPUAP/NPUAP (2009)
VSA. SEM measurements and VSA assessment were undertaken on the
areas of the skin that where subject to pressure during surgery. These
pressure areas were determined by identifying each participant’s position
in surgery and matching them with diagrams of surgical positions where
the main pressure points are identified, as it can be seen in the example in
figure 9.1. The remaining types of surgical positions and respective
pressure points can be found in appendix 13.

Figure 9.1: Surgical Position - Supine

Besides the assessments, data were also collected pertaining to: gender,
age, co-morbidities, type of surgery, duration of surgery, total time in
theatre, total time in recovery, and anaesthesia type. The nursing staff in
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the wards was not informed of the daily risk assessment, VSA and SEM
measurement results.
9.2.1. Data Management
Data collected were coded and entered onto SPSS (version 22). Data
cleaning was undertaken, and data were checked for accuracy. Data were
then analysed using descriptive and inferential statistics. Initially,
frequencies for demographics and for each variable were produced. This
was followed by descriptive statistical analysis which was used to describe
the key features of the data using means and standard deviations (SD) as
appropriate. Inferential statistics were undertaken using Chi-square (X2)
and Kappa (k) statistics to measure the association between Braden and
Waterlow scales in terms of mobility scores and the incidence of early
pressure ulcer damage using SEM measurement and VSA. Logistic
regression analysis was used to determine the impact of the independent
variables under investigation on the dependent variable. Results were
presented using odds ratio (OR) with 95% confidence intervals (CI) and
alpha values. Accuracy of the Braden and Waterlow risk assessment
scales, SEM and VSA were determined using sensitivity, specificity and
likelihood ratio.

9.3. Flow of participants through the study
This study identified a total of 416 potential participants, from these 231
consented to participate in the study and 185 did not give their consent.
Thus, the consent rate for this study was 55.5% (figure 9.2).
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416 potencial participants

Consented

Declined

185

Yes

Day 1
post-op

Day 1, 2
and 3
post-op

Day 1
and 2
post-op

Day 0 pre-op
and Day 1 postop

Day 0 pre-op
and
Day1,2,3
post-op

Others

n=97

n=57

n=50

n=13

n=4

n=10

n=231

Figure 9.2: Flow diagram of participants

The 231 consented participants underwent the following data collection:
x 11.7% of participants (n=27) had data collected pre-operatively;
x 0.9% of participants (n=2) had data collected on day of surgery
(DOS) (post-surgery);
x 99% (n=229) of participants had data collected post-operatively.

From the flow diagram (figure 9.2), it can be seen that, 4.3% of
participants (n=10) had data collection schedules that changed. This was
mainly due to how participants were feeling on the day, for example they
complained of being tired, or in pain. However, these participants
remained in the study, as they wanted to continue and consented to have
3 post-operative assessments. As patients were discharged postoperative, the percentage of patients assessed reduced from 99% (n=229)
on day one, to 51% (n=117) on day 2 and 29% (n=66) on day 3 (table
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9.1). At the end of the 3 days from an initial sample of 231, 71% (n=165) of
participants had been discharge home, with only 29% (n=66) completing
the proposed study protocol. From the total sample (n=231) only 0.9%
(n=2) of participants dropped-out of the study.

Table 9.1: Participant Follow Up Schedule
Pre-operative
Day

Day

Day

3

2

1

%

.4

.1

1

n=

1

3

23

Post-operative
Day

Day

Day

Day

1

2

3

4

.8

99

51

29

.01

2

229

117

66

3

DOS

9.4. Study Participants Demographics
9.4.1. Gender
Of the 231 participants included in the study, 55.8% (n=129) were male
and 44.2% (n=102) were female.

9.4.2. Age
In terms of participants’ age in years, this was categorised, with most of
participants, 45.9% (n=106) being in the 61 to 80 year old category, as it
can be seen in table 9.2.
The mean age of participants, in years, was 57.5 (max 93; min 19 years;
SD: 15.9).

Table 9.2: Participants Age Category
Age Category

N

%

18-40

33

14.3

41-60

82

35.5

61-80

106

45.9

>80

10

4.3

231

100

Total
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9.4.3. Braden Scale
9.4.3.1. Braden Scale Total Scores
Participants were assessed using the Braden risk assessment scale on
the different follow-up days. The total score for the Braden scale can
range from 6 to 23, with a lower score indicating a higher risk. Scores from
the Braden scale assessment can be interpreted as follows:
x Severe risk: Total score 9
x High risk: Total score 10-12
x Moderate risk: Total score 13-14
x At risk: Total score 15-18
x Not at risk: >18

9.4.3.1.1. Braden Scores
Mean Braden scores varied from 20.4 for day 1, to 22 for day 4 postoperative (table 9.3). These scores indicated that on average participants
were not assessed as being at risk of pressure ulcer development.

Table 9.3: Braden Scale Total Score
Follow-up

N
%

Braden Scale Total Scores
Mean
Risk Status
Min Max

SD

Pre-op

27

.1

20.4

Not at risk

16

23

2.1

Immediate
Post-op

2

.01

17

Mild risk

15

19

2.8

Day 1 Postop
Day 2 Postop
Day 3 Postop
Day 4 Postop

229

99

20.4

Not at risk

14

23

2

117

50.6

20.8

Not at risk

14

23

1.6

66

28.5

21.1

Not at risk

14

23

1.8

3

.01

22

Not at risk

20

23

1.7

9.4.3.2. Participant Braden Scale Risk Status
This risk status for the participants is presented in table 9.4, for each day
the patients were followed up. As can be seen from table 9.4 most
participants were classed as not at risk throughout the study period.
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Table 9.4: Braden Scale Risk Status
Follow-up Type
Pre-op

Risk Status
At risk 15-18
Not at risk ≥19
Total

N

%
5
22
27

19
81
100

1
1
2

50
50
100

Immediate Post-op

At risk 15-18
Not at risk ≥19
Total

Day 1 Post-op

Moderate Risk 12-14
At risk 15-18
Not at risk ≥19
Total

3
34
192
229

0.1
14.9
85
100

Moderate Risk 12-14
At risk 15-18
Not at risk ≥19
Total

1
6
110
117

0.9
5.1
94
100

Moderate Risk 12-14
At risk 15-18
Not at risk ≥19
Total

1
3
62
66

1.5
4.5
94
100

Not at risk ≥19

3

100

Day 2 Post-op

Day 3 Post-op

Day 4 Post-op

9.4.4. Waterlow Risk Assessment
9.4.4.1. Waterlow Total Scores
Participants were also assessed using the Waterlow risk assessment
scale. The total score for the Waterlow scale can range from 1 to 64, with
a higher score indicating a higher risk. Scores from the Waterlow risk
assessment can be interpreted as follows:
x Very high risk: 20 +
x High risk: 15 +
x At risk 10 +
x Not at risk <10

9.4.4.1.1. Waterlow Total Scores
Waterlow scores did not vary significantly over the study period, with
participants in the post-operative period assessed, on average, as being at
risk of pressure ulcers (table 9.5).
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Table 9.5: Waterlow Scale Total Scores
Waterlow Scale Total Score
Mean
Risk
Min Max
Status
8.2
Not at risk
2
17

Follow-up
Type

N

%

Pre-op

27

.1

Immediate
Post-op

2

.01

11.5

At risk

6

17

7.8

229

99

10.7

At risk

2

21

4.6

117

50.6

10.9

At risk

2

20

4.5

66

28.5

10.8

At risk

4

20

4.0

3

.01

8.3

Not at risk

4

11

3.8

Day 1
Post-op
Day 2
Post-op
Day 3
Post-op
Day 4
Post-op

SD
4.1

9.4.4.2. Waterlow Scale Risk Status Scores
Waterlow risk status is presented in table 9.6, for each day the participants
were followed up. As can be seen for days 1, 2 and 3 post-operative, most
participants were considered to be at risk, or high/very high risk.
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Table 9.6: Waterlow Scale Risk Status
Follow-up Type
Pre-op

Immediate Post-op

Day 1 Post-op

Day 2 Post-op

Day 3 Post-op

Day 4 Postop

Risk Status
At risk 10+
High Risk 15+
Not at risk <10
Total

N
6
1
20
27

%
22
3
75
100

High Risk 15+
Not at risk <10
Total

1
1
2

50
50
100

At risk 10+
High Risk 15+
Very High risk 20+
Not at risk <10
Total

89
41
6
93
229

39
17
.1
43.9
100

At risk 10+
High Risk 15+
Very High risk 20+
Not at risk <10
Total

50
25
3
39
117

43
21
.1
35.9
100

At risk 10+
High Risk 15+
Very High risk 20+
Not at risk <10
Total

34
9
2
21
66

52
14
.1
33.9
100

At risk 10+
Not at risk <10
Total

2
1
3

67
33
100

9.4.5. Mobility – Braden Scale versus Waterlow Scale
To understand if when one person who was assessed as being at risk with
the Braden scale, was also assessed as being at risk with the Waterlow
scale, further analysis using the chi-square (X2) and the kappa (k)
statistics was undertaken. This analysis focussed on the results pertaining
only to mobility, given that mobility status is the primary contributing factor
for the development of pressure ulcers, and is of particular relevance to
those undergoing surgery. The analysis was only undertaken for the postoperative period, given the very small number of participants in the preoperative period.
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9.4.5.1. Mobility ±Braden Scale versus Waterlow Scale
Cross tabulations between mobility assessments using Braden and
Waterlow risk assessment scales are presented in table 9.7 for the postoperative period. As can be seen, there are inconsistencies in these
assessments. For example, on day 1 post-operative, 33% (n=76) of
participants were assessed, using Braden, as having slightly limited
mobility, whereas these individuals were assessed as having restricted
mobility according to Waterlow. Similarly, on day 2, 25% (n=30) of
participants were assessed, using Braden, as having slightly limited
mobility, whereas these individuals were assessed as having restricted
mobility according to Waterlow.
Further analysis using the X2 and Kappa statistics, identified a statistically
significant relationships between Braden and Waterlow mobility
assessments, for days 1 to 3 post-operative. These relationships are
negative, indicating as risk increases in one method of assessment it
decreases in the other assessment modality (table 9.8). In this analysis
data was normally distributed.
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Table 9.7: Cross tabulations between mobility assessments using
Braden and Waterlow post-operative
Waterlow Scale Mobility Day 1 Post-op
Restless/
Bed
Chair
Fully
Restricted
Fidgety
Bound
Bound
% (n)
% (n)
% (n)
% (n)
% (n)
Braden
Scale
Mobility
Day 1
Post-op

Very
Limited
Slightly
Limited
No
Impairment

0 (0)

0 (0)

9 (21)

.4 (1)

.4 (1)

13
(30)

4 (10)

33 (76)

.1
(2)

.4 (1)

35
(82)

.02 (5)

0 (0)

0 (0)

0 (0)

Waterlow Scale Mobility Day 2 Post-op
Restless/
Bed
Chair
Fully
Restricted
Fidgety
Bound Bound
% (n)
% (n)
% (n)
% (n)
% (n)
Braden
Scale
Mobility
Day 2
Post-op

Very
Limited
Slightly
Limited
No
Impairment

0 (0)

0 (0)

.04 (5)

0 (0)

0 (0)

21
(25)

.1 (8)

25 (30)

.2 (2)

.1 (1)

37
(44)

12 (15)

0 (0)

0 (0)

0 (0)

Waterlow Scale Mobility Day 3 Post-op
Restless/
Restricted Bed Bound
Fully % (n)
Fidgety
% (n)
% (n)
% (n)
Braden
Scale
Mobility
Day 3
Post-op

Very
Limited
Slightly
Limited
No
Impairment

0 (0)

0 (0)

.2 (1)

.2 (1)

27 (18)

.4 (3)

1 (6)

.2 (1)

51 (34)

.3 (2)

0 (0)

0 (0)

Waterlow Scale Mobility Day 4 Post-op
Restless/ Fidgety
Fully % (n)
% (n)
Slightly
Braden
Limited
Scale
Mobility
No
Day 4
Impairment
Post-op

0 (0)

33 (1)

66 (2)

0 (0)
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Table 9.8: Mobility – Braden versus Waterlow Scale: Post-operative
Chi-Square (X2)

Day 1
a

Df

p value

Value

133.3a

8

<0.001

-0.201

52.1a

8

<0.001

-0.137

10 cells (66.7%) have expected count less than 5. The minimum expected count is .04.

Day 3
a

Value

7 cells (46.7%) have expected count less than 5. The minimum expected count is 20.

Day 2
a

Kappa (k)

29.7a

6

<0.001

-0.064

10 cells (83.3%) have expected count less than 5. The minimum expected count is .06.

9.4.6. Co-Morbidities
Cardiology/vascular co-morbidities were identified in 18.2% (n=42) of
participants; endocrinology co-morbidities were identified in 6.9% (n=16) of
participants; cardiology/vascular and endocrinology co-morbidities were
identified in 9.5% (n=22) of participants; and cardiology/vascular and
pulmonology were identified in 6.5% (n=15) of participants (table 9.9). The
remaining co-morbidities can be found in table 9.9. A total of 42.9% (n=99)
of participants had no co-morbidities.

Table 9.9: Co-Morbidities
Co-Morbidities
Cardiology/Vascular
Cardiology/Vascular + Endocrinology
Endocrinology
Cardiology/Vascular + Pulmonology
Neurology
Pulmonology
Cardiology/Vascular + Neurology
Cardiology/Vascular + Endocrinology
+ Pulmonology
Cardiology/Vascular + Neurology +
Endocrinology
Neurology + Pulmonology +
Endocrinology
Cardiology/Vascular + Neurology +
Pulmonology + Endocrinology
Cardiology/Vascular + Neurology +
Pulmonology
Neurology + Pulmonology
None
Total
254

N
42
22
16
15
9
8
7
5

%
18.2
9.5
6.9
6.5
3.9
3.5
3.0
2.2

3

1.3

2

0.9

1

0.4

1

0.4

1
99
231

0.4
42.9
100

9.4.7. Types of Surgery
Participants included in the study underwent 113 different types of surgery
and to facilitate analysis these were divided into 2 categories, orthopaedic
and non-orthopaedic. The reason for separating out orthopaedic surgeries
from non-orthopaedic surgery is because patients undergoing orthopaedic
surgery are at recognised high-risk category (Remaley and Jaeblon, 2010;
Gerbershagen et al, 2013; Lindberg et al, 2013; Eriksson et al, 2017). A
full summary of the detail of the surgeries is outlined in appendix 14. Of a
total of 229 participants, 52.4% (n=121) underwent an orthopaedic surgery
and 47.6% (n=110) underwent non-orthopaedic surgery.

9.4.8. Time spent in the Theatre Environment
The time spent in the theatre environment was recorded for each
participant. The duration in the theatre environment assessed included the
time spent in theatre, the duration of surgery and the time spent in
recovery. The time span from the moment participants went to the theatre
department and left to return to the ward they were admitted to, was also
recorded.

The mean time spent in the theatre environment for all participants, was
124.2 minutes (min: 20 minutes; max: 354 minutes; SD: 59.4 minutes). For
three participants there was no information on total time spent in theatre.

9.4.8.1. Duration of Surgery
For all participants, the mean duration of surgery was 88.4 minutes (min: 7
minutes; max: 291 minutes; SD: 52.1 minutes) and most participants
(65%, n=149) had a surgery time of between 1 and 3 hours (table 9.10).
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Table 9.10: Surgery Time
Surgery Time

N

%

< 1h

68

29

1h-3h

149

65

>3h

14

6

231

100

Total

9.4.8.2. Time in the Recovery Room
For all participants, the mean time spent in recovery was 120.6 minutes
(min: 15 minutes; max: 522 minutes; SD: 74.9 minutes).

9.4.8.3. Time in Pre-op, Surgery and Recovery
For all participants, the total time spent from pre-operative to the time the
patient left recovery, was calculated for each participant. The mean time
was 249 minutes (min: 51 minutes; max: 663 minutes; SD: 96.5 minutes).
For all participants most (51%, n=119) spent ≤4 hours in the theatre
environment. For three participants (1%, n=3) there was no information
that allowed for calculation of their total time in the theatre environment
(table 9.11).

Table 9.11: Time in the Theatre Department
Time in Theatre Department

N

%

< 4h

119

51

4h-8h

103

45

>8h

6

3

No Data

3

1

231

100

Total

9.4.9. Type of Anaesthesia
Of all participants, the majority (70%, n=163) received a general
anaesthetic (see table 9.12). For two participants (1%, n=2) there was no
information on the type of anaesthesia received.
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Table 9.12: Type of Anaesthesia
Type of Anaesthesia

N

%

General

163

70

Spinal

65

28

Local

1

1

No Data

2

1

231

100%

Total

9.4.10. Position in Surgery
From the different positions in surgery identified (table 9.13) supine
decubitus (43%, n=100) and lithotomy position (24%, n=56) were the most
frequent positions the participants lay in during surgery.

Table 9.13: Position in Surgery
Position in Surgery

N

%

Supine

100

43

Lithotomy

56

24

Right Lateral Decubitus

24

10

Left Lateral Decubitus

24

10

Prone

13

6

Sitting

5

2

Laparoscopic

4

2

Beach Chair

4

2

Supine, Right Lateral Decubitus

1

1

231

100

Total

9.5. Results for the Primary Outcome
9.5.1. Pressure Ulcer Incidence as determined through SEM
measurement
Results for SEM measurement are interpreted as follows, early pressure
ulcer damage is indicated by a deviation of 0.5 or greater, between the
lowest and highest SEM reading, over each anatomical site, for 2
consecutive days or more. Analysis of the SEM delta scores indicated that
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there was an incidence of 51% (n=116) of early pressure ulcer damage, as
per the study protocol (table 9.14).

Table 9.14: Two Consecutive Days of High SEM Deltas
2 days of high SEM Deltas

N

%

Yes

116

51

No

113

49

Total

229

100

9.5.2. Anatomical Location of Two Consecutive Days of High SEM
Deltas
The anatomical locations where high SEM deltas occurred are outlined in
table 9.15. Data add up to more than 116, given that some participants
had more than one anatomical location with elevated SEM delta. As can
be seen from table 9.15, the most common anatomical locations were the
right/left elbow (39%, n=56), right/left heel (38%, n=53) and the sacrum
(14%, n=24).

Table 9.15: Anatomical Location of Two Consecutive Days Elevated
SEM Deltas
Anatomical location

N

%

L Elbow

29

20

R Elbow

27

19

L Heel

27

19

R Heel

26

19

Sacrum

24

17

R Ankle (Inner aspect)

4

3

L Ankle (Inner aspect)

4

3

142

100

Total
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9.5.3. Pressure Ulcer Incidence as Determined Through VSA
According to VSA, 3% (n=7) of participants developed a visual pressure
ulcer (table 9.16). Among these 7 participants, 10 pressure ulcers
developed, as some participants developed more than 1 pressure ulcer.

