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This dissertation focusses on two common skin conditions, pressure ulcers and incontinence-associated dermatitis. 

Throughout the chapters, it will become clear these conditions are related.  

In this general introduction, the definitions, the etiology, the knowledge and the gaps in research will be elaborated.  

 

The skin  

The skin is the largest organ of the human body and consists of three main layers: the epidermis, the dermis and the 

hypodermis. The epidermis contains four to five layers, depending on its location (i.e., Stratum Basalis, Stratum 

Spinosum, Stratum Granulosum, Stratum Lucidum (only exists in the thick skin of soles and palms) and Stratum 

Corneum). The Stratum Corneum is the outermost layer of the epidermis, and serves as a protective overcoat and 

allows for the regulation of water loss (Agarwal & Krishnamurthy, 2019). It consists of 15 to 20 layers of fully cornified 

keratinocytes – corneocytes (Boer, Duchnik, Maleszka, & Marchlewicz, 2016) which stand for bricks and a fat-abundant 

intercellular matrix, which is referred to as the cement (El Maghraby, Barry, & Williams, 2008; Pailler-Mattei, Nicoli, 

Pirot, Vargiolu, & Zahouani, 2009). The dermis contains collagen and elastin, allowing for skin’s strength and flexibility. 

Besides, the dermis consists of nerve endings, blood vessels and adnexal structures such as hair shafts, sweat glands 

and sebaceous glands. The apical layer of the dermis folds to form papillae that extend into the epidermis and is 

referred to as the papillary dermis. The lower layer of the dermis is referred to as the reticular dermis. The deepest 

layer of the skin, the hypodermis, mainly consists of fat tissue (Agarwal & Krishnamurthy, 2019). Due to its complex 

structure, the skin protects the body against chemical and physical factors, takes part in the metabolic processes, 

plays a resorptive and thermoregulatory function and partakes in immunological processes (Hongbo & Maibach, 

2004).  

 

1. Pressure ulcers 
 
Definition and terminology 
 
A pressure ulcer (PU) is defined as ‘A localized injury to the skin and/or underlying tissue, usually over a bony 

prominence, resulting from sustained pressure (including pressure associated with shear)’ (National Pressure Ulcer 

Advisory Panel, European Pressure Ulcer Advisory Panel, & Pan Pacific Pressure Injury Alliance, 2014).  

 

For decades there has been discussion regarding terminology. The oldest term to describe the phenomenon is 

decubitus, followed by decubitus ulcer and ischemic ulcer. In 1976 the term bedsore arose, which was replaced by the 
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term pressure sore in the 1980s and pressure ulcer in the early 1990s (National Pressure Ulcer Advisory Panel et al., 

2014). In 2016, the National Pressure Ulcer Advisory Panel (NPUAP) replaced the term ‘pressure ulcer’ by ‘pressure 

injury’ based on consensus. Subsequently the definition was updated to ‘A pressure injury is a localized damage to the 

skin and underlying soft tissue usually over a bony prominence or related to a medical or other device. The injury can 

present as intact skin or an open ulcer and may be painful. The injury occurs as a result of intense and/or prolonged 

pressure or pressure in combination with shear. The tolerance of soft tissue for pressure and shear may also be 

affected by microclimate, nutrition, perfusion, co-morbidities and condition of the soft tissue’ (Edsberg et al., 2016). 

According to the International Classification of Diseases (ICD) -11 coding both the terms pressure injury and pressure 

ulcer can be used, besides the more outdated term bedsore (World Health Organization, 2018). The use of the term 

pressure ulcer is supported by the European Pressure Ulcer Advisory Panel (EPUAP) (European Pressure Ulcer Advisory 

Panel, 2017).  

 

Etiology and pathophysiology 
 
PUs are caused by a sustained mechanical load in the form of pressure or pressure and shear, causing deformation of 

skin and sub-dermal tissues (fat tissue, connective tissue and muscles). Consequently, strain (i.e., a measure of relative 

deformation) and stress (i.e., force transferred per unit area) within the tissues occur, which can hinder transport 

processes within the tissues (National Pressure Ulcer Advisory Panel et al., 2014).  

It is recognized that both the magnitude and the time duration are important in the development of PUs (Coleman et 

al., 2014b). As a result, both a high load applied for a short period and a low load applied for a prolonged period can 

lead to tissue damage (Breuls, Bouten, Oomens, Bader, & Baaijens, 2003a, 2003b; Gawlitta et al., 2007a; Gawlitta, 

Oomens, Bader, Baaijens, & Bouten, 2007b; Linder-Ganz, Engelberg, Scheinowitz, & Gefen, 2006; Salcido et al., 1994; 

Stekelenburg, Oomens, Strijkers, Nicolay, & Bader, 2006). Besides, the nature of the mechanical load (i.e., pressure, 

shear and friction) is of importance when analyzing the mechanical boundary conditions and also has an impact on 

the internal strains and stresses (Figure 1) (Coleman et al., 2014b). Pressure can be defined as a force perpendicular 

to the skin surface, in contrast to shear, where forces are moving parallel and in opposite directions to the skin surface 

(National Pressure Ulcer Advisory Panel et al., 2014). Shear is a result of a combination of friction and gravity. The 

force of rubbing two surfaces against one another (i.e., the feet of a restless patient rubbing across the bed sheets) is 

referred to as friction (Wound Care education institute, 2015).  
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Additionally, the mechanical properties of the tissue, the geometry of the tissue and the underlying bones, the  

individual transport (perfusion and lymphatic drainage) and thermal properties, and the individual physiology and 

repair capacity have an impact on the susceptibility and tolerance of the individual for PU development (Coleman et 

al., 2014b).  

 

 

Figure 1. Pressure ulcer conceptual framework (published in Coleman et al. (2014b)) 
 
 
Ischemia and deformation are well studied mechanisms leading to the development of tissue damage (National 

Pressure Ulcer Advisory Panel et al., 2014). Ischemia is caused by obstruction or occlusion of the blood vessels in soft 

tissues due to sustained external loading (Bader, Barnhill, & Ryan, 1986; Dinsdale, 1974; Gawlitta et al., 2007a; Gawlitta 

et al., 2007b; Kosiak, 1961) and results in hypoxia, reduced supply of nutrients to cells and reduced elimination of 

metabolites, and change in pH. The maximum period that ischemia can be tolerated without damage depends on the 

mechanical properties of the tissue. Because muscle tissue and fat tissue are less stiffer than skin tissue, these are 

more susceptible to damage (Berecek, 1975; Berlowitz & Brienza, 2007; Daniel, Priest, & Wheatley, 1981; Edsberg, 2007; 

Maklebust & Sieggreen, 2001; Nola & Vistnes, 1980; Salcido et al., 1994). Based on animal studies, the first signs of 

ischemic damage in muscle tissues can be found after two hours of sustained pressure (Bader et al., 1986; Daniel et 

al., 1981; Dinsdale, 1974; Gawlitta et al., 2007a; Gawlitta et al., 2007b; Kosiak, 1961;  Loerakker et al., 2011a; Loerakker 

et al., 2011b). After off-loading, the degree of tissue damage may be aggravated by reperfusion, because this involves 

the release of harmful oxygen free radicals (Houwing et al., 2000; Ikebe et al., 2001; Peirce, Skalak, & Rodeheaver, 

2000; Reid, Sull, Mogford, Roy, & Mustoe, 2004; Tsuji, Ichioka, Sekiya, & Nakatsuka, 2005; Ünal et al., 2001).  
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However, when strains exceeding a critical threshold are applied to the tissue, the resulting deformation can lead to 

immediate tissue damage, possibly through a direct rupture of the cytoskeleton, stretching of the plasma membrane 

or internal pathways causing cell death (Breuls et al., 2003a, 2003b; Ceelen et al., 2008; Stekelenburg, Gawlitta, Bader, 

& Oomens, 2008; Stekelenburg et al., 2006; Stekelenburg et al., 2007). In this case, the extent of tissue damage is 

determined by the duration of the exposure (Loerakker et al., 2010). 

 

Classification 
 
PUs are categorized based on their clinical appearance and according to the International NPUAP/EPUAP pressure 

ulcer classification system (Table 1) (National Pressure Ulcer Advisory Panel et al., 2014). The PU category is associated 

with the level of tissue damage (Kottner, Balzer, Dassen, & Heinze, 2009) but does not necessarily describe further 

sequential stages (Quintavalle, Lyder, Mertz, Phillips-Jones, & Dyson, 2006). 
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Table 1. International NPUAP/EPUAP pressure ulcer classification system (published in National Pressure Ulcer 
Advisory Panel et al. (2014)). Copyright© National Pressure Ulcer Advisory Panel, European Pressure Ulcer Advisory 
Panel and Pan Pacific Pressure Injury Alliance 
 

 

Category/Stage I: Nonblanchable Erythema 

Intact skin with non-blanchable redness of a 
localized area usually over a bony prominence. 
Darkly pigmented skin may not have visible 
blanching; its color may differ from the 
surrounding area. The area may be painful, 
firm, soft, warmer or cooler as compared to 
adjacent tissue. Category/Stage I may be 
difficult to detect in individuals with dark skin 
tones. May indicate “at risk” individuals (a 
heralding sign of risk). 

 Category/Stage II: Partial Thickness Skin Loss 

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 blister. Presents 
as a shiny or dry shallow ulcer without slough 
or bruising.* This Category/Stage should not be 
used to describe skin tears, tape burns, perineal 
dermatitis, maceration or excoriation. 
*Bruising indicates suspected deep tissue 
injury 

 Category/Stage III: Full Thickness Skin Loss 

Full thickness tissue 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 tunneling. The depth 
of a Category/Stage III pressure ulcer varies by 
anatomical location. The bridge of the nose, 
ear, occiput and malleolus do not have 
subcutaneous tissue and Category/Stage III 
ulcers can be shallow. In contrast, areas of 
significant adiposity can develop extremely 
deep Category/Stage III pressure ulcers. 
Bone/tendon is not visible or directly palpable. 
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 Category/Stage IV: Full Thickness Tissue Loss 

Full thickness tissue loss with exposed bone, 
tendon or muscle. Slough or eschar may be 
present on some parts of the wound bed. Often 
include undermining and tunneling. The depth 
of a Category/Stage IV pressure ulcer varies by 
anatomical location. The bridge of the nose, 
ear, occiput and malleolus do not have 
subcutaneous tissue and these ulcers can be 
shallow. Category/Stage IV ulcers can extend 
into muscle and/or supporting structures (e.g., 
fascia, tendon or joint capsule) making 
osteomyelitis possible. Exposed bone/tendon is 
visible or directly palpable. 

 Unstageable: Depth Unknown 

Full thickness tissue loss in which the base of 
the ulcer is covered by slough (yellow, tan, 
gray, green or brown) and/or eschar (tan, 
brown or black) in the wound bed. Until enough 
slough and/or eschar is removed to expose the 
base of the wound, the true depth, and 
therefore Category/Stage, cannot be 
determined. Stable (dry, adherent, intact 
without erythema or fluctuance) eschar on the 
heels serves as ‘the body’s natural (biological) 
cover’ and should not be removed. 

 Suspected Deep Tissue Injury: Depth Unknown 

Purple or maroon localized area of discolored 
intact skin or blood-filled blister due to 
damage of underlying soft tissue from 
pressure and/or shear. The area may be 
preceded by tissue that is painful, firm, mushy, 
boggy, warmer or cooler as compared to 
adjacent tissue. Deep tissue injury may be 
difficult to detect in individuals with dark skin 
tones. Evolution may include a thin blister over 
a dark wound bed. The wound may further 
evolve and become covered by thin eschar. 
Evolution may be rapid exposing additional 
layers of tissue even with optimal treatment. 
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Pressure ulcer prevalence and incidence 
 
In the systematic review of Hahnel, Lichterfeld, Blume-Peytavi, and Kottner (2017) incidence and prevalence rates of 

skin conditions in the aged worldwide are reported. A PU prevalence ranging from 0.3% to 46% and a PU incidence 

from 0.8% to 34% were  identified (Hahnel et al., 2017). The majority of these epidemiological data were reported for 

hospitals (38.7%) and institutional long-term care settings (29.7%), limiting our current knowledge about the 

occurrence of PUs in populations living in the community (Hahnel et al., 2017). According to the clinical practice 

guideline for PU prevention and treatment published in 2014 and summarizing prevalence and incidence rates 

reported in the literature between January 2000 to December 2012, prevalence rates in the aged care range from 4.1% 

to 32.2% versus incidence rates ranging from 1.9% to 59%. Prevalence rates in the acute (0% - 46%) and critical care 

(13.1% - 45.5%) setting even seem to be higher compared to the aged care. Incidence rates in the acute care range 

from 0% to 12% and from 3.3% to 53.4% in the critical care (National Pressure Ulcer Advisory Panel et al., 2014). In 

2008, Vanderwee et al. (2011) conducted a PU point prevalence study in 48 Flemish hospitals (Belgium) (n = 19 968 

patients), revealing an overall prevalence of PUs category I-IV of 12.1%. The prevalence of PUs category II, III and IV 

was 3.6%, 2.5% and 1.6% (Demarré et al., 2015). In 2012, a PU point prevalence study was conducted in 84 Flemish 

nursing homes (n = 8 008 residents). Comparable prevalence rates were obtained for PUs category II, III and IV 

(respectively 2.9%, 1.9% and 1.1%) (Demarré et al., 2015).  

 

The wide variations in prevalence and incidence rates are caused by differences in methodological design and rigor 

of epidemiological studies. It is therefore recommended to describe, among other things, PU rates within various PU 

risk levels, common anatomical locations of PU and to differentiate by category, clearly indicating whether category 

I PUs were included or excluded in the final calculations (National Pressure Ulcer Advisory Panel et al., 2014).  

 

Risk factors  
 
Three direct risk factors for PU development can be identified. These are immobility, poor skin/PU status (including 

existing and previous PUs and general skin status) and poor perfusion (Coleman et al., 2013; Coleman et al., 2014a; 

Coleman et al., 2014b). Additionally, poor nutrition, moisture, low albumin, diabetes and poor sensory perception are 

considered key indirect risk factors (Coleman et al., 2014a; Coleman et al., 2014b). Raised body temperature, older age, 

medication, pitting edema, chronic wounds, infection and acute illness are considered potential indirect risk factors 

for PU development (Coleman et al., 2014a; Coleman et al., 2014b).  
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Based on the conceptual model of Coleman et al. (2014b) the risk factors immobility and poor sensory perception 

affect mechanical boundary conditions. The risk factors skin/PU status, poor perfusion, poor nutrition, diabetes, 

moisture and low albumin have an impact on the susceptibility and tolerance of the individual (Figure 1). However, 

some risk factors may affect both the mechanical boundary conditions and the individual susceptibility and tolerance 

(Coleman et al., 2014b).  

 

The concept of the microclimate gained increasing attention in superficial PU development. The microclimate is 

related to humidity, temperature and the airflow between the skin and the supporting surface (Imhof, De Jesus, Xiao, 

Ciortea, & Berg, 2009; Kottner et al., 2009; National Pressure Ulcer Advisory Panel et al., 2014). Increased humidity 

(e.g., caused by urine or stool) and temperature results in decreased stratum corneum stiffness, decreased elasticity 

and decreased mechanical strength (Geerligs, Oomens, Ackermans, Baaijens, & Peters, 2011; Takahashi, Yamada, 

Machida, & Tsuda, 1984; Wilkes, Brown, & Wildnauer, 1973). Moreover, a moist environment aggravates the rough 

surface of the skin associated with aging, leading to an increased coefficient of friction between the skin and the 

contact materials (Persson, Kovalev, & Gorb, 2013) and to elevated skin stress when shear forces are applied (Sopher 

& Gefen, 2011). In contrast, excessively dry skin increases the structural stiffness of the epidermis, resulting in 

increased susceptibility to mechanical damage, cracks, fissures and inflammation (Engebretsen, Johansen, Kezic, 

Linneberg, & Thyssen, 2016).  

 

Pressure ulcers as quality indicator 
 
PUs are associated with increased morbidity and mortality, prolonged hospitalization, pain, discomfort, stress, anxiety 

and depression for the patient (Dealey, Posnett, & Walker, 2012; Degenholtz, Rosen, Castle, Mittal, & Liu, 2008; Essex, 

Clark, Sims, Warriner, & Cullum, 2009; Galhardo, Magalhães, Blanes, Juliano, & Ferreira, 2010; Gorecki, Closs, Nixon, & 

Briggs, 2011; Gorecki, Nixon, Madill, Firth, & Brown, 2012; Lyder et al., 2012; Wu, Ning, Li, Feng, & Feng, 2013). They can 

also be related to major costs to patients and the healthcare sector. A systematic review published in 2015, aiming to 

provide insight into the cost of PU prevention and treatment in an adult population, revealed that the cost of PU 

prevention per patient per day varies between 2.65 € to 87.57 € across different settings. The cost of PU treatment 

per patient per day ranges from 1.71 € to 470.49 € (Demarré et al., 2015).  
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Relatively high incidence and prevalence rates remain, despite substantial research activities, various quality 

improvement initiatives and policies to enhance patient safety (Niederhauser et al., 2012; Padula et al., 2015; Sullivan 

& Schoelles, 2013). PU prevention is considered important within quality improvement and patient safety contexts and 

is considered as an indicator of care quality (Kottner, Hahnel, Lichterfeld-Kottner, & Blume-Peytavi, 2018; Montalvo, 

2007). To evaluate the quality of PU prevention in healthcare settings quality indicators are used, taking into account 

preventive measures next to organizational and contextual factors (Kottner et al., 2018). The systematic review of  

Kottner et al. (2018) describes the available quality indicators for PU prevention. Most frequently used quality 

indicators for PU prevention are PU incidence and PU risk assessment and/or risk documentation (e.g. presence of 

non-blanchable erythema), followed by the implementation of an individualized PU prevention plan.  
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2. Incontinence-associated dermatitis 

 
Definition and terminology 
 
Incontinence-associated dermatitis (IAD) is defined as ‘an inflammation of the skin that occurs when urine and/or 

stool come into contact with the perineal or perigenital skin’ (Gray et al., 2007). IAD is characterized by inflammation 

of the surface of the skin with erythema and edema. In some cases vesicles containing clear exudate can be observed, 

the superficial skin layers can get eroded or denudated and secondary cutaneous infection can be present  (Brown, 

1993; Brown & Sears, 1993; Gray, 2004; Gray et al., 2012; Gray et al., 2007; Gray, Ratliff, & Donovan, 2002; Hunter et al., 

2003; Kennedy & Lutz, 1996; Nix, 2002).  

 

IAD occurs in adults and small infants and a variety of terms have been used to describe the condition, such as 

diaper/napkin rash; diaper/napkin dermatitis; diaper/napkin erythema; perineal dermatitis; irritant dermatitis; non-

allergic contact dermatitis; moisture maceration injury; moisture lesion; incontinence lesion (Beeckman, Schoonhoven, 

Verhaeghe, Heyneman, & Defloor, 2009; Gray et al., 2012; Gray et al., 2007). In 2005, a panel of clinical experts and 

researchers based in the United States obtained consensus on the term incontinence-associated dermatitis since it 

describes that the skin problems are associated with urinary and fecal incontinence, it recognizes that IAD extends 

beyond the perineal skin and it avoids confusing and pejorative labelling (Gray et al., 2012). Incontinence-related skin 

problems are classified by the International Classification of Diseases (ICD) -11 coding as ‘Diseases of the skin’ and 

more specifically under the subcategory ‘Irritant contact dermatitis due to friction, sweating or contact with body 

fluids’ (World Health Organization, 2018). IAD is a type of moisture-associated skin damage (MASD), next to 

intertriginous dermatitis, periwound moisture-associated dermatitis and peristomal moisture-associated dermatitis 

(Gray et al., 2011).  

 

Etiology and pathophysiology 
 
The etiology of IAD is complex and related to the combination of chemical and physical irritation (Figure 2). When the 

skin is exposed to urine and/or stool the pH raises, increasing the hydration of the stratum corneum, the outermost 

layer of the epidermis, and causing alterations in lipid rigidity. As a consequence, the permeability of the skin is 

increased and the absorption and penetration of potential irritants is enhanced, reducing the barrier function of the 

skin. Increased skin pH also raises the fecal enzymatic activity and increases the risk of bacterial colonization, which 
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may cause cutaneous infections. Besides, urine diminishes tissue tolerance to friction (next to shear and pressure). 

Friction increases when the skin moves across clothing, absorptive incontinence devices, bed or chair surfaces. 

Excessive care and frequent cleansing of the skin also leads to chemical and physical irritation, which weakens the 

skin and might aggravate the clinical manifestation (Ananthapadmanabhan, Moore, Subramanyan, Misra, & Meyer, 

2004; Beeckman et al., 2009; Beeckman et al., 2016; Beele, Smet, Van Damme, & Beeckman, 2018; Berg, 1988; Black et 

al., 2011b; Gray et al., 2012). IAD is considered a risk factor for PU development (Beeckman, Van Lancker, Van Hecke, & 

Verhaeghe, 2014; Demarre et al., 2015; Gray & Giuliano, 2017). 

 

 

 

Figure 2. Etiology of IAD (published in Beeckman et al. (2009)) 
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Classification 
 
In 2015, a simple approach was recommended by an international expert panel, categorizing IAD in three categories 

based on the level and severity of skin injury (Beeckman et al., 2015). Category 0 was suggested for intact skin without 

redness in incontinent patients, category 1 indicated mild IAD with erythema (and edema) but intact skin, and category 

2 indicated moderate to severe IAD with erythema (and presence of vesicles, bullae, skin erosion, skin denudation, 

skin infection) and skin breakdown. In 2018, this classification was further developed and psychometric properties 

were evaluated by Beeckman et al. (2018), resulting in the Ghent Global IAD Categorization Tool (GLOBIAD). According 

to the GLOBIAD, IAD can be categorized in two categories based on the presence of persistent redness (category 1) 

and skin loss (category 2). Both categories are subdivided into IAD without (category A) and with (category B) clinical 

signs of infection (Figure 3) (Beeckman et al., 2018).  

 
Figure 3. Ghent Global IAD Categorization tool (published in Beeckman et al. (2018)) 
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Incontinence-associated dermatitis prevalence and incidence 
 
The prevalence of IAD is estimated between 5.6% and 50%, and the incidence between 3.4% and 25%, depending on 

the type of setting and population studied (Gray et al., 2007). A study on the prevalence and incidence of IAD among 

417 hospitalized adults in the United States reported a mean prevalence of 16% and a mean incidence of 23% (Arnold 

Long & Johnson, 2019). In 2012, the prevalence of IAD was measured in hospitals, nursing homes and home care in 

Austria and the Netherlands (n = 3713) and was estimated at 6.1% (Kottner, Blume-Peytavi, Lohrmann, & Halfens, 2014). 

Boronat-Garrido, Kottner, Schmitz, and Lahmann (2016) studied the prevalence of IAD in 5785 incontinent nursing 

home residents in Germany and found an estimated point prevalence of 5.2%. The incidence of IAD was monitored for 

one month in a sample of 381 nursing home residents in the study of Van Damme et al. (2017). An overall IAD incidence 

of 30.0% was found. According to the literature review of Coyer and Campbell (2018), providing an overview of the 

prevalence and incidence of IAD in the intensive care setting, the prevalence of IAD ranges from 61.5% to 95% and the 

incidence from 23% to 50%.  

 

The variation in prevalence and incidence figures can be explained by the complexity of recognizing the condition and 

distinguishing it from other skin lesions (Beeckman et al., 2007; Defloor & Schoonhoven, 2004; Vanderwee et al., 2011). 

Besides, the lack of a global, standardized IAD assessment tool might have contributed significantly (Coyer & Campbell, 

2018).  

 

Risk factors 
 
Fecal incontinence (Bliss, Zehrer, Savik, Thayer, & Smith, 2006; Junkin & Selekof, 2007; Kottner et al., 2014; Long, Reed, 

Dunning, & Ying, 2012; Shigeta et al., 2009), diabetes mellitus (Kottner et al., 2014), increased body mass index (BMI) 

(Boronat-Garrido et al., 2016; Kottner et al., 2014; Long et al., 2012) and presence of friction and shear problems 

(Kottner et al., 2014; Long et al., 2012) can be associated with higher risk for IAD development. Besides, having a 

constantly or very often moist skin can increase the risk for IAD (Kottner et al., 2014). A study performed by Boronat-

Garrido et al. (2016) also indicated that having a PU was associated with a significantly higher odds of having IAD.  

 

In 2017, Van Damme, Clays, Verhaeghe, Van Hecke, and Beeckman (2018) performed a cross-sectional observational 

study in 48 Belgian ICU units (n = 206 patients) to identify independent risk factors for the development of IAD 
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category 2 in critically ill patients with fecal incontinence. The study showed that following risk factors were 

independently associated with IAD category 2: liquid stool, diabetes, older age, smoking, non-use of diapers, fever and 

low oxygen saturation.  

 

Incontinence-associated dermatitis as quality indicator 
 
The presence of IAD can be related to discomfort, pain, burning sensation, itching and tingling in the affected skin 

areas. In addition, IAD can result in prolonged hospitalization and increased nursing workload and can have a negative 

impact on the patient’s quality of life (Bartlett, Nowak, & Ho, 2009; Bayón et al., 2012; Bliss et al., 2011; Minassian, 

Devore, Hagan, & Grodstein, 2013).   

 

Skin care is considered a fundamental part of nursing care (Richards, Hilli, Pentecost, Goodwin, & Frost, 2018). Equal 

to PUs, the development of IAD is used as an indicator of the quality of nursing care. van Dishoeck, Looman, Steyerberg, 

Halfens, and Mackenbach (2016) investigated the relation between the occurrence of IAD and/or PUs and the quality 

of preventive nursing care. A significant association was found, indicating that PU and IAD development can provide 

an indication of the quality of nursing care. However, since the occurrence of PUs and IAD is also related to patient 

factors (e.g., age, type of illness, number of care problems etc.), prevalence and incidence rates provide only an 

indication of the quality of nursing care and can not be seen as an absolute measure (van Dishoeck et al., 2016).  
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3. Erythema as clinical sign in both pressure ulcers and incontinence-associated dermatitis 
 
Erythema is caused by dilatation of cutaneous blood vessels and is a common sign of skin irritation, injury or 

inflammation. Erythema in the context of IAD (i.e., inflammation) can be both blanchable and non-blanchable 

(Beeckman et al., 2015). Besides erythema (rubor), inflammation is characterized by pain (dolor); heat (calor); swelling 

(tumor) and loss of function (functio laesa). Inflammation is a response to injury or destruction of tissues, and it is 

meant to destroy, dilute, or wall off (sequester) both the injurious agent and the injured tissue. Histologically, it 

involves a complex series of events, including dilatation of arterioles, capillaries and venules and resulting in  

increased permeability and blood flow with exudation of fluids (including plasma proteins) and leukocyte migration 

into the inflammatory focus (Dorland, 2011).  

Erythema in the context of PUs will initially be blanchable, but can evolve into non-blanchable redness of the skin 

(i.e., PU category I). Blanchable erythema can be described as a normal reactive hyperemic response of the skin after 

arterial occlusion, wherein microcirculation is maintained and tissue damage is not present (Collier, 1999). The redness 

of the skin disappears when pressure is applied and reddens again when pressure is relieved (National Pressure Ulcer 

Advisory Panel et al., 2014). Blanchable erythema is characterized by dilated capillaries and venules in the papillary 

dermis (Figure 4), as well as prominent endothelial cells (Figure 5) and there might be a mild, predominantly 

lymphocytic perivascular infiltrate. In the upper dermis, mild to moderate edema is present. Vessel changes similar to 

those occurring in the papillary dermis are occasionally seen in the deep dermis, along with a rare fibrin trombus 

(Witkowski & Parish, 1982).  

 

 

Figure 4. Structure of the human skin (published in Delgado-Gonzalo et al. (2015)) 
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Figure 5. dilated capillaries and venules in the papillary dermis (published in Witkowski and Parish (1982)) 

 

 

Non-blanchable erythema in contrast is described as clinically visible damage of the skin due to an abnormal response 

to pressure and shearing forces and is presented as persistent redness of the intact skin (Beeckman et al., 2007). 

Histopathological research investigating non-blanchable erythema shows red blood cell engorgement of the 

capillaries and venules in the papillary dermis (Figure 6), followed by perivascular and diffuse hemorrhage. 

Occasionally diffuse fibrosis occurs in the reticular dermis and vessels may also be engorged with red blood cells. 

Fibrin thrombi can be seen in some vessels. Degeneration of the eccrine sweat glands, sebaceous glands and the 

subcutaneous fat is also observed (Witkowski & Parish, 1982).  

 

 

Figure 6. Red blood cell engorgement of the capillaries and venules in the papillary dermis (published in Witkowski 
and Parish (1982)) 
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In 2007, Houwing, Arends, Dijk, Koopman, and Haalboom (2007) investigated pathophysiological and 

histopathological differences between PUs and IAD. Two distinct histopathologic pictures emerged; an ischemic 

pattern, seen in PUs; and a pattern of irritation, associated with IAD. Both the ischemic and irritation pattern were 

associated with the clinical picture of blanchable erythema. Consequently, pathophysiological differentiation between 

PUs and IAD is difficult since many of the pathophysiologic components are shared by both conditions (Houwing et 

al., 2007).  

 
Differentiating pressure ulcers from incontinence-associated dermatitis 
 
Clinicians experience difficulties in distinguishing superficial PUs (category I or II) from IAD (Beeckman et al., 2007; 

Beeckman et al., 2010; Gray et al., 2012; Kottner & Halfens, 2010). Differentiating correctly between IAD and PUs is 

however important because of differences in preventive measures and treatment strategies. Besides, since PUs are 

used as quality indicators in healthcare, the incorrect labeling of IAD as PUs influences PU incidence and prevalence 

rates and thus the likelihood of reimbursement and might result in unjustified litigation (Gray et al., 2012; Mahoney, 

Rozenboom, Doughty, & Smith, 2011). PUs are considered to be ‘bottom up’ injuries, where damage is initiated by 

changes within soft tissues below and within the skin due to sustained mechanical load in the form of pressure or 

pressure and shear (Berlowitz & Brienza, 2007; Kottner et al. 2009; National Pressure Ulcer Advisory Panel et al. 2014). 

However, superficial skin injuries (e.g. PU category I or II and IAD) are delineated from deep PUs based on the idea 

that superficial skin injuries are predominantly caused by frictional forces on the skin surfaces and excessed moisture, 

whereas deep PUs result from high pressure and shear (Defloor et al., 2005b; Mahoney, Rozenboom, & Doughty, 2013; 

Shaked & Gefen, 2013; Sibbald, Krasner, & Woo, 2011; Sopher & Gefen, 2011). The clinical presentation of superficial PUs 

is not characterized by necrotic tissue or extensive tissue loss but rather matches the description of lesions caused 

by ‘top down’ injury (e.g., IAD lesions, where damage is initiated on the surface of the skin) (Mahoney et al., 2013). As 

a consequence, the assessment and differentiation between superficial PUs and IAD is challenged since both 

superficial PUs and IAD are characterized by erythema, they may be accompanied with partial thickness skin loss (i.e. 

PU category II and IAD category 2) and occur in the same areas on the skin.  

 

In 2005, an EPUAP workgroup developed the Pressure ulcer Classification (PuClas) education tool, aiming to teach 

and learn about PU classification and IAD differentiation (Beeckman et al., 2010). The tool is based on the EPUAP 

position statement on PU classification and IAD differentiation and provides an overview of causal factors and typical 
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wound-related characteristics including location, shape, depth, necrosis, edges and color (Table 2) (Defloor et al., 

2005b). The effectiveness of the PuClas education tool was investigated in a randomized controlled trial, including a 

convenience sample of 1 217 nurses. Results indicated that a one hour face-to-face lecture including the presentation 

of clinical differences between PU and IAD by means of definitions, photographs and video resulted in significantly 

improved PU classification and IAD differentiation compared with a 15 minutes standardized rehearsal of the 

definitions of the PU grades within the EPUAP classification system (Beeckman et al., 2010).  

