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ABSTRACT

Although pressure ulcers appear to occur infrequently in children, they can

have serious consequences such as infection, scarring and changes to body

image. This thesis is an account of the development of an instrument to help

nurses to identify children most at risk of pressure ulcers, and take

preventative action.

Prior to 1996, there were very few publications on the problem of pressure

ulcers in children; these were mainly anecdotal, or concerned with

specialised populations.

The main aim of the research presented in this thesis was to develop an

evidence-based pressure ulcer risk assessment tool for children.

Initially, paediatric pressure ulcer incidence and prevalence studies were

carried out at one children's hospital (project 1). This included collecting

detailed data on the characteristics of children. The incidence of pressure

ulcers in the sample (not including non-blanching erythema) was 3.7%, and

the prevalence was 2.2%.

A multicentre study was carried out (project 2) in which detailed data of the

characteristics of 54 children with pressure ulcers in 11 hospitals were

collected. This data set was amalgamated with the data set from project 1.

Analysis indicated that the most significant characteristics associated with

pressure ulcers were mobility, devices in contact with the skin, anaemia,

pyrexia, peripheral perfusion, inadequate nutrition, hypoalbuminaemia, low

weight and inappropriate incontinence. These factors were used to develop a

pressure ulcer risk assessment (the Glamorgan Scale).

An inter-rater agreement study (project 3) was carried out on the Glamorgan

scale by collecting 27 sets of paired data.

The Glamorgan scale is the first published paediatric pressure ulcer risk

assessment scale developed from patient data using statistical analysis. It is

being used in paediatric areas in many countries throughout the world, it has

been translated into four other languages, and incorporated into paediatric

pressure ulcer prevention policies in at least 6 countries.
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INTRODUCTION TO THE WHOLE THESIS

Much of the research on pressure ulcer prevention has been conducted on 

the adult population. Although pressure ulcers in children do not appear to be 

as great a problem as they are in the aged population, they can have 

significant implications for the children affected. Pressure ulcers in children 

can leave scars, these are particularly distressing and obvious on the head 

as hair fails to re-grow, resulting in scarring alopecia (Kumar and Kumar, 

1993, Gershan and Esterly, 1993) which may not have resolved years after 

the initial insult (Neidig, Kleiber and Oppliger, 1989). Detrimental changes in 

body image can make children withdrawn and have a negative effect on 

socialisation and education (Kozierowski, 1996). Pressure ulcers are painful, 

and if severe may need repeated skin grafting (Matsumura, Makino and 

Watanabe, 1995). Infection in these ulcers is not uncommon (Brook, 1991), 

and can spread to other tissues including bone, resulting in osteomyelitis 

(Dubey, Krasinski and Hernanz-Schulman, 1988, Bar-On era/., 2002). 

In 1996, the only pressure ulcer risk assessment tool for children (Bedi, 

1993) was based on the adult Waterlow (Waterlow, 1985) pressure ulcer 

risk assessment card. No published reliability or validity studies have been 

identified for this tool. This lack of an evidence-based, valid and reliable tool 

for identifying children at risk of pressure ulcers was the factor that initiated 

this research.

The ultimate aims of the three projects, which make up this portfolio, was to 

identify the most significant characteristics of children who develop pressure 

ulcers, and to design an evidence based pressure ulcer risk assessment tool 

that would be useful for staff working with children in hospital. The three 

projects, which involved the collection of data from eleven children's 

hospitals and units in England and Wales between 1996 and 2008, 

culminated in the development and publication of the Glamorgan Paediatric 

Pressure Ulcer Risk Assessment Scale (the Glamorgan Scale). 

Linking the three projects together, and offering a reflection on my work, is 

the critical overview (section 1, volume 1) of the development and initial 

validity and reliability testing of the Glamorgan Scale. The framework for the 

critical overview is a synthesis of post- positivist philosophies which pose a 

series of questions relating to the conception of the research, the
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methodology, the findings, the utility of the research, and the contribution to

nursing knowledge.

In the text of the critical overview are references to the supporting sections of

the thesis which provide information and evidence.

Section 2 is the 2008 version of the Glamorgan Paediatric Pressure Ulcer

Risk Assessment Scale and guidance material.

Section 3 contains background information about the definition of pressure

ulcers, theories of pathophysiology, risk assessment scales and a more

comprehensive account of the three projects than can be found in

publications.

Section 4 (volume 2) consists of selected documents from Project 1 - the

paediatric pressure ulcer incidence and prevalence studies.

Section 5 consists of selected documents from Project 2 - the multi-centre

study collecting data on the characteristics of children with pressure ulcers.

Section 6 consists of selected documents from Project 3 - the inter-rater

reliability / agreement study.

Section 7 is a collection of publications relating to the development of the

Glamorgan Scale.

Section 8 is a brief account of conference presentations.

Section 9 is a collection of e-mails and letters from interested parties or users

of the Glamorgan Scale around the world. This illustrates the impact this

work has made on this area of children's nursing.

The study schema and time line for the development and initial validity 

testing of the Glamorgan scale is illustrated in figure 0.1. This captures my 

journey through the research process, from the beginning in 1996 with the 

initial literature review, to the publication of the Glamorgan scale and inter- 

rater reliability data in 2008 (Willock, Anthony and Richardson, 2008). 

This is not the end of the story, however. Several children's units across the 

world are now carrying out independent validity testing of the Glamorgan 

scale, and depending on their results, it may change and evolve further.
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Figure 0.1. Study schema and time lines in the development and initial 

validation of the Glamorgan Scale.

PROJECT 1. Incidence and prevalence studies

May 1996 Literature review
Development of data collection schedule

June 1996 Discussion with ethics and Research and Development (R&D) committees

August 1996 Notification of wards and units in Royal Liverpool Children's Hospital (RLCH) of 
study

September-October 1996 Incidence study in three areas of RLCH 

19th December 1996 Prevalence study in RLCH 

January - July 1997 Data input and analysis 

August 1997 Project report

PROJECT 2. Multi-centre study

1999 Initial application to MREC for multi-centre study

April 2000 Application to General Nursing Council for England and Wales Trust (GNC 
Trust) for funding for multi-centre study

January 2001 Grant awarded by GNC Trust
MREC approval granted (proposal amendment 2)

January - August 2001 Recruitment, applications to senior nurses, local research ethics 
(LREC) and R&D committees

August 2001 Training day for local data collectors

September - December 2001 Piloting data collection schedule by data collectors in local 
hospitals, minor amendments to schedule

January 2002 - July 2003 Data collection 

March - June 2002 Develop SPSS program 

June 2002 - July 2003 Data entry 

July - August 2003 Data analysis 

November 2003 Completed final report

XVII



2004 - 2006

Analysis of amalgamated data from projects 1 and 2.

Development of the Glamorgan Scale.

Validity testing with amalgamated data.

Trial of Glamorgan scale at University Hospital of Wales

PROJECT 3. Inter-rater reliability / agreement study

April 2007 Ethics and R&D approval for inter-rater reliability study

June - July 2007 Sample selection. Sent first letters inviting nurses to participate.

August 2007 - March 2008 Data collection

April - June 2007 Data analysis

July - August 2008 Project report

September 2008 Publication of inter-rater reliability and final version of Glamorgan Scale
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INTRODUCTION

This thesis is an exploration of my journey in the development of the 

Glamorgan paediatric pressure ulcer risk assessment scale (the Glamorgan 

scale, see section 2). This appears to be the first published paediatric 

pressure risk assessment scale developed using statistical analysis of patient 

data. Unlike many other pressure ulcer risk assessment scales, it gives a 

greater weighting to factors that appear to be directly associated with pressure 

ulcers (immobility and medical devices pressing or rubbing on the child's skin), 

and less weighting to other factors (such as malnutrition, anaemia, low serum 

albumin). These secondary factors may increase the risk of pressure ulcers, 

but do not appear to cause pressure ulcers independently of reduced mobility, 

or medical devices or other objects in contact with the skin.

On the 1 st March 1996, I took up a post of lecturer practitioner in nursing at 

Liverpool University and the Royal Liverpool Children's Hospital (RLCH). Part 

of my post at RLCH involved supporting nursing research. The advantage of a 

joint appointment involving clinical and academic nursing was that the focus of 

the nursing research arose directly from clinical practice, and the research 

findings would provide the basis of the evidence for clinical practice (more 

recently discussed by Kenkre (2009)). I was asked by the RLCH Tissue 

Viability Group to help them to design and test a pressure ulcer risk 

assessment tool for children. At that time the only published pressure ulcer 

risk assessment tool for children was Bedi's (1993) paediatric risk assessment 

chart. This was developed in paediatric intensive and high care units 

(including cardiac surgery) using the headings from the adult Waterlow 

(Waterlow, 1985) pressure ulcer risk assessment card. The members of the 

Tissue Viability Group were interested in developing and testing a risk 

assessment tool, which would be suitable for most inpatient children, not just 

children in critical care areas.

The Tissue Viability Group felt that assessing children for risk, and preventing 

pressure ulcers was an important topic for investigation, as they had all 

observed pressure ulcers in children and infants. Although deep pressure 

ulcers in children were not frequently observed, all pressure ulcers can be

painful, may leave scars, and can expose the child to infection (page 3.46).
Development or me Glamorgan bcaie uritical uverview Section 1

1.3



FRAMEWORK FOR A CRITICAL OVERVIEW

The aim of this critical overview is to critically reflect on the research process, 

and what I have learned in carrying out the three projects which contributed 

towards the development of the Glamorgan scale.

Kuiper and Pesut (2004) discuss critical thinking as attitudes that enable 

someone to recognise problems, search for evidence, and evaluate evidence 

which can assist in decision-making. Key components of critical thinking are 

identifying and challenging assumptions, exploring and imagining alternatives, 

understanding the importance of context, engaging in reflective scepticism 

(Riddell, 2007), using an active and deliberate constructive process (Duffy, 

2007), and connecting initial understanding with deeper understanding 

(Nielsen, Stragnell and Jester, 2007).

Reflection in professional practice is the deliberate process of thinking about 

and interpreting experience in order to learn from it (Dearmun, Atkins and 

Murphy, 1996). A simple reflective cycle in clinical practice involves describing 

an incident, discussing thoughts and feelings about the incident, searching for 

related theory and current knowledge associated with the incident, then 

thinking about what has been learned and how this will influence future action 

(Marks-Maran and Rose, 1997). Critical reflection on the research process 

and the evidence it produces is an important part of the generation of new 

knowledge (Avis and Freshwater, 2006) as it can act as a learning process for 

the researcher, uncover any problems in the research process, and produce 

new research questions.

I had considered conducting this critical overview using a critiquing framework. 

Although this would involve an in-depth examination of each stage of the 

research process to highlight the strengths and weaknesses (Coughlan, 

Cronin and Ryan, 2007), this is probably too simplistic an approach. A more 

interesting and stimulating approach would be exploring and reflecting on the 

research process through my philosophical view of the scientific research 

process.
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Philosophy of science

As a researcher, I like to think I have an attitude that enables me to identify 

problems, search for and evaluate existing evidence, then decide whether it is 

necessary to look for new evidence. The way problems and answers are 

tackled depends upon the problem, and also on the way I think, and perceive 

the world. A principal question in the philosophy of science is how scientific 

knowledge is attained (Allmark, 2003). When I consider this, I need to think 

about how I view the world and relate to it. 'Ontology' questions what is the 

'real world' (for example, the existence of objects and phenomena), 

'epistemology' questions the relationship between the knower (me) and what I 

can know about the world, and 'methodology' questions how I can find out 

what I believe can be known (Welford, Murphy and Casey, 2011).

The research of Ek, Gustavsson and Lewis (1987) demonstrated that the 

development of a pressure ulcer is a pathophysiological process in which 

pressure on tissues appears to reduce blood perfusion to an area resulting in 

tissue ischaemia and death. Other factors exert an influence on the 

progression of the pressure ulcer, such as nutritional status (Ek et a/., 1991). 

This is a physical phenomenon, and this cause and effect process will occur 

independent of the observer. I would like to know exactly what happens and 

what factors cause or influence pressure ulcer development. However, the 

methods and equipment researchers use to investigate this may cause 

changes in the process, and we may not be perceiving the absolutely accurate 

and complete way pressure ulcers develop.

I feel that the process of pressure ulcer development is purely physical and 

does not have any relation to the beliefs of the observer (although this may 

influence the way it is investigated), historical, social or feminist perspectives; 

and therefore research methods and philosophies that encompass these 

perspectives are not appropriate for this investigation.

The positivist view

When I was considering how to develop a pressure ulcer risk assessment tool 

for children (which aims to be a predictive tool), I wanted to use a scientific
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approach with as much objectivity as possible, so that I could give a relatively 

unbiased picture of what was really happening.

The positivistic view of the world is that truth exists and it is possible to find out 

how things really are, and how things really work. This can be discovered 

objectively by the researcher, who does not interact in the phenomenon being 

investigated (Guba, 1990). Truth in positivist enquiry is achieved through 

verification and replication of observable findings directly associated with 

perceivable entities or processes (Clark, 1998). Positivism uses objective 

scientific methods of enquiry to describe and predict patterns in the physical 

world. Theory is established deductively through formal statistical testing of 

hypotheses; the goal of positivist research is control and prediction (Welford, 

Murphy and Casey, 2011). Clark (1998) claims that researchers in the 

positivist ideology are detached, neutral observers, who objectively report 

observations free from any cultural, social or experiential based biases.

Although the search for the unadulterated truth sounds ideal, it would be 

impossible to remain absolutely independent of the subjects and 

circumstances being researched, as any intervention or observation may 

change the behaviour of the study population (children with and without 

pressure ulcers) or situation (the behaviour of people caring for the children). 

The data collected may not reflect the complete picture, and the way I view or 

interpret the data may be flawed. The positivist philosophy appears to me to 

be too idealist and does not reflect real-life research, so although it is a way of 

thinking about research into physical processes, it is not ideal.

The post-positivist view

Post-positivism has been defined as the search for 'warranted assertability' as 

opposed to 'truth' (Letourneau and Alien, 1999). A postpositive philosophy of 

research reflects the difficulty in perceiving the true nature of the world. In this 

paradigm, although a real world is driven by real natural causes, it is 

impossible for humans to truly perceive it, and one can never be sure the 

ultimate truth has been uncovered. There is an aim to gain a greater 

approximation to the truth whilst acknowledging the inevitability of researcher 
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biases (Clark, 1998, Cuba, 1990). Post-positivism allows not only for 

objectivity, but also for subjectivity in health care research, in that research 

participants' own words and their perception of their health-related 

experiences are considered as important as biophysical measures (Fawcett 

and Garity, 2009). The researcher and his or her perceptions are not seen as 

being totally detached from the enquiry, and personal processes and 

involvement are seen as being a characteristic of human enquiry (Clark, 

1998). As with positivism, the goal of post-positivist research is control and 

prediction (Welford, Murphy and Casey, 2011).

To verify or falsify? - that is the question

Positivist and post-positivist philosophies tend to concentrate on deductive 

scientific methods that use theories to generate hypotheses, which can be 

supported or refuted by observations and conclusions. The emphasis in 

postpositive theory-testing research is on falsifying hypotheses rather than 

confirming them (Fawcett and Garity, 2009, Welford, Murphy and Casey, 

2011). According to Karl Popper (2002) theories should be tested in four ways:

1. By comparing the conclusions themselves for internal consistency.

2. Determining whether the theory is logical and has the character of an 

empirical or scientific theory.

3. Determining whether the theory compares favourably with other 

scientific theories.

4. Testing the theory by empirical application of the conclusions that can 

be drawn from it, especially predictions derived from the theory that can 

be tested or applied.

If the conclusions are accepted or verified, the theory is not discarded, but if 

the conclusions are falsified, the theory from which they were derived is also 

falsified, no matter how many times the conclusions have previously been 

verified. Popper argues that verification can only temporarily support a theory, 

as subsequent negative tests can always overthrow it, and even if there are 

multiple verified conclusions a theory cannot be called 'true', or even 
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'probable' (Popper, 2002). However, no theory will solve all the puzzles that it 

is associated with at a given time, and if any failure at all is grounds for theory 

rejection, all theories would probably be rejected (Kuhn, 1970). To ensure that 

theories and hypotheses can be tested and retested, the evidence gained 

through experience or research should be presented in a way that it is open to 

scrutiny by the community of fellow thinkers (Avis and Freshwater, 2006).

Critical multiplism

Critical multiplism is a way of thinking critically and analytically about research 

design to identify and minimise bias, and can be viewed as an explanation of 

the methodology of post-positivism. The critical element of critical multiplism is 

a rational and empirical criticism of methods and theories chosen to 

investigate a phenomenon, and recognises that there is no one perfect 

scientific method free from bias. Multiplism refers to the view that research 

questions can be approached from multiple perspectives, no single way is 

best, but putting together several imperfect methods and theories can 

minimise bias (Letourneau and Alien, 1999).

The development of scientific theory from a post-positivist stance can consist 

of four phases (Allmark, 2003):

Phase 1: setting out the problem. This phase starts from a current theoretical 

position with which the researcher is dissatisfied.

Phase 2: trial solutions. The researcher develops theories and hypotheses 

with a view to resolving problems in the current theory

Phase 3: testing or error elimination. The researcher subjects the new 

hypotheses and ideas to rigorous testing designed to falsify the hypotheses.

Phase 4: new theoretical position. If the new hypotheses have been falsified 

then the original theory is still in place, but the researcher knows that at least 

one alternative solution does not work. If the hypotheses have not been 

falsified, they can be added to the theoretical framework. However, this does 

not just come to a conclusion at stage four; this process is iterative and 

cyclical (Avis and Freshwater, 2006).
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The inductive phase

Although a modified post-positivist stance appears to be a useful way of 

thinking when testing theories and hypotheses, it is focussed on deduction 

and appears to neglect the inductive aspect of research. Before I could test a 

new theory or hypothesis, I needed to create it. The theory should contain a 

model or conception of a causal or explanatory link to the natural mechanism 

(Bhaskar, 2008) (pressure ulcer development in children). In a Bhaskarian 

realist (Bhaskar, 2008) view of the world, real natural processes occur that 

contribute to the development of pressure ulcers, but knowledge of them is 

dependent on the scientific methods I use to discover them, and the model I 

use to describe them is dependent on my interpretation of the data and how I 

wish to present it. Any model I create cannot contain all the factors or 

elements that are involved in the development of any pressure ulcer. It can 

only contain the factors that occur most frequently in the particular population 

that I am observing. I cannot personally observe enough children with and 

without pressure ulcers to gain enough data to develop a model, and therefore 

must enlist the assistance of other observers. In this case, the development of 

the model and the theory will be dependent on multiple observers. I cannot 

control or even know whether they are recording fully everything of 

significance that they observe, and the sample of subjects that are being 

observed will also influence the model. Although the factors that contribute to 

the development of a pressure ulcer are subject to intransient natural laws, the 

model I create to describe them, and ultimately try to predict which children 

are at risk, is probably transient. As more data is collected in future, the model 

may be refined, modified, or even changed completely.

The realist philosophy is closest to my own ideas for this research, however, I 

do not think that anyone else's model will entirely fit my personal philosophy.

A framework for critical reflection

Each of the philosophies and approaches to research discussed above has

unique strengths. Amalgamating these in a novel way has enabled me to
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synthesise a new scheme for reflection specifically adapted for this overview. 

By combining Allmark's (2003) ways of developing scientific theory , Popper's 

(2002) ways of testing theory, and some elements of critical thinking (Riddell, 

2007, Nielsen, Stragnell and Jester, 2007), I have developed a framework 

(figure 1.1) with which to discuss the process of developing the Glamorgan 

scale. This loosely follows the Marks-Maran and Rose (1997) reflective cycle 

in that the incident was the request from the Tissue Viability Group to develop 

a new paediatric pressure ulcer risk assessment, but in addition to searching 

for related theory and current knowledge, new knowledge was generated in 

the form of patient data that was used to synthesize a new theoretical model. 

In this overview I will aim to address each of the items in the framework to 

critically explore my work.
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Figure 1.1. Framework for reflection
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(1) SETTING OUT THE PROBLEM - THE CURRENT THEORETICAL 

VIEW

In 1996 when I embarked on this research, the theory of pressure ulcer risk in 

children was virtually non existent. There were no published paediatric 

pressure ulcer prevalence studies, and only one retrospective pressure ulcer 

incidence study (Neidig, Kleiber and Oppliger, 1989) of children following open 

heart surgery carried out over a 12 month period in a paediatric intensive care 

unit. The published evidence of factors associated with pressure ulcers in 

infants and children at that time was mainly focused on specific patient groups 

such as paediatric patients with myelomeningocele (Okamoto, Lamers and 

Shurtleff, 1983) and children with bone marrow transplants (Abramovitz and 

Baache, 1988), or single cases (Matsumura et al. 1995; Phelan 1980). These 

studies did not give any information about the general inpatient paediatric 

population, which I was interested in. Bedi's (1993) paediatric pressure ulcer 

risk assessment chart (page 3.37) was developed for critical care, using 

headings from the adult Waterlow (1985) scale and did not appear to be 

suitable for assessing children in other areas.

In 1996, published pressure ulcer risk assessment tools for adults included the 

Norton (Norton, McLaren and Exton-Smith, 1962), Waterlow (Waterlow, 1985), 

and Braden (Braden and Bergstrom, 1987, Bergstrom et al., 1987) scales 

(pages 3.21 - 3.23).

The Norton (Norton, McLaren and Exton-Smith, 1962) score was originally 

developed as a research tool to assess patients' general condition. Initially, 

this was not actually a pressure ulcer risk assessment tool, but scores 

correlated well with pressure ulcer development, and it appeared to be a 

useful tool for nurses to assess patients for pressure ulcer risk in clinical 

practice.

The Waterlow Risk Assessment Card was developed in 1984 following a 

prevalence study by the Somerset Health Authority (Smith et al., 1995), as a 

guide for ward nurses to assess adult patients for pressure ulcer risk, and 

provide guidance for interventions (Waterlow, 1985).
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The Braden Scale has a similar structure to the Norton score, and was 

developed from Braden and Bergstrom's conceptual schema for the aetiology 

of pressure ulcers, which was derived from a literature review (Braden and 

Bergstrom, 1987). It was tested for reliability and predictive validity with 

medical and surgical adult patients (Bergstrom et a/., 1987) and with adult 

intensive care patients (Bergstrom, Demuth and Braden, 1987).

Identifying and challenging assumptions

I identified three assumptions that I was not comfortable with.

  The Norton, Waterlow and Braden scales score most factors related to 

pressure ulceration in a similar way. For example, the Norton and 

Braden scores give numerical values of 4 to 'full mobility' and 1 to 

'immobile', The Norton score has a value of 4 for not incontinent, and 1 

for doubly incontinent, the Braden scale assigns 4 to rarely moist (skin) 

and 1 to constantly moist. This appears to imply that mobility and 

continence or skin moisture are equally important in pressure ulcer 

development. Similarly, using the Waterlow scale, mobility has values 

of 0 (fully mobile) to 4 (inert / traction), and gives values for ages from 1 

(for age 14 to 49 years) up to 5 (for 81 years and above), implying that 

age is more significant than mobility. In a theoretical example, an 81 

year old woman who is below average weight would be considered to 

be at risk of pressure ulcers according to the Waterlow scale, even if 

she is fully mobile and has no other problems. Bedi's (1993) scale has 

a similar scoring system to the Waterlow scale, but with modifications 

for children and infants. These scales appear to assume that all factors 

are fairly equally important. Also, there is no item in any of these scales 

that alludes specifically to pressure on the skin and tissues, even 

though pressure ulcers are by definition attributed to pressure.

  Bedi (1993) appeared to assume that a risk assessment scale designed 

for adults, can be modified for use with children by simply changing 

some of the parameters, although there was no evidence for this. No 

information on the validity of this scale has been published.
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  Braden and Bergstrom (1987) appeared to assume that developing a 

risk assessment tool from a review of the literature (rather than patient 

data) would be valid (however, they did subsequently collect data from 

adult patients to support it).

I wanted to find out if there was a better way to identify the most significant 

factors related to pressure ulcer risk in children, than modifying an adult risk 

assessment scale, or composing a scale from factors identified in a literature 

review.

I suggested to the Tissue Viability Group that it would be useful to find out the 

size of the problem of pressure ulcers in a population of inpatient children. In 

addition to finding out the prevalence of pressure ulcers at the RICH, this was 

an opportunity to collect data on the characteristics of children who develop 

pressure ulcers, and children who do not develop pressure ulcers.

At the beginning of this project I was not (and still am not) a tissue viability 

nurse, and had no previous formal education and little experience in tissue 

viability. This could be seen as an advantage, as I was tackling the problem 

with no preconceived ideas, and no wish to use the same methodology as 

other authors. However, I was able to use the knowledge and experience of a 

group of senior nurses who were members of the Tissue Viability Group.

(2) DEVELOPMENT OF A NEW MODEL OF PRESSURE ULCER RISK 

IN CHILDREN

The main purpose of this scientific enquiry, was to obtain knowledge about the 

causal mechanisms of pressure ulcer development in children, so that a model 

could be developed to predict which children are most at risk of pressure ulcer 

development. Skepticism about the current model (Bedi's (1993) modified 

Waterlow card) led to the desire to generate a new model based on empirical 

data. This data could either support or refute the current model. Developing a 

new theory is inductive (creative). Theories have been developed by the 

logical application of knowledge then later tested with data (such as the theory 

of relativity), however this was not a problem whose answer I could derive 

from first principles, so we needed to start with data collection. Although, as
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Johnson (1983) points out, inductive research is generally associated with 

qualitative methods, and deductive research with quantitative methods, this 

problem appears to warrant statistical analysis of quantitative patient data to 

inductively generate a theoretical model.

In keeping with the realist philosophy of scientific enquiry, I wanted to 

construct a theory that would account for a mechanism that cannot be directly 

observed, by collecting data on observable phenomena (Wainwright, 1997). 

Risk of developing a pressure ulcer cannot be measured directly. Risk itself is 

the measurement of the probability of developing a pressure ulcer and ranges 

from 0 (no risk of developing a pressure ulcer) to 1 (absolutely certain to 

develop a pressure ulcer). Previous theoretical models have been generated 

from observation. Nurses had observed which patients had developed 

pressure ulcers and which patients had not. They had noted which patient 

characteristics appeared to make a patient more likely to develop a pressure 

ulcer, but if this is anecdotal or experiential data, it does not count as robust 

evidence for the scientific community. It is possible to pick out a few 

characteristics of patients that nurses observe most frequently to be 

associated with pressure ulcer development and number them from 1 to 4 

then present them as a risk assessment, but these characteristics may have 

different significance values, and this can only be determined by collecting 

data on patients with pressure ulcers and statistically comparing their 

characteristics with those of patients who have not developed pressure ulcers.

PROJECT 1. Collecting incidence and prevalence data.

We (I and the Tissue Viability Group) decided to collect incidence data as well 

as prevalence data with the aim of estimating the size of the problem of 

pressure ulcer development in children. The ultimate aim was to design a 

pressure ulcer risk assessment tool for children based on the statistically 

significant characteristics of the children who developed pressure ulcers, 

compared with the characteristics of the children who did not develop any 

visible pressure ulcers.
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The objectives of the study were to:

  Report the incidence of pressure ulcers in three areas in the children's 

hospital.

  Report the prevalence of pressure ulcers over the whole hospital.

  Describe the characteristics of children who developed pressure ulcers, 

and children who did not appear to develop pressure ulcers.

  Design a risk assessment tool based on the differences in the 

characteristics of children who developed pressure ulcers and children 

who did not develop pressure ulcers.

A survey methodology was used. The survey tool was in the form of a 26 item 

'tick-a-box' questionnaire (page 4.41), which had been developed in 

consultation with the members of the Tissue Viability Group. I initially 

conducted a literature review to find as many factors associated with pressure 

ulcer development as possible, using anecdotal as well as evidence based 

literature. Members of the group commented on the list, removing factors that 

did not appear relevant and adding further factors they considered to be 

important from their clinical experience of pressure ulcers in children (page 

4.2). With the list of factors I constructed the questionnaire. Where 

appropriate, each of the factors was graded so that ordinal, interval or ratio 

data could be collected.