Table 9.16: Visual Pressure Ulcer Developed
Visual Pressure Ulcer
N
%
Yes

7

3

No

224

97.8

Total

229

100

9.5.3.1. Pressure Ulcer Location as Determined Through VSA
The anatomical locations where abnormal VSA was identified are
displayed in table 9.17. The most common anatomical site was the left
heel and sacrum (50%; n=4 for each site).

Table 9.17: Abnormal VSA Anatomical Locations
Anatomical location

N

%

L Heel

4

40

R Heel

2

20

Sacrum

4

40

Total

10

100

9.5.4. Stage of Pressure Ulcer as Identified through VSA
From the participants identified as having changes indicative of pressure
ulcer damage, as recognised by VSA, these were all stage 1, nonblanchable erythema (31%, n=10).

9.5.5. Comparison between Two Consecutive Days Abnormal SEM
Deltas and Abnormal VSA
Comparisons between SEM measurement and VSA are shown in table
9.18. Figures are as follows:
x 3 participants (1.3%) had abnormal SEM Deltas and abnormal VSA;
x 113 participants (49%) had abnormal SEM Deltas and normal VSA;
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x 4 participants (1.7%) had abnormal VSA and normal SEM Deltas;
x 111 participants (48%) had normal VSA and normal SEM Deltas.

Table 9.18: Comparison between Abnormal SEM Deltas and
Abnormal VSA
SEM Abnormal

VSA Abnormal

Total

Yes (%)

No (%)

Yes (%)

3 (1.3%)

4 (1.7%)

7 (3%)

No (%)

113 (49%)

111 (48%)

224 (97%)

116 (50.3%)

115 (49.7%)

231 (100%)

Total

9.6. Abnormal SEM Deltas for 3 consecutive follow-up days
A total of 28.6% (n=66) of participants had assessments for 3 consecutive
days post-operative. Of these, 94% (n=62) had abnormal SEM deltas on
day 3 post-operative (table 9.19). Further, table 9.20 provides results of a
cross tabulation of those assessed on day 3 post-operative and
normal/abnormal SEM delta day 1 post-operative. As can be seen, of
those assessed on day 3 post-operative, 94% (n=62) had an abnormal
SEM delta on day one and sustained this abnormality over the study follow
up period.

Table 9.19: Abnormal SEM delta days 1, 2 and 3 post-operative
Abnormal
SEM
Delta

Day

Yes % (n)

No % (n)

Total

1 post op

98 (225)

2 (4)

229

2 post op

97 (114)

3 (3)

117

3 post op

94 (62)

6 (4)

66
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Table 9.20: Abnormal SEM delta day 1 post-operative cross tabulated
by abnormal SEM delta day 3 post-operative
SEM Day 3
Normal

Abnormal

Total

% (n)

% (n)

% (n)

Normal % (n)

0 (0)

1 (1)

1 (1)

Abnormal % (n)

6 (4)

93 (61)

99 (65)

6 (4)

94 (62)

100 (66)

SEM Day 1

Total

Given the high percentage of participants followed up for 3 days who had
sustained abnormal SEM deltas, further analysis was undertaken to
explore any specific explanatory variables which may have influenced this
finding. Using the X2 analysis, the following variables emerged as
statistically significant:
x orthopaedic surgery (p=0.020);
x supine surgical position (p=0.003);
x spinal anaesthetic type (p=0.0001);
x Waterlow mobility day1 post-operative (recoded into problem/no
problem) (p=0.0001);
x Braden mobility day1 post-operative (recoded into problem/no
problem) (p=0.0001).

9.7. Secondary Outcomes
9.7.1 Sensitivity and specificity of Braden or Waterlow risk
assessment scales and SEM measurement
To determine the sensitivity and specificity of Braden and Waterlow risk
assessment scales in identifying those at risk of pressure ulcer
development, and of presenting with an abnormal SEM delta, the number
of true positives and true negatives and the number of false positives and
false negatives were calculated.

The number of positive (i.e. the participant is, considered to be, at risk)
Braden and Waterlow risk assessment results on day 1 post-operative, in
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addition to the number of positive VSA assessments and SEM deltas (as
an end of study outcome) are presented in table 9.21.

Table 9.21: Braden, Waterlow, VSA and SEM Assessment Results
Instrument

Braden

Waterlow

SEM

VSA

Positive

37

136

116

7

Negative

192

93

114

222

229

229

229

229

Total

In table 9.21, of 229 participants assessed on day 1 post-operative using
the Braden scale only 16% (n=37) were considered at risk. For those
assessed using Waterlow (n= 229), 16% (n=136) were considered to be at
risk. In terms of SEM, of 229 assessed patients 51% (n=116) had 2
consecutive days of elevated SEM deltas, and in relation to VSA of 229
patients 3% (n=7) had abnormal skin assessments.

9.7.1.1. Sensitivity and Specificity of Braden
The sensitivity and specificity of Braden and VSA are presented in table
9.22. As can be seen, the sensitivity is 71.4% and the specificity is 85.6%.
The Braden scale has a very low positive predictive value, which means
when assessed using Braden only 13.5% of people will be correctly
assessed as being at risk. Further, this is related to the low prevalence of
pressure ulcers in the study group. Conversely, when assessed using
Braden 98.9% of those assessed as not being at risk, will actually be not
at risk.
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Table 9.22: Sensitivity and Specificity of Braden and VSA
Statistics

Value

95% CI

Sensitivity

71.4%

29.0% to 96.3%

Specificity

85.6 %

80.3% to 89.9%

Positive Likelihood Ratio

4.96

2.81 to 8.74

Negative Likelihood Ratio

0.33

0.10 to 1.08

Disease prevalence

3.1%

1.2% to 6.2%

Positive Predictive Value

13.5%

8.1% to 21.6%

Negative Predictive Value

98.9%

96.7% to 99.7%

Accuracy

85.2%

79.9% to 89.5%

The sensitivity and specificity of Braden and SEM measurement are
presented in table 9.23. As can be seen, the sensitivity is 19.1%, the
specificity is 86.8%. The positive predictive value is 59.5%, this indicates a
moderate value, which means that 51.6% of the time those assessed as
being at risk using Braden, will be at risk of pressure ulcer development as
detected using SEM. The negative predictive value is also moderate at
51.6%, indicating that just over half the time, those assessed as not being
at risk using Braden, will not be at risk of pressure ulcer development as
detected using SEM. The overall accuracy was assessed as being 53%.

Table 9.23: Sensitivity and Specificity of Braden and SEM
Statistics

Value

95% CI

Sensitivity

19.1%

13% to 28.3%

Specificity

86.8%

79.2% to 92.4%

Positive Likelihood Ratio

1.45

0.83 to 2.74

Negative Likelihood Ratio

0.93

0.82 to 1.04

Disease prevalence

50.2%

43.8% to 57.1%

Positive Predictive Value

59.5%

45.8% to 73.6%

Negative Predictive Value

51.6%

48.7% to 54.4%

Accuracy

52.8%

46.4% to 59.6%
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9.7.1.2. Sensitivity and Specificity of Waterlow
The sensitivity and specificity of Waterlow and VSA are presented in table
9.24. As can be seen, the sensitivity is 71.4%, the specificity is 40.9%. The
positive predictive value is low at 3.7%. This is related to the low
prevalence of the disease and indicates that only 3% of those assessed as
being at risk using Waterlow, are actually at risk of pressure ulcer
development. The negative predictive value is high at 97.9%. This
indicates that almost all of those assessed as being not at risk using
Waterlow, are actually not at risk of pressure ulcer development. The
overall accuracy of the Waterlow is 41.9%.

Table 9.24: Sensitivity and Specificity of Waterlow and VSA
Statistics

Value

95% CI

Sensitivity

71.4%

29% to 96.3%

Specificity

40.9%

34.5% to 47.8%

Positive Likelihood Ratio

1.21

0.75 to 1.96

Negative Likelihood Ratio

0.70

0.21 to 2.27

Disease prevalence

3.1%

1.2% to 6.2%

Positive Predictive Value

3.7%

2.3% to 5.8%

Negative Predictive Value

97.9%

93.3% to 99.3%

Accuracy

41.9%

35.5% to 48.6%

The sensitivity and specificity of Waterlow and SEM measurement are
presented in table 9.25. As can be seen, the sensitivity is 70.4%, the
specificity is 51.8%. The positive predictive value is moderate at 59.6%.
This indicates that almost 60% of those assessed as being at risk using
Waterlow, are at risk of pressure ulcer development as assessed using
SEM. The negative predictive value is also moderate at 63.4%. This
indicates that almost 63.4% of those assessed as being not at risk using
Waterlow, are actually not at risk of pressure ulcer development as
assessed using SEM. The overall accuracy of the Waterlow in this regard
is 61.1%.
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Table 9.25: Sensitivity and Specificity of Waterlow and SEM
Statistics

Value

95% CI

Sensitivity

70.4%

61.2% to 78.6%

Specificity

51.8%

42.2% to 61.2%

Positive Likelihood Ratio

1.46

1.17 to 1.83

Negative Likelihood Ratio

0.57

0.41 to 0.80

Disease prevalence

50.2%

43.6% to 56.9%

Positive Predictive Value

59.6%

54.1% to 64.8%

Negative Predictive Value

63.4%

55.4% to 70.8%

Accuracy

61.1%

54.5% to 67.5%

9.7.1.3 Sensitivity and specificity of SEM Measurement
Given that the VSA is the gold standard for the assessment of pressure
ulcer presence, the sensitivity and specificity of SEM measurement and
VSA were assessed and are presented in table 9.26. As can be seen, the
sensitivity is 42.9%, the specificity is 49.6%. The positive predictive value
is low at 2.6%. This is related to the low prevalence of pressure ulcers and
indicates that only 2.6% of those assessed as having early pressure ulcer
damage using SEM, have early pressure ulcer damage as assessed using
VSA. The negative predictive value is high at 96.5%. This indicates that
almost all of those assessed as not having early pressure ulcer damage
using SEM, do not have pressure ulcer damage as assessed using VSA.
The overall accuracy of the SEM is 49.3%.

Table 9.26: Sensitivity and Specificity of SEM and VSA
Statistics
Sensitivity
Specificity
Positive Likelihood Ratio
Negative Likelihood Ratio
Disease prevalence
Positive Predictive Value
Negative Predictive Value
Accuracy

Value
42.7%
49.6%
0.85
1.15
3.1%
2.6%
96.5%
49.3%
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95% CI
9.9% to 81.6%
42.8% to 56.3%
0.36 to 2.02
0.60 to 2.22
1.2% to 6.2%
1.1% to 5.9%
93.5% to 98.2%
42.7% to 56%

9.7.2. Impact of Variables on Pressure Ulcer Incidence
In order, to determine which variables among the study population were
most closely associated with pressure ulcer development as measured by
SEM and VSA, binary logistic regression analysis was undertaken. This
analysis was deemed appropriate because the aim was to determine
which dichotomous independent variables were the best predictors of the
dichotomous dependent variable pressure ulcer. The statistical
significance of relationships was reported at the 5% level. Regression
coefficients (95% CI) were determined for each predictor using univariate
analysis. Significant predictors were then entered, into the multiple
regression analysis (p< 0.05).

None of the variables: gender, age, co-morbidities, type of surgery,
duration of surgery, total time in theatre, total time in recovery, and
anaesthesia type, emerged having a statistically significant influence on
the dependent variable abnormal VSA.

For the dependent variable, abnormal SEM delta, the following variables
were not statistically significant: gender, age, co-morbidities, total time in
theatre and total time in recovery. However, surgery time, type of surgery
and type of anaesthetic emerged as statistically significant. Therefore, in
the final model, the following independent variables were analysed:
1. Surgery time
2. Type of surgery
3. Type of anaesthetic

The results of the Hosmer and Lemeshow analysis, returned an
insignificant value (p=0.84) (table 9.27), this shows that the model is a
good fit. Between 1% and 10% of the variance in SEM delta is explained
by the model (table 9.28). Further, the model predicts correctly 63% of the
time (table 9.29).
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Table 9.27: Hosmer and Lemeshow Test
Chi-square

df

Sig

2.713

6

.844

Table 9.28: Model Summary
Cox & Snell R Square

Nagelkerke R Square

.092

.122

Table 9.29: Classification Table
Observed

Normal

Abnormal

Percentage
Correct

SEM

Normal

70

45

60.9

Final

Abnormal

39

75

65.8

Overall Percentage

63.3

Table 9.30 provides the results of the regression analysis, displaying the
variables determined to be statistically significant. As can be seen, surgery
time, type of surgery and type of anaesthetic, emerged as statistically
significant. Results indicate that as surgery time increases, so too does
the odds of developing an abnormal SEM delta (OR: 1.45; 95% CI: 1.0222.080; p=0.038). Those undergoing a non-orthopaedic surgical procedure
are less likely to develop an abnormal SEM delta, compared with those
undergoing orthopaedic surgery (OR: 0.47; 95% CI: 0.265-0.836;
p=0.010), finally those undergoing spinal anaesthetic are almost twice as
likely to develop an abnormal SEM delta, compared to those undergoing
general anaesthesia (OR:1.97; 95% CI: 1.075-3.634; p=0.028).
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Table 9.30: Regression Analysis (Dependent variable abnormal SEM
Delta)
95% C.I. for EXP(B)
Sig. Exp (B)

Lower

Upper

Surgery time (mins)

.038

1.458

1.022

2.080

Type of Surgery

.010

.470

.265

.836

Type of Anaesthetic

.028

1.977

1.075

3.634

Another important aspect in relation to this logistic regression analysis is
determining if multicollinearity (e.g. correlation) among the independent
variable exists. This can be achieved by checking the variance inflation
factor (VIF), which estimates how much the variance among the
independent variables is overestimated due to multicollinearity in the
model. For this model the VIF was 1.001 for surgery time, 1.081 for
anaesthesia and 1.081for type of surgery. From the results, surgery time is
not correlated (VIF=1) and anaesthesia and type of surgery are low
moderate correlated (VIF = 1 to 5). These results show that the regression
in this research is highly reliable.

9.8. Summary and Conclusion
9.8.1. Summary
Of a total of 416 potential participants, 231 consented to participate in the
study, giving a consent rate of 55.5%. Participants were followed-up preoperative, post-operative and then up to three days post-operative. From
the 231 participants included in the study, 55.8% (n=129) were male and
44.2% (n=102) were female. Of all participants (n=231), the mean age
was 57.5 years (max: 93 years; min: 19 years; SD: 15.9 years). The most
common co-morbidity was cardiology/vascular (18.2%; n=42), while 42.9%
(n=99) of participants had no co-morbidities.

Participants assessed pre-operative had a mean Braden score of 20.4
(min: 16; max: 23; SD: 2.1). Mean Braden scores increased from day 1
post-operative to day 4 post-operative (20.4 for day 1 to 22 for day 4 postoperative) indicating a decreasing risk status. Participants assessed pre268

operative had a mean Waterlow score of 8.2 (min: 2; max: 17; SD: 4.1).
For the remaining post-operative days Waterlow total scores did not vary
significantly. In terms of participants risk status in the pre-operative period,
most participants were classed as not at risk. For days 1, 2 and 3 postoperative, most participants were, considered to be at risk, or high/very
high risk. In terms of mobility status pre-operative and post-operative,
there was inconsistency between assessment of mobility status using
Braden and Waterlow.

In relation to the types of surgery 52.4% (n=121) of participants underwent
an orthopaedic surgery and 21.2% (n=49) of participants underwent nonorthopaedic surgery. From the different types of anaesthesia 70% (n=163)
of participants received general anaesthetic and 28% (n=65) of
participants received spinal anaesthetic. From the different positions in
surgery identified the most occurring were supine decubitus (43%; n=100)
and lithotomy position (24%, n=56). The mean time spent in the theatre
environment was 124.2 minutes, mean duration of surgery was 88.4
minutes and mean time spent in recovery was of 120.6 minutes. The total
mean time spent from pre-operative to the time the participant left
recovery, was 249 minutes.

In terms of primary outcomes, analysis of the SEM delta scores indicated
that there was an incidence of 51% (n=116) of early pressure ulcer
damage. The most common anatomical locations with high SEM deltas
were the right/left elbow (39%, n=56), right/left heel (38%, n=53) and the
sacrum (14%, n=24). There was an incidence of 3% (n=7) of early
pressure ulcer damage, as indicated by VSA, with 10 pressure ulcers
developing among 7 participants. The most common anatomical locations
were pressure damage was identified, were the left heel 40% (n=4), and
the sacrum 40% (n=4). Damage, as recognised through VSA was stage 1
pressure ulcer (31%, n=10).

Of the participants followed up for 3 days, 98% (n=64) had abnormal SEM
deltas and of those followed day 3 days 28.6% (n=66), 94% (n=62) had
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sustained this abnormal SEM delta for all of the follow-up period. Of these
participants, those undergoing orthopaedic surgery, under spinal
anaesthetic, positioned in the supine were statistically more likely to have
sustained abnormal SEM deltas. Furthermore, those with mobility
problems on day 1 post-operative, as assessed using Braden and
Waterlow (recoded into problem/no problem), were statistically more likely
to have sustained abnormal SEM deltas.

In terms of the validity of the measurement methods, the sensitivity,
specificity, PPV and NPV of Braden and VSA was 71.4%, 85.6%, 13.5%
and 98.9%, respectively. While the sensitivity, specificity, PPV and NPV of
Braden and SEM was 19.1%, 86.8%, 59.5% and 51.6%, respectively. In
relation to the sensitivity, specificity, PPV and NPV of Waterlow and VSA
this was 71.3%, 40.9%, 3.7% and 97.9%, respectively. While the
sensitivity, specificity, PPV and NPV of Waterlow and SEM was 70.4%,
51.8%, 59.6% and 63.4%, respectively. Finally, the sensitivity, specificity,
PPV and NPV of SEM and VSA was 42.9%, 49.6%, 2.6% and 96.5%,
respectively.

In terms of the impact of variables in pressure ulcer incidence, none of the
variables emerged as having a statistically significant influence on the
dependent variable, abnormal VSA. For the dependent variable, abnormal
SEM delta, in the final model, the independent variables surgery time, type
of surgery and type of anaesthetic emerged as statistically significant. This
result shows that as surgery time increases, so too does the odds of
developing an abnormal SEM delta. Those undergoing orthopaedic
surgery and spinal anaesthetic are more likely to develop an abnormal
SEM delta.

9.8.2. Conclusion
From the results SEM identified more early pressure ulcer damage when
compared to VSA. For those followed up for 3 days, those undergoing
orthopaedic surgery, under spinal anaesthetic, positioned in the supine
and with mobility problems on day 1 post-operative, were statistically more
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likely to have sustained abnormal SEM deltas. For the total population,
SEM abnormal deltas were statistically significantly influenced by surgery
time, orthopaedic surgery, and spinal anaesthetic, with these leading to
higher SEM delta readings. For the total population, the Braden and
Waterlow risk assessment scores, did not have a significant influence in
determining pressure ulcer outcomes.