The PuClas tool was also found to be adequate as an e-learning program in the study of Beeckman, Schoonhoven, 

Boucqué, Van Maele, and Defloor (2008). Meanwhile, a fourth version of the online module is available 

(https://puclas4.ucvvgent.be/).  

 

 
Table 2. Synthesis of the EPUAP position statement on PU classification and IAD differentiation (published in 
Beeckman et al. (2010)) 
 

 Pressure ulcer IAD 
Cause Pressure and/or shear must be present Moisture must be present (e.g., shining, wet skin 

caused by urinary incontinence or diarrhea) 
Location A wound over a bony prominence is likely to 

be a pressure ulcer 
IAD may occur over a bony prominence; however, 
pressure and shear should be excluded as causes, 
and moisture should be present 

Shape If the lesion is limited to one spot, it is likely 
to be a pressure ulcer 

Diffuse, different superficial spots are more likely to 
be IAD 

Depth Partial thickness skin loss and full thickness 
skin loss 

Superficial (partial thickness skin loss) 

Necrosis A black necrotic scab on a bony prominence 
is a pressure ulcer grade 3 or 4; if there is no 
or limited muscular mass underlying the 
necrosis, the lesion is a pressure ulcer grade 
4 

No necrosis 

Edges Distinct edges Diffuse or irregular edges 
Color If redness is non-blanchable, this is most 

likely a pressure ulcer grade 1 
Blanchable or non-blanchable erythema; pink or 
white surrounding skin due to maceration 

 
 
 
 
 
 



 
Chapter 1: general introduction 

 

31 

 

4. Research questions addressed in this dissertation 
 
Starting from the current knowledge and the gaps in research,  this dissertation will provide an answer to following 

two main research questions: (1) ‘Can nurses’ compliance to patient repositioning be increased by implementing a 

clinical decision tool and an aid to assist repositioning in bed? What is the current knowledge of nurses and nursing 

assistants about pressure ulcer prevention ?’, (2) ‘Which instrument can be recommended to measure erythema in the 

field of IAD? How should consensus be defined in a Delphi study for core outcome set development?’. 

 

4.1 Can nurses’ compliance to patient repositioning be increased by implementing a clinical decision tool and an aid 

to assist repositioning in bed? What is the current knowledge of nurses and nursing assistants about pressure 

ulcer prevention?  

 

Patient repositioning as preventive measure 
 
Patient repositioning is defined as changes of position in the lying or seated individual aiming to relieve or redistribute 

pressure and to enhance comfort. Repositioning at regular intervals is considered as a cornerstone of PU prevention 

(National Pressure Ulcer Advisory Panel et al., 2014). As a consequence, soft tissues and cells recover from sustained 

deformations, perfusion is restored and accumulated waste products are eliminated, water evaporates, the stratum 

corneum hydration decreases and the skin surface temperature decreases (Worsley, Parsons, & Bader, 2016). According 

to the clinical practice guideline published in 2014 (National Pressure Ulcer Advisory Panel et al., 2014), repositioning 

and its frequency should take into account the condition of the individual and the applied support surface (e.g. 

pressure- relieving mattresses and cushions). Therefore, skin assessment and the observation of erythema is 

extremely important as the presence of non-blanchable erythema plays a major role in developing individualized care 

plans (National Pressure Ulcer Advisory Panel et al., 2014; Shi et al., 2018). The strength of prognostic associations 

between skin status and PU incidence was investigated in the literature review and meta-analyses of Shi, Dumville, 

and Cullum (2018). There was low-certainty evidence that the presence of non-blanchable erythema was associated 

with the development of PUs and that people with non-blanchable erythema or current PUs may develop new PUs in 

a shorter time than those without these factors. This determination guided the development of the clinical decision 

tool addressed in chapter 2 and 3 of this dissertation. The evidence for other skin descriptors (current presence of PUs 

and history of PUs) was judged as very low, making their prognostic value uncertain (Shi et al., 2018).  
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Previous research showed that different positions have an impact on tissue blood flow and interface pressure (Defloor, 

2000; Källman et al., 2013). The study of Källman et al. (2013), investigated six different lying positions (supine tilt 

30°, supine 0°, semi-fowler with elevated head 30°, semi-fowler wit elevated head and legs 30°, lateral 30° and 

lateral 90°) among 20 older hospitalized patients. Results showed that the median relative change in superficial 

blood flow over bony prominences increased in all supine positions and decreased in the lateral positions. The median 

relative change in the lateral 30° position was significantly lower than in all the supine positions. A lower median 

relative change of blood flow was also observed in the lateral 90° position in comparison with the supine tilt 30° 

position. The median relative change of blood flow over bony prominences in the deeper tissue increased in all 

positions (Källman et al., 2013).  

Based on the study of Defloor (2000), exploring the interface pressure in 10 different lying positions, the 30° semi-

fowler position and the prone position resulted in the lowest interface pressure measurements. The lateral 30° 

position had lower pressure readings, compared with the lateral 90° position which resulted in the highest interface 

pressure measurements (Defloor, 2000). Consequently, it is recommended to position patients lying in bed in the 

lateral 30° position, the prone position or the supine position (National Pressure Ulcer Advisory Panel et al., 2014). 

Positions also have an impact when patients are seated in a chair. In the study of Giesbrecht, Ethans, and Staley (2011) 

the relative reduction in interface pressure at the ischial tuberosities and the sacrum was measured with 10° 

increments of tilt in a manual wheelchair. The study revealed that a minimum tilt of 30° is needed to achieve a 

reduction in pressure (Figures 7 and 8).  

 

  

Figure 7. Lateral 30° position (published in Beroepsvereniging van zorgprofessionals (2011)) 
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Figure 8. Position for seated individuals (published in Beroepsvereniging van zorgprofessionals (2011)) 

 

 

Although it is clear that there is an association between interface pressure and the risk of PU development (Peterson 

et al., 2008), there is no solid evidence of a pressure threshold (Best, Desharnais, Boily, Miller, & Camp, 2012). 

Consequently, determining the most effective frequency of repositioning to prevent the development of PUs is 

challenging. Traditionally, 2-hourly repositioning is widely accepted as a provisional guideline for best practice 

(Australian Wound Management Association, 2012; Black et al., 2011a; Low, Vasanwala, & Tay, 2014). However, this is 

based on limited research evidence and the efficient frequency of repositioning remains unclear (Cooper, 2013; 

Gillespie et al., 2014; Low et al., 2014). Jocelyn Chew, Thiara, Lopez, and Shorey (2018) undertook a scoping review to 

identify the current research on turning frequencies of adult bed-bound patients, and showed that in eight of the ten 

included studies no conclusion on the effective frequency of repositioning could be reached. Only two studies, i.e., 

Moore, Cowman, and Conroy (2011) and Defloor, De Bacquer, and Grypdonck (2005a) found significant differences 

among the intervention and control groups. Repositioning every three hours using the 30° lateral tilt was more 

effective than repositioning every six hours using the 90° lateral rotation (Moore et al., 2011). Besides, a reduction in 

PU development in the prevention schemes that used 4- or 6-hourly turning schedules on foam mattresses could be 

observed, compared with 2- or 3-hourly turning schedules on standardized institutional mattresses (Defloor et al., 

2005a). As a consequence, it is clear that the support surface can influence the repositioning frequency but cannot 

replace repositioning and that the different turning schedules remain inconclusive (Defloor et al., 2005a). According 

to the systematic review of Groah, Schladen, Pineda, and Hsieh (2015) the evidence concerning repositioning when 

seated, known as weight shifts aimed to redistribute pressure from one area to another to restore flood flow of the 
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tissues in sitting (Sonenblum, Vonk, Janssen, & Sprigle, 2014), is also insufficient. Because it is suggested that PU risk 

is highly individualized and risk may vary within an individual based on a variety of circumstances, current guidelines 

do not specify the exact frequency of repositioning in bed or when seated but rather encourage healthcare 

professionals to determine the frequency of repositioning by assessing a set of criteria in  each individual patient 

(Groah et al., 2015; National Pressure Ulcer Advisory Panel et al., 2014).  

 

The judgement and decision making of nurses in relation to PU prevention and management was synthesized in the 

systematic review of Samuriwo and Dowding (2014) , indicating that nurses tend to rely on their own knowledge and 

experience rather than research evidence to make PU related decisions (Samuriwo & Dowding, 2014). Besides, 

prioritizing the clinical practice guideline recommendations is challenging. Therefore, experts in the field identify the 

need to develop effective clinical tools to enable the clinicians to apply the clinical practice guidelines in a personalized 

way, tailored to the needs of the individual patient (Bogie et al., 2018). Clinical decision support systems can be 

developed and are defined as software, designed to be a direct aid to clinical decision-making in which the 

characteristics of an individual patient are matched to a computerized clinical knowledge base. Patient-specific 

assessments or recommendations are subsequently presented to the clinician (Sim et al., 2001). They have the 

potential to reduce medical errors (Bates et al., 2001), to foster guideline compliance (Bright et al., 2012) and to 

increase healthcare quality and efficiency (Schaarup, Pape-Haugaard, & Hejlesen, 2018; Teich & Wrinn, 2000). However, 

significant financial and organizational resources are often needed to implement this type of clinical decision support 

systems (Sim et al., 2001). A clinical decision support system to facilitate the assessment of the criteria which are 

important for patient repositioning, is currently lacking. This makes that patient tailored repositioning remains very 

difficult for clinicians. This is addressed in chapter 2 and 3 of this dissertation.  

 

The high prevalence and incidence rates of PUs might be explained by the low compliance rate of clinicians to clinical 

practice guidelines in general and patient repositioning more specifically (Bours, Halfens, Abu-Saad, & Grol, 2002; 

Gunningberg, 2005; Jocelyn Chew et al., 2018; Pickham et al., 2018; Vanderwee, Clark, Dealey, Gunningberg, & Defloor, 

2007; Wann-Hansson, Hagell, & Willman, 2008). The study of Tolmie and Smith (2002), reviewing 327 medical records 

from patients admitted to an acute care hospital in Scotland, revealed that 42% of the patients identified as being at 

very high risk of PU development did not receive pressure relief, mobilization, nor education. Vanderwee et al. (2011) 

assessed the adequacy of PU prevention in Belgian hospitals and concluded that only 10.8% of the patients at risk 

received fully adequate prevention in bed and while seated. Patient repositioning every two hours proved to be the 
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intervention least carried out of all preventive strategies in the study of Mallah, Nassar, and Kurdahi (2015). Also in 

the study of Courvoisier, Righi, Béné, Rae, and Chopard (2018) less than half of the patients were repositioned at the 

frequency recommended for their risk level. Patient repositioning, together with other repeated manual patient-

handling activities, can be associated with musculoskeletal disorders in the care giver (Vieira & Kumar, 2009). It is 

estimated that nurses reposition patients as much as 10 times per shift (Vasihadou, Karvountzis, Soumilas, 

Roumehotis, & Theodosopoulou, 1995). Manual patient repositioning results in large spine loads on the nurses, 

exceeding the maximum recommended tolerances (McGill, 1997; Waters, Putz-Anderson, Garg, & Fine, 1993), increasing 

the occurrence of low-back injuries (Kotowski, Davis, Wiggermann, & Williamson, 2013). Older nurses, having significant 

cumulative trauma from patient repositioning may be particularly at risk (Kotowski et al., 2013). Back pain and injuries 

have a major impact on the efficiency of nurses, leading to absenteeism and thus affecting not only the individual but 

also the healthcare sector and society (Hafner, Milek, & Fikfak, 2018; Trinkoff, Storr, & Lipscomb, 2001). Reduction of 

the physical burden, associated with the repositioning of patients could have major benefits for nurses (Gillespie et 

al., 2014).  

 

The continuous high incidence and prevalence rates, the association between non-blanchable erythema and PU 

development, the predominant role of patient repositioning and the identified challenges in that context formed the 

basis to the research question if nurses’ compliance to patient repositioning could be increased by implementing a 

clinical decision tool and an aid to assist repositioning in bed. A protocol for the study, aiming to answer this research 

question and the study results are addressed in chapter 2 and 3 of this dissertation.   

 
Knowledge, attitudes and application of pressure ulcer prevention  
 

A significant correlation exists between the application of adequate PU prevention and attitudes of nurses toward 

PUs on the one hand and between knowledge and attitudes on the other. As a result, the more the attitudes are 

positive, the more fully adequate prevention is applied (Beeckman, Defloor, Schoonhoven, & Vanderwee, 2011).  

Besides, attitudes are affected by knowledge, next to behavioral intent and the amount of affection for or against an 

object (Ajzen & Fishbein, 2005; Hill, 1992). Additionally, perceived control can be considered as an important 

determinant affecting the behavioural intentions, which is also influenced among other things by knowledge and 

skills (Ajzen & Madden, 1986; Nash, Edwards, & Nebauer, 1993).  
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Consequently, knowledge can be seen as a starting point for quality of nursing practices and therefore insight in the 

current knowledge of nurses and nursing assistants was added as an additional objective of this thesis. The results to 

the research question ‘What is the current knowledge of nurses and nursing assistants about pressure ulcer 

prevention?’ will be addressed in chapter 4 of this dissertation.  

 

4.2 Which instrument can be recommended to measure erythema in the field of IAD? How should consensus be 

defined in a Delphi study for core outcome set development?  

 

In 2017, Van den Bussche et al. (2018) developed a core outcome set (COS) for clinical research involving adults with 

IAD or at risk, independently from any geographical location or skin colour. The starting point for this development 

was the lack of comparability of outcomes and outcome measures used in clinical trials, complicating standardization 

of IAD prevention and treatment (Beeckman et al., 2016). A COS is defined as a consensus-based minimum set of 

outcomes that should be measured and reported in clinical trials of a specific health condition (Williamson et al., 

2017). Via a stepped approach, the elements that have to be measured (core outcomes) are decided first, followed by 

the decision of how to measure (measurement instruments) (Williamson et al., 2017). Based on the study of  Van den 

Bussche et al. (2018) one of the outcome domains identified as most important to be measured in IAD trials is 

erythema (next to erosion, maceration, IAD-related pain and patient satisfaction). However, a substantial 

heterogeneity of measurement instruments in IAD research exists (Beeckman et al., 2016). Evidence concerning the 

best way to measure the outcome “erythema”, taking into account measurement properties and interpretability and 

feasibility of measurement tools, is lacking. Chapter 5 of this dissertation contains the study protocol for the 

development of the core set of outcomes and measurements in IAD research. The research question ‘Which instrument 

can be recommended to measure erythema in the field of IAD?’ is addressed in chapter 6 of this dissertation.  

 
The COS of Van den Bussche et al. (2018) was developed via systematic literature review, patient interviews and expert 

consultation. Consensus on the final core outcome set was obtained through the Delphi technique. Despite the 

emerging research with regard to Delphi procedures in the field of COS development, some aspects still remain unclear 

(Brookes et al., 2016; Diamond et al., 2014; Williamson et al., 2017). The Grading of Recommendations, Assessment, 

Development and Evaluations scale (GRADE) of one to nine, making it possible for participants to grade outcomes in 

accordance to their level of importance is commonly used, next to other types of scoring systems (Williamson et al., 

2017). Currently, there is no reference standard for the scoring system nor how consensus should be defined (Brookes 
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et al., 2016; Diamond et al., 2014; Williamson et al., 2017). The choice of consensus criteria is rarely justified (Diamond 

et al., 2014) and methodological decisions when using the Delphi technique are primarily based on author’s 

experiences, rather than empirical research or theoretical justification (Sinha, Smyth, & Williamson, 2011). As a result, 

chapter 7 of this dissertation aims to create clarity by answering following additional research question: ‘How should 

consensus be defined in a Delphi study for core outcome set development?’.   
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5. Summary of the identified gaps and link to the research questions  

Based on the introductory literature search a number of research gaps have been identified.  
 
This dissertation will address the need for 

· increasing nurses’ compliance concerning patient repositioning,  

· the development of a tool supporting the clinical decision making process in determining the optimal 

repositioning frequency tailored to the individual patient, taking into account the role of skin erythema,  

· assessing the knowledge of nurses about PU prevention,  

· selecting the best tool to measure erythema as a clinical sign of IAD and, 

· studying the best way to determine consensus in a Delphi procedure for core outcome set development.  

 

Following chapter 1 (i.e. general introduction), chapter 2 describes the study protocol of the PROTECT-trial (Patient 

Repositioning Tool Ghent), aiming to increase nurses’ compliance to repositioning frequencies.  

In chapter 3 the results of this trial are presented. Chapter 4 presents the results of the knowledge assessment of 

nurses and nursing assistants about PU prevention. 

 

The methodology of the core set of outcomes and measurements in IAD research is explained in chapter 5.  

A systematic review examining the existing outcome measurement instruments for erythema associated with IAD and 

their measurement properties is presented in chapter 6.  

Chapter 7 addresses the complexity of defining consensus in a Delphi procedure for core outcome set development.  

 

Finally, chapter 8 provides a general discussion of the study results, recommendations for clinical practice, 

organizational management, policy makers, healthcare education and further research.  

 

An overview of the objective of every chapter, also describing the used methodology can be found in Table 3.  
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Table 3. Overview of the chapters, the objectives and used methodology 
 
 

Chapter Title Aim Methodology 
2 PROTECT – Trial: a multicentre prospective 

pragmatic RCT and health economic analysis of 
the effect of tailored repositioning to prevent 
pressure ulcers – study protocol 

To study the effectiveness of tailored repositioning and 
a turning and repositioning system on (1) nurses’ 
compliance to repositioning frequencies; (2) body 
posture of patients after repositioning; (3) incidence of 
pressure ulcers and incontinence-associated 
dermatitis; (4) nurses’ and patients’ preferences, 
comfort and acceptability; and (5) budget impact. 

Multicentre, cluster, three-arm, 
randomised, controlled pragmatic 
trial 

3 PROTECT – Trial: A cluster RCT to study the 
effectiveness of a repositioning aid and tailored 
repositioning to increase repositioning 
compliance 

4 Knowledge of nurses and nursing assistants 
about pressure ulcer prevention: a survey in 16 
Belgian hospitals using the PUKAT 2.0 tool 

To gain insight into the knowledge of nurses and 
nursing assistants about pressure ulcer prevention. 

Cross-sectional multicentre study 

5 CONSIDER – Core Outcome Set in IAD Research: 
study protocol for establishing a core set of 
outcomes and measurements in incontinence-
associated dermatitis research 

To examine which outcome measurement instruments 
for erythema associated with incontinence-associated 
dermatitis are available with supporting evidence 
about their measurement properties. 

Systematic literature review 

6 Outcome measurement instruments for 
erythema associated with incontinence-
associated dermatitis (IAD): systematic review 

7 Defining consensus in core outcome set 
development through a Delphi procedure: rating 
scale choice and definition of consensus criteria 
determine outcome selection 

To study the application of two different scoring 
systems and different widely used consensus 
definitions and their impact on the selection of core 
outcomes. 

Multidisciplinary consensus study 
using the Delphi procedure 



 
Chapter 1: general introduction 

40 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
Chapter 1: general introduction 

 

41 

 

References  

Agarwal S, Krishnamurthy K. Histology, Skin. [Updated 2019 Jan 25]. In: StatPearls [Internet]. Treasure Island (FL): 
StatPearls Publishing; 2019 Jan-. Retreived from https://www.ncbi.nlm.nih.gov/books/NBK537325/ (accessed 
23 april 2019) 

Ajzen, I., & Fishbein, M. (2005). The influence of attitudes on behavior. The handbook of attitudes, 173(221), 31.  
Ajzen, I., & Madden, T. J. (1986). Prediction of goal-directed behaviour: attitudes, intentions and perceived 

behavioural control. Journal of Experimental Social Psychology, 22, 453-474.  
Ananthapadmanabhan, K., Moore, D. J., Subramanyan, K., Misra, M., & Meyer, F. (2004). Cleansing without compromise: 

the impact of cleansers on the skin barrier and the technology of mild cleansing. Dermatologic Therapy, 17, 
16-25. DOI: 10.1111/j.1396-0296.2004.04S1002.x 

Arnold Long, M., & Johnson, E. (2019). Epidemiology of Incontinence-Associated Dermatitis and Intertriginous 
Dermatitis (Intertrigo) in an Acute Care Facility. Journal of wound , ostomy and continence nursing. 
DOI:10.1097/WON.0000000000000519 

Australian Wound Management Association. (2012). Pan Pacific clinical practice guideline for the prevention and 
management of pressure injury. Osborne Park, WA: Cambridge Media, 1-124.  

Bader, D., Barnhill, R., & Ryan, T. (1986). Effect of externally applied skin surface forces on tissue vasculature. Archives 
of Physical Medicine and Rehabilitation, 67(11), 807-811.  

Bartlett, L., Nowak, M., & Ho, Y.-H. (2009). Impact of fecal incontinence on quality of life. World journal of 
gastroenterology, 15(26), 3276-3282. DOI: 10.3748/wjg.15.3276 

Bates, D. W., Cohen, M., Leape, L. L., Overhage, J. M., Shabot, M. M., & Sheridan, T. (2001). Reducing the frequency of 
errors in medicine using information technology. Journal of the American Medical Informatics Association, 
8(4), 299-308. DOI: 10.1136/jamia.2001.0080299 

Bayón, G. C., Binks, R., De Luca, E., Dierkes, C., Franci, A., Gallart, E., . . . Wyncoll, D. (2012). Prevalence, management and 
clinical challenges associated with acute faecal incontinence in the ICU and critical care settings: The 
FIRST™ cross-sectional descriptive survey. Intensive and critical care nursing, 28(4), 242-250. DOI: 
10.1016/j.iccn.2012.01.005 

Beeckman, D., Campbell, J., Campbell, K., Chimentao, D., Coyer, F., Domansky, R., . . . Wang, L. (2015). Proceedings of the 
Global IAD expert panel. Incontinence-associated dermatitis: moving prevention forward.  Wounds 
International. Available to download from www.woundsinternational.com  

Beeckman, D., Defloor, T., Schoonhoven, L., & Vanderwee, K. (2011). Knowledge and attitudes of nurses on pressure 
ulcer prevention: A cross-sectional multicenter study in Belgian hospitals. Worldviews on Evidence-Based 
Nursing, 8(3), 166-176. DOI: 10.1111/j.1741-6787.2011.00217.x 

Beeckman, D., Schoonhoven, L., Boucqué, H., Van Maele, G., & Defloor, T. (2008). Pressure ulcers: e-learning to improve 
classification by nurses and nursing students. Journal of clinical nursing, 17(13), 1697-1707. DOI: 
10.1111/j.1365-2702.2007.02200.x 

Beeckman, D., Schoonhoven, L., Fletcher, J., Furtado, K., Gunningberg, L., Heyman, H., . . . Defloor, T. (2007). EPUAP 
classification system for pressure ulcers: European reliability study. Journal of advanced nursing, 60(6), 
682-691. DOI: 10.1111/j.1365-2648.2007.04474.x 

Beeckman, D., Schoonhoven, L., Fletcher, J., Furtado, K., Heyman, H., Paquay, L., . . . Defloor, T. (2010). Pressure ulcers 
and incontinence-associated dermatitis: effectiveness of the Pressure Ulcer Classification education tool on 
classification by nurses. Quality and Safety in Health Care, 19(5), e3. DOI:10.1136/qshc.2008.028415 



 
Chapter 1: general introduction 

 

42 

 

Beeckman, D., Schoonhoven, L., Verhaeghe, S., Heyneman, A., & Defloor, T. (2009). Prevention and treatment of 
incontinence-associated dermatitis: literature review. Journal of advanced nursing, 65(6), 1141-1154. DOI: 
10.1111/j.1365-2648.2009.04986.x 

Beeckman, D., Van Damme, N., Schoonhoven, L., Van Lancker, A., Kottner, J., Beele, H., . . . Verhaeghe, S. (2016). 
Interventions for preventing and treating incontinence-associated dermatitis in adults. Cochrane Database 
of Systematic Reviews, 11, Cd011627. DOI:10.1002/14651858.CD011627.pub2 

Beeckman, D., Van den Bussche, K., Alves, P., Arnold Long, M. C., Beele, H., Ciprandi, G., . . . Kottner, J. (2018). Towards an 
international language for incontinence-associated dermatitis (IAD): design and evaluation of psychometric 
properties of the Ghent Global IAD Categorization Tool (GLOBIAD) in 30 countries. British Journal of 
Dermatology, 178(6), 1331-1340. DOI:10.1111/bjd.16327 

Beele, H., Smet, S., Van Damme, N., & Beeckman, D. (2018). Incontinence-associated dermatitis: pathogenesis, 
contributing factors, prevention and management options. Drugs and Aging, 35(1), 1-10. DOI: 
10.1007/s40266-017-0507-1 

Berecek, K. H. (1975). Etiology of decubitus ulcers. The Nursing Clinics of North America, 10(1), 157-170  
Berg, R. (1988). Etiology and pathophysiology of diaper dermatitis. Advances in dermatology, 3, 75-98.  
Berlowitz, D. R., & Brienza, D. M. (2007). Are all pressure ulcers the result of deep tissue injury? A review of the 

literature. Ostomy Wound Management, 53(10), 34-38.  
Beroepsvereniging van zorgprofessionals. (2011). Landelijke multidisciplinaire richtlijn Decubitus preventie en 

behandeling - Aanbevelingen. Utrecht. Available at: 
http://www.platformouderenzorg.nl/bestanden/Multidisciplinaire%20richtlijn%20Decubitus%20preventie%2
0en%20behandeling%202011.pdf (accessed 4 January 2019) 

Best, K. L., Desharnais, G., Boily, J., Miller, W. C., & Camp, P. G. (2012). The effect of a trunk release maneuver on Peak 
Pressure Index, trunk displacement and perceived discomfort in older adults seated in a high Fowler’s 
position: a randomized controlled trial. BMC geriatrics, 12(1), 72. DOI: 10.1186/1471-2318-12-72 

Black, J. M., Edsberg, L. E., Baharestani, M. M., Langemo, D., Goldberg, M., McNichol, L., & Cuddigan, J. (2011a). Pressure 
ulcers: avoidable or unavoidable? Results of the national pressure ulcer advisory panel consensus 
conference. Ostomy-Wound Management, 57(2), 24-37.  

Black, J. M., Gray, M., Bliss, D. Z., Kennedy-Evans, K. L., Logan, S., Baharestani, M. M., . . . Ratliff, C. R. (2011b). MASD part 2: 
incontinence-associated dermatitis and intertriginous dermatitis: a consensus. Journal of Wound, Ostomy 
and Continence Nursing, 38(4), 359-370; quiz 371-352. DOI:10.1097/WON.0b013e31822272d9 

Bliss, D. Z., Zehrer, C., Savik, K., Thayer, D., & Smith, G. (2006). Incontinence-associated skin damage in nursing home 
residents: a secondary analysis of a prospective, multicenter study. Ostomy Wound Management, 52(12), 46-
55.  

Bliss, D. Z., Savik, K., Thorson, M. A., Ehman, S. J., Lebak, K., & Beilman, G. (2011). Incontinence-associated dermatitis in 
critically ill adults: time to development, severity, and risk factors. Journal of Wound, Ostomy & Continence 
Nursing, 38(4), 433-445. DOI:10.1097/WON.0b013e318220b703 

Boer, M., Duchnik, E., Maleszka, R., & Marchlewicz, M. (2016). Structural and biophysical characteristics of human skin 
in maintaining proper epidermal barrier function. Advances in Dermatology and Allergology, 33(1), 1-5. DOI: 
10.5114/pdia.2015.48037 

Bogie, K. M., Zhang, G.-Q., Roggenkamp, S. K., Zeng, N., Seton, J., Tao, S., . . . Sun, J. (2018). Individualized Clinical Practice 
Guidelines for Pressure Injury Management: Development of an Integrated Multi-Modal Biomedical 
Information Resource. JMIR research protocols, 7(9), e10871. DOI: 10.2196/10871 



 
Chapter 1: general introduction 

 

43 

 

Boronat-Garrido, X., Kottner, J., Schmitz, G., & Lahmann, N. (2016). Incontinence-Associated Dermatitis in Nursing 
Homes: Prevalence, Severity, and Risk Factors in Residents With Urinary and/or Fecal Incontinence. Journal 
of Wound, Ostomy & Continence Nursing, 43(6), 630-635. DOI:10.1097/won.0000000000000282 

Bours, G. J., Halfens, R. J., Abu-Saad, H. H., & Grol, R. T. (2002). Prevalence, prevention, and treatment of pressure 
ulcers: descriptive study in 89 institutions in the Netherlands. Research in nursing & health, 25(2), 99-110. 
DOI: 10.1002/nur.10025 

Breuls, R., Bouten, C., Oomens, C., Bader, D., & Baaijens, F. (2003a). Compression induced cell damage in engineered 
muscle tissue: an in vitro model to study pressure ulcer aetiology. Annals of biomedical engineering, 31(11), 
1357-1364.  

Breuls, R., Bouten, C., Oomens, C., Bader, D., & Baaijens, F. (2003b). A theoretical analysis of damage evolution in 
skeletal muscle tissue with reference to pressure ulcer development. Journal of biomechanical engineering, 
125(6), 902-909. DOI: 10.1115/1.1634287 

Bright, T. J., Wong, A., Dhurjati, R., Bristow, E., Bastian, L., Coeytaux, R. R., . . . Musty, M. D. (2012). Effect of clinical 
decision-support systems: a systematic review. Annals of Internal Medicine, 157(1), 29-43. DOI: 
10.7326/0003-4819-157-1-201207030-00450 

Brookes, S. T., Macefield, R. C., Williamson, P. R., McNair, A. G., Potter, S., Blencowe, N. S., . . . Blazeby, J. M. (2016). Three 
nested randomized controlled trials of peer-only or multiple stakeholder group feedback within Delphi 
surveys during core outcome and information set development. Trials, 17(1), 409. DOI: 10.1186/s13063-016-
1479-x 

Brown, D. (1993). Perineal dermatitis: can we measure it? Ostomy/wound management, 39(7), 28-30, 31.  
Brown, D., & Sears, M. (1993). Perineal dermatitis: a conceptual framework. Ostomy/wound management, 39(7), 20.  
Ceelen, K., Stekelenburg, A., Loerakker, S., Strijkers, G., Bader, D., Nicolay, K., . . . Oomens, C. (2008). Compression-

induced damage and internal tissue strains are related. Journal of biomechanics, 41(16), 3399-3404. DOI: 
10.1016/j.jbiomech.2008.09.016 

Coleman, S., Gorecki, C., Nelson, E. A., Closs, S. J., Defloor, T., Halfens, R., . . . Nixon, J. (2013). Patient risk factors for 
pressure ulcer development: systematic review. International journal of nursing studies, 50(7), 974-1003. 
DOI: 10.1016/j.ijnurstu.2012.11.019 

Coleman, S., Nelson, E. A., Keen, J., Wilson, L., McGinnis, E., Dealey, C., . . . Nixon, J. (2014a). Developing a pressure ulcer 
risk factor minimum data set and risk assessment framework. Journal of advanced nursing, 70(10), 2339-
2352. DOI: 10.1111/jan.12444 

Coleman, S., Nixon, J., Keen, J., Wilson, L., McGinnis, E., Dealey, C., . . . Nelson, A. (2014b). A new pressure ulcer 
conceptual framework. Journal of advanced nursing, 70(10), 2222-2234. DOI: 10.1111/jan.12405 

Collier, M. (1999). Blanching and non-blanching hyperaemia. Journal of wound care, 8(2), 63-64. DOI: 
10.12968/jowc.1999.8.2.26350 

Cooper, K. L. (2013). Evidence-based prevention of pressure ulcers in the intensive care unit. Critical care nurse, 33(6), 
57-66. DOI: 10.4037/ccn2013985 

Courvoisier, D. S., Righi, L., Béné, N., Rae, A.-C., & Chopard, P. (2018). Variation in pressure ulcer prevalence and 
prevention in nursing homes: A multicenter study. Applied Nursing Research, 42, 45-50. DOI: 
10.1016/j.apnr.2018.06.001 

Coyer, F., & Campbell, J. (2018). Incontinence-associated dermatitis in the critically ill patient: an intensive care 
perspective. Nursing in critical care, 23(4), 198-206. DOI: 10.1111/nicc.12331 

Daniel, R. K., Priest, D. L., & Wheatley, D. C. (1981). Etiologic factors in pressure sores: an experimental model. Archives 
of Physical Medicine and Rehabilitation, 62(10), 492-498.  