Included in the data collection tool was the Torrance (1983) pressure ulcer 

classification scale (page 3.54). This 5 stage scale includes a description of 

blanching erythema, where light pressure on an area of reddened skin causes 

transient whiteness. This indicates that although hyperaemia is present, the 

microcirculation in this area is still intact (this is not a pathophysiological 

reaction and is now not deemed to be a pressure ulcer (Defloor and 

Schoonhoven, 2004)). Although Healey (1996) found the inter-rater reliability 

of the Torrance scale to be low (Kappa 0.29), the Torrance scale was in use at 

RLCH at the time of the study. This may have affected the reliability of the 

data collected on pressure ulcer grading.
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Before the incidence study commenced, the schedule was piloted by ward 

nurses with 10 children and slight modifications made. I informally tested the 

reliability of the data collection tool with one of my colleagues (a medical ward 

sister). We independently collected data on three children, and as the data 

collection questionnaires were completed identically, no further reliability 

testing was carried out. This was not the best estimate of reliability, as we had 

both been involved in the development of the data collection schedule. This 

could have been improved by involving ward nurses who were not members of 

the Tissue Viability Group. The reliability of the data collection schedule as 

used by ward nurses is therefore unknown, and could have had an effect on 

the quality of the data. The incidence study was carried out in the three areas 

of the hospital (the intensive care unit, the neurology ward and the orthopaedic 

ward) where children appeared to develop pressure ulcers more frequently, 

and would generate a group of children with pressure ulcers to compare with 

children who did not develop pressure ulcers. However, it is acknowledged 

that this choice of areas could lead to a biased group of children, as this could 

miss out characteristics of children in the rest of the hospital.

Incidence provides an estimate of the rate of occurrence of new pressure 

ulcers over time(Baharestani et a/., 2009). The incidence study took place 

over four weeks from mid September to mid October 1996. Data collected for 

the incidence study was collected with verbal permission of the child and / or 

parents, by the nurse caring for the child. All data that were collected for the 

incidence study had also been collected as part of normal nursing or medical 

care. Data was collected on newly admitted children (within 12 hours of 

admission) who did not have any visible pressure ulcer, and if the child's 

condition changed or they developed a pressure ulcer, data collection was 

repeated.

The nurses on the wards did not have formal training in recognising pressure 

ulcers, although the ward managers (who were also members of the Tissue 

Viability Group) were more experienced. When redness or a lesion on a child's 

skin was identified, two nurses collecting data discussed whether this was 

pressure damage and how it should be classified.
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I collected the data for the prevalence study, with my colleague (who had 

tested the reliability of the schedule with me), during one day (19th December 

1996). All data that were collected for the prevalence study had also been 

collected as part of normal nursing or medical care. The staff working on all 

the wards and inpatient clinical areas had been informed in advance (using 

posters attached to notice boards in the clinical areas). When identifying 

pressure ulcers, we relied on the observation of the nurses caring for the 

children, or reports from the children or their parents (rather than undressing 

all children and conducting an inspection of their skin). This could have 

resulted in some pressure ulcers not being identified. If nurses considered 

pressure ulcers to be indicators of poor quality of nursing care, they may not 

have disclosed some lesions.

Eighty-two schedules were completed in the incidence study (85% of patients) 

and 183 schedules were completed in the prevalence study (100% of patients, 

although patient characteristics data were not collected for three patients).

The incidence of pressure ulcers was 7.3% (n=6), and the prevalence was 

6.6% (n=12) when grade 1 lesions (blanching erythema) were included (pages 

7.3 - 7.4). When blanching erythema lesions were omitted, the pressure ulcer 

incidence rate was 3.7% (n=3) and the prevalence rate was 2.2% (n=4).

Pressure ulcer incidence and prevalence rates were low over the whole of the 

RLCH. The numbers of pressure ulcers in this study was too small to be able 

to compare the characteristics of children who had pressure ulcers with those 

of children who did not develop pressure ulcers. In the three areas 

participating in the incidence study, only three children developed pressure 

ulcers (not including blanching erythema) in one month. At this rate it would 

take over a year of data collection at one site to have a large enough sample 

to show any significant differences in children with and without pressure 

ulcers.
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PROJECT 2. Multi-centre data collection.

In 1998, I moved jobs from Liverpool to the University of Glamorgan, but 

maintained contact with my previous colleagues. I also contacted a researcher 

with experience in this field (Denis Anthony) for advice. We decided that to 

collect sufficient data for statistical significance, we needed to conduct a multi- 

centre project.

The original aim of the multi-centre study was to collect data from two even 

sized groups of children; one group of children with pressure ulcers, and one 

group of children matched for age group with no visible pressure ulcers 

(control group).

The objectives of the study were to:

  Describe the characteristics of children who developed pressure ulcers, 

and children who did not appear to develop pressure ulcers.

  Design a risk assessment tool based on the statistical differences in the 

characteristics of children who developed pressure ulcers and children 

who did not develop pressure ulcers.

It was necessary to collect this data using a multi-centre study over several 

months as the incidence of pressure ulcers in a general paediatric in-patient 

population was probably less than 3.7% (based on incidence data collected in 

project 1), additionally, paediatric hospitals and units have less than 400 beds 

(the largest single site children's hospital - the Royal Manchester Children's 

Hospital - had 371 beds at the time of recruitment).

In 2001, data collectors at 11 paediatric units in England and Wales were 

recruited through professional meetings, networking groups, correspondence 

with tissue viability nurses working in Children's Hospitals, and an 

advertisement in the Journal of Tissue Viability.

The data collection tool for the multi-centre study was based on the data 

collection tool used for collecting prevalence and incidence data (project 1), 

and was developed for use in the multi-centre study in collaboration with the

data collectors participating in the study (pages 4.41, 5.107, 5.130).
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To ensure that as much relevant data as possible was captured, the data 

collection tool had a section for the children's characteristics up to two weeks 

before the pressure ulcer was detected (pages 5.118 and 5.125). However, if 

children had had many blood tests or observations during this time, nurses 

may not know which of the actual values to record on the data collection tool. 

It was therefore decided to record the child's lowest and highest documented 

data. For the analysis, we decided we would input data such as blood 

pressure, temperature, serum albumin or haemoglobin as above, below, or 

within the normal reference ranges (but we would have the actual documented 

values to verify that the categorisation was correct). As the normal value of 

haemoglobin varies with developmental age, the lowest normal value (Betz, 

Hunsberger and Wright, 1994) was used as the cut off below which a child 

was considered to be significantly anaemic (9g/dl). This is a very simplistic 

way of recording data, in that the data file just specifies whether the child has 

the condition or does not have the condition (classed as nominal data). This 

binary classification of data is called a 'crisp' data set, and a lot of information 

is lost (although this information is still available in the original data set). 

Reality is much more complex (Im and Chee, 2003), and there are large 

ranges in factors such as blood pressure, body temperature, blood 

haemoglobin and serum albumin. If all the interval and ratio data had been 

used (a 'fuzzy' data set), and analysed using fuzzy logic, different or more 

detailed results may have been obtained. This was beyond my knowledge and 

expertise at the time of the study (and still is), but it may be worth considering 

if a new study is planned.

All the data collectors at the 11 hospitals were experienced children's nurses 

with an interest in pressure ulcer prevention and care. A study day was 

organised to train the data collectors in the identification and classification of 

pressure ulcers, and the use of the data collection tool (pages 5.21 - 5.33). An 

attempt was made to negate the effect of the 'theory-laden nature of 

observation' (Wainwright, 1997), by having multiple data collectors, training 

data collectors to collect data to a similar standard, using a standard data 

collection tool, and analysing data using a computer program. This reduced
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the risk that I and other researchers would be able to bias the outcome by 

selectively observing phenomena that supported our pre-held theories.

Between March 2002 and July 2003 seventy-one data collection schedules 

were completed in the multi-centre study (pages 5.49 and 5.73). Of these, 54 

children had pressure ulcers and 17 were controls.

Initially, descriptive data analysis indicated that 50% of the pressure ulcers 

could be associated with equipment pressing or rubbing on the skin (pages 

5.74 and 7.13).

Combining data from the incidence, prevalence and multi-centre studies

As the sample of children without pressure ulcers was small, the data from the 

multi-centre study was combined with the data from the incidence and 

prevalence studies, to increase the size of the sample of children without 

pressure ulcers. When the two sets of data were entered into Statistical 

Package for the Social Sciences version 12 (SPSS v12) seventeen variables 

were suitable for comparison. The variable 'conscious level' was not included 

as this is very closely related to mobility. The variable 'reduced sensation' was 

also not included, as the number of children with reduced sensation who were 

not either sedated or paralysed was too small for analysis. If data had been 

collected in a spinal injuries unit, the results of the analysis may have been 

different.

This research is not experimental, although it is comparing two groups, the 

groups differ by the dependent variable, not the independent variable. 

However, from a large group of children it would be possible to assign them to 

cohorts of children who have a certain characteristic or independent variable 

(such as immobility, or poor nutrition) and children who do not have this 

characteristic, then conduct statistical analysis to determine if the independent 

variable is significantly associated with the dependent variable (development 

of a pressure ulcer). In a perfect experiment the subjects in the control group 

and the treatment group would be identical apart from the independent
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variable, and an attempt made to eliminate every possible rival causal agent to 

leave just one causal link, unfortunately, as Pawson and Tilley (1997) discuss, 

this is not possible in real life, particularly with a small convenience sample.

Because there were a large number of patient characteristics that had a 

possible association with pressure ulcer development, a chi square analysis 

was performed to compare the children who had pressure ulcers with the 

children who did not have any observed pressure ulcers (page 3.63).

From the analysis, factors that were significant (p<0.001) were 'difficult to 

position', 'anaemia' (haemoglobin less than 9g/dl), 'equipment pressing or 

rubbing on the child's skin', 'reduced mobility for age', 'prolonged surgery' 

(more than 4 hours), 'persistent pyrexia' (temperature more than 38°C for 

more than 4 hours), 'low serum albumin' (below 35g/dl), 'weight below 10th 

centile', and 'inadequate nutrition'. 'Incontinence inappropriate for age was 

significant to p<0.005, and hypothermia (core temperature less than 35°C) 

was significant to p<0.05. However other factors (poor tissue oxygenation, 

reduced conscious level, weight over the 90th centile for age, self care ability 

inappropriate for age and hypotension) did not reach significance (pages 3.63 

and 7.42).

Using the significance values as a guide, the Glamorgan Paediatric Pressure 

Ulcer Risk Assessment Scale (Glamorgan scale) (section 2) was developed (I 

chose this name for the scale as I was employed by the University of 

Glamorgan at the time, and could not could not find any other tool with a 

similar name). Only factors that were significant to a value of p<0.01 were 

included. Factors associated with mobility and equipment or devices in contact 

with the child's skin were given higher weightings than other factors. This 

pressure ulcer risk assessment tool has linear sub scores, this means that 

sub-scores are simply added to give a total score. Although anaemia 

(haemoglobin level less than 9g/dl) emerged as being highly significant, all of 

the children with pressure ulcers either had reduced mobility, or had devices in 

contact with their skin. None of the children who were mobile and did not have 

devices pressing on their skin developed pressure ulcers, even if they were 

anaemic. If the level of anaemia had not been set so low, it may not have had 

such an impact. The scale was designed so that a child is categorised to be at
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risk only if he/ she has either mobility problems or devices in contact with the 

skin. All other factors will not add up to the minimum 'at risk' score, although 

they will contribute to the total and may change the child's risk category. Risk 

categories were given the same numerical values as the Waterlow scale 

(Waterlow, 1985) (at the time this was the most widely used pressure ulcer 

risk assessment scale for adults in the UK).

The published scale

The Glamorgan scale includes a section suggesting preventative action for 

children with certain risk scores (pages 2.2 and 7.43). This section was written 

with the help of a health professional with acknowledged expertise and 

experience in pressure ulcer prevention in children (Dr. Mona Baharestani, a 

member of the National Pressure Ulcer Advisory Panel expert committee).

The Glamorgan scale also includes a diagram of a child so that any skin 

lesions can be documented by drawing on the diagram, and an area to 

document the date the lesion appeared and resolved (pages 2.3 and 7.44).

A guidance document, detailing how to use the scale, was produced at the 

request of nurses in Scotland who wanted to include it in a pressure ulcer 

prevention policy for children (page 2.4).

(3) TESTING THE NEW MODEL

Testing the model by empirical application

Before being introduced to wide use, health status instruments should be 

evaluated for validity and reliability (Deyo, Diehr and Patrick, 1991). A 

measuring device is valid if it measures what it is intended to measure. Two 

considerations are important - which items are to be included in the scale 

(content validity), and the relationship between the instrument and the concept 

- 'the risk of developing pressure ulcers' (predictive validity), whether it really 

does measure the risk of developing pressure ulcers (Halfens, 2000). Ideal
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risk assessment tools should be easy to use, have a good predictive value, 

have a high sensitivity and a high specificity (Smith et a/., 1995).

Content validity

The risk of developing pressure ulcers is an abstract concept which cannot be 

observed or measured directly. Risk assessment tools comprise of multiple 

factors such as mobility, continence, nutritional status. Although over 100 

items have been implicated as risk factors for the development of pressure 

ulcers, it would be impossible to include all these in an instrument for use in 

clinical practice. Each risk factor differs in the degree to which it influences the 

development of a pressure ulcer. Therefore each risk factor should be given a 

different weight in a total risk score (Halfens, 2000). The content of the 

Glamorgan scale was determined using chi square statistical analysis to 

identify the risk factors most significantly associated with pressure ulcer 

development, and factors have been given different weightings depending on 

the significance of its association with pressure ulcers.

To check the results of the chi square analysis, further statistical testing was 

carried out using odds ratios and regression analysis (pages 3.64 - 3.71). The 

odds ratios (and lower limits of the 95% confidence intervals) of all the factors 

included in the Glamorgan scale except continence were greater than 1.0. No 

other factors were identified with a lower confidence interval greater than 1.0. 

The forward stepwise Wald method of regression analysis was used (as this 

gave more information than the backwards method). In the final step of the 

iteration, mobility, equipment, pyrexia, albumin and continence were identified 

as associated with the presence of a pressure ulcer (however, incontinence 

inappropriate for age appears to have a negative effect, and incontinent 

children may be at less risk of developing pressure ulcers). Using more than 

one strategy to analyse the same set of data for the purpose of validation 

(analysis triangulation) helps to verify findings and adds rigor (Shih, 1998, 

Kimchi, Polivka and Stevenson, 1991).
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Predictive validity

Risk assessment tools are assessed on their ability to predict pressure ulcer 

development, rather than risk, however preventative interventions are usually 

initiated as soon as risk has been identified (Papanikolaou, Lyne and Lycett, 

2003) and in most cases pressure ulcer development is prevented. Therefore, 

validating pressure ulcer risk assessment scales by comparing obtained 

scores with the (non) occurrence of pressure ulcers is problematic, because 

pressure ulcer risk assessment scales determine pressure ulcer risk, but they 

are not diagnostic tests predicting who will develop pressure ulcers and who 

not (Anthony et a/., 2008, Kottner and Dassen, 2010). The use of preventative 

measures in clinical practice will influence validity estimates like sensitivity, 

specificity and predictive values (Defloor and Grypdonck, 2004, Halfens, 

2000), as a reduction in the number of individuals developing pressure ulcers 

will be reflected by an apparent reduction in the positive predictive value and 

specificity of the risk assessment scale (Anthony et a/., 2008).

Predictive validity is the degree to which the instrument measures future 

events (Halfens, 2000). The predictive validity of pressure ulcer risk 

assessment scales is demonstrated in terms of sensitivity (the degree to which 

the instrument detects all individuals who will develop pressure ulcers), 

specificity (the degree to which the instrument detects all individuals who will 

not develop pressure ulcers) and area under the receiver operating 

characteristics (ROC) curve (Tannen et a/., 2010, Defloor and Grypdonck, 

2004). The Glamorgan scale was tested with the combined incidence, 

prevalence and multi-centre study data (page 3.72). It is common and usual to 

initially test the tool with the data from which it was developed. However, an 

inevitable upward bias will occur in the prediction accuracy that probably 

would not be reflected if the tool was tested with a new data set (Goldstone 

and Goldstone, 1982).

Pressure ulcer risk assessment scales measure the probability that a patient is 

at risk of developing a pressure ulcer, however when calculating the sensitivity 

and specificity, the actual presence of a pressure ulcer rather than the risk of 

developing a pressure ulcer is used. No child with a Glamorgan scale score of

less than 10 developed a pressure ulcer (pages 3.75 - 3.76). The threshold
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score 'at risk' is set at 10, so all children scoring 10 or over are assessed as 

being at risk of developing a pressure ulcer and all children scoring 9 and 

below will be assessed as not at risk of developing a pressure ulcer. At a 

score of 10, the risk assessment tool was 100% sensitive (100% of children 

who actually did develop a pressure ulcer were predicted to be at risk), but 

only 31.9% specific (31.9% of children who did not develop a pressure ulcer 

were predicted not to be at risk). 68.1% of children who did not develop a 

pressure ulcer were predicted to be at risk (false positives), however, these 

children may really have been at risk of developing a pressure ulcer but were 

prevented from doing so by nursing (or carer) intervention. If an assessment of 

high risk for pressure ulcer development causes greater prevention measures, 

the specificity will be lower, and although the risk assessment tool appears to 

be lower at prediction, it may be having a beneficial effect on reducing 

pressure ulcer incidence (Anthony et a/., 2008). The risk of developing 

pressure ulcers is not the same as actually developing pressure ulcers as 

healthcare workers try to prevent pressure ulcers (Halfens, 2000). If a patient 

who is assessed 'at risk' does not develop a pressure ulcer, it does not mean 

the risk did not exist (Waterlow, 1995). Determining true sensitivity and 

specificity would mean withholding preventative intervention and allowing 

pressure ulcers to develop in patients, this would be ethically unacceptable 

(Flanagan, 1995).

The high specificity in this sample is attributed to the fact that a proportion of 

the sample was specifically selected because they developed pressure ulcers. 

Normally, in a sample of hospitalised children there would be less than 5% 

with pressure ulcers, as many of the children at risk would not have developed 

pressure ulcers due to interventions, therefore, in a representative sample the 

specificity would be quite low, however, in a valid tool, the sensitivity should 

still remain close to 100%.

To test the predictive validity of the Glamorgan scale, the area under the 

receiver operating characteristics (ROC) curve was calculated using the data 

that was used to develop the scale (pages 3.80 - 3.81, 7.73). A ROC curve is 

a plot of the true positive rate (sensitivity) against the false positive rate (1 - 

specificity) for given score weightings or thresholds (Anthony et al 2003). The 
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area under the curve is calculated and can indicate whether any randomly 

selected patient at risk of developing a pressure ulcer will have a higher score 

than any randomly selected patient not at risk of developing a pressure ulcer 

(Anthony 1996). The better the classification, the further the curve is from the 

diagonal line (Anthony, 1996). If a risk assessment could be designed that had 

an area under the curve of 1.0, it would predict risk accurately every time, so 

the closer to 1.0 the area under the curve is, the better at predicting risk the 

scale is. If the area under the curve is 0.5 the predictive value of the scale is 

50%, and 50% of the time any randomly selected person with a pressure ulcer 

will have a higher score than any randomly selected person without a pressure 

ulcer (equivalent to tossing a coin). This technique can be used to compare 

the performance of predictive tools.

The area under the ROC curve for the Glamorgan scale (calculated by SPSS 

version 12) was 0.912. This means that 91.2% of the time any randomly 

selected child from the pressure ulcer group had a higher score than any 

randomly selected child from the no pressure ulcer group. This is comparable 

to that found for the Waterlow scale with a population of older people where 

the area under the ROC curve was 0.919 (Anthony, Reynolds and Russell, 

2003)

PROJECT 3. Inter-rater agreement and reliability.

If important clinical decisions are to be made from the result of a measurement 

tool, it must be reproducible. Reproducibility is the degree to which repeated 

measurements in stable study objects, often persons, provide similar results. 

Reliability is a characteristic of the performance of an instrument in a certain 

population sample. Interrater reliability is the ability of different raters to 

differentiate among rated subjects under similar assessment conditions, this 

will be low if the subjects have very similar characteristics. Agreement is a 

characteristic of the measurement instrument itself. Inter-rater agreement 

refers to the proportion of absolute agreement or difference between different 

raters using the same diagnostic device under similar assessment conditions.
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Agreement parameters are preferable in all situations where the instrument 

will be used for evaluation purposes (de Vet et a/., 2006).

The initial aim was to conduct a pilot study to compare the Glamorgan scale 

scores obtained by ward nurses with the scores obtained by the researcher 

when assessing children.

The initial objectives were to:

  Calculate a preliminary interrater agreement for the scale.

  Conduct a power calculation to estimate the sample size required to 

determine the interrater agreement of the Glamorgan scale.

The names of 5 randomly selected trained nurses on each of seven paediatric 

wards or units were used to obtain a total sample of 35 nurses. These nurses 

were sent written information about the project and invited to participate (page 

6.37). Data were collected between August 2007 and the end of March 2008.

With the informed consent of a child and parent, the researcher (me) and the 

clinical nurse independently but simultaneously assessed a child (that the 

clinical nurse was currently caring for) for potential risk of pressure injury using 

the risk assessment part of the Glamorgan Scale (page 6.46), this involved 

briefly observing the child (but not moving or undressing the child), and 

referring to the child's nursing and medical records. To reduce the risk of 

seeing each other's data collection forms, one professional reviewed the most 

recent patient records while the other observed the child, and vice versa. This 

took place where ever the child was on the ward or unit (page 7.48).

Twenty seven nurses agreed to participate (response rate of 77%), four 

declined, and four did not respond.

There was 100% agreement with 24 pairs of scores. The remaining 3 pairs 

disagreed only on the nutritional status of the child (one point difference), 

giving a percentage agreement of 88.9% . The Spearman correlation for the
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Glamorgan scale comparing the scores of ward nurses with the scores of the 

researcher was 0.976. The problem with using percentage agreement or 

Spearman's correlation is that it does not account for the amount of 

agreement expected by chance (Altman, 1991).The Cohen's kappa measure 

of agreement for the Glamorgan scale was 0.867 indicating very good 

agreement (page 3.88). This statistic does take into account the amount of 

agreement expected by chance (Altman, 1991).

Revision of the Glamorgan Scale

The nutrition sub-scale was reworded from 'Inadequate nutrition (unable to 

take / not absorbing oral or enteral feeds and not supplemented with 

hyperalimentation)' to 'Inadequate nutrition (discuss with dietician if in doubt)', 

as the concept of 'inadequate nutrition' is too difficult to define in a few words. 

Adequate nutritional intake should be assessed on an individual basis as it will 

change according to the age and condition of the child.

Comparison of the theory with other scientific theories

Incidence and prevalence

The pressure ulcer incidence rate of 3.7% and the prevalence rate of 2.2% 

from project 1 can be compared with published incidence rates in general 

paediatric inpatient populations which range from 0.29% (Baldwin 2002) to 

5.6% (Waterlow 1997) and prevalence rates reported to range from 0.47% 

(Baldwin 2002) to 27.7% (Schluer et al 2009). Baldwin's (2002) data was 

obtained from a postal survey of over 40 hospitals in the United States. The 

incidence and prevalence of non-blanching erythema may have been under- 

reported as they were significantly lower than the incidence and prevalence of 

deeper pressure injury. If superficial pressure ulcers progress to deeper 

pressure ulcers, more superficial pressure ulcers would be observed, as over 

time they would either progress to deeper pressure ulcers, stay the same, or 

resolve. The predominance of superficial pressure ulcers is reflected in other 

studies (McLane et al., 2004, Zollo et al., 1996, Schluer et al., 2009, Kwong et
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a/., 2009). There was no mention of whether data collectors had any training, if 

this was the case, some data collectors may not have been able to identify 

superficial pressure ulcers. In Schluer et al's (2009) study, pairs of raters 

assessed children. The raters were wound consultants or clinical nurse 

specialists who had received training in the data collection techniques for the 

study.

Mobility

Moore (2010) discussed the work of other researchers, who have also 

observed that in the absence of problems associated with mobility, activity and 

pressure on the skin, the patient is unlikely to develop a pressure ulcer. When 

analysing the combined data, the item 'difficult to position' had the highest 

significance, and was considered to be a characteristic of mobility. Critically ill 

patients may be "difficult to position or reposition" if they become hypoxic and / 

or hypotensive when they are repositioned. This high significance is reflected 

in the odds ratio of 20.67 (page 3.64), this means that the odds of a child 

developing a pressure ulcer is over 20 times greater if it is difficult to change 

the child's position than the odds of a pressure ulcer developing in a child that 

can be repositioned. Batson et al (1993), in a regression analysis of factors 

associated with pressure ulcers in adult patients in intensive care, also found 

patients who were too unstable to turn had the highest risk of pressure ulcer 

development.

Medical devices

Although 'medical devices' as a risk factor for pressure ulcers appears to be 

absent from most current risk assessment tools, half of the pressure ulcers in 

the multi-centre study could be associated with equipment pressing or rubbing 

on the child's skin, this is reflected in the large chi square value, and an odds 

ratio of 13.55. Schluer et al (2009) also found that almost half of pressure 

ulcers could be associated with equipment such as tubes, splints or monitoring 

cables. In Noonan et al (2006)'s prevalence survey of 252 paediatric patients,

4 patients (1.6%) had pressure ulceration from skin contact with a support
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surface, however, 16 patients (6.3%) had pressure ulcers related to medical 

equipment. This phenomenon does not appear to be confined to the paediatric 

population. Black et al (2010) reported a hospital acquired pressure ulcer rate 

of 4% (113 of 2079) in adult patients admitted to the Nebraska Medical 

Centre, and 34.5% (39 of 113) of pressure ulcers appeared to be related to 

medical devices.

Other factors associated with pressure ulcers

In the presence of pressure on tissues, other factors such as anaemia may 

increase the risk of pressure ulcers. Esperon Guimil et al (2010) found that 

elderly people in intensive care were more at risk of nasal pressure ulcers 

from nasal endotracheal tubes if they were anaemic (Hb less than 12g/dl).

Comparison with the Braden Q scale

The Braden Q scale is currently the most widely used paediatric pressure 

ulcer risk assessment scale, and was derived from the adult Braden scale. 

Although the data used to develop the Glamorgan scale was not specifically 

collected to test the Braden Q scale, it was sufficiently detailed to use for this 

purpose (pages 3.81 - 3.83 and 7.69 - 7.76). At a score of 21, (the highest 

combined sensitivity and specificity) the Braden Q scale was 67.2% sensitive 

and 64.8% specific. Only at the highest score of 28 (lowest risk) was the 

Braden Q scale 100% sensitive (but 0% specific).

The area under the ROC curve for the Braden Q was 0. 697 (calculated using 

SPSSv12), so for any patient there was a 69.7% chance that any randomly 

selected child with a pressure ulcer would have a lower Braden Q score 

(indicating higher risk) than any randomly selected child without a pressure 

ulcer. With the same data, the Glamorgan scale had the highest sensitivity 

and specificity at risk scores of 15 (98.4% sensitive and 67.4% specific) and 

19 (95.1% sensitive and 70.7% specific). At a value of 0.912 the area under 

the ROC curve was also higher that that obtained using the Braden Q scale.

Development of the Glamorgan Scale Critical Overview Section 1

1.31



A publication by the authors who developed the Braden Q scale (Curley et a/., 

2003) describe its performance. It was tested with a stratified (according to 

age) sample of 322 children admitted to three paediatric intensive care units 

for at least 24 hours. Eighty six patients developed pressure ulcers of stage I 

to IV, but it is not clear how many of these only developed stage I pressure 

ulcers. Using stage II pressure ulcer classification (partial thickness skin loss 

of layers involving epidermis, or presenting as blistering) and a cut off score of 

16, the sensitivity was 0.88 and the specificity was 0.58 (Curley et a/., 2003). 

Not included in the pressure ulcer data were an additional 27 pressure-related 

injuries caused by medical devices, 14 of these were related to peripheral 

oxygen saturation probes (Curley, Quigley and Lin, 2003).

Schindler et al (2007)conducted a prospective cohort study in a paediatric 

intensive care unit and found that a Braden Q score of less than 16 was not 

significantly associated with risk of pressure damage.

Reliability

The reliability of the Glamorgan scale compares favourably with the Starkid 

skin scale (Suddaby, Barnett and Facteau, 2005). The reliability of this scale 

was assessed by four staff nurses (who had collected data for the pilot study 

of this scale) and three clinical nurse specialists, assessing 30 children. The 

correlation (type not published) was 0.85, however, ten of the 30 pairs of 

nurses' data had disagreement on the nutrition item. This was reported to be 

the sub-category with the most disagreement, so presumably there was also 

disagreement on other categories, although this was not stated. Reliability 

data for other paediatric risk assessment scales has not been identified

Is the theory logical and does it have the character of an empirical 

scientific theory?

This theory appears to be logical, as by definition, pressure ulcers are caused 

by pressure on the patient's skin, and this is the most significant factor. 

Pressure on the skin of a patient is not just caused by the weight of the
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patient's body parts on a support surface, but by any pressure on the patient's 

skin that significantly reduces blood circulation to that area. Other factors, 

such as anaemia and nutrition are secondary, as they contribute to ulceration 

in the presence of pressure, but do not cause pressure ulcers independently. 

The secondary factors should therefore carry a lower risk score in relation to 

pressure.

Comparing the conclusions themselves for consistency

Three statistical methods (analysis triangulation (Shih, 1998)) were used to 

check that the content of the Glamorgan scale reflected the data. All three 

supported the inclusion of the factors mobility, equipment or devices pressing 

on the skin, low serum albumin level, and pyrexia. However, the odds ratios 

and the regression analysis indicated that incontinence inappropriate for age 

had a negative effect (may reduce the risk of pressure ulcers).