271

Section 5: Discussion,
Recommendations and
Conclusions
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Introduction
This section will focus on the analysis and discussion of the results
obtained from the data collection and as such is divided in to three
chapters. The first chapter focuses on the discussion of the results
obtained. The second chapter presents recommendations for practice
derived from the research with reference also to the existing literature, as
well as presenting a reflective piece on how the research process
unfolded. The final chapter will present a final conclusion to the thesis.
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Chapter 10: Discussion
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10.1. Introduction
This chapter will start by giving a summary of the demographic baseline
data and of the key findings from the research. A discussion on the
primary outcome will ensue, followed by a discourse on the impact of the
identified variables in pressure ulcer development. An analysis of the
results obtained in terms of risk assessment through the Braden and
Waterlow scales, in the context of the current literature will be done. This
will be followed by a discussion of the predictive validity of the two risk
assessment scales, in relation to SEM and VSA. Finally, a new model for
early pressure ulcer damage development in the context of the surgical
environment will ensue.

10.2. Summary of baseline demographic data
The baseline demographic data is summarised as follows:
x Of 416 potential patients, 231 consented in participating, giving a
consent rate of 55.5%;
x Of the participants included 55.8% (n=129) were male and 44.2%
(n=102) were female;
x Of all participants, the mean age in years was 57.5 (SD: 15.9);
x 45.9% (n=106) of participants were aged 61-80;
x Cardiology/vascular co-morbidities were identified in 18.2% (n=42)
of participants;
x 42.9% (n=99) of participants had no co-morbidities;
x 52.4% (n=121) of participants underwent an orthopaedic surgery;
x 21.2% (n=49) of participants underwent non-orthopaedic surgery;
x The mean time spent in the theatre environment was 124.2 minutes
(SD: 59.4 minutes);
x The mean duration of surgery was 88.4 minutes (SD: 52.2 minutes);
x 64.5% (n=149) of participants had a surgery duration between 1
and 3 hours;
x The mean time spent in recovery was of 120.6 minutes (SD: 74.9
minutes);
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x The mean time of the, total time spent from pre-operative to the
time the patient left recovery, was 249 minutes (SD: 96.5 minutes);
x 51% (n=119) of participants spent less or up to 4 hours in the
theatre environment;
x 70% (n=163) of participants received a general anaesthetic;
x 28% (n=65) of participants received a spinal anaesthetic;
x 43% (n=100) of participants were in supine decubitus during
surgery;
x 24% (n=56) of participants were in the lithotomy position during
surgery;
x 10% (n=24) of participants were in the right lateral decubitus during
surgery;
x 10% (n=24) of participants were in the left lateral decubitus during
surgery.

10.3. Summary of key findings of the thesis
The key findings from this research are summarised as follows:
x Pressure ulcer incidence measured using SEM was 51% (n=116);
x The most occurring anatomical locations of high SEM deltas were
right/left elbow (39%, n=56), right/left heel (38%, n=53) and the
sacrum (14%, n=24);
x Pressure ulcer incidence measured using VAS was 3% (n=7);
x Among the 7 participants there were 10 pressure ulcers;
x The most occurring anatomical locations were abnormal VSA was
identified was the left heel and sacrum (50%; n=4 for each site);
x All of the pressure ulcers identified through VSA were stage 1
(100%, n=10);
x Mean Braden score post-operative varied from 20.4 for day 1(SD:
2.0) to 22 for day 4 post-operative (SD: 1.7);
x Post-operatively, patients were mainly assessed as being not at risk
with the Braden scale;
x Mean Waterlow score post-operative varied from 10.6 for day 1(SD:
4.6) to 8.3 for day 4 post-operative (SD: 3.8);
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x In the post-operative period patients were risk assessed as being at
risk or at high/very high risk according to the Waterlow scale;
x There was a statistically significant negative relationship between
the mobility sub-scale of the Braden and the Waterlow scale on the
first 3 days post-operative;
x As risk increases in one assessment scale it decreases in the other;
x Of the 28.6% (n=66) of participants who had assessments on the 3
consecutive days post-operative; 94% (n=62) had a persistently
high SEM delta on day 3 post-operative;
x The variables that emerged as statistically significantly related to
high SEM deltas, for those followed up for 3 days were:
o orthopaedic surgery (p=0.020);
o supine surgical position (p=0.003);
o spinal anaesthetic type (p=0.0001);
o Waterlow mobility day1 post-operative (p=0.0001);
o Braden mobility day1 post-operative (p=0.0001).
x Braden sensitivity, specificity, PPV and NPV when compared to
VSA pressure ulcer identification, were 71.4%, 85.6%, 13.5% and
98.9%, respectively;
x Braden sensitivity, specificity, PPV and NPV when compared to
SEM pressure ulcer identification, were 19.1%, 86.8%, 59.5% and
51.6%, respectively;
x Waterlow sensitivity, specificity, PPV and NPV when compared to
VSA pressure ulcer identification, were 71.4%, 40.9%, 3.7% and
97.9%, respectively;
x Waterlow sensitivity, specificity, PPV and NPV when compared to
SEM pressure ulcer identification, were 70.4%, 51.8%, 59.6% and
63.4%, respectively;
x SEM sensitivity, specificity, PPV and NPV of SEM, when compared
to VSA pressure ulcer identification, was 42.9%, 49.6%, 2.6% and
96.5%, respectively;
x None of the independent variables had a statistically significant
impact on the dependent variable, abnormal VSA;
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x For the dependent variable, SEM, the following independent
variable emerged had a statistically significant impact:
o surgery time;
o type of surgery;
o type of anaesthetic;
x As surgery time increases, so too does the odds of developing an
abnormal SEM delta (OR: 1.45; 95% CI: 1.022-2080; p=0.038);
x Undergoing orthopaedic surgery increases the odds of developing
an abnormal SEM delta (OR: 0.47; 95% CI: 0.265-0.536; p=0.010);
x Undergoing spinal anaesthetic also increases the odds of
developing an abnormal SEM by almost two-fold (OR: 1.97; 95%
CI: 1.075-3.634; p=0.028).

10.4. Demographic characteristics of study population
This study included 231 participants who consented to be assessed by
using the SEM scanner, the Braden and Waterlow risk assessment scales.
From these 231 participants, 99.1% (n=229) where followed-up in the
post-operative period and of these only 29% (n=66) completed the data
collection scheduled as per the study protocol, with 71% (n=165) being
discharged before the third day post-operative. In other studies where a
surgical population was included, only 4 studies (Grous et al, 1997;
Stordeur et al, 1998; Lindgren et al, 2005; Feuchtinger et al, 2007)
reported on small sample sizes that varied from 33 to 53 participants. The
remaining studies sample sizes varied from 102 to 498 (Nixon et al, 2000;
Stevens et al, 2004; Lindgren et al, 2005; Aronovitch, 2007; Nixon et al,
2007; Lardenoye et al, 2009; Schuurman et al, 2009; Connor et al, 2010;
Bulfone et al, 2012; Fred et al, 2012; Tschannen et al, 2012; Lumbley et
al, 2014; Webster et al, 2015). In retrospective chart reviews, files from
1128 to 3484 patients were included (Aronovitch, 1999; Kumta et al,
2018).

Sample size is a very important aspect in any research, as those selected
should be as representative of the target population as possible (Polit and
Beck, 2010). If the population is misrepresented then sampling error can
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occur, which can lead to an under, or overestimation of the results
obtained (Polit and Beck, 2010). In turn, this can hinder any generalisation
of the findings obtained. Only two of the studies within the existing body of
literature (Grous et al, 1997; Feuchtinger et al, 2007) where small samples
were included recognise this as a limitation. An explanation for the small
samples can be related either to the period available for data collection, or
difficulties in recruiting and retaining participants. In the present study
although the initial sample was 229, this decreased to 66 participants, due
participants being discharged. However, considering that data pertaining
to SEM measurements, VSA, Braden and Waterlow scale were collected
for all participants on day 1 post-operative, this is of value for this research
and allows for generalisation to the wider surgical population.

Among the study participants 58.8% (n=129) where male, 45.9% (n=106)
were aged 61-80 and the mean age was 57.50 years old. These
participant characteristics are similar to those of the reviewed literature on
surgical populations, where the majority were male, and the mean age
varied between 54.1to 67.1 years old (Grous et al, 1997; Stordeur et al,
1998; Aronovitch, 1999; Stevens et al, 2004; Lindgren et al, 2005;
Aronovitch, 2007; Feuchtinger et al, 2007; Lardenoye et al, 2009;
Schuurman et al, 2009; Connor et al, 2010; Bulfone et al, 2012;
Tschannen et al, 2012; Lumbley et al, 2014; Webster et al, 2015; Kumta et
al, 2018). In only two studies (Nixon et al, 2007; Primiano et al, 2011),
women represented most of the study sample.

In relation to the comorbidities of the sample, the most common were
cardio-vascular (18.2%, n=42), cardio-vascular and endocrinological
(9.5%, n=22); endocrinological (6.9%, n=16), and cardio-vascular and
pulmonology (6.5%, n=15). From the literature analysed only four studies
(Aronovitch, 1999; Aronovitch, 2007; Lumbley et al, 2014; Webster et al,
2015) also reported on comorbidities, and the most occurring were cardiac
and endocrinological.
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In the present study most participants underwent orthopaedic surgery
(52.4%, n=121) and the remaining underwent non-orthopaedic surgery
(47.6%, n=110). Most of the studies that report on the type of surgery
report orthopaedic surgery as being the most common (Grous et al, 1997;
Aronovitch, 1999; Stevens et al, 2004; Aronovitch, 2007; Primiano et al,
2011; Bulfone et al, 2012; Tschannen et al, 2012; Lumbley et al, 2014;
Webster et al, 2015; Kumta et al, 2018). In only two studies (Nixon et al,
2007; Lindgren et al, 2005) the frequency of orthopaedic surgery was
higher.

In terms of the duration of surgery the mean duration was 88.39 minutes
(min: 7 minutes; max: 291 minutes; SD: 52.15 minutes), and around 65%
(n=149) of participants underwent a surgery that lasted between 1 to 3
hours. The duration of surgery in the analysed literature varied from 90
minutes to 17 hours (Grous et al, 1997; Aronovitch, 1999; Lindgren et al,
2005; Aronovitch, 2007; Feuchtinger et al, 2007; Nixon et al, 2007; Connor
et al, 2010; Primiano et al, 2011; Tschannen et al, 2012; Lumbley et al,
2014; Webster et al, 2015; Kumta et al, 2018). This indicates similarities
between the findings of the current study and the existing body of
literature, although in some studies the duration of surgery was far longer.

In the present study 70% (n=163) of participants had a general
anaesthetic, whilst 28% (n=65) had a spinal anaesthetic. In four studies
reviewed, general anaesthetic was the anaesthetic of choice in 35.5% to
98.1% of the time (Lindgren et al, 2005; Nixon et al, 2007; Primiano et al,
2011; Webster et al, 2015), while only three studies report on the use of
spinal anaesthetic, with use varying from 4.2% to 44.4% (Lindgren et al,
2005; Nixon et al, 2007; Webster et al, 2015). In the study by Lindgren et
al (2005), spinal anaesthetic was used in 44.4% of the participants.

The final demographic aspect of the participants in the present study was
the type of position adopted in theatre. In this study, the positions used
were supine, lithotomy, right lateral, left lateral, prone, sitting, laparoscopic
and beach chair. From all these positions most of the participants (43%,
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n=100) were in the supine position. This was found to be the same in the
literature that reported on surgical position, with supine being the most
common position used in theatre (Grous et al, 1997; Stevens et al, 2004;
Aronovitch, 2007; Bulfone et al, 2012; Lumbley et al, 2014; Webster et al,
2015).

10.5. Main Findings
To understand what the findings of this study are showing us, the writer
will present the discussion focusing on the main argument points, which
emerged from the data. These arguments will not only show that the
current risk assessment practices used for the surgical population are
ineffective but also will present a new model and tool that can, based on
what is happening in the cell, help detect early pressure ulcer damage
development in a more effective way.

10.5.1. Burden of Pressure Ulcers in the Surgical Population
In this study, to ascertain the burden of pressures ulcers, incidence was
determined using VSA, and was based on the EPUAP/NPUAP (2009)
classification system. VSA is widely used in practice and is one of the first
assessments that nurses undertake, or should undertake, when caring for
patients (NPUAP/EPUAP/PPPIA, 2014). VSA, through inspection of the
skin, allows for the early detection of pressure ulcer damage and can help
determine which preventive measures should be implemented to try and
minimise further tissue damage (RCN, 2001; NPUAP/EPUAP/PPPIA,
2014). According to VSA in this study, pressure ulcer incidence among the
participants was of 3% (n=7), and 10 pressure ulcers developed in the 7
participants. The main anatomical locations affected were the left heel and
sacrum.

Incidence, as determined by SEM measurement, was obtained using the
SEM scanner. Using the device, and after completing at least three
measures in the affected area, a SEM delta is calculated by determining
the difference between the highest and the lowest score (Moore et al,
2016). Once this value is displayed and is ≥0.5 then it is suggested that
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there is some underlying tissue damage and early pressure ulcer damage
development (Moore et al, 2016). Among the study participants, pressure
ulcer incidence, defined as 2 consecutive days or more of high SEM delta,
was 51% (n=116). The main anatomical locations where high SEM deltas
occurred were right/left elbow (39%, n=56), right/left heel (38%, n=53) and
the sacrum (14%, n=24).

The incidence of pressure ulcers within the study population is in line with
incidence data reflected in the literature, which reports figures between
1.3%-54.8% (Grous et al, 1997; Stordeur et al, 1998; Lewicki et al, 2000;
Nixon et al, 2000; Chalian and Kagan, 2001; Schoonhoven et al, 2002;
Pokorny et al, 2003; Stevens et al, 2004; Feuchtinger et al, 2006; Karadag
and Gümüskaya 2006, Aronovitch 2007, Feuchtinger et al, 2007; Nixon et
al, 2007; Kim et al, 2009; Schuurman et al, 2009; Campbell et al, 2010;
Connor et al, 2010; Bulfone et al, 2012; Tschannen et al, 2012; Wright et
al, 2014; Webster et al, 2015). Considering the oldest study here reported
on pressure ulcer incidence was from 1997 (Grous et al, 1997), it is
evident that 21 years on, pressure ulcers remain a healthcare problem for
the surgical population. This is despite all the risk assessment scales
available and preventive modalities in use. Thus, healthcare practices are
still not achieving the needed resolution of a much preventable problem.

From the data obtained the most common anatomical locations where
high SEM deltas were observed and also as identified by VSA were the
right/left elbow, right/left heel, and the sacrum. According to the surgical
literature (Grous et al, 1997; Lewicki et al, 2000; Nixon et al, 2000;
Schoonhoven et al, 2002; Feuchtinger et al, 2006; Karadag and
Gümüskaya, 2006; Aronovitch, 2007; Nixon et al, 2007; Campbell et al,
2010; Connor et al, 2010; Bulfone et al, 2012; Wright et al, 2014) these
are common places where pressure ulcers can develop. Considering that
most participants were in a position during surgery (supine, sitting,
laparoscopic, lithotomy) that subjected the mentioned areas to mechanical
loading, and after surgery participants remained either sitting or lying in
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bed, in the ward, it is expected that these body areas would have been
mainly affected.

From the data obtained incidence was higher according to SEM
measurement when compared to VSA. One of the reasons for this could
be related to the fact that SEM is measuring inflammation that is an
indication of tissue injury/damage and early pressure ulcer damage
development. Furthermore, VSA can only detect pressure ulcers when
they become visible. In some studies where SEM measurement was used
for pressure ulcer detection (Bates-Jensen et al, 2007; Bates-Jensen et al,
2008; O’Brien et al, 2018), the authors found that SEM was able to detect
tissue damage much earlier than VSA where skin changes only became
visible after one week of the initial SEM identification of early damage.

From the 116 (51%) participants identified by SEM as having early
pressure ulcer damage only 7 (3%) showed visual signs of pressure
ulcers, classified as stage 1.

10.5.2. SEM Measurement of Cellular Response to Pressure and
Shear during Surgery
From the incidence figures obtained in this study some might argue that
SEM measurements are overestimating the presence of pressure ulcers
and as such might, for example, lead to an over use of preventative
resources. Furthermore, the argument for how SEM is identifying so much
early pressure ulcer damage can be hard to understand when they are not
visible. Therefore, understanding how SEM measurements work is
imperative as only then can clinicians truly understand how, in
biophysiological terms, pressure ulcers develop. Indeed, Strong and Smit
(2018) argue that only by expanding knowledge on the biology of tissue
damage can one gaining better understanding and develop solutions to
deal with pressure ulcer development.

As discussed previously, SEM measurement identifies skin and tissue
water/moisture content, reflecting the presence of oedema within the
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epidermal and sub-epidermal tissues. However, how oedema occurs and
how SEM measurement detects it, is important. When going for surgery
patients are subject to the action of forces, namely pressure and shear,
that, depending on the magnitude and time the force is applied, can lead
to pathological tissue damage (Oomens et al, 2010; Oomens et al, 2014;
Kottner et al, 2015; Gefen and Weihs, 2016; Strong and Smit, 2018).
These forces only occur due to the forced immobility patients are subject
to while undergoing surgery. Force is one of the first problems patients
face, because the longer the duration of force, the higher the chances that
tissues will be damaged, due to the resultant internal stresses (Defloor,
1999; Braden and Bergstrom, 2000; International Review, 2010). The
second problem is related to how the cells and consequently the tissues,
adapt to the forces being applied.
Cells have the capacity to adapt to forces due to their cytoskeleton
structure that allows for some level of deformation, which the cell then
adapts to, by changing its shape (Gefen and Weihs, 2016). Interestingly,
Strong and Smit (2018) highlight a very pertinent aspect related to how
cells and tissues behave. If a cell is deformed this will not lead to, for
example perfusion issues, because it is only one cell that is affected.
However, mechanical tissue loading that causes large areas of tissue to
deform can cause perfusion problems (Loerakker, 2007; Kottner et al,
2009; Oomens et al, 2015).

So far it is clear that patients undergoing surgery are subjected to forced
immobility. As a result, their cells and tissues are exposed to pressure and
shear, which if prolonged, even at low magnitudes, can cause tissue
stress. Moreover, tissues and cells can adapt to the forces being applied.
Strong and Smit (2018) identified six states that cells and tissues can be
in, normal, adapted, stressed, injured, damaged and dead. It is the fourth
state, injured, and the fifth state, damaged, that SEM measurement
identifies.

When a cell is injured, some changes to its structure have occurred but
not enough to cause cell death, and if pressure is relieved, it can return to
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a normal state (reversible damage) (Strong and Smit, 2018). When the cell
is damaged, changes that have occurred in its structure are irreversible,
but they do not cause cell death (Strong and Smit, 2018). In both states,
because of the changes in the cell membrane, internal structures and the
interactions with the extracellular structures, there are a number of
reactions that will trigger the release of neutrophils, macrophages, and
lymphocytes (Guo and DiPietro, 2010) thus, promoting the onset of an
inflammatory reaction (Diegelmann and Evans, 2004; Broughton et al,
2006; Gefen and Weihs, 2016; Landén et al, 2016; Strong and Smit,
2018). Considering that the tissues will be under a state of injury, or
damage, perfusion is hindered and the inflammatory process that starts
will lead in an increase of the extracellular fluid, which is translated to an
increase in the tissue fluid content, a condition known as oedema
(Bronneberg et al, 2007).