 
Chapter 1: general introduction 

 

44 

 

Dealey, C., Posnett, J., & Walker, A. (2012). The cost of pressure ulcers in the United Kingdom. Journal of wound care, 
21(6), 261-266. DOI: 10.12968/jowc.2012.21.6.261 

Defloor, T. (2000). The effect of position and mattress on interface pressure. Applied Nursing Research, 13(1), 2-11. 
DOI: 10.1016/S0897-1897(00)80013-0 

Defloor, T., De Bacquer, D., & Grypdonck, M. H. (2005a). The effect of various combinations of turning and pressure 
reducing devices on the incidence of pressure ulcers. International journal of nursing studies, 42(1), 37-46. 
DOI: 10.1016/j.ijnurstu.2004.05.013 

Defloor, T., Schoonhoven, L., Fletcher, J., Furtado, K., Heyman, H., Lubbers, M., . . . Soriano, J. V. (2005b). Statement of 
the European Pressure Ulcer Advisory Panel-Pressure Ulcer Classification: Differentiation Between Pressure 
Ulcers and Moisture Lesions. Journal of Wound, Ostomy and Continence Nursing, 32(5), 302-306.  

Defloor, T., & Schoonhoven, L. (2004). Inter-rater reliability of the EPUAP pressure ulcer classification system using 
photographs. Journal of clinical nursing, 13(8), 952-959. DOI: 10.1111/j.1365-2702.2004.00974.x 

Degenholtz, H. B., Rosen, J., Castle, N., Mittal, V., & Liu, D. (2008). The association between changes in health status 
 and nursing home resident quality of life. The Gerontologist, 48(5), 584-592. DOI: 10.1093/geront/48.5.584 
Delgado-Gonzalo, R., Parak, J., Tarniceriu, A., Renevey, P., Bertschi, M., & Korhonen, I. (2015). Evaluation of accuracy 

and reliability of PulseOn optical heart rate monitoring device. Paper presented at the Engineering in 
Medicine and Biology Society (EMBC), 2015 37th Annual International Conference of the IEEE. 

Demarré, L., Verhaeghe, S., Annemans, L., Van Hecke, A., Grypdonck, M., & Beeckman, D. (2015). The cost of pressure 
ulcer prevention and treatment in hospitals and nursing homes in Flanders: A cost-of-illness study. 
International journal of nursing studies, 52(7), 1166-1179. DOI: 10.1016/j.ijnurstu.2015.03.005 

Demarré, L., Van Lancker, A., Van Hecke, A., Verhaeghe, S., Grypdonck, M., Lemey, J., . . . Beeckman, D. (2015). The cost of 
prevention and treatment of pressure ulcers: a systematic review. International journal of nursing studies, 
52(11), 1754-1774. DOI: 10.1016/j.ijnurstu.2015.06.006 

Diamond, I. R., Grant, R. C., Feldman, B. M., Pencharz, P. B., Ling, S. C., Moore, A. M., & Wales, P. W. (2014). Defining 
 consensus: a systematic review recommends methodologic criteria for reporting of Delphi studies. Journal 
 of clinical epidemiology, 67(4), 401-409. DOI: 10.1016/j.jclinepi.2013.12.002 
Dinsdale, S. (1974). Decubitus ulcers: role of pressure and friction in causation. Archives of Physical Medicine and 

Rehabilitation, 55(4), 147-152  
Dorland, W. A. N. (2011). Dorland's Illustrated Medical Dictionary32: Dorland's Illustrated Medical Dictionary: Elsevier 

Health Sciences. 
Edsberg, L. E. (2007). Pressure ulcer tissue histology: an appraisal of current knowledge. Ostomy/wound 

management, 53(10), 40-49.  
Edsberg, L. E., Black, J. M., Goldberg, M., McNichol, L., Moore, L., & Sieggreen, M. (2016). Revised National Pressure Ulcer 

Advisory Panel Pressure Injury Staging System: Revised Pressure Injury Staging System. Journal of Wound, 
Ostomy, and Continence Nursing, 43(6), 585-597. DOI: 10.1097/WON.0000000000000281 

El Maghraby, G. M., Barry, B. W., & Williams, A. C. (2008). Liposomes and skin: from drug delivery to model membranes. 
European journal of pharmaceutical sciences, 34(4-5), 203-222. DOI: 10.1016/j.ejps.2008.05.002 

Engebretsen, K., Johansen, J., Kezic, S., Linneberg, A., & Thyssen, J. (2016). The effect of environmental humidity and 
temperature on skin barrier function and dermatitis. Journal of the European Academy of Dermatology and 
Venereology, 30(2), 223-249. DOI: 10.1111/jdv.13301 

Essex, H. N., Clark, M., Sims, J., Warriner, A., & Cullum, N. (2009). Health-related quality of life in hospital inpatients 
with pressure ulceration: Assessment using generic health-related quality of life measures. Wound Repair 
and Regeneration, 17(6), 797-805. DOI: 10.1111/j.1524-475X.2009.00544.x 



 
Chapter 1: general introduction 

 

45 

 

European Pressure Ulcer Advisory Panel (April 18, 2017). Pressure ulcer terminology. Retrieved from 
http://www.epuap.org/news/pressure-ulcer-terminology/ (accessed 4 January 2019) 

Galhardo, V., Magalhães, M. G., Blanes, L., Juliano, Y., & Ferreira, L. M. (2010). Health-related quality of life and 
depression in older patients with pressure ulcers. Wounds, 22(1), 20-26.  

Gawlitta, D., Li, W., Oomens, C. W., Baaijens, F. P., Bader, D. L., & Bouten, C. V. (2007a). The relative contributions of 
compression and hypoxia to development of muscle tissue damage: an in vitro study. Annals of biomedical 
engineering, 35(2), 273-284.  

Gawlitta, D., Oomens, C. W., Bader, D. L., Baaijens, F. P., & Bouten, C. V. (2007b). Temporal differences in the influence 
of ischemic factors and deformation on the metabolism of engineered skeletal muscle. Journal of Applied 
Physiology, 103(2), 464-473. DOI: 10.1152/japplphysiol.01374.2006 

Geerligs, M., Oomens, C., Ackermans, P., Baaijens, F., & Peters, G. (2011). Linear shear response of the upper skin layers. 
Biorheology, 48(3-4), 229-245. DOI: 10.3233/BIR-2011-0590 

Giesbrecht, E., Ethans, K., & Staley, D. (2011). Measuring the effect of incremental angles of wheelchair tilt on 
interface pressure among individuals with spinal cord injury. Spinal Cord, 49(7), 827-831.  

Gillespie, B. M., Chaboyer, W. P., McInnes, E., Kent, B., Whitty, J. A., & Thalib, L. (2014). Repositioning for pressure ulcer 
prevention in adults. Cochrane Database for Systematic Reviews, 4. Art. No.:CD009958. DOI:  
10.1002/14651858.CD009958.pub2 

Gorecki, C., Closs, S. J., Nixon, J., & Briggs, M. (2011). Patient-reported pressure ulcer pain: a mixed-methods systematic 
review. Journal of pain and symptom management, 42(3), 443-459. DOI: 10.1016/j.jpainsymman.2010.11.016 

Gorecki, C., Nixon, J., Madill, A., Firth, J., & Brown, J. (2012). What influences the impact of pressure ulcers on health-
related quality of life? A qualitative patient-focused exploration of contributory factors. Journal of tissue 
viability, 21(1), 3-12. DOI: 10.1016/j.jtv.2011.11.001 

Gray, M. (2004). Preventing and managing perineal dermatitis: a shared goal for wound and continence care. Journal 
of Wound, Ostomy & Continence Nursing, 31(1), S2-S12.  

Gray, M., Beeckman, D., Bliss, D. Z., Fader, M., Logan, S., Junkin, J., . . . Kurz, P. (2012). Incontinence-associated 
dermatitis: a comprehensive review and update. Journal of Wound, Ostomy & Continence Nursing, 39(1), 61-
74. DOI:10.1097/WON.0b013e31823fe246 

Gray, M., Black, J. M., Baharestani, M. M., Bliss, D. Z., Colwell, J. C., Goldberg, M., . . . Ratliff, C. R. (2011). Moisture-
associated skin damage: overview and pathophysiology. Journal of Wound, Ostomy & Continence Nursing, 
38(3), 233-241. DOI: 10.1097/WON.0b013e318215f798 

Gray, M., Bliss, D. Z., Doughty, D. B., Ermer-Seltun, J., Kennedy-Evans, K. L., & Palmer, M. H. (2007). [Incontinence-
associated Dermatitis: A Consensus]. Journal of Wound, Ostomy & Continence Nursing, 34(1), 45-54.  

Gray, M., Ratliff, C., & Donovan, A. (2002). Perineal skin care for the incontinent patient. Advances in skin & wound 
care, 15(4), 170-175.  

Groah, S. L., Schladen, M., Pineda, C. G., & Hsieh, C.-H. J. (2015). Prevention of pressure ulcers among people with spinal 
cord injury: a systematic review. PM&R, 7(6), 613-636. DOI: 10.1016/j.pmrj.2014.11.014 

Gunningberg, L. (2005). Are patients with or at risk of pressure ulcers allocated appropriate prevention measures? 
International journal of nursing practice, 11(2), 58-67. DOI: 10.1111/j.1440-172X.2005.00503.x 

Hafner, N. D., Milek, D. M., & Fikfak, M. D. (2018). Hospital staff’s risk of developing musculoskeletal disorders, 
especially low back pain. Slovenian Journal of Public Health, 57(3), 133-139. DOI: 10.2478/sjph-2018-0017 

Hahnel, E., Lichterfeld, A., Blume-Peytavi, U., & Kottner, J. (2017). The epidemiology of skin conditions in the aged: A 
systematic review. Journal of tissue viability, 26(1), 20-28. DOI: 10.1016/j.jtv.2016.04.001 

Hill, L. (1992). Wound care nursing. The question of pressure. Nursing Times, 88(12), 76-82.  
Hongbo, Z., & Maibach, H. (2004). Dermatotoxicology. CRC Press LCC, USA, 6, 938-955.  



 
Chapter 1: general introduction 

 

46 

 

Houwing, R., Overgoor, M., Kon, M., Jansen, G., Van Asbeck, B., & Haalboom, J. (2000). Pressure-induced skin lesions in 
pigs: reperfusion injury and the effects of vitamin E. Journal of wound care, 9(1), 36-40. DOI: 
10.12968/jowc.2000.9.1.25939 

Houwing, R. H., Arends, J. W., Canninga-van Dijk, M. R., Koopman, E., & Haalboom, J. R. (2007). Is the Distinction 
Between Superficial Pressure Ulcers and Moisture Lesions Justifiable? A Clinical-Pathologic Study. SKINmed: 
Dermatology for the Clinician, 6(3), 113-117. DOI: 10.1111/j.1540-9740.2007.06357.x 

Hunter, S., Anderson, J., Hanson, D., Thompson, P., Langemo, D., & Klug, M. G. (2003). Clinical trial of a prevention and 
treatment protocol for skin breakdown in two nursing homes. Journal of Wound, Ostomy & Continence 
Nursing, 30(5), 250-258. DOI: 10.1016/S1071-5754(03)00353-X 

Ikebe, K., Kato, T., Yamaga, M., Hirose, J., Tsuchida, T., & Takagi, K. (2001). Increased ischemia-reperfusion blood flow 
impairs the skeletal muscle contractile function. Journal of Surgical Research, 99(1), 1-6. DOI: 
10.1006/jsre.2001.6134 

Imhof, R., De Jesus, M., Xiao, P., Ciortea, L., & Berg, E. (2009). Closed-chamber transepidermal water loss 
measurement: microclimate, calibration and performance. International Journal of Cosmetic Science, 31(2), 
97-118. DOI: 10.1111/j.1468-2494.2008.00476.x 

Jocelyn Chew, H. S., Thiara, E., Lopez, V., & Shorey, S. (2018). Turning frequency in adult bedridden patients to prevent 
hospital-acquired pressure ulcer: A scoping review. International wound journal, 15(2), 225-236. DOI: 
10.1111/iwj.12855 

Junkin, J., & Selekof, J. L. (2007). Prevalence of incontinence and associated skin injury in the acute care inpatient. 
Journal of Wound, Ostomy & Continence Nursing, 34(3), 260-269. doi:10.1097/01.WON.0000270820.91694.1f 

Källman, U., Bergstrand, S., Ek, A. C., Engström, M., Lindberg, L. G., & Lindgren, M. (2013). Different lying positions and 
their effects on tissue blood flow and skin temperature in older adult patients. Journal of advanced 
nursing, 69(1), 133-144. DOI: 10.1111/j.1365-2648.2012.06000.x 

Kennedy, K., & Lutz, L. (1996). Comparison of the efficacy and cost-effectiveness of three skin protectants in the 
management of incontinent dermatitis. Paper presented at the Proceedings of the European Conference on 
Advances in Wound Management. 

Kosiak, M. (1961). Etiology of decubitus ulcers. Archives of Physical Medicine and Rehabilitation, 42, 19-29.  
Kotowski, S. E., Davis, K. G., Wiggermann, N., & Williamson, R. (2013). Quantification of patient migration in bed: 

catalyst to improve hospital bed design to reduce shear and friction forces and nurses’ injuries. Human 
factors, 55(1), 36-47. DOI: 10.1177/0018720812474300 

Kottner, J., Balzer, K., Dassen, T., & Heinze, S. (2009). Pressure ulcers: a critical review of definitions and 
classifications. Ostomy Wound Management, 55(9), 22-29.  

Kottner, J., Blume-Peytavi, U., Lohrmann, C., & Halfens, R. (2014). Associations between individual characteristics and 
incontinence-associated dermatitis: A secondary data analysis of a multi-centre prevalence study. 
International journal of nursing studies, 51(10), 1373-1380. DOI: 10.1016/j.ijnurstu.2014.02.012 

Kottner, J., Hahnel, E., Lichterfeld-Kottner, A., Blume-Peytavi, U., Büscher, A. (2018). Measuring the quality of pressure 
ulcer prevention: A systematic mapping review of quality indicators. International wound journal, 15(2), 
218-224. DOI: 10.1111/iwj.12854 

Kottner, J., & Halfens, R. (2010). Moisture lesions: interrater agreement and reliability. Journal of clinical nursing, 
19(5-6), 716-720. DOI: 10.1111/j.1365-2702.2009.03109.x 

Linder-Ganz, E., Engelberg, S., Scheinowitz, M., & Gefen, A. (2006). Pressure–time cell death threshold for albino rat 
skeletal muscles as related to pressure sore biomechanics. Journal of biomechanics, 39(14), 2725-2732. DOI: 
10.1016/j.jbiomech.2005.08.010 



 
Chapter 1: general introduction 

 

47 

 

Loerakker, Stekelenburg, A., Strijkers, G., Rijpkema, J., Baaijens, F., Bader, D., . . . Oomens, C. (2010). Temporal effects of 
mechanical loading on deformation-induced damage in skeletal muscle tissue. Annals of biomedical 
engineering, 38(8), 2577-2587.  

Loerakker, S., Manders, E., Strijkers, G. J., Nicolay, K., Baaijens, F., Bader, D., & Oomens, C. (2011a). The effects of 
deformation, ischemia, and reperfusion on the development of muscle damage during prolonged loading. 
Journal of Applied Physiology, 111(4), 1168-1177. DOI: 10.1152/japplphysiol.00389.2011 

Loerakker, S., Oomens, C., Manders, E., Schakel, T., Bader, D., Baaijens, F., . . . Strijkers, G. (2011b). Ischemia-reperfusion 
injury in rat skeletal muscle assessed with T2-weighted and dynamic contrast-enhanced MRI. Magnetic 
resonance in medicine, 66(2), 528-537. DOI: 10.1002/mrm.22801 

Long, M. A., Reed, L. A., Dunning, K., & Ying, J. (2012). Incontinence-associated dermatitis in a long-term acute care 
facility. Journal of Wound, Ostomy & Continence Nursing, 39(3), 318-327. 
DOI:10.1097/WON.0b013e3182486fd7 

Low, L. L., Vasanwala, F. F., & Tay, A. C. (2014). Pressure ulcer risk assessment and prevention for the family physician. 
Proceedings of Singapore Healthcare, 23(2), 142-148. DOI: 10.1177/201010581402300208 

Lyder, C. H., Wang, Y., Metersky, M., Curry, M., Kliman, R., Verzier, N. R., & Hunt, D. R. (2012). Hospital-Acquired pressure 
ulcers: Results from the national medicare patient safety monitoring system study. Journal of the American 
geriatrics society, 60(9), 1603-1608. DOI: 10.1111/j.1532-5415.2012.04106.x 

Mahoney, M., Rozenboom, B., Doughty, D., & Smith, H. (2011). Issues related to accurate classification of buttocks 
wounds. Journal of Wound, Ostomy & Continence Nursing, 38(6), 635-642. DOI: 
10.1097/WON.0b013e31822fc3e5 

Mahoney, M., Rozenboom, B., & Doughty, D. (2013). Challenges in classification of gluteal cleft and buttocks wounds: 
consensus session reports. Journal of Wound, Ostomy & Continence Nursing, 40(3), 239-245. DOI: 
10.1097/WON.0b013e31828f1a2e 

Maklebust, J., & Sieggreen, M. (2001). Pressure ulcers: Guidelines for prevention and management: Lippincott 
Williams & Wilkins. 

Mallah, Z., Nassar, N., & Kurdahi, B. L. (2015). The effectiveness of a pressure ulcer intervention program on the 
prevalence of hospital acquired pressure ulcers: controlled before and after study. Applied nursing research, 
28(2), 106-113. DOI: 10.1016/j.apnr.2014.07.001 

McGill, S. M. (1997). The biomechanics of low back injury: implications on current practice in industry and the clinic. 
Journal of biomechanics, 30(5), 465-475. 

Minassian, V. A., Devore, E., Hagan, K., & Grodstein, F. (2013). Severity of urinary incontinence and effect on quality of 
life in women, by incontinence type. Obstetrics and gynecology, 121(5), 1083-1090. DOI: 
10.1097/AOG.0b013e31828ca761 

Montalvo, I. (2007). The national database of nursing quality indicatorsTM (NDNQI®). OJIN: The Online Journal of 
Issues in Nursing, 12(3), 112-214. DOI: 10.3912/OJIN.Vol12No03Man02 

Moore, Z., Cowman, S., & Conroy, R. M. (2011). A randomised controlled clinical trial of repositioning, using the 30 tilt, 
for the prevention of pressure ulcers. Journal of clinical nursing, 20(17-18), 2633-2644. DOI: 10.1111/j.1365-
2702.2011.03736.x 

Nash, R., Edwards, H., & Nebauer, M. (1993). Effect of attitudes, subjective norms and perceived control on nurses’ 
intention to assess patients’ pain. Journal of advanced nursing, 18(6), 941-947. DOI: 10.1046/j.1365-
2648.1993.18060941.x 

National Pressure Ulcer Advisory Panel, European Pressure Ulcer Advisory Panel, & Pan Pacific Pressure Injury 
Alliance. (2014). Prevention and Treatment of Pressure Ulcers: Clinical Practice Guideline (E. Haesler Ed.). 
Osborne Park, Western Australia: Cambridge Media. 



 
Chapter 1: general introduction 

 

48 

 

Niederhauser, A., Lukas, C. V., Parker, V., Ayello, E. A., Zulkowski, K., & Berlowitz, D. (2012). Comprehensive programs for 
preventing pressure ulcers: a review of the literature. Advances in skin & wound care, 25(4), 167-188. DOI: 
10.1097/01.ASW.0000413598.97566.d7 

Nix, D. H. (2002). Validity and reliability of the Perineal Assessment Tool. Ostomy Wound Manage, 48(2), 43-46, 48-
49.  

Nola, G. T., & Vistnes, L. M. (1980). Differential response of skin and muscle in the experimental production of 
pressure sores. Plastic and reconstructive surgery, 66(5), 728-733.  

Pailler-Mattei, C., Nicoli, S., Pirot, F., Vargiolu, R., & Zahouani, H. (2009). A new approach to describe the skin surface 
physical properties in vivo. Colloids and Surfaces B: Biointerfaces, 68(2), 200-206. DOI: 
10.1016/j.colsurfb.2008.10.005 

Padula, W. V., Makic, M. B. F., Mishra, M. K., Campbell, J. D., Nair, K. V., Wald, H. L., & Valuck, R. J. (2015). Comparative 
effectiveness of quality improvement interventions for pressure ulcer prevention in academic medical 
centers in the United States. The Joint Commission Journal on Quality and Patient Safety, 41(6), 246-256. 
DOI: 10.1016/S1553-7250(15)41034-7 

Peirce, S. M., Skalak, T. C., & Rodeheaver, G. T. (2000). Ischemia-reperfusion injury in chronic pressure ulcer formation: 
a skin model in the rat. Wound Repair and Regeneration, 8(1), 68-76. DOI: 10.1046/j.1524-
475x.2000.00068.x 

Persson, B., Kovalev, A., & Gorb, S. (2013). Contact mechanics and friction on dry and wet human skin. Tribology 
letters, 50(1), 17-30.  

Peterson, M., Schwab, W., McCutcheon, K., van Oostrom, J. H., Gravenstein, N., & Caruso, L. (2008). Effects of elevating 
the head of bed on interface pressure in volunteers. Critical care medicine, 36(11), 3038-3042. DOI: 
10.1097/CCM.0b013e31818b8dbd 

Pickham, D., Berte, N., Pihulic, M., Valdez, A., Mayer, B., & Desai, M. (2018). Effect of a wearable patient sensor on care 
delivery for preventing pressure injuries in acutely ill adults: A pragmatic randomized clinical trial (LS-HAPI 
study). International journal of nursing studies, 80, 12-19. DOI: 10.1016/j.ijnurstu.2017.12.012 

Quintavalle, P. R., Lyder, C. H., Mertz, P. J., Phillips-Jones, C., & Dyson, M. (2006). Use of high-resolution, high-
frequency diagnostic ultrasound to investigate the pathogenesis of pressure ulcer development. Advances 
in skin & wound care, 19(9), 498-505.  

Richards, D. A., Hilli, A., Pentecost, C., Goodwin, V. A., & Frost, J. (2018). Fundamental nursing care: A systematic review 
of the evidence on the effect of nursing care interventions for nutrition, elimination, mobility and hygiene. 
Journal of clinical nursing, 27(11-12), 2179-2188.  

Reid, R. R., Sull, A. C., Mogford, J. E., Roy, N., & Mustoe, T. A. (2004). A novel murine model of cyclical cutaneous 
ischemia-reperfusion injury. Journal of Surgical Research, 116(1), 172-180. DOI: 10.1016/S0022-
4804(03)00227-0 

Salcido, R., Donofrio, J., Fisher, S. B., LeGrand, E. K., Dickey, K., Carney, J. M., . . . Liang, R. (1994). Histopathology of 
pressure ulcers as a result of sequential computer-controlled pressure sessions in a fuzzy rat model. 
Advances in wound care: the journal for prevention and healing, 7(5), 23-24, 26, 28 passim.  

Samuriwo, R., & Dowding, D. (2014). Nurses’ pressure ulcer related judgements and decisions in clinical practice: a 
systematic review. International journal of nursing studies, 51(12), 1667-1685. DOI: 
10.1016/j.ijnurstu.2014.04.009 

Schaarup, C., Pape-Haugaard, L. B., & Hejlesen, O. K. (2018). Models Used in Clinical Decision Support Systems 
Supporting Healthcare Professionals Treating Chronic Wounds: Systematic Literature Review. JMIR Diabetes, 
3(2), e11. DOI: 10.2196/diabetes.8316 



 
Chapter 1: general introduction 

 

49 

 

Shaked, E., & Gefen, A. (2013). Modeling the effects of moisture-related skin-support friction on the risk for 
superficial pressure ulcers during patient repositioning in bed. Frontiers in bioengineering and 
biotechnology, 1:9. DOI:  10.3389/fbioe.2013.00009 

Shi, C., Dumville, J. C., & Cullum, N. (2018). Skin status for predicting pressure ulcer development: a systematic review 
and meta-analyses. International journal of nursing studies, 87, 14-25. DOI: 10.1016/j.ijnurstu.2018.07.003 

Shigeta, Y., Nakagami, G., Sanada, H., Oba, M., Fujikawa, J., Konya, C., & Sugama, J. (2009). Exploring the relationship 
between skin property and absorbent pad environment. Journal of clinical nursing, 18(11), 1607-1616. DOI: 
10.1111/j.1365-2702.2008.02606.x 

Sibbald, R. G., Krasner, D. L., & Woo, K. Y. (2011). Pressure ulcer staging revisited: superficial skin changes & Deep 
Pressure Ulcer Framework©. Advances in skin & wound care, 24(12), 571-580. DOI: 
10.1097/01.ASW.0000408467.26999.6d 

Sim, I., Gorman, P., Greenes, R. A., Haynes, R. B., Kaplan, B., Lehmann, H., & Tang, P. C. (2001). Clinical decision support 
systems for the practice of evidence-based medicine. Journal of the American Medical Informatics 
Association, 8(6), 527-534. DOI: 10.1136/jamia.2001.0080527 

Sinha, I. P., Smyth, R. L., & Williamson, P. R. (2011). Using the Delphi technique to determine which outcomes to 
measure in clinical trials: recommendations for the future based on a systematic review of existing studies. 
PLoS medicine, 8(1), e1000393. DOI: 10.1371/journal.pmed.1000393 

Sonenblum, S. E., Vonk, T. E., Janssen, T. W., & Sprigle, S. H. (2014). Effects of wheelchair cushions and pressure relief 
maneuvers on ischial interface pressure and blood flow in people with spinal cord injury. Archives of 
Physical Medicine and Rehabilitation, 95(7), 1350-1357. DOI: 10.1016/j.apmr.2014.01.007 

Sopher, R., & Gefen, A. (2011). Effects of skin wrinkles, age and wetness on mechanical loads in the stratum corneum 
as related to skin lesions. Medical & Biological Engineering & Computing, 49(1), 97-105.  

Stekelenburg, A., Gawlitta, D., Bader, D. L., & Oomens, C. W. (2008). Deep tissue injury: how deep is our understanding? 
Archives of Physical Medicine and Rehabilitation, 89(7), 1410-1413. DOI: 10.1016/j.apmr.2008.01.012 

Stekelenburg, A., Oomens, C., Strijkers, G., Nicolay, K., & Bader, D. (2006). Compression-induced deep tissue injury 
examined with magnetic resonance imaging and histology. Journal of Applied Physiology, 100(6), 1946-
1954. DOI: 10.1152/japplphysiol.00889.2005 

Stekelenburg, A., Strijkers, G. J., Parusel, H., Bader, D. L., Nicolay, K., & Oomens, C. W. (2007). Role of ischemia and 
deformation in the onset of compression-induced deep tissue injury: MRI-based studies in a rat model. 
Journal of Applied Physiology, 102(5), 2002-2011. DOI: 10.1152/japplphysiol.01115.2006 

Sullivan, N., & Schoelles, K. M. (2013). Preventing in-facility pressure ulcers as a patient safety strategy: a systematic 
review. Annals of Internal Medicine, 158(5_Part_2), 410-416. DOI: 10.7326/0003-4819-158-5-201303051-
00008 

Takahashi, M., Yamada, M., Machida, Y., & Tsuda, Y. (1984). A new method to evaluate the softening effect of cosmetic 
ingredients on the skin. Journal of the Society of Cosmetic Chemists, 35(3), 171-181.  

Teich, J. M., & Wrinn, M. M. (2000). Clinical decision support systems come of age. MD computing, 17(1), 43-46.  
Tolmie, E. P., & Smith, L. N. (2002). A study of the prevention and management of pressure sores. Clinical 

Effectiveness in Nursing, 6(3-4), 111-120. DOI: 10.1016/S1361-9004(02)00071-7 
Trinkoff, A. M., Storr, C. L., & Lipscomb, J. A. (2001). Physically demanding work and inadequate sleep, pain medication 

use, and absenteeism in registered nurses. Journal of Occupational and Environmental Medicine, 43(4), 
355-363.  

Tsuji, S., Ichioka, S., Sekiya, N., & Nakatsuka, T. (2005). Analysis of ischemia-reperfusion injury in a microcirculatory 
model of pressure ulcers. Wound Repair and Regeneration, 13(2), 209-215. DOI: 10.1111/j.1067-
1927.2005.130213.x 



 
Chapter 1: general introduction 

 

50 

 

Ünal, S., Özmen, S., DemIr, Y., Yavuzer, R., LatIfoglu, O., & Atabay, K. (2001). The effect of gradually increased blood 
flow on ischemia-reperfusion injury. Annals of plastic surgery, 47(4), 412-416.  

Van Damme, N., Van den Bussche, K., De Meyer, D., Van Hecke, A., Verhaeghe, S., & Beeckman, D. (2017). Independent 
risk factors for the development of skin erosion due to incontinence (incontinence-associated dermatitis 
category 2) in nursing home residents: results from a multivariate binary regression analysis. International 
Wound Journal, 14(5), 801-810. DOI:10.1111/iwj.12699 

Van Damme, N., Clays, E., Verhaeghe, S., Van Hecke, A., & Beeckman, D. (2018). Independent risk factors for the 
development of incontinence-associated dermatitis (category 2) in critically ill patients with fecal 
incontinence: A cross-sectional observational study in 48 ICU units. International journal of nursing studies, 
81, 30-39. DOI: 10.1016/j.ijnurstu.2018.01.014 

Van den Bussche, K., Kottner, J., Beele, H., De Meyer, D., Dunk, A. M., Ersser, S., . . . Beeckman, D. (2018). Core outcome 
domains in incontinence-associated dermatitis research. Journal of Advanced Nursing, 74(7), 1605-1617. 
DOI:10.1111/jan.13562 

Vanderwee, K., Clark, M., Dealey, C., Gunningberg, L., & Defloor, T. (2007). Pressure ulcer prevalence in Europe: a pilot 
study. Journal of evaluation in clinical practice, 13(2), 227-235. DOI: 10.1111/j.1365-2753.2006.00684.x 

Vanderwee, K., Defloor, T., Beeckman, D., Demarré, L., Verhaeghe, S., Van Durme, T., & Gobert, M. (2011). Assessing the 
adequacy of pressure ulcer prevention in hospitals: a nationwide prevalence survey. BMJ quality & safety, 
20, 260-267. DOI: 10.1136/bmjqs.2010.043125 

van Dishoeck, A. M., Looman, C. W., Steyerberg, E. W., Halfens, R. J., & Mackenbach, J. P. (2016). Performance indicators; 
the association between the quality of preventive care and the prevalence of hospital-acquired skin lesions 
in adult hospital patients. Journal of advanced nursing, 72(11), 2818-2830. DOI: 10.1111/jan.13044 

Vasihadou, A., Karvountzis, G. G., Soumilas, A., Roumehotis, D., & Theodosopoulou, E. (1995). Occupational low-back 

 pain in nursing staff in a Greek hospital. Journal of advanced nursing, 21(1), 125-130. DOI: 10.1046/j.1365-

 2648.1995.21010125.x 

Vieira, E., & Kumar, S. (2009). Safety analysis of patient transfers and handling tasks. BMJ quality & safety, 18(5), 
 380-384. DOI: 10.1136/qshc.2006.022178 
Wann-Hansson, C., Hagell, P., & Willman, A. (2008). Risk factors and prevention among patients with hospital-

acquired and pre-existing pressure ulcers in an acute care hospital. Journal of clinical nursing, 17(13), 1718-
1727. DOI: 10.1111/j.1365-2702.2008.02286.x 

Waters, T. R., Putz-Anderson, V., Garg, A., & Fine, L. J. (1993). Revised NIOSH equation for the design and evaluation of 
manual lifting tasks. Ergonomics, 36(7), 749-776. DOI: 10.1080/00140139308967940 

Wilkes, G., Brown, I., & Wildnauer, R. (1973). The biomechanical properties of skin. CRC critical reviews in 
bioengineering, 1(4), 453-495.  