Engaging in reflective scepticism

It must be remembered that the prevalence and the incidence studies of 

pressure ulcers in the RLCH Trust generated data only from that time period 

(1996). A different figure could have been obtained if data collection had been 

repeated. Even if prevalence data was collected every week for a year, the 

'true' answer will not appear, as prevalence and incidence will vary from day to 

day or month to month. Although a normal distribution of the data may be 

found using this method, and the mean, standard deviation and confidence 

intervals could be calculated, a repeat of this the following year could be 

different, as the exercise of collecting data could change the interventions of 

the staff caring for the children.

A risk assessment tool is a tool designed to measure risk. Risk is the 

probability of an event occurring i.e. a child developing a pressure ulcer 

(Moore, 2010). It could be argued that the Glamorgan scale (and any other 

published pressure ulcer risk assessment scales) are not true measures of 

risk as they do not include figures describing the probability of an individual
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developing a pressure ulcer. Although the risk of developing a pressure ulcer 

is dependent on the characteristics of the child and their condition, the 

probability of developing a pressure ulcer is also dependent on preventative 

intervention. The odds of developing a pressure ulcer in an incontinent child 

were lower than in a continent child (odds ratio of 0.42), possibly due to the 

frequency of interventions, in that children's nurses check and move 

incontinent children and infants more frequently to change nappies and care 

for skin, this may result in changing the child's position frequently and reduce 

the risk of pressure damage.

The initial validity of the Glamorgan scale was tested with the data it was 

developed from. Although this is a useful first step to check the performance of 

the tool, less biased validity studies using new data should be conducted.

The current Glamorgan scale total score is a summation of all sub-scores. 

When scores for mobility and medical devices are added together, a large 

score results which may not reflect the child's risk. A more informative 

reflection of the child's pressure ulcer risk may result if mobility and medical 

devices are scored separately.

Reliability measurements were collected with the investigator present, 

following training. However as Topf (1988) discusses in her literature review, 

inter-rater reliability declines when the people making the measurements or 

using a tool are not aware that their performance is being monitored. A 

Hawthorne effect could have had an impact on results because nurses 

involved in the study might have been more accurate than nurses who were 

not aware that their use of the assessment tool was being scrutinised.

There is a lack of high quality randomised controlled trial evidence that 

identifies whether undertaking a pressure ulcer risk assessment reduces the 

incidence of pressure ulcers (Moore and Cowman, 2010), and in fact Saleh et 

al (2009) found no difference in the reduction in pressure ulcer incidence 

between groups of nurses using the Braden scale and clinical judgement. The 

implementation of 'best' evidence in practice eventually depends on the 

individual practitioners, and is achieved by "blending intellectual judgement, 

emotional satisfaction, and aesthetic appeal" (Mantzoukas 2007, p252).

Development of the Glamorgan Scale Critical Overview Section 1

1.34



(4) NEW THEORETICAL POSITION

The development of the Glamorgan scale has added new knowledge to the 

current pool of nursing knowledge. The Glamorgan scale is different from 

preceding paediatric pressure ulcer risk assessment scales (pages 3.30 - 

3.43) in that it includes pressure caused by medical devices, and it gives a 

higher risk weighting to factors associated with prolonged pressure on the skin 

than other factors. The researchers who developed the Braden Q scale 

(Quigley and Curley, 1996) are considering adding a category for medical 

devices to their pressure ulcer risk assessment scale (personal 

communication, 2011). Researchers in the United States (pages 9.26 - 9.32 

and 9.42), Australia (pages 9.18 - 9.19), Germany (page 9.22) and Turkey 

(page 9.48) are currently collecting data to test the validity of the Glamorgan 

scale.

Connecting initial understanding with deeper understanding

Original and independent contribution to knowledge

My initial knowledge of pressure ulcer risk assessment was the use of adult 

scales with adult populations. Initially there was very little data on the size of 

the problem of pressure ulcers in children. I and my colleagues published the 

first incidence and prevalence data on a generalised paediatric inpatient 

population in a single children's hospital (Willock et a/., 2000) (page 7.2).

Apart from the Glamorgan scale, ten paediatric pressure ulcer risk 

assessment tools (Quigley and Curley, 1996, Huffines and Logsdon, 1997, 

Suddaby, Barnett and Facteau, 2005, Garvin, 1997, Bedi, 1993, Cockett, 

1998, Pickersgill, 1997, Olding and Patterson, 1998, Waterlow, 1998, McGurk 

et a/., 2004) have been identified in literature (although two of these may be 

used to assess risk of skin breakdown due to other conditions as well as 

pressure ulcers). The Glamorgan scale appears to be the first (and currently, 

possibly the only) pressure ulcer risk assessment scale for children which was 

developed using statistical analysis of clinical data to identify risk factors 

(Willock, Baharestani and Anthony, 2007, Willock, Baharestani and Anthony,

2009)(pages 7.38 and 7.54), and the only study which collected a large
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amount of data on the characteristics of children who develop pressure ulcers 

(Willock et a/., 2005) (page 7.12). The Glamorgan scale is unique in that it 

allocates higher risk scores to more significant factors (mobility and devices 

pressing or rubbing on the child's skin), and lower scores to factors that are 

only associated with pressure ulcer development if combined with mobility 

problems or presence of medical devices. Initial inter-rater agreement using 

data specifically collected for the purpose was high (Willock, Anthony and 

Richardson, 2008) (page 7.48). Although validity testing with the data the risk 

assessment scale was developed from is not ideal, only four other paediatric 

pressure ulcer risk assessment scales have any published validity testing 

(Quigley and Curley, 1996, Huffines and Logsdon, 1997, Suddaby, Barnett 

and Facteau, 2005, Garvin, 1997). All of these scales were (or appear to be) 

derived from the adult Braden scale (which was developed from a literature 

review (Braden and Bergstrom, 1987), not patient data).

Only three other paediatric pressure ulcer risk assessment scales include 

medical devices pressing or rubbing on the child's skin (Cockett, 1998, 

Waterlow, 1998, McGurk et a/., 2004), however, other studies have 

demonstrated that this is a significant issue.

While the sensitivity, specificity and predictive validity of the Glamorgan scale 

appears to be greater than the Braden Q (Quigley and Curley, 1996) and 

Garvin (Garvin, 1997) scales (Anthony, Willock and Baharestani, 2010)(page 

7.69), these calculations are based on the data used to develop the 

Glamorgan scale. In order to test the validity and inter-rater agreement of the 

Glamorgan scale, and compare it with other paediatric risk assessment 

scales, testing with new data sets is required.

Much of the research on pressure ulcer prevention has been conducted on the 

adult population, and most paediatric wound treatment recommendations are 

based on extrapolation of data from adult studies (Mukherjee, Coha and 

Torres, 2010, Schindler et a/., 2007, Roques, 2009, Baharestani and Ratliff, 

2007) even though the information and methods may not fully meet the needs 

of infants and children. Although Butler (2006) suggests that research 

conducted on an adult population can easily be applied to paediatrics, she

does not offer any evidence to support this assumption. There is a significant
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lack of research into pressure ulcer epidemiology, risk assessment, and 

prevention in the neonatal and paediatric population (Gray, 2004). Most of the 

current paediatric evidence is anecdotal, and quantitative studies 

predominantly investigate specialised paediatric populations.

Pressure ulcer prevention strategies start with risk assessment, the purpose of 

this is to identify those at risk of pressure ulcers by identifying key factors 

associated with pressure ulcer development (Moore, 2010). Guidelines for 

pressure ulcer prevention recommend an initial risk assessment of patients on 

admission to hospital and ongoing assessment (NICE, 2001, Royal College of 

Nursing, 2001, NICE, 2005) with a validated tool (Joanna Briggs Institute, 

2008). It is also recommended that the risk assessment should have been 

tested in the speciality where it is to be used (Royal College of Nursing, 2001). 

The Glamorgan scale goes some way to fulfilling this role for paediatric 

inpatients.

Tools should only be used for the indication or population for which they were 

designed. A tool with good validity for one population will not necessarily be 

valid for a different population. It is only possible to describe a population by 

collecting and analysing detailed data on that population. It can be argued that 

designing an evidence-based predictive tool for a population is also more 

likely to succeed if using empirical data generated by the population in 

question.

The national and international reception of the research

The Glamorgan scale appears to have reached a wide audience around the 

world, and is being used in clinical practice in many paediatric units (see 

section 9). On the 31 st October 2011, eight out of fifteen paediatric intensive 

care units in Britain were using the Glamorgan scale or an adaptation of it 

(page 9.47). The research has been presented at seven conferences and two 

study days (seven of these were as an invited speaker, see section on 

conference presentations) (see section 8). Five days of teaching and meetings 

about pressure ulcer prevention in children and the Glamorgan scale was 

organised and funded by the Royal Hospital for Children Brisbane (pages 9.50 
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- 9.51). There have been e-mail enquiries from health professionals in 14 

countries around the world (section 9), the Glamorgan scale has been 

translated into German (page 9.9), Spanish (page 9.54), Italian (page 7.60) 

and French (page 9.36), and has been incorporated into pressure ulcer 

prevention policies in Nottingham (page 9.34), Scotland (pages 9.12 - 9.15), 

Cork (Eire) (pages 9.23 and 9.38), Germany (page 9.37), New Zealand (page 

9.26) and Australia (pages 9.18 - 9.19, 9.41 and 9.44).

My contribution to research in pressure ulcer risk assessment has been 

acknowledged in my appointment as a member of the National Institute for 

Clinical Excellence Guideline Development Group, to update the Pressure 

Ulcer Prevention and Management Guideline (page 9.57). I was also invited to 

be a Board Counsellor on the Advisory Committee of the International Society 

for Pediatric Wound Care (page 9.55).

Critical multiplism revisited

The practical philosophical approach of critical multiplism has been a useful 

approach for identifying and reducing potential bias in the research methods 

used to develop the Glamorgan scale.

Some of the strategies of critical multiplism as described by Letourneau and 

Alien (1999) have been employed in this portfolio:

  The members of the Tissue Viability Group at the RLCH were involved 

in the development of the data collection tool for collecting incidence 

and prevalence data. This use of multiple stakeholders to formulate 

research questions went some way to minimising any potential bias 

which may have existed if a single researcher, possibly with some 

preconceived ideas or agenda, had developed the questions for the 

initial data collection tool.

  The research was investigating many different types of issues within a 

single study, in that the first study not only collected incidence and 

prevalence data, but also collected data on patient characteristics.
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  The Glamorgan scale is a complex multivariate causal model (as 

opposed to a simple univariate model) which aims to predict which 

children will be most at risk of pressure ulcers. In addition to having 

nine independent variables, the variables also carry differing risk scores 

according to their significance.

  The research programme was based on three interconnected studies. 

Project 1 provided initial data on incidence and prevalence of pressure 

ulcers in a general paediatric inpatient population; it also provided data 

on a population of children who were mainly free from pressure ulcers. 

Project 1 demonstrated that it was necessary to collect data on a large 

scale from a sample of children with pressure ulcers. Project 2 collected 

data on a larger population of children with pressure ulcers, but it was 

necessary to combine this with data from project 1 to demonstrate 

which independent variables were significantly associated with the 

presence of pressure ulcers. Project 3 assessed the inter-rater 

agreement of the tool developed from the data generated in projects 1 

and 2.

  There is a synthesis of the three projects which were conducted in 

different contexts (inpatients in a tertiary children's hospital, children in 

eleven separate paediatric inpatient units, and staff in a children's 

hospital) with different measures. The three projects together can be 

perceived as a single study in the development of an assessment tool.
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EPILOGUE

The key findings of the research projects appear to be that factors associated 

with pressure ulcers do not all contribute to pressure ulcer development to the 

same extent. If a child does not have pressure or shear forces on the skin 

(such as pressure from a support surface or a medical device) they do not 

develop pressure ulcers. However, if there is pressure or shear on the skin, 

the development of a pressure ulcer may be exacerbated by factors affecting 

tissue tolerance such as anaemia and inadequate nutrition. When designing a 

pressure ulcer risk assessment tool for children, the different significance of 

these factors should be taken into account, and the most significant factors 

given a greater weighting than the less significant factors. This is presented in 

the form of a diagram below (figure 1.2), and can be compared with the 

previous schema developed from a review of literature on adult pressure ulcer 

factors in 1996 (figure 3.1, page 3.17).

Figure 1.2. Diagram showing the relationship between factors contributing to 

pressure ulcer development in children.
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LIMITATIONS OF THE RESEARCH

Staff who collected data for the incidence study had not received training in 

using the data collection schedule, and in identifying pressure ulcers. Although 

the nurse managers of the areas where the incidence studies took place, the 

data collected may have been more valid if nursing staff caring for the children 

had also received training.

Although data were collected from 336 children in total, only data from 61 

children with pressure ulcers were collected, this is quite a small sample to 

use when investigating over 17 factors that may be associated with pressure 

ulcer development. If this research was to be repeated, the sample size of 

children with pressure ulcers should be over 100.

Many children with pressure ulcers were not included in the multi-centre study, 

as staff did not think they would be able to find matched controls for them. A 

lot of children with pressure ulcers were therefore missed, this could have 

been valuable data. There was no record of children with pressure ulcers who 

were not included in the study.

In the multi-centre study, data were collected on children with pressure ulcers 

at the time that a pressure ulcer was identified. Although retrospective data for 

the previous two weeks of the child's admission was also collected, incidence 

data would have been more valid. However, staff did not know that a child 

would develop a pressure ulcer prior to the time that it was identified 

(otherwise there would have been more effort to prevent it, and the pressure 

ulcer would not have developed). If only 2% of children develop pressure 

ulcers, the incidence study would have needed a sample size of 5000 

children. This would have been very labour intensive, and difficult to conduct.

The data collection tools used in project 1 (incidence and prevalence data 

collection) and project 2 (multi-centre data collection) were slightly different. 

Data analysis would have been easier if they had been identical.

Interval and ratio data was converted to ordinal and nominal data to make 

analysis easier. More detailed information may have been obtained if interval 

and ratio data had been used.
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The inter-rater agreement of the Glamorgan scale was only tested with nurses 

who had received training in how to use the scale, and who were aware that 

their assessment of the children would be scrutinised. A covert inter-rater 

agreement study may generate more realistic results.
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Paediatric Pressure Ulcer Risk Assessment Scale (2008)

Child's name DoB Admission date

Risk Factor

(If data such as serum albumin or 
haemoglobin is not available, write 
NK- not known and score 0)
Child cannot be moved without great 
difficulty or deterioration in condition / 
general anaesthetic
Unable to change his/her position 
without assistance /cannot control 
body movement
Some mobility, but reduced for age
Normal mobility for age

Equipment / objects / hard surface 
pressing or rubbing on skin
Significant anaemia (Hb <9g/dl)
Persistent pyrexia (temperature > 
38.0°C for more than 4 hours)
Poor peripheral perfusion (cold 
extremities/ capillary refill > 2 seconds 
/ cool mottled skin)
Inadequate nutrition (discuss with 
dietician if in doubt)
Low serum albumin (< 35g/l)
Weight less than 10"1 centile
Incontinence (inappropriate for age)

Total score
ACTION TAKEN
(Yes or no - document in 
child's nursing record)

Signature

Score

20

15

10
0

15

1
1

1

1

1
1
1

Date and time of assessments 
(reassess at least daily and every time condition changes)

Risk score
10+

15+

20+

Category
At risk

High risk

Very high risk

Suggested action
Inspect skin at least twice a day. Relieve pressure by helping child to move 
at least every 2 hours. Use an age and weight appropriate pressure 
redistribution surface for sitting on/ sleeping on.

Inspect skin with each positioning. Reposition child / equipment/ devices at 
least every 2 hours. Relieve pressure before any skin redness develops. Use 
an age and weight appropriate pressure redistribution surface for sitting on/ 
sleeping on.

Inspect skin at least hourly. Move or turn if possible, before skin becomes 
red. Ensure equipment / objects are not pressing on the skin. Consider using 
specialised pressure relieving equipment.
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Using numbers, indicate on the diagram above any red areas or pressure ulcers, then using 
the box below describe the lesion, the date it was first observed, and the outcome (resolved 
or not resolved) on resolution, completion of this form, transfer or discharge (whichever 
comes first).

Lesion 
number

Date lesion 
first 
observed

Brief description of lesion 
(also document in child's nursing record)

Outcome 
(resolved / 
not 
resolved)

Date of 
reassessment
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Guidance on using the Glamorgan Scale

The Glamorgan scale was developed using statistical analysis (chi square and 
regression analysis) of detailed patient data from children aged 3 days to 18 
years. It is therefore suitable for use with children from birth to 18 years, and 
may be suitable pre-term neonates.

A child's risk of developing a pressure ulcer should be assessed on admission 
and every time his/her condition changes - for example — a child may be 
admitted as a day case for a minor operation. Initially they are fully mobile, and 
have nothing pressing or rubbing on the skin. They may then have an 
intravenous cannula sited (potentially cannula pressing on the skin - score 15), 
and then have a general anaesthetic (immobile, cannot be moved during the 
operation - score 20), this child is then at risk of skin damage from the cannula 
pressing (unless action is taken to adequately pad it) and at risk of skin damage 
from lying on a hard surface without moving during the operation unless action 
is taken to place a pressure distributing surface between the child and the theatre 
table such as an air-filled mattress overlay). On return to the ward the child will 
have limited mobility (score 10 - a soft hospital mattress may be adequate to 
prevent pressure damage).

Mobility
Child cannot be moved -without great difficulty or deterioration in condition   such as a
ventilated child who does not maintain oxygen saturations if the position is changed, or who
may become hypotensive in a certain position. Children with cervical spine injuries are
limited in the positions they can lie in. Some children with contracture deformities are only
comfortable in limited positions.
General anaesthetic - a child who is on the theatre table may not have their position changed
during an operation.
Unable to change his/her position without assistance   a child may be unable to move
themselves, but carers can move the child and change his/her position (this does not cause
any deterioration in the child's condition).
Cannot control body movement - the child can make movements but these may not be
purposeful, and the child is unable to consciously change his/her own position.
Some mobility but reduced for age - the child may be able to make purposeful movements
and may have limited ability to change their own position but this is limited. For example - a
child with developmental delay, or a child in traction who is able to make limited
movements, or a child on bedrest.
Normal mobility for age - the child has the same ability to move as a normal healthy child of
that age. For example, a 1 week old infant is able to move his/her limbs but is not able to roll
over; a 1 year old is able to roll over, bottom shuffle or crawl, sit up and pull up to standing.
Objects on the skin
Equipment / objects / hard surface pressing or rubbing on the skin - Any object pressing or
rubbing on the skin for long enough or with enough force can cause pressure damage. For
example, wings of IV cannula, pulse oximeter probes, plastic namebands on young infants,
oxygen or CPAP masks, ECG electrodes, ET tubes, NG tubes, tight clothing, arm sling with
knot pressing on neck, plaster casts and splints, arm pressing on cot sides.

The Glamorgan Haeaiatnc pressure Ulcer Kisk Assessment bcale Section 2

2.4



The above risk factors are responsible for skin damage through pressure, friction or 
shear. If a child is fully mobile and does not have anything pressing or rubbing on the 
skin, they will not develop a pressure ulcer.

The risk factors below increase the child's risk of developing a pressure ulcer if the 
child has reduced mobility or objects pressing or rubbing on the skin, but if they occur 
in a mobile child with nothing pressing or rubbing on the skin will not cause a pressure 
ulcer to develop.

Significant anaemia (Hb <9g/dl) - if the haemoglobin has been measured during this 
admission and is below 9g/dl - score 1. If the haemoglobin is 9g/dl or above, or the 
haemoglobin is unknown, score 0.

Persistent pyrexia (temperature >38.0°Cfor more than 4 hours) - score 1. If temperature is 
less than 38°C, or pyrexia lasts less than 4 hours - score 0.

Poor peripheral perfusion (cold extremities / capillary refill > 2 seconds / cool mottled skin) 
- in a child in a warm environment (i.e. not due to low environmental temperature) - score 1.

Inadequate nutrition (discuss with a dietician if in doubt) - child who is malnourished (this 
does not include children who are just starved prior to surgery) - score 1. A child who has a 
normal nutritional intake scores 0.

Low serum albumin (<35g/dl) — score 1. If serum albumin is 35 or above, or has not been 
measured - score 0.

Weight less than 10' centile — score 1 - this can be calculated by plotting the child's weight 
and age on a growth chart. If the child is above the 10th centile score 0.

Incontinence (inappropriate for age) — score 1 - for example, a 4 year old child who needs to 
wear nappies during the day and night. Normal continence — score 0 — for example, a 5 year 
old who is dry during the day but may be occasionally incontinent during the night, a 12 
month old who needs to wear nappies during the day and night. Incontinence itself does not 
increase risk of pressure ulcers, and any pressure ulcers may occur on parts of the body other 
than the nappy area. A child who is inappropriately incontinent may have physical or 
developmental problems that reduce their self care ability, mobility, or sensory awareness. 
Moisture lesions should not be confused with pressure ulcers.

Document total score, however scores for individual risk factors should be 
acted on.
If the child scores 10 or higher, he/she is at risk of developing a pressure 
ulcer unless action is taken to prevent it. This action may include normal 
nursing care, such as positioning, frequent changes of position (document 
how often position is changed), lying the child on a soft hospital mattress or 
on an air-filled mattress overlay, changing the position of pulse oximeter 
probes, ensuring the child is not lying on objects in the bed such as tubing 
or hard toys, or encouraging mobilisation.
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Suggested action is indicated in the table, however nurses should also use 
their own discretion and expertise, and if necessary seek advice from a 
wound care specialist if a high specification pressure redistributing surface 
is considered. Document action taken in child's records.

The diagram of the child can be used to indicate the position of any skin lesions. 
If lesions are near to, or may be associated with any equipment such as CPAP 
mask, nasogastric tube or splint, these should also be indicated. The skin lesions 
indicated in the diagram should be numbered so that they can be referred to in 
the table below the diagram. In the table the lesions can be described more fully, 
with the date they were first observed and the outcome.

Table 1 European Pressure Ulcer Advisory Panel classification of pressure ulcers (EPUAP 
20051
Grade

Grade 1

Grade 2

Grade 3

Grade 4

Short 
description
Non-blanchable 
erythema of intact 
skin

Abrasion or 
blister

Superficial ulcer

Deep ulcer

Definition

Non-blanchable erythema of intact skin. 
Discolouration of the skin, warmth, oedema, 
induration or hardness may also be used as indicators, 
particularly on individuals with darker skin.
Partial thickness skin loss involving epidermis, 
dermis, or both. The ulcer is superficial and presents 
clinically as an abrasion or blister.
Full thickness skin loss involving damage to or 
necrosis of subcutaneous tissue that may extend 
down to, but not through, underlying fascia.
Extensive destruction, tissue necrosis, or damage to 
muscle, bone, or supporting structures with or 
without full thickness skin loss.

EPUAP (2005) European Pressure Ulcer Advisory Panel, EPUAP Statement, Pressure Ulcer 
Classification: Differentiation Between Pressure Ulcers and Moisture Lesions 
http://www.epuap.org/review6 3/page6.html Accessed 08.12.06
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INTRODUCTION

The aim of this section is to give the reader an insight into the technical 
aspects of pressure ulcer risk assessment, and a more detailed explanation 
of the development of the Glamorgan paediatric pressure ulcer risk 

assessment scale.

What is a pressure ulcer?
A pressure ulcer has been defined as an area of 'localized injury to the skin 
and/or underlying tissue usually over a bony prominence, as a result of 
pressure, or pressure in combination with shear. A number of contributing or 
confounding factors are also associated with pressure ulcers; the 

significance of these is yet to be elucidated'.

(European Pressure Ulcer Advisory Panel and National Pressure Ulcer 

Advisory Panel (EPUAP & NPUAP) 2009, p7)

Pressure ulcers are different from acute wounds in that they can develop 
either superficially or from within the deep tissue depending on the nature of 
surface loading (Moghimi et a/., 2010). Pressure ulcers can be described 
according to depth and tissue layers affected, and several classification 
systems have been published (Defloor and Schoonhoven, 2004). A method 
of classification of pressure ulcers was developed using the opinion and 
consensus of a panel of experts (Black et a/., 201 Oa). This has previously 
been described as stages or grades from I to IV, however, this implies a 
progression in extent of tissue destruction, which may not always be the 
case. The term 'category' has now replaced the terms 'stage' or 'grade' as 

outlined below in table 3.1.

In addition to the categories in the table below, a further two categories of 
'unstagable' (a pressure ulcer which is covered in slough or eschar so that 
the depth cannot be assessed) and 'suspected deep tissue injury' (where the 
skin surface is unbroken, but the tissue between a bony prominence and the
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skin is discoloured indicating tissue damage) have been added (Black et a/., 

2010a).

Deep tissue damage is not visually recognisable until the pressure ulcer 

reaches an advanced stage (Moghimi et a/., 2010) and the lesion starting at 

the bone has reached the skin. Pressure ulcers do not necessarily progress 

from one stage to another in an orderly fashion and staging systems should 

not be used in reverse order to describe improvement in an ulcer (Defloor 

and Schoonhoven, 2004).

Table 3.1. Pressure ulcer descriptors (European Pressure Ulcer Advisory 
Panel and National Pressure Ulcer Advisory Panel. 2009)

Category Description
Non-blanchable erythema. Intact skin with non-blanchable redness of 
a localised area usually over a bony prominence. Darkly pigmented 
skin may not have visible blanching: its colour may differ from the 
surrounding area. The area may be painful, firm, soft, warmer or cooler 
as compared to adjacent tissue. Stage I may be difficult to detect in 
individuals with dark skin tones. May indicate "at risk" persons._____
Partial thickness loss of dermis presenting as a shallow open ulcer 
with a red pink wound bed, without slough. May also present as an 
intact or open/ruptured serum-filled or sero-sanginous filled blister. 
Presents as a shiny or dry shallow ulcer without slough or bruising. 
This category should not be used to describe skin tears, tape burns, 
incontinence associated dermatitis, maceration or excoriation.
Full thickness skin loss. Subcutaneous fat may be visible but bone, 
tendon or muscle are not exposed. Slough may be present but does 
not obscure the depth of tissue loss. May include undermining and 
tunnelling. The depth of a stage III pressure ulcer varies by anatomical 
location. The bridge of the nose, ear, occiput and maleolus do not have 
(adipose) subcutaneous tissue and stage III ulcers can be shallow. In 
contrast, areas of significant adiposity can develop extremely deep 
stage III pressure ulcers. Bone/tendon is not visible or directly palpable.

IV Full thickness tissue loss with exposed bone, tendon or muscle. 
Slough or eschar may be present. Often includes undermining and 
tunnelling. The depth of a stage IV pressure ulcer varies by anatomical 
location. The bridge of the nose, ear, occiput and maleolus do not have 
(adipose) subcutaneous tissue and stage IV ulcers can be shallow. 
Stage IV ulcers can extend into muscle and/or supporting structures 
(e.g. fascia, tendon or joint capsule) making osteomyelitis or osteitis 
likely to occur. Exposed bone/muscle is visible or directly palpable.

Pressure ulcer classification is based on clinical manifestations rather than 

histopathology. Blanchable erythema, where light pressure on an area of 

reddened skin causes transient whiteness, indicates that although

hyperaemia is present, the microcirculation in this area is still intact. This is
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not a pathophysiological reaction and is not deemed to be a pressure ulcer 

(Defloor and Schoonhoven, 2004). There is an ongoing debate about the 

description, inclusion and clinical assessment of category 1 pressure ulcers, 

and the inter-rater reliability of classifying category 1 pressure ulcers is poor 

(Nixon et a/., 2005), particularly in darkly pigmented skin (Nixon, Cranny and 

Bond, 2005). Pressure ulcer category I is not considered as a wound as the 

skin surface is unbroken and the tissue damage is reversible (Halfens, 

2000), so although it is important to document and act on category I pressure 

ulcers, only pressure ulcers of categories 2 to 4 are considered clinically 

relevant (Nijs et a/., 2009). However, category 1 non-blanching erythema 

may be an important predictor of category 2 to 4 pressure ulcer development 

(Nixon et a/., 2005, Vanderwee, Grypdonck and Defloor, 2007). Identification 

of category I pressure ulcers should be based on palpation as well as 

observation to assess temperature and consistency of tissues. Some 

pressure ulcers that appear to be category I progress to deep tissue injury 

(Satoefa/.,2006).

Problems have been reported in differentiating between superficial pressure 

ulcers and moisture lesions (Kottner and Halfens, 2010). Unlike pressure 

ulcers, incontinence lesions remain partial thickness and free from necrosis 

(Gray, 2007).