Here at this point is where SEM measurement can detect the changes that
are occurring at the tissue and cellular level, because it measures
water/moisture content. This is done by the emission of an electrical signal
that travels through the injured/damaged tissue. This is only possible
because surface electrical capacitance and impedance are compromised,
thus, allowing for the free movement of the current (Holder, 2005;
Birgersson, 2012). The electrical signal is then reflected and picked by the
sensor (Holder, 2005; Birgersson, 2012) yielding a value that if ≥ 0.5 is
indicative of tissue injury/damage.

An explanation for the incidence figures of 51% of early pressure ulcer
damage that SEM measurement identified is the fact that the participants’
tissues and cells were in an injured state, but because of regained and/or
improved mobility, this injury did not for most, progress in to irreversible
damage and cell death, and did not develop into a visible pressure ulcer.

For those participants who had positive VSAs, observed as a stage 1
pressure ulcer, one can argue that their tissue and cells were in a state of
damage characterised by ongoing inflammation. This ongoing
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inflammation, which is visually translated into persistent erythema, occurs
because cytokines continue to be released causing vasodilation and the
movement of fluid and inflammatory cells into the interstitium (Bliss, 1998).
In a state of damage, as discussed by Strong and Smit (2018), the cells
and tissues present with irreversible damage. So, if localised pressure
continues to act in the tissues this can lead to cell death and the
progression of a stage 1 to a stage 2+ pressure ulcer. Here one can
hypothesise that because participants’ mobility status improved,
continuous or intermittent pressure was relieved, allowing for the
surrounding cells to promote tissue recovery. In fact, Tang and Marshall
(2017) highlight the ability of the cells and tissues to regenerate by
rebuilding, through a number of cellular processes, tissue structures that
have been damaged or even lost, due to cell death. Furthermore, Wyatt et
al (2016) add that to deal with cellular structural changes, deformation and
damage, neighbouring cells migrate to the damaged area and promote the
rearrangement of cellular structures and removal of specific cellular waste,
thus, trying to delay damage progression and even promoting cellular
regeneration.
Another important point to highlight is that of the 28.6% (n=66) participants
that had assessments for 3 days post-operatively, 94% (n=62) showed
consistently high SEM deltas. An explanation for this relates to the normal
physiological response, namely inflammation, which if not chronic can last
between 2 to 7 days (Strodtbeck, 2001; Landén et al, 2016). Thus, SEM
measurements for 94% (n=62) of those followed up for 3 consecutive
days, were still showing inflammatory responses to the tissue
injury/damage that originated in the operating department. This arises
because the cells that have been injured in the initial loading have initiated
an inflammatory response, as discussed, which causes the cells to swell,
then these swollen cells, in turn cause deformation of the cells surrounding
them, causing a knock on inflammatory effect. According to Strong and
Smit (2018), the responses of tissues, be it adaptation, injury, damage or
death, depends on the nature and duration of the force. Thus, for surgical
patients, if there is continued exposure to pressure/shear forces due to
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impaired mobility, then the prolonged state of stress of the tissues will lead
to injury, which will eventually manifest itself as a visible pressure ulcer.

The incidence figure of 51% is a wake-up-call in terms of the need of a
shift in practice where nurses in the surgical care setting need to accept
that the forced immobility in theatre causes tissue and cell changes that
result in inflammation which SEM measurement can identify. If one was to
rely only on the 3% incidence from VSA many patients would be
unnoticed, with no preventative actions being implemented, potentially
being in a position where a pressure ulcer would develop. This would start
the cost cascade associated with pressure ulcers and the consequent
burden in the healthcare system. SEM measurement as a diagnostic tool
for tissue injury/damage and inflammatory processes needs to be used as
a preventative tool that can help tackle the long-lasting problem that
pressure ulcers are. Finally, one needs to reiterate that visual skin
assessment, although necessary and important, only highlights the
presence of pressure ulcers when these are established and part of the
tissues and cells are already dead. Thus, SEM measurement is preempting the problem, while VSA is trying to fix it.

10.5.3. Peri-operative specific Pressure Ulcer Risk Factors
This study has established that pressure ulcer incidence in the surgical
population, according to SEM measurement, is high. Furthermore, SEM
measurements detect the cellular response processes (to pressure/shear)
that are the markers for early pressure ulcer damage development. So it is
now necessary to understand which risk factors influence the development
of early pressure ulcer damage and how they impact on the
biophysiological processes that trigger early pressure ulcer damage
development. However, it is necessary to assert two points. One is the fact
that these risk factors are intrinsic to the surgical process and therefore
many cannot be changed. Second, is the fact that these risk factors, occur
only during the peri-operative period, making this the most dangerous
period of the whole surgical process. Thus, they will directly influence
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pressure ulcer outcomes in the post-operative period due to their impact
on patients’ mobility.

In this study the independent variables, namely traditional risk assessment
using Braden or Waterlow, duration and type of surgery, position in
surgery, type of anaesthesia, total theatre time, age and presence of
comorbidities, were considered of interest and were analysed, as they are
commonly considered to be potential risk factors that impact on pressure
ulcer outcomes for the surgical population.

These variables were analysed, using binary logistic regression, in terms
of their impact on the dependent variable, pressure ulcer incidence, as
measured through SEM and VSA.

The variables that emerged as statically significant were:
x surgery time (OR: 1.45; p=0.038);
x orthopaedic surgery (OR: 0.47, p=0.010);
x spinal anaesthetic (OR:1.97; p=0.028).

Another important aspect that emerged from the results was the fact that
of the 28.6% (n=66) of participants that had assessments for 3
consecutive days post-operative, on day 3 post-operative 94% (n=62) of
these participants had sustained high SEM deltas. Thus, to try and
understand which of the independent variables were associated with these
high SEM deltas and consequently early pressure ulcer damage, a
regression analysis was also undertaken. The variables that emerged as
statically significant in this analysis were:
x supine surgical position (p=0.003);
x orthopaedic surgery (p=0.020);
x spinal anaesthetic type (p=0.0001);
x Waterlow and Braden mobility day 1 post-operative (p=0.0001).

These variables will now be further discussed.
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Duration of Surgery
When a person is subject to the actions of pressure/shear two variables
will influence the effect that pressure/shear might have in the body. These
two variables are intensity of the force, and duration of the force
(Loerakker, 2007; International Review, 2010; Strong and Smit, 2018).
According to Strong and Smit (2018), forces can be categorised as “slow”
or “fast” and will have different effects on the body. A “fast” force has high
intensity, and is in the cause of pressure ulcers related to its power
(Defloor, 1999; Strong and Smit, 2018). These types of forces can cause
immediate compression, dislocation and distortion of the body (Strong and
Smit, 2018). A “slow” force can present lower intensity, than a fast force,
and is mainly related to the duration of the force applied (Defloor, 1999;
Strong and Smit, 2018). Additionally, the intensity of the force can also be
influenced, for example, by the persons laying position (Defloor, 1999). In
the present study the variable ‘type of position in surgery’ was not found
statistically significant in influencing pressure ulcer incidence as measured
by SEM deltas. However, as previously analysed, supine position was
found to be statistically significant in influencing high SEM deltas for 3
consecutive post-operative days.

In terms of duration, besides being related to time of exposure, it is
dependent on a person’s mobility levels and sensory perception (Defloor,
1999). Thus, if we consider the surgical patient, they present with all the
necessary factors that put them at severe risk of early pressure ulcer
damage development.
In the regression analysis surgery time was identified as influencing SEM
deltas. As surgery time increased, so did the odds (OR: 1.45; p=0.038) of
a patient developing an abnormal SEM delta. Here surgery time influences
the duration the body is under the influence of pressure (“slow forces”) as
these start causing internal tissue stresses that influence poor perfusion
and can lead to irreversible damage (Strong and Smit, 2018). Surgery time
was also found by other authors to have an influence on pressure ulcer
development (Aronovitch, 1999; Schoonhoven et al, 2002; Schoonhoven
et al, 2002a, Schuurman et al, 2009; Bulfone et al, 2012; Stevens et al,
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2004; Tschannen et al, 2012; Lumbley et al, 2014; Feuchtinger et al,
2005).
Thus, the longer the time the person is under the influence of compressive
forces, the higher the probability of tissue damage occurring and as such
the higher the probability that in the immediate post-operative period, SEM
measurement can detect this damage.

Besides the time a person is exposed to pressure/shear, the effects of
pressure/shear on tissues are also decisive in how the tissue responds
and deals with the insult it is being subjected to. Strong and Smit (2018)
argue this point precisely, and they explain that cells, when deformed,
change structure and prolonged deformation can then trigger tissue
damage (Gefen et al, 2016). When the cells are being deformed due to
pressure, the cell cytoskeleton will allow for cell shape to change and
move (Gefen and Weihs, 2016), so that cells can try and adapt to their
changed shape (Strong and Smit, 2018). However, if pressure/shear is
continuous without any relief, like during surgery, then cell and tissue
viability might be at risk as biomechanical and physiological alteration start
to occur within the intra and extra cellular space (Gefen and Weihs, 2016;
Strong and Smit, 2018). Interestingly, if only some cells are damaged this
does not mean that the whole tissue has become unviable, as cells have
some inherent ability to heal (Strong and Smit, 2018). But if tissues are
under continued pressure/shear, tissue displacement and deformation will
occur leading to internal stresses that are transmitted to cells and these
can either become injured (where damage is reversible) or damaged
(irreversible damage) and can eventually die (Strong and Smit, 2018). In
this last phase the cell goes through, it can no longer adapt and more cells
become damaged and die, then a pressure ulcer will ensue. So, it is
evident that the longer a patient is in theatre the longer the cells and
consequently tissues will be exposed to compressive forces and thus, the
higher the risk of developing a pressure ulcer.
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Surgical Position – Supine
In the current study, supine surgical position was found to be statistically
significant (p=0.003) related to high SEM deltas. The influence of supine
position on high SEM deltas possibly relates to the fact that this position
puts continuous force on the sacrum, heels, shoulder blades, occiput, and
elbows. As a result, it is reasonable to expect that SEM measurements
would be high. Moreover, Defloor (1999) adds that a patient’s position will
influence the intensity of the pressure/shear that the body is subject to. For
example, in a study by Defloor and Schuijmer (2000), the influence of the
surgical position on interface pressure was assessed. The authors found
that surgical supine position was associated with relatively high interface
pressures, for example, interface pressures in the supine position, varied
between 32mmHg and 49mmHg. According to Husain (1953), the minimal
pressure necessary to cause vessels occlusion is 32mmHg, and
unrelieved pressures above this will lead to pressure ulcer development.
Although, the position in surgery cannot always be changed, it is important
that staff working in the operating department is aware of the risk related
to patient position and where possible mitigate against this risk.

Orthopaedic Surgery
In the current study, orthopaedic surgery was also found to be statistically
significant (p=0.020) related to high SEM deltas for 3 consecutive days
post-operative, and also in the final model with those undergoing
orthopaedic surgery being more likely (OR: 0.47, p=0.010) to develop an
abnormal SEM delta. This type of surgery was the most common, with
52.4% (n=121) of participants undergoing some type of orthopaedic
surgery. Interestingly, from the analysed literature in two studies Nixon et
al (2007) and Lindgren et al (2005) most participants, 38 and 121,
respectively, underwent orthopaedic surgery. In the study by Lindgren et al
(2005) and Nixon et al (2007) no analysis was undertaken in relation to the
influence of orthopaedic surgery on pressure ulcer development. The
remaining literature identified that orthopaedic surgery was not the most
common surgery (Grous et al, 1997; Aronovitch, 1999; Stevens et al,
2004; Aronovitch, 2007; Primiano et al, 2011; Bulfone et al, 2012;
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Tschannen et al, 2012; Lumbley et al, 2014; Webster et al, 2015; Kumta et
al, 2018). However, in the study by Aronovitch (1999) and Kumta et al
(2018) from all the different types of surgery reported the incidence of
pressure ulcers related to orthopaedic surgery was 6.5% (the 4th highest)
and 3.9% (the 2nd highest), respectively. These data show that patients
undergoing orthopaedic surgery are prone to develop pressure ulcers.
This is because orthopaedic surgery will influence post-operative
outcomes by its direct influence on prolonged immobility and lack of
engagement in daily activities (Remaley and Jaeblon 2010; Lindberg et al,
2013; Eriksson et al, 2017). This can be aggravated by pain and/or
discomfort, the need for traction, the presence of casts/braces and
possible weight bearing restrictions (Remaley and Jaeblon 2010;
Gerbershagen et al, 2013; Lindberg et al, 2013; Eriksson et al, 2017).
In a cohort study by Gerbershagen et al (2013), the authors set to
estimate the pain intensity that can occur after different surgical
procedures and to identify the procedures where pain therapy might be
insufficient. In this study data from 68,815 patients was analysed, with
55% (n=38,823) being female and most of the patient being 41 to 80 years
old (n=53.758). Pain was assessed using a numeric rating scale were 0
was equivalent to no pain and 10 was equivalent to worst pain imaginable.
This pain assessment was recorded for worst pain since surgery and for
pain during movement. From the data obtained, for the first post-operative
day, patients that underwent orthopaedic/traumatology surgery classified
their worst pain between 3-7, with a mean score of around 5/6, whilst pain
during movement was classified from 2-6, with a mean score of around 4.
The authors also report that of the 40 highest ranked surgeries with a
median pain score of 6/7 were 22 orthopaedic/trauma surgeries. Also of
the 70 orthopaedic surgeries listed in the article, where pain on day 1 postoperative was reported, 36% (n=25) of surgeries the pain score was ≥4.
The authors also found that pain treatment after major orthopaedic surgery
(e.g. spinal fusion) was inappropriate.
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This study shows that orthopaedic surgery is associated with high levels of
pain, that if not properly managed can impact negatively on the patients’
recovery. Furthermore, it is interesting to see that pain was worse on day 1
post-operative, which will invariably impact on patient’s mobility status.
One can thus argue and expect that after orthopaedic surgery patients
mobility will be impaired, as it was also shown by Braden and Waterlow
mobility scores. This mobility impairment will then have a negative impact
on pressure ulcers outcomes, as it was demonstrated by high SEM deltas.
Eriksson et al (2017) found that participants who underwent orthopaedic
surgery had higher levels of pain on day one post-operative, and this pain
negatively impacted on their daily activities, sleeping pattern, mobilisation,
and increased muscle weakness. Indeed, pain statistical significantly
negatively affected mobility on day one post-operative (p=0.006) and day
two post-operative (p=0.001). Although, in their study Lindberg et al (2013)
identified the highest levels of pain to be in those undergoing shoulder
surgery, pain was seen, in general, to be a key factor in negatively
impacting on daily activities and sleep. Thus, one can argue that within the
literature reviewed, participants undergoing orthopaedic surgery report
higher levels of pain and discomfort which in turn hinders early
rehabilitation. Furthermore, pain also impacts on sleeping patterns,
thereby limiting patients’ ability to engage in an effective way in their daily
activities. Other important points to consider are joint instability and
dislocation, that can occur after surgery; and nerve injury that can occur
during surgery which aggravates pain, causes paraesthesia, numbness
and weakness, all which will have a negative impact on the mobility
capacity of the individual (Dandachli and Cobb, 2007).

One can conclude, therefore, that orthopaedic surgery has a major impact
on patients’ mobility and on the potential to prolong tissue damage,
increasing early pressure ulcer damage development and the potential for
onset of visual pressure ulcers. This potential is a consequence of
prolonged impaired mobility that subjects the tissues to continued
pressure/shear, after the period of immobility in theatre.
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Type of Anaesthesia – Spinal
The variable ‘spinal anaesthetic’ was also found to be statistically
significantly (p=0.0001) associates with high SEM deltas for 3 consecutive
days and thus, for the development of early pressure ulcer damage.
Furthermore those using spinal anaesthetic are almost twice as likely to
develop an abnormal SEM delta, compared to those undergoing general
anaesthesia (OR: 1.97; p=0.028).

Spinal anaesthetic was used in 28% (n=65) of participants, whilst 70%
(n=163) of participants had general anaesthetic. Anaesthesia is a
necessary practice in the theatre environment as it facilitates the surgical
procedure by causing muscle relaxation, pain relief, loss of consciousness
(depending on the type of anaesthetic) and motor blockade (Davis et al,
1992; Johnstone and Pace, 2007). However, the post-operative effects of
anaesthesia can impact negatively on patients’ recovery (Johnstone and
Pace, 2007). Spinal anaesthesia is specifically effective in motor, sensory
and autonomic nerve blockade (Johnstone and Pace, 2007). Considering
the effects that spinal anaesthetic has on the body, one can argue that
mobility issues and pain management post-operative can be expected.
Indeed, Davis et al (1992) in their study where epidural and spinal
anaesthetics were compared found that spinal anaesthetic was a stronger
motor block, leading to total absence of motor function. Further, in a study
by Faas et al (2002) epidural and spinal anaesthesia were compared in
terms of effect on pain, mobility and urinary retention for patient
undergoing inguinal herniorrhaphy. The authors found that in terms of pain
management this was equal for both types of anaesthesia. However,
mobility recovery was slower for those who had spinal anaesthesia
compared to epidural (p=0.008). Interestingly, in the study of Lindgren et al
(2005), of the 44.4% (n=124) participants who had epidural/spinal
anaesthetic, circa 21.8% (n=27) developed pressure ulcers, compared to
the 5% (n=5) who developed pressure ulcers of the 35.5% (n=99) who had
general anaesthesia.
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The literature exploring type of surgical anaesthesia and its effects on
post-operative mobility, pain and how these relate to patient recovery is
scarce. Further, there was only one study identified (Lindgren et al, 2005)
that reported on the effect of the different types of anaesthesia on patients’
outcomes. Most studies focussed on reporting percentages of the different
types of anaesthetic procedures used among the participants, and
exploring their correlation with pressure ulcer development (Nixon et al,
2007; Primiano et al, 2011; Webster et al, 2015), making it difficult to draw
conclusions that can inform practice. Nonetheless, it is clear that spinal
anaesthesia causes a strong motor and sensory blockade that is
prolonged and only wears off when the patient is in the ward. Also, the
after effects of pressure related injury that occurred in the peri-operative
period can be felt by the patient in the post-operative period. So, one can
argue that based on this, mobility recovery will be negatively impacted on,
and thus can subject patients to further pressure and shear insults to their
tissues. These insults will exacerbate the tissue and cell damage already
established. Considering that SEM measures early pressure ulcer
damage, its use in the post-operative period is fundamental to identify
those that are at continued risk of pressure ulcer development.