Williamson, P. R., Altman, D. G., Bagley, H., Barnes, K. L., Blazeby, J. M., Brookes, S. T., . . . Young, B. (2017). The COMET 
handbook: version 1.0. Trials, 18(3), 280. DOI: 10.1186/s13063-017-1978-4 

Witkowski, J. A., & Parish, L. C. (1982). Histopathology of the decubitus ulcer. Journal of the American Academy of 
Dermatology, 6(6), 1014-1021. DOI: 10.1016/S0190-9622(82)70085-4 

World Health Organization. (2018). 11th Revision of the International Classification of Diseases for Mortality and 
Morbidity Statistics. Retrieved from:  
https://icd.who.int/browse11/lm/en#/http://id.who.int/icd/entity/455330172 (accessed 4 January 2019) 

Worsley, P., Parsons, B., & Bader, D. (2016). An evaluation of fluid immersion therapy for the prevention of pressure 
ulcers. Clinical Biomechanics, 40, 27-32. DOI: 10.1016/j.clinbiomech.2016.10.010 



 
Chapter 1: general introduction 

 

51 

 

Wound Care education institute. (2015). Friction versus shearing. Retrieved from: 
http://blog.wcei.net/2015/08/friction-vs-shearing-in-wound-care-whats-the-difference (accessed 4 January 
2019) 

Wu, Q., Ning, G.-Z., Li, Y.-L., Feng, H.-Y., & Feng, S.-Q. (2013). Factors affecting the length of stay of patients with 
traumatic spinal cord injury in Tianjin, China. The journal of spinal cord medicine, 36(3), 237-242. DOI: 
10.1179/2045772313Y.0000000090 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
Chapter 1: general introduction 

 

52 

 

 

 

 

 

 

 



 

Chapter 2: PROTECT – Trial: study protocol 

53 

 

 
Chapter based on:  

 

De Meyer, D., Van Damme, N., Van den Bussche, K., Van Hecke, A., Verhaeghe, S., Beeckman, D. (2017). PROTECT-Trial: a 

multicentre prospective pragmatic RCT and health economic analysis of the effect of tailored repositioning to 

prevent pressure ulcers – study protocol. Journal of Advanced Nursing, 73(2), 495-503. DOI: 10.1111/jan.13166 



 
Chapter 2: PROTECT – Trial: study protocol 

 

54 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
Chapter 2: PROTECT – Trial: study protocol 

 

55 

 

ABSTRACT 

 

Aim: The aims of this trial were as follows: (1) to compare the (cost-) effectiveness of a turning and repositioning 

system and an algorithm for a tailored repositioning versus usual care to improve reposition frequency in patients at 

risk; and (2) to compare the (cost-) effectiveness of standardized incontinence care versus usual care.  

Background:  Pressure ulcers are a serious and common problem for hospitalized patients. In many countries, pressure 

ulcers are recognized as a national health issue and governments designate pressure ulcers as one of the most 

important sentinel events for healthcare. International guidelines recommend the use of pressure redistributing 

support surfaces, systematic patient repositioning and preventive skin care to prevent pressure ulcers. Interventions 

should be patient-tailored and based on a thorough assessment of both the patient and contextual risk factors. There 

is a lack of rigorous research addressing the effectiveness of a turning and repositioning system and it is unclear how 

to tailor the frequency and posture to specific patient needs. 

Design:  Multicentre, cluster, three-arm, randomized, controlled pragmatic trial and a cost-effectiveness analysis. The 

ward is the unit of randomization. 

Methods: Tailored repositioning, the use of a device to facilitate patient repositioning and an optimal procedure for 

incontinence care will be combined. Participating wards will be intensive care units, geriatric and rehabilitation wards. 

A sample size calculation was performed (80% power, α=0.05). This study is approved by the Ethics Committee 

(February 2016). 

Discussion:  Data collection is currently ongoing. The results are expected to be obtained in March 2017.  

 

Keywords: health economic analysis, incontinence care, incontinence-associated dermatitis, nursing, pressure ulcer, 

prevention, randomized controlled pragmatic trial, repositioning, tailored 
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Why is this study needed? 

· Only 10.8% of patients at risk receive fully adequate pressure ulcer prevention. Prevention comprises, among 

other things, the use of adequate bed support surfaces, systematic repositioning of the patient with 

consideration of the individual’s situation and preventive skin care, including cleansing and protecting the 

skin from exposure to moisture. 

· It is unclear how to manage repositioning at the individual patient level. 

· This paper proposes a protocol for a three-arm, randomized, controlled clinical trial that will investigate the 

effectiveness of three interventions combined in two different study arms (a turning and positioning system, 

a tailored repositioning protocol and standardized incontinence care) compared with usual care. A health 

economic evaluation will provide important information on the cost-effectiveness of the interventions.  
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INTRODUCTION 

 

A pressure ulcer is defined as ‘a localized injury to the skin and/or underlying tissue, usually over a bony prominence, 

resulting from sustained pressure (including pressure associated with shear)’ (National Pressure Ulcer Advisory Panel, 

European Pressure Ulcer Advisory Panel, & Pan Pacific Pressure Injury Alliance, 2014). The development of pressure 

ulcers is related to a complex interplay of several factors. Mobility/activity, perfusion and skin status are independent 

risk factors. In addition, skin moisture, age, haematological status, nutrition, general health status, body temperature 

and immunity are important factors for pressure ulcer development (Coleman et al., 2013).  

 

With a prevalence ranging from 3.4-17.6% in acute care settings (Amir, Meijers, & Halfens, 2011; Gunningberg, 

Donaldson, Aydin, & Idvall, 2012), pressure ulcers are associated with increased morbidity and mortality, 

hospitalization and use of health care resources (Essex, Clark, Sims, Warriner, & Cullum, 2009; Gorecki et al., 2009; 

Hopkins, Dealey, Bale, Defloor, & Worboys, 2006; Lardenoye, Thiefaine, & Breslau, 2009). Pressure ulcers are 

internationally accepted as an important quality indicator and are considered to be a preventable adverse event (Amir, 

Lohrmann, Halfens, & Schols, 2016; Gunningberg & Stotts, 2008; Van den Heede, Clarke, Sermeus, Vleugels, & Aiken, 

2007).   

 

Background 

Prevention of pressure ulcers comprises: (1) the use of adequate support surfaces (bed and chair) to redistribute 

pressure/shear and to manage tissue load and microclimate; (2) preventive skin care including cleansing the skin and 

protecting it from exposure to moisture; and (3) systematic repositioning of the patient with consideration of the 

individual’s situation. The purpose of repositioning is to relieve or redistribute pressure, wherein the frequency should 

be adjusted to the condition of the individual and the support surface in use (Beeckman et al., 2015; National Pressure 

Ulcer Advisory Panel et al., 2014).  

 

Limited compliance exists when applying pressure ulcer preventive interventions. Vanderwee et al. (2011) conducted 

a nationwide prevalence survey assessing the adequacy of pressure ulcer prevention in hospitals and found that only 

10.8% of the patients at risk received fully adequate prevention. Only 55% of the patients at risk received repositioning 

with adequate frequency (Vanderwee et al., 2011). In addition, Mallah, Nassar, and Kurdahi (2015) found that 

compliance with repositioning was low. The most commonly perceived barriers to pressure ulcer prevention are the 
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patient’s condition, a lack of time, personnel, agreed on routine, pressure-redistribution surfaces and inadequate 

knowledge (Athlin, Idvall, Jernfält, & Johansson, 2010; Källman & Suserud, 2009; Samuriwo, 2010; Strand & Lindgren, 

2010).  

 

Pressure ulcers can be related to incontinence-associated dermatitis (IAD) due to their similar clinical presentations. 

IAD is considered a part of a broader group of skin conditions that are referred to as moisture- associated skin damage 

(MASD). MASD is used as an umbrella to cover damage of the skin caused by different types of moisture sources, 

including urine or faeces, perspiration, wound exudate, mucus and saliva (Black et al., 2011). The term IAD is preferred 

over the more general term MASD because it distinguishes the skin problem due to urine and/or faecal incontinence 

from other conditions, such as perspiration or wound exudate (Beeckman, 2015). IAD is often associated with skin 

redness, rash, vesiculation (Gray et al., 2012), discomfort, pain, burning, itching or tingling in the affected areas. In 

addition, the development of IAD can result in an undue burden on care, loss of independence, disruption in activities 

and/or sleep and reduced quality of life, worsening with frequency and quantity of soiling (Beeckman, 2015). According 

to the secondary analyses of the multicentre, randomized, controlled trial of Demarré et al. (2015) IAD is a predictive 

factor associated with superficial pressure ulcers. 

 

THE STUDY 

Aims 

The aim of this trial was to improve: (1) the extent to which nurses adhere to reposition frequency in patients at risk; 

and (2) reduce the incidence of pressure ulcers and IAD. To date, there is a lack of rigorous research addressing the 

effectiveness of devices to improve nurse compliance with repositioning. In addition, it is unclear how to manage 

repositioning at the individual patient level. A risk-based plan for repositioning patients at risk is missing. To improve 

the extent to which nurses adhere to reposition frequency in patients at risk and the incidence of pressure ulcers and 

IAD, multiple interventions will be combined. Combining multiple interventions to prevent pressure ulcers can lead to 

improvements in prevalence and incidence rates (McGuinness et al., 2012; Niederhauser et al., 2012; Shannon, Brown, 

& Chakravarthy, 2012; Soban, Hempel, Munjas, Miles, & Rubenstein, 2011).   
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Design 

This is a multicentre, prospective, cluster, three-arm, randomized, controlled, pragmatic trial and cost-effectiveness 

analysis. Randomization is performed at the ward level. Patients in wards will be randomized to either experimental 

care (two arms) or usual care (one arm). The primary outcome of this study is the extent to which nurses adhere to 

reposition frequency in patients at risk within the trial period. The secondary outcomes are turning angle, lack of 

sacrum pressure, incidence of pressure ulcers and IAD, nurses’ and patients’ preferences, comfort and acceptability of 

the interventions and cost-effectiveness.  

 

Setting 

The trial will be conducted in intensive care units, geriatric wards and rehabilitation wards at eight randomly selected 

university and general hospitals in Belgium. 

 

Sampling 

University and general hospitals in Belgium that have intensive care, geriatric and rehabilitation wards were listed 

next to hospitals with at least one or more rehabilitation wards. A random sample of 17 hospitals was taken, from 

which eight hospitals agreed to participate (three university hospitals, five general hospitals), resulting in 19 wards 

as follows: five intensive care wards, six geriatric wards and eight rehabilitation wards.  

 

Randomization 

Cluster randomization (1:1:1) was used to randomize study wards.  

 

Participants 

Patients must meet following criteria for inclusion: (1) admitted to one of the study wards; (2) being ≥ 18 years; (3) at 

risk of developing pressure ulcers (Braden score ≤ 17); (4) free of pressure ulcers category II - IV and IAD category 2 

at bony prominences as a result of lying and/or sitting at the start of the study; (5) admitted to the ward for a 

maximum of 7 days on the day of inclusion; (6) expected to have an additional length of stay of a minimum of 8 days; 

(7) no restriction concerning active and supportive therapy at the moment of inclusion and (8) written informed 

consent by the patient or his/her representative. 
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Recruitment 

The researcher will screen patients for eligibility. Every 8 days, a maximum of four patients per ward will be included. 

A random sample will be taken if more than four patients are eligible. Verbal and written information about the study 

will be provided by the researcher, head nurse or nurses before obtaining written informed consent. Recruitment will 

be consecutive and will continue until 16 patients per ward have been recruited. A trial period of eight months is 

expected.  

 

Sample size 

The sample size was calculated based on an expected increase in turning compliance of 50% (0.55 (Vanderwee et al., 

2011) - 0.825). The sample size calculation showed that 226 patients are required to have 80% power for detecting a 

significant increase at the 5% level in the primary outcome of adherence to reposition frequency. Randomization at 

the ward level was taken into account, with Bonferroni correction for randomization of clusters (α= 0.025) and an 

intra-cluster correlation coefficient (0.027) (Schoonhoven et al., 2015). To anticipate study drop-out due to patient 

withdrawal or moving to another care facility, an over-sampling of 10% is included. The study drop-out will be carefully 

monitored and registered throughout the study period.  

 

Experimental groups 

Experimental group 1 

The first arm of the experimental care consists of the use of a pressure ulcer prevention algorithm tailored to 

individual risk factors. In addition, Comfort Shield® barrier cream washing wipes (Sage products LLC, Cary, Illinois, US) 

will be used for incontinence care every morning and after each episode of incontinence. The washing wipes have the 

ability to clean, protect and treat the skin. They are hypoallergenic, latex free and biodegradable. For turning and 

repositioning patients when lying in bed, the Prevalon® Turn and Repositioning System 2.0 (Sage products) will be 

used. The system consists of a low-friction glide sheet, two 30o body wedges and a microclimate body pad. The system 

assists and maintains proper patient positioning and offloads the sacrum and controls body heat and moisture.  

The pressure ulcer prevention algorithm tailored to individual risk factors was developed prior to this study. Therefore, 

an extensive literature review was performed and combined with expert consultation. Fifteen experts (12 nurses with 

expertise in wound care and pressure ulcer prevention, one dermatologist, one geriatrician and one professor of 

biomechanics of soft tissue) were invited to be part of a steering committee and all of them were actively involved. 

Experts were asked which risk factors are most important when managing repositioning at the individual patient 
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level. Repositioning frequency was also discussed. As a result, a digital tool named PROTECT (acronym for Patient 

Repositioning Tool Ghent) was developed. The tool allows repositioning of patients adjusted to the condition of the 

individual. Risk factors included in the tool are skin status (blanchable redness and skin lesions) (Coleman et al., 2013), 

incontinence (Coleman et al., 2013), pain sensation (Coleman et al., 2013; National Pressure Ulcer Advisory Panel et al., 

2014), fever (National Pressure Ulcer Advisory Panel et al., 2014), nutrition (muscles and subcutaneous fat) (Coleman 

et al., 2013), activity (defined as the ability of the patient to make spontaneous movements) (Coleman et al., 2013) 

and the support surface in use (National Pressure Ulcer Advisory Panel et al., 2014). Blanchable redness, incontinence, 

decreased pain sensation, fever, decreased muscles and subcutaneous fat are related to increased observation. The 

presence of skin lesions (pressure ulcers category I – IV and/or IAD category 2) and the absence of or a minimal amount 

of activity have an impact on the frequency of repositioning. The tool contains recommendations for repositioning 

frequency and the way repositioning should be performed.  

 

Experimental group 2 

The second arm of the experimental care consists of the use of the usual pressure ulcer prevention protocol. In 

addition, Comfort Shield® barrier cream washing wipes (Sage products) will be used for incontinence care every 

morning and after each episode of incontinence. For turning and repositioning patients when lying in bed, the 

Prevalon® Turn and Repositioning System 2.0 (Sage products) will be used.  

 

Control group / usual care group 

Given that this study is pragmatic, wards randomized to the control group use the usual pressure ulcer prevention 

protocol and incontinence care according to the standards of the ward and the usual procedure to turn patients. As 

usual care differs between wards, the researcher will document care for pressure ulcer prevention, incontinence care 

and repositioning at each site.  

For an overview of the study procedure, see Figure 1.  
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Figure 1: Overview of study procedure.  

 

Education  

Prior to the start of the study, two types of education were/will be provided. First, an education session for care 

managers, head nurses and nurses specialized in wound care/pressure ulcer prevention was organized in January 

2016. During the training, the researcher gave information about the study design, study documents and study 

products. Second, education sessions of 1 hour 30 minutes for all nurses will be organized. The researcher will provide 

theoretical information to the nurses about pressure ulcers and IAD. In addition, nurses will be trained in recognizing 

pressure ulcers and IAD and how to differentiate using pictures. Nurses will be instructed about skin observation and 

how to use the study documents. Depending on the study arm to which the ward is assigned, the study products will 

be demonstrated by the researcher. The education sessions will be organized close to the start of the study for each 

ward.  
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Data collection 

For each ward, data will be collected at baseline, during the study and at the end of the study period. Data will be 

obtained at the ward level, the nurse level and the patient level. An overview of data collection per ward can be found 

in Table 1.  

 

Table 1: Overview of data collection per ward.  

When?  What? Level? By who? 

Baseline Data about the organization Ward Head nurse 

Data about current care Patient Researcher 

Baseline data Nurse Nurses 

During Baseline data Patient Researcher 

Daily observation Patient Nurses 

Treatment products Patient Nurses 

Unannounced observation Patient Researcher 

Comfort and preferences of the patient Patient Nurses 

Post Comfort and preferences of the nurses Nurse Nurses 



 
Chapter 2: PROTECT – Trial: study protocol 

 

64 

 

Data collection at baseline  

Ward level. Before the start of the study, the researcher will collect data at the ward level. Data related to staff, such 

as the number of nurses and caregivers and their rate of employment; pressure ulcer prevention, such as prevalence 

and incidence rates at hospital and ward level, availability of nurses specialized in pressure ulcer prevention/wound 

care, pressure ulcers assessment (such as which patients are assessed at what time and by which caregiver), skin 

assessment (such as which bony prominence are observed by which caregiver) and type of mattresses/seat cushions; 

incontinence care, such as the use of water and soap or wipes, care and barrier products; and ergonomics, such as 

ergonomics policy, figures related to caregivers with back problems and availability of devices for patient 

repositioning will be collected. 

Patient level. At the patient level, data about the current care will be collected. A pressure ulcer risk assessment will 

be performed for all patients admitted to the ward using the Braden scale. Patients at risk for developing pressure 

ulcers (≤ 17 Braden scale) will be informed and written informed consent will be obtained. Subsequently, the following 

data will be collected: diagnosis, IAD risk assessment on the basis of type and degree of incontinence, skin assessment 

(using the diascopy method), screening for malnutrition (MUST) (Elia, 2003), if the patient has any pain on bony 

prominences (VAS) (Freyd, 1923), presence of urinary/faecal catheter or stoma, medication (tranquilizers, laxatives, 

corticosteroids, diuretics, antibiotics and immunosuppressants), Do Not Resuscitate code (DNR code), presence of 

comorbidities, current skin care, current protocol for repositioning and the type of mattress on which the patient is 

placed. 

 

Nurse level. At the nurse level, nurses will be asked to answer questions concerning demographic data, pressure ulcer 

prevention (including the PUKAT 2.0 knowledge assessment instrument (Beeckman & Manderlier, 2016)) and 

incontinence care. In addition, they will be asked to provide subjective data on the time needed to reposition a patient.  

 



 
Chapter 2: PROTECT – Trial: study protocol 

 

65 

 

Data collection during the study period 

Patient level. At each participating ward, data from patients will be collected both by the nurses and the researcher. 

Nurses will collect the following data on a daily basis: registration of turning frequency and position of the patient, 

type of mattress/cushion on which the patient is positioned, use of skin care products, skin assessment (using the 

diascopy method), if the patient has any pain on bony prominences (VAS) (Freyd, 1923), stool pattern (using the Bristol 

Stool Chart) (Lewis & Heaton, 1997), presence of urinary/faecal catheter and fever. Based on the daily skin assessment, 

a photo will be taken if a skin lesion is present. Patients who develop pressure ulcers category II - IV and/or IAD 

category 2 during the study will be discontinued from the interventions (if applicable). Consequently, care as usual 

will be delivered, namely pressure ulcer prevention using the usual protocol, incontinence care according to the 

standards of the ward and the usual procedure to turn patients. Data collection by the nurses will continue so that 

evolution of the lesion can be monitored. Treatment of the skin lesion will be performed using the protocol of the 

ward. To calculate treatment costs, nurses will be asked to register products used for the treatment of pressure ulcers 

and/or IAD. The time needed to treat skin lesions will be based on the study of Demarré et al. (2015).  

The researcher will collect data on two unannounced moments per patient. The following data will be collected: 

position of the patient and accordance with the protocol, angle where the patient is positioned at the height of the 

sacrum and the middle of the back (using a mini digital inclinometer by bevel box), if the sacrum is free of pressure, 

skin assessment (using the diascopy method) and time needed to reposition the patient in a correct way (using a 

chronometer). To obtain a broad idea of the extent to which nurses adhere to reposition frequency in patients at risk 

within the trial period, the researcher will choose variable moments for unannounced data collection. This variability 

refers to both the time and day of data collection by the researcher.  

Baseline data will be collected by the researcher. Therefore, the same procedure will be used as described previously 

in the section on data collection at baseline at the patient level. On day eight, the nurses or researcher will collect 

data about the comfort and preferences of the patient concerning the turning and repositioning system, repositioning 

frequency and incontinence care. The researcher will then also collect data on the amount of used study products per 

patient (if applicable).  
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Data collection at the end of the study period 

Nurse level. At the end of the study period, when 16 patients have been recruited from each ward, data will be 

collected about the comfort and preferences of the nurses concerning the turning and repositioning system, 

repositioning frequency and incontinence care.  

 

Data analysis 

Baseline characteristics will be collected to assess the comparability of the experimental and control groups in terms 

of age, gender, BMI, Braden score and diagnosis at admission. Logistic regression analyses and chi-square/Fisher’s 

exact tests will be performed for the identification of factors related to/predicting turn and position compliance 

(primary outcome). Kaplan-Meier survival analysis, log-rank tests and Cox Proportional Hazard Modelling will be used 

to analyse the time to development of pressure ulcers and IAD. Logistic regression analysis will be applied to verify 

which variables are significant predictors of the development of pressure ulcers and IAD. 

Intention to treat (ITT) analysis will be used to assess the main intervention effect. We can also expect to have true 

drop-out from the study due to withdrawal or moving to another care facility, in which case not all outcome data can 

be registered for the complete study duration. For this particular group, LOCF (last observation carried forward) will 

be applied as much as possible. In light of the hypothesized average length of stay at the ICU of 7-9 days (Moreau, 

Agentschap zorg en gezondheid, afdeling informatie en zorgberoepen, personal communication, February 17, 2015), 

LOCF will be used for drop-outs with a minimum of 4 days of complete outcome observations. Patients who are lost 

during follow-up and for whom less than 4 days of outcome observations are available will be replaced by other 

participants. An initial drop-out rate of 10% was anticipated in the sample size calculation. The actual drop-out in the 

intervention and control groups will be continuously monitored throughout the study and in case more than 10% drop-

out is observed, additional recruitment of patients will be initiated. 

 

Concerning the health economic evaluation, a comparison will be made between both the costs and the health effects 

of the interventions vs. the usual care. Regarding the costs, both the investment costs of the interventions and the 

potential savings will be considered. As health economic evaluations are characterized by some degree of uncertainty, 

a one-way sensitivity analysis will be performed (Demarré et al., 2015). 
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Ethical considerations 

This study is approved by the Ethics Committee (February 2016). Verbal and written information about the study will 

be provided by the researcher before obtaining written informed consent from patients and caregivers. All data will 

be anonymized.  

 

Validity and reliability / rigour 

The tools used in this study to collect data have been validated. The researcher who will collect data on two 

unannounced moments per patient will contact a second investigator if a skin lesion is present. Thus, the reliability 

of the data collection will be assured. To ensure data quality, a software program (Teleform) will be used to process 

and record the data.  

 

DISCUSSION 

Although several evidence-based guidelines for pressure ulcer prevention exist, the prevalence and incidence rates 

remain high. This multicentre, prospective, cluster, three-arm, randomized, controlled, pragmatic trial and cost-

effectiveness analysis will be the first study to evaluate the effect of repositioning tailored to individual risk factors. 

In addition, it is possible in this study to observe the effect of combining multiple interventions on pressure ulcer 

prevention. The study will provide an answer to the question of whether the use of a pressure ulcer prevention 

algorithm (tailored to individual risk factors), barrier cream washing wipes used for incontinence care every morning 

and after each episode of incontinence and a turn and repositioning system leads to improved reposition frequency 

in patients at risk and reduced incidence of pressure ulcers and IAD. The health economic evaluation will provide 

important information on the cost-effectiveness of the interventions.  

 

The pressure ulcer prevention algorithm tailored to individual risk factors will be of great value for developing 

guidelines. Currently, guidelines only state that the frequency of repositioning should be adjusted according to the 

condition of the individual and the used support surface. The algorithm, developed prior to this study, will make it 

possible to describe in detail how tailored repositioning needs to be performed.  

The results of this study will be disseminated through presentations at conferences and publications in scientific 

journals. 
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Limitations 

This study is associated with several strengths and difficulties. The design and cluster randomization can be observed 

as strengths. As all participants at a single ward will receive the same intervention, contamination of the interventions 

is not possible (Campbell, Elbourne, & Altman, 2004). However, cluster randomization leads to a lower effective 

sample size than the total number of individual participants (Campbell et al., 2004). This smaller sample size leads 

to the first difficulty, namely the need for a large number of participating wards and, thus, increased education 

sessions. This process results in higher costs. Additionally, cluster randomization leads to statistical complexity, as 

mentioned by Gums, Carter, and Foster (2015) and Campbell et al. (2004). The blinding of patients, nurses and outcome 

assessors is not possible in this trial. The study by Beeckman, Defloor, Schoonhoven, and Vanderwee (2011) showed 

that the attitudes of nurses towards pressure ulcer prevention are significantly lower than the attitudes of tissue 

viability nurses and because this attitude leads to a lower application of fully adequate prevention, motivating nurses 

will be a challenge. Flyers, posters and follow-ups by the researcher will be provided. This study takes into account a 

lower patient turn-over at the rehabilitation wards and, thus, a longer period of data collection at these wards will 

occur.  

 

CONCLUSION 

Although several evidence-based guidelines for pressure ulcer prevention exist, the prevalence and incidence rates 

remain high. Guidelines recommend that the frequency of repositioning should be adjusted according to the condition 

of the individual and the used support surface. However, it is unclear how to tailor the frequency and posture to 

specific patient needs. The pressure ulcer prevention algorithm tailored to individual risk factors that was developed 

for this study may be of value for developing guidelines and, thus, clinical practice. 
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ABSTRACT 

 

Aim: To study the effectiveness of tailored repositioning and a turning and repositioning system on: (1) nurses’ 

compliance to repositioning frequencies; (2) body posture of patients after repositioning; (3) incidence of pressure 

ulcers and incontinence-associated dermatitis; (4) nurses’ and patients’ preferences, comfort and acceptability; and 

(5) budget impact. 

Background: Patient-tailored systematic repositioning is key in pressure ulcer prevention. To date, a clinical decision-

making tool is lacking and compliance to pressure ulcer prevention guidelines is low. Research concerning 

commercially available turning and repositioning systems is lacking.  

Design: Multicentre, cluster, three-arm, randomised, controlled pragmatic trial.  

Methods: Two hundred twenty-seven patients at risk of pressure ulcer development were recruited at 29 wards in 16 

hospitals between February 2016 - December 2017. Wards were randomly assigned to two experimental groups and 

one control group.  

Results: Nurses’ compliance to repositioning frequencies increased significantly in the experimental groups when 

patients were cared for in bed (94.6% versus 69% and 84.9% versus 71.4%). Applying the turning and repositioning 

system was associated with significantly more correctly positioned patients (30–45° tilted side-lying position) (69.6% 

versus 34.6%). Few pressure ulcers and incontinence-associated dermatitis incidents occurred. Both patients and 

nurses were positive about the intervention. Higher labour costs related to repositioning in bed were found in the 

control group. 

Conclusion: This was the first study investigating the effect of tailored repositioning and the use of a repositioning 

aid to increase nurses’ compliance to repositioning. The results were in favour of the interventions yet demonstrating 

the importance of follow-up and education.  

 

 

Trial registration:  

This study is registered at https://clinicaltrials.gov/NCT02690753. 

 

Keywords: nursing, pressure ulcer, prevention, compliance, repositioning, tailored, medical device, cluster randomised 

trial  
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SUMMARY STATEMENT 

Why is this research needed?  

· Tailored systematic patient repositioning is key in the prevention of pressure ulcers. 

· Guidelines recommend nurses to assess multiple criteria to determine the frequency of repositioning.  

· Nurses’ compliance to systematic repositioning of patients is low.  

· It is unclear how to tailor the frequency and posture of patient repositioning to the condition of the individual, 

considering contextual factors. 

 

What are the key findings? 

· Nurses’ compliance to repositioning frequencies increased for patients lying in bed when applying tailored 

repositioning and/or using the turning and positioning system. 

· The use of the turning and positioning system was associated with patients being more frequently positioned 

correctly in a 30–45° tilted side-lying position. 

 

How should the findings be used to influence policy/practice/research/education?  

· Tailored repositioning and the use of a device to support patient repositioning in bed can contribute to 

nurses’ compliance to repositioning frequencies. 

· The use of the turning and repositioning system contributes to proper positioning of the patient in bed. 

· Implementation support, long-term follow-up and tailored education about repositioning and applying a 

turning and repositioning aid should receive the necessary attention. 
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INTRODUCTION 

 

Pressure ulcers (PUs) are recognised as preventable adverse events (Aygör et al., 2014; Gunningberg, 2006; Vanderwee 

et al., 2011; Walsh et al., 2017; Zaratkiewicz et al., 2010). However, their prevalence is high, ranging from 0.38% to 53.2%, 

with a mean prevalence of 20.9% in the acute-care setting (Moore, Webster, & Samuriwo, 2015). PUs impose a 

substantial financial burden. In Belgian hospitals, the mean cost of prevention per patient per day is €7.88. Treatment 

cost per patient per day varies between €2.34-77.36 (Demarré et al., 2015).  

 

PUs regularly occur in individuals with impaired mobility and activity or decreased pain sensation (Gefen, van Nierop, 

Bader, & Oomens, 2008). Older adults and critical care patients have an increased risk of developing PUs because 

numerous risk factors are present (Cooper, 2013; Rasero et al., 2015; Richardson, Peart, Wright, & McCullagh, 2017; 

Vanderwee et al., 2011). Rehabilitation patients are at risk for PU development given their often medically 

compromised and debilitated status and age (Revello & Fields, 2012).  

 

Background 

PUs can be prevented by applying evidence-based preventative interventions (Cooper, 2013). In 2014, the National 

Pressure Ulcer Advisory Panel (NPUAP), European Pressure Ulcer Advisory Panel (EPUAP) and Pan Pacific Pressure 

Injury Alliance (PPPIA) developed and disseminated global clinical practice guidelines. Strategies to prevent PUs 

include the following: risk assessment, skin care, education, the use of support surfaces, systematic patient 

repositioning wherein the frequency should be adjusted to the condition of the individual and the support surface in 

use, optimising the nutritional status and maintaining optimal sacral skin moisture (National Pressure Ulcer Advisory 

Panel, European Pressure Ulcer Advisory Panel, & Pan Pacific Pressure Injury Alliance, 2014).  