Defloor and Schoonhoven (2004) created a set of 67 photographs of 

pressure ulcers, moisture lesions and normal skin. These were classified by 

9 European Pressure Ulcer Advisory Panel (EPUAP) trustees who were 

experts in pressure ulcer classification. At least 8 out of 9 trustees agreed on 

the classification of each of 56 of the photographs, the remaining 

photographs were discarded. The 56 photographs were used to test the 

inter-rater reliability of the EPUAP classification with clinical nurses and 

researchers. The average Kappa for staff nurses classifying pressure ulcers 

was 0.75, and for researchers was 0.64. Cohen's Kappa coefficient (K) 

measures the proportion of agreement that occurs beyond that expected by 

chance. A Kappa value of 0 - 0.2 is slight, and a Kappa value of 0.8 - 1.0 is 

almost perfect (Defloor and Schoonhoven, 2004).
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Defloor et al (2006) tested the inter-rater reliability of the EPUAP pressure 

ulcer classification system with 473 nurses at a wound care conference using 

the photographs of pressure ulcers described above (Defloor and 

Schoonhoven, 2004). The percentage agreement was 55.6% with average 

and weighted Kappas of 0.41 and 0.50. Category 1 pressure ulcer was the 

most frequently wrongly classified category (54.5% of observations were 

wrongly classified). Beeckman et al (2007) tested the inter-rater reliability 

with a sample of 1452 nurses in five European countries, who were familiar 

with the EPUAP classification system. Kappa values ranged from 0.26 for 

nurses with limited experience to 0.47 for expert wound care nurses.

Convenience samples of student nurses and qualified nurses were tested on 

their ability to classify photographs of pressure ulcers (previously classified 

by a panel of experts) according to the EPUAP classification. The inter-rater 

agreement between the nurses and the experts with a percentage 

agreement of 35% and Cohen's K of 0.24 for both experimental and control 

groups, the experimental group then took part in e-learning using the 

Pressure Ulcer Classification 'PUCLAS2' program 

(http://www.epuap.org/epuap). Both groups ability to classify pressure ulcers 

improved with a percentage agreement of 70% (K 0.65) for the experimental 

group and 67.5% (K 0.63) for the control group (Beeckman et al., 2008)

These research studies demonstrate that although the EPUAP pressure 

ulcer classification system has a better inter-rater reliability than previous 

pressure ulcer classification systems, the inter-rater reliability is not perfect 

even after training.
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HOW COMMON ARE PRESSURE ULCERS?

To quantify the number of patients with pressure ulcers in a population, it is 

usual to collect prevalence and incidence data.

Prevalence studies

Point prevalence can be defined as the proportion of a defined set of people 

who have a pressure ulcer at a particular moment in time (Baharestani et al., 

2009).

Prevalence includes all cases, old and new, over a cross section of a 

population. A point prevalence, where data is collected on one day, gives a 

snapshot in time. For a period prevalence data is collected over a specific 

period of time (Bethell, 2002).

Point prevalence (%) =

No. of patients with a pressure ulcer at a particular point in time_______ X 100 
Total no. of patients in the population studied at a particular point in time

(Baharestani et al., 2009)

Direct observation is more accurate than retrospective chart review, as this 

can lead to under estimation of the prevalence rate (Bonham, 2005).

The EPUAP (2002) proposed that skin assessment during data collection 

should be carried out by two observers, however, Kottner et al (2009) found 

more under-reporting of pressure ulcers of categorys 2 to 4 by two raters as 

opposed to one rater.

Incidence Studies

Incidence provides an estimate of the rate of occurrence of new pressure 

ulcers over time. It is often measured as cumulative incidence (which may be 

referred to simply as 'incidence'), this indicates the proportion of the 

population studied that develops a new pressure ulcer over a specified time 

period (usually weeks or months) (Baharestani et al., 2009)

Background Section 3

3.8



Cumulative incidence (%) per time period specified =

No. of patients developing a pressure ulcer during the specified time oerioij x 100 
Total no. of patients in the population studied over a specified time period

(Baharestani et a/., 2009)

Incidence density indicates the rate of occurrence of pressure ulcers per unit 

of population time at risk, which may be defined as rate per 1000 hospital 

inpatient days or per 100 admissions to a health care facility (Baharestani et 

a/., 2009)

Defining a study population involves specifying a case mix, that is the type of 

patient included in the study, and their risk of pressure ulceration 

(Baharestani et a/., 2009)

In an adult study of people aged over 65 years in the community the 

prevalence rate of people with pressure ulcers was 0.31% to 0.70%, and the 

incidence rate was 0.18 to 3.36 per 100 person years. The incidence of 

pressure ulcers was higher in over 85 year old people (Margolis et a/., 2002).

Nyquist and Hawthorn (1987) reported the prevalence of pressure ulcers in 

inpatients in a Health Authority in the 1980's to be 5.3% overall, but 10.7% of 

elderly patients and 9.3% of orthopaedic patients had pressure ulcers.

In a literature review, Shahin et al (2008) found the prevalence of pressure 

ulcers in intensive care settings varied from 4% to 49%, whereas the 

incidence varied from 3.8% to 12.4% (the incidence and prevalence figures 

were reported in different publications)

Paediatric patients in intensive care settings also appear to be the group at 

highest risk of pressure ulcers (Cockett, 2002). Studies of prevalence (table 

3.2) and incidence (table 3.3) of pressure ulcers in children and young 

people are summarised below.
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Table 3.2. Paediatric prevalence of pressure ulcers.

Author

Dixon and 
Ratliff (2005)
Baldwin (2002)

Curley ef al 
(2000)

Mickey et al 
(2000)

Willock et al 
(2000)

McLane et al 
(2004)

Groeneveld et 
al (2004)

Setting

Children's 
hospital
51 inpatient 
units in USA

Ventilated 
paediatric 
patients with 
acute lung injury 
in ICU who were 
nursed in prone 
position
Children with 
spinal cord injury 
attending follow 
up appointments 
in children's 
hospital
Tertiary 
children's 
hospital

9 children's 
hospitals

Tertiary 
children's 
hospital 
(children aged 
birth to 16 years)

Sample 
size
77 
79
4,429

25

Not 
stated

183

1064 
(n=43)

97

Prevalence

3% (n=2) 
4% (n=3)
0.47% 
(n=21)

24% (n=6)

21.6%

2.2% (n=4) 
(6.6% n=12 
including 
blanching 
erythema)
4.0%,

13.1%

Comments

Point prevalence on two 
consecutive years
Postal survey. Reported 
pressure ulcers 19% 
category I, 34% category II 
(may be under-reporting)
Did not report category I 
pressure ulcers

Retrospective data collection 
using hospital database

61% of pressure ulcers 
were category I, 31% 
category II, and 8% 
category III or IV
76.2% of pressure ulcers 
were category 1, and 14.3% 
category 2. Prevalence of 
61.5% in under 1 year olds
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Table 3.3. Paediatric incidence of pressure ulcers.

Author

Baldwin 
(2002)

Neidig et al 
(1989)

Willock et al 
(2000)

Waterlow 
(1997)

Zollo et al 
(1996)

Curley et al 
(2003)

Setting

40 inpatient 
units in USA

PICU following 
open heart 
surgery

Paediatric 
intensive care 
(PICU), 
paediatric 
neurosurgical & 
orthopaedic 
wards
Five hospitals in 
UK. Children 
and infants with 
age range from 
neonates to 16 
years
Paediatric 
intensive care

Three paediatric 
intensive care 
units

Sample 
size/ 
data 
collection 
period
115,870 
patients / 
12 months

59 
patients 
/12 
months
82 
patients / 
1 month

302 / time 
period not 
specified

271 
patients / 
1 8 weeks

322 
patients / 
11 to 17 
months

Incidence

0.29% 
(n=337)

18.6% 
(n=11)

3.7% (n=3) 
(7.3% n=6 
including 
blanching 
erythema

5.6% (n=17)

26.2% 
(n=71) 
Includes 
blanching 
erythema)
27% (n=86) 
(not 
including 
pressure 
ulcers 
associated 
with 
equipment).

Comments

Postal survey. Age range 1 
month to 21 years. 
Children with chronic or 
terminal illness developed 
75% of pressure injuries. 
(May be under-reporting)
Retrospective study.

All pressure ulcers 
category I, observed in 
PICU (PICU incidence 
9.4%).

5 of 33 patients in PICU 
(15.1%) 
6 of 54 patients in NICU 
(11.1%) 
5 of 59 patients in 
orthopaedic ward (8.55)
7.4% (n=20) of patients 
had partial thickness skin 
loss and deeper injury.

An additional 27 pressure- 
related injuries were 
associated with medical 
devices
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THEORIES OF PRESSURE ULCER DEVELOPMENT

When significant pressure is applied to tissues it occludes the localised blood 

supply to tissues and / or lymphatic drainage (Morris, 2010, Weight and 

O'Connor, 2007, Kosiak, 1961). This leads to tissue hypoxia and build up of 

metabolites. If pressure to tissues is relieved and blood flow is restored 

without tissue damage, blood vessels dilate increasing the blood supply to 

the area and the skin flushes red (reactive hyperaemia) (Pope, 1999). This 

blanches on light pressure and is called blanching hyperaemia. Although 

tissue damage may not have been sustained, this should be seen as a 

warning sign (Konishi et a/., 2008).

In some cases, skin damage may not be evident, but there may be deeper 

tissue damage. There are currently three main models explaining the 

development of pressure ulcers.

Top to bottom model.

This model assumes damage begins at the surface of the skin and works 

down to the bone in stages according to the visible depth of tissue damage 

(Berlowitz and Brienza, 2007). Significant or sustained pressure on the skin 

leads to thrombus formation in the arterioles and capillaries of the dermis 

occluding the microcirculation and causing anoxic necrosis of the tissues 

(Barton and Barton, 1981).

Bottom to top model.

This model is an explanation for deep tissue injury. The two commonly 

accepted major causes are prolonged or high intensity compression 

(perpendicular force such as a person's own body weight on the buttock in 

sitting), and shear forces (a force parallel to the tissues such as sustained in 

sliding down a bed with an inclined headrest, which can lead to tearing of the 

capillary network (Lowthian, 1997) and disruption of vascular supply to 

tissues) (Agam and Gefen, 2008). Damage begins at the bone and works up 

through the muscle toward the skin. Initially visual assessment gives no
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indication of the extent of underlying tissue damage (Gefen, 2009) and tissue 

may be firm, mushy, boggy, warmer or cooler than the surrounding tissue. As 

the damage becomes apparent, the area may appear as purple or maroon 

localised areas of discoloured skin (Berlowitz and Brienza, 2007).

Ischaemia reperfusion model.

This model proposes a cause of cellular injury resulting from the reperfusion 

of blood to a previously ischaemic tissue (Agam and Gefen, 2008). When a 

tissue has been depleted of its blood supply for a significant amount of time, 

the tissue may reduce its metabolism to preserve its function. The 

reperfusion of blood to the nutrient and oxygen deprived area results in a 

cascade of harmful events. Reperfusion is presumed to produce levels of 

oxygen-derived free radicals that exceed the capacity of the tissue with 

reduced metabolism, this has a cytotoxic effect on the tissues and leads to 

inflammation (Peirce, Skalak and Rodeheaver, 2000) and tissue necrosis 

(Peirce, Skalak and Rodeheaver, 2000, Tsuji et al., 2005). Repeated periods 

of pressure interspersed with short periods of pressure relief appear to be 

more harmful than a longer period of constant pressure (Peirce, Skalak and 

Rodeheaver, 2000, Tsuji et al., 2005). However, in a study of critical care 

patients, the frequency of turning or moving patients was found to be 

inversely proportional to pressure ulcer development (Kaitani et al., 2010).

Other causes of skin damage

Tissue damage associated with frictional forces on the skin results in a 

superficial lesion that is visible and can therefore be treated promptly with 

little chance of irreversible damage (Gefen, 2009).

Superficial injury to the epidermis can also occur when tape is used on 

fragile skin. Tension blisters are the result of tightly strapping tape during 

application which distends the skin underneath causing separation of layers 

and blistering. Epidermal stripping can result from the removal of tape which
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causes the epidermis to separate from the dermis (Butler, 2006), however 

this is not considered to be a pressure ulcer.

Moisture lesions are superficial skin ulcers associated with skin moisture 

such as perspiration, urine, faeces or wound exudate (Kottner and Halfens, 

2010). Although these are not caused by pressure, friction or shear, they can 

be misclassified as pressure ulcers (Kottner and Halfens, 2010, Beeckman et 

a/., 2007)

Factors associated with pressure ulceration

Table 3.4 shows a list of factors reported in literature to be associated with 

the development of pressure ulcers in adults (much of this evidence is 

anecdotal).

Table 3.4. Factors associated with pressure ulceration in adults
Factor
Intensity and duration of 
pressure
Reduced mobility / 
ability to reposition 
oneself

Activity

Difficult to position
Incorrect positioning
Motivation to move
Paralysis

Reduced conscious 
level
Sedative medication
Prolonged surgery

Fatigue
Muscle weakness
Physical restraint 
(attachment to 
equipment)
Pain and discomfort
Reduced sensory 
perception

References
Braden and Bergstrom 1987; Birtwistle 1994

Braden and Bergstrom 1987; Tannen, Balzeret al. 2010; 
Kemp and Krouskop 1994; Anderson, Jensen et al. 1982; 
Lindgren et al 2005; Birtwistle 1994; Allman et al. 1986; 
Barton and Barton 1981; Abramovitz and Baache 1988; 
Kaitani, Tokunaga et al. 2010; Harris, Blackinton et al. 
2010; Birtwistle 1994; Norton et al. 1962; Waterlow 1985
Braden and Bergstrom 1987; Lindgren et al 2005; Norton 
etal. 1962
Johnson 1994
Birtwistle 1994
Kemp and Krousop 1994
Kemp and Krousop 1994; Anderson et al 1982; Allman et 
al. 1986; Waterlow 1985
Anderson et al 1982; Allman et al. 1986; Barton and 
Barton 1981; Butler 2006
Kemp and Krousop 1994; Birtwistle 1994
Aronovitch 1999; Schoonhoven, Deflooretal. 2002; 
Lindgren, Unosson et al. 2005; Allman et al. 1986; Butler 

2006; Waterlow 1985
Kemp and Krousop 1 994
Kemp and Krousop 1994
Kemp and Krousop 1994

Kemp and Krousop 1994; Birtwistle 1994
Braden and Bergstrom 1987; Allman et al. 1986; Harris, 

Blackinton et al. 2010
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Decreased perception 
of pain
Spinal cord injury
Trauma
Friction on skin

Shear forces

Tension on skin
Compression of skin
Fracture
Skin moisture (such as 
perspiration, urine, 
faeces, drainage from 
fistulas or wounds)
Faecal incontinence / 
diarrhoea
Cellulitis
Under nutrition

Hypoproteinaemia, 
hypoalbuminaemia

Ascorbic acid deficiency
Trace mineral 
deficiency
Dehydration
Emaciation / low body 
mass index
Obesity

Anaemia

Hypoxia/ impaired 
oxygen-carrying 
capability
Mental condition
Emotional stress
Depression
Dementia
Skin type
Skin rashes
Skin infections
Redness over bony 
prominences
Physical condition
Skin temperature/ fever

Skin temperature / 
hypothermia
Low arteriolar pressure

Kemp and Krousop 1994; Barton and Barton 1981

Allmanetal. 1986
Waterlow 1985
Braden and Bergstrom 1987; Tannen, Balzer et al. 2010" 
Lindgren et al 2005; Birtwistle 1994
Braden and Bergstrom 1987; Tannen, Balzer et al. 2010; 
Davis 1998; Lindgren et al 2005; Birtwistle 1994
Davis 1998
Davis 1998
Allmanetal. 1986
Braden and Bergstrom 1987; Anderson et al 1982; 
Birtwistle 1994; Allman et al. 1986; Butler 2006" Norton et 
al. 1962; Waterlow 1985

Allman, Laprade et al. 1986; Norton et al. 1962; Waterlow 
1985
Braden and Bergstrom 1987
Braden and Bergstrom 1987; Lindgren et al 2005; 
Birtwistle 1994; Ek, Unosson etal. 1991; Butler 2006; 
Harris, Blackinton et al. 2010; Waterlow 1985
Braden and Bergstrom 1987; Lindgren et al 2005; Cullum 
and Clark 1992; Anthony, Reynolds et al. 2000; Harris, 
Blackinton etal. 2010
Braden and Bergstrom 1 987
Braden and Bergstrom 1987

Anderson etal 1982
Anderson et al 1982; Lindgren et al 2005; Birtwistle 1994; 
Allman et al. 1986; Butler 2006; Waterlow 1985
Birtwistle 1994; Allman et al. 1986; Butler 2006; Waterlow 
1985
Braden and Bergstrom 1987; Allman et al. 1986; Esperon 
Guimil, Pifieiro Dios et al. 2010; Waterlow 1985
Braden and Bergstrom 1987; Butler 2006

Norton ef al. 1962
Braden and Bergstrom 1987
Kemp and Krousop 1 994
Allmanetal. 1986
Waterlow 1985
Braden and Berastrom 1987
Braden and Bergstrom 1987
Anderson etal 1982

Norton era/. 1962
Braden and Bergstrom 1987; Allman et al. 1986; Harris, 
Blackinton et al. 2010
Braden and Bergstrom 1 987

Braden and Bergstrom 1987

Background section 3

3.15



Poor lymphatic 
drainage
Smoking
Vasoconstriction
Hypercatabolic state
Critical illness
Impaired perfusion
Hypovolaemia
Malignancy
Diabetes mellitus
Heart failure
Hypotension

Peripheral vascular 
disease
Clotting abnormalities
Renal failure
Sepsis
Ageing

Gender
Medication
Inotropic drugs
Steroid drugs
Dark skin colour

Braden and Bergstrom 1987

Braden and Bergstrom 1987; Waterlow 1985
Braden and Bergstrom 1987
Birtwistle 1994
Birtwistle 1994
Butler 2006
Butler 2006
Allmanetal. 1986
Birtwistle 1994; Allman et al. 1986; Waterlow 1985
Allman et al. 1986; Waterlow 1985
Allman et al. 1986; Cullum and Clark 1992; Harris, 
Blackinton et al. 2010
Birtwistle 1994; Waterlow 1985

Birtwistle 1 994
Allmanetal. 1986
Allman et al. 1986; Butler 2006
Braden and Bergstrom 1987; Lindgren et al 2005; 
Birtwistle 1994; Waterlow 1985
Waterlow 1985*
Waterlow 1985
Birtwistle 1994
Birtwistle 1994; Waterlow 1985
Fogerty, Abumrad et al. 2008; Fogerty, Guy et al. 2009*

Devices associated with pressure damage
Medical equipment 
pressing on skin
Casts and other 
orthopaedic devices
Cervical collar
Urinary catheter

Schluer, Cignacco et al. 2009

Braden and Bergstrom 1987; Agrawal, Karwa et al. 2009

Powers, Daniels et al. 2006
Allman et al. 1986; Waterlow 1985

There is conflicting evidence on the importance of skin colour and gender 
(Cai, Mukamel and Temkin-Greener, 2010, Nonnemacher et al., 2009).

Figure 3.1 is a schematic diagram based on published literature, depicting 
factors associated with pressure ulcer development.
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Figure 3.1. Schematic diagram depicting factors associated with pressure 
ulcer development in adults (as designed in 1996 from published literature^
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WHY DO PRESSURE ULCERS NEED TO BE PREVENTFn?

Development of pressure ulcers has major implications for the patient in 

terms of pain(Gunes, 2008, Rastinehad, 2006), loss of function, loss of 

independence, and increased risk of infection. This can result in prolonged 

hospital stay and even mortality (Keller et a/., 2002, Anthony, Reynolds and 

Russell, 2004). It is important to identify a category I ulcer, as prompt action 

may avoid the development of deeper injury (Morris, 2010, Vanderwee, 

Grypdonck and Defloor, 2007).

It is the duty of a nurse to protect patients from harm. The Nursing and 

Midwifery Council Code of Conduct states The people in your care must be 

able to trust you with their health and wellbeing' , 'You must deliver care 

based on the best available evidence or best practice', 'you must act without 

delay if you believe that you ... may be putting someone at risk' (Nursing 

and Midwifery Council, 2008). In addition to the distress and harm pressure 

ulcers cause to individual patients, it may cost over a billion pounds a year in 

the United Kingdom to treat pressure ulcers, and takes up a significant 

proportion of the NHS budget (Bennett, Dealey and Posnett, 2004). The 

British government has an ambition to eliminate all avoidable pressure ulcers 

in NHS care (Department of Health, 2009). The government in England plans 

to implement a 'Quality Accounts' initiative, in which healthcare providers 

publish quality reports in a similar way to the publication of financial reports, 

this includes safety data (i.e. preventing harm to patients). One of the aims is 

to make healthcare providers more accountable to patients(Department of 

Health, 2010).
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PREVENTION OF PRESSURE ULCERS

Five main elements to successful pressure ulcer prevention have been 

identified (from adult studies):

1. Risk assessment

2. Skin assessment

3. Nutrition interventions

4. Repositioning interventions

5. Support surface interventions

(Clark, 2010, European Pressure Ulcer Advisory Panel and National 
Pressure Ulcer Advisory Panel, 2009)

Risk assessment tools

Pressure ulcer risk cannot be measured directly and risk assessment tools 

are composed of a combination of patient traits which are assumed to 
increase risk of tissue damage due to pressure or shear forces. Most existing 
risk assessment tools have been devised by nurses on the basis of clinical 

experience. These risk assessment tools are scales which assign numerical 
values to various patient traits (for example, mobility, nutrition, level of 

continence), with a total score produced from the sum of these values 
(Papanikolaou, Lyne and Lycett, 2003). The resulting score is used as an 
indicator for pressure ulcer risk (Kottner and Dassen, 2010). Most risk 
assessment tools use an equal-weighting technique; this is the simplest 

approach to scoring. However, some risk factors may be more important to 
the construct underlying the scale than others and should therefore be given 

a higher weighting so that they can contribute more towards the overall risk 
score (Papanikolaou, Lyne and Anthony, 2007). Risk assessment tools are 

used to stratify patients likely to develop pressure ulcers into categories 

reflecting their degree of risk (such as low risk, medium risk, high risk) 

(Griffiths and Jull, 2010), and recommendations for action can be given on 
the basis of the assigned risk category. Although the current risk assessment 

tools are helpful in alerting staff and encouraging regular skin inspection 

(Rycroft-Malone and Duff, 2000, Rycroft-Malone and Mclnnes, 2004), Cullum 

et al (1995) and Papanikolaou et al (2002) advocate the development of
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empirically-based risk assessment tools. Existing risk assessment tools may 

also be improved using empirical data and statistical modelling. This would 

enable staff to be aware of important risk factors associated with the 

characteristics of different patient groups and to carry out care more 

effectively (Papanikolaou, Lyne and Lycett, 2003, Papanikolaou, Lyne and 

Anthony, 2007).

Risk assessment tools are assessed on their ability to predict pressure ulcer 

development, rather than risk, however preventative interventions are usually 

initiated as soon as risk has been identified (Papanikolaou, Lyne and Lycett, 

2003) and in most cases pressure ulcer development is prevented. 

Therefore, validating pressure ulcer risk assessment scales by comparing 

obtained scores with the (non) occurrence of pressure ulcers is problematic, 

because pressure ulcer risk assessment scales determine pressure ulcer risk 

but they are not diagnostic tests predicting who will develop pressure ulcers 

and who not (Anthony et a/., 2008, Kottner and Dassen, 2010). The use of 

preventative measures in clinical practice will influence validity estimates like 

sensitivity, specificity and predictive values (Defloor and Grypdonck, 2004, 

Halfens, 2000), as a reduction in the number of individuals developing 

pressure ulcers will be reflected by an apparent reduction in the positive 

predictive value and specificity of the risk assessment scale (Anthony et a/., 

2008). As an illustration of this, in some studies the positive predictive values 

of the Braden, Norton and Waterlow scales have been reported to be 7.1% 

or lower (Pancorbo-Hidalgo et a/., 2006), indicating that fewer than 7.1% of 

patients predicted as being at risk of developing a pressure ulcer went on to 

develop one. In the same review (Pancorbo-Hidalgo et a/., 2006), the 

sensitivity in some studies was 31% and lower indicating that 31% of patients 

who did not develop a pressure ulcer were assessed as not being at risk, 

therefore 69% of patients who did not develop a pressure ulcer were 

assessed as being at risk. Pressure ulcer risk assessment tools are therefore 

not perfect predictors of risk and may under-predict as well as over-predict 

risk. Pressure ulcer guidelines suggest that risk assessment tools must be 

used alongside, not instead of, clinical judgement (Royal College of Nursing,
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2001), and there is no evidence that they prevent pressure ulcers (Moore 

and Cowman, 2010, Saleh, Anthony and Parboteeah, 2009).

Adult pressure ulcer risk assessment tools

There are many pressure ulcer risk assessment tools for adults, but 

Pancorbo-Hidalgo et a/ (2006) found only 12 tools that had validity studies 

using data other than that used to develop the tool. The three most studied 

tools are the Norton (Norton, McLaren and Exton-Smith, 1962), Waterlow 

(Waterlow, 1985), and Braden (Braden and Bergstrom, 1987, Bergstrom et 

a/., 1987) scales.

The Norton (Norton, McLaren and Exton-Smith, 1962) score was originally 

developed as a research tool to assess patients' general condition. Initially, 

this was not actually a pressure ulcer risk assessment tool, but a correlation 

was found between the score and the incidence of pressure ulcers. The 

scores were added together to give an overall score, a high score correlated 

with low risk and a low score correlated with high risk (Figure 3.2). Originally 

anyone scoring 14 or less was considered at risk of developing a pressure 

ulcer. In 1987 this cut off score was increased to 16 on the basis that the 

original scale was under predicting the risk (Smith et a/., 1995).

Figure 3.2. The Norton scoring system

Physical 
condition
Good 
Fair 
Poor 
Very bad

4 
3 
2
1

Mental 
condition
Alert 
Apathetic 
Confused 
Stupor

4 
3 
2
1

Activity

Ambulant 
Walk/help 
Chair 
Bed

4 
3 
2 
1

Mobility

Full 
Slightly 
limited 
Very 
limited 
Immobile

4 
3

2

1

Incontinent

Not 
Occasional 
Usually 
urine 
Doubly

4 
3 
2 
1

Total 
score

The Waterlow Risk Assessment Card (figure 3.3) was developed in 1984 

following a prevalence study by the Somerset Health Authority (Smith et a/., 

1995), as a guide for ward nurses to assess adult patients for pressure ulcer 

risk, and provide guidance for interventions (Waterlow, 1985).
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Figure 3.3. The Waterlow Risk assessment Card

PRESSURE SORE RISK ASSESSMENT
RING SCORE IN TABLE, ADD TOTAL TO SPECIAL RISK SCORES 
Several scores per category can be used
BUILD/WEIGHT 

FOR HEIGHT
AVERAGE

ABOVE 
AVERAGE
BELOW 
AVERAGE

0

2

3

VISUAL SKIN 
TYPE Risk areas

HEALTHY

TISSUE 
PAPER
DRY

OEDEMATOUS

CLAMMY

DISCOLOUR

BROKEN/ 
SPOT

0

1

1

1

1

2

3

CONTINENCE

COMPLETE

OCCASION. 
INCONT.
CATH/INCONT. 
FAECES
DOUBLY 
INCONT.

0

1

2

3

MOBILITY

FULLY 
MOBILE
RESTRICTED 
DIFFICULT
RESTLESS/ 

LFIDGETY
APATHETIC

INERT/ 
TRACTION

0

1

2

3

4

SPECIAL RISKS
1) Poor nutrition, e.g. Terminal Cachexia
2) Sensory Deprivation, e.g. Diabetes, Paraplegia, CVA
3) High Dose Anti-Inflammatory or Steroids in use
4) Smoking 10+ per day
5) Orthopaedic Surgery / Fracture below waist

8

5
3
1
5

SEX 
AGE

MALE

FEMALE

14-49

50-64

65-74

75-80

81 +

1

2

1

2

3

4

5

APPETITE

AVERAGE 0

POOR 1

ANOREXIC 2

TOTAL SCORE =

ASSESSMENT VALUE
AT RISK =10 
HIGH RISK = 15 
VERY HIGH RISK = 20

The Braden Scale (figure 3.4) was developed from Braden and Bergstrom's 

conceptual schema for the aetiology of pressure ulcers, which was derived 

from a literature review (Braden and Bergstrom, 1987). It was tested for 

reliability and predictive validity with medical/ surgical adult patients 

(Bergstrom et a/., 1987) and with adult intensive care patients (Bergstrom, 

Demuth and Braden, 1987). The scoring system is similar to the Norton scale 

in that a high score denotes a low risk of pressure ulceration and a low score 

(a score of 16 or less) denotes a high risk.
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Figure 3.4. The Braden Scale for Predicting Pressure Sore Risk (Braden and 
Bergstrom, 1988)

SENSORY 
PERCEPTION
Ability to respond
meaningfully to 
pressure related
discomfort

MOISTURE
Degree to which
skin is exposed to
moisture

ACTIVITY
Degree of physical
activity

MOBILITY
Ability to change
and control body
position

NUTRITION
Usual food intake
pattern

FRICTION AND
SHEAR

1. Completely limited
Unresponsive (does not 
moan, flinch, or gasp) to
painful stimuli, due to 
diminished level of
consciousness or
sedation
OR
Limited ability to feel
pain over most of the
body.