Waterlow and Braden mobility day 1 post-operative
The variables Braden and Waterlow mobility scores on day 1 postoperative were found to be statistically significantly (p=0.0001) associated
with high SEM deltas for 3 post-operative consecutive days. This is an
expected result considering that, as previously discussed, orthopaedic
surgery and spinal anaesthetic impact negatively on patient’s mobility
recovery. Moreover, it has been well established in several occasions
through this study, that impaired mobility, or immobility, has a detrimental
effect on the patient tissues and cells, by subjecting them to the prolonged
action of pressure/shear. This pressure will then cause tissue injury or
damage, which leads to an inflammatory reaction, which the SEM scanner
can then detect. The biophysiological underpinnings of pressure ulcer
formation is the basis through which one can argue that the remaining
subscales of both Braden and Waterlow were not statistically significantly
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influential in determining pressure ulcer risk, because they do not
influence the primary cause for pressure ulcer development, namely
pressure and shear.
Research evidence around the significance of the subscale ‘mobility’ in
surgical patients for both the Braden and the Waterlow mobility is scarce.
One study (O´Connor, 2016) where the prevalence of pressure ulcer in a
surgical population was established using three different methods, one of
which was the Waterlow scale, reported that of the 31 participants 29%
(n=9) had some mobility impairment on day 1 post-operative. Mobility
impairment decreased on day 2 post-operative and further decreased
again on day 3 post-operative. No other subscale of the Waterlow scale
changed among the participants in the study of O’Connor (2016) from day
1 to 3 post-operative. In another study, Nixon et al (2000) set to identify
the variables associated with post-operative pressure ulcer incidence.
Among the variables found to be statistically significant was the Braden
subscale ‘mobility’ for day 1 post-operative with p<0.001. The subscales
activity (p<0.001) and friction and shear (p=0.001) were also found to be
statistically associated with pressure ulcer development. This is expected
considering that if mobility is impaired, so will be patients’ activity, and the
occurrence of friction and shear forces (that are directly related with
pressure forces) will ensue if appropriate patient moving and handling
strategies are not employed.

As such the writer concludes that risk assessment of patients using the
Braden and Waterlow scale is flawed for the surgical population. This is
because the only factor, which is influenced by all that, has been
discussed above, that causes tissues to be under pressure and shear in
the surgical population is mobility status. So the use of Braden and
Waterlow risk assessment scales needs to be stopped for the surgical
population, with the focus turning to mobility status only and cellular
responses to pressure measured through the use of SEM measurement.
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10.5.4. Mobility Status Risk Assessment – Moving away from Braden
and Waterlow Scales
Both the Braden and the Waterlow scales where used in this study to
determine if they could predict early pressure ulcer damage when
compared to a novel diagnostic method, the SEM scanner. The choice for
these two scales was made since they are the most widely used scales
within the international literature. From the results obtained various
aspects relative to the Braden and Waterlow scale and their use in the
surgical population came to light.

Discrepancies among Scales
Focusing on both scales, firstly one can see that for the Braden scale as
the scores increases the risk decreases whilst the opposite occurs with the
Waterlow scale, where increasing score indicates increasing risk.
Secondly, the Waterlow scale includes more subscales than those in the
Braden scale, which allows for a more in-depth risk assessment of
patients. Interestingly, the Waterlow scale includes a subscale – major
surgery, or trauma – and this is very relevant for the surgical population,
as it takes into consideration time spent in theatre and type of
surgery/trauma. Thirdly, the scoring of each subscale is more
homogenous in the Braden than the Waterlow scale, with the Waterlow
scale showing a higher number of scoring values per subscale. Finally,
only the subscales mobility, continence and nutrition are similar among
both scales. It is important to understand that although both are risk
assessing the same problem, the development of pressure ulcers, they do
it in a different way, thus inconsistencies between both scales might occur.

Summary of Results
Focusing on the total scores and risk status for the pre-operative and postoperative days, these varied in every assessment day (table 10.1).
In the post-operative period both Braden and Waterlow total mean scores,
individually, did not vary significantly among them. However, while Braden
assessed all participants as not being at risk of pressure ulcer
development post-operatively, the Waterlow scale classified all
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participants as being always at risk throughout day 1 to day 3 postoperative.

Table 10.1: Comparison of Braden and Waterlow Scale Mean Total
scores and Risk Status
Follow-up

N

%

Braden Scale

Waterlow Scale

Mean

Mean

Risk
Status

Risk
Status

Day 1 Post-op

229

99

20.4

Not at risk

10.6

At risk

Day 2 Post-op

117

50.6

20.8

Not at risk

10.9

At risk

Day 3 Post-op

66

28.5

21.1

Not at risk

10.8

At risk

Day 4 Post-op

3

.01

22.

Not at risk

8.3

Not at risk

Interestingly, 51% (n=116) of participants assessed using SEM, had 2
consecutive days of high SEM deltas, which indicated that most
participants had early pressure ulcer damage. Moreover, of 28.6% (n=66)
of participants that had assessments for 3 days post-operative, 94%
(n=62) still had abnormal SEM deltas on day 3 post-operative. Between
both scales, only the Waterlow correlates with SEM in that both identified
patients to be at risk of pressure ulcer development.
Besides the total mean scores and risk status of participants assessed
using Braden and Waterlow, analysis was undertaken focussing on the
results pertaining only to mobility.

This analysis is of extreme importance because mobility issues is the
primary contributing factor for the development of pressure ulcers
(Lindgren et al., 2004; Gallagher et al., 2008; Coleman et al., 2013; Moore
et al., 2013a). This is of particular relevance to those undergoing surgery,
since they are subject to varying periods of forced immobility. After surgery
in the post-operative period, impaired mobility remains a problem because
anaesthesia and/or type of surgery complications, like pain, discomfort,
and nerve damage, will negatively impact on the ability of the patient to
move. As such, they will be in a continued state of tissue and cell injury
and/or damage that can eventually trigger cell death (Strong and Smit,
2018), and the development of a pressure ulcer.
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Mobility status was assessed using Braden and Waterlow scales to
facilitate the analysis of the results obtained the different categories of the
subscale mobility were coded into mobility issue and no mobility issue
(table 10.2). From the data in table 10.2, the percentage of participants
with mobility issues was higher on day 1 post-operative according to both
scales, and this decreased from day 1 to day 3 post-operative.
Interestingly, Braden scale classified more participants as having mobility
issues when compared to Waterlow, across all post-operative days.

Table 10.2: Braden and Waterlow Scale: Mobility Issues versus No
Mobility Issues
Risk

No Mobility

Follow-up

Mobility Issue

Day

% (n)

Waterlow

Day 1 Post-

51 (117)

49 (112)

100

Braden

operative

62 (142)

38 (87)

(229)

Waterlow

Day 2 Post-

40 (47)

60 (70)

100

Braden

operative

61 (71)

39 (46)

(117)

Waterlow

Day 3 Post-

21 (14)

79 (52)

100

Braden

operative

45 (30)

55 (36)

(66)

Waterlow

Day 4 Post-

33 (1)

67 (2)

Braden

operative

33 (1)

67 (2)

assessement
scale

Issue
% (n)

Total
% (n)

100 (3)

A more detailed analysis of the relationship between the different
categories of the subscale mobility for day 1 post-operative of Braden and
Waterlow was undertaken. From the analysis there were clear
inconsistencies in the assessments of mobility (table 10.3). On day 1 postoperative, 33% (n=76) of participants were assessed, using Braden, as
having slightly limited mobility, whereas these individuals were assessed
as having restricted mobility according to Waterlow. Also, there were 13%
(n=30) of participants that were assessed as having slightly limited mobility
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with Braden, but were assessed as being fully mobile as per Waterlow.
This trend occurred across all post-operative days.

Table 10.3: Cross Tabulation between mobility assessments using
Braden & Waterlow day 1 post-operative
Waterlow Scale Mobility Day 1 Post-op
Fully
% (n)
Very
Braden
Scale
Mobility
Day 1
Post-op

Limited
Slightly
Limited
No

Restless/
Fidgety
% (n)

Restricted
% (n)

0 (0)

0 (0)

9 (21)

13 30)

4 (10)

33 (76)

.2 (5)

0 (0)

35

Impairment (82)

Bed

Chair

Bound Bound
% (n)

% (n)

.4 (1)

.4 (1)

.1
(2)

.4 (1)

0

0

(0)

(0)

To further understand the association between the Braden and Waterlow
scales, the X2 and Kappa statistics where calculated. From the results
there was a statically significant relationship (p<0.01) between Braden and
Waterlow mobility assessments, for days 1 to 3, post-operative. According,
to kappa values, which varied from -0.201 to -0.064, the relationship
between the scales was negative indicating that although the risk of
impaired mobility increases in both scales, in the Waterlow scale this is
translated by an increase in the score while in the Braden scale this is
translated by a decrease in the score.

From the results obtained for the two scales in terms of total mean scores,
risk status and mobility status some conclusions are reached:
x In the post-operative period Waterlow total mean scores indicated
that participants were at risk or high/very high-risk of pressure ulcer
development;
x In the post-operative period Braden total mean scores indicated
that participants were not at risk of pressure ulcer development;
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x Both scales identified that patients presented with mobility issues in
the post-operative period, with mobility issues improving from day 1
to day 3 post-operative;
x There were inconsistencies among the subscale mobility for both
scales, e.g. where with Braden patients had slightly limited mobility
and with Waterlow they were fully mobile;
x There was a statically significant relationship (p<0.01) between
Braden and Waterlow mobility assessments, although this
relationship was negative.

After analysing and summarising the results obtained in relation to how
accurately Braden and Waterlow identify those at risk of early pressure
ulcer damage development, the first and most important conclusion
reached is that they do not predict those at risk of early pressure ulcer
damage development, in the surgical population. This finding is in line with
the conclusions from research undertaken on risk assessment scales
predictive ability among various populations (Schoonhoven et al, 2002b;
Defloor et al, 2004; Anthony et al, 2010; Garcia-Fernandez et al, 2014).

Braden and Waterlow risk assessment scales are primarily trying to
identify the presence of risk factors that have been established through
research as being predictors of the development of pressure ulcers
(Anthony et al, 2010). Thus, by saying a patient presents with one or
various risk factors nurses can try and implement strategies to remove, or
alleviate the risks to prevent the development of a pressure ulcer (GarciaFernandez et al, 2014). However, a closer look at the two risk assessment
scales shows that some of the risks are impossible, or difficult to change,
for example age. Furthermore, a huge plethora of risk factors are
suggested (as many as 130 have been identified in this thesis in the
surgical population) that do not influence or correlate (Anthony et al, 2010)
with the biophysiological pathway of pressure ulcer development. For
example, in Waterlow we can identify age, sex, BMI, and length of surgery
as being impossible to change. Fundamentally, the writer argues that most
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of the risks being assessed in practice do not cause, or influence the
development of pressure ulcers in the surgical population.

Another important aspect is the fact that when using Braden and Waterlow
nurses are risk assessing something that already happened, and likewise
VSA is identifying something that has already happened, i.e. tissue and
cell damage. Furthermore, risk assessment in the post-operative period is
done after the pressure event occurred, and at a time when patients start
recovering from their state of immobility. Thus, there needs to be a shift in
thinking from “what will happen” to “what is happening”. In this sense SEM
measurement is a diagnostic tool that assesses in real time not only signs
of physiological damage but also assesses what is happening in the
present moment at the cellular level.
When a patient goes in to theatre and is lying in the operating room table,
s/he is positioned in such a way that will facilitate the surgical procedure.
This might be in a supine, lithotomy, prone or lateral position. Depending
on the position, the body will be subject to different intensities of interface
pressure (Defloor and Schuijmer, 2000) that will compress the tissues and
cells. Also, the patient will be given anaesthesia that will cause motor and
sensory blockade, rendering the patient immobile. Furthermore, this state
of immobility will last as long as it is necessary to finish the surgical
procedure. So, immobility will facilitate the action of force, pressure and
shear, to act on the tissues and cells, and the time these forces are
applied on the body will trigger cell and tissue damage (Strong and Smit,
2018). As force is applied, tissue and cell distortion occurs and if the
distortion threshold is reached, tissues and cell will be injured or damaged
(Strong and Smit, 2018). As mentioned previously, injured and damaged
tissues, because they are in a state of stress, trigger the release of
neutrophils, macrophages, and lymphocytes (Guo and DiPietro, 2010) and
thus promote the onset of an inflammatory reaction (Diegelmann and
Evans, 2004; Broughton et al, 2006; Landén et al, 2016; Strong and Smit,
2018). This inflammatory reaction is characterised by an increase of the
water and fluid content within the tissues, which can last up to 7 days, and
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it is measured by SEM scanner through the emission of an electrical
signal, that travels fast through the injured tissue. This is possible because
when tissues are injured and their surface electrical capacitance and
impedance are compromised, thus, allowing for the free movement of the
electrical signal (Holder, 2005; Birgersson, 2012). When this signal is
reflected, SEM gives a measurement that will be interpreted as indicating
the presence or absence of injury/damage. Braden, Waterlow and VSA
cannot identify these changes happening in the tissues. VSA can only
identify the manifestation of the tissue changes, which at times can be
already too late for the patient, because a full-blown pressure ulcer is
present. Braden and Waterlow cannot and will not identify these changes
and thus their use is irrelevant in pressure ulcer prediction within the
surgical population.

Another important discussion, among the results obtained is the fact that
even though Braden and Waterlow assess the same aspect, the presence
of risks that can influence the development of pressure ulcers, in this study
their assessment results were incongruent. From the results Braden scale
classified all patients in the post-operative period as not being at risk,
while the Waterlow classified all patients as being at risk from day 1 to day
3 post-operative. Here Waterlow scale risk status correlates with SEM
results, in that patients had high SEM readings from day 1 post-operative
to day 3 post-operative. One of the reasoning that the researcher finds for
this is the fact that these two risk assessment scales included different risk
factors (Bergstrom et al., 1987; Kelechi et al., 2013) and the risk factors
that are equal are given different descriptions, like the sub-scale ‘mobility’.
Thus, although they are assessing the same risk, they attribute different
meanings and categories to it. Another possible reason for this is that the
scoring system allows in the Waterlow scale, for some risks, to have a
higher weight in the overall score, thus driving the risk up. For example,
Braden has a maximum attributable score of 4 whilst Waterlow in some
subscales has a maximum attributable score of 8. Also, the Waterlow
scale presents with some risk factors that are relevant for the surgical
population, namely major surgery/trauma which includes the following
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aspects: orthopaedic/spinal surgery/trauma; on table >2hrs; and on table
>6hrs. This sub-scale takes in to consideration the duration of the surgery,
and as such the time patients are immobile, as well as the type of surgery
that has been identified as having an influence on high SEM deltas and
thus on the development of early pressure ulcer damage.

The writer finds it difficult to ascertain with certainty why scales that are
assessing the same pressure ulcer risk, produce disparate results. This
can have a detrimental effect in practice, as depending on the scale used
some surgical patients can be wrongly assessed as not being at risk while
others will be wrongly assessed as being at risk. As a result, there is
potential for the misallocation of preventative measures and the
inappropriate use of healthcare resources, which will invariably drive
healthcare costs up (Defloor and Grypdonck, 2004). No research was
found from which a plausible explanation could be found for the
inconsistencies between Braden and Waterlow. Research on risk
assessment normally focuses on proving which scale best predicts
pressure ulcer risk, and if the existing one does not satisfy, new scales are
developed, with new risk factors to be assessed. From the results of the
current study and the literature analysis undertaken it can be concluded
that VSA is not a predictor of pressure ulcer development in the surgical
population and the most common risk assessment scales ability to predict
those really at risk of pressure ulcer development is flawed. Moreover,
although they are assessing risk factors that might be present in the
surgical population, most of these risk factors are not primarily relevant to
pressure ulcer development. Thus the writer suggests that the focus in
practice needs to shift from a risk factor based assessment to a
biophysiological and mobility status one.

From the results obtained through the use of these two risk assessment
scales the writer wants to make the case for nurses to move away from
using risk assessment scales in the surgical population and start focusing
in the only risk factor that is relevant in the development of pressure ulcers
– mobility status.
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10.5.5. Predictive Validity of Pressure Ulcer Assessment Methods
Sensitivity and specificity of the assessment methods was undertaken by
comparing the Braden and Waterlow scale individually with SEM and VSA,
to determine how many participants that had pressure ulcers as identified
with SEM and VSA, were assessed as being at risk or not at risk with the
Braden and Waterlow scales. The sensitivity and specificity of SEM was
determined by comparing the number of participants who had high SEM
deltas with those who had pressure ulcers according to VSA.

From the results obtained (table 10.4, 10.5 and10.6) the highest sensitivity
was 71.4% achieved by both Braden and Waterlow when these were
compared with VSA, while sensitivity was lowest with SEM at 19.8%. In
terms of specificity this was highest at 86.8% with Braden, and its lowest
value was achieved by Waterlow at 40.9%. In relation to PPV this was
highest with Waterlow at 59.6%, and lowest with SEM at 2.6%. In terms of
NPV its highest and lowest values were with Braden at 98.9% and
Waterlow at 51.6%, respectively.

Focusing on the PPV and NPV values it is interesting that when Braden,
Waterlow and SEM were compared with VSA, all their PPVs were low.
This is related to the low prevalence of pressure ulcers as identified using
VSA, and as such this indicates that only a small number of the surgical
population that were assessed as being at risk using Waterlow, Braden
and SEM measurements were actually at risk of pressure ulcer
development. Furthermore, one can argue that any preventive measures
(e.g. special mattress) that where being used in the wards where
participants were admitted to post-operatively, by helping in pressure
reduction, could have influenced the risk category attributed to
participants. This in turn could lead to a reduction of pressure ulcers as
identified through VSA.