 

For patient repositioning, guideline recommendations require nurses to assess multiple criteria to determine the 

frequency of repositioning, rather than to specify the exact interval (National Pressure Ulcer Advisory Panel et al., 

2014). However, this might be difficult for nurses because there is no tool available to support this assessment and 

clinical decision making. Thus, it is unclear how to tailor the repositioning frequency and posture to patient needs. 

Next, overall compliance related to PU prevention guidelines is low. In the European prevalence study of Vanderwee, 

Clark, Dealey, Gunningberg, and Defloor (2007), only 9.7% of the patients at risk for PU development received fully 
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adequate preventive care. For repositioning, only 38.2% of the patients in need of prevention were regularly 

repositioned in bed. When seated, less than 20% of the patients were repositioned compliant to the recommendations 

(Vanderwee et al., 2007). In a Swedish study by Gunningberg (2004), 74.7% of the patients at risk did not receive any 

pressure-relieving/reducing mattress; for 94.7% of the patients, repositioning was not planned. The need for hospitals 

to increase awareness about the importance of prevention is confirmed in a study by Lyder (2003), where the 

percentage of bed- or chair-bound older adults receiving a pressure-reducing device within 48 hours of admission 

was only 7.5% and 66.2% of the patients at risk were repositioned every two hours.  

 

A plethora of medical devices exists to support nurses to prevent PU development. Support surfaces are used to 

redistribute pressure and manage tissue load and microclimate. Patient repositioning devices aim to facilitate 

repositioning to relieve or redistribute pressure (National Pressure Ulcer Advisory Panel et al., 2014). To date, most 

trials evaluated the effectiveness of repositioning aides and support surfaces on PU incidence or pressure reduction, 

in addition to health economic analyses (Black, Berke, & Urzendowski, 2012; Brown et al., 2016; Catz, Zifroni, & Philo, 

2005; Edger, 2017; García Molina et al., 2012; Hall & Clark, 2016; Hampton, 1998; Powers, 2016; Serraes & Beeckman, 

2016; van Leen, Hovius, Neyens, Halfens, & Schols, 2011; Yi, Kim, Yoo, Kim, & Kwon, 2009). Studies focussing on the 

potential of patient repositioning aides to increase compliance related to PU prevention are lacking.  

 

THE STUDY 

Aims 

The primary aim was to study the effectiveness of the Prevalon® Turn and Position System (TAP) 2.0 (Sage Products 

LLC, Cary, Illinois, US) (further referred to as TAP system) with or without being combined with an algorithm for 

tailored repositioning to improve nurses’ compliance to repositioning frequencies in patients at risk for PU 

development. The secondary aims were to study: (1) the body posture of patients after repositioning; (2) the incidence 

of PU and incontinence-associated dermatitis (IAD); (3) the nurses’ and patients’ preferences, comfort and 

acceptability of the intervention; and (4) the budget impact.  

 

Design 

A multicentre, cluster, three-arm, randomised, controlled pragmatic trial was performed. Data were collected between 

February 2016 - December 2017. Randomisation was completed at the nursing ward level (1:1:1) to avoid contamination 
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of the study groups and after obtaining consent for participation. Patients admitted to a ward were considered a 

cluster. The study consisted of an eight-day study period with daily registration and observation by the nurses and 

two unannounced visits by a trained researcher. A detailed description of the study protocol was published in 2017 

(De Meyer et al., 2017).  

 

Setting and participants 

Hospitals 

A convenience sample of 16 hospitals (1 university hospital, 4 general hospitals with university character and 11 general 

hospitals) participated in this trial.  

 

Wards 

Per hospital, at least one ward (geriatrics, rehabilitation and/or ICU) was invited to participate in consultation with 

the hospital management, resulting in 29 wards included in this study.  

 

Patients 

Patients were included if they met the following criteria: (1) admitted to one of the study wards; (2) aged ≥ 18 years; 

(3) at risk of developing PUs (Braden score ≤ 17); (4) free of PU cat. II - IV and IAD cat. 2 on bony prominences as a 

result of lying and/or sitting at the start of the study; (5) admitted to the ward for a maximum of seven days on the 

day of trial inclusion; (6) expected to have an additional length of stay of minimum of eight days; (7) no restriction of 

active and supportive therapy according to the do not resuscitate (DNR) code at the moment of inclusion; and (8) 

written informed consent by the patient or his/her representative. Patients were recruited consecutively by the 

researcher, discussing all patients admitted to the ward with the head nurse. A maximum of four patients per eight 

study days was recruited until 16 patients per ward were enrolled. If more than the maximum number of patients was 

eligible, a random sample of patients was taken. Screening for eligibility and obtaining informed consent were 

provided by the researcher. 

 

Sample size calculation and randomisation 

The sample size was calculated on the primary outcome, with a two-sided alpha of 0.05 and 80% power. A turning 

compliance of 55% was expected at baseline (Vanderwee et al., 2011). An improvement of 50% was expected to be 
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found (from 55-82.5%). Considering randomisation at the nursing ward level, a Bonferroni correction for 

randomisation of clusters (α=0.025) and an intra-cluster correlation coefficient (ICC) of 0.027 (Schoonhoven et al., 

2015) next to an over-sampling of 10% to anticipate study drop-out due to patient withdrawal or moving to another 

care facility, a sample size of 226 patients was required.  

 

At the start of the study, nine wards (2 geriatrics, 6 rehabilitation, 1 ICU) consented to participate. Simple 

randomisation was used by the researcher to assign the wards to the experimental and usual care groups (Excel, 

Microsoft, N.Y., USA). Next, 20 wards (11 geriatrics, 2 rehabilitation, 7 ICU) consented to participate. Block randomisation 

was used in two separated times to achieve balance in each study arm and each type of study ward (Excel, Microsoft, 

N.Y., USA). Block sizes were not fixed. Finally, 12 wards were randomised to experimental group 1 (5 geriatrics, 4 ICU 

and 3 rehabilitation), nine to experimental group 2 (4 geriatrics, 2 ICU and 3 rehabilitation) and eight to the control 

group (4 geriatrics, 2 ICU and 2 rehabilitation) (Figure 1).  
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Figure 1: Design of the study 
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Interventions 

The accounts of the two experimental groups and control group are summarised in detail in the published study 

protocol (De Meyer et al., 2017): 

· For patients admitted to wards randomised to experimental group 1, care comprised the application of the 

digital PROTECT tool (i.e., a PU prevention algorithm wherein repositioning frequency and posture can be 

tailored to individual patient risk factors), developed in preparation for this trial (De Meyer et al., 2017) and 

the TAP system for patient repositioning in bed.  

· For patients admitted to wards randomised to experimental group 2, care was equal to that of experimental 

group 1 except for determining repositioning frequencies, where the usual PU prevention protocol of the 

hospital was used instead of the PROTECT tool.  

· For patients admitted to wards randomised to the control group (usual care), no adjustments to the care as 

usual were made. An overview of the study intervention can be found in Table 1.  

 

Table 1: Overview of study intervention 

PROTECT tool Prevalon® Turn and Position System (TAP) 2.0 

Assessment of following items: 

- Support surface in use 

- Skin status 

- Incontinence status 

- Pain sensation 

- Fever 

- Decreased muscles and subcutaneous fat 

- Ability to make spontaneous movements 

 

 

Tailored repositioning protocol including recommendations 

related to the frequency of repositioning and skin 

observation + body posture (bed and chair) 

- Assists and maintains proper patient repositioning in bed 

- Offloads the sacrum 

- Controls body heat and moisture 

Includes:  

- Low-friction glide sheet 

- Two 30° body wedges 

- Microclimate body pad 
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For 45/136 patients admitted to wards randomised to experimental group 1 or 2, Comfort Shield® Barrier Cream Cloths 

(Sage Products LLC, Cary, Illinois, US) were used at the start of the study. During the study, an unforeseen production 

error occurred. This resulted in excluding this part of the intervention for 91 of 136 patients who were admitted to 

wards randomised to the experimental groups. Consequently, incontinence care in the experimental groups was 

replaced by incontinence care given as usual on the nursing ward. 

 

Outcome measures 

Primary outcome 

Compliance of nurses to repositioning frequencies in patients at risk within the trial period was assessed twice by 

two unannounced visits per patient by the researcher. During these visits, the researcher observed the position of the 

patients and checked the time interval since the last repositioning by reviewing the registrations made by the 

responsible nurse in the data collection document. The registrations were double checked with the patient and 

responsible nurse.  

 

Secondary outcomes 

The secondary outcomes were body postures of the patients after repositioning, incidence of PUs and IAD, nurses’ and 

patients’ comfort and acceptability of the intervention and budget impact (Table 2). Body postures of patients were 

assessed when the patient was lying in bed or seated in the chair at two different time intervals for both visits, if 

possible. A first assessment was performed during an unannounced contact with the patient. The second assessment 

occured if the patient was repositioned during the visit and immediately after repositioning. When the patient was 

positioned in bed, the posture was assessed by: (1) measuring the turning angle where the patient was positioned at 

the centre of the spine using a mini digital inclinometer by bevel box (Rafys, Hengelo, Netherlands); (2) checking the 

presence of pressure on the sacrum; and (3) checking for elevated heels. When the patient was positioned in the chair, 

the posture was assessed by: (1) checking for elevated heels and/or footrest; (2) checking for supported arms; and (3) 

the presence of a 30° seat tilt.  

 

The incidence of PUs and IAD was assessed by daily skin observations by the nurses and researcher during the two 

visits. PUs (sacrum, trochanters and heels) were categorised according to the International NPUAP/EPUAP 

classification system (National Pressure Ulcer Advisory Panel et al., 2014). For IAD, categorisation was based on the 
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level of severity of skin injury (Beeckman et al., 2015). The incidence of PUs was calculated as the ratio of patients 

who developed a PU cat. II-IV during the study (numerator) to the total study sample (denominator). For IAD, a lesion 

defined as cat. 2 was predefined as an incident during this study. The incidence proportion was calculated as the ratio 

of patients who developed an IAD cat. 2 lesion during the study to the number of patients who were incontinent.  

The nurses’ and patients’ comfort and acceptability of the intervention were assessed at the end of the study by a 

questionnaire designed for this study. The following items were included: perceived comfort (patients: 2 items), 

experiences (patients: 3 items, nurses: 2 items), perceived quality (nurses: 1 item) and occurrence of adverse events. 

Budget impact included the cost of nursing labour and material costs.  

 

Table 2. Primary and secondary outcome measures 

 

 Definition Measure Assessment 
Primary outcome 
Nurses' compliance 
with repositioning 
frequency 
 

 
Patient repositioning frequency in 
accordance with the predefined protocol 

 
Yes/No 

 
Unannounced contact at 
visit 1 and/or 2 

Secondary outcomes 
Patients’ body posture 
in bed 
 

 
Turning angle at the centre of the spine 
Pressure on the sacrum 
Elevated heels 

 
Measurement in degrees 
Yes/No 
Yes/No 

 
Two time intervals 
during visit 1 and/or 2 

Patients’ body posture 
in chair 
 

Elevated heels/footrest 
Supported arms 
30° seat tilt 

Yes/No 
Yes/No 
Yes/No 

Two time intervals 
during visit 1 and/or 2 

Incidence of PU  % of new PU cat. II-IV on sacrum, 
trochanters and/or heels 

NPUAP/EPUAP 
classification system 

Daily skin observations 
by nurses 
Visit 1 and/or 2 
 

Incidence of IAD % of new IAD cat. 2 Level of severity of skin 
injury 

Daily skin observations 
by nurses 
Visit 1 and/or 2 
 

Nurses’ and patients’ 
comfort and 
acceptability of the 
intervention 

Perceived comfort and adverse events Questionnaire including 
items rated on a 0-10 
scale 

End of the study period 

Budget impact Nursing labour costs 
 
Used study products 

Nurses and time needed 
for repositioning 
Used study products 
during the study 

Visit 1 and/or 2 
 
End of the study period 
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Data collection 

Prior to the start of the study, education sessions of 90 minutes were organised at each participating ward. In total, 

502 nurses were trained. Nurses were given theoretical information about PUs and IAD by the researcher, in addition 

to practical exercises. Information was provided on the technique to perform skin observations and how to use the 

study documents. For experimental groups 1 and 2, the study products were demonstrated. Next, data concerning ward 

characteristics, PU prevention and attitude/knowledge of nurses were collected.  

 

Baseline data were collected by the researcher, in addition to daily registrations (maximum eight days) by the nurses. 

Per patient, two visits by the researcher were scheduled to check for compliance, skin observation and time needed 

for patient repositioning using a chronometer. At the end of the study, nurses’ and patient’s preferences, comfort and 

acceptability were assessed (Figure 2). A detailed description of the phases, as well as the level at which data were 

collected, can be found in the published protocol (De Meyer et al., 2017).  

 

Figure 2. Data collection 

 

Data collection documents were designed to collect data at the ward level, nurse level and at patient level. The 

following validated instruments were included: Braden scale (Bergstrom, Braden, Laguzza, & Holman, 1987), 

Malnutrition Universal Screening Tool (MUST) (Elia, 2003), Visual Analog Scale (VAS) (Freyd, 1923) and Bristol Stool 

Chart (Lewis & Heaton, 1997).  

 

Validity and reliability/Rigour 

The visits by the researcher were scheduled unannounced and on variable times and days to obtain a broad idea of 

the extent of nurses’ compliance. A maximum of four patients in the study at the same time per ward was 
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predetermined to keep data collection feasible for the care staff on the participating wards. To calculate the incidence 

of PUs and/or IAD, photographs were taken of skin lesions that occurred and were reviewed by a second investigator. 

For all eligible patients, especially those admitted to ICU, the advice of the attending physician was asked before 

patient inclusion. The data collection documents developed for this study were designed using the software program 

Teleform (HP, California, USA). The data were scanned and automatically transferred to an SPSS database. 

 

Ethical considerations 

The study was approved by both the leading ethics review committee (February 2016– B670201526791) and each of 

the participating hospitals ethics review committee. Verbal and written informed consent was obtained from all the 

participants. If the participant could not give consent, it was obtained from the legal representative. For the healthcare 

professionals, informed consent was also obtained.  

 

Data analysis 

Multilevel logistic regression analysis (generalised estimating equations procedure) was used to analyse the 

compliance of nurses related to repositioning frequencies and the body postures of the patients, considering the 

hospital-level and the ward-level participants were recruited from, next to the repeated measures (two visits per 

patient). Time trends were considered, if possible. For the primary outcome, the analysis was performed by comparing 

patients admitted to wards using the PROTECT tool and thus applying tailored patient repositioning, to patients 

admitted to wards using the usual PU prevention protocol of the hospital next to comparing patients admitted to 

wards using the TAP system versus the control group. For the analyses related to the secondary outcome ‘absence of 

sacrum pressure’ and the turning angle where the patient was positioned, a distinction was made between patients 

admitted to wards using the TAP system and patients admitted to wards using the usual aides to (re)position the 

patient in bed (control group), given the characteristics of the system. To evaluate the presence of elevated heels, a 

30° seat tilt, supported calves/footrest and supported arms, all three study groups were compared. The incidence of 

PU and IAD was analysed using descriptive statistics. The intra-cluster correlation coefficient (ICC) was calculated as 

the ratio between ward variance and the total variance, the latter being the sum of the variance at the hospital level, 

ward level and patient level.  
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Statistical analyses were performed using the software package SPSS Statistics 24 (SPSS, Inc., Chicago, IL, USA). Kaplan–

Meier survival analysis, log-rank tests and Cox proportional hazard modelling were specified prior to the statistical 

analysis in the published protocol (De Meyer et al., 2017) to analyse the time to development of PUs and IAD. 

Conducting these analyses was not possible given insufficient interrater agreement (Cohen’s kappa) related to skin 

observations (0.33 for IAD; 0.35 for PU sacrum; 0.35 for PU heels; for PU trochanters, no Kappa could be calculated 

because there were no events). Interrater reliability was calculated based on the data collected during the first 

unannounced visit of the researcher. Incidence rates were low, resulting in the impossibility to perform logistic 

regression analysis to verify significant predictors of the development of PUs and IAD. A health economic evaluation, 

comparing both the costs and health effects of the interventions, was not possible given that no differences related 

to the PU/IAD incidence between the study groups could be shown. Instead, a budget impact analysis was performed. 

Nursing labour costs were calculated by multiplying the number of nurses and median time needed to reposition the 

patient (in bed or using a transfer) by the nursing wages. The median times were calculated because of a high degree 

of variability in the measured times. For nursing wages, a mean cost per hour of €36.30 was determined based on the 

manual of the Belgian Health Care Knowledge Centre, published in 2012 (Swartenbroekx, Obyn, Guillaume, Lona, & 

Cleemput, 2012). Additionally, material costs were calculated by multiplying the cost of materials by the amount of 

the used study products during the trial.  

 

RESULTS 

Baseline characteristics 

In total, 227 patients were included in the study (ICU=39; geriatrics=129 and rehabilitation=59). The mean age of the 

participants was 80.7 years (SD 11.4) and 58.1% (n=132) were female. The mean Braden scale scores for the total sample 

was 12.9 (SD 2.4). Static mattresses were used more frequently (63.9%) than dynamic systems (36.1%) (Table 3). 

The study was performed in eight intensive care units, 13 geriatric wards and eight rehabilitation wards. In 69.6% of 

the wards, a PU reference nurse (i.e., a nurse with additional education in PU prevention and treatment) was 

appointed. In 48.1% of the obtained PU prevention protocols used in the hospital, the exact frequency of repositioning 

in bed was not defined. For the others, repositioning frequencies varied depending on the support surface in use (2–

4 hourly intervals). In 22.2% of the protocols, advice was given not to reposition the patient if a dynamic mattress was 

used. Concerning the repositioning frequencies when the patient is seated in a chair, 37.0% of the protocols did not 
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define the repositioning frequency. If the repositioning frequency was described, the range varied between hourly 

and 4-hourly repositioning (Table 3). 

 

Table 3. Baseline characteristics 

  Exp. group 1 Exp. group 2 Control group  

  (n = 82) (n = 54) (n = 91) 

Patient characteristics    
Ward (% (n))    

ICU   22.0 (18)        3.7 (2)           20.9 (19)             

Geriatrics 54.9 (45)           64.8 (35)           53.8 (49)       

Rehabilitation 23.2 (19)            31.5 (17)               25.3 (23)              

Gender (% (n))  
 

 

Female  58.5 (48)            55.6 (30)              59.3 (54)              

Male  41.5 (34)             44.4 (24)             40.7 (37)             

Age (mean in years (SD)) 80.84 (12.2) 81.02 (10.9) 80.34 (11.2) 

Primary diagnosis (% (n))  
 

 

Trauma 26.8 (22)                18.5 (10)                46.2 (42)             

Neurology 20.7 (17)            20.4 (11)             15.4 (14)            

Cardiology 14.6 (12)              11.1 (6)             1.1 (1)             

Orthopedics 2.4 (2) 7.4 (4) 4.4 (4) 

Pulmonary 15.9 (13) 11.1 (6) 20.9 (19) 

Gastro-intestinal 7.3 (6) 7.4 (4) 3.3 (3) 

Nephrology/urology 2.4 (2) 3.7 (2) 1.1 (1) 

Other 9.8 (8) 20.4 (11) 7.7 (7) 

Braden score (mean (SD)) 12.56 (2.3) 12.61 (2.1) 13.36 (2.6) 

Incontinence* (% (n))  
 

 

Urinary 17.1 (14)              18.5) (10)             19.8 (18)              

Faecal 32.9 (27)             25.9 (14)             28.6 (26)             

Double 37.8 (31)                40.7 (22)              36.3 (33)               

No incontinence 12.2 (10) 13.0 (7) 13.2 (12) 

Mattress (% (n))  
 

 

Non-pressure redistributing  0 (0)                0 (0)                0 (0)                

Static 62.2 (51)           75.9 (41)             58.2 (53)         

Dynamic 37.8 (31)             24.1 (13)       41.8 (38)             

Ward characteristics  
 

 

Pressure ulcer reference nurse available (% (n/N) 63.6 (7/11) 60.0 (3/5) 85.7 (6/7) 

Repositioning frequency in bed not defined (% (n/N) 41.7 (5/12) 50.0 (4/8) 57.1 (4/7) 

No repositioning in case of dynamic mattress (% (n/N) 25.0 (3/12) 25.0 (2/8) 14.3 (1/7) 

Repositioning frequency in the chair not defined (% (n/N) 33.3 (4/12) 37.5 (3/8) 42.9 (3/7) 

Device used to maintain proper position (% (n/N)  
 

 

(banana) Cushion 100 (5/5) 100 (2/2) 75.0 (3/4) 
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Heel wedge cushion 20.0 (1/5) 100 (2/2) 25.0 (1/4) 

Use of gliding sheet for patient repositioning in bed (% (n/N) 100 (10/10) 100 (4/4) 83.3 (5/6) 

Device used for patient transfer (% (n/N)  
 

 

Patient hoist 100 (6/6) 100 (3/3) 100 (5/5) 

Turning plate 0 (0/6) 33.3 (1/3) 40.0 (2/5) 

* Exp. group 2: n=53, control group: n=89    
 

 

Nurses’ compliance related to repositioning frequency 

In bed 

The compliance between visit 1 and visit 2 increased for each study group (Table 4). A significant positive effect was 

only found for wards using the PROTECT tool (exp. group 1) (adjusted odds ratio (OR)=25.97, 95% CI=3.65–184.68, 

p=0.001) compared with wards not using the PROTECT tool (exp. group 2 and control group) and wards using the TAP 

system (exp. group 1 and 2) (OR=6.80, 95% CI=1.41–32.75, p=0.017) compared with wards not using the TAP system 

(control group) (Table 5). The ICC was 0.103.  

 

Seated 

The compliance rates increased for all the study groups, except for wards using the PROTECT tool, where a significant 

negative effect was found over time (OR=0.04, 95% CI=0.01–0.27, p=0.001) compared with wards not using the 

PROTECT tool. This significant negative effect persisted comparing wards using the TAP system with the control group 

(OR=0.15, 95% CI=0.03–0.71, p=0.017) (Table 5). The ICC was 0.144.  
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Table 4. Effectiveness of the interventions on patient repositioning 

  Visit 1 Visit 2 

Repositioning frequency     
compliance bed (% (n/N))   

Exp. group 1 65.1 (28/43)*  94.6 (35/37)* 

Exp. group 2 57.9 (11/19)* 62.5 (10/16)* 

Control group 65.3 (32/49) 71.4 (30/42) 

compliance chair (% (n/N))   

Exp. group 1 68.4 (26/38)** 58.1 (18/31)** 

Exp. group 2 70.6 (24/34) 86.4 (19/22) 

Control group 60.5 (23/38) 82.4 (28/34) 

Body posture       

  a†                 b‡  a†                 b‡ 

Bed     
Turning angle 30°- 45° (% (n/N))     

Exp. group 1 66.7 (4/6)* 58.3 (7/12)* 66.7 (6/9)* 83.3 (5/6)*                      

Exp. group 2 33.3 (1/3)* 78.6 (11/14)*              80.0 (4/5)* 100.0 (1/1)*             

Control group 14.3 (1/7) 50.0 (4/8)                 37.5 (3/8) 33.3 (1/3)                     

Turning angle < 30° (% (n/N))     

Exp. group 1 33.3 (2/6) 33.3 (2/6) 33.3 (3/9) 16.7 (1/6) 

Exp. group 2 0 (0/3) 7.1 (1/14) 0 (0/5) 0 (0/1) 

Control group 42.9 (3/7) 12.5 (1/8) 25 (2/8) 66.7 (2/3) 

Turning angle > 45° (% (n/N))     

Exp. group 1 0 (0/6) 8.3 (1/12) 0 (0/9) 0 (0/6) 

Exp. group 2 66.7 (2/3) 14.3 (/14) 20 (1/5) 0 (0/1) 

Control group 42.9 (3/7) 37.5 (3/8) 37.5 (3/8) 0 (0/3) 

No sacrum pressure (% (n/N))   
  

Exp. group 1 57.1 (4/7) 91.7 (11/12) 77.8 (7/9) 85.7 (6/7) 

Exp. group 2 100.0 (3/3) 92.9 (13/14) 80.0 (4/5) 100.0 (1/1) 

Control group 85.7 (6/7) 100.0 (7/7) 88.9 (8/9) 66.7 (2/3) 

Elevated heels (% (n/N))  
 

  
Exp. group 1 40.5 (17/42) 64.7 (11/17)             51.4 (19/37) 72.7 (8/11)                      

Exp. group 2 31.6 (6/19) 43.8 (7/16)               33.3 (5/15) 20.0 (1/5)                    

Control group 37.3 (19/51) 57.9 (11/19)            31.7 (13/41) 56.3 (9/16)                   

Chair  

 

  
30° seat tilt (% (n/N))  

 

  
Exp. group 1 5.3 (2/38) 0 (0/6) 0 (0/29) 0 (0/10) 

Exp. group 2 0 (0/34) 0 (0/4) 4.5 (1/22) 0 (0/6) 

Control group 10.3 (4/39) 0 (0/6) 11.8 (4/34) 12.5 (1/8) 

Supported calves/footrest (% (n/N))     

Exp. group 1 89.5 (34/38) 66.7 (4/6) 79.3 (23/29) 80.0 (8/10) 

Exp. group 2 88.2 (30/34) 50.0 (2/4) 90.9 (20/22) 83.3 (5/6) 
Control group 
 

89.5 (34/38) 100.0 (6/6) 87.9 (29/33) 87.5 (7/8) 
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Supported arms (% (n/N))     

Exp. group 1 97.3 (36/37) 83.3 (5/6) 96.4 (27/28) 100.0 (10/10) 

Exp. group 2 100.0 (32/32) 100.0 (4/4) 100.0 (19/19) 100.0 (6/6) 

Control group 91.4 (32/35) 100.0 (5/5) 90.3 (28/31) 100.0 (8/8) 
*Significant positive effect found  
**Significant negative effect found  
† Unannounced contact of the researcher with the patient during each visit 
‡ Immediately after patient repositioning in case the patient was repositioned during the visit of the researcher 
 

 

Table 5. Multilevel logistic regression analysis of nurses’ compliance related to repositioning frequency 

 

 

Body postures 

In bed 

For the unannounced contacts with the patient and immediately after repositioning, a significant positive effect was 

found related to being positioned in the 30°–45° tilted side-lying position and the use of the TAP system 

(unannounced contacts: OR=5.36, 95% CI=1.24–23.21, p=0.025; immediately after repositioning: OR=2.83, 95% CI=1.22–

6.57, p=0.015) compared with wards not using the TAP system. No significant effect could be found related to the use 

of the TAP system and absence of pressure on the sacrum, when wards using the TAP system were compared with 

wards not using the TAP system.  

Comparing the three study groups, no significant effect could be found related to the outcome of elevated heels both 

for the unannounced contacts and immediately after repositioning.  

 % (n/N) Adjusted odds ratio (OR) 
(95% CI) 

Adjusted X2 
statistic 

P value 

 Visit 1 Visit 2    
Compliance bed     
Exp. group 1 65.1 (28/43) 94.6 (35/37) 25.97 (3.65-184.68) 10.59 0.001 
Exp. group 2 and control group 63.2 (43/68) 69.0 (40/58)    
     
Exp. group 1 and 2 62.9 (39/62) 84.9 (45/53) 6.80 (1.41-32.75) 5.71 0.017 
Control group 65.3 (32/49) 71.4 (30/42)    
Compliance chair     
Exp. group 1 68.4 (26/38) 58.1 (18/31) 0.04 (0.01-0.27) 10.59 0.001 
Exp. group 2 and control group 65.3 (47/72) 83.9 (47/56)    
     
Exp. group 1 and 2 69.4 (50/72) 69.8 (37/53) 0.15 (0.03-0.71) 5.71 0.017 
Control group 60.5 (23/38) 82.4 (28/34)    
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In experimental group 1, the number of patients positioned in the 30°–45° tilted side-lying position increased 

immediately after repositioning at visit 2, in contrast to visit 1 where a decrease occurred (Table 4). For experimental 

group 2, an increase in patients positioned in the 30°–45° tilted side-lying position occurred at the unannounced 

contact at visit 2. The number of patients positioned in the 30°–45° tilted side-lying position increased immediately 

after repositioning at both visit 1 and 2. For the control group, the number of patients positioned in the 30°–45° tilted 

side-lying position increased immediately after repositioning at visit 1. At visit 2, more patients were positioned in the 

30°–45° tilted side-lying position than at visit 1.  

Seated 

For both the unannounced contacts with the patient and immediately after repositioning, compliance related to the 

outcome of being seated in 30° tilt was found to be very low in all study groups. No significant effects could be 

observed. The same was found for the outcome of supported calves/footrest, where the compliance rates were higher. 

For the outcome of supported arms, compliance in all study groups was high.  

 

Incidence of PUs and IAD 

The incidence rate of PUs was 2.22% (5/225) versus 3.11% (7/225) for IAD (Table 6).  

 

In experimental group 1, no PU cat. II-IV developed. Two patients developed an IAD cat. 2 lesion. A Suspected Deep 

Tissue Injury (SDTI) developed at the sacrum for one patient in the experimental group 2, in addition to one PU cat. II 

lesion at the heels. Four patients developed an IAD cat. 2 lesion. In the control group, three patients developed a PU 

at the sacrum, two patients developed a cat. II lesion and one patient developed a SDTI lesion. One patient developed 

an IAD cat. 2 lesion. 
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Table 6. Incidence of PUs and IAD 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nurses’ and patients’ preferences, comfort and acceptability 

Patients 

The overall comfort of the TAP system was rated a mean score of 6.1 (SD 2.4) on a scale ranging from 0-10 (0=the 

worst possible score and 10=best score possible). Most of the patients (81.3%) admitted to wards using the system 

indicated to lie comfortably. Comparable mean scores concerning comfort related to the positioning itself were found 

in patients using the system (5.3 (SD 3.3)) and patients in the control group (5.6 (SD 3.0)) (Table 7).  

The following adverse events related to the underlay were indicated by the patients in the experimental groups: red 

skin (1/32), irritation (1/32), pain (1/32), sweating (3/32), excoriation (1/32), the feeling of no longer able to move (1/32), 

insomnia (1/32) and feeling warmer (1/32). Adverse events related to the underlay in the control group were as follows: 

dry skin (1/23) and sweating (4/23). 

  Exp. group 1  Exp. group 2  Control group  
  (n= 81) (n= 53) (n= 91) 
PU       

Sacrum† (% (n))    
PU Cat. I 1.3 (1) 11.3 (6) 12.1 (11) 
PU Cat. II 0.0 (0) 0.0 (0) 2.2 (2) 
PU Cat. III 0.0 (0) 0.0 (0) 0.0 (0) 
PU Cat. IV 0.0 (0) 0.0 (0) 0.0 (0) 
Unstageable 0.0 (0) 0.0 (0) 0.0 (0) 
SDTI 0.0 (0) 1.9 (1) 1.1 (1) 

Trochanters (% (n))    
PU Cat. I 0.0 (0) 0.0 (0) 0.0 (0) 
PU Cat. II 0.0 (0) 0.0 (0) 0.0 (0) 
PU Cat. III 0.0 (0) 0.0 (0) 0.0 (0) 
PU Cat. IV 0.0 (0) 0.0 (0) 0.0 (0) 
Unstageable 0.0 (0) 0.0 (0) 0.0 (0) 
SDTI 0.0 (0) 0.0 (0) 0.0 (0) 

Heels (% (n))    
PU Cat. I 2.5 (2) 9.4 (5) 4.4 (4) 
PU Cat. II 0.0 (0) 1.9 (1) 0.0 (0) 
PU Cat. III 0.0 (0) 0.0 (0) 0.0 (0) 
PU Cat. IV 0.0 (0) 0.0 (0) 0.0 (0) 
Unstageable 0.0 (0) 0.0 (0) 0.0 (0) 
SDTI 0.0 (0) 0.0 (0) 0.0 (0) 

IAD (% (n))       
Cat. 1 14.8 (12) 5.7 (3) 5.5 (5) 
Cat. 2 2.5 (2) 7.5 (4) 1.1 (1) 

† Exp. group 1: n=80       
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Nurses 

The overall quality rated by the nurses was a mean score of 6.1 (SD 2.0). The extent of which resistance from other 

colleagues using the TAP system was experienced was scored as 5.4/10 (SD 2.6) (0=very much resistance experienced 

– 10=resistance was experienced not at all). The effect of the system related to lower-back strain was rated a mean 

score of 5.6 (SD 2.1), wherein a score of 10 was associated with a positive effect.  