1. Constantly moist
Skin is kept moist almost
constantly by
perspiration, urine, etc.
Dampness is detected
every time patient is
moved or turned.
1. Bedfast
Confined to bed.

1. Completely immobile
Does not make even
slight changes in body
or extremity position
without assistance.

1 .Very poor
Never eats a complete
meal. Rarely eats more
than 1/3 of any food
offered. Eats 2 servings
or less of protein (meat
or dairy products) per
day. Takes fluids poorly.
Does not take any liquid
dietary supplement
OR
Is NPO and/or
maintained on clear
liquids or IV's for more
than 5 days.

1. Problem
Requires moderate to
maximum assistance in
moving. Complete lifting
without sliding against
sheets is impossible.
Frequently slides down
in bed or chair, requiring
frequent repositioning
with maximum
assistance. Spasticity,
contractures or agitation
leads to almost constant
friction. __________

2. Very limited
Responds only to painful 
stimuli. Cannot
communicate 
discomfort, except by
moaning or restlessness
OR
Has sensory impairment
which limits the ability to
feel pain over % of body.

2.Very moist
Skin is often, but not
always moist. Linen
must be changed at
least once a shift.

2.Chairfast
Ability to walk severely
limited or non-existent.
Cannot bear own weight
and/or must be assisted
into chair or wheelchair.

2.Very limited
Makes occasional slight
changes in body or
extremity position but
unable to make frequent
or significant changes
independently.
2. Probably inadequate
Rarely eats a complete
meal and generally eats
only about % of any food
offered. Protein intake
includes only 3 servings
of meat or dairy
products per day.
Occasionally will take
dietary supplement
OR
Receives less than
optimum amount of
liquid diet or tube
feeding.

2.Potential problem
Moves feebly or requires
minimum assistance.
During a move skin
probably slides to some
extent against sheets,
chair, restraints or other
devices. Maintains
relatively good position
in chair or bed most of
the time but occasionally
slides down.

3.Slightly limited
Responds to verbal 
commands, but cannot
always communicate 
discomfort or the need
to be turned
OR
Has some sensory
impairment which
limits ability to feel
pain or discomfort in 1
or 2 extremities.
S.Occasionally moist
Skin is occasionally
moist, requiring an
extra linen change
approximately once a
day.

S.Walks occasionally
Walks occasionally
during day but for very
short distances, with
or without assistance.
Spends majority of
each shift in bed or
chair.
3. Slightly limited
Makes frequent
though slight changes
in body or extremity
position
independently.

3. Adequate
Eats over half of
normal meals. Eats a
total of 4 servings of
protein (meat, dairy
products) per day.
Occasionally will
refuse a meal, but will
usually take a
supplement when
offered
OR
Is on a tube feeding or
TPN regimen which
probably meets most
of nutritional needs.
3. No apparent
problem
Moves in bed and in
chair independently
and has sufficient
muscle strength to lift
up completely during
move. Maintains good
position in bed or
chair.

4. No impairment
Responds to verbal 
commands. Has no
sensory deficit which 
would limit ability to
feel or voice pain or
discomfort.

4. Rarely moist
Skin is usually dry,
linen only requires
changing at routine
intervals.

4 .Walks frequently
Walks outside room at
least twice a day and
inside room at least
once every two hours
during waking hours.

4. No limitation
Makes major and
frequent changes in
position without
assistance.

4. Excellent
Eats most of every
meal. Never refuses a
meal. Usually eats a
total of 4 or more
servings of meat and
dairy products.
Occasionally eats
between meals. Does
not require
supplementation.
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A limitation of the Braden, Waterlow and Norton Scales is that there is no 

consensus on the cut-off scores, meaning that there are no clear indications 

that at-risk patients will develop pressure ulcers and whether preventative 

measures should be instituted (Joanna Briggs Institute, 2008)

Many risk assessment tools have been developed by adapting existing tools 

for use with different patient groups (Hamilton, 1992), but there is a lack of 

evidence to support whether these adaptations have improved the original 

models.

More recently researchers have developed new pressure ulcer risk 

assessment tools by collecting detailed data on patients with and without 

pressure ulcers, and using statistical analysis to identify factors associated 

with pressure ulcer development.

Hatanaka et al (2008) collected laboratory and observational data over a 3 

month period on 149 bedridden patients (mean age 71.6 years, 45 female) 

with chronic respiratory conditions who were free from pressure ulcers. 

Thirty-eight patients developed pressure ulcers (category 2 and above) in the 

observation period. Data were analysed using Cox regression proportional 

hazards model, this indicated that haemoglobin, log CRP(C-reactive protein) 

and albumin were significantly associated with pressure ulcer development. 

Using the partial regression coefficients generated by multiple logistic 

regression analysis, a predictive equation was developed (figure 3.5), this 

included age and gender (although these do not appear to reach 

significance).

Figure 3.5. Predictive equation for pressure ulcer risk (Hatanaka et al., 2008)

P - -1 // -1 j. « (O-67 + 0.022 x Hb + 1.51 x log CRP - 0.64 x alb - 0.01 x age - 0.91 x gender) > 
  \i{ I T e 10 ,

In this equation P is the predictive value for pressure ulcer development and 

takes a value between 0 and 1. Gender is designated 1 for male and 0 for
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female. The researchers found that pressure ulcer development was 

correlated with higher haemoglobin values (rather than anaemia), one 

explanation for this was patients with chronic lung disease have a higher 

haemoglobin to aid carriage of oxygen. Although this equation may be a 

fairly good predictor of pressure ulcer development in this specific sample (of 

immobile patients with chronic respiratory conditions), it would be very 

difficult for nurses to use in clinical practice, and it may not be applicable to 

different patient populations.

Nonnemacher et al (2009) conducted a study over 12 months at one hospital 

in Germany collecting detailed data on all patients (29,303 adult and 4935 

paediatric patients) admitted with an expected inpatient stay of more than 

one day. Data were collected on admission and again if the patient 

developed a pressure ulcer, at the time the pressure ulcer was first detected. 

1.9% (559) of adult patients and 1.3% (66) of paediatric patients developed a 

pressure ulcer. Multivariate logistic analyses of all the data were used to 

identify predictors of pressure ulcers, and a pressure ulcer risk assessment 

scale (figure 3.6) was derived using the regression coefficient as a guide to 

the point value. The same data was used to check the performance of the 

scale (sensitivity 82.6%, specificity 83.8%, area under the receiver operating 

characteristics curve 0.90).

In the publication, the mobility risk factor is difficult to interpret as it has four 

definitions of differing severity.
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Figure 3.6. Nonnemacher et al's (2009) risk assessment tool

Risk factor
Limited mobility / activity (for more than 24 hours) 
Patient may independently change sitting / lying position, or 
Patient may change sitting / lying position only with help, or 
Patient may not change sitting / lying position
Presence of a malignant tumour
Presence of pain
Insufficient hydration
Insufficient nutrition
Application of drugs with strong sedative effect
Inhibited sense of pain
Arterial obstructive disease of abdominal and pelvic arteries
Skin problems at locations at risk for pressure ulcer
Previous occurrence of pressure ulcer
General skin problems
Friction / shearing forces

Total 
Total >6: presence of risk for pressure ulcer

Point value
7

2
2
1
2
2
1
3
7
12

1
3
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Table 3.5 summarises the items in these pressure ulcer risk assessment 
tools

Table 3.5. Summary of items in adult pressure ulcer risk assessment tool?

Author

Risk factor

Age
Weight
Gender
Mobility
Activity
Friction/shear
Nutritional status / appetite

Dehydration
Anaemia
Cachexia
Mental state
Sedative medication
Conscious level
Sensory deficit
Skin condition
Continence
Moisture
Steroid therapy
Cytotoxic medication
Anti-inflammatory medication

Physical condition/ Illness 

severity
Orthopaedic
Surgery
Malignant tumour
Low serum albumin

Oedema
High CRP
Arterial obstruction

Smoker
Diabetic
Skin damage
Previous pressure ulcer

Pain
CVA
Paraplegia

rsi
U3 
01 
i-H

c 
o

-4-»

o
z

*

*

*

*

*

Waterlow(1985)

*
*
*
*

*

*

*
*
*

*
*
*

*
*

*

*
*
*

*
*

Braden &Bergstrom 
(1987)

*
*
*
*

*

*

Hatanaka etal 
(2008)

*

*

*

*

*

Nonnemacheret 

a/ (2009)

*

*
*
*

*

*
*

*

*

*
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Vanderwee et al (2007) demonstrated that the presence of non-blanching 

erythema in adults with pale skin is as useful a predictor of deeper tissue 

damage as using a pressure ulcer risk assessment tool (the Braden score). 

However, it could be argued that a good predictive tool could be used to 

prevent even non-blanching erythema developing.

Although pressure ulcer risk assessment tools are not perfect predictors of 

risk, it appears that they may be better than the clinical judgement of ward 

nurses (Defloor and Grypdonck, 2005, Pancorbo-Hidalgo et a/., 2006), 

however, this may be influenced by education and experience.

Paediatric pressure ulcer risk assessment tools

Ten paediatric pressure ulcer risk assessment tools have been identified in 

literature (although two of these may be used to assess risk of skin 

breakdown due to other conditions in addition to pressure ulcers). Published 

validity and reliability studies were identified for four tools, however, the 

quality of these studies was variable.

The development of the Braden Q scale (Quigley and Curley, 1996) was 

driven by a need to use speciality beds more efficiently in the Children's 

Hospital, Boston, and reduce the costs of unnecessary use of specialised 

equipment. In order to decide which support surfaces to use for hospitalised 

infants and children, the adult Braden scale was adapted for use with 

children and young people, calling it the Braden Q scale. The Braden scale 

was selected because it had been tested for validity in several diverse adult 

clinical areas (Quigley and Curley, 1996). The Braden Q scale has seven 

subscales, each rated from 1 to 4 (figure 3.7). The range of possible scores 

is from 7 (highest risk of skin breakdown) to 28 (no risk of skin breakdown). 

Risk categories were established by a group of expert paediatric nurses 

rating 178 children on the Braden Q. Children at low risk for skin breakdown 

averaged 25 points, children for moderate risk averaged 21 points and 

children expected to be at high risk for skin breakdown had an average of 16 

points. As confidence intervals indicated children scoring less than 23 points
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were rated to have a moderate or high risk of pressure injury, less than 23 

points was set as the 'at risk' cut off score for a skin care algorithm (Quigley 

and Curley, 1996). The performance of the Braden Q scale was tested with a 

stratified (according to age) sample of 322 children admitted to three 

paediatric intensive care units for at least 24 hours (Curley et a/., 2003). 

Eighty six patients developed pressure ulcers of stage I to IV, but it is not 

clear how many of these only developed stage I pressure ulcers. Using stage 

II pressure ulcer classification (partial thickness skin loss of layers involving 

epidermis, or presenting as blistering) and a cut off score of 16, the 

sensitivity was 0.88 and the specificity was 0.58 (Curley et a/., 2003). Not 

included in the pressure ulcer data were an additional 27 pressure-related 

injuries caused by medical devices, 14 of these were related to peripheral 

oxygen saturation probes (Curley, Quigley and Lin, 2003). 

Schindler et al (2007) conducted a prospective cohort study in a paediatric 

intensive care unit. Of 401 admissions over three and a half months, skin 

breakdown occurred in 47 (11.7%) children, and skin redness (but not 

breakdown) was documented in 25 (6.2%). Calculating relative risk to 

compare children with pressure injury and children without pressure injury, 

factors associated with skin breakdown or redness included age 2 years or 

younger, length of stay of 4 days or longer, requirement for mechanical 

ventilation and a respiratory diagnosis on admission. However, a Braden Q 

score of less than 16 was not significantly associated with risk of pressure 

damage.
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Fiaure 3.7. The Braden Q oressure ulcer risk assessment tool for children
(Quigley and Curley, 1996).

Mobility
The ability to
change and
control body
posture

Activity
The degree of
physical activity

Sensory
Perception
The ability to
respond in a
developmental!)?
appropriate way
to pressure
related
discomfort

1. Completely immobile
Does not make even slight
changes in body or
extremity position without
assistance.

1. Bedfast
Confined to bed

1. Completely limited
Unresponsive (does not
moan, flinch, or gasp) to
painful stimuli due to
diminished level of
consciousness or
sedation; OR, limited
ability to feel pain over
most of body surface.

2.Very limited
Makes occasional slight
changes in body or extremity
position but unable to
completely turn self
independently.
2.Chairfast
Ability to walk severely
limited or non-existent.
Cannot bear own weight and
/ or must be assisted into
chair or wheelchair.

2.Very limited
Responds only to painful
stimuli. Cannot
communicate discomfort
except by moaning or
restlessness; or has sensory
impairment that limits the
ability to feel pain or
discomfort over half of body.

S.SIightly limited
Makes frequent though
slight changes in body or
extremity position
independently.

S.Walks occasionally
Walks occasionally
during day, but for very
short distances, with or
without assistance.
Spends majority of each
shift in bed or chair.

S.SIightly limited
Responds to verbal
commands, but cannot
always communicate
discomfort or need to be
turned; OR, has some
sensory impairment that
limits ability to feel pain
or discomfort in one or
two extremities.

4. No limitations
Makes major and
frequent changes in
position without
assistance.

4. All patients too
young to ambulate, or
walks frequently
Walks outside the room
at least twice a day and
inside the room at least
once every 2 hours
during waking hours.
4. No impairment
Responds to verbal
commands. Has no
sensory deficit that
would limit ability to feel
or communicate pain or
discomfort.

Tolerance of the Skin and Supporting Structure
Moisture
Degree to which
skin is exposed
to moisture

Friction-shear
Friction occurs
when skin
moves against
support
surfaces
Shear occurs
when skin and
adjacent bony
surface slide
across one
another

Nutrition
Usual food
intake pattern

1 .Constantly moist
Skin is kept moist almost
constantly by perspiration,
urine, drainage, etc.
Dampness is detected
every time patient is
moved or turned.
1. Significant problem
Spasticity, contracture,
itching or agitation leads to
almost constant thrashing
and friction.

1 .Very poor
NPO and / or maintained
on clear liquids, or IV's for
more than 5 days OR
albumin <2.5mg/dl OR
never eats a complete
meal. Rarely eats more
than half of any food
offered. Protein intake
includes only 2 servings of
meat or dairy products per
day. Takes fluids poorly.
Does not take a liquid
dietary supplement.

2.Very moist
Skin is often, but not always,
moist. Linen must be
changed at least every 8
hours.

2. Problem
Requires moderate to
maximum assistance in
moving. Complete lifting
without sliding against
sheets is impossible.
Frequently slides down in
bed or chair, requiring
frequent repositioning with
maximum assistance.

2. Inadequate
Is on liquid diet or tube
feedings / TPN, which
provides inadequate calories
and minerals for age OR
Albumin <3mg/dl OR rarely
eats a complete meal and
generally eats only about
half of any food offered.
Protein intake includes only
3 servings of meat or dairy
products per day.
Occasionally will take dietary
supplement.

3. Occasionally moist
Skin is occasionally
moist, requiring linen
change every 12 hours.

3. Potential problem
Moves feebly or requires
minimum assistance.
During a move skin
probably slides to some
extent against the
sheets, chair, restraints,
or other devices.
Maintains relatively good
position in chair or bed
most of the time but
occasionally slides
down.
3. Adequate
Is on tube feedings or
TPN, which provide
adequate calories and
minerals for age OR
eats over half of most
meals. Eats a total of 4
servings of protein
(meat, dairy products)
each day. Occasionally
will refuse a meal, but
will usually take a
supplement if offered.

4. Rarely moist
Skin is usually dry,
routine diaper changes;
linen only requires
changing every 24
hours.

4. No apparent
problem
Able to completely lift
patient during a position
change; moves in bed
and in chair
independently and has
sufficient muscle
strength to lift up
completely during
move. Maintains good
position in bed or chair
at all times.
4. Excellent
Is on a normal diet
providing adequate
calories for age. For
example, eats most of
every meal. Never
refuses a meal. Usually
eats a total of 4 or more
servings of meat and
dairy products.
Occasionally eats
between meals. Does
not require
supplementation.

Continued . .
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Tissue 
perf usion and 
oxygenation

1. Extremely 
compromised
Hypotensive 
(MAP<50mmHg; <40 in 
newborn) or the patient 
does not physiologically 
tolerate position changes.

2. Compromised
Normotensive; oxygen 
saturation may be <95%, 
haemoglobin may be <10g/l; 
capillary refill may be >2 
seconds; serum pH is <7.40.

3-Adequate
Normotensive; oxygen 
saturation may be <95%; 
haemoglobin may be 
<10g/l; capillary refill 
may be >2 sec; serum 
pH is normal.

Total: (if <23 refer to Skin Care Algorithm)

4. Excellent
normotensive, oxygen 
saturation > 95%; 
normal Hb; capillary 
refill < 2 seconds.

The Neonatal Skin Risk Assessment Scale (NSRAS) was developed from 

the adult Braden scale. Huffines and Logsdon (1997) based their choice of 

this scale on a report that it was 64% to 90% specific when used with an 

adult population and therefore the authors concluded that 'the Braden scale 

is an excellent criterion on which to base an instrument for neonates' 

(Huffines and Logsdon, 1997). The scoring was reversed from the original 

Braden scale, so that an infant with a high risk or pressure injury has a high 

score (highest 24) and an infant with a low risk has a low score (lowest 6) 

(figure 3.8). During a three month data collection period, a small convenience 

sample of 32 neonates who were free from pressure ulcers at the start of the 

study and did not have any genetic dermatological conditions were recruited. 

The neonates were assessed daily starting at 24 hours following delivery for 

7 days then weekly for 2 months or until discharge or skin breakdown. The 

assessment was carried out by a neonatal nurse caring for the neonate (who 

had received training in the use of the NSRAS) and a researcher (who was 

blinded to the assessment of the neonatal nurse). The reliability of the 

subscales 'mental state', 'mobility', and 'moisture' was poor, but the reliability 

of the subscales 'general physical condition', 'activity' and 'nutrition' was very 

high (r=0.97). Six of the 32 neonates developed skin breakdown. Using a 

post hoc Tuckey test, the authors demonstrated a significant difference in the 

NSRAS scores of neonates with and without skin damage on day 2. Using 

the day 2 scores the sensitivity and specificity of the NSRAS was calculated 

(using only the subscales 'general physical condition', 'activity', and 

'nutrition'). At a score of 5, the NSRAS was 83% sensitive (1 infant who 

developed skin damage was assessed as not being at risk at this score) and 

81% specific, which appears to be the optimum value, and this is the value

selected to be the cut off score (Huffines and Logsdon, 1997). However, it
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appears from the data that at a score of 6 the NSRAS was demonstrated to 

be 100% sensitive and 61% specific (with this sample). At this score the 

infant who developed pressure damage and who was missed at a score of 5 

would have been identified. The specificity may appear to be lower at a score 

of 6, however some neonates who may have been at risk of pressure injury 

could have been protected by nursing intervention. Although the published 

scale gives high risk as a high score and low risk as a low score, the data in 

the publication indicates that the sensitivity increases and specificity 

decreases with increasing threshold score, this is the reverse of what is 

usually observed (and this is unlikely to be correct).

Figure 3.8. Neonatal Skin Risk Assessment Scale (NSRAS) (Huffines and 

Logsdon, 1997)

CLINICAL CONDITION PARAMETERS

General Physical condition
Very poor Gestational age S28 weeks

Gestational age >28 weeks but <33 weeks
Gestational age >33 weeks but <38 weeks
Gestational age >38 weeks to post term

Mental state
Completely limited

Very limited

Slightly limited
No impairment

Unresponsive (does not flinch, grasp, moan, increase blood pressure, or heart 

rate) to painful stimuli due to diminished level of consciousness or sedation

Responds only to painful stimuli (flinches, grasps, moans, increased blood 

pressure or heart rate)
Lethargic
Alert and active

Mobility
Completely immobile

Very limited

Slightly limited

No limitations

Does not make even slight changes in body or extremity position without 

assistance (e.g. Pavulon muscle relaxant)
Makes occasional slight changes in body or extremity but unable to make 

frequent changes independently
Makes frequent though slight changes in body or extremity position 

independently
Makes major and frequent changed in position without assistance (e.g. turn 

head)
Activity
Completely bed bound
Limited bed bound
Slightly limited
Unlimited

In radiant warmer with clear plastic "saran" tent

In radiant warmer without tent
In double walled isolette
In an open crib

Nutrition
Very poor
Inadequate

Adequate
Excellent

NPO on intravenous fluids
Receives less than half optimum amount of liquid diet for growth (formula / 

breast milk) and supplemented with intravenous fluids

Is on tube feedings which meet nutritional needs for qrowth

Bottle / breast feeds every meal which meets nutritional needs for growth

Moisture
Constantly moist
Moist

Occasionally moist

Rarely moist

Skin is moist/ damp every time infant is moved or turned

Skin is often but not always moist / damp, linen must be changed at least once a 

shift
Skin is occasionally moist / damp, requiring an extra linen change approximately 

once a day
Skin is usually dry, linen requires changing only once every 24 hours

Score

4
3
2
1

4

3

2
1

4

3

2

1

4
3
2
1

4
3

2
1

4
3

2

1
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The Starkid Skin Scale (Suddaby, Barnett and Facteau, 2005) (figure 3.9) 

was developed by two clinical nurse specialists who reworded and simplified 

the concepts presented in the Braden Q scale. Reliability of the scale was 

assessed by pairs of staff nurses and a clinical nurse specialist scoring 30 

patients (on the same day but different times). The Spearman correlation 

coefficient was reported to be high (1^=0.85), the nutrition subscale had the 

least agreement (66% agreement with an average point difference of 1.4). 

The authors calculated an internal consistency for the scale with a 

Cronbach's alpha of 0.71. However, Kottner (2010) argues that a pressure 

ulcer risk assessment scale cannot have internal consistency as all the 

subscales are measuring different attributes. In a prevalence study 347 

paediatric patients were assessed. Eighty patients had skin damage, of 

these 77.5% patients were described as having category 1 lesions, however, 

this appears to include nappy dermatitis and eczema, so the results of this 

study cannot be used to calculate ability of the scale to predict pressure ulcer 

risk. According to the authors' data, at a cut off score of 15, the scale only 

had a sensitivity of 17.5% (so 82.5% of patients with skin damage were 

assessed to be not at risk), however, at this score the specificity was 98.5%. 

This tool does not appear to have an adequate predictive ability with the 

population studied if a cut off score of 15 is used, and although it has been 

developed as a modification of a pressure ulcer risk assessment tool, it has 

not been used to predict pressure ulcer risk.
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Figure 3.9. The Starkid Skin Scale (Suddaby, Barnett and Facteau, 2005)

Mobility/ 
Activity

Sensory 
perception - 
ability to feel 
and respond 
to pressure 
related pain

Moisture. 
Diapers must 
be age 
appropriate

Friction-shear. 
From skin 
against bed 
surface or 
cast/ orthotic 
device. 
Includes 
patient and 
nurse ability 
to lift
Nutrition

Tissue 
perfusion and 
oxygenation 
(use data 
available)

Starkid Skin Scale
1

Confined to bed, 
minimal 
spontaneous 
changes in 
position.

Unresponsive to 
pain due to 
injury or 
continuous 
sedation or 
neuromuscular 
blockade

Dampness from 
diaphoresis, 
drainage, urine 
or faeces noted 
every time 
patient moved.
Constant 
thrashing and 
friction. 
Agitated.

NPOfor>5 
days or rarely 
eats half of food 
offered. No 
supplements.

Hypotensive 
(MAP <50, <40 
in new born). 
Does not 
tolerate position 
changes.

2
Cannot weight 
bear but uses a 
chair, 
occasional 
spontaneous 
changes in 
position.

Decreased level 
of 
consciousness 
but responds to 
painful stimuli, 
communicates 
by moaning or 
restlessness, or 
sensory 
impairment over 
> half of body
Linen changed 
every 8 hours 
for dampness or 
diaper changes 
every q2 for 
diarrhoea.
Unable to lift to 
reposition 
(nurse or 
patient) sliding 
against sheets 
unavoidable 
(ability or size). 
Slides down 
frequently.

TPN or tube 
feedings with 
inadequate 
calories even 
with 
supplements or 
usually eats half 
of food offered.
Normotensive 
but O2 sat 
<92%or<10 
below expected 
norm, CFT >2 
seconds Hb < 
10

3
Out of bed with 
assistance, 
frequent 
changes in 
position, or if 
baby, not held 
by parents more 
than brief 
periods
Responds to 
commands, 
can't 
communicate 
need to be 
turned (age 
appropriate) or 
sensory 
impairment in 1 
- 2 extremities.

Linen changed 
every 12 hours 
or diaper 
changes for 
diarrhoea

Able to lift but 
skin slides 
some. 
Occasional 
sliding down in 
bed but 
maintains 
position most of 
the time.

TPN, tube feeds 
of adequate 
calories or eats 
over half of food 
offered.

Normotensive, 
O2 sat <92% or 
<10 below 
expected norm, 
CFT<2 
seconds, Hb 
<10

4
Walks 
frequently, 
changes 
position without 
assistance, or 
too young to 
ambulate but 
held by parents.

Age-appropriate 
response to 
commands, no 
sensory deficits, 
able to feel and 
communicate 
pain.

Routine diaper 
changes. Linen 
changed once a 
day.

Easy to lift to 
change position 
(baby), or 
moves 
independently, 
maintains good 
position.

Eats great.

Normotensive, 
O2 sat >94% or 
within expected 
norm, CFT <2 
seconds. Hb 
normal.
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Figure 3.10. Patient assessment tool for assessing patients at risk for 
development of pressure related breakdown. (Garvin. 1997)

A. Mobility (ability to control and change position)
No limitations: Age appropriate activity: makes major and frequent changes in position 
without assistance
Slightly limited: Makes frequent minor changes in position without assistance, spends 
majority of day in bed or chair
Very limited: Makes occasional slight changes in body or extremity position but unable to 
make frequent significant changes independently. Ability to walk severely limited or non 
existent. Cannot bear own weight or must be assisted into chair or wheel chair. 
Completely immobile: Does not make any changes in body position without assistance. 
Confined to bed.

B Sensory perception (the ability to respond meaningfully to pressure related discomfort)
1. No impairment: Has no sensory deficit which would limit ability to feel or demonstrate pain 

or discomfort
2. Slightly impaired: Has some sensory impairment which limits the ability to feel pain or 

discomfort in 1 or 2 extremities.
3. Very limited: Has sensory impairment which limits the ability to feel pain or discomfort over 

>2 the body.
4. Completely limited: Unresponsive to painful stimuli due to diminished level of

consciousness or sedation, limited ability to feel pain or discomfort over most of the body.

C. Nutrition (nutrition to meet growth needs) oral, tube feeds, or hyperalimentation
1. Excellent: Nutrition intake meets 100% of growth needs
2. Adequate: Nutrition that meets 75% of growth needs
3. Probably inadequate: Receives less than optimum amount of nutrition for an extended 

period of time, i.e. 3 days in a malnourished patient and possibly 7 days in a previously 
healthy child.

4. Very Poor: NPO or maintained on clear liquids or IV fluids for more than 5 days.
D. Moisture (degree to which skin is exposed to moisture)

1. Rarely moist: Skin is usually dry
2. Occasionally moist: Skin is occasionally moist, routine diaper changes q 2-4h.
3. Moist: Skin is often but not always moist
4. Constantly moist: Skin is kept moist almost constantly by perspiration, urine, medicine, etc. 

Dampness is detected every time the patient is moved or turned.______________
Patient risk score / intervention category
4-5 None
6-7 Level I
8-12 Level II 8-14 patients in rehab unit.
13-16 Level III

INTERVENTION CATEGORIES
I. Level One: Pressure reduction products, i.e. Spenco pad, sheepskin pad, etc

II. Level Two: Mattress overlay of 4" foam, or Hill Rom T Critical care bed 
III. Level Three: The preferred choice is the RIK  fluid mattress

Garvin (1997) published a 'Patient assessment tool for assessing patients at 

risk for development of pressure related breakdown' (figure 3.10), but does
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not state how the tool was developed (however the categories appear very 

similar to the Braden scale). To provide validity for the tool, the author 

reports that she used it to score patients who were already on support 

surfaces chosen by the nurse specialist, and all these patients received a 

score that confirmed they were on the correct support surface. No data on 

pressure ulcer development was reported. To establish reliability, four nurses 

used the tool to score patients and obtained identical scores (no data was 

provided).