When PPVs of Braden and Waterlow where compared with SEM, their
values were, in general, moderate around 60%, indicating that those
assessed as being at risk using Waterlow and Braden, were actually at
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risk of pressure ulcer development as assessed using SEM. The NPVs all
values were moderate to high indicating that those assessed as being not
at risk, were actually not at risk of pressure ulcer development.
In the research literature exploring the sensitivity, specificity, PPV and
NPV of Braden and Waterlow, these values varied greatly among studies
that used both scales in surgical and medico-surgical populations
(Bergstrom et al, 1987a, b; Lewicki et al, 2000; Schoonhoven et al, 2002;
Kwong et al, 2005; Pancorbo-Hidalgo et al, 2006; Feuchtinger et al, 2007;
González-Ruiz et al, 2014; Kallman and Lindgren, 2014; Kumari et al,
2015; Park et al, 2015a). Because of this it is difficult to ascertain which
scale has a better predictive validity when risk assessing surgical patients.
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Table 10.4: Assessment Methods Sensitivity and Specificity according to VSA
Braden Scale
Sensitivity Specificity

Waterlow Scale

PPV

NPV

Sensitivity Specificity

PPV

NPV

%

%

%

%

%

%

%

%

71.4

85.6

13.5

98.9

71.4

40.9

3.7

97.9

Table 10.5: Assessment Methods Sensitivity and Specificity according to SEM
Braden Scale
Sensitivity Specificity

Waterlow Scale

PPV

NPV

Sensitivity Specificity

PPV

NPV

%

%

%

%

%

%

%

%

19.1

86.8

59.5

51.6

70.4

51.8

59.6

63.4

Table 10.6: SEM Sensitivity and Specificity according to VSA
SEM
Sensitivity Specificity

PPV

NPV

%

%

%

%

42.9

49.6

2.6

96.5
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In relation to SEM there are currently no studies were SEM has been used
in the surgical population, only three studies (Bates-Jensen et al, 2017a,
b; O’Brien et al, 2018) that explored SEM predictive validity have been
found. However, in two of the studies (Bates-Jensen et al, 2017a, b) the
type of SEM instrument used was different from the one in the present
study, and predictive validities where explored within the nursing home
setting. In relation to the study by O’Brien et al (2018), which use the same
device to determine SEM measurements, the comparison of SEM deltas
with VSA yielded a sensitivity score of 100% and specificity of 83.3%.The
values of this study (O’Brien et al, 2018) show a better predictive validity of
SEM measurements when compared to those of the present study. One
reason for this could be related to the fact that in the study by O’Brien et al
(2018) of 47 patients 19 developed 21 pressure ulcers, and of the SEM
measures taken 31 were abnormal. These values are easier to compare
and allow for better predictive validity values to be obtained. In the present
study there were 116 abnormal SEM measurements and only 7 abnormal
VSAs.

Reporting of sensitivity, specificity, PPV and NPV values appears to be a
requirement within the international community, and as such the
researcher felt the need to comply with international practices and report
on Braden, Waterlow and SEM predictive validities. However, the
researcher cannot compare results with that of others, because this would
lead to erroneous conclusions in relation to which tool would be best to
use in practice. According to Defloor and Grypdonck (2004) the practice of
determining and comparing predictive validities is fundamentally flawed as
various factors that cannot be controlled yet are intrinsically connected to
each individual research process will influence the predictive score a tool
may have. These authors (Defloor and Grypdonck, 2004) enunciate a few
factors that need to be considered and that hinder the practice of
determining sensitivity, specificity, PPV and NPV among risk assessment
scales.
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One of the first aspects is related to the fact that in practice preventative
measures are implemented when patients are considered to be at risk of
pressure ulcer development. Once these measures are implemented the
number, of those that are at risk will inevitable change and as such will the
predictive validity of the scale (Defloor and Grypdonck, 2004). Another
aspect that influences the comparison of scales validities is the
heterogeneity of the populations and of the length of the study (Defloor
and Grypdonck, 2004). If we considered that a population of trauma
patients is being risk assessed with Braden, and a population of medical
patients is being assessed with Waterlow, accepting that most of the
trauma patients will present with restricted mobility, and activity, probably
more will be identified as at risk, when compared to the medical
population. This can drive Braden sensitivity up and Waterlow sensitivity
down. When results are compared, an erroneous conclusion may be made
in favour of Braden, because the populations are not comparable at
baseline. In terms of length of study period, it is clear that the longer the
study, the higher the chances are that patients might develop pressure
ulcers and thus the sensitivity and specificity of the scale will increase
(Defloor and Grypdonck, 2004).

It is necessary to consider that cut-off points might influence a scales
predictive validity (Defloor and Grypdonck, 2004). Given that cut-off points
vary among studies, once again this means that making any comparisons
is impossible. Finally, it is also important to remember that although scales
are risk assessing the same thing, they do it using different risk factors and
scores, thus making it difficult to establish which has a better validity.

In terms of SEM the amount of evidence on its predictive validity in
research is scarce. However, the same principles as above apply, if
different SEM devices are used, among different populations, for different
lengths of a study period, comparing predictive validities, becomes a
flawed exercise.
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Although, the inherent difficulties in establishing a tool’s predictive validity,
SEM showed a good to moderate balance between its sensitivity and
specificity, around 50% each, when compared to Braden and Waterlow,
which in general had either high sensitivity and low specificity or viceversa. As such, one could argue that SEM could potentially be used in the
surgical population, not only because it will predict 50% of the time, early
pressure ulcer damage development in the surgical population but also
because SEM is measuring tissue damage that occurs in the present
moment. Nonetheless, some might argue that the sensitivity and specificity
of the comparison between SEM measurement and VSA is poor. This is
because the number of pressure ulcers identified by VSA was less than
those identified by SEM measurement. In fact, SEM measurements
identified 116 early pressure ulcers which if the participants were subject
to continued pressure would develop into a visual pressure ulcer based on
the well discussed processes that lead to full pressure ulcer establishment.
In this scenario VSA would have possibly identified all of the 116 early
pressure ulcers. The problem here is that we cannot see them occurring
and in current practice is as if they did not exist, although the
injury/damage is there. A further aspect that could be here considered is
the fact that if these 116 participants were continued to be followed-up
they might have already visible signs of pressure ulcer. Irrespective of this,
in this study SEM measurement showed a relatively good predictive
validity.
10.6. SEM measurement and Mobility Status – a Novel Strategy for
Pressure Ulcer Prevention in the Surgical Population
This research has showed two things, firstly, SEM measurement is a
diagnostic tool that can detect cellular processes congruent with tissue
injury/damage and early pressure ulcer damage development. Secondly,
risk assessing surgical patients through the use of risk assessment scales,
namely Braden and Waterlow needs to be abandoned and a shift towards
assessment of mobility needs to occur if pressure ulcer development is
ever to be controlled.
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From the present study it is obvious that the surgical patient population is
at very high risk of pressure ulcer development due to a complex
interaction of mechanical and biophysiological factors that together create
the necessary conditions for tissue and cell injury/damage to occur. Thus,
for this reason, and reaffirming and highlighting a few important aspects,
the writer suggests the development and implementation of a new
assessment approach where SEM measurements and assessment of
mobility status take central stage.

It is well established from the systematic review on risk assessment scales
that, scales, namely Braden and Waterlow, due to their prospective and
prognostic characteristics (Anthony et al, 2010; Garcia-Fernandez et al,
2014) are not relevant to be used within the surgical population. This
finding is further supported by the outputs of this current study.
The reasoning behind this is two-fold. Firstly, as this research as shown,
surgical patients risk of pressure ulcer development occurs during the perioperative period, while risk assessment is done in the post-operative
period. Secondly, risk assessment scales assess the potential occurrence
and/or presence of risks that have been established in research
(Waterlow, 1985; Braden and Bergstrom, 1987) as being detrimental for
pressure ulcer development. However, many of these risk factors cannot
be modified, for example, age, and essentially do not impact on the
primary cause of pressure ulcer development, namely, pressure/shear.
Additionally, the writer has found around 130 risk factors for the
development of pressure ulcers in the review of the literature pertaining to
the surgical population. This is an impossible number of risks to account
for in practice, and given the problems discussed, these could turn the
focus away from the essence of pressure ulcer development which is
mobility status, pressure/shear and cellular changes. So, nurses in
practice need to refocus their attention to what is happening in the present
with patients and not focus on what might happen. This will enable
accurate, real-time assessment of the patients responses to pressure and
shear and through this will allow a more inform pressure ulcer prevention
strategy. Furthermore, clinicians will be enabled to make a more informed
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proposal to managers and policy makers for the need to implement a
much needed change to tackle a preventable health problem that has
been around for over hundreds of years (Braden and Bergstrom, 1987).
Thus, one of the take away messages is that the focus for the surgical
population needs to be centralised on what happens in the peri-operative
period that puts the patient at risk of pressure ulcer development –
immobility and pressure. Furthermore, focus also needs to be placed on
any continued risk – continued pressure/shear due to impaired immobility
– in the post-operative period, in addition to the use SEM measurement to
detect progression of changes and signals that early pressure ulcer
damage is stationary, worsening or resolving.

Besides shifting away from risk assessment scales, it is necessary to
accept that going back to basics and fully grasping the biophysiological
processes that occur at the cellular level is the only way to understand
what is happening to the patient. For this SEM measurement is the one
method that is of significant importance. This is because it measures, in
real time, what is happening in the underlying tissues and thus is a method
that can accurately detect early pressure ulcer damage development.

In figure 10.1, which has been adapted and reproduced with permission
from Moore et al (2016) the biological processes of tissue damage, are
shown. Through the application of pressure/shear tissues are deformed,
displaced and compressed (Loerakker, 2007; Sussman and Bates-Jensen,
2012; Oomens et al, 2010; Oomens et al, 2014; Kottner et al, 2015; Gefen
and Weihs, 2016; Strong and Smit, 2018). This applied pressure, which in
the surgical patients is a consequence of forced immobility, will lead the
tissues and cells to be in a state of injury, or damage. If the tissues do not
recover from these states, cell death can ensue. Furthermore, tissue
compression and deformation can lead to impaired perfusion which can in
turn can cause ischaemia, ischaemia reperfusion injury and impaired
lymphatic drainage (figure 10.1) (Loerakker et al, 2007; Kottner et al, 2009;
Oomens et al, 2014). All of these processes will invariably trigger
inflammation. As a result of the inflammatory process, pain, redness, heat
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and an increase in the interstitial fluid (oedema) as a reaction to the
increase of inflammatory mediators can occur and in themselves can
cause further inflammation due to the deformation the enlarged cell
causes to the surrounding cells, (Strodtbeck, 2001; Bronneberg et al,
2007; Landén et al, 2016; Moore et al, 2016). If pressure is relieved
tissues will start to repair, but if pressure and shear persist then a state of
chronic inflammation is established (Bronneberg et al, 2006).

Figure 10.1: Biological processes of tissue damage (adapted and used with permission
Moore et al, 2017)
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From what has been explored it is clear that patients undergoing surgery
are at risk of developing tissue injury, or damage that if sustained will
result in early pressure ulcer damage development. Here a question arises
on how one can so positively affirm that inflammation is occurring when it
is not visible. One method that has been explored and evaluated in the
present study and that has shown to accurately detect early pressure ulcer
damage is SEM measurement. SEM measurement is a measure of the
skin and tissue water/moisture content (Bates-Jensen et al, 2009). This
water/moisture in the underlying tissue and skin are a result of the
inflammatory processes that are unfolding due to tissue injury and/or
damage, as a result of sustained pressure/shear because of mobility
issues.

Because of injury or damage of the tissues, their surface electrical
capacitance and impedance is compromised, thus, allowing for the free
movement of electrical signals (Holder, 2005; Birgersson, 2012). The SEM
is measured through the use of a scanner. Once the signal is picked up a
unit less number is given and if this is ≥0.5 then it can be expected that
tissue injury or damage is present (Moloy, 2015; O’Connor, 2016; Moore
et al, 2016; O’Brien et al, 2018). Some might argue that early pressure
ulcer damage development can hardly be detected by measuring water
content of tissues. However, other diagnostic methods like ultrasound
have shown this exactly.

In the use of ultrasound for the detection of pressure ulcers, when the
sound wave is emitted it will be absorbed when it encounters fluid. This
creates a hypoechoic or non-echoic area that is translated into a dark
image (Quintavalle et al, 2006; Kanno et al, 2009; Lyder, 2007; Helvig and
Nichols, 2012; Porter-Armstrong, 2013). If, on the other hand, dense tissue
is encountered the wave is reflected and creates a hyperechoic or
echogenic area that is seen as a bright image (Lyder, 2007). In the study
by Quintavalle et al (2006) ultrasound detected oedema that showed as
pockets of fluid at the subcutaneous tissue level. Findings from ultrasound,
which clearly show oedema in the tissues, corroborate the fact that an
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inflammatory process is occurring, in this case due to the action of
pressure/shear. Further, findings from ultrasound support the fact that
SEM, by following similar biophysiological principals, is also measuring the
same presence of oedema thus giving a clear indication of early pressure
ulcer damage.

Although, it is clear from the biophysiological processes here explained,
that inflammation is related to pressure ulcer formation and that SEM
measurement detects the water/fluid released during the inflammatory
processes, only 3% (n=7) participants had visual signs of pressure ulcer
development. SEM on the contrary, identified 51% (n=116) of participants
as having early pressure ulcer damage signs. So the question arises is
SEM overestimating pressure ulcer presence, or are current practices so
absorbed in the premise of visual signs that the basic physiology and
accurate diagnosis are forgotten?

For the surgical patient the critical time that will put them at risk is the perioperative period. However, it is also expected that in the immediate postoperative period the underlying inflammatory processes will still be
occurring and SEM therefore should show high delta values. A question
also arises as to how, can, it be explained that after 3 days of the postoperative period there are still patients that show high SEM deltas. One
possible explanation for this is the fact that after surgery, because of the
type of surgery and type of anaesthesia, patients’ pain level are high and
mobility levels are low. Thus, patients, because they are not mobilising
sufficiently, keep tissues under pressure, even if it is for smaller periods of
time. Because tissues are still in a state of injury, or damage, inflammation
is still ongoing and SEM is picking it up. Moreover, inflammation can last
from 2 to 7 days (Strodtbeck, 2001; Bronneberg et al, 2007; Landén et al,
2016; Moore et al, 2016) and as long as this process is ongoing SEM will
detect it.

Another, important point is the fact that SEM has been shown to detect
tissue damage up to one week before it becomes visible (Bates-Jensen et
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al, 2017, 2017a; Kim et al, 2018; Park et al, 2018; O’Brien et al, 2018). So
although most surgical patients in this study did not develop a pressure
ulcer within the data collection period, they still might go on to develop a
pressure ulcer later than the traditional 3 days identified by Black et al
(2015). Therefore, one can argue that some people will have elevated
SEMs due to continued periods of immobility (e.g. because of traction) or
due to impaired mobility, as a results of post-operative pain. Some of
those with sustained elevated SEMs could be due to longer inflammatory
reactions, depending on how their bodies react to the changes that are
occurring, or due to intrinsic characteristics (Strong and Smit, 2018).
Furthermore, there are those patients that, although SEM identifies early
pressure ulcer damage development, it is not possible to know if this is
due to reversible injury or irreversible damage. As such, some might argue
then what is the purpose of SEM if there is no visible damage. The answer
is simple there needs to be a shift in practice where relevant physiological
processes are measured and facilitate early detection and prevention.
Although, we cannot see that damage is there, it does not mean it is not.
This is especially important given that inflamed cells cause a knock on
inflammatory process in the surrounding cells due to the deformation that
the initially inflamed cell causes to its neighbouring cells. This process will
continue until all cells are damaged making it fundamentally important to
recognise early inflammatory responses. Patients undergoing surgery are
at heightened risk of pressure ulcer development and it is important that
nurses can prevent any pressure ulcer from developing to facilitate
patient’s recovery.

From what has been analysed and explained it is clear that:
x Surgical patients are at high risk of pressure ulcer development;
x Surgical patients are subject to long periods of immobility;
x Immobility puts the body under the influence of pressure and shear;
x Pressure and shear cause tissue injury and/or damage;
x Tissues and cells react to injury and damage by initiating an
inflammatory process;
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x Inflammation causes localised pain, redness, heat and an increase
in the interstitial fluid (oedema);
x SEM measurement is a diagnostic method that detects water in the
underlying tissues;
x SEM measurement has the capability to diagnose early pressure
ulcer damage development.

Considering the results of this research, the writer would like to suggest a
change of practice aimed at the surgical population. Currently patients
undergoing surgery might be risk-assessed pre-operatively, when the risk
is low or non-existent because patients are not immobile and as such their
tissues are not subjected to sustained pressure and shear. In the perioperative period when the patient is actually at high risk and the negative
consequences of pressure start tissue injury/damage, no risk assessment
practices are implemented (figure 10.2). After surgery, in the postoperative period, the patient starts regaining his sensory and motor
perception however, because of the duration of surgery, the anaesthesia
and the type of surgery, mobility remains impaired and as such patients
are not newly at risk, but are at continued risk of further tissue injury and
damage which can lead to a pressure ulcer. In the post-operative period,
risk assessment scales are re-implemented but they are measuring
something that could happen while early pressure ulcer damage may
actually have already happened.

Thus a new model, as seen in figure 10.3, needs to be considered. In this
model, SEM measurements are taken pre-operative, immediately postoperative in theatre, or in the recovery ward, to identify which areas are
mostly affected. The pre-operative measurements are taken to allow for
comparisons to be made with the measurements after surgery. Then SEM
measurements can be done daily and if necessary preventive measures,
as per the SSKIN bundle (HSE/RCPI, 2012) should be considered to
tackle pressure ulcer development, at its early stages. In conjunction with
SEM, an assessment of mobility status in the post-operative period is
necessary, as this will help identify those patients with higher mobility
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issues and thus indicate the need to implement more focused preventive
practices. The writer suggests that SEM, by the fact that it detects early
pressure ulcer damage, will allow nurses to become more accurate in the
prevention of the development of severe pressure ulcers in the surgical
population.
To implement the use of SEM measurement in the wards, nurses would
have to be trained in its use and maintenance. Training could be initiated
with the tissues viability nurse, by a device manufacturer representative,
and then extended to the wound care link nurses of the hospital. The link
nurses could then train their colleagues in the wards. Training should
include how to use the device, how to interpret the readings and how to
clean it. Although, the objective of this research was not to look at costeffectiveness analysis, an important aspect to consider is the cost
associated with any SEM measurement device, as this can inhibit some
health care institutions on acquiring the device due to budget constraints.
Another aspect to consider is how SEM measurement will be incorporated
in the wards post-operative, this would be something that will have to be
decided by the managers of each ward depending on their daily work
planning. However, the writer would like to suggest that SEM measures
should be taken when the patient arrives in the ward and then daily,
unless it is deemed necessary to undertake SEM measures twice daily.
Also to facilitate acceptance in the use of SEM measurement, this could
be incorporated on the vital signs checks done at each shift. In the
immediate post-operative period SEM measures could be taken, after
analgesia is provided as part of the vital signs checks.
However, these are only suggestions and a case by case approach needs
to be considered at the managerial levels of every healthcare institution.
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Model Currently in Use

Pre-operative

Peri-operative

Post-operative

No Assessment
Due to Surgical
Impediments
Braden
High risk period
due to immobility

Waterlow
Figure 10.2: Model for current patient assessment in surgical environment.
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Braden
Waterlow

New Model

Pre-operative

SEM

Peri-operative

Immediate Post-operative

Post-operative

No Assessment
Due to Surgical
Impediments
SEM
High risk period
due to immobility

Figure 10.3: New model for patient assessment in surgical environment.
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SEM
Mobility Status

10.7. Summary and Conclusion
10.7.1. Summary
Pressure ulcer incidence determined using SEM was 51% (n=116), while
incidence according to VSA was 3% (n=7) with the most pressure ulcers
being located in the right/left elbow, right/left heel, and the sacrum.
Interestingly high SEM deltas occurred for 94% (n=62) of 66 participants
that were assessed using SEM for 3 consecutive post-operative days, and
the variable, orthopaedic surgery, supine position, spinal anaesthetic and
Braden and Waterlow score day 1 post-operative were found to be
statistically significantly associated with high SEM deltas and early
pressure ulcer damage.