 

Table 7. Nurses’ and patients’ preferences, comfort and acceptability  

 N Exp. group 1 & 2 N Control group 
Patients     

‘What do you think of the overall comfort of the system?’¶ 

(mean (SD)) 

31 6.1 (2.4)   

‘Do you feel lying comfortable?’ (% (n) 32  25  

Yes  81.3 (26)  100 (25) 

‘To what extent do you find the system pleasant?’¶ (mean (SD)) 29 6.0 (2.3)   

‘To what extent do you think the underlay makes noise?’¶ 

(mean (SD)) 

36 8.3 (3.0)   

‘How do you experience positioning?’† (mean (SD)) 31 5.3 (3.3) 23 5.6 (3.0) 

Nurses     

‘What do you think of the overall quality of the system?’¶ (mean 

(SD)) 

234 6.1 (2.0)   

‘To what extent do you experience resistance from colleagues 

using the system?’‡ (mean (SD)) 

231 5.4 (2.6)   

‘To what extent is the system less back-straining?’§ 

(mean (SD)) 

232 5.6 (2.1)   

¶On a scale of 0-10: 0 is the worst possible score and 10 is the best score possible 
† On a scale of 0-10: 0 was very difficult and 10 was no problem at all 
‡ On a scale of 0-10: 0 was very much and 10 was not at all 
§ On a scale of 0-10: 0 was not at all and 10 was very much 
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Budget impact analysis 

Nursing labour cost 

The calculated cost for patient repositioning in bed per day varied between €14.28 and €7.14 (2 hourly versus 4-hourly 

repositioning) for experimental group 1, versus €13.08–€6.54 for experimental group 2 and €37.8–€18.9 for the 

control group (Table 8). When a patient was repositioned using a transfer, the total nursing labour costs per day were 

€23.76–€11.88 (2 hourly versus 4-hourly repositioning) for experimental group 1 versus €31.44–€15.72 for 

experimental group 2 and €24.00–€12.00 for the control group.  

 

Table 8. Nursing labour costs 

 

 

 

Material cost 

One TAP system was used per patient (consisting of one low-friction glide sheet and two 30° body wedges). The cost 

of this aid was €117.34. An average of 1.2 (SD 0.5) microclimate body pads were used per day, per patient (116/136 

patients). This resulted in a calculated cost of €3.79 per day. For both the experimental groups, the mean time patients 

that were included in the study was 7.28 days (SD 1.26). The total material cost per patient was €144.93 (€117.34 + 

€27.59).  

  N Exp. group 1  N Exp. group 2  N Control group  

Patient repositioning in bed        
Time measurement in seconds  
(median (IQR)) 

9 
72.00 (51.50 – 111.00) 

6 
 69.50 (43.75 – 92.00) 

11 
 203.00 (150.00 – 242.00) 

Nurses per repositioning (mean (SD)) 13 1.65 (0.47) 7 1.57 (0.53) 11 1.55 (0.47) 

Total nursing labour cost/repositioning  € 1.19  € 1.09   € 3.15 

Total nursing labour cost/day      

2-hourly repositioning € 14.28  € 13.08  € 37.8 

3-hourly repositioning € 9.52  € 8.72  € 25.2 

4-hourly repositioning € 7.14  € 6.54  €18.9 

Patient transfer       
Time measurement in seconds  
(median (IQR)) 

24 
 113.00 (85.50 – 159.25) 

15 
 161.00 (112.00 – 216.00) 

25 
 116.00 (70.00 – 174.00) 

Nurses per transfer (mean (SD)) 26 1.75 (0.43) 16 1.63 (0.47) 27 1.72 (0.45) 

Total nursing labour cost/transfer   € 1.98   € 2.62   € 2.00 

Total nursing labour cost/day       

2-hourly repositioning  € 23.76  € 31.44  € 24.00 

3-hourly repositioning  € 15.84  € 20.96  € 16.00 

4-hourly repositioning  € 11.88  € 15.72  € 12.00 
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DISCUSSION 

The aim of this study was to investigate whether the use of the TAP system and an algorithm for tailored repositioning 

improved the repositioning frequency in patients at risk for PU development. Additionally, the effects on body 

postures, incidence of PUs and IAD, nurses’ and patients’ comfort and budget impact were studied.  

 

Effect on patient repositioning frequency 

Both nurses’ compliance when patients were lying in bed and when seated in the chair was influenced by the time 

when using the interventions. A significant improvement in the repositioning frequency was observed for patients 

lying in bed versus a significant decline in repositioning frequencies for patients who were seated. A possible 

explanation may be the importance of support and follow-up, in addition to the strenuous nature of repositioning. 

The tailored repositioning protocol (generated after the assessment of the items included in the PROTECT-tool) 

recommended to limit the duration of a patient seated in a chair up to two times four hours a day, next to maximum 

three times less than one hour if redness or a skin lesion was observed at the height of the sacrum. However 

recommendations were based on an extensive literature review and expert consultation, the inability to integrate this 

advice into daily care might contribute to this finding. A second explanation may be found in the formal nature of the 

tool and the way the recommendations were formulated. Grol and Wensing (2010) stated that a clear and attractive 

design of an innovation is important for usability in practice. In addition to a language that is not open to 

interpretation, a logical overview of essential recommendations and a lay-out that arouses interest are crucial (Grol 

& Wensing, 2010). However, because a significant negative effect was also observed when comparing the study groups 

using the TAP system versus the control group, the last explanation is the least evident. Additionally, the decrease in 

nurses’ compliance to repositioning for seated patients cannot be linked to the TAP system, because the system is 

only designed for patient repositioning in bed.  

 

Effect on body postures 

A significant positive effect was found on the use of the TAP system and being positioned in a 30°–45° tilted side-

lying position both at the unannounced patient contacts and immediately after repositioning. This is in line with 

results from a previous study (Powers, 2016). Immediately after repositioning, it was not possible to consider the 

repeated measures per patient (visit 1 and 2) in the analysis. This can be explained by the fact that patient 

repositioning during the visits was not always applied, resulting in the impossibility to collect data. No significant 
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effect was found on the use of the TAP system and the outcome ‘absence of pressure on the sacrum’. This validates 

the importance of education and support when using a medical device (Brand, 2012). The fact that no significant effect 

could be found related to the outcome of elevated heels and supported calves/footrest can be explained because the 

study groups did not differ from each other on this in the design of the study. For the secondary outcomes ‘30° seat 

tilt’, ‘supported arms’ and ‘supported calves/footrest’, it was not possible to build a statistical model for the 

unannounced contacts and/or immediately after repositioning. This can be explained by insufficient variation in the 

data. Immediately after patient repositioning a 30° seat tilt was present in only 1/40 patients. Related to the outcome 

of supported arms, compliance was present in 174/182 patients at the unannounced contacts and in 38/39 patients 

immediately after repositioning. Supported calves/footrest was present in 32/40 patients immediately after 

repositioning.  

 

Effect on PU and IAD incidence 

The effectiveness of the interventions related to PU/IAD incidence could not be studied due to low incidence rates. 

This may be explained by the relatively short study duration of a maximum eight days. Additionally, this trial was 

powered on the primary outcome of increased reposition compliance instead of incidence rates.  

 

Effect on nurses’ and patients’ preferences, comfort and acceptability 

Both patients and nurses were overall positive about the TAP system. Investigating the effect of the repositioning aid 

on both nurses’ and patients’ preferences, comfort and acceptability was crucial because these factors had not been 

studied in previous research (Hall & Clark, 2016; Powers, 2016). The study of Edger (2017) investigating, among other 

factors, the effect of the TAP system on the staff-perceived level of exertion, also showed results in favour of the 

device. Caregivers reported significantly less exertion when using the system than when using standard repositioning 

(Edger, 2017).  

 

Effect on budget impact 

Nursing labour costs related to patient repositioning in bed were observed to be higher in the control group than in 

the experimental groups. This was because the median time needed to reposition a patient in the control group took 

longer than that in the experimental groups. This is in line with the results found in a previous study (Hall & Clark, 
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2012). Regarding patient transfer, the costs were comparable because no interventions to support transfer were 

included in this study. 

 

Recommendations for further research 

Further research, wherein the incidence rates are assessed for a longer period and in different contexts (e.g., nursing 

homes and community care) is recommended to study the effectiveness of the interventions. Given that it is unclear 

whether the formal nature of the PROTECT tool and generated protocols are clear for healthcare workers, further 

research with focus on refining and mapping optimal integration of the tool in healthcare is appropriate. Therefore, 

stimulating and obstructing factors need to be analyzed (Grol & Wensing, 2010).  

 

Study limitations 

The design of this study can be seen as a strength because contamination of the study groups was unlikely (Fayers, 

Jordhøy, & Kaasa, 2002; Puffer, Torgerson, & Watson, 2003). However, this study is also associated with some 

limitations. A first limitation was the lack of blinding of patients, nurses and the researcher involved in this trial. 

However, there was no pronounced refusal or preference for a specific intervention and no indications that 

assessment bias was present. However, blinding of the second investigator who reviewed photographs of skin lesions 

was performed. Nurses’ awareness of observation, monitoring, assessment and the research itself could have 

contributed to the Hawthorne Effect. Scheduling the visits of the researcher at unannounced moments, including in 

the evening and during the weekends, was aimed to minimize this. A second consideration is the absence of equal 

cluster sizes and equal representation of ICU, geriatric wards and rehabilitation wards in this study. This may influence 

the generalizability of the study findings, especially for ICU and rehabilitation wards. A final limitation is the absence 

of a structured implementation plan regarding the interventions at the start of this study. Process-oriented and 

systematic introduction of the interventions, including effective implementation, transfer of knowledge and change 

of attitude could have led to better application of the interventions (Grol & Wensing, 2010) and, thus, possible different 

results.  
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CONCLUSION 

This was the first study investigating the effect of tailored repositioning and use of a turning and positioning system 

to increase nurses’ compliance to patient repositioning. The results were in favour of the interventions but also 

demonstrated the importance of follow-up and education. Further research investigating the long-term effects on PU 

prevention and implementation is recommended.  
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ABSTRACT 

Background: Pressure ulcers have a high impact on patients and their families. Profound and up-to-date 

knowledge among nurses is important given the effect on attitudes and preventative behaviour. To gain insight 

into educational needs and priorities, regular knowledge assessments are needed. 

Objective: To gain insight into the knowledge of nurses and nursing assistants about pressure ulcer prevention.  

Design: Cross-sectional multicentre study. 

Methods: 474 nurses and nursing assistants recruited at 29 wards in 16 hospitals completed individually the 

PUKAT 2.0, a valid and reliable questionnaire to measure nurses knowledge about pressure ulcer prevention. 

Data were collected between February 2016 and December 2017. Independent sample t-tests, one-way analyses 

of variance and Kruskal-wallis tests were performed to analyse the results. 

Results: The mean total score was 50.7%. The lowest scores were found in the themes knowledge about 

prevention (42.7%), etiology (45.6%) and prevention for specific patient groups (46.6%). Higher educational level 

(H=40.43, p<0.001) and attending additional training about pressure ulcers or wound care in general (t=2.93, 

p=0.004) resulted in significant higher total knowledge scores. 

Conclusion: The results of this study highlight important knowledge deficits about pressure ulcer prevention. The 

knowledge assessment tool used for this study made it possible to highlight the themes needing more focus in 

continuing professional education programmes. It is recommended to consider current nursing curricula in 

accordance to the curricular framework developed by the Education Committee of the European Wound 

Management Association. Besides, multifaceted strategies at individual level, the team and the organization are 

needed to improve clinical practice. 

 

 

 

Keywords: nursing, pressure ulcer, prevention, knowledge, assessment, practice, instrument 
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INTRODUCTION 

The primary cause of pressure ulcers (PU) is a sustained mechanical load that is applied to soft tissues, usually 

near a bony prominence, causing deformation of skin and sub-dermal tissues (National Pressure Ulcer Advisory 

Panel, European Pressure Ulcer Advisory Panel, & Pan Pacific Pressure Injury Alliance, 2014). Common locations 

for PU are elbows, heels, hips, shoulders, back and occiput. PU can be classified according to the International 

NPUAP/EPUAP Pressure Ulcer Classification System in four categories (I to IV including Unstageable and 

Suspected Deep Tissue Injury) (National Pressure Ulcer Advisory Panel et al., 2014) and have a high impact on 

patients and their families. They can be associated with severe pain (Briggs et al., 2013; McGinnis et al., 2014; 

Spilsbury et al., 2007), increased mortality (Jaul & Calderon-Margalit, 2015), reduced quality of life (Essex, Clark, 

Sims, Warriner, & Cullum, 2009), reduced engagement in social activities (Lala, Dumont, Leblond, Houghton, & 

Noreau, 2014), changed body image and loss of control (Langemo, Melland, Hanson, Olson, & Hunter, 2000). 

Proper management and the use of protective devices contribute to PU prevention (Bhattacharya & Mishra, 2015).  

In 2014, the clinical practice guideline for the prevention and treatment of PU was developed (National Pressure 

Ulcer Advisory Panel et al., 2014), presenting clinical recommendations and summarizing the evidence. It is 

recommended to regularly assess the health professionals’ knowledge and attitudes related to PU prevention 

and management, to facilitate compliance to clinical guidelines and to identify potential barriers and facilitators 

when introducing quality improvement initiatives (National Pressure Ulcer Advisory Panel et al., 2014). Assessing 

knowledge and attitudes contributes to insight into educational needs and priorities and can assist in the 

development of organization-specific interventions (Beeckman et al., 2013). Besides, knowledge assessment can 

be used as a basis for the development of evidence based training and education (Beeckman et al., 2013). The 

provision of regular mandatory training for health professionals by organizations is an important quality 

indicator at structural level (National Pressure Ulcer Advisory Panel et al., 2014). It is assumed that providing 

education has a positive effect on knowledge and skills and contributes to a positive change in the behaviour of 

healthcare professionals (Porter-Armstrong, Moore, Bradbury, & McDonough, 2018). This is based on behavioural 

or social science theories and conceptual models such as the Knowledge-Attitude-Behaviour (KAB) model 

(Allport, 1935) and the Social Cognitive Theory (Baranowski, Perry, & Parcel, 2002). Previous studies showed that 

nurses’ knowledge has an impact on the attitude towards PU prevention (Barakat-Johnson, Barnett, Wand, & 

White, 2018; Beeckman, Defloor, Schoonhoven, & Vanderwee, 2011), which in turn is significantly correlated with 

preventative behaviour (Beeckman et al., 2011; Bostrom & Kenneth, 1992; Demarré et al., 2012). This is  in line 

with the Theory of Planned Behaviour (Ajzen & Fishbein, 2005; Azen & Madden, 1986), stating that attitudes, 

subjective norms and perceived behavioural control and beliefs (affected by education, knowledge and 

experience) have an impact on behaviour.  
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Background 

A valid an reliable assessment tool should be used to assess nurses’ knowledge about PU prevention (National 

Pressure Ulcer Advisory Panel et al., 2014). The Pressure Ulcer Knowledge Assessment Tool (PUKAT) was 

developed by Beeckman et al. (2010) since previously developed instruments lacked information about 

psychometric properties (Beeckman et al., 2010). The PUKAT has proven content validity (CVI=0.78-1.00) and 

good test-retest reliability (ICC=0.88) (Beeckman et al., 2010). In 2017, a revision and update took place (i.e. 

PUKAT 2.0) considering recent national and international guidelines. Content validity and face validity were 

assessed by experts from NPUAP and EPUAP and by pilot testing involving one nursing student, three nurses 

with different profiles and a wound care nurse. Validity of the multiple-choice test items, construct validity and 

stability of the PUKAT 2.0 were evaluated in 228 nurses and 114 nursing students of an undergraduate and 

vocational level. The PUKAT 2.0 showed good psychometric properties. The tool consists of 25 multiple-choice 

items, categorized into following six themes: ‘Etiology’, ‘Classification and observation’, ‘Risk assessment’, 

‘Nutrition’, ‘Prevention of PU’ and ‘Specific patient groups’. Evaluation of different levels of knowledge is 

enhanced, for example by the inclusion of cases. Cognitive skills can be divided into lower-order skills requiring 

less cognitive processing, and higher order skills needing deeper learning and a greater degree of cognitive 

processing (Adams, 2015). Benjamin Bloom created in 1956 a classification of cognitive skills, called Bloom’s 

taxonomy (Bloom, 1956). In 2001, the taxonomy was revised by Anderson et al. (2001) including following six 

hierarchical levels: remembering (level 1), understanding (level 2), applying (level 3), analyzing (level 4), 

evaluating (level 5) and creating (level 6).  

Literature on nurses’ knowledge towards PU prevention is inconsistent (National Pressure Ulcer Advisory Panel 

et al., 2014). Some studies reveal appropriate knowledge levels (Athlin, Idvall, Jernfält, & Johansson, 2010; 

Kaddourah, Abu-Shaheen, & Al-Tannir, 2016; Källman & Suserud, 2009; Maylor & Torrance, 1999; Pancorbo-

Hidalgo, García-Fernández, López-Medina, & López-Ortega, 2007; Strand & Lindgren, 2010), while others show 

that knowledge is inadequate (Aydin & Karadag, 2010; Beeckman et al., 2011; Chianca, Rezende, Borges, Nogueira, 

& Caliri, 2010; Demarré et al., 2012; Gallant, Morin, St-Germain, & Dallaire, 2010; Halfens & Eggink, 1995; Pieper & 

Mattern, 1997). Comparison of findings is complicated by the use of different instruments and methodological 

limitations such as selection bias and single site data collection (Gunningberg et al., 2015; National Pressure 

Ulcer Advisory Panel et al., 2014).  
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METHODS 

Aims 

This study aimed to assess the knowledge of nurses and nursing assistants about PU prevention in Belgian 

hospitals.  

 

Design 

A cross-sectional multicentre study was performed. Data were collected between February 2016 and December 

2017. The knowledge assessment was part of a broader study (i.e. a cluster three-arm RCT) wherein the effect of 

a quality improvement intervention was studied (De Meyer et al., 2017; De Meyer et al. 2019).  

 

Sample 

A convenience sample of 29 wards (8 intensive care units, 13 geriatric wards and 8 rehabilitation wards) in 16 

Belgian hospitals (1 university hospital, 4 general hospitals with university character and 11 general hospitals) 

was involved in this study. Nurses and nursing assistants who attended a study specific training in the context 

of the RCT participated in this study. 

 

Instrument 

The pre-final version of the PUKAT 2.0 was used, containing 28 multiple-choice items. Items were formulated 

according to the Multiple-choice Item-writing Guideline (Haladyna, Downing, & Rodriguez, 2002) and consisted 

of a stem and five response alternatives, including the option ‘I do not know the answer’ (see Table 1). The items 

were categorized into six relevant themes: (1) ‘Etiology’ (7 items); (2) ‘Classification and observation’ (4 items); 

(3) ‘Risk assessment’ (2 items); (4) ‘Nutrition’ (3 items); (5) ‘Prevention of PU’ (8 items) and (6) ‘Specific patient 

groups’ (4 items). The instrument was reviewed for face and content validity by a panel of eight experts from 

the National Pressure Ulcer Advisory Panel (NPUAP) in a Delphi procedure and adapted based on their feedback. 

More information about the development process of the PUKAT 2.0 can be found in the publication of Manderlier 

et al. (2017). According to the revised version of Bloom’s taxonomy (Anderson et al., 2001), following levels could 

be determined: remembering (level 1), understanding (level 2), analyzing (level 4) and evaluating (level 5). An 

overview of the cognitive levels of the 28 multiple-choice items can also be found in Table 1.  
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Table 1: PUKAT 2.0 pre-final version 

 

Level 1 

Remembering 

 

 

 

 

Level 2 

Understanding 

 

 

 

 

 

Level 1 

Remembering 

 

 

 

 

Level 2 

Understanding 

 

 

 

 

 

 

 

Level 4 

Analyzing 

 

 

 

 

 

 

THEME ETIOLOGY 

1. What is a cause of pressure ulcers? 

a) Diabetes. 

b) The use of corticosteroids. 

c) Hypertension. 

d) Tissue oxygenation.* 

e) I don’t know the answer. 

2. A patient sits with the head of bed elevated to 60 degrees. What happens when his skin sticks to the underlying surface when 

he slides down in bed? 

a) The pressure increases. 

b) Rubbing increases. 

c) Shear increases.* 

d) Friction increases. 

e) I don’t know the answer. 

3. What is the international prevalence of pressure ulcers in hospitals? 

a) Between 10% and 20%.* 

b) Between 20%  and 30%. 

c) Between 30% and 40%. 

d) Between 40% and 50%. 

e) I don’t know the answer. 

4. Excessively moist skin (due to e.g. incontinence or wound exudate) combined with increased body temperature are associated 

with pressure ulcer development. This statement is … 

a) Correct. Excessive skin moisture and raised temperature are causal factors for the development of pressure 

ulcers. 

b) Correct. Excessive skin moisture and raised temperature are risk factors for the development of pressure ulcers.* 

c) Incorrect. Wounds that occur in a moist and warm environment are always defined as incontinence- associated 

dermatitis (IAD). 

d) Incorrect. An increased temperature results in better blood flow and thus decreases the risk of pressure ulcers. 

e) I don’t know the answer. 

5. CASE: A patient is sitting in a chair in the morning (1 hour) and in the afternoon (1 hour).  The rest of the day he spends in bed. 

He can’t mobilize himself. When does this patient have the highest risk to develop a pressure ulcer (if no prevention is 

applied)? 

a) There is no higher risk to develop a pressure ulcer if a seated position is combined with a lying position (e.g. 

resting in bed). 

b) The risk to develop a pressure ulcer is highest when he is seated because high pressure is applied during a short 

period of time. 
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Level 4 
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Analyzing 

 

 

 

 

 

 

Level 4 

Analyzing 

 

 

 

 

 

Level 1 

Remembering 

 

 

 

 

Level 2 

Understanding 

 

 

c) The risk to develop a pressure ulcer is highest when he is lying in bed because lower pressure is applied during a 

longer period of time. 

d) The risk to develop a pressure ulcer is high in this specific case, both when seated in a chair and lying in bed. A 

short-term high pressure can have the same effect as a long-term low pressure.*  

e) I don’t know the answer. 

6. Individual patient characteristics are associated with how the skin and underlying tissues react to pressure and shear. Which 

statement is correct? 

a) Skin and tissue stiffness have an influence on how the skin reacts to pressure and shear.* 

b) Older patients always have a higher risk to develop pressure ulcers than younger patients. 

c) Only lifestyle and pathology have an influence on how the skin reacts to pressure and shear. 

d) Only the time and the amount of pressure and shear have an influence on how the skin reacts to pressure and 

shear.   

e) I don’t know the answer. 

7. Which statement is correct? 

a) The use of moisture absorbing pads decrease the risk of pressure ulcers. 

b) The use of soap can erode the skin barrier, thereby increasing the risk of superficial skin damage.* 

c) Massaging the skin (during washing and drying) is effective to prevent pressure ulcers. 

d) After washing the feet, dress the heels (with a bandage) will decrease the risk of heel pressure ulcer 

development. 

e) I don’t know the answer. 

THEME CLASSIFICATION AND OBSERVATION 

8. CASE: You observe a new blister on the heel of a bedbound patient. Neither non-blanchable erythema or an ulcer has been 

previously documented. Which statement is correct?  The blister is... 

a) Not a pressure ulcer.  

b) A Category II pressure ulcer. 

c) A Category I pressure ulcer as long as the blister remains intact. 

d) There is insufficient information to know if this is a pressure ulcer or not.*  

e) I don’t know the answer. 

9. What is referred to as a pressure ulcer category I? 

a) Blanchable erythema. 

b) Non-blanchable erythema. 

c) Intact blister. 

d) Open blister. 

e) I don’t know the answer. 

10. Which of these stages of pressure ulcers may require debridement? 

a) Category I, II, III, and IV. 

b) Category II, III, and IV. 

c) Category III and IV.* 
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Remembering 
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d) Category IV only. 

e) I don’t know the answer. 

11. CASE: The nurse observes a bony structure in a wound. This pressure ulcer would be classified as a stage: 

a) IV pressure ulcer.* 

b) IV pressure ulcer if there are signs of undermining. 

c) IV pressure ulcer if there is necrosis. 

d) IV pressure ulcer if there are signs of a reduction of the supply of blood to the tissue. 

e) I don’t know the answer. 

THEME RISK ASSESSMENT 

12. CASE: A patient is recently admitted to your nursing unit. The patient has no signs of skin redness (blanchable/non- 

blanchable). When completing the risk assessment tool, the score indicates that there is no risk for pressure ulcer 

development. No prevention is needed. However, you are very surprised because your clinical experience tells you that this 

patient is at risk. What are you going to do now? 

a) You don’t implement a prevention plan because both the skin assessment and the scoring tool indicated that 

there is no increased risk. 

b) You don’t implement a prevention plan because risk assessment instruments are developed to replace clinical 

judgment. 

c) You ignore the result of the risk assessment tool and take preventive measures because your clinical judgment is 

as important as the result of the risk screening using the tool.* 

d) You decide to reassess the patient on a daily basis (using the instrument) and to start prevention if the risk 

assessment instrument indicates an increased risk to develop a pressure ulcer.  

e) I don’t know the answer. 

13. Which of these statements about the frequency of skin assessment in hospitals is correct?  

a) The frequency of skin assessment is a medical decision (made by a medical doctor).  

b) Skin areas with an increased risk for pressure ulcer development should be inspected at least once a week. 

c) The skin of patients at risk should be inspected twice a week. 

d) The skin of all patients should be inspected daily.*  

e) I don’t know the answer. 

THEME NUTRITION 

14. CASE: A 23 year old  previously healthy male was recently admitted to the hospital with a spinal cord injury (car accident). He 

is immobile and has no problems eating or drinking. Is nutritional supplementation needed to reduce the risk for pressure 

ulcers? 

a) Yes, I will provide nutritional supplementations (vitamin tablets) primarily to prevent pressure ulcers. 

b) Yes, I will provide nutritional supplementations (arginine enriched drinks) primarily to prevent pressure ulcers. 

c) No, I will not change the nutrition of this patient as long as no signs of pressure ulcers are observed (redness or 

skin breakdown). 

d) No, I will not change the nutrition of this patient as long as nutritional intake is adequate.* 

e) I don’t know the answer. 
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Remembering 
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15. Indicate the nutritional elements that are most essential to prevent pressure ulcers. 

a) Carbohydrates, fats and proteins. 

b) Calories, proteins and fluids.* 

c) Calories, carbohydrates and proteins. 

d) Fat, fluids and proteins. 

e) I don’t know the answer. 

16. What type of patients (in terms of body weight) have an increased risk to develop pressure ulcers?  

a) Only cachectic patients. 

b) Only obese patients. 

c) Both cachectic and obese patients.* 

d) Body weight and BMI are not associated with pressure ulcer risk. 

e) I don’t know the answer. 

THEME PREVENTION OF PRESSURE ULCERS 

17. What percent of patients with an increased risk to develop pressure ulcers receive adequate prevention in hospitals? 

a) < 20 percent.* 

b) Between 20 and 50 percent. 

c) Between 50 and 70 percent. 

d) > 70 percent. 

e) I don’t know the answer. 

18. CASE: Your colleague informs you that she positioned a patient in bed in a semi Fowler position. What does this mean? 

a) The patient lies on his side in an angle of 30°. 

b) The patient lies on his side in an angle of 90°. 

c) The patient lies in a supine position, with both head of bed and upper legs elevated up to an angle of 30°.*  

d) The patient lies in a supine position, with the head of bed elevated up to an angle of 45°. 

e) I don’t know the answer. 

19. Which repositioning protocol is most effective to prevent pressure ulcers? Starting with the patient supine, then... 

a) Lateral 30 ° left – supine - lateral 30 ° right - supine - lateral 30 ° left – …* 

b) Lateral 90 ° left – supine - lateral 90 ° right - supine - lateral 90 ° left – … 

c) Lateral 30 ° left – supine - lateral 30 ° right  - supine - lateral 90 ° left - supine -  lateral 90 ° right  - … 

d) Lateral 30 ° left - lateral 90 ° left – supine - lateral 30 ° right - lateral 90 ° right - supine - … 

e) I don’t know the answer. 

20. The use of a ring cushion (donuts) is effective to prevent pressure ulcers when patients are seated. This statement is… 

a) Correct because the pressure near the bony prominence is reduced. 

b) Correct because it redistributes pressure and shear effectively around the area at risk. 

c) Incorrect because the contact surface between the patient’s skin and the surface is smaller, thus the pressure 

will be higher.*   

d) Incorrect as it is only effective if a patient had a pressure ulcer in the past. 

e) I don’t know the answer. 
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21. How should bed linen be used to prevent pressure ulcers? 

a) Don’t secure the bottom sheets under the mattress, so they can move along with the patient. 

b) Don’t secure the blanket of the patient, so it can move along with the patient.* 

c) Make sure bottom sheets are stretched tight, to avoid wrinkles. 

d) Put moisture- absorbing pads under the patient to protect his skin. 

e) I don’t know the answer. 

22. Indicate the most effective technique to position a patient when seated. 

a) In an upright position with the knees in a 90° angle and the feet not touching the ground. 

b) In an upright position with the legs being supported so that an angle of more than 90° is created at the knees. 

c) In a semi-reclined position with the knees in a 90° angle with the feet not touching the ground. 

d) In a semi-reclined position with the legs being supported so that an angle of more than 90° is created at the 

knees.*  

e) I don’t know the answer. 

23. CASE: Your patient is lying on a pressure redistributing foam mattress. Do you take other measures to prevent pressure ulcers 

on the heels? 

a) No. A pressure redistributing foam mattress is sufficient. 

b) No. A pressure redistributing foam mattress combined with repositioning is sufficient. 

c) Yes. I will place a pillow under the calves to off- load the heels.*  

d) Yes. I will place IV bags under the heels to off- load the heels. 

e) I don’t know the answer. 

24. How does repositioning prevent pressure ulcers? 

a) The amount of pressure and shear will be reduced. 

b) The amount and duration of pressure and shear will be reduced. 

c) The duration of pressure and shear will be reduced.*  

d) It reduces friction at the bony prominences. 

e) I don’t know the answer. 

THEME SPECIFIC PATIENT GROUPS 

25. CASE:  When repositioning your ICU patient from supine to lateral on the right side at 30 degrees, the PCO2 decreases and the 

heart rate increases, which triggers the alarms to ring. What are you going to do? 

a) You turn the patient quickly to a supine position to avoid further instability and you try again later. 

b) You turn the patient quickly to a supine position to avoid further instability and you document in the chart that 

the patient cannot be repositioned. 

c) You leave the patient on the right side, check the vital signs and give the patient 5-10 minutes to stabilize.* 

d) You leave the patient on the right side, check the vital signs and give the patient 20-30 minutes to stabilize. 

e) I don’t know the answer. 