Bedi's (1993) risk assessment tool (figure 3.11) was developed in paediatric 

intensive and high care units (including cardiac surgery) using the headings 

from the adult Waterlow (Waterlow, 1985) pressure ulcer risk assessment 

card. No published reliability or validity studies have been identified.
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Figure 3.11. Paediatric risk assessment chart (Bedi. 1993).

Ring scores in table, add total, several scores per category can be used

Date

Weight

Average 
according to 
age

Below birth 
weight 
Below 
weight 
according to 
age 
Overweight

Continence

Continent 

Catheterised

Incontinent 
for children 
> 4 years 
Nappies

Nappy rash 

Enuretic

0

2 

3

3

0 

1 

2

2 

3 

3

0

2

3

3

0 

1 

2

2 

3 

3

0

2 

3

3

0 

1 

2

2 

3 

3

Date

Skin types

Dark

Fair 

Sensitive 

Broken / spot

Mobility

Fully

Restless / 
fidgety

Sedated / non 
walker / 
restricted 
Paralysed

Appetite

Average / 
good 
Poor

NG tube 

Fluids only 

Malabsorption

Failure to 
thrive 
Nil by mouth / 
dehydrated

0

1 

2 

3

0 

1 

2 

4

0 

1 

2 

2 

3

3 

3

0

1 

2 

3

0 

1 

2

4

0 

1 

2 

2 

3

3 

3

0

1 

2 

3

0 

1 

2 

4

0 

1 

2 

2 

3

3 

3

Date

Age

Neonate

Infant 

Toddler

Pre-school (2 
-5) 
12 years plus

General 
assessment

Severe 
cyanosis and 
clubbing 
Moderate 
cyanosis

Mild cyanosis 

Asymptomatic

3

1 

1

1 

1

5 

3

1 

0

3

1 

1

1 

1

5 

3

1

0

3

1 

1

1 

1

5 

3

1 

0

Date

Special risks

Tissue 
malnutrition, e.g. 
Terminal 
cachexia 
Circulatory/ 
vascular disease

Diabetes

Hypoxaemia 

I notropic support

Known infection, 
e.g. MRSA, 
Pseudomonas
Neurological 
deficit

Unconsciousness

Developmentally 
delayed 
Achieved normal 
milestone 
Major surgery / 
Trauma 
On table > 2 
hours 
On table > 5 
hours
Medication

Antibiotic 
induced 
diarrhoea / 
thrush / rash

8

5 

4

5 

3

2

5

2 

0

5

7

3

8

5 

4

5 

3

2

5

2 

0

5 

7

3

8

5 

4

5 

3

2

5

2

0

5

7

3

Score classification
10+ at risk 15+ high risk 20+ very high risk

Cockett (1998) developed a pressure sore risk assessment for children in 

intensive care based on a literature review of factors associated with 

increased risk of pressure ulcer development in intensive care patients 

(figure 3.12). No guide to risk scoring was published. No published reliability 

or validity studies have been identified.
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Figure 3.12. Paediatric score (Cockett. 1998).

Weight
Normal weight
Underweight
Overweight

Mobility
Able to move self
Restricted mobility
Immobile

Skin condition
Intact
Rashes
Oedema

Broken areas
Extravasation injury

Diet
NG/ oral feeding
IV fluids only
Restricted fluids

TPN
NBM

Sedation
No sedation
Oral sedation
IV sedation
IV paralysis

0
2
2

1
2

3

0

2
2

3

3

1

2
2

2
2

0

1
2

3

Haemodynamic status
Low inotrope
Medium inotrope
High inotrope

Not applicable

Respiratory status
Self ventilating
CPAP/ flow driver
Mechanical ventilation

Incontinence
Non / catheterised
Nappies
Incontinent

Glasgow Coma Scale
Score 1 0-1 5
Score 5-9
Score less than 5

Special considerations
Cooled temp < 35°C
Surgery > 4 hours
Orthopaedic cast
Splinted limbs (including IV)

1
3
5

0

0
1
2

0
1

2

0
1

2

3

3
3
3

Pickersgill (1997) describes a paediatric pressure ulcer risk assessment 

(figure 3.13) which was devised as part of a paediatric tissue viability policy, 

by combining the adult Medley and Waterlow risk assessment tools. The 

paediatric tissue viability policy at Pickersgill's Trust (Derbyshire Children's 

Hospital) included the lifting and handling policy to prevent incorrect 

movement of patients which may cause shear and friction leading to tissue 

breakdown. No validity or reliability studies have been identified.
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Figure 3.13. Derbyshire Children's Hospital Paediatric Risk Assessment 
Score (Pickersgill, 1997)

BUILD AND WEIGHT FOR HEIGHT

Average 
Above average 
Obese 
Below average

MOBILITY
Full. Normal for age 
Restless. Fidgety 
Moves with limited assistance 
Dependent on others

APPETITE
Normal for child 
Insufficient to maintain weight 
Poor, eats and drinks little 
Very poor, unable or refuses

ELIMINATION
Completely continent or catheterised 
Occasionally incontinent 
Frequently incontinent 
Fully incontinent, no control

SKIN CONDITION
Healthy
Clammy (e.g. Pyrexial)
Dry skin, dehydrated, lack of turgor
Oedematous
Discoloured
Broken skin

DRUGS
Cytotoxic drug therapy
High dose steroids
High dose non-steroid anti-inflammatory

TOTAL RISK SCORE

Low risk 
Medium risk 
High risk

0-5 
6-10 
11 or more

The Pattold pressure scoring system (Olding and Patterson, 1998) (Figure 

3.14) was devised for critically ill children by identifying the components 

necessary for the maintenance of good skin integrity, then listing what the 

authors considered to be the eight key areas. Each of the eight areas were 

given a score of 1 to 3, when these were totalled the child could be assigned 

as low, medium or high risk. No validity or reliability studies have been 

identified.
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Figure 3.14. The Pattold pressure scoring system (Olding and Patterson 
1998).

Cardiovascular 1 Stable without inotropes
2 Stable with inotropic support
3 Inotropic support and unstable

Thermoregulation 1 Normothermic
3 Hyperthermic / hypothermic

Respiratory 1 Self-ventilating in air
2 Face mask / head box oxygen
3 Intubated

Mobility 1 Normal mobility
2 Restricted mobility
3 Paralysed and sedated

Nutrition 1 Unrestricted diet and fluids
2 Fluid restriction as enteral / total parenteral nutrition only
3 Fluid restriction

Continence 1 Fully continent
2 Incontinent of faeces only (catheterised)
3 Incontinent of urine and faeces (wearing nappies)

Skin condition 1 Intact
2 Oedematous / clinically overloaded / discoloration/ marking easily
3 Broken / excoriated / surgical wounds / burns

Weight status 1 Average
2 Overweight
3 Underweight

Pressure score:
17-14
15-20
20+

Low risk 
Medium risk 
High risk

(The published low risk score of 17 - 14 may be a typing error)

Waterlow's (1998) paediatric pressure sore risk assessment (figure 3.15) 

was developed using the data obtained from 302 children and infants in her 

multi centre incidence study (Waterlow, 1997). Although a large amount of 

detailed data was collected (Waterlow and Jones, 1997), no statistical 

analysis was published. This risk assessment does not involve a numerical
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score and is not predictive, but alerts users to potential risks and advises on 

preventative action.

Figure 3.15. PAEDIATRIC PRESSURE SORE /SKIN DAMAGE RISK ASSESSMENT FORM
(Waterlow1998)

Name Age Sex

Instructions
1. Complete on admission
2. Reassess if there are any changes to condition or treatment
3. Answer all questions either ^or X
4. Consider options available and implement as necessary
5. Record any options used
6. Sign the form
Tick Consider
On admission:
1. Does the child have severe physical 
difficulties e.g. cerebral palsy
2. Head injury
3. Appears malnourished
4. Appears to be severely ill? 
e.g. Meningococcal septicaemia
5. Is there any skin damage/ 
bruising present?
Define injuries on 'body map' diagram 
and consider reporting findings.

Treatment
1. Intensive care?
2. Ventilated/immobile
3. Major surgery - over 5 hours? 
e.g. transplant surgery
4. Plaster cast?
5. Splint? E G 
6.Infusion/ drain/ nasogastric tubing etc? 
7.Intensive treatment for malignancy 
E.g. Bone marrow transplant

ADG

ACD 
Al

A/B J

A/BCD
ABFG

A/BH

EG

G 
Al

A - Overlay
B - Alternating pressure overlay
C - Gel pad with shaped cut out for ear or occiput
D - Regular turning
E - Skin protection e.g. felt padding
F - Barrier cream
G - Skin protection e.g. Semi-occlusive dressing
H - Pressure reducing table top
I - food supplements
J - silk sheets

Record all injuries / areas of skin damage

ASSESSOR .................
DATE OF ASSESSMENT
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The Northampton neonatal skin assessment tool (McGurk et a/., 2004) 

(figure 3.16) is described as a skin assessment tool, not necessarily a 

pressure ulcer risk assessment tool, although the authors recommend 

repositioning according to risk score. There is no report of how the tool had 

been developed, and no reliability or validity details were offered.

Figure 3.16. The Northampton neonate/skin assessment tool (McGurk ef a/., 
2004).

Numerical and descriptive rating
Category
Gestation
Weight
Age
Skin integrity

Temperature control
Mobility
Nutritional status

Visual examination

Level of care

0
Term
More than 2kg
Over 14 days
No damage

Normal
Normal
Normal fluids for 
gestational age
Clear

Normal

1
Above 32 weeks
Between 1-2kg
Between 7-14 days
Small amount of 
damage
Unstable during cares
Restricted
Restricted for age of 
baby
Unclear in small 
localised areas
Special

2
Below 32 weeks
Below 1 kg
Less than 7 days
Extensive damage

Generally poor control
Immobile
Severely restricted for 
age of baby
Extensive skin damage

Intensive
Add up the scores plus add on 2 for each of the following - intravenous cannula in situ, arterial 
line in situ, site of extravasation, wound, apparent birth trauma, nappy rash, electrolyte imbalance, cord 
clamp in situ.

Final score
0-8 Low risk of skin complications. Recommend daily assessment 
8-15 Moderate risk of skin complications. Recommend 6-8 hourly assessment and 

repositioning 
16-24 High risk of skin complications. Recommend 4-6 hourly assessment and repositioning 
Above 24 Neonate is at extreme risk of developing skin complications. Recommend 2-4 hourly 

assessment and repositioning.

The Northampton children's skin assessment tool (Figure 3.17), was 

published in the same article (McGurk ef a/., 2004).

The authors did not report how the tool had been developed, and no details 

of reliability or validity were offered.
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Figure 3.17. The Northampton children's skin assessment tool (McGurk et 
al. ,2004)

Numerical and descriptive rating
Category
Weight
Nutrition
Activity
Continence

Pain

Skin state

0
Average
Normal diet
Mobile
Continent

Pain free

intact

1
Overweight
TPN/NGT feeds
Restricted mobility
Occasionally 
incontinent or wears 
nappies (under 5)
Intermittent pain on 
movement
Superficial breaks / red 
areas / abrasions

2
Underweight
NBM/IV fluids
Immobile
Incontinent of urine or 
faeces. Wears nappies 
(over 5)
Continual pain, 
discomfort
Extensive skin damage

Add 2 points for each of the following - radiotherapy, chemotherapy, steroid therapy, diabetes, 
excess of 2 hours on the operating table, splints/plaster cast, anaemia (Hb less than 8), sensation 
deficit.

Final score
0-4 Low risk Daily assessment 
5-8 Medium risk Twice daily assessment 
9 and above High risk 4-6 hourly assessment or as condition dictates

There was a misprint on numerical rating of the children's skin assessment 

tool in original publication, this was confirmed by e-mail correspondence with 

the author.

WHY DEVELOP A NEW RISK ASSESSMENT TOOL?

Guidelines for pressure ulcer prevention recommend an initial risk 

assessment of patients on admission to hospital and ongoing assessment 

(NICE, 2001, Royal College of Nursing, 2001, NICE, 2005b) with a validated 

tool (Joanna Briggs Institute, 2008). However, carrying out a validation study 

on a tool, does not necessarily make the tool valid, especially if the study 

was of poor quality, or demonstrated poor predictive ability, or it is going to 

be used with a population very different from the one it was designed for. 

Six of the 10 the pressure ulcer risk assessment scales described above 

were developed from modified adult risk assessment scales, and only one 

was developed using paediatric patient data. Similarly, most paediatric 

wound treatment recommendations are based on extrapolation of data from 

adult studies (Mukherjee, Coha and Torres, 2010, Schindler et al., 2007, 

Roques, 2009, Baharestani and Ratliff, 2007) even though the information 

and methods may not fully meet the needs of infants and children.
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It is only possible to describe a population by collecting and analysing 

detailed data on that population. It can be argued that designing an 

evidence-based predictive tool for a population is also more likely to succeed 

if using empirical data generated by the population in question.

ARE CHILDREN DIFFERENT TO ADULTS?

In a prevalence study of hospitals and nursing homes throughout Germany 

(Lahmann, Halfens and Dassen, 2005), the prevalence of pressure ulcers 

(including category 1) in paediatric wards was 3.1%, and in geriatric wards 

was 39.5%. Children have a greater capacity for repair than adults, however 

because of their immaturity, they are more at risk of electrolyte disturbances, 

sudden elevation or lowering of body temperature, and rapid spread of 

infection (Garvin, 1990b).

Comorbid conditions

As people get older they develop conditions such as heart and circulatory 

problems, and neurological diseases (Morris, 2010). Webster et al (2010) 

collected pressure ulcer incidence data on a sample of 274 adult patients in 

acute medical care, with a mean age of 65.3 years, admitted over a 10 week 

interval. Most patients had complex conditions with an average of 3.3 

comorbidities, and more than a quarter of patients had diabetes (the 

pressure ulcer incidence of the whole population was 5.5%). In contrast, in a 

survey of children and young people (aged 2 months to 17 years) admitted to 

hospital with pneumonia (5429 admissions over a 12 month period), less 

than half (42.4%) had a chronic comorbid condition (Gorton and Jones, 

2006). Of the most common comorbid conditions in this group 26% had a 

chronic respiratory condition, 4.3% had a condition affecting the nervous 

system, and 3.3% had an endocrine, nutritional, metabolic, or immune 

condition. In a survey of surgical paediatric patients, Zeder and Hollwarth 

(2004) found only 38% of paediatric surgical admissions (5026 hospital stays 

over a 1 year period) had one or more comorbid conditions, these were most 

commonly allergy, asthma, epilepsy, anaemia and learning disability.
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Skin

There are some significant differences in the skin of young children and 

adults. Skin provides the first line of defence against the external 

environment by providing a physical barrier. It prevents excessive water loss 

from the body, prevents the entry of pathogenic microorganisms and 

minimises the absorption of harmful substances (Voegeli, 2010). The skin 

has two main tissue layers; the epidermis and the dermis. 

The epidermis is the outer layer of the skin. The main function of this layer, 

particularly the stratum corneum, is to provide a barrier. The thickness of the 

stratum corneum on the forearm of 6 to 24 month infants has been observed 

to be on average 30% thinner than that of adults (about 7um in infants and 

10um in adults) and the supra-papillary dermis is 20% thinner (Stamatas et 

a/., 2010). The epidermis has no direct blood supply and receives nutrients 

and oxygen by diffusion from the blood supply in the dermal papillary layer 

(White and Butcher, 2006).

At the interface between the epidermis and the dermis is the basement 

membrane. This is made mainly from collagen and provides a secure 

foundation for basal keratinocyte cells. The basement membrane is attached 

to the dermis by collagen anchoring fibrils. In the premature infant the dermo- 

epidermal junction is flat, but it develops with age, the epidermis becoming 

thicker as more cells differentiate into the stratum corneum. The basal layer 

increases in area and heaps up into undulations at the dermo-epidermal 

junction to a deeply ridged zone that make up rete ridges (epidermal 

thickening extending downwards between dermal papillae) (Evans and 

Rutter, 1986). These ridges prevent the skin layers pulling apart under 

friction. Pre-term infants, less than 30 weeks gestation, have only 2-3 

layers in the stratum corneum, compared with 10-20 layers in term infants 

and adults. The fibrils that connect the epidermis to the dermis are also fewer 

(Lund, 1999). When using adhesive tape, adhesion between the epidermis 

and tape can be stronger than the bond between the epidermal and dermal 

layers in neonates' skin, this can result in stripping of the epidermal layer 

when tape is removed (McManus Kuller, 2001, Butler, 2006), and there is 

greater potential for blistering from friction and trauma. Friction injuries can
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occur when skin surfaces such as knees and elbows rub against bedding 

(Lund, 1999).

During the aging process the skin becomes thinner, less elastic and less 

resilient to mechanical forces (Morris, 2010), and elastic fibres in the dermis 

tend to fragment more with age (Lee et a/., 2008) making the skin more 

fragile in very elderly people.

Weight and handling

Infants and toddlers are normally picked up by their parents frequently for 

feeding, nappy changing, play and affection. Young babies will usually 

indicate that they require attention at least every 3 hours. Between the ages 

of 6 to 10 months infants acquire the ability to roll over, and by the age of 12 

to 17 months most children are fully mobile (Oldfield, 2004). By 4 years of 

age most children have achieved bowel control, and over 77% of children 

have achieved day and night time bladder control (Wilcox, 2004, Kanneh, 

2004). Infants and children weigh from around 3.5 kg at birth to around 16kg 

at 4 years (Department of Health, Royal college of Paediatrics and Child 

Health and World Health Organisation, 2009). Women can usually lift up to 

17kg loads safely (Natural Environment Research Council, 2001), therefore, 

although young children may have mobility and continence problems, up to 

the age of 4 years it is normal for parents to lift and move infants and 

children frequently and safely without the use of equipment.

PRESSURE ULCERS IN CHILDREN AND YOUNG PEOPLE

Pressure ulcers in children can leave scars, these are particularly distressing 

and obvious on the head as hair fails to re-grow, resulting in scarring 

alopecia (Kumar and Kumar, 1993, Gershan and Esterly, 1993) which may 

not have resolved years after the initial insult (Neidig, Kleiber and Oppliger, 

1989). Detrimental changes in body image can make children withdrawn and 

have a negative effect on socialisation and education (Kozierowski, 1996). 

Kozierowski (1996) described an adolescent with Hodgkin's disease who did 

not attend school for three months while his sacral pressure ulcer healed, as 

he was conscious of his body image and did not wish his peers to see him
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with draining wounds. It is important to consider the child's or young person's 

perspective (Fletcher et a/., 2011). Pressure ulcers are painful, and if severe 

may need repeated skin grafting (Matsumura, Makino and Watanabe, 1995). 

Infection in these ulcers is not uncommon (Brook, 1991), and can spread to 

other tissues including bone, resulting in osteomyelitis (Dubey, Krasinski and 

Hernanz-Schulman, 1988, Bar-On et a/., 2002).

Much of the research on pressure ulcer prevention has been conducted on 

the adult population. Although Butler (2006) suggests that research 

conducted on an adult population can easily be applied to paediatrics, the 

discussion above indicates that children are different from adults. There is a 

significant lack of research into pressure ulcer epidemiology, risk 

assessment, and prevention in the neonatal and paediatric population (Gray, 

2004). Most of the current paediatric evidence is anecdotal, and quantitative 

studies predominantly investigate specialised paediatric populations, 

however this literature suggests important differences between causes of 

adult and paediatric pressure damage.

Table 3.6 below lists conditions and other factors associated with pressure 

ulcers in children. It is interesting to compare number of authors describing 

pressure injury associated with equipment in children (table 3.6) and in 

adults (table 3.4).
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Table 3.6. Conditions and other factors associated with pressure injury in 
children.

Condition / factor
Pressure of body on tissues / skin 
surface
Immobility

Activity
Urinary / faecal soiling

Reduced sensory perception

Pain

Length of time in intensive care

High frequency oscillatory ventilation
Mechanical ventilation

Respiratory status
Age - 2 years or younger

Gestational age (neonates)
Weight

Skin condition / integrity

Temperature control

Nutritional status

Trauma
Electrolyte imbalance
Radiotherapy / chemotherapy
Steroid therapy
Extra-corporeal membrane oxygenation
High Paediatric Risk of Mortality Score
Severity of illness / condition
Disability / special needs
Spinal cord injury

Diagnosis
Diabetes
Anaemia
Bone marrow transplant graft versus host 
disease

Author
(Okamoto, Lamers and Shurtleff, 1 983)

(Pallija, Mondozzi and Webb, 1999, 
Abramovitz and Baache, 1988, McGurk 
et a/., 2004, Waterlow, 1998, Olding 
and Patterson, 1998)
(Okamoto, Lamers and Shurtleff, 1983)
(Okamoto, Lamers and Shurtleff, 1983, 
McGurk ef a/., 2004, Olding and 
Patterson, 1998)
(Bar-On et a/., 2002, McGurk et a/., 
2004)
(Pallija, Mondozzi and Webb, 1999, 
McGurk et a/., 2004)
(Schmidt et a/., 1998, Schindler et a/., 
2007)
(Schmidtefa/., 1998)
(Schindler et a/., 201 1 , Kozierowski, 
1996, Waterlow, 1998)
(Olding and Patterson, 1998)
(Schindler et a/., 2007, Abramovitz and 
Baache, 1988, McGurk et a/., 2004)
(McGurk et a/., 2004)
(McGurk et a/., 2004, Olding and 
Patterson, 1998)
(McGurk et a/., 2004, Waterlow, 1998, 
Olding and Patterson, 1998)
(McGurk et a/., 2004, Olding and 

Patterson, 1998)
(McGurk et a/., 2004, Waterlow, 1998, 
Olding and Patterson, 1998)
(McGurkefa/.,2004)

^McGurk et a/., 2004)
(McGurk et a/., 2004)
(McGurk et a/., 2004)
(Schindler et a/., 2011)
(Schindler et a/., 2011)

JWaterlow, 1998, McGurk et a/., 2004)
JJones, 1997, Waterlow, 1998J^

(Pallija, Mondozzi and Webb, 1999, 
Hickey, Anderson and Vogel, 2000, 
Ash, 2002, Okamoto, Lamers and 
Shurtleff, 1983, Harris and Banta, 1990)
(Abramovitz and Baache, 1988)
(McGurkefa/,,2004)
(McGurkefa/.,2004)
(Abramovitz and Baache, 1988)
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Malignancy
Head injury
Posture - e.g. kvohosis
Surgery over 2 hours
Haemodynamic stability

Equipment associated with pressure
Orthopaedic devices

Neck roll
Intravenous infusion splint

Nappy tag
Delivery forceps
Intravenous infusion tubing

Intravenous catheter hub
Pulse oximeter probe

Nasal prongs

Electroencephalogram electrodes
CPAP / BiPAP mask

Endotracheal tube

Tracheostomy

Urinary catheter

Cerebrospinal fluid shunt
Ball and post earrings

(Waterlow, 1998)
(Waterlow, 1998)
(Martin era/., 1994)
(Waterlow, 1998)
(Olding and Patterson, 1998)

damage
(Samaniego, 2002, Samaniego, 2003, 
Waterlow, 1997, Matsumura, Makino 
and Watanabe, 1995, Noonan, Quigley 
and Curley, 2006, Terzioglu et a/., 2002, 
Okamoto, Lamers and Shurtleff, 1983, 
Muller and Nordwall, 1994, McGurk et 
a/., 2004)
(Waterlow, 1997)
(Waterlow, 1997, Razmus, Lewis and 
Wilson, 2008, Curley, Quigley and Lin, 
2003)
(Waterlow, 1997)
(Waterlow, 1997)
(Waterlow, 1997, Razmus, Lewis and 
Wilson, 2008, Curley, Quigley and Lin, 
2003)
(Noonan, Quigley and Curley, 2006)
(Razmus, Lewis and Wilson, 2008, 
Noonan, Quigley and Curley, 2006, 
Curley, Quigley and Lin, 2003, Razmus, 
Roberts and Curley, 2001)
(Razmus, Lewis and Wilson, 2008, 
Nascirnento et a/., 2009, Groeneveld et 
a/., 2004)
(Noonan, Quigley and Curley, 2006)
(Curley, Quigley and Lin, 2003, 
Nascirnento et at., 2009, Razmus, 
Roberts and Curley, 2001 , Dixon and 
Ratliff, 2005)
(Curley, Quigley and Lin, 2003, 
Razmus, Roberts and Curley, 2001)
(Curley, Quigley and Lin, 2003, 
Razmus, Roberts and Curley, 2001)
(Curley, Quigley and Lin, 2003, 
Razmus, Roberts and Curley, 2001)
(Curley, Quigley and Lin, 2003)
(Phelan, 1980)

The most common sites for pressure ulcers in adults are the bottom 

(sacrum), heel, hip (ischium), elbow, ankle, shoulder, back, and the back 

(occiput) of the head (NICE, 2005a)
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In children the most frequently reported site of pressure ulceration is the 

occiput of the head (table 3.7)

Table 3.7. Sites of pressure ulceration in children

Site of pressure 
ulcer
Occiput

Ear

Nose

Lip/ mouth
Tongue
Neck
Scapula
Sternum
Elbow
Arm
Hand
Finger / Toe
Back
Iliac crest
Ischial tuberosity
Greater trochanter
Buttocks
Sacrum / coccyx

Leg
Knee
Pretibial crest
Ankle

Heel

Author

(Kumar and Kumar, 1993, Baldwin, 2002, Neidig, Kleiber 
and Oppliger, 1989, Razmus, Lewis and Wilson, 2008, 
Solis et a/., 1988, Waterlow, 1997, Noonan, Quigley and 
Curley, 2006, Zollo et a/., 1996, Razmus, Roberts and 
Curley, 2001, Groeneveld et a/., 2004)
(Curley, Thompson and Arnold, 2000, Groeneveld et a/., 
2004)
(Dixon and Ratliff, 2005, Nascimento et a/., 2009, Razmus, 
Roberts and Curley, 2001 , Zollo et a/., 1996)
(Curley, Thompson and Arnold, 2000)
(Kozai, Okamoto and Nagasaka, 1998)
(Waterlow, 1997)
(Solis et a/., 1988)
(Curley, Thompson and Arnold, 2000)
(Waterlow, 1997)
(Waterlow, 1997)
(Noonan, Quigley and Curley, 2006)
(Waterlow, 1997, Noonan, Quigley and Curley, 2006)
(Waterlow, 1997)
(Curley, Thompson and Arnold, 2000)
(Hickey, Anderson and Vogel, 2000)
(Hickey, Anderson and Vogel, 2000)
(Waterlow, 1997, Zollo et a/., 1996)
(Baldwin, 2002, Hickey, Anderson and Vogel, 2000, Solis et 
a/., 1988, Waterlow, 1997, Dixon and Ratliff, 2005)
(Waterlow, 1997, Noonan, Quigley and Curley, 2006)
(Curley, Thompson and Arnold, 2000)
(Curley, Thompson and Arnold, 2000)
(Waterlow, 1997, Dixon and Ratliff, 2005)

(Baldwin, 2002, Matsumura, Makino and Watanabe, 1995, 
Waterlow, 1997, Noonan, Quigley and Curley, 2006, Dixon 
and Ratliff, 2005)

In supine children under 15 years of age, pressure between the tissues and 

the supporting surface increases with increasing body weight, and appears 

to be greatest at the occiput, then the sacrum (Solis et a/., 1988). Pressure 

on the tissues can be reduced using a surface that redistributes pressure 

such as a conforming foam mattress or a pillow under the head (Solis et a/.,
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1988). Other equipment which appears to reduce the incidence of pressure 

ulcers in children includes fluid mattresses (Garvin, 1997), water cushions 

(Garvin, 1990a), air cushions (Taylor and Dalbec, 1989), gel pads (Gershan 

and Esterly, 1993), and alternating pressure mattresses (Jones, Tweed and 

Marron, 2001). Equipment should be designed for children of different sizes, 

as the cells in alternating pressure mattresses designed for adults tend to be 

too large for effective use with small children, and children's limbs and 

buttocks can sink into the gaps in between them (Law, 2002). 

Quigley and Curley (1996) developed a 'skin care algorithm' which 

recommends support surfaces and care to prevent skin damage, according 

to patient needs. More effective support surfaces may now have been 

developed, but this could be a useful framework.