In the present study the Braden and the Waterlow scales where used to
determine if they could predict early pressure ulcer damage when
compared to SEM. From the results obtained Waterlow total mean scores
indicated that participants were at risk or high/very high-risk of pressure
ulcer development in the post-operative period while Braden total mean
scores indicated that participants were not at risk of pressure ulcer
development. Both Braden and Waterlow identified that patients presented
with mobility issues in the post-operative period, with mobility issues
improving from post-operative day 1 to day 3. Interestingly there were
incongruences among the subscale mobility for both scales, e.g. where
with Braden patients had slightly limited mobility and with Waterlow they
were fully mobile. Although there was a statically significant relationship
(p<0.01) between Braden and Waterlow mobility assessments, this was
negative.

In terms of the predictive validity of SEM, VSA, Braden and Waterlow,
highest sensitivity was 71.3% achieved by both Braden and Waterlow and
highest specificity was 86.8% with Braden. Interestingly when Braden,
Waterlow and SEM were compared with VSA the PPV for all was low, and
this was related to the low prevalence of pressure ulcers as identified
using VSA. This indicates that only a small number of the surgical
population that was assessed as being at risk using Waterlow, Braden and
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SM were actually at risk of pressure ulcer development. In terms of NPV
these were moderate to high across measurement tools meaning that
those assessed as being not at risk using Waterlow, Braden and SM were
actually not at risk of pressure ulcer development. Reporting on predictive
validity values is an international requirement when assessing
measurement tools, however this is a fundamentally flawed process as
various factors that cannot be controlled and that are intrinsically
connected to each individual research process might influence the
predictive score a tool may have. Irrespectively, of the difficulties in
establishing a tool predictive validity, SEM showed a good to moderate
balance between its sensitivity and specificity of around 50% each, when
compared to Braden and Waterlow, which in general had either high
sensitivity and low specificity or vice-versa.

Finally, the independent variables had an impact only on the dependent
variable, abnormal SEM delta. In the final model, the independent
variables that had a statistically significant influence on high SEM deltas
and early pressure ulcer damage development were surgery time, type of
surgery and type of anaesthetic. These variables showed to influence not
only the duration a surgical patient is immobile, but also had an influence
on pain and other physical aspects that affect mobility recovery, and as
such promote sustained pressure ulcer damage.

Based on the fact that risk assessment scales, namely Braden and
Waterlow, measure risk that has already happened they are not relevant
to be used within the surgical population. Patients undergoing surgery are
immobile for varying periods of time. During this immobility the action of
pressure and shear lead to tissue injury or damage, which triggers
inflammatory processes that create an increase in the interstitial fluid. This
fluid is picked up by SEM, as it emits an electrical signal this propagates
freely because tissue surface electrical capacitance and impedance is
compromised. The higher the SEM value the higher the indication that
damage and early pressure ulcer damage is present. Considering that
SEM can detect damage it should be incorporated into practice where
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patients undergoing surgery have their SEMs measured pre, immediate
and post-operative as well as having their mobility status assessed in the
post-operative period. This would allow nurses to truly prevent the
development of pressure ulcers in the surgical population

10.7.2. Conclusion
SEM is a novel method that accurately detects early pressure ulcer
damage through the measurement of underlying sub-epidermal fluid and
moisture. Considering that surgical patients are at increased risk of
pressure ulcer development, because of forced immobility SEM
measurement if consistently used in the pre, immediate and post-operative
period can help flag those at risk. Thus, a shift in practice, by the
introduction of new tools needs to happen for pressure ulcers to be more
accurately detected and managed.
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Chapter 11:
Recommendations
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11.1. Introduction
The purpose of this chapter is to make recommendations for practice and
future research, considering the results and conclusions of this study.
Before this can be done it is necessary to establish the strengths and
limitations of the current research. By understanding if the research design
employed was appropriate for generalisation of results to be enabled. After
the discussion of strengths and limitations, this chapter is followed by
recommendations for clinical practice, education, management, and future
research. Plans for dissemination and a reflection on the study performed
will follow.

11.2. Strengths and Limitation of the study
For this study a prospective non-experimental comparative and descriptive
design was chosen. This research design was deemed appropriate to
answer the research question: ³'RHVVXE
-epidermal moisture
measurement predict early pressure ulcer development more accurately
when compared to traditional risk assessment and visual skin assessment
DPRQJDGXOWVXQGHUJRLQJVXUJHU\"´

The prospective component of this study was important to establish the
incidence of pressure ulcers during the study period. Also, the nonexperimental component was chosen because the writer wanted to follow
the natural course of events, the development, or not, of pressure ulcers in
subject undergoing surgery. Additionally, this study had a comparative
element as the writer was interested in comparing the predictive ability of
sub-epidermal moisture measurement and VSA, in the detection of
pressure ulcers, and traditional risk assessment scales namely, Braden
scale, Waterlow scale, in identifying those at risk of pressure ulcer
development. Finally, the last element was descriptive to better
understand the processes being researched, without manipulating care
processes that would have normally been offered to participants.

The writer considers that this type of quantitative design to be a strength of
the study as it made it easier to access the necessary information to
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understand how effective SEM, Braden, Waterlow and VSA are in
predicting early pressure ulcer damage development in the surgical
population as well as gaining insight on the incidence of pressure ulcers
for those undergoing surgery.

This study was undertaken on the basis that pressure ulcer development
after surgery is a reality as its incidence can be as high as 54.8%.
Furthermore, although risk assessment is commonly used in practice it
seems that this preventable health problem persists. The focus on risk
factors, some of which are impossible to change, like age, needs to shift
and new methods and tools that have been developed need to be
explored to try and tackle pressure development. The diagnosis of cell and
tissue change needs to become the new “gold standard” if pressure ulcer
numbers and their impact on the healthcare system are ever to be
controlled. Thus, this study was required to establish the value of SEM in
early pressure ulcer damage detection, and its potential as a diagnostic
and prevention tool.

Another important aspect of this study is the outcome measures used,
which reflect and inform about the challenges associated with pressure
ulcers, as unearthed in the literature review. It is well established that
pressure ulcers develop due to mechanical loading of tissues that can only
occur in a state of immobility, or impaired mobility. However, in the
literature a plethora of risk factors are consistently enunciated as being
associated with pressure ulcer development in the surgical population.
Furthermore, various risk assessment scales, are in use to help determine
those at risk of pressure ulcers. Their use is a routine exercise that can
lead to the misallocation of preventive measures as they do not reflect the
real risk factors for pressure exposure in the surgical population. Instead
diagnostic methods that can reflect changes at the cellular level, need to
be brought forward to tackle the high incidence levels of pressure ulcers in
the surgical population, as identified in this study.
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From the results obtained in this study it was clear that risk assessment
scales are flawed in their prediction of those at risk of pressure ulcer
development among the study participants. They were found to be
inconsistent in either over, or under, risk assessing patients undergoing
surgery. Thus, the outcome measures of this study are a strength because
valuable information on pressure ulcer development and prediction in the
surgical population was established. Another strength of this study is that it
is the first to compare SEM with two of the most used risk assessment
scales, Braden and Waterlow, and with VSA, all of which are considered
“gold standard” in pressure ulcer detection and pressure ulcer risk status
prediction, in an exclusive surgical population.

One limitation of this study is related to the impossibility of following all
participants immediately post-operative and for at least 2 consecutive
days. In relation to the immediate post-operative period, because patients
were tired, in pain, or still under the effects of the anaesthesia, it was not
possible to measure SEM deltas nor to risk assess them. These
assessments would have been important to understand if all participants
immediate after surgery had high SEM readings and these related to VSA
and risk assessment. In terms of assessing patients 2 days consecutively
this was not possible due to participants being discharged or refusing to
continue in the study.

Another aspect that could be considered a limitation in this study is any
potential for bias. Although the risk of bias is in its majority related to
controlled trials and interventional studies (Higgins et al, 2011), it is of
value to understand and acknowledge if any issues, within the current
study, arose that could be related to bias.

The first potential issue is related the sampling method. Although, this was
not a clinical trial or an interventional study where the random allocation of
participants is necessary, it is still important to select participants in an
unbiased way. So, in this study all surgical patients were invited to
participate and all had the same chance of being selected once they met
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the inclusion criteria. This consecutive sampling of participants allowed,
dealing with any seasonal or time related issues (e.g. the effect of the flu
in the increase of A&E patient numbers and reduction in bed availability
which can lead to surgery cancellations) that could lead to an
unrepresentative sample. Furthermore, with this type of sampling all
participants had the same opportunity to be part study and thus allowing
for a better mix of participants, where for example the level of dependency
as evenly distributed. Thus, the writer considers that given the
methodology of this study consecutive sampling was the best method
used to try and avoid as much as possible, any biases.

Another potential bias identified was attrition, as the researcher started
with a sample of 229 participants, that consented to be assessed for 3
consecutive days post-operative, however only 66 participants fulfilled this
criterion. The main reasons for the drop-outs, and losses-to-follow-up,
were pain, nausea, discomfort felt by participants in the post-operative
period. However, and to prevent incomplete outcome reporting, data from
all consented participants were included in the intention-to-treat analysis,
allowing for quality evidence (Higgins et al, 2011).

The final bias identified that could be seen as a limitation in the present
study is reporting bias. In terms of reporting bias, all data relating to the
outcomes proposed in this research were reported. Furthermore, and
considering that only 66 participants completed the full assessment
schedule, the researcher included in her outcomes reporting all the data
pertaining to the participants that did not complete the study schedule.
Thus, trying to minimise any detrimental effects that underreporting could
have in the results obtained.

An additional limitation of the study, related to data collection, is the fact
that in some patients it was not possible to do SEM measures in some
body areas, like sacrum and scapula, because patients’ mobility was
limited, or due to pain. As such only relevant, accessible body areas were
included, for example heels and elbows. Also, it might be argued that
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other factors, like use of creams, presence of moisture, cardiac or renal
disease might have influenced SEM measurements of ≥0.5, and as such,
the readings could be misleading. However, the writer in her assessments
made sure that no moisture or creams were present in assessment areas.
In relation to possible co-morbidities that influence the levels of water in
tissues, the SEM measurement would show possibly higher readings than
normal, which would still be indicative of damage. Nonetheless, this
aspect was not initially considered in the assessments done, and as such
could present a potential limitation, although no other SEM studies
addressed this issue.

11.3. Recommendations and Implications for Clinical Practice,
Education, Management
As part of the research process, one needs to consider any implications
and recommendations arising from its findings. Research and its role in
developing EBP is essential to promote health and social gain because it
allows for the progress of high-quality care practices and healthier
environments (DoHC, 2003).

According to the NMBI Code of Professional Conduct (2014) and Ethical
Conduct in Research (2015) research is an essential premise for nursing
practice to allow the delivery of safe and quality care. Thus, nurses should
engage in research or use research findings to improve care. Moreover,
nurses in the clinical setting need to engage in continuous professional
development, through educational sessions where EBP and research in
their clinical speciality is discussed. Through these educational sessions
nurses can gain new knowledge based on the research results. These will
then promote discussion about nursing practice which in turn will allow for
the revision of old policies, and the drafting of new policies. This type of
professional engagement will help drive forward nursing practice. Here,
the management team becomes fundamental as they can help facilitate
and implement change for the improvement of care delivery and
healthcare systems. Since research findings are of great importance for
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nursing practice, education, and management two recommendations
emerge from the present study.

The writer would like to recommend the implementation of a novel
diagnostic method, the SEM measurement which has been shown to help
in the detection of early tissue injury that can become visible as a pressure
ulcer one week later (Bates-Jensen et al, 2007, 2008, 2009; Guihan et al,
2012; Harrow and Mayrovitz, 2014; Molloy, 2015; O’Connor, 2016;
Oliveira et al, 2017; Bates-Jensen et al, 2017, 2017a; O’Brien et al, 2018).
Patients undergoing surgery are at high risk of development of pressure
ulcers, because during the peri-operative period they are in a state of
forced immobility and as such are at the mercy of sustained pressure and
shear. This pressure and shear are going to cause tissue and cells to
compress, displace and deform, which leads to changes in their behaviour
and physiological function (Strong and Smit, 2018). Once the adaption
threshold is overcome tissues and cells entre a state of injury (reversible)
and damage (irreversible) (Strong and Smit, 2018). Injured or damaged
tissue trigger an inflammatory process that tries to remove waste products
and cell debris. This process amongst others, leads to an increase in the
interstitial fluid that SEM measurements can detect, by emitting and
processing the reflection of electrical signals (Bates-Jensen et al, 2009).

The second recommendation is related to the need to integrate a focused
assessment of mobility status post-operative. It is known that during the
peri-operative period patients need to be immobile, and this total
immobility, in conjunction with the duration surgery (total time of
immobility), increases tissue injury/damage exponentially. After surgery, in
the immediate post-operative and in the following post-operative days,
patients will present with varying levels of impaired mobility due to the
secondary effects of type of anaesthesia and type of surgery. This effects
are mainly related with pain, discomfort, numbness, impaired sensory
perception and any constrains directly related to surgery (e.g. use of
braces). All of these will slow patients’ recovery, promote lack of activity
and mobility creating the perfect conditions for pressure/shear to cause
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sustained tissue injury/damage. Thus, after surgery nurses need to focus
primarily on how they will contribute and manage patients’ mobility
recovery, as well as planning any preventative strategies in case mobility
is severely impaired. Thus, the writer believes that by combining SEM
measurements and mobility status assessments nurses will be able to
tackle early pressure ulcer damage before it develops into a more severe
pressure ulcer.

11.4. Recommendations for future Research
Based on the results obtained in this study, and due to the fact that only
66 participants were followed up for 3 consecutive post-operative days, it
would be important for future research to be undertaken that included
SEM readings in the immediate post-operative, immediately after surgery
while the individual is still in the theatre environment or in the recovery
ward. Results from this additional research could further cement the
evidence on the fact that the peri-operative period, because of totally
immobility, is where patients are at risk and where tissue and cell
injury/damage occur. This should be complemented by SEM
measurements and mobility status assessment in the post-operative
period for as long as the patient is admitted.

Keeping with peri-operative SEM measurements and considering the
importance that the development of new technologies has for patient
outcomes it would be relevant to develop devices that could be placed
within the theatre table to continuously measure SEM throughout surgery.
This could help monitor from start to end of surgery, tissue and cell
damage progression in order to anticipate preventive measure in the
immediate post-operative period.

Another research recommendation would be the use of SEM
measurements to develop effective preventive devices that can minimise
the effects of pressure/shear during surgery. One such study would see
the trial of different types of mattresses or protective devices being used
during surgery. Then SEM measurements of the participants in the
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different groups could be compared to try and understand which device
had better protective outcomes for the patients. Also it would be important
to assess SEM measurements in other populations where mobility status
is severely impaired, like in the intensive care unit or among spinal cord
injury patients. Similarly, and considering that the fallacy of age as a risk
factor, is still very much embedded and the focus within pressure ulcer
management, it would be important to trial SEM measures in the
paediatric population, especially as medical device related injuries are so
common among hospitalised children. Use of SEM measurement would
enable real time assessment of the child’s responses to the use of these
medical devices.

11.5. Plans for Dissemination
Research is a practice and a process that questions the current state of
knowledge on a topic and tries to find new evidence, to tackle any
difficulties related to the health problem in question. One of the steps to
achieve EBP is the dissemination of results from research (Melynk et al,
2010; Melynk and Fineout-Overholt, 2011). By disseminating the findings
in research, health care professional can be at the forefront of care by
updating practices and changing or improving policies that no longer give
answer to the healthcare problems at hand. The findings in this research,
question the routine use of risk assessment scales and turns the attention
to the biophysiological processes that occur when cell and tissues are
injured due to pressure. Furthermore, the use of novel methods is being
shown to identify changes in the underlying tissues that are consistent with
early pressure ulcer damage. For these reasons it is necessary to highlight
these findings which, although not definitive, are an important step in
upgrading the knowledge and, eventually, care practices surrounding
pressure ulcers. So, the writer will initially publish this thesis in the college
repository so that the greater student community can access the findings.
Then an article will be developed based on the thesis and published in a
relevant journal for the topic. Additional, abstracts of this thesis will be
submitted for oral and/or poster presentation in college conferences, in
wound and tissue viability related conferences, e.g. the European
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Pressure Ulcer Advisory Panel annual conference. Also, a report based on
the theses will be made available in the care settings where the data
collection was undertaken.

11.6. Reflections on the performed study
Reflection is a fundamental skill that allows for researchers to reflect on
their practice and implementation of the research process. This will
increase self-awareness and help the research deal with any difficulties
along the way.

This study was very important to me not only because I believe that
healthcare needs to focus on prevention and finding new ways of dealing
with healthcare problems, that are in principle preventable or manageable,
but also because I have invested a lot of my time and life working towards
the goal of completing a PhD project. So, I was very happy and
enthusiastic when the opportunity arose for me to be part of a research
group and work on a new project that could see pressure ulcers being
better prevented in the future.

I knew there would be a lot of work involved, but this did not scare me, as
in the previous years I had been actively engage in research. However,
this was the first time I would have to collect data from individuals,
something that would prove to be harder than I thought. The initial
difficulties arose early in the first year when key individuals in the care
settings needed to give their permission for access, and only after great
insistence all was agreed, and I was good to start my data collection.
However, when things appear to be going smoothly another setback saw
me despair at the thought of not being able to collect data. This was
because of the trolley crisis that affected Ireland in 2016, and where
elective surgeries were being cancelled. This meant a low recruitment rate
and as time ticked on and I saw my colleagues starting their data
collection, I started to panic and wonder if I would be able to complete this
project. Here, something was fundamental, the support of my colleagues
and the constant positive feedback from supervisors who never let me
333

give up or despair. So, as we were trying to find a second place for data
collection, to boost recruitment rate and recover lost time, I focused on
some of the writing that needed to be done. After approval for the second
setting was given, data collection started, initially slowly as it is expected
when you must start in a new place but then I was fast, and a good
number of participants were achieved.

The past three years were the most demanding physically and mentally,
there were moments where I could not see the end but by persevering and
the support of my peers, I have reached the final step. I know that
irrespectively of the difficulties along the way it was a project worth
investing, myself in.
Research is like a climbing a mountain, it starts easy but as we go up it
becomes harder. When we start to see what the results are telling and
how important it can be for practice and for patient care improvement, then
the feeling of achievement overcomes the difficulties encountered.

11.7. Summary
The strengths of this study were the research design, outcome measures
and the rationale for undertaking the research. The limitations were related
to the data collection schedule not allowing to collect data immediate postoperative, the impossibility in some participants of measuring SEM in all
relevant body areas, and the potential influence of performance bias.
However, this study was found to be valid and relevant for current
practice. As such, it is important that findings from research improve
clinical practice. For this education opportunities and managerial input and
support are essential to implement the necessary changes. Based on the
findings and the importance of improving clinical practice one
recommendation was proposed. This was related to the importance of
including SEM as an assessment method in practice because it can
accurately detect early pressure ulcer damage, as it is based on
biophysiological measures. To facilitate the access to the findings and
recommendation of this study a plan for dissemination of the findings
locally, nationally, and internationally was outlined.
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11.8. Conclusion
Through the findings of this research it one can establish that SEM is a
promising diagnostic method for the detection of early pressure ulcer
damage development. Furthermore, the research design, outcome
measures and relevance of this study for the problem that are pressure
ulcers in the surgical care setting, was found to be valid and relevant for
current practice.