26. Which of these statements is true about the development of pressure ulcers in the operating room? 

a) Pressure ulcers are not likely to occur during surgery. If redness is observed just after surgery, it is most likely to 

be a burn wound. 
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Remembering 

b) Immobilization after surgery causes pressure ulcers to develop, not the immobilization during the surgery itself. 

c) When pressure ulcers develop during surgery the first visible signs appear a few days later; making people think 

they developed after surgery.* 

d) A pressure ulcer appearing postoperatively is always the result of immobilization during surgery. 

e) I don’t know the answer. 

27. Which factor has the lowest priority (when it comes to pressure ulcer prevention) when installing a patient on the surgical 

table? 

a) Pressure on the Achilles tendon. 

b) The body weight of the patient.* 

c) Overstretching of the joints. 

d) Positioning of the medical equipment. 

e) I don’t know the answer. 

28. Indicate the location on the body where babies have the highest risk to develop a pressure ulcer. 

a) Occiput.* 

b) Heels. 

c) Shoulders. 

d) Sacrum. 

e) I don’t know the answer. 

*Incidates the correct answer 

 

Procedure 

Nurses and nursing assistants were invited to complete individually the pre-final printed version of the PUKAT 

2.0. Time to complete the instrument was 20-30 minutes.  

 

Data analysis 

Statistical analyses were performed using the software package SPSS Statistics 24 (SPSS, Inc. Chicago, IL, USA). 

The answers on the knowledge assessment were recoded as correct vs. incorrect. Items scored as ‘I don’t know 

the answer’ and multiple answers were considered incorrect. Consequently, sum scores were calculated in order 

to obtain a total score. In order to determine if there were differences between groups, independent sample t-

tests and ANOVA tests with post-hoc Scheffe analysis were used when the Levene’s test was non-significant. 

Kruskal-wallis tests and post-hoc Mann-Whitney U-tests were performed in case of a significant Levene’s test. A 

significance level of 0.05 was applied.  

 



Chapter 4: knowledge of nurses and nursing assistants about pressure ulcer prevention 

118 

 

Ethical considerations 

The study was approved by the leading ethics review committee (February 2016-B670201526791) and each of 

the participating hospitals ethics review committee. Participants received written information on the aim, 

procedure, anonymity and confidentiality of the study. Written informed consent was obtained from all 

participants.  

 

Validity and reliability / rigour 

The data collection document was designed using the software program Teleform (HP, California, USA). Data 

were scanned and automatically transferred to an SPSS database. Supervision by the researcher during the 

assessment made it impossible for participants to discuss possible answers or to search for extra information. 

For assignment of the multiple-choice items to the Bloom’s taxonomy consensus between the researchers was 

obtained. 

 

RESULTS 

Characteristics of the participants 

In total, 474 participants completed the questionnaire. 90.9% were nurses, 9.1% were nursing assistants. More 

than half of the participants were over the age of 35 and had more than 10 years work experience. 60.5% of the 

participants had a bachelor degree. An overview of the demographic data of all participants is shown in Table 2.  
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Table 2. Demographic data of the participants 

  Participants (n= 474) 

  n (%)   

Ward   
 

ICU   168 (35.4)  
Geriatrics 188 (39.7)  
Rehabilitation 118 (24.9)  

Gender   
 

Female  403 (88.0)  
Male  55 (12.0)  

Age category  
 

<25 years 40 (8.5)  
25-34 years 153 (32.6)  
35-50 years 159 (33.9)  
>50 years 117 (24.9)  

Work experience  
 

<5 years 125 (27.4)  
5-10 years 77 (16.9)  
11-20 years 85 (18.6)  
>20 years 169 (37.1)  

Education  
 

Secondary school 39 (8.5)  
Higher professional education 124 (27.1)  
Bachelor degree 277 (60.5)  
Master degree 14 (3.1)  

Function  
 

Nurse 430 (90.9)  
Nursing assistant 43 (9.1)  

Additional training in PU/Wound care  
 

Yes 19 (4.0)   

 

Knowledge of participants 

The mean total score was 50.7%. The lowest scores were found in the themes ‘Prevention’ (42.7%), ‘Etiology’ 

(45.6%) and ‘Specific patient groups’ (46.6%). The highest scored themes were ‘Risk assessment’ (83.8%) and 

‘Nutrition’ (59.6%). An overview of the knowledge scores in total and per theme is reported in Tables 3 and 4. 

The mean knowledge score decreased when the cognitive level of the questions increased (level 1= 57.9%, level 

2= 44.2%, level 4= 38.1%), except for questions assigned to level 5 (66.8%) (see Table 5). 

 

There were no statistical significant differences in mean scores between male and female participants. Nurses 

scored significant higher than nursing assistants on the complete questionnaire (52.1% versus 35.4%, p<0.001), 

on all different themes and on questions assessing the possibility to reproduce (level 1) (59.3% versus 39.3%, 
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p<0.001) or understand/interpret (level 2) (45.6% versus 28.6%, p<0.001) knowledge or to evaluate patient cases 

(level 5) (69.6% versus 39.0%, p<0.001). Participants who attended additional training in PU or wound care had 

significant higher scores in total than nurses who did not attend any additional training (61.0% versus 50.2%, 

p=0.004) and on the themes ‘Etiology’ (62.9% versus 44.9%, p<0.001), ‘Risk assessment’ (97.2% versus 83.2%, 

p<0.001) and ‘Prevention’ (54.2% versus 42.3%, p=0.021). They also scored significant higher on questions for 

which understanding (level 2) (56.0% versus 43.8%, p=0.017) or analysing (level 4) (54.3% versus 37.4%, p=0.001) 

was necessary.   

When comparing participating wards (geriatrics, rehabilitation and ICU), significant differences were found for 

the total score and the themes ‘Prevention’, ‘Risk assessment’ and ‘Specific patient groups’. Higher total scores 

were obtained for participants working on geriatric wards (52.0%, p=0.017) and ICU wards (52.5%, p=0.010) 

compared to rehabilitation wards (46.6%). For the theme ‘Prevention’ participants from geriatric wards scored 

statistically significant higher than rehabilitation wards (45.3% versus 37.9%, p=0.011). The same was for the 

theme ‘Risk assessment’ (87.9% versus 79.0%, p=0.011). ICU wards scored significantly higher on the theme 

‘Specific patient groups’ compared to geriatric wards (52.8% versus 43.1%, p=0.002) and rehabilitation wards 

(52.8% versus 43.4%, p=0.005). 

For the themes ‘Classification & observation’ and ‘Risk assessment’ significant differences were found in relation 

to the age of participants. Participants aged under 25 obtained significant higher scores (67.6%) on the theme 

‘Classification & observation’ compared to participants in the age category 25-34 years (52.7%, p=0.019), 35-50 

years (48.6%, p=0.001) and >50 years (49.5%, p=0.004). Related to the theme ‘Risk assessment’ 25-34 year old 

participants scored significant lower than participants in the age category 35-50 year (82.2% versus 88.5%, 

p=0.038). This last category scored consequently significant higher compared to participants >50 years (88.5% 

versus 78.4%, p=0.002).  

For the theme ‘Specific patient groups’ a significant difference in knowledge scores was found between 

participants with less than 5 years of work experience and participants with 5-10 years of work experience (52.4% 

versus 35.8%, p<0.001). Participants with 5-10 years of work experience scored significantly lower than 

participants with more than 20 years of work experience (35.8% versus 48.4%, p=0.011). 

The education level of participants resulted in statistical significant differences for the total score and all 

themes, except for the theme ‘Risk assessment’. Generally, a higher education level was associated with higher 

knowledge scores, except for two themes (i.e. ‘Risk assessment’ and ‘Specific patient groups’). No significant 

differences in scores on questions assessing reproduction (level 1) were found between higher professional 
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education (55.7%), bachelor degree (60.9%) and master degree (62.3%), in contrast to level 2 questions. A higher 

education level resulted in higher scores on questions assessing the ability to evaluate (level 5).  
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Table 3. Knowledge of participants - Total score and themes ‘Etiology’, ‘Classification & observation’ and ‘Risk assessment’ 

 
 

Total score  
mean % (SD) Difference 

Etiologie  
mean % (SD) Difference 

Classification and 
observation  
mean % (SD) Difference 

Risk assessment 
mean % (SD) Difference 

 N    N   N   N   
Overall 256 50.7 (12.2)  392 45.6 (17.2) 423 51.9 (26.0)  434 83.8 (27.3)  
Ward   

 F=5.66, p=0.004  
 F=2.34, p=0.098 F=0.01, p=0.986 H=6.73, p=0.035 

ICU   87 52.5 (11.6)  135 47.9 (17.8) 150 52.2 (25.1)  149 82.6 (28.4)  
Geriatrics 100 52.0 (11.7)  159 45.0 (17.4) 167 51.8 (26.5)  173 87.9 (23.4)  
Rehabilitation 69 46.6 (12.6)  98 43.1 (16.0) 106 51.7 (26.6)  112 79.0 (30.5)  

Gender   
 t=1.19, p=0.235  t=0.42, p=0.673 t=1.86, p=0.064  t=-0.23, p=0.815 

Female  222 50.4 (12.3)  338 45.4 (17.3) 363 51.2 (26.4)  371 84.0 (27.6)  
Male  32 53.1 (10.8)  46 46.6 (16.9) 50 58.5 (21.8)  53 83.0 (25.8)  

Age category  
 F=0.99, p=0.400  

 F=0.46, p=0.713 F=5.84, p=0.001 H=9.96, p=0.019 

<25 years 27 53.3 (8.9)  33 44.6 (18.8) 37 67.6 (26.9)  38 85.5 (25.8)  
25-34 years 86 49.7 (12.1)  130 45.3 (16.6) 141 52.7 (25.3)  143 82.2 (28.7)  
35-50 years 83 51.7 (12.0)  131 46.9 (17.7) 144 48.6 (24.2)  148 88.5 (24.1)  
>50 years 60 49.6 (13.5)  95 44.4 (17.1) 98 49.5 (26.6)  102 78.4 (29.4)  

Work experience  
 F=2.11, p=0.099  

 F=2.53, p=0.057 F=1.46, p=0.224 F=0.07, p=0.974 
<5 years 75 52.1 (10.1)  107 44.5 (17.3) 117 54.9 (28.1)  119 83.2 (27.8)  
5-10 years 44 46.8 (14.7)  68 44.3 (17.1) 71 53.9 (24.9)  71 83.8 (29.0)  
11-20 years 46 52.1 (12.4)  68 50.6 (18.7) 74 51.0 (23.9)  77 85.1 (25.7)  
>20 years 87 50.9 (12.0)  138 44.2 (16.3) 150 48.7 (25.7)  153 84.0 (27.3)  

Education  
 H=40.43, p<0.001 F=7.31, p<0.001 F=9.05, p<0.001 H=6.95, p=0.074 

Secondary school 20 35.7 (16.1)  30 37.1 (19.3) 34 31.6 (27.0)  34 73.5 (33.1)  
Higher prof. education 63 47.3 (9.8)  103 42.0 (17.1) 111 51.4 (25.6)  118 83.1 (27.9)  
Bachelor degree 160 53.5 (10.8)  234 47.4 (16.1) 250 54.6 (24.2)  256 86.1 (25.7)  
Master degree 7 58.7 (7.4)  12 58.3 (18.7) 11 61.4 (25.9)  10 80.0 (25.8)  

Function  
 t=4.74, p<0.001  

 t=2.93, p=0.004 t=4.84, p<0.001  t=2.44, p=0.019 
Nurse1 235 52.1 (10.8)  359 46.3 (16.9) 384 53.6 (25.0)  395 84.9 (26.3)  
Nursing assistant 21 35.4 (15.8)  32 37.1 (18.8) 38 32.9 (27.3)  38 71.1 (34.2)  

Additional training in PU/Wound 
care  

  
t=2.93, p=0.004 

 
 t=4.04, p<0.001 t=1.84, p=0.066  t=4.55, p<0.001 

Yes 11 61.0 (8.1)  15 62.9 (18.5) 17 63.2 (20.0)  18 97.2 (11.8)  
No 245 50.2 (12.1)   377 44.9 (16.9) 406 51.4 (26.1)   416 83.2 (27.6)   

1Bachelor degree or higher professional education (=fourth grade of secondary school) 
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Table 4. Knowledge of participants - themes ‘Nutrition’, ‘Prevention’ and ‘Specific patient groups 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1Bachelor degree or higher professional education (=fourth grade of secondary school) 

 

  
Nutrition  

mean % (SD) Difference 
Prevention  

mean % (SD) Difference 
Specific patient groups  

mean % (SD) Difference 

 N   N   N   
Overall 415 59.6 (29.5)  324 42.7 (17.5)  352 46.6 (24.4)  
Ward    H=1.78, p=0.411  F=4.68, p=0.010  H=12.18, p=0.002 

ICU   148 61.3 (26.1)  112 43.3 (16.6)  124 52.8 (21.4)  
Geriatrics 163 60.3 (30.0)  128 45.3 (17.9)  137 43.1 (24.6)  
Rehabilitation 104 56.1 (32.9)  84 37.9 (17.4)  91 43.4 (26.3)  

Gender    t=-0.51, p=0.610  t=1.48, p=0.141  t=1.86, p=0.064 

Female  354 60.3 (29.6)  278 42.4 (17.4)  302 45.6 (24.0)  
Male  50 58.0 (27.6)  41 46.6 (17.0)  44 52.8 (24.8)  

Age category   H=1.41, p=0.703  F=1.06, p=0.366  F=0.46, p=0.710 

<25 years 37 59.5 (26.2)  34 44.5 (16.6)  36 48.6 (24.6)  
25-34 years 131 57.8 (29.2)  106 42.3 (17.1)  110 45.0 (24.4)  
35-50 years 144 61.6 (27.1)  109 44.4 (17.1)  122 48.2 (22.8)  
>50 years 98 60.5 (33.6)  75 40.0 (18.9)  83 45.5 (26.8)  

Work experience   F=0.83, p=0.481  H=2.77, p=0.428  F=6.49, p<0.001 

<5 years 112 57.1 (28.4)  97 43.7 (16.4)  103 52.4 (23.4)  
5-10 years 67 57.7 (31.0)  55 39.3 (20.8)  58 35.8 (22.5)  
11-20 years 76 61.8 (29.7)  57 45.8 (15.4)  60 45.4 (23.2)  
>20 years 146 62.1 (29.7)  108 42.7 (17.4)  123 48.4 (24.1)  

Education   F=6.23, p<0.001  F=10.96, p<0.001  F=13.59, p<0.001 

Secondary school 34 41.2 (28.5)  26 29.8 (17.7)  24 21.9 (19.9)  
Higher prof. education 112 57.4 (30.1)  86 40.4 (16.1)  93 41.9 (23.9)  
Bachelor degree 242 62.8 (28.5)  197 44.7 (16.8)  215 51.3 (23.0)  
Master degree 11 69.7 (27.7)  8 64.1 (19.4)  8 50.0 (18.9)  

Function   t=4.05, p<0.001  t=4.46, p<0.001  t=5.40, p<0.001 

Nurse1 377 61.5 (28.9)  297 44.0 (16.9)  324 48.5 (23.7)  
Nursing assistant 37 41.4 (27.7)  27 28.7 (18.3)  27 23.1 (20.7)  

Additional training in PU/Wound care   t=-0.67, p=0.503  t=2.32, p=0.021  t=-0.03, p=0.980 

Yes 17 54.9 (26.2)  12 54.2 (12.3)  14 46.4 (19.3)  
No 398 59.8 (29.6)   312 42.3 (17.6)   338 46.6 (24.6)   
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1Bachelor degree or higher professional education (=fourth grade of secondary school) 
2 Remembering 
3 Understanding 
4 Analyzing 
5 Evaluating

Table 5. Knowledge per question level 

  
Level 12 

mean % (SD) Difference 
Level 23 

mean % (SD) Difference 
Level 44 

mean % (SD) Difference 
Level 55 

 mean % (SD) Difference 

 N    N   N   N   
Overall 309 57.9 (15.2)  352 44.2 (18.2) 344 38.1 (18.6)  386 66.8 (29.7)  
Age category  

 F=1.70, p=0.165  
 F=0.63, p=0.598 F=1.40, p=0.244 F=1.19, p=0.312 

<25 years 32 61.4 (11.5)  36 44.4 (16.3) 31 40.1 (17.5)  36 73.1 (26.2)  
25-34 years 97 57.5 (14.4)  118 43.7 (18.2) 110 36.4 (18.8)  119 65.3 (30.8)  
35-50 years 112 59.0 (16.1)  113 43.0 (17.3) 123 40.4 (18.4)  134 68.9 (29.5)  
>50 years 68 54.8 (16.2)  83 46.5 (20.2) 78 36.1 (18.5)  95 63.9 (29.4)  

Work experience  
 F=1.56, p=0.199  

 F=0.70, p=0.550 F=2.63, p=0.050 F=2.32, p=0.075 
<5 years 90 60.4 (12.2)  105 43.1 (18.4) 96 39.6 (18.7)  108 71.0 (28.1)  
5-10 years 50 56.2 (16.5)  57 43.1 (19.2) 62 32.9 (20.1)  60 58.9 (31.5)  
11-20 years 57 59.2 (16.8)  58 44.8 (16.2) 58 41.6 (16.3)  68 65.7 (31.0)  
>20 years 105 56.3 (15.8)  122 46.3 (18.1) 120 37.5 (17.6)  137 68.6 (29.4)  

Education  
 F=14.97, p<0.001 F=13.91, p<0.001 F=2.18, p=0.090 F=14.43, p<0.001 

Secondary school 21 39.8 (19.0)  28 29.6 (20.9) 25 32.6 (21.6)  31 38.7 (32.3)  
Higher prof. education 78 55.7 (14.0)  93 40.4 (16.1) 95 35.3 (16.0)  100 62.7 (28.1)  
Bachelor degree 194 60.9 (13.8)  213 46.9 (17.3) 206 39.4 (18.6)  233 72.8 (27.9)  
Master degree 7 62.3 (12.2)  9 63.5 (10.4) 8 44.6 (17.8)  7 71.4 (23.0)  

Function  
 t=4.92, p<0.001  

 t=4.99, p<0.001 t=1.45, p=0.148  t=6.08, p<0.001 
Nurse1 287 59.3 (14.0)  322 45.6 (17.3) 317 38.4 (18.3)  350 69.6 (28.1)  
Nursing assistant 22 39.3 (18.7)  29 28.6 (21.3) 26 33.0 (21.3)  35 39.0 (30.8)  

Additional training in PU/Wound 
care  

  
t=0.99, p=0.325 

 
 t=2.40, p=0.017 t=3.50, p=0.001  t=-0.90, p=0.369 

Yes 12 62.1 (11.5)  13 56.0 (13.6) 15 54.3 (18.1)  15 60.0 (28.7)  
No 297 57.7 (15.4)   339 43.8 (18.2) 329 37.4 (18.3)   371 67.0 (29.7)   
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DISCUSSION 

The aim of this study was to measure the knowledge of nurses and nursing assistants about PU prevention. The 

pre-final version of the valid, reliable and up-to-date PUKAT 2.0 instrument was used, consisting of 28 multiple-

choice items (covering six relevant themes).  

The results showed that the knowledge of nurses and nursing assistants was poor (50.7%), especially related to 

the themes ‘Prevention’, ‘Etiology’ and ‘Specific patient groups’. Inadequate theoretical knowledge was also 

found in previous research (Aydin & Karadag, 2010; Beeckman et al., 2011; Chianca et al., 2010; Demarré et al., 

2012; Feng, Li, Xu, & Ju, 2016; Gallant et al., 2010; Gunningberg et al., 2015; Halfens & Eggink, 1995; Hulsenboom, 

Bours, & Halfens, 2007; Nuru, Zewdu, Amsalu, & Mehretie, 2015; Panagiotopoulou & Kerr, 2002; Pieper & Mattern, 

1997; Qaddumi & Khawaldeh, 2014). High knowledge scores on the theme ‘Risk assessment’ was in accordance 

with previous research (Barakat-Johnson et al., 2018; Beeckman et al., 2011; Gunningberg et al., 2015; Kaddourah 

et al., 2016).  

Questions assigned to a higher cognitive level according to the revised version of Bloom’s taxonomy (Anderson 

et al., 2001), and thus requiring critical thinking skills based on knowledge generally resulted in lower mean 

knowledge scores. This was also found in the study of Kim, Patel, Uchizono, and Beck (2012) and Tiemeier, Stacy, 

and Burke (2011). This highlights the need to increase the basic understanding of nurses and nursing assistants 

related to PUs, since the ability to succeed at higher levels of Bloom’s taxonomy is due partially to success at 

lower levels (Verenna, Noble, Pearson, & Miller, 2018).  

In line with previous studies (Aydin & Karadag, 2010; Beeckman et al., 2011; Lawrence, Fulbrook, & Miles, 2015; 

Nuru et al., 2015; Pancorbo-Hidalgo et al., 2007) higher scores were associated with higher levels of education 

and training. This is however in contrast with the study of Demarré et al. (2012), by which knowledge was 

assessed using the PUKAT instrument (Beeckman et al., 2010) and no significant differences in knowledge were 

found between nurses and nursing assistants (Demarré et al., 2012). A possible explanation might be the 

rephrasing of questions and inclusion of patient cases in the PUKAT 2.0 instrument, creating the advantage of 

evaluating higher levels of knowledge. The fact that no statistical differences were found for level 4 questions 

when comparing the function (nurse vs. nursing assistant) and education levels of participants might possibly 

be explained by the nature of the question itself. Higher scores for wound care nurses compared to nurses who 

did not attend any additional training in wound care were also found in previous research (Zulkowski, Ayello, & 

Wexler, 2007). As a result, organizational support on certification or higher education in wound care is 

recommended (Bergquist-Beringer et al., 2009). 
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A difference in scores between the participating wards (geriatrics, rehabilitation and ICU) was found, indicating 

lower scores for rehabilitation wards (i.e. mean total score of 46.6%). This was not expected and is in contrast to 

the study of Kaddourah et al. (2016) which assessed the knowledge of nurses and other health professionals 

towards PU prevention in a rehabilitation hospital using the Pressure Ulcer Knowledge Test (PUKT) (Pieper & 

Mott, 1995). A mean percentage score of 75.0% for nurses was found in this study.   

The age group <25 years had significantly higher mean scores on the theme ‘Classification and observation’ 

compared to the other age categories. Significant higher mean scores for younger age group participants were 

also found in the study of Kaddourah et al. (2016). This can be explained by the short time period between the 

time of graduation and starting to work as a nurse. However, related to the theme ‘Risk assessment’ participants 

in the age category 35-50 year had significant higher scores than 25-34 and >50 year old participants.  

Having 5-10 years of work experience resulted in significant lower scores on one theme (i.e. ‘Specific patient 

groups’) compared to less than 5 years or more than 20 years of work experience. The relationship between 

knowledge scores and clinical experience was assessed in the study of Kaddourah et al. (2016), which was not 

significant. Pancorbo-Hidalgo et al. (2007) analyzed the influence of professional experience on nurses’ 

knowledge and found significant differences between professionals with 2-5 and 5-10 years experience 

compared to less experienced nurses, the latter having lower knowledge scores. Nurses with over 20 years of 

professional activity showed a statistical decrease in knowledge scores (Pancorbo-Hidalgo et al., 2007). This can 

be explained by a possible imbalance between practical and theoretical knowledge. Based on the literature 

review of Suva et al. (2018) it can be stated that the current evidence with respect to the impact of clinical 

experience on nurses’ knowledge about PUs is unclear.  

The results of this study highlight important knowledge deficits related to PU prevention. Consequently, 

strategies need to be developed to improve nurses’ and nursing assistants’ knowledge in the first place and 

clinical practice in the second place. Therefore, the Education Committee of the European Wound Management 

Association (EWMA) designed a curricular framework that incorporates various aspects of wound management 

in a number of education models, including the module ‘Prevention and Management of PU’ (European Wound 

Management Association, 2015). A combination of intellectual and practical skills is recommended through the 

combination of lectures, workshops and learning practice. Varying methods of education strategies should be 

used in order to meet diverse learning needs (Morente, Morales-Asencio, & Veredas, 2014; Saleh, Al-Hussami, & 

Anthony, 2013). According to the EWMA an education module on the prevention and management of PU should 

include following themes: epidemiology, anatomy, pathophysiology, principles of patient care, assessment, risk 

factor management, prevention of PU, wound management of PU, management of infection, specialist 
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interventions, systemic and local pharmacological management, rehabilitation service and psychosocial aspects 

of care (European Wound Management Association, 2015). However, those themes are currently not all included 

in the nursing curriculum, which should be considered further. Profound knowledge of theoretical frameworks 

and pathophysiological mechanisms is needed to gain insight in which preventive measures should be applied 

as well as the underlying reason. Therefore, evidence based training in PU prevention at the organizational level 

should be mandatory at orientation and on a yearly basis (Bergquist-Beringer et al., 2009). Based on the research 

of Ousey, Stephenson, Cook, Kinsey, and Batt (2013) and in accordance to the Theory of Planned behavior (Ajzen 

& Fishbein, 2005; Azen & Madden, 1986) it can be stated that training has a positive effect on confidence and 

competence in PU management. Also starting from the Social Cognitive Theory (Baranowski et al., 2002) where 

skills, self-efficacy and outcome expectancies are primary personal concepts for understanding behavior, 

training and education is of utmost importance.  

Since implementation of PU best practices is influenced by multiple factors (Suva et al., 2018) and higher 

knowledge does not necessarily result in better practice (Beeckman et al., 2011; Chianca et al., 2010; Gallant et 

al., 2010; Kaddourah et al., 2016; Källman & Suserud, 2009), also other influencing factors such as time 

management, staff shortages, absence of policy and guidelines (Athlin et al., 2010; Cucolo & Perroca, 2015; Dilie 

& Mengistu, 2015; Nuru et al., 2015) should be taken into account to obtain a higher quality of care. Facilitators 

to guideline implementation and thus clinical practice might be group interaction, positive attitudes and beliefs, 

leadership support, presence of champions, teamwork and (inter-organizational) collaboration and support from 

a professional association (Ploeg, Davies, Edwards, Gifford, & Miller, 2007). Next, evaluation of the availability, 

quality and standards for use of PU prevention and treatment equipment is recommended, together with regular 

evaluation of organizational performance in PU prevention and treatment and the provision of feedback to 

stakeholders. To gain insight in the quality of care being delivered, quality indicators need to be used. 

Consequently, improvement initiatives can be developed which can be again monitored (National Pressure Ulcer 

Advisory Panel et al., 2014). Quality indicators can be categorized into structure (evaluation at the level of the 

care setting), process (evaluation at the level of care) and outcome (evaluation at the level of the individual 

patient) (Donabedian, 1988). To improve clinical practice, a structured, tailored and multi-faceted strategy will 

need to be developed (National Pressure Ulcer Advisory Panel et al., 2014).  

Limitations 

The assessment of knowledge about PU prevention by using an instrument covering a wide range of relevant 

topics related to PU prevention can be seen as a strength since it facilitates the detection of bottlenecks. 

Consequently, educational needs can be highlighted. Despite the tool is easy to administer, the inclusion of 28 

items can be seen as a possible disadvantage resulting in an instrument which is too time consuming to 
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complete. For this study the pre-final version of the PUKAT 2.0 was used, given the fact that the validation 

process was still ongoing at the moment of study start-up. However, this version integrated the recent guidelines 

and was able to measure the knowledge of nurses and nursing assistants conform these recently published 

National and International guidelines. Differences between the pre-final version and the final version are 

minimal and can be found in reformulations of the stem (13 items), reformulations of the response alternatives 

(15 items) and the exclusion of items (1 in the theme ‘Etiology’ and 2 in the theme ‘Specific patient groups’).  

 

CONCLUSION 

A knowledge deficit regarding the knowledge of nurses and nursing assistants on PU prevention was shown. The 

knowledge assessment tool used for this study made it possible to highlight the themes that need more focus 

on continuing professional education activities. It is recommended to consider current nursing curricula in 

accordance to the curricular framework developed by the EWMA. Besides, multifaceted strategies at the 

individual level, the team and the organization are needed to improve clinical practice. 
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ABSTRACT 

 

Aim: This study protocol describes the methodology for the development of a core set of outcomes and a core set of 

measurements for incontinence-associated dermatitis. 

Background: Incontinence is a widespread disorder with an important impact on quality of life. One of the most 

common complications is incontinence-associated dermatitis, resulting from chemical and physical irritation of the 

skin barrier, triggering inflammation and skin damage. Managing incontinence-associated dermatitis is an important 

challenge for nurses. Several interventions have been assessed in clinical trials, but heterogeneity in study outcomes 

complicates the comparability and standardization. To overcome this challenge, the development of a core outcome 

set, a minimum set of outcomes and measurements to be assessed in clinical research, is needed.  

Design: A project team, International Steering Committee and panelists will be involved to guide the development of 

the core outcome set. The framework of the Harmonizing Outcomes Measures for Eczema roadmap endorsed by 

Cochrane Skin Group Core Outcomes Set Initiative, is used to inform the project design.  

Methods: A systematic literature review, interviews to integrate the patients’ perspective and a consensus study with 

healthcare researchers and providers using the Delphi procedure will be performed. The project was approved by the 

Ethics review Committee (April, 2016). 

Discussion: This is the first project that will identify a core outcome set of outcomes and measurements for 

incontinence-associated dermatitis research. A core outcome set will reduce possible reporting bias, allow results 

comparisons and statistical pooling across trials and strengthen evidence based practice and decision making. 

 

Registration: This project has been registered in the Core Outcome Measures in Effectiveness Trials (COMET) database 

and is part of the Cochrane Skin Group Core Outcomes Set Initiative (CSG-COUSIN). 

 

Keywords: Clinical nursing research, Core outcome set, Domains, Incontinence-associated dermatitis, Measurement 

instruments, Nursing, Outcome assessment, Outcomes, Outcomes research  
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Why this study or review is needed 

§ Incontinence and the related complications such as incontinence-associated dermatitis are a burden for 

patients and their caregivers. Adequate prevention and treatment of incontinence-associated dermatitis are 

essential and recommended. 

§ Many leave-on products are available, but the studies on the efficacy and (cost-) effectiveness are difficult 

to compare because of the great variety in used outcomes and their measurements. 

§ To date, there is no consensus on which outcomes to measure in clinical effectiveness trials in incontinence-

associated dermatitis research. 
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INTRODUCTION 

 

Incontinence-associated dermatitis (IAD) is an inflammation of the skin that occurs when urine or stool comes into 

contact with perineal or perigenital skin (Gray et al., 2007). IAD affects all age groups and all healthcare settings but 

is mainly present in early childhood and old age (Farage, Miller, Berardesca, & Maibach, 2007; Folster-Holst, Buchner, 

& Proksch, 2011). Other widely used terms for this skin condition in early childhood are perineal, diaper, or napkin 

dermatitis/rash. The term IAD is regarded as being more appropriate to be used in adults and this concept is 

increasingly recognized in clinical practice and research. The exact etiology of IAD is unclear but it is assumed that the 

interaction between increased skin surface wetness, increased skin surface pH, increased microbial loads, fecal 

proteases and lipases and mechanical factors like friction, weaken and damage the epidermal barrier leading to 

inflammation to full thickness wounds. Fungal infections are often associated with IAD (Farage et al., 2007). 

 

Background 

Prevention and treatment of IAD includes gentle skin cleansing and the application of topical leave-on products for 

protection and promotion of healing (e.g. ‘barrier products’) (Kottner & Beeckman, 2015). Although numerous studies 

about prevention and treatment of IAD have been performed, the current knowledge is limited. One reason is the use 

of many different and sometimes ill-defined outcome parameters in clinical studies. The Cochrane review of skin care 

interventions (different topical skin care products, structured and unstructured skin care procedures and different 

methods and frequencies of application of topical skin care products) in the prevention and treatment of IAD in adults 

revealed a variety in reported outcomes (Beeckman et al., 2016). Comparing data and pooling results of clinical trials 

to be used in evidence based healthcare, can only be conducted if outcomes are comparable. Therefore a Core Outcome 

Set (COS) in IAD research needs to be developed.  