In addition to pressure redistributing surfaces, children with reduced 

sensation or movement, such as children with spinal cord injury or 

myelomeningocele benefit from doing push-up exercises to relieve pressure 

on the buttocks (Yoshimura et al., 1995), and seating which allows children 

to change their position (Vaisbuch, Meyer and Weiss, 2000). Some success 

has also been achieved using surgical procedures to create a sensate flap of 

skin to provide sensation in the buttocks of people with spinal nerve damage 

who are at risk of pressure ulceration (Dibbell, McCraw and Edstrom, 1979, 

Thompson, Ali and Healy, 2001).
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THE DEVELOPMENT OF THE GLAMORGAN PAEDIATRIC 
PRESSURE ULCER RISK ASSESSMENT TOOL

PROJECT 1. Collecting incidence and prevalence data

Developing a data collection tool

Using available literature on the development of pressure ulcers in adults 

and children, a list of factors possibly associated with pressure ulcer 

development was compiled. This list was circulated to members of the tissue 

viability group of the Royal Liverpool Children's Hospital. This group 

consisted of five senior nurses from specialities in the hospital, and other 

nurses with an interest in tissue viability. Members of the group commented 

on the list and added further factors they considered to be important from 

their clinical experience of pressure ulcers in children. Using the revised list 

of factors thought to be associated with pressure ulcers, the tissue viability 

group met to develop a data collection tool. Although the data collection tool 

was developed through gaining consensus on the content of the tool, this 

was not a Delphi technique as the participants met to discuss the tool (their 

responses were not completely anonymous), and the starting point for the 

development of the tool was information from a literature review, not the 

opinion of the participants, as described by McKenna (1994). The draft tool, 

in the form of a questionnaire, was distributed to the tissue viability group 

members, then minor amendments were made according to their comments.

The group assessed the data collection tool to see whether the tool looked 

as if it was collecting the correct data. The term 'face validity' (whether the 

tool appeared to be measuring the appropriate construct (Polit and Hungler, 

1997)), is not appropriate for this exercise, as this tool was simply collecting 

descriptive data about children with and without pressure ulcers, not 

attempting to measure any construct. Face validity has been defined as 

validity conferred by the lay person's acceptance that the instrument appears 

to be sound or relevant (Lynn, 1986). Downing (2006) argues that 'face 

validity' is not a scientific measure of the validity of an assessment tool, as it
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is subjective, it cannot be measured, and the term 'face invalidity' is 

meaningless.

The tissue viability group also assessed the data collection tool to ensure as 

far as possible, that all factors thought to be associated with pressure ulcers 

were included. This cannot be considered to be an exhaustive list as factors 

may have been missed that have not been investigated, or reported in 

literature, or have not been observed in clinical practice. The content validity 

(sampling adequacy of the content area (Polit and Hungler, 1997)) was not 

assessed, as all the factors considered to be associated with pressure ulcers 

in children and infants were included, rather than selecting an adequately 

representative sample of items (Polit and Beck, 2006). Content validity has 

been defined as the determination of the representativeness or content 

relevance of the items of the instrument by application of a rigorous, two 

stage scientific process (Lynn, 1986).

The Torrance (1983) pressure ulcer classification scale (table 3.8) was used 

to categorise pressure ulcers. This 5 stage scale includes a description of 

blanching erythema, which is not now considered to be a pressure ulcer, as 

this is reversible without tissue damage.

The inter-rater reliability of the Torrance scale was reported to be low (Kappa 

0.15 to 0.37) compared with the EPUAP pressure ulcer classification system 

(Defloor and Schoonhoven, 2004), however the Torrance scale was in use at 

the study site at the time of the study. When a nurse caring for a child 

reported that the child had skin redness or a lesion, both data collectors 

discussed whether this was pressure damage and the classification.
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Table 3.8. Classification of pressure sores (Torrance. 1983)
Stage Description

Blanching hyperaemia. Reactive hyperaemia causes a distinct 
erythema after pressure is released. Light finger pressure will cause 
blanching of this erythema, indicating that the microcirculation is intact.
Non-blanching hyperaemia. Here the erythema remains when light 
pressure is applied, indicating a degree of microcirculatory disruption 
and inflammation. Oedema causes distortion and thickening of all the 
tissues compressed between bone and the support surface. 
Superficially damage may present as swelling, induration, blistering or 
epidermal ulceration which might expose the dermis. If sensory 
innervation is intact pain will be present. Friction can cause similar 
injuries.____________________________________
Ulceration progresses through the dermis to the junction with 
subcutaneous tissue. The ulcer edges are distinct but it is surrounded 
by erythema and induration. At this stage the damage is still 
reversible.
The lesion now extends into the subcutaneous fat. Small vessel 
thrombosis and infection compound fat necrosis. Underlying muscle is 
swollen and inflamed and undergoes pathological changes. The 
relatively avascular deep fascia temporarily impedes downwards 
progress but promotes lateral extension, causing undermining of the 
skin. Epidermal thickening creates a distinct ulcer margin but 
inflammation, fibrosis and retraction distort the deeper areas of the 
sore.
Infective necrosis penetrates the deep fascia and muscle destruction 
progresses rapidly. The wound spreads along fascial planes and 
bursae, joints and body cavities can become involved. Osteomyelitis 
can easily develop. Multiple sores may communicate, resulting in 
massive areas of tissue destruction.

Ethical aspects

The data collection tool and the method of data collection was discussed with 

a member of the Trust Local Research Ethics committee with a view to 

submitting a formal ethics application. The member of the ethics committee 

considered this data collection exercise to be an audit, and advised that a 

formal application to the ethics committee was not necessary. Advice was 

also obtained from the Trust Research and Development Committee.

Incidence study

Before the main study commenced, the schedule was piloted with 10 

children and slight modifications made. Reliability of the data collection tool 

was informally tested by the data collectors who would later carry out the 

prevalence study (me and a senior nurse). Both independently collected data
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on three children, and as the data collection questionnaires were completed 

identically, no further reliability testing was carried out. The Tissue Viability 

Group decided to conduct an incidence study in three areas of the hospital 

(the intensive care unit, the neurology ward and the orthopaedic ward) as 

staff in these areas appeared to have observed pressure ulcers in children 

more frequently than other areas. Patients in intensive care settings appear 

to be the paediatric group at highest risk of pressure ulcers (Cockett, 2002), 

however, it is acknowledged that this choice of areas could lead to a biased 

group of children, as this could miss out characteristics of children in the rest 

of the hospital.

Incidence provides an estimate of the rate of occurrence of new pressure 

ulcers over time (Baharestani et a/., 2009). The incidence study took place 

over four weeks from mid September to mid October 1996. Data collected for 

the incidence study was collected with verbal permission of the child and / or 

parents, by the nurse caring for the child. All data that was collected for the 

incidence study had also been collected as part of normal nursing or medical 

care. Data was collected on newly admitted children (within 12 hours of 

admission) who did not have any visible pressure ulcer, and if the child's 

condition changed or they developed a pressure ulcer, data collection was 

repeated.

For the incidence study, the problem of correct identification of pressure 

ulcers was not fully resolved. Even among nurses familiar with grading 

pressure ulcers, and a grading scale with good reliability, there is still 

disagreement in the classification of pressure ulcers (Defloor and 

Schoonhoven, 2004). The nurses on the wards did not have formal training 

in recognising pressure ulcers, although the ward managers (who were also 

members of the Tissue Viability Group) were more experienced. When 

redness or a lesion on a child's skin was identified, two nurses collecting 

data discussed whether this was pressure damage and how it should be 

classified.
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Prevalence study

I collected the data for the prevalence study, with my colleague (a senior 

nurse working in the Royal Liverpool Children's Hospital), during one day 

(19th December 1996). All data that was collected for the prevalence study 

had also been collected as part of normal nursing or medical care. The staff 

working on all the wards and inpatient clinical areas had been informed in 

advance (using posters attached to notice boards in the clinical areas). We 

introduced ourselves to the nurses caring for children and asked if it was 

appropriate to collect data. If the nurse felt that the child and /or parents 

would agree, the study was verbally explained to the child and /or parent and 

verbal consent obtained. The nurse caring for the child then gave us the 

information to complete the data collection questionnaire. When identifying 

pressure ulcers, we relied on the observation of the nurses caring for the 

children, or reports from the children or their parents (rather than undressing 

all children and conducting an inspection of their skin). In some cases skin 

lesions were reported by the parents or the child. Relying on reports of the 

nurses and parents could have resulted in some pressure ulcers not being 

identified. If nurses considered pressure ulcers to be indicators of poor 

quality of nursing care, they may not have disclosed some lesions. If a skin 

lesion was identified, my colleague and I observed the lesion and discussed 

the classification. We both had experience in assessing pressure ulcers. All 

the children and parents who were approached agreed to participate. Nurses 

caring for three children did not consider it was appropriate to approach the 

parents or children to ask to collect data, so data was not collected from 

these three children (however, the nurses caring for them reported that they 

did not have any skin lesions that could be pressure related).

Results

Eighty-two schedules were completed in the incidence study (85% of

patients) and 183 schedules were completed in the prevalence study (100%

of patients, although patient characteristics were not collected for three

patients).
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The data were entered into SPSS-PC (Statistical Package for Social 

Sciences - Personal Computer).

The incidence of pressure ulcers was 7.3%, and the prevalence was 6.6% 

when grade 1 lesions (blanching erythema) were included. 

Blanching erythema is not included in the current guidelines for the 

classification of pressure ulcers. If these lesions are omitted, the pressure 

ulcer incidence rate was 3.7% and the prevalence rate was 2.2%.

The results are represented in tables 3.9 and 3.10.

Table 3.9. Number of Pressure injuries in each specialitv (incidence study).

Ward/unit
PICU 
Neurosurgical 
Orthopaedic

Total in 
Sample
32 
40 
10

Grade of 
Grade 1
2 (6.3%) 
1 (2.5%) 
0

pressure injury (% 
Grade 2
3 (9.4%) 
0 
0

of sample) 
Grade 3
0 
0 
0

Table 3.10. Number of Pressure injuries in each specialitv (prevalence 
study).

Ward/unit
PICU 
Medical/nephrology 
Medical/neurology 
Orthopaedic 
Medical 
Cardiac 
Neurology 
All other areas

Total in 
sample
13 
14 
15 
12 
18 
17 
10 
84

Grade of pressure injury (% of sample) 
Grade 1 Grade 2 Grade 3
4 (30.8%) 
1 (7.1%) 
1 (6.7%) 
0 
1 (5.6%) 
0 
1 (10%) 
0

0 1 (7.7%) 
0 0 
0 0 
1 (8.3%) 0 
1 (5.6%) 0 
1 (5.6%) 0 
0 0 
0 0

Conclusion

Pressure ulcer incidence and prevalence rates were low over the whole of 

the RLCH. These figures can be compared with published incidence rates in 

general paediatric inpatient populations which range from 0.29% (Baldwin 

2002) to 5.6% (Waterlow 1997) and prevalence rates range from 0.47%
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(Baldwin 2002) to 27.7% (Schluer et al 2009). Baldwin's (2002) data was 

obtained from a postal survey of over 40 hospitals in the United States (there 

was no mention of whether data collectors had any training), as the 

incidence and prevalence of non-blanching erythema was significantly lower 

than the incidence and prevalence of deeper pressure injury, it may have 

been under reported.

The numbers of pressure ulcers in this study was too small to be able to 

compare the characteristics of children who had pressure ulcers with those 

of children who did not develop pressure ulcers. In the three areas 

participating in the incidence study, only three children developed pressure 

ulcers (not including blanching erythema) in one month. At this rate it would 

take over a year of data collection at one site to have a large enough sample 

to show any significant differences in children with and without pressure 

ulcers.

PROJECT 2. Multi-centre data collection

The multi-centre study was originally designed to collect data from children 

with pressure ulcers and children matched for age group with no visible 

pressure ulcers (control group). The data collection tool for the multi-centre 

study was a modified version of the data collection tool used for collecting 

prevalence and incidence data (project 1). It included a section for 

retrospective data, to document the child's condition in the 2 weeks prior to 

the appearance of the pressure ulcer, with a view to possibly identifying the 

cause of the pressure ulcer.

Training data collectors

To promote consistency it is important for investigators to be specific about 

the validity and reliability of all instruments and provide full descriptions of 

specific training and data collection protocols. This includes pictures and 

definitions of pressure ulcer grading, prior experience of data collectors, the 

amount of time spent in training, type of training (e.g. simulation) and
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validation of knowledge (Bonham, 2005). The training, skills, and interest of 

those collecting the data may affect the results, in particular, the identification 

of early pressure ulcers. The use of untrained data collectors may contribute 

to an under-estimation of category 1 ulcers (Allcock, Wharrad and Nicolson, 

1994, Tannen ef a/., 2010). All the data collectors at the 11 hospitals were 

experienced nurses with an interest in pressure ulcer prevention and care. 

The data collectors had a study day in which they had training in the 

identification and classification of pressure ulcers, the use of the data 

collection tool, and they practiced using the data collection tool with four sets 

of anonymised patient records. They also practiced using the European 

Pressure Ulcer Advisory Panel (EPUAP) classification (European Pressure 

Ulcer Advisory Panel, 1999) to grade a set of photographs of adult and 

paediatric pressure ulcers. Although the assessment of pressure ulcer 

photographs is not really comparable to examination of the patients' skin in 

real nursing practice (Defloor et a/., 2006), a set of photographs was the best 

compromise in this training situation. The inter-rater reliability of the EPUAP 

(1999) pressure ulcer classification is high when used by experts (Defloor 

and Schoonhoven, 2004), although there is some disagreement in the 

classification of blanching and non-blanching lesions when assessing 

photographs. However, it is low when used by nurses who have an interest 

in wound care, but no specific formal teaching in pressure ulcer classification 

(Defloorefa/.,2006).

Retrospective data was collected up to 2 weeks prior to the appearance of a 

pressure ulcer to try to capture the condition of the child at the time the tissue 

damage occurred. Pressure ulcers probably do not take this long to appear 

from the time of tissue injury, as critically ill children were found to develop 

pressure ulcers within the first day of admission to the paediatric intensive 

care unit (Curley et a/., 2003, Razmus, Lewis and Wilson, 2008), and in 

surgical patients, most pressure ulcers appear to be noticed by clinicians 

within 48 hours of surgery (Schoonhoven, Defloor and Grypdonck, 2002), 

although in dark skinned patients deep pressure ulcers can remain 

undetected for up to 7 days post-operatively (Connor et a/., 2010).
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Choice of parameters

To capture as much data as possible, without taking up too much time to 

complete the data collection schedules, the highest and lowest values of 

clinical data were collected, such as blood pressure, haemoglobin, and 

serum albumin during the period two weeks prior to the appearance of the 

pressure ulcer.

Ethics

The multi-centre research ethics committee requested that the matched 

control patients should be matched with the cases according to diagnosis as 

well as age group. This made it much more difficult to find matched controls, 

and some data collectors reported that they did not recruit some patients with 

pressure ulcers because they thought they would be unable to find a 

matched control. To avoid missing potential recruits and failing to reach a 

meaningful sample size, the data collectors were advised to recruit any 

patients with pressure ulcers as a priority, and try to recruit a matched control 

as a secondary concern.

Data coding

The data were entered into SPSS version 12. To simplify data analysis, I 

decided to code whether the child had any periods with abnormal clinical 

data, such as a low albumin or a low haemoglobin. As the normal value of 

haemoglobin varies with developmental age, the lowest normal value (Betz, 

Hunsberger and Wright, 1994) was used as the cut off below which a child 

was considered to be significantly anaemic.

Results - descriptive data analysis

Initially, descriptive data analysis indicated that 50% of the pressure ulcers

could be associated with equipment pressing or rubbing on the skin. In a

study of hospitalised adult patients, Black et al (201 Ob) reported an overall

hospital acquired pressure ulcer rate of 4% (113 of 2178), and of these

34.5% (39 of 113) of pressure ulcers appeared to be related to medical

devices.
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Combining data from the incidence, prevalence and multi-centre studies

Seventy-one data collection schedules were completed in the multi-centre

study. Of these 54 children had pressure ulcers and 17 were controls. As the

sample of children without pressure ulcers was small, the data from the

multi-centre study was combined with the data from the incidence and

prevalence studies, to increase the size of the sample of children without

pressure ulcers. Although a large amount of data had been collected in the

multi-centre study, some of this data either had not been collected in the

incidence and prevalence studies, or had been collected in a different way

and was incompatible with the multi-centre data. When the two sets of data

were entered into SPSS version 12 only 16 variables were suitable for

comparison. These were:

Pressure ulcer

Weight

Mobility

Nutrition

Serum albumin

Conscious level

Self care

Persistent pyrexia (more than 4 hours)

Hypothermia

Prolonged surgery (more than 1 hour)

Peripheral perfusion

Difficult to position

Hypotension

Oxygen saturation

Anaemia

Continence

Although data had not been specifically collected on equipment in contact 

with children's skin in the incidence and prevalence studies, it was possible 

to identify many children with medical devices, as data was collected on 

factors such as nasogastric feeding (nasogastric tube), intravenous infusions
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or antibiotics (intravenous access device), supplementary oxygen (mask or 

nasal cannulae), artificial ventilation (endotracheal tube), heamoglobin 

oxygen saturation (oxygen probes), plaster casts or splints. However, some 

children who were assumed to have no devices in contact with the skin in the 

incidence and prevalence studies as there was no evidence to suggest this 

in the completed data sheets, may have been wrongly assigned.

With these data, the availability of a large control group representative of the 

general paediatric population without pressure ulcers allowed a post hoc Chi 

Square analysis to be performed and significance to be calculated (table 

3.11).

The chi square analysis indicated that children who were difficult to position, 

or their position could not be changed had the most significant association 

with pressure ulcer development. This is reflected in the odds ratio 

(calculated below), the odds of a child developing a pressure ulcer is over 20 

times greater if it is difficult to change the child's position than the odds of a 

pressure ulcer developing in a child that can be repositioned. Batson et al 

(1993), in a regression analysis of factors associated with pressure ulcers in 

adult patients in intensive care, also found patients who were too unstable to 

turn had the highest risk of pressure ulcer development. 

Anaemia (haemoglobin less than 9.0g/dl) appeared to be highly significant in 

the development of pressure ulcers, although children who had normal 

mobility and did not have any equipment pressing or rubbing on the skin did 

not develop a pressure ulcer even if they were anaemic. Esperon Guimil et al 

(2010) found that elderly people in intensive care were more at risk of nasal 

pressure ulcers from nasal endotracheal tubes if they were anaemic 

(haemoglobin less than 12g/dl) and the longer the endotracheal tubes were 

in situ.

Half of the pressure ulcers in the multi-centre study could be associated with 

equipment pressing or rubbing on the child's skin, this is reflected in the large 

chi square value. Schluer et al (2009) in a prevalence study of four paediatric 

institutions also found that almost half of pressure ulcers could be associated

with equipment such as tubes, splints or monitoring cables.
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Table 3.11. The level of significance of variables associated with pressure 
ulcers in children.

Variable

Difficult to position

Anaemia (Hb < 9.0 g/dl)

Equipment pressing or rubbing 
on skin

Reduced mobility

Prolonged surgery (> 1 hour)

Persistent pyrexia (38°C > 4 
hours)

Door peripheral perfusion

_ow serum albumin

Weight below 10tn centile for
age
Inadequate nutrition

Incontinence inappropriate for
age
Hypothermia

Door tissue oxygenation

Reduced conscious level

yVeight over the 90th centile for 
age
Self care ability inappropriate 
for age
Hypotension

Pearson Chi- 
Square Value

104.728

71.686

59.414

55.044

48.626

44.240

26.483

17.184

15.979

13.251

8.982

4.900

1.688

2.886

1.190

1.532

.006

Degrees of 
freedom

1

1

1

2

1

1

1

1

1

1

1

1

1

2

1

2

1

Level of 
significance

(P)

<.001

.003

.027

.194

.236

.275

.465

.938
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Odds and relative risk

The odds of an event (odds ratio) is the probability of occurrence over the 

probability of non-occurrence (Munro, 2001). Fisher et al (2004) calculated 

odds ratios to identify factors associated with pressure ulcers of inpatients in 

acute care hospitals, using prevalence data. An odds ratio greater than 1 

indicated a positive association of the factor with pressure ulcers. The 

categories 'sensory perception', 'friction/shear' and 'mobility' (as defined in 

the Braden scale (Braden and Bergstrom, 1988)) had the highest odds ratios 

(11.43, 6.9 and 6.17 respectively) in patients aged from 14 to 70 years 

(Fisher, Wells and Harrison, 2004).

The odds ratios of the factors significantly associated with pressure ulcer 

development (p<0.01) in the Chi square analysis of the multi-centre data are 

calculated below. Odds ratios can be calculated by hand from data arranged 

in crosstabulation tables, as in the example below (table 3.12).

Table 3.12. Crosstabulation. Difficult to position * presence of pressure ulcer

Count

difficult to position no

yes

Total

presence of pressure ulcer

no ulcer

241

22

263

ulcer

21

40

61

Total

262

62

324

(12 cases had missing data for 'difficult to position')

Probability of PU if difficult to position = 40/62 = 0.65

Probability of PU if not difficult to position = 21/262 = 0.08

Probability of no PU if difficult to position = 22/62 = 0.35

Probability of no PU if not difficult to position = 241/262 = 0.92

Odds of having a pressure ulcer if difficult to position 

= probability of occurrence / probability of non-occurrence 

0.65/0.35=1.86
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Odds of having a pressure ulcer if not difficult to position 

= probability of occurrence / probability of non-occurrence 

0.08/0.92 = 0.09

Odds ratio = 1.86/0.09 = 20.67

The odds of developing a pressure ulcer if difficult to position is over 20 times 

greater than if the child's position can be changed.

To save time, odds ratios can be calculated using a computer program. Odds 

ratios were calculated using SPSS v17 (table 3.13) (The odds ratio of 

developing a pressure ulcer if difficult to position calculated using SPSS is 

very slightly different to the value calculated above)

Table 3.13. Odds ratios and 95% confidence intervals

Parameter

Difficult to position
Anaemia
Equipment pressing
Serum albumin 
below 30g/dl
Poor peripheral 
perfusion
Prolonged surgery
Persistent pyrexia
Weight < 10tn centile
Nutrition
Hypothermia
Poor tissue perfusion
Weight > 90th Gentile
Hypotension
Continence

Number 
of valid 
cases
324
309
332
63

313

327
326
329
323
324
320
329
320
326

Odds 
ratio

20.866
15.601
13.548
10.214

8.990

8.667
8.200
3.265
3.014
9.464
1.906
1.718
0.941
0.416

95% confidence 
intervals
Lower
10.516
7.370
6.177
3.194

3.404

4.411
4.118
1.793
1.635
0.844
0.710
0.643
0.200
0.232

Upper
41.402
33.025
29.716
32.663

23.741

17.028
16.329
5.947
5.557
106.19
5.113
4.590
4.416
0.746

Mobility is not included in the odds calculations as it is not dichotomous.

The probability that the odds ratio falls between the lower and upper 

confidence intervals is 95% (0.95). Although the odds ratio for developing a

pressure ulcer if the child is hypothermic is over 9, the confidence interval is
Background Section 3

3.65



very wide and the odds ratio may be as low as 0.844. Odds ratios less than 

1.0 indicate that there is less likelihood of developing a pressure ulcer if the 

condition is present, this appears to be the case here with hypotension and 

continence.

Risk is the number of occurrences out of the total. Relative risk is the risk 

given one condition (e.g. difficult to position) compared with the risk given 

another condition (e.g. not difficult to position) (Munro, 2001). 

The relative risk of developing a pressure ulcer if difficult to position 

compared with not difficult to position = 0.65/0.08 = 8.13. This means that the 

relative risk of developing a pressure ulcer is over 8 times higher if the child 

is difficult to move and reposition than if the child's position can be changed. 

The odds ratio often overstates the risk (Munro, 2001), as it does in this 

case. However, it is important to understand what odds ratios are and how 

they are calculated, as they are part of the logistic regression procedure.

Regression analysis

Multiple regression can be used if data consists of interval or ratio data, 

logistic regression can be used if data is categorical. The calculation in 

logistic regression uses the natural log (written as loge or In) of the odds, this 

is referred to as the logit. Logistic regression is used when the dependent 

variable is at a binary level, and can predict the possibility of a positive event 

occurring (Anthony, 1997). As the outcome ('presence of pressure ulcer' or 

'no pressure ulcer') is binomial, binomial logistic regression was used with 

the combined incidence, prevalence and multi-centre data to check that the 

model gave the best prediction. The forward Conditional, forward Likelihood 

Ratio and the forward Wald methods give very similar results. The binomial 

logistic regression is a statistical tool which selects the best predictors for the 

model. The forward method starts with no elements (independent variables), 

and adds elements starting with the best predictor, after a certain number of 

steps the model stops being improved and the elements included in the best 

model will be the best combination of predictors. Testing for the significance 

of the predictors is based on the chi square test, the significance level (p 

value) is calculated for each element and elements with p values larger than
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0.05 are removed from the model while elements with p values smaller than 

0.05 are retained. The backwards method starts with all elements and 

removes them until the optimum predictive model is achieved. 

The tables (Tables 3.14, 3.15, 3.16 and 3.17) below shows the SPSS v.17 

output iteration steps in the forward stepwise Wald method (missing data on 

3 individuals - these were omitted). Step 5 gives the best model.

Table 3.14. Omnibus Tests of Model Coefficients

Step 1 Step

Block

Model

Step 2 Step

Block

Model

Step 3 Step

Block

Model

Step 4 Step

Block

Model

Step 5 Step

Block

Model

Chi-square

109.647

109.647

109.647

23.142

132.789

132.789

11.259

144.048

144.048

5.804

149.852

149.852

4.241

154.093

154.093

df

1

1

1

1

2

2

1

3

3

1

4

4

1

5

5

Sig.

.000

.000

.000

.000

.000

.000

.001

.000

.000

.016

.000

.000

.039

.000

.000
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Table 3.15. Model Summary

Step

1

2

3

4

5

-2 Log likelihood

207.4933

1 84.351 a

173.0926

167.288b

163.047b

Cox & Snell R 

Square

.281

.329

.351

.362

.370

Nagelkerke R 

Square

.457

.535

.572

.590

.603

a. Estimation terminated at iteration number 6 because 

parameter estimates changed by less than .001.

b. Estimation terminated at iteration number 7 because 

parameter estimates changed by less than .001.

The Cox and Snell R square and Nagelkerke R square summarise how 

much of the variability in the data is explained by the model. The larger these 

values are, the better the model fits the data. The Nagelkerke statistic has a 

maximum value of 1 (Anon).
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Table 3.16. Classification Table

Observed

Step 1 presence of pressure ulcer no ulcer

ulcer

Overall Percentage

Step 2 presence of pressure ulcer no ulcer

ulcer

Overall Percentage

Step 3 presence of pressure ulcer no ulcer

ulcer

Overall Percentage

Step 4 presence of pressure ulcer no ulcer

ulcer

Overall Percentage

Step 5 presence of pressure ulcer no ulcer

ulcer

Overall Percentage

Predicted

presence of pressure ulcer

no ulcer

255

21

253

15

256

18

262

22

262

18

ulcer

17

40

19

46

16

43

10

39

10

43

Percentage

Correct

93.8

65.6

88.6

93.0

75.4

89.8

94.1

70.5

89.8

96.3

63.9

90.4

96.3

70.5

91.6

a. The cut value is .500

Background Section 3

3.69



Table 3.17. Variables in the Equation

Step 1 a mobility

Constant

Step 2b mobility

albumin

Constant

Step 3C mobility

equipm

albumin

Constant

Step 4d mobility

equipm

albumin

continen

Constant

Step 5e mobility

equipm

pyrexia

albumin

continen

Constant

B

.288

-5.074

.245

2.516

-4.877

.211

.103

2.295

-5.465

.225

.112

2.289

-1.035

-5.410

.227

.108

1.087

1.761

-1.155

-5.524

S.E.

.036

.548

.036

.575

.548

.037

.033

.548

.647

.039

.033

.554

.447

.646

.040

.033

.519

.608

.458

.671

Wald

65.465

85.680

46.333

19.116

79.240

32.232

9.990

17.538

71.350

33.622

11.801

17.100

5.368

70.165

31.912

10.450

4.395

8.388

6.366

67.751

df

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Sig.

.000

.000

.000

.000

.000

.000

.002

.000

.000

.000

.001

.000

.021

.000

.000

.001

.036

.004

.012

.000

Exp(B)

1.333

.006

1.278

12.376

.008

1.235

1.108

9.926

.004

1.252

1.119

9.863

.355

.004

1.255

1.114

2.966

5.820

.315

.004

a. Variable(s) entered on step 1: mobility, 

b. Variable(s) entered on step 2: albumin, 

c. Variable(s) entered on step 3: equipm. 

d. Variable(s) entered on step 4: continen. 

e. Variable(s) entered on step 5: pyrexia.

In table 3.17, B is related to the natural log of the odds , 'S.E.' is standard 

error, The Wald statistic is similar to a chi square value, df is the degrees of 

freedom , 'sig' is significance, and 'Exp(B)' is related to the odds. In this 

calculation, the odds of developing a pressure ulcer if the child is incontinent 

is less than 1, indicating that it is less likely.
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Schluer et al (2009) analysed the relationship between pressure ulcers and 

associated factors in four paediatric institutions in Switzerland using logistic 

regression. The data were entered into a model followed by a forward 

stepwise selection of the important variables according to the use of 

likelihood quotients. The 'associated factors' did not include detailed patient 

characteristics, and only the Braden score, institution and wards contributed 

significantly to the fit of the model.