335

Chapter 12:
Conclusion to the Thesis
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12.1. Introduction
This chapter will present the conclusion of this research.

12.2. Conclusion of Thesis
Pressure ulcers are a significant problem and are a challenge for the
surgical population, where individuals going for surgery are generally
pressure ulcer free and after surgery present with very high risk of
developing a visual pressure ulcer as a result of pressure and shear
manifested during the surgical period.

It is well established that pressure ulcers develop due to sustained,
unrelieved compressive and shear forces of the tissues. Thus, surgical
patients, due to force immobility in the peri-operative period are at high
risk of pressure ulcer development. Furthermore, because of anaesthesia
mobility status may remain affected even after surgery putting the
individual at continued high risk of pressure ulcer development even in the
post-operative period. In practice, risk assessment scales are widely used
to try and identify those at risk of pressure ulcers. However, it seems that
in many cases clinicians use these scales as diagnostic tools, when in fact
these instruments were designed to predict risk. Interestingly, from the
literature reviewed, 130 risk factors were identified among those
undergoing surgery at risk of pressure ulcers. If a scale with all these risk
factors existed, it would be impossible to assess patients. Moreover, some
of these “risk factors” are impossible to change, or alone, do not put
patients at risk of pressure ulcer development. If one takes pressure and
shear from the equation pressure ulcers would not exist. So, it is
necessary that clinicians understand that mobility status and
pressure/shear are the primary components that together can predispose
an individual to a pressure ulcer. Thus, there needs to be a shift in
behaviours, particularly aiming at the surgical population. This is because
risk assessment is employed to assess the patient pre-operatively and
post operatively, while the problem occurs peri-operatively. Further, as
mentioned, most of the 130 variables identified as contributing to risk
cannot be modified. Thus, the writer posits that it may be of more clinical
337

value to identify an individual’s responses to the pressure and shear
forces they were exposed to during surgery. In that way, it will be clear if
there are anatomical areas of the body which are adversely responding to
the pressure and shear, and as such protective mechanisms may be
employed to enable the patient move from the damage threshold back to
normal cellular function, rather than moving from the damage threshold to
the manifestation threshold, i.e. visible pressure ulceration. For this to
happen it is necessary that new diagnostic methods be researched and
used in practice to prove their reliability and validity, so that early pressure
ulcer damage can be accurately diagnosed and acted upon with adequate
and timely preventive measures.

SEM measures the amount of water in the underlying tissues based on
biophysical principles. When the capacitance and impedance of the skin
and tissues are compromised due to pressure/shear, the movement of
electrical signals is facilitated and once reflected onto the SEM scanner,
gives a delta value. If this value is ≥0.5, then one can deduce that tissue
damage is present, and thus early pressure ulcer damage will ensue if
reversal of the pressure and shear forces is not undertaken. In this study
the incidence, as measured using SEM, of pressure ulcers in the surgical
population was 51%, whereas, according to VSA it was 3%. Here it is
possible to see the gap between the two measures. VSA can only detect
pressure ulcers when they are visible and established. While SEM
measurement has the ability of detecting oedema arising due to the
inflammatory process that is a precursor to pressure ulcer damage. As
such the results of this study have, in line with other studies on SEM,
showed that measuring SEM in those undergoing surgery may be more
enlightening.

The hypotheses being supported by this research therefore is the fact that
SEM measures the oedema associated with the inflammatory process.
This process starts due to the effects of pressure/shear over bony
prominences, which are translated into deformation, cell injury, and
possible cell death. For this reason, the writer argues that because the
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SEM scanner is a diagnostic tool that can detect early pressure ulcer
damage, those undergoing surgery should have the areas of their bodies
that have been subject to pressure/shear scanned immediately postoperatively and every day until discharge, or until SEM deltas normalise.
In this way, a more accurate picture of the individual’s responses to
pressure and shear may be obtained, and from there are more person
centred approach to pressure ulcer prevention may be planned,
implemented and evaluated.
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REC reference: 16/16

10th of March 2016

XXXXXX,
Acting Administrator, Ethics (Medical Research) Committee,
XXXXXXXXXXX,
XXXXX

Dear XXXXXX
Please find attached to cover letter document addressing each of the
points that need clarification.

Furthermore a few changes were also made and these are addressed in
the attached document and highlighted in the relevant application
documents.

Also all changes in the relevant application documents are highlighted in
yellow.

Please find enclosed:
x XXXXXXX Standard Application Form version 2,
x Patient Information Leaflet Version 2,
x Consent Form Version 2,
x Amended Research Project Proposal.

Yours sincerely,

___________________________
Ana Lúcia Martins de Oliveira
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Clarification
Pre-operatively assessment will be done on the day of
surgery on the ward, if the patients are admitted the day
before surgery or in DOSA if patients are being admitted
on the day of surgery. Considering I will know which
position the patient will be in during surgery, I will
measure the SEM at the weight bearing areas, and
patient skin on those areas will also be inspected. Braden
and Waterlow Scales will also be completed.
Post-operative assessment will include SEM measures
and skin inspection at weight bearing areas and will be
done immediately after the surgery is finished in the
recovery ward (and if it is safe to do so). Braden and
Waterlow Scales will also be completed.

Document and Page of Changes
XXXXXXXXX Standard Application Form
B8, Page 6
D1 (a), Page 12

2. Are patients recruited in preassessment unit?

Patients will be recruited from the pre-assessment clinic
and patients being pre-assessed in out-patients will be
recruited from there. Staff members (nurses) in both
places will give the patient information leaflet to the
patient.

XXXXXXXXX Standard Application Form
C1. 2, Page 8
C2. 3, Page 10

3. Please clarify when exactly the
assessment will take place – on
the ward before surgery or at
the
anaesthetic
room
in
theatre?

The assessment will take place on the ward, if the
patients are admitted the day before surgery or in DOSA
if patients are being admitted on the day of surgery.

XXXXXXXXXX Standard Application Form
B8, Page 6
D1 (a), Page 12

4. Who will roll the patient if they
are not able to do so
themselves?

Nurse looking after the patient in the post-operative
period and nurse and/or healthcare assistant in the ward
will roll the patient.

XXXXXXXXXX Standard Application Form
D1. (a), Page 12

5. Why
XXXXXXXXXX?
The
cohorts are very different.
Short cases versus long cases

XXXXXXXXXX was included to account for the possibility
that during a period of time (e.g. summer) or due to
administrative issues in XXXXXXX, scheduled elective

1.

Points to be clarified
Assessment on day of surgery
pre/post op. How and where?
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Research Project Proposal
Page 4, 5

N/A

– Please clarify?

surgeries might be cancelled, postponed or might be
insufficient in number. To increase the possibility of
recruitment XXXXXX was also included.

6. Is consent obtained on day of
surgery or day before? 275
patients?

Consent will be obtained on the day of surgery if patients
are being admitted through DOSA.
If patients are admitted the day before surgery consent
will be obtained on day of admission.
This will be obtained for 275 patients.

XXXXXXXXX Standard Application Form
C2. 1, Page 9
C2. 3, Page 10

7. Please clarify how long it takes
to perform the assessment. D1
on Page 11 states a couple of
seconds each and then says no
more than 5 minutes. Exact
times needed please.

The SEM measurements itself takes only a few seconds,
considering
that
according
to
manufacturer
recommendations 4 measures should be done in each
area. The whole process of repositioning the patient and
taking the measurement will take up to 10minutes,
depending on the amount of sites that need to be
measured.

XXXXXXXXX Standard Application Form
D1a, Page 12
D2, Page 12

8. Who exactly will do the
assessment if it is being run in
two different centres? Will the
researcher train other staff to
perform assessments?

The principal investigator will be the only person doing all
the assessments.

9. Should identify “I” or “me” in
Patient Information leaflet.

“I” and “me” have been included and highlighted as
appropriate in the text.

Patient Information Leaflet
Page 2, 3, 4, 5

10. Could say that the researcher is
a nurse, especially when
examining
pressure
points
post-op.

Registered nurse has been included in sentence,
highlighted in yellow.

Patient Information Leaflet
Page 2

11. Page 5, Patient Information

All information collected will be anonymised.

Patient Information Leaflet

N/A
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Leaflet – will information
collected be anonymised?
12. Consent Form states: “to be
used in related studies”,
however Patient Information
Leaflet states “no further
studies
will
use
your
information”. Please clarify?

Page 5

The following part of the sentence in the consent form
has been deleted - and to be used in related studies or
other studies in the future – as the information
collected from the participants in this studied will not be
used in any other studies.

Further changes made to Ethics Application:
Start of study changed from February to April 2016.
Time span of study changed from February 2016 to February 2017 to April 2016 to June 2017
In the exclusion criteria where patients being admitted for surgery through the DOSA (day of
surgery admission) were going to be excluded. After discussion with Surgical Clinical Lead, 90%
of elective operations in the surgical directorate in XXXXXXX are DOSAs and excluding these
may affect the recruitment and could bias the study population towards a higher risk population.
For this reason patients coming to DOSA will be included. This point in the exclusion criteria as
been deleted.
In the inclusion criteria patient who attended the pre-assessment clinic or have been preassessed in out-patients clinic relevant for the surgical procedure being done, will be included.
This is because some of the patients pre-assessed in out-patients (colorectal) will be going for
elective surgery.
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Consent Form
Page 1

XXXXXXXX Standard Application Form
B1, Page 5
Patient Information Leaflet
Page 3
XXXXXXXX Standard Application Form
C1.4, Page 9
Research Project Proposal
Page 4
XXXXXXXXX Standard Application Form
C1.3, Page 9
Research Project Proposal
Page 4

Appendix 4: Full ethical approval 1st Study Site
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Appendix 5: Full ethical approval 2nd Study Site
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Appendix 6: RCSI Research Ethics Committee acceptance of ethical
approval from 1st Study Site
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Appendix 7: RCSI Research Ethics Committee acceptance of ethical
approval from 2nd Study Site
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Appendix 8: Braden Scale
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Appendix 9: Waterlow Scale
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Appendix 10: SEM Scanner™ Bruin Biometrics

402

Device Description
The SEM Scanner™ is a hand-held, portable, diagnostic medical device
that is able to interrogate the skin’s underlying tissue to detect changes in
sub-epidermal moisture (SEM), a biophysical marker
that assesses the epidermal barrier function of the skin.
The SEM Scanner™ is intended to provide information
that a clinician can utilize as an adjunct to the current
standard of care for the detection of pressure induced
tissue damage, including pressure ulcers.
Device Function
The SEM Scanner detects and measures water below the stratum
corneum (the uppermost layer of skin and the most influenced by outside
surface moisture). While the stratum corneum of the epidermis is
influenced by environmental moisture, the lower epidermal layers contain
water generated from within the tissues and are not as affected by
environmental moisture. The SEM Scanner employs a capacitive sensor
that emits low amplitude RF signalling to measure the relative surface
tissue capacitance. Results are displayed in SEM units. Higher values
indicate increased water in the tissues and increased likelihood of tissue
damage.
Product Specifications
Feature
Device Classification
Rated Useful Life
Applied Part
Battery Life
Method of Disinfection
Water Ingress Production
Duty Cycle
Power Source
SEM Value Range
SEM Value Accuracy
Storage

Operating Conditions

Charging Mat AC Mains Voltage

Details
Class IIa (CE Approved: CE 0120)
At least 1 year, not to exceed 3 years
Type BF
3 hours (typical)
Metrex CaviWipe™, Low Alcohol (17.20%
isopropanol) Surface Disinfectants
IPX1
Continuous operation
Internally powered equipment
0.5 to 7.0 SEM Value units
+/- 0.4 SEM Value units
The SEM Scanner should only be stored at
temperatures ranging from -4ºF (-20ºC) to 113ºF
(45ºC) at 5% to 90% relative humidity (noncondensing).
The SEM Scanner should only be operated at
temperatures ranging from 59ºF (15ºC) to 95ºF
(35ºC) at 5% to 90% relative humidity (noncondensing).
100-240 V
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Appendix 11: Table Excluded Risk Assessment Studies
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Author
Anthony et al
(1998)
Anthony et al
(2003)
Baath et al
(2008)
Berglund and
Nordstrom
(1995)
Bergquist and
Frantz (2001)
Bergstrom et
al (1996)
Bernal et al
(2001)
Blümel et al
(2004)
Braden and
Bergstrom
(1994)
Braden and
Bergstrom
(2002)
Chan et al
(2009)
Cho and Noh
(2010)
Cohen et al
(2012)
Cook et al
(2010)
Cowan et al
(2012)
Cox (2012)
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Appendix 12: Data Collection Protocol
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2. PRESSURE ULCER STUDY

Post-operative follow-up in Ward

x Patients will be assessed by one of the research team members, on
body areas that were weight bearing during surgery using:
 Visual skin assessment using the EPUAP grading
system;
 Sub-epidermal Moisture Scanner;
 Braden Scale;
 Waterlow Scale.

x Patient assessment by one of the research team members, will
occur:
o For a maximum of 3 consecutive days, per patient after
surgery;
o Or until discharge if this is occurs after a minimum of 24hrs;
o If patient are admitted before the surgery date, these
assessments will take place daily until the surgery day.

x Assessments to take place up to and no later than 8pm.
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Appendix 13: Different types of surgical positions and respective
pressure points
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SUPINE

PRONE

LATERAL
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LITHOTOMY

KRASKE/JACKKNIFE
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Appendix 14: Full Summary of Surgeries
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Category

Type of Surgery

Orthopaedic

MUA-Closed reduction of L femur (excludes proximal femur)
with internal fixation (includes intramedullary IM nail); ORIF R
ankle <2cm diastasis; Unilateral total L knee
replacement/arthroplasty (includes patella resurfacing);
Unilateral total L hip replacement/arthroplasty; Open rotator cuff
repair; Revision total R hip replacement/arthroplasty with bone
graft to acetabulum; Unilateral total R keen replacement
arthroplasty with bone graft to femur; ORIF L ankle >2cm
diastasis; Unilateral total R hip replacement/arthroplasty;
Release of R Elbow contracture; Total arthroplasty of R elbow;
Wrist diagnostic arthroscopy (excludes procedure); Arthrotomy
of R hip; 1 level discectomy; Removal of metal (plate/rod) L
knee; Reconstruction of R radio-ulnar joint; ORIF proximal R
humerous (extra-auricular); Secondary repair of nerve, previous
ORIF R humerous; ORIF proximal L humerous (intra-articular);
Repair of tendon NEC; Total R shoulder
replacement/arthroplasty; Cervical decompression and anterior
spinal fusion (1 level); ORIF R shoulder; Unilateral total R knee
replacement/arthroplasty (includes patella resurfacing); ORIF R
acetabulum; Vertebroplasty (1 level) kyphoplasty; Open
reduction facture of clavicula; ORIF L tibia shaft (extra-articular);
Achilles tendon repair (primary); ORIF L distal radius; ORIF L
olecranon (includes tension bond wiring of elbow); Open
reduction of L proximal humerous fracture; Revision of total L
hip replacement/arthroplasty with bone graft to acetabulum; L
ankle and tendon repair; R First metatarsophalangeal joint
(MTP) arthrodesis/fusion; ORIF L medial/lateral tibial plateau;
Application of external fixator L lower leg; Sacroiliac joint
arthrodesis/fusion; ACL/PCL/MCL or LCL reconstruction/repair
arthroscopic without repair of meniscus; Total L shoulder
replacement/arthroplasty; Open reduction of R ankle fracture;
Arthroscopic rotator cuff repair and/or acromi-clavicular joint
resection/acromioplasty; ORIF R distal radius; L femur/hip
hemiarthroplasty; R Foot triple arthrodesis/fusion; Patella
resurfacing/arthroplasty; >/= 2 level discectomy; Unilateral total
hip replacement/arthroplasty side not specified; Open reduction
of L ankle fracture; Unilateral total knee
replacement/arthroplasty (includes patella resurfacing) side not
specified; ORIF R clavicula with or without bone graft; Excision
of exostosis of large bone R leg; Removal of metal (plate/rod) of
L hip; ORIF L proximal humerus (extra-articular); Removal of
metal (plate/rod) R foot; Revision total knee
replacement/arthroplasty includes removal of prosthesis (side
not specified);Posterior spinal fusion with laminectomy (1 level);
MUA-Closed reduction of R femur (excludes proximal femur)
with internal fixation (includes intramedulary IM nail)

413

Category

Type of Surgery

Non-Orthopaedic

Total thyroidectomy bilateral; Subtotal thyroidectomy unilateral;
Total parathyroidectomy; Total unilateral adrenalectomy;
Laparoscopic Hemicolectomy; Laparoscopic Colostomy;
Exploratory Laparotomy; Laparoscopic cholecystectomy;
Subtotal Gastrectomy; Closure of Loop Ileostomy; R
Hemicolectomy with anastomosis; Anterior resection of rectum
(level unspecified); Reduction of rectal mucosa (rectal
prolapse); Transanal endoscopic microsurgery; Laparoscopic
repair inguinal hernia unilateral; Laparoscopic appendicectomy;
Cholecystectomy; Repair of epigastric hernia; Repair of other
abdominal wall hernia; Incision and drainage of abscess of
SSCT; Restoration continuity after Hartman procedure; Repair
of parastomal hernia; Cholecystectomy with choledoctomy;
Sacrospinous colpopexy; Total laparoscopic abdominal
hysterectomy with removal of adnexa/ovarian cystectomy
bilateral; Repair anterior vaginal compartment; Repair of
posterior vaginal compartment; Repair of cystocele;
Laparoscopic subtotal hysterectomy/sacrocolpopexy; Total
abdominal hysterectomy/salpingo-oophorectomy; Laparoscopic
salpingo-oophorectomy bilateral; L Trans metatarsal
amputation; Below knee amputation; Wound washout,
debridement with or without closure; Above knee amputation;
Radical Prostatectomy; Transurethral resection of prostate
Retrograde pyelogram unilateral; Percutaneous nephrolithotomy
with removal <=2 calculi; Transurethral endoscopic resection of
bladder tumour single Isn bladder >2cm; Ureteroscopy; Partial
nephrectomy; Cystoscopy; Biopsy of bladder; Flexible
ureteroscopy and retrograde pyeloscopy with fragmentation of
renal calculi; Endoscopic manipulation/extraction ureteric
calculus; Laparoscopic complete unilateral nephrectomy;
Cystectomy/radical prostatectomy/ileal conduit unilateral;
Circumcision; Orchidectomy unilateral; Radical Mastoidectomy;
Tonsillectomy without adenoidectomy; Excision of lesion of soft
tissue NEC; Excision of skin lesion
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