A COS is a consensus-derived minimum set of outcomes to be assessed in clinical research. The agreed standardized 

set of outcomes should be measured and reported in all trials for a specific clinical area. However, a COS does not 

limit researchers to choose additional outcomes and measurements (Schmitt et al., 2014). Using identical outcomes 

across trials allows comparisons of results enhancing the value of evidence synthesis and reducing the risk of outcome 

reporting bias (Williamson et al., 2012). A COS consists of two different levels, namely a core set of outcomes and a 

core set of measurements. Where a core set of outcomes will refer to ‘what’ to measure, a core set of measurements 

will refer to ‘how’ to measure (Prinsen et al., 2014; Schmitt et al., 2014). Each core set of outcomes must have at least 

one measurement instrument. Measurement instruments must be valid and reliable (Streiner & Kottner, 2014). To 
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reduce a perceived confusion in terminology across disciplines (e.g. psychology, medicine) the Outcome Measures in 

Rheumatology (OMERACT) group proposed three concepts: truthful, discriminative and feasible (Boers, Brooks, Strand, 

& Tugwell, 1998). ‘Truthful’ means that the outcome measurement captures what it intends to and thus corresponds 

to the measurement property validity. ‘Discriminative’ means that the outcome measurement discriminates between 

disease states in a reliable way and therefore corresponds to the measurement criteria of ‘reliability’ and ‘sensitivity 

to change’. ‘Feasible’ captures important aspects of outcome measurements beyond the classic psychometric 

properties such as interpretability, cost, availability, time requirements and practicability and depends on the setting 

(Boers, Kirwan, Wells, et al., 2014).  

First formal methodological approaches for COS development have been published. More than twenty years ago the 

OMERACT was launched at a conference as a formal way to develop and discuss core outcomes in the specific health 

area of rheumatology (Clarke, 2007). Since 1992 core sets for many rheumatologic conditions were developed, where 

patients were actively involved since 2002 (Boers, Kirwan, Wells, et al., 2014). The Harmonizing Outcome Measures for 

Eczema (HOME) project was founded in 2008 and developed a roadmap for the development and implementation of 

a COS for atopic eczema (Schmitt et al., 2014). The Core Outcome Measures in Effectiveness Trials (COMET) initiative 

was launched in 2010 to bring together researchers who are interested in the development and application of agreed 

standardized sets of outcomes COMET (COMET, 2016). The aim of COMET is threefold, namely (1) to collect relevant 

resources; (2) to facilitate the exchange of ideas and information and (3) to foster methodological research. Therefore, 

a searchable database of complete and ongoing projects in core outcome set development was established, next to a 

repository for project protocols. The COMET initiative also foresees in guidance on (1) developing and reporting core 

outcome sets, (2) integrating patient reported outcomes into core outcome sets and (3) obtaining funding to develop 

core outcome sets (COMET, 2016). Regarding skin related health domains, the international Cochrane Skin Group 

initiated the Core Outcomes Set Initiative (CSG-COUSIN) in 2014. It is considered as a research group, open for everyone 

interested in outcomes research and evidence-based dermatology to develop and implement core outcome sets (CSG-

COUSIN, 2016a).  

During the development of a core set of outcomes and measurements, participation of stakeholders throughout the 

whole process is of utmost importance. The involvement of stakeholders can increase the number of ideas and 

perspectives, establish credibility, ensure relevance and meaning to different groups, identify concerns, barriers and 

controversies that would not have otherwise been considered, increasing transparency and dissemination (Boers, 

Kirwan, Tugwell, et al., 2014).  
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Irrespectively from the health domain or construct, the development and use of a COS is appropriate and highly 

recommended. Gargon et al. (2014) identified 198 published and ongoing COS development studies covering various 

areas of health, most commonly cancer, rheumatology, neurology, heart and circulation and dentistry and oral health 

(Gargon et al., 2014). This review shows that there has been a rapid increase in the development of COS over recent 

years. Despite the wide range of health areas, there are significant gaps in certain health areas providing future 

opportunities for COS developers. CONSIDER project is the first to develop a COS in the area of IAD. 

 

THE STUDY 

Aims 

The aim of this project was to develop a core set of outcomes and a core set of measurements to be applied in clinical 

research involving adults with IAD or at risk, independently from any geographical location or skin colour. 

 

Methods 

The project consists of several phases and steps including different research methods (scoping review and consensus 

study using Delphi procedure). The COS for IAD research project will consist of two levels, namely a core set of 

outcomes and a core set of measurements. Figure 1 shows an overview of the COS development and the phases and 

steps that will be completed.  

 

Phase 1: Background, preparation and process 

In this project several groups will be involved (Figure 2). The project team will establish the methods and will take 

final decisions. The International Steering Committee and panelists will guide the development of the COS. The 

separate category of ‘both healthcare researcher and provider’ in the group of panelists will be made because they 

might bring a perspective on core outcomes that may differ from that of people who perform only one of the two 

jobs. At least 100 experts will be invited to have a minimum of 80 experts completing all phases of the Delphi 

procedures, taking into account a response rate of 80%. In this project, more than one representative from each of 

following stakeholder groups will be involved: patients, healthcare researchers, healthcare providers and healthcare 

researchers who are also healthcare providers (Boers, Kirwan, Tugwell, et al., 2014). Stakeholders will be represented 

from at least three continents.  
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Phase 2: Developing of a core set of outcomes for IAD research 

For the development of the core set of outcomes for IAD research two steps need to be completed: (1) the identification 

of existing outcomes and (2) a consensus study using Delphi procedure. 

 

Step 1: Identification of existing outcomes 

A list of outcomes will be generated based on a literature review, consultation of the International Steering Committee 

and patients (see Figure 3).  

 

A systematic literature review will be conducted using a sensitive search filter to identify all possible outcomes, 

including rare endpoints and the patients’ perspective (e.g. qualitative studies) (Williamson et al., 2012). The search 

filter will cover the concept of IAD broadly (synonyms, incontinence- and dermatology related terms) and will be 

applied in the Cochrane Library, Pubmed, Web of Science and the Cumulative Index to Nursing & Allied Health Literature 

(CINAHL). References of studies included in the review will also be screened. All study designs (systematic and 

narrative reviews with or without meta-analyses, clinical trials, case series and qualitative research) will be included. 

There will be no restriction regarding the year of publication. Two reviewers will independently assess all records 

obtained. Studies focusing on adults aged ≥18 years with IAD or at risk, from any geographical location or skin colour 

will be included. Studies will be excluded based on following criteria: children, healthy volunteers and studies in 

languages other than English, French, German and Dutch. All outcomes will be extracted by one author and 10% by a 

second author after which the inter-rater agreement will be assessed. The exact actual wording of each obtained 

outcome and, if possible, the definition of the outcome, will be extracted in tables.  

The International Steering Committee will be consulted to brainstorm about possible outcomes and existing 

conceptual frameworks. Next, 4 - 5 patients will be interviewed with the purpose of obtaining outcomes relevant for 

patients with IAD. The patients will be recruited via the wound network of the university hospital and incontinence 

patient associations. Final, outcomes will be classified into domains by the project team and reported back to the 

International Steering Committee which will result in a draft core set of outcomes. 
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Step 1 – Identification of existing outcomes
· To identify existing outcomes and measurements via a systematic literature review, 

consultation of the International Steering Committee and interviews with patients

Step 2 – Consensus study using Delphi procedure
· To reach consensus about the core set of outcomes via a Delphi procedure

Phase 2 – Core Set of Outcomes

Core Outcome Set in IAD Research

Phase 3 – Core Set of Measurements

Step 1 – Research question and literature review
· To identify the available instruments via a systematic literature review

Step 2 – Evaluation of the methodological quality of studies on measurement properties
· To assess the methdological quality of the instrument development and testing studies

Step 3 – Data synthesis
· To give an overview of the measurement properties

Step 4 – Validation studies
· In case of absence of evidence: to conduct validation studies of measurement instruments or 

develop new instruments

Step 5 – Consensus study using Delphi procedure
· To reach consensus about the core set of measurements via a Delphi procedure

· To set up an International Steering Committee
· To identify the stakeholders to be considerded

Phase 1 – Background, preparation and process

· To promote the distribution, acceptance and implementation of the core outcome set via 
publications and presentations at relevant conferences.

· To monitor emerging evidence and revise the core outcome set if needed

Phase 4 – Dissemination and monitoring

 

Figure 1. Project phases and steps 



 

Chapter 5: Core outcome set in IAD research: study protocol 
 

142 

 

Members
· Two investigators and two project leaders
Tasks
· Initiation and coordination of the Core Outcome Set for IAD Research

Project team

Members
· Six experts (dermatology, geriatrics, wound care, trials and 

nursing)
· Representatives of two patient associations
Tasks
· To give input on outcomes and measurement instruments
· To critically review the (preliminary) core set of outcomes 

and core set of measurements

International Steering Committee

Members
· Healthcare researchers ( working in all field relevant for 

IAD research, methodologists and statisticians)
· Healthcare providers (professionals, institutions, family 

members and caregivers)
· Both healthcare researcher and provider
Tasks
· To participate in the consensus studies (Delphi 

procedure)

Panelists

 

Figure 2. Project organization 
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Figure 3. Identification of existing outcomes 
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Step 2: Consensus study using Delphi procedure 

The draft core set of outcomes will be submitted to the panelists (see Figure 2), using a Delphi procedure (Figure 4). 

The Delphi procedure has two objectives: (1) to obtain consensus about a core set of outcomes and (2) to select those 

domains considered most important for which outcome measurements will be searched. An overview of the aims of 

the Delphi procedure per round can be found in Figure 5.  

 

Delphi study
Round 3

Yes

No

Consensus?

Core Set of Outcomes

Delphi study
Round 2

Yes

No

Delphi study
Round 1

Yes

Consensus study (Delphi procedure) – Process

Consensus?

Consensus?

 

Figure 4. Flowchart process consensus study using Delphi procedure 

 

The draft core set of outcomes will be presented to the panelists via an online survey. In this way, equal influence is 

given to all participants and it avoids an individual participant being influenced by the opinions of any other 

participant (Sinha, Smyth, & Williamson, 2011). At the start of the procedure, panelists will be reminded of the 

importance of completing the procedure and that anonymity will be assured. An email reminder will be send to 

stimulate completion of the survey. Non-responders who did not explicitly express their desire to opt-out, will be 

invited to participate in the following rounds (Sinha et al., 2011).  
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Round 1
1. To collect demographic variables (specific clinical role as stakeholder, gender, nationality, country of 
employment, educational background, field of work and previous participation in clinical trials or review in 
the area of IAD)
2. To rate each outcome using a scoring system from 1 to 10: 

* 1 – 3: not that important for inclusion into the COS
* 4 – 6: important but not critical
* 7 – 9: critical for inclusion
* 10: unsure or not my expertise

3. To propose changes of wording and definitions of outcomes and domains 

Round 2
1. To give feedback per category of panelists: (1) healthcare researchers, (2) healthcare providers and (3) both 
healthcare researcher and provider.
2.To rate each outcome that did not have 70% of the first round respondents in the same category of panlists 
answering 7 – 9 or 10 
3. To obtain consensus on domains for which outcome measurements will be searched 

Round 3 - only if no consensus was obtained
1. Feedback per category of panelists: (1) healthcare researchers, (2) healthcare providers and (3) both 
healthcare researcher and provider.
2. To rate each outcome that did not have 70% of the second round respondents in the same category of 
panlists answering 7 – 9 or 10 

Consensus study (Delphi procedure) – Aim

 

Figure 5. Aim consensus study using Delphi procedure 

 

Phase 3: developing a core set of measurements for IAD research 

For the development of the core set of measurements for IAD research five steps need to be completed (see Figure 1).  

 

Step 1: Research question and literature review 

The systematic literature review performed for the development of the core set of outcomes will identify instruments 

to measure the domain. If no instrument is available, a second search will be performed.  

 

Step 2: Evaluation of the methodological quality of studies on measurement properties 

The methodological quality of the instrument development and testing studies will be appraised. Therefore an 

additional systematic review will be carried out using a specific search filter in the following databases: the Cochrane 

Library, Pubmed, Web of Science and the Cumulative Index to Nursing & Allied Health Literature (CINAHL). References 
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of studies included in the review will also be screened. An overview of the focus and the inclusion and exclusion 

criteria concerning the literature review can be found in Figure 6. The title and abstract of the studies will be screened 

independently on the inclusion criteria by two reviewers. In case of different opinions, the two reviewers will make a 

decision based on discussion of the full text papers. The reason for exclusion will be documented. All discrepancies 

will be resolved by consensus or with a third reviewer (a member of the project team). Data extraction using data 

extraction tables will be performed by one author and 10% by a second author after which the inter-rater agreement 

will be assessed. 

 

Focus of the search filter
· Incontinence-associated dermatitis
· Adults with IAD or at risk, in any setting
· Instruments
· Measurement properties

Literature search for the evaluation of the methodological quality 

Inclusion criteria
· Primary validation studies that investigated and 

reported at least one measurement property
· Instruments used to measure the domain of 

interest
· Studies conducted in adult humans with IAD or 

at risk
· No language restrictions or time limits

Exclusion criteria
· Studies using measurement tools but without 

reporting validity or reliability

 

Figure 6. Literature search for the evaluation of the methodological quality 

 

The methodological quality of studies on measurement properties will be assessed using the COSMIN checklist 

(Mokkink et al., 2013). This checklist includes 12 boxes and aims to: to evaluate general requirements (n=2), to evaluate 

the quality of the assessment of different measurement properties (reliability, validity and responsiveness) (n=9) and 

to evaluate the quality of a study on interpretability of a health-related patient-reported outcome (n=1). The 

methodological assessment of the included studies will be performed by two reviewers independently, resolving 

differences by consensus or with a third reviewer (a member of the project team).  

 

 

 



 

Chapter 5: Core outcome set in IAD research: study protocol 
 

146 

 

Step 3: Data synthesis 

For studies with excellent or good methodological quality, a detailed overview of measurement properties will be 

given using the COSMIN checklist in combination with criteria for good measurement properties developed by Terwee 

(2011). Aspects that will be extracted per measurement instrument (see Figure 7) are (1) the general characteristics 

of the instrument, (2) the characteristics of the study populations where the measurement properties were assessed, 

(3) the results of the measurement properties of the instrument and (4) evidence on the feasibility of the instrument. 

The final result, a core set of measurements, will be a selection of instruments that have proven to be truthful, 

discriminative and feasible (Boers, Kirwan, Wells, et al., 2014).  

 

Step 4: Validation studies of measurement instruments or development of new instruments 

A consensus discussion and voting with the International Steering Committee will be organized to determine what 

validation studies should be conducted in case of absence of evidence. For core outcomes without valid core outcome 

measurement instruments, new instruments should be developed in further research.  
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General characteristics
· Construct
· Subscales
· Number of items
· Version 

Data synthesis

Ch aracteristics of the study  population
· Age and gender
· Disease severity
· Setting
· Country
· Language 

Discrimination
· Internal consistency
· Measurement error
· Reliability
· Interrater reliability
· Longitudual construct validity
· RCT discrimination
· Tresholds of meaning
· Responsiveness (sensitivity to change)

Measurement properties

Truth
· Content validity
· Face validity
· Construct validity
· Criterion validity
· Hypothesis testing
· Cross-cultural validity
· Factor analyses
· Description of scale development

Feasibility
· Interpretability
· Respondent burden
· Monetary and other costs
· Tested in recommended application
· Availability
· Time requirements

 

Figure 7. Data synthesis 
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Step 5: Consensus study using Delphi procedure 

The draft core set of measurements for IAD research will be discussed in consultation with the International Steering 

Committee. They will be asked to concentrate on the clinical, patient-important and sensibility aspects of the 

instruments. Furthermore, they will be asked to complete the draft with possible missing instruments. The project 

team will adjust the list of core measurements, taking into account the input of the International Steering Committee. 

Next, a consensus with the panellists (see Figure 2) will be obtained via a Delphi procedure similar to the consensus 

study in the development of the core set of outcomes (Figure 4 & 5). The consensus study aims to obtain consensus 

about a core set of valid and reliable measurements. The previous steps, including the systematic review of 

measurement properties, will be used to inform the consensus process whether or not the individual outcome 

measurement instruments are suitable to assess the chosen core outcome. 

 

Phase 4: Dissemination and monitoring 

The distribution, acceptance and implementation of the core set of outcomes and measurements will be promoted 

via international publications and presentations at relevant conferences. The emerging evidence will be monitored 

with the aim to revise the core set of measurements if needed.  

 

Ethical considerations 

Research Ethics Committee approval was obtained by the Ethics review Committee (April, 2016). All individual 

participation will be voluntarily sought following the presentation of written information about the theoretical 

purposes of the study and how participation will strengthen clinical decision making, contributing to patient-centered 

healthcare and improved methodology of IAD research. Written informed consent will be obtained from all voluntary 

participants. Participants’ information will be kept anonymous and confidential. Participants will be free to withdraw 

from the study at any point in time. 

 

Validity and reliability / Rigour 

Several aspects will be considered to assure the validity and reliability of this project. First, two researchers will carry 

out the entire project where some of the steps will be performed independently (e.g. screening of literature). Second, 

the perspective of all relevant stakeholders such as patients and their carers, healthcare providers, healthcare 

researchers will be included throughout the whole process of this project. Final, the members of the project team and 

International Steering Committee are all experts who have published extensively in the field of IAD.  
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DISCUSSION 

 

Although numerous studies about prevention and treatment of IAD have been performed, there is a pronounced 

heterogeneity and a low comparability between studies. This is also related to the use of many different and 

sometimes ill-defined outcome parameters in clinical studies. This results in the difficulty to compare and pool the 

results and thus is unhelpful in clinical decision making. In this project, a core set of outcomes relevant for patients 

and their clinicians will be developed to be used in clinical IAD research. The use of a COS in clinical trials will decrease 

outcome reporting bias and allow comparisons across trials. The core set of measurement instruments will further 

enhance the validity and reliability of the used outcomes and the comparability. This would enhance interpreting the 

observed effects and strengthen informed decision making about treatment and evidence-based healthcare decisions. 

The strength of this project is the international input of relevant experts to enhance to generalizability of the core 

outcome set and the patient involvement. CONSIDER project is embedded in the CSG-COUSIN, a working group in the 

international Cochrane Skin Group (CSG-COUSIN, 2016b). 

 

Limitations 

Few methodological guidelines are available, resulting in the absence of a reference standard to develop a COS. 

Different core outcome sets for specific pathologies have been developed, but many details are still unclear. In general 

it is agreed that the input of relevant stakeholders is crucial in the development of a COS. Therefore, international 

experts will be involved throughout this whole process. The condition that the stakeholder must be capable to 

communicate in English through Skype or e-mail could create bias. Since patients with IAD or at risk are mainly from 

an older population, it could be difficult to communicate adequately with them. This would possible lead to missing 

information.  

 

CONCLUSION 

IAD is a burden for patients and their caregivers. Prevention and treatment of IAD are essential but often expensive. 

Many skin care products and procedures are available, but the studies on the efficacy and (cost-) effectiveness have 

been difficult to compare because of the heterogeneity in used outcome measurements. A COS, a consensus-derived 

minimum set of outcomes and measurements, used in clinical IAD research would improve clinical research, clinical 

practice and patient outcome. The use of a COS would standardize outcomes, enhance comparison between trials, 

diminish outcome reporting bias and enhance clinical informed decision making. 
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ABSTRACT 

 

Aim: To (1) examine which outcome measurement instruments for erythema associated with incontinence-associated 

dermatitis (IAD) with supporting evidence about measurement properties are available, (2) evaluate the 

methodological quality of the studies and the quality of the measurement properties and (3) identify eligible 

instruments to measure erythema in IAD research.  

Design: Systematic review.  

Data sources: MEDLINE, EMBASE, CINAHL and CENTRAL were systematically searched until July 2018 (update December 

2018). Additional input was gathered from 151 IAD experts. Cited and citing references of included studies were 

screened.  

Review Methods: The COSMIN Risk of Bias checklist was applied to evaluate the methodological quality of the studies. 

Reported measurement properties were rated against criteria for good measurement properties.  

Results: Fourteen studies, describing 10 measurement instruments, were included. In five instruments, erythema was 

captured as a separate concept, two studies provided empirical evidence about the measurement properties. The most 

studied measurement properties were reliability (9 studies), measurement error (4 studies), and criterion validity (4 

studies). In one study, internal consistency was examined. 

Conclusion: No instrument measuring exclusively erythema associated with IAD exists. There is no single composite 

IAD measurement instrument that outperforms others. Development or adaption of an instrument to measure 

erythema associated with IAD is one option to solve this challenge. 

Impact: The evidence about measurement properties of instruments measuring erythema associated with IAD has not 

been summarized to date. The lack of an instrument to measure erythema associated with IAD should trigger activities 

to measure this domain accurately in future clinical trials. 

 

 

 

Keywords: core outcome set, dermatology, erythema, incontinence-associated dermatitis, irritant contact dermatitis, 

literature review, measurement properties, nursing, outcome measurement instruments, systematic review 
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INTRODUCTION 

 

Incontinence-associated dermatitis (IAD) is an inflammation of the skin that occurs when the skin is exposed to urine 

or stool (Gray et al., 2007) and is one of the most common skin problems in incontinent adults (Beeckman et al., 2016). 

Clinical signs of IAD include persistent redness/erythema, pain and/or skin loss with or without signs of infection 

(Beeckman et al., 2018). Erythema is caused by the dilatation of cutaneous blood vessels (Dorland, 2011) and is 

considered a key clinical sign of IAD (Gray et al., 2012). IAD is associated with increased morbidity and prolonged 

hospitalization (Coyer & Campbell, 2018) and with pressure ulcer development (Beeckman, Van Lancker, Van Hecke, & 

Verhaeghe, 2014; Demarre et al., 2015; Gray & Giuliano, 2017).  

 

Background 

The prevention and treatment of IAD consists of applying a structured skin care protocol, wherein the optimal skin 

care regimen is to be determined by the IAD risk or the severity of IAD (Gray et al., 2012). However, limited evidence 

about the effectiveness of interventions to prevent or treat IAD in adults exists (Beeckman et al., 2016). The lack of 

comparable outcomes and outcome measurement instruments in IAD research is one reason for the inconclusive 

evidence (Beeckman et al., 2016; Gray et al., 2012). In order to improve this situation, it was decided to create a Core 

Outcome Set (COS) for IAD research (Kottner & Beeckman, 2017). The aim of the Core Outcome Set in Incontinence-

Associated Dermatitis (CONSIDER) project is to identify core outcome domains and respective outcome measurement 

instruments. It follows latest guidance in the field (Williamson et al., 2017) and it is part of the Cochrane Skin-Core 

Outcomes Set Initiative (Kottner et al., 2018). The COS development protocol was previously published (Van den 

Bussche, De Meyer, Van Damme, Kottner, & Beeckman, 2017).  

 

A COS is an agreed standardized minimum set of outcomes that should be measured and reported in all trials for a 

specific clinical area (Williamson et al., 2012). A COS facilitates the comparison of results of different studies, it 

contributes to higher-quality studies, and reduces the risk of outcome-reporting bias (Williamson et al., 2017). So far, 

core outcome domains for IAD research have been identified (Van den Bussche et al., 2018). Based on a systematic 

literature review, patient interviews and a consensus study, the following five core outcome domains were identified: 

‘erythema’; ‘erosion’; ‘maceration’; ‘IAD – related pain’; and ‘patient satisfaction’ (Van den Bussche et al., 2018). The 

next step, i.e. determining how these outcomes should be measured is unclear yet. Non-comparable scores resulting 

from different measurement instruments with variable reliability and validity make evidence synthesis difficult (Tunis 
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et al., 2016). Consequently, systematic reviews of measurement instruments, including the systematic evaluation of 

their measurement properties are needed.   

As erythema is a key clinical sign of IAD, this outcome domain was selected first. To the best of our knowledge, no 

systematic review has been performed including instruments measuring erythema related to IAD.  

 

THE REVIEW 

Aims 

The aims of this systematic review were (1) to examine which outcome measurement instruments for erythema 

associated with IAD with supporting evidence about measurement properties are available, (2) to evaluate the 

methodological quality of the studies and the quality of the measurement properties of the instruments, and (3) to 

identify eligible instruments to measure erythema in IAD research.  

 

Design 

The systematic review was guided by the Consensus-based Standards for the selection of health Measurement 

Instruments (COSMIN) guideline for conducting systematic reviews of patient-reported outcome measures (Prinsen 

et al., 2018).  

 

Study methods have been described in a published protocol (Van den Bussche et al., 2017) and a protocol for this 

review was registered in PROSPERO (De Meyer, Gabriel, Kottner, & Beeckman, 2018).  

 

Search methods 

The literature was systematically searched until July 23 2018 and updated in December 2018. Following databases 

were searched: MEDLINE (PubMed interface), EMBASE, CINAHL (EBSCO interface) and CENTRAL. No time limits or 

language restrictions were applied.  

 

The search strategy included search terms for the concepts ‘skin erythema’; ‘measurement instruments’; ‘IAD’ or 

‘irritant contact dermatitis’; and ‘measurement properties’. Search terms of the same concept were combined using 

the Boolean operator OR. The concepts ‘skin erythema’ and ‘measurement instruments’ were combined using the 

Boolean operator OR. The concepts ‘IAD’ and ‘irritant contact dermatitis’ were also combined using the Boolean 
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operator OR. Consequently, these were combined with the concept ‘measurement properties’ using the Boolean 

operator AND. The search filter for measurement instruments was based on the comprehensive search filter of Brettle, 

Long, Grant, and Greenhalgh (1998). For the measurement properties, the sensitive search filter as developed by 

Terwee, Jansma, Riphagen, and de Vet (2009) was applied. The search strategy was developed and optimised with 

support of a librarian technician and adapted to the database. If appropriate, MeSH terms or a comparable alternative 

were used. The search strategy for MEDLINE (PubMed interface) is depicted in Appendix 1.  

 

Identified records were imported in Endnote. Duplicates were removed via the duplicate search function and manually 

reviewing the list. Titles and abstracts were screened by one reviewer using Rayyan (DDM) (Ouzzani, Hammady, 

Fedorowicz, & Elmagarmid, 2016). In case of doubt, the full text of the article was reviewed and a second reviewer 

(SG) was consulted. The assessments of the full-text articles was performed by two reviewers (DDM, SG).  

 

Additional literature was searched by consulting 151 international experts in IAD assessment, prevention and 

management to provide input if they were aware of new or further developed instruments for measuring erythema 

associated with IAD. Finally, references of studies included in the review (cited references) and citing references of 

included studies were screened via Web of Science, Scopus and Google Scholar to identify additional relevant studies.  

 

Studies were included if they reported (1) the development or (2) the evaluation of one or more measurement 

properties or (3) the evaluation of the interpretability of an instrument to confirm the presence (diagnosis) and/or to 

measure the intensity of skin erythema associated with IAD in people of all age groups, independently from any 

geographical location or skin colour. Studies were excluded if the measurement instrument was developed to confirm 

the presence (diagnosis) and/or to measure the intensity of skin erythema not related to IAD or without reporting 

measurement properties or (at least) content validation.  

 

Search outcome 

Overall, 2135 records were retrieved from systematic searches in the databases (1289 in MEDLINE (PubMed interface), 

544 in EMBASE, 90 in CINAHL (EBSCO interface) and 212 in CENTRAL). After exclusion of duplicates, screening of records 

and additional searches, 14 studies were included in the review. The PRISMA flow diagram, summarizing the review 

process can be found in Figure 1.  
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Figure 1. Flowchart of study selection according to PRISMA 

 

Quality appraisal 

Quality appraisal was done independently by two reviewers (DDM, SG). Evaluation of the methodological quality of 

reported measurement properties in the included studies was based on the COSMIN Risk of Bias checklist (Mokkink et 

al., 2018). The evaluation of the methodological quality of content validity studies consisted of an evaluation of a 
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relevance study and a comprehensiveness study in professionals. The methodological quality per measurement 

property and study was rated as very good, adequate, doubtful or inadequate. In contrast with the published protocol 

(Van den Bussche et al., 2017) but in accordance with the latest revision of the COSMIN framework (Prinsen et al., 

2018), not only studies with very good or adequate methodological quality were considered further. Quantitative 

findings for each measurement property were summarized in tables. Next, the results of each measurement property 

per instrument were rated based on the predefined criteria for good measurement properties (Prinsen et al., 2018). 

Each validity or reliability estimate was rated sufficient, insufficient or indeterminate. For this review, we defined the 

following criteria in addition, because they were not listed in the updated criteria for good measurement properties 

(Prinsen et al., 2018): kappa coefficients ≥ 0.7 (reliability); percent agreement ≥ 0.7 (measurement error); and 

sensitivity and specificity ≥ 0.7 (criterion validity). A third reviewer was consulted to double-check the quality ratings. 

Measurement properties were evaluated in following specific predefined order according to COSMIN (Prinsen et al., 

2018): content validity; structural validity; internal consistency; cross-cultural validity/measurement invariance; 

reliability; measurement error; criterion validity; hypotheses testing for construct validity; and responsiveness.  

 

Data extraction  

Data extraction (using data extraction tables) was performed independently by two reviewers (DDM, SG) and double-

checked by a third reviewer. This was a deviation from the published protocol (Van den Bussche et al., 2017), stating 

that data extraction would be performed by one author and 10% by a second author. Extracted data included 

descriptions of the instrument; characteristics of the study samples in which the instrument properties were assessed; 

results of the measurement properties; and evidence on the interpretability and feasibility of the instrument. When 

information was unclear, the corresponding author of the article was contacted.  

 

Synthesis 

To come to an overall conclusion of the quality of the measurement instrument, the methodological quality of the 

reported measurement properties in the included studies, ratings of results of each measurement property against 

criteria for good measurement properties, and evidence on the interpretability and feasibility of the instrument were 

taken into account. Pooling of results and grading the evidence using the modified Grading of Recommendations 

Assessment, Development and Evaluation (GRADE) approach proposed by COSMIN (Prinsen et al., 2018), as described 

in the PROSPERO register (De Meyer et al., 2018), was not performed since measurement properties were investigated 

for different instruments in separate studies.  
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RESULTS 

 

Instruments identified 

A detailed description of the included measurement instruments can be found in Table 1. 

 

Fourteen studies describing 10 measurement instruments for the assessment of IAD were identified: (1) the Ghent 

Global IAD Categorization Tool (GLOBIAD) (Beeckman et al., 2018); (2) the Ghent Global incontinence-associated 

dermatitis Monitoring Tool (GLOBIAD-M) (Van den Bussche, Verhaeghe, Van Hecke, & Beeckman, 2018); (3) the 

Incontinence-Associated Dermatitis and its Severity Instrument (IADS) (Borchert, Bliss, Savik, & Radosevich, 2010); (4) 

the Incontinence-Associated Dermatitis and its Severity Instrument-D (IADS-D) (Bliss et al., 2014); (5) the 

Incontinence-Associated Skin Damage Severity Instrument (IASD.D.2) (Bliss et al., 2018); (6) the Perineal Assessment 

Tool (PAT) in the English (Nix, 2002), German (Jukic-Puntigam, Steininger, Urban, & Müller, 2011; Steininger, Jukic-

Puntigam, Urban, & Müller, 2011) and Portuguese (Brandão et al., 2018) version; (7) the Diaper Dermatitis Scale 

(Buckley, Mantaring, Dofitas, Lapitan, & Monteagudo, 2