Designing a risk assessment scale

A pressure ulcer risk assessment scale (the Glamorgan scale) was designed 

which included all the independent variables from the chi square analysis 

that reached significance (p<0.01). This included incontinence inappropriate 

for age, even though the odds of developing a pressure ulcer in an 

incontinent child were lower than in a continent child. It may be that 

children's nurses check and move incontinent children and infants more 

frequently to change nappies and care for skin, this results in changing the 

child's position frequently and reduces the risk of pressure damage.

The variables associated with 'mobility' and 'equipment pressing or rubbing 

on the skin' were given a higher numerical score than the other variables, as 

none of the children who were fully mobile and did not have anything 

pressing or rubbing on the skin developed a pressure ulcer. Papanikolaou et 

al (2003) also suggested that risk assessment scores can be improved 

through weighting the scores given to different patient traits. This pressure 

ulcer risk assessment tool has linear sub scores in common with most other 

pressure ulcer risk assessment tools. This means that sub-scores are simply 

added to give a total score. However, risk assessment tools may function 

better if sub-scores were multiplied, or other more complicated functions 

were used (Anthony et al., 2008), but this would be more difficult for nurses 

to use in practice. To ensure a tool is useful for nurses with a heavy workload 

in practice, it should be as simple to use as possible.
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Risk categories were given the same numerical values as the Waterlow 

scale (at the time this was the most widely used pressure ulcer risk 

assessment scale for adults in the UK).

Checking the scale with patient data

The Glamorgan scale score and risk categories from the combined data 

used to develop the scale was calculated using SPSS v12. This illustrated in 

table 3.18.

Category

Not at risk
At risk
High risk
Very high risk

Glamorgan 
Score

0-9
10-14
15- 19
20 +

Number of patients with

Ulcer

0
1
2
58

No ulcer

87
89
16
80

Total 
patients

87
90
18
138

% with 
ulcer

0%
1.1%
11.1%
42.0%

(missing data on 3 patients)

Looking at the Glamorgan scores above 20 in more detail shows some 

interesting trends (table 3.19). As the Glamorgan score increases, the 

percentage of children in each score range developing pressure ulcers 

increases. There were only 10 children scoring 20 to 24, so the apparent 

high percentage of children with pressure ulcers in this score range may not 

be interpretable.

Table 3.19. Detailed analysis of Glamorgan Scale scores
Glamorgan 
Score

0-9
10-14
15-19
20-24
25-29
30-34
35+

Number of patients with

Ulcer

0
1
2
6
9
7
36

No ulcer

87
89
16
4
49
13
14

Total 
patients

87
90
18
10
58
20
50

% with ulcer

0%
1.1%
11.1%
60.0%
15.5%
35%
72%
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The percentage of children with pressure ulcers in each risk category 

demonstrates the increasing probability that a child will develop a pressure 

ulcer with increasing risk score (even if preventative measures have been 

taken). This level of probability of developing a pressure ulcer may be used 

to advise on the level of preventative action (how often a child needs to be 

observed, how often intervention such as changing position or changing the 

site of a medical device, and any specialised support surface).

Validity testing

Before being introduced to wide use, health status instruments should be 

evaluated for validity and reliability (Deyo, Diehr and Patrick, 1991). A 

measuring device is valid if it measures what it is intended to measure. Two 

considerations are important - which items are to be included in the scale 

(content validity), and the relationship between the instrument and the 

concept - 'the risk of developing pressure ulcers' (predictive validity), 

whether it really does measure the risk of developing pressure ulcers 

(Halfens, 2000). Ideal risk assessment tools should be easy to use, have a 

good predictive value, have a high sensitivity and a high specificity (Smith et 

a/., 1995).

Content validity

The risk of developing pressure ulcers is an abstract concept which cannot 

be observed or measured directly. Risk assessment tools comprise of 

multiple factors such as mobility, continence, nutritional status. In developing 

an instrument, a model must show how these factors relate to the risk of 

developing pressure ulcers (Halfens, 2000). Although over 100 items have 

been implicated as risk factors for the development of pressure ulcers, it 

would be impossible to include all these in an instrument for use in clinical 

practice. An instrument should be easy to use, and should comprise only 6 to 

10 factors, although this will not give a complete valid representation of the 

risk (Halfens, 2000). Each risk factor differs in the degree to which it 

influences the development of a pressure ulcer. Therefore each risk factor 

should be given a different weight in a total risk score. Some factors have a
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greater impact when acting together than they do when acting separately 

(Halfens, 2000). The content of the Glamorgan scale was determined using 

statistical analysis to identify the risk factors most significantly associated 

with pressure ulcer development.

Internal consistency

Cronbach's alpha is a measure of internal consistency or inter-relatedness of 

item scores, it measures the degree to which all items of a test or instrument 

measure the same attribute or dimension. If an instrument is internally 

consistent or homogeneous all its items measure the same trait. Based on 

this distinction, calculation of Cronbach's a is only useful if a model is 

measuring one construct (Kottner, 2010). Although a pressure ulcer risk 

assessment scale is designed to measure a patient's risk of developing a 

pressure ulcer, it is composed of several unrelated factors, therefore this is 

not one construct and Cronbach's a is meaningless. Internal consistency 

should only be determined when items of an instrument or scale measure 

one unidimensional attribute or construct. For many instruments and scales 

in nursing, it is not essential that all items are homogeneous (Kottner, 2010).

Predictive validity

Predictive validity is the degree to which the instrument measures future 

events (Halfens, 2000). The predictive validity of pressure ulcer risk 

assessment scales is demonstrated in terms of sensitivity (the degree to 

which the instrument detects all individuals who will develop pressure 

ulcers), specificity (the degree to which the instrument detects all individuals 

who will not develop pressure ulcers) and area under the receiver operating 

characteristics (ROC) curve (Tannen et a/., 2010, Defloor and Grypdonck, 

2004). The Glamorgan scale was initially tested with the combined incidence, 

prevalence and multi-centre study data.

Pressure ulcer risk assessment scales measure the probability that a patient 

is at risk of developing a pressure ulcer, however when calculating the 

sensitivity and specificity, the actual presence of a pressure ulcer rather than 

the risk of developing a pressure ulcer is used. If a prospective design is
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used to test the predictive validity of a scale the outcome may be influenced 

by the nurses taking more preventative measures (Tannen et a/., 2010) 

(however, this would be a good thing for patients).

Figure 3.18. Distribution of patient risk scores.

Ulcers Present (disease)
Ulcers Absent (non- 

disease)

At risk
A
C

Not at risk
B
D

(Edwards, 1996)

Figure 3.18 demonstrates the distribution of patient risk scores.

'A' denotes the number of patients who were classified as being at risk and

developed a pressure ulcer,

'B' denotes the number of patients who were classified as being not at risk

but developed a pressure ulcer,

'C' denotes the number of patients who were classified as being at risk but

did not develop a pressure ulcer,

'D' denotes the number of patients who were classified as not being at risk

an did not develop a pressure ulcer

Sensitivity (the degree to which a test identifies all children who are at risk of 

pressure ulcers) = A / A+B (Deeks, 1996)

Specificity (the degree to which the test will identify all children who are not 

at risk of developing pressure ulcers) = D / C+D (Deeks, 1996)

Table 3.20 gives the risk assessment scores of the Glamorgan paediatric 

pressure ulcer risk assessment tool with sensitivities and specificities. No 

child with a score of less than 10 developed a pressure ulcer. If the threshold 

score 'at risk' is set at 10, all children scoring 10 or over are assessed as 

being at risk of developing a pressure ulcer and all children scoring 9 and 

below will be assessed as not at risk of developing a pressure ulcer. The risk 

assessment tool will be 100% sensitive (100% of children who actually did 

develop a pressure ulcer were predicted to be at risk), but only 31.9%

specific (31.9% of children who did not develop a pressure ulcer were
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predicted not to be at risk). 68.1% of children who did not develop a pressure 

ulcer were predicted to be at risk (false positives), however, some of these 

children may really have been at risk of developing a pressure ulcer but it 

was prevented by nursing (or parent) intervention.

Table 3.20. Sensitivitv and specificity of the Glamorgan Paediatric Pressure 
Ulcer Risk Assessment Scale (SPSSv12)

Test Result Variable(s): risk score

Positive if 
Greater Than 

or Equal to

0.00

.50

1.50

2.50

3.50

7.00

10.50

11.50

12.50

14.00

15.50

16.50

17.50

19.00

20.50

21.50

23.00

24.50

25.50

26.50

27.50

28.50

29.50

30.50

31.50

32.50

33.50

34.50

35.50

36.50

37.50

38.50

39.50

40.50

42.00

Sensitivity

1.000

1.000

1.000

1.000

1.000

1.000

1.000

.984

.984

.984

.984

.951

.951

.951

.934

.918

.902

.852

.836

.803

.770

.721

.705

.672

.656

.639

.623

.590

.557

.459

.328

.262

.197

.066

.000

Specificity
0

0.167
0.281
0.300
0.315
0.319

0.511

0.619

0.644

0.648

0.674

0.689

0.704

0.707

0.715

0.715

0.719

0.719

0.752

0.833

0.881

0.896

0.900

0.900

0.926

0.933

0.944

0.948

0.959

0.967

0.974

0.996

0.996

1.0

1.0

1 - Specificity

1.000

.833

.719

.700

.685

.681

.489

.381

.356

.352

.326

.311

.296

.293

.285

.285

.281

.281

.248

.167

.119

.104

.100

.100

.074

.067

.056

.052

.041

.033

.026

.004

.004

.000

.000

Sensitivity + 
specificity

1.000

1.167

1.281

1.300

1.315

1.319
1.511

1.603

1.628

1.634

1.658

1.640

1.655

1.658

1.649

1.633

1.621

1.571

1.588

1.636

1.651

1.617

1.605

1.572

1.582

1.572

1.567

1.538

1.516

1.426

1.302

1.258

1.193

1.066

1.000
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This can be explained more clearly in table 3.21 below. The figures in table 

3.19 are taken from the Glamorgan scale data for a cut off score of 10 

(patients scoring 0 to 9 are not at risk).

Table 3.21. Predicted and observed pressure ulcers for a Glamoraan Scale 
cut off score of 10

Pressure ulcers 
Observed

Pressure ulcers not 
observed

Pressure ulcer risk assessment tool predicted:
At risk (positive)

A
(61)

C
(185)

Not at risk (negative)

B
(0)

D
(87)

(there was missing data on three patients who did not have pressure ulcers) 

Sensitivity = A/A+B = 61/61 = 1.000 

Specificity = D/ D+C= 87/272=0.320

There are two more useful statistics, predictive value of a positive test and 

predictive value of a negative test. In a tool with perfect predictive ability, 

these would be 100%.

Predictive value of a positive test = the proportion of individuals who were 

predicted to be at risk of developing ulcers and who actually developed them

Predictive value of a negative test = the proportion of individuals who were 

predicted not be at risk of developing ulcers and who did not develop them

Predictive value of 
a positive test A/A+C = 61/246 = 0.248

Predictive value of 
a negative test

(Edwards, 1996)

D/D+B = 87/87 =1.000
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Two hundred and fourty six children were predicted to be at risk, but only 61 

developed pressure ulcers. The 185 children who were predicted to be at 

risk, but did not develop pressure ulcers, may have had preventative care 

which protected them from skin damage. None of the children who were 

predicted to be 'not at risk' developed pressure ulcers. If an assessment of 

high risk for pressure ulcer development causes greater prevention 

measures, the specificity will be lower, and although the risk assessment tool 

appears to be lower at prediction, it is having a beneficial effect on reducing 

pressure ulcer incidence (Anthony et a/., 2008). The risk of developing 

pressure ulcers is not the same as actually developing pressure ulcers as 

healthcare workers try to prevent pressure ulcers (Halfens, 2000). If a patient 

who is assessed 'at risk' does not develop a pressure ulcer, it does not mean 

the risk did not exist (Waterlow, 1995). Patients may have a high risk of 

developing pressure ulcers but do not develop them due to the high quality of 

nursing care. The use of effective prevention will decrease the pressure ulcer 

incidence and will alter the sensitivity and specificity of the risk assessment 

scale. Determining true sensitivity and specificity would mean withholding 

preventative intervention and allowing pressure ulcers to develop in patients, 

this would be ethically unacceptable (Flanagan, 1995). It is important in an 

evaluation of pressure ulcer risk assessment scales to report on measures 

used to prevent pressure ulcers (Defloor and Grypdonck, 2005).

The value at which the sum of the sensitivity and specificity is greatest is the 

point at which the assessment tool shows the greatest sensitivity and 

specificity. Theoretically, the greatest sum of sensitivity and specificity would 

be 2.000 as this would be 100% sensitive and 100% specific. The highest 

sensitivity and specificity (1.658) occurs at risk scores of 16 (98.4% sensitive 

and 67.4% specific) and 19 (95.1% sensitive and 70.7% specific) (figure 

3.19).
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Figure 3.19. Sensitivity + specificity for the Glamorgan scale

Glamorgan scale

Risk scores

Although it would appear that the tool will perform better if the cut off score is 

set at the highest combined sensitivity and specificity (a cut off score of 16), 

1.6% of children who are predicted to be 'not at risk' will develop pressure 

ulcers.

In table form (table 3.22) these figures illustrate how changing the cut off 

score can change the value of the prediction tool (these figures were 

calculated by hand from data, there is a slight discrepancy between this and 

the figures generated from SPSS v.12). These figures demonstrate that it is 

important when defining a cut off score, what score is included. A cut off 

score of 10 could mean all patients with a score below 10 are not at risk (i.e. 

all patients with a score of 0 to 9 are not at risk, all patients with a score of 10 

and above are at risk), or all patients with a score above 10 are at risk (i.e. all 

patients with a score of 0 to 10 are not at risk, all patients with a score of 11 

and above are at risk). For the Glamorgan scale, a cut off score of 10 means 

that all patients scoring 10 or above are at risk of pressure injury.
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Table 3.22. Cut off scores and predictive values for the Glamoraan scale
Cutoff 
score
10
11
15
16
20
21

Sensitivity 
%
100
100
98.4
98.4
95.1
93.4

Specificity 
%
31.9
51.1
64.8
67.4
70.7
71.5

Predictive value 
of positive test
0.248
0.314
0.385
0.403
0.420
0.425

Predictive value 
of negative test
1.0
1.0
0.994
0.995
0.985
0.980

A receiver operating characteristics (ROC) curve is a plot of true positives 

(sensitivity) against false positives (1 - specificity) for given thresholds. The 

better the classification, the further the curve is from the straight line 

(Anthony, 1996). If the area under the curve is 0.5 (following the diagonal line 

on the graph, see figure 3.20), the predictive value of the scale is 50%, and 

50% of the time any randomly selected person with a pressure ulcer will 

have a higher score than any randomly selected person without a pressure 

ulcer (equivalent to tossing a coin).

The closer to 1 the area under the curve is, the higher is the predictive value 

of the tool. This technique can be used to compare the performance of 

predictive tools.

The area under the ROC curve for the Glamorgan scale of 0.912 (figure 

3.20) is comparable to that found for the Waterlow scale with a population of 

older people where the area under the ROC curve was 0.919 (Anthony, 

Reynolds and Russell, 2003)

Background Section 3

3.80



Figure 20. Receiver operating characteristics curve for the Glamorgan scale
ROC Curve
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For comparison, Schluer et al (2009) found an area under ROC curve for the 
Braden scale of 0.7, with sensitivity 0.8 and specificity 0.42 at a cut off score 
of 20 for inpatient paediatric populations. Curley et al (2003) demonstrated 
an area under the ROC curve of 0.84 for the Braden Q scale with critical care 

paediatric patients.

Criterion validity
In contrast to instruments assessing a current health care problem, pressure 

ulcer risk assessment scales focus on the probability of a patient developing 
a pressure ulcer in the near future. The accuracy of assessment instruments 

can be evaluated by comparing with a well proven reference method, or 'gold 
standard'. However, for instruments designed to predict the prognostic 

probability, it is difficult to establish a gold standard, as the condition the 

instrument is testing is not present at the time of assessment. In the case of 

pressure ulcer risk assessment tools, there is no gold standard, and the
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occurrence of a pressure ulcer must be used as the criterion to demonstrate 
the predictive ability of the test (Tannen et a/., 2010).

The Braden Q scale (Quigley & Curley 1996) is widely used in the United 
States to assess pressure ulcer risk in children aged 21 days to 8 years of 
age (Baharestani & Ratliff 2007). The data set used to develop and test the 
Glamorgan scale was used to calculate the sensitivity, specificity and area 
under the ROC curve of the Braden Q scale.

Table 3.23. Sensitivity and specificity of the Braden Q scale.

Risk score
16 
21 
25 
28

Sensitivity
.279 
.672 
.918 
1.000

Specificity
0.867 
0.648 
0.226 
0.000

Table 3.23 shows the risk assessment scores of the Braden Q scale with 
sensitivities and specificities calculated using SPSS v12. At a score of 21, 
the Braden Q scale is 67.2% sensitive and 64.8% specific. Only at the 
highest score of 28 (lowest risk) was the Braden Q scale 100% sensitive.

The area under the ROC curve was 0. 697 (calculated using SPSS v12), so 
for any randomly selected patient with a pressure ulcer, there is a 69.7% 
chance that they will have a lower score (higher risk) than a randomly 
selected patient without a pressure ulcer using the Braden Q scale (figure 

3.21).
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Figure 3.21. ROC curve for the Braden Q scale

Using the same data set, the Glamorgan scale appears to exhibit higher 

sensitivity and specificity, and better predictive value than the Braden Q 

scale. This may not be an accurate representation as data for the Braden Q 

item 'activity' was difficult to interpret from the data collected.

The Glamorgan scale includes a section suggesting preventative action for

children with certain risk scores. This section was written with the help of a

health professional with acknowledged expertise and experience in pressure

ulcer prevention in children (Dr. Mona Baharestani, a member of National

Pressure Ulcer Advisory Panel expert committee).

The Glamorgan scale also includes a diagram of a child so that any skin

lesions can be documented by drawing on the diagram, and an area to

document the date the lesion appeared and resolved.

A guidance document, detailing how to use the scale, was produced at the

request of nurses in Scotland who wanted to include it in a pressure ulcer

prevention policy for children.
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PROJECT 3. Inter-rater agreement and reliability

If important clinical decisions are to be made from the result of a 

measurement tool, it must be reproducible. Reproducibility is the degree to 

which repeated measurements in stable study objects, often persons, 

provide similar results. Reliability is a characteristic of the performance of an 

instrument in a certain population sample. Inter-rater reliability is the ability of 

different raters to differentiate among rated subjects under similar 

assessment conditions, this will be low if the subjects have very similar 

characteristics. Agreement is a characteristic of the measurement instrument 

itself. Inter-rater agreement refers to the proportion of absolute agreement or 

difference between different raters using the same diagnostic device under 

similar assessment conditions. Agreement parameters are preferable in all 

situations where the instrument will be used for evaluation purposes (de Vet 

et a/., 2006, Kottnerand Halfens, 2010).

The aim of the study was to compare the Glamorgan scale scores obtained

by ward nurses with the scores obtained by the researcher when assessing

children, to calculate inter-rater agreement for the scale. Initially, a pilot study

was proposed with a view to conducting a larger study.

Approval of the Ethics and Research and Development committees was

obtained.

Sampling and recruitment

The study commenced in June 2007. Using the off duty as lists of nurses' 

names on each of the seven inpatient wards and units at the University 

Hospital of Wales, the names of trained nurses on each area were allocated 

consecutive numbers. Using a random number generator, the names of 5 

trained nurses on each ward or unit were selected to give a total sample of 

35 nurses. These nurses were sent written information about the project and 

invited to participate. When nurses replied with consent to participate in the 

project, a day and time was agreed on when the nurse and principal 

investigator could collect data.
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Nurses who had not replied by the end of August 2007 were sent the letter 

and information again, in case they had not received or lost the first letter. 

Nurses who had sill not replied by January 2008 were contacted again. Data 

were collected from August 2007 to the end of March 2008. 

When the ward or unit nurses were working as part of their normal duties, a 

child they were caring for and the child's family were given written 

information about the project by their nurse, and invited to participate (the 

child's nurse decided if it was appropriate to approach the child and family). If 

the child and family were interested, they met the principal investigator gave 

the parent and child (if old enough to understand) written information, 

explained about the study, and answered any questions. All the parents and 

children approached agreed to participate, parents signed a consent form 

and young people signed an assent form.

The researcher and the ward nurse independently but simultaneously 

assessed the child's potential risk of pressure injury using the risk 

assessment part of the Glamorgan Scale, this involved briefly observing the 

child (but not moving or undressing the child), and referring to the child's 

nursing and medical records to assess the child's mobility, any objects or 

equipment rubbing or pressing on the skin, anaemia, pyrexia, peripheral 

perfusion, nutrition, serum albumin, weight and incontinence. 

To reduce the risk of seeing each other's forms one professional reviewed 

the most recent patient records while the other observed the child, then 

changed over. This took place where ever the child was on the ward or unit. 

No patient identifiers were included on the data collection forms, only 

identifying numbers for the nurses were recorded so that the paired data 

could be analysed.

Response rate

Invitation letters were sent out to nurses three times over a 6 month period. 

Initially the hospital postal service was used, but in the last round, invitations 

were delivered by hand. Twenty seven nurses agreed to participate 

(response rate of 77%), four declined, and four did not respond (table 3.24).
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Table 3.24. Nurses participating in the inter-rater reliability study

Speciality
Paediatric Surgical
Paediatric Medical (2 wards)
Paediatric Oncology
Paediatric High Dependency
Paediatric Intensive Care
Neonatal Intensive Care

Number of nurses
5
8
2
5
4
3

Results

Children participating in the study were aged from 2 days to 16 years, mean

age 5.2 years.

There was 100% agreement with 24 pairs of scores. The 3 pairs that

disagreed, did not agree on the nutritional status of the child (89%

agreement for nutrition). This did not change the pressure ulcer risk category

of the child as there was only one point difference.

When the inter-rater reliability study was undertaken, the item on nutrition 

stated 'Inadequate nutrition (unable to take / not absorbing oral or enteral 

feeds and not supplemented with hyperalimentation)'.

After consultation with health care staff, this was changed to 'Inadequate 

nutrition (discuss with dietician if in doubt)'.

Table 3.25. Number of children with risk scores

Risk scores and numbers of children
Risk factor

Equipment

Poor perfusion
Inadequate 
nutrition Researcher
Low albumin
Low weight
Inappropriate 
incontinence
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All children and infants assessed had at least one item of equipment that 

nurses considered could potentially cause pressure ulceration (table 3.25).

Table 3.26 illustrates equipment that nurses considered to possibly put 

children at risk of skin damage

Table 3.26. Equipment which nurses considered may cause injury (skin 

damage)

Equipment /device

Oxygen saturation probe

Intravenous cannula

Nameband (all children that nurses considered to be at risk of skin 

damage from a name band were under 1 year of age)

Nasogastric tube

Gastrostomy

Electrocardiogram (EGG) electrodes

Central venous catheter

Endotracheal tube

Nasal cannulae for oxygen

Peritoneal dialysis catheter

Tracheostomy

Continuous Positive Airway Pressure (CPAP) mask

Oxygen mask

Prosthesis

Urethral catheter

Number of 

children

14

12

6

6

6

4

3

2

2

2

2

1

1

1

1
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Analysis

Percentage agreement

The percentage agreement of the overall score (no risk, at risk, high risk or

very high risk) and of the sub-scale scores were calculated. The problem

with this approach is that it does not account for the amount of agreement

expected by chance (Altman, 1991).

There was disagreement on 3 occasions out of 27 (88.9% agreement), and

the difference of disagreement was only by 1 point. The only subscale with

disagreement was nutritional status (88.9% agreement), all other subscales

had 100% agreement.

Spearman's correlation

As the numerical scores from the risk assessment can be viewed as a

categorical variable, a Spearman's correlation can also be calculated.

However, as with the percentage agreement, this does not take into account

the amount of agreement that has occurred by chance.

A correlation of 1.0 signifies perfect agreement. The Spearman correlation

for the Glamorgan scale comparing the scores of ward nurses with the

scores of the researcher was 0.976 (table 3.27).

Cohen's Kappa

Cohen's kappa can be used to calculate the amount of agreement between 

two sets of scores, and takes into account the amount of agreement 

expected by chance (Altman, 1991).
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Table 3.27. Correlations calculated using SPSS v. 17

Interval by Interval Pearson's R

Ordinal by Ordinal Spearman Correlation

Measure of Agreement Kappa

N of Valid Cases

Value

.999

.976

.867

27

Asymp. Std.

Error3

.001

.018

.072

Approx. Tb

93.792

22.592

10.845

Approx.

Sig.

.000°

.000C

.000

a. Not assuming the null hypothesis.

b. Using the asymptotic standard error assuming the null hypothesis.

c. Based on normal approximation.

Kappa values range from +1 to -1. If there is perfect agreement K = 1 

whereas K = 0 is what would be expected by chance alone. A negative 

kappa indicates that raters agree less frequently than would be expected by 

chance (Baath ef a/., 2008). The results of kappa can be interpreted as 

follows: K = 0.81 to 1.00 - very good agreement; K = 0.61-0.80 - good 

agreement; K = 0.41 to 0.60 - moderate agreement; K = 0.21 to 0.40 - fair 

agreement; K < 0.21 - poor agreement (Altman, 1991). The kappa measure 

of agreement for the Glamorgan scale was 0.867 (table 3.27), this indicates 

very good agreement.

Reliability measurements were collected with the investigator present, 

following training. However as Topf (1988) discusses in her literature review, 

inter-rater reliability declines when the people making the measurements or 

using a tool are not aware that their performance is being monitored. A 

Hawthorne effect might have had an impact on results because nurses 

involved in the study might have been more accurate than nurses who were 

not aware that their use of the assessment tool was being scrutinised.

Conclusion

The inter-rater agreement of the Glamorgan Paediatric Pressure Ulcer Risk 

Assessment Scale was very high at the time it was assessed. This may have 

been because nurses had recently had education in the use of the scale. A 

larger study based on the data from this study has not been planned.
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As a result of this study one of the items in the scale (nutrition) has been 

changed to improve reliability.

A further study may be needed in the future to assess the reliability of the 

revised scale.

Discussion

When developing a predictive scale, reliability is important. A scale that is not 

reliable will also not be valid, as it will not measure the phenomenon it was 

designed to measure. All the nurses who took part in the inter-rater reliability 

study agreed that the items in the Glamorgan scale could contribute to 

pressure injury, and from the preliminary data, the Glamorgan scale appears 

to be very reliable.

All the children had some piece of equipment pressing or rubbing on their 

skin that nurses considered could potentially cause tissue damage. This 

concern is not unfounded as outside hospital, clothes (Elackattu et al 2007) 

and jewellery (Phelan 1980) have been implicated in pressure ulceration. 

Although all the children wore namebands, in some children (particularly 

infants) they were considered to be a risk.

Revision of the Glamorgan Scale

When the inter-rater reliability study was undertaken, the only item that was 

not 100% reliable was the item describing inadequate nutrition - 'Inadequate 

nutrition (unable to take / not absorbing oral or enteral feeds and not 

supplemented with hyperalimentation)'. After discussion with dieticians, this 

has been changed to 'Inadequate nutrition (if in doubt consult a dietician)' as 

this is difficult to define in a few words, and account must be taken of the 

infant's or child's age, medical condition, previous weight and body mass 

index, duration of reduced intake and supplemental feeding. This should 

improve the validity and reliability of this item.
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THE VALUE OF RISK ASSESSMENT SCALES - WILL THIS MAKE A 
DIFFERENCE?

The total score of the Glamorgan scale is not intended to be used in 

isolation. Identifying the individual sub scores and implementing preventative 

measures is more important. Healey (2010) describes assessing risk of falls 

as identifying individual risk factors such as poor balance and vision 

problems - these are acted on rather than attributing a score, identifying and 

acting on individual factors is also essential in pressure ulcer prevention. 

Although the Glamorgan Scale may give an adequate prediction of pressure 

ulcer risk in a general paediatric inpatient population, risk assessment scales 

designed for specific populations of children (for example children in 

intensive care or wheelchair users) may perform better with these 

populations. It is recommended that a risk assessment should have been 

tested in the speciality where it is to be used (Royal College of Nursing, 

2001).

One limitation of all risk assessment tools is that they can detract from 

clinical judgement. An arbitrary cut-off score cannot replace nursing 

assessment, observation and individualised care plans (Webster ef a/., 

2010).

The attitudes and relative values of nurses to the importance of pressure 

ulcer prevention may be a factor in why policies are not adhered to (Athlin ef 

a/., 2010, Maylor and Torrance, 1999, Moore and Price, 2004, Samuriwo, 

2010), however, other barriers may include lack of staff, insufficient time, and 

lack of information (Moore and Price, 2004).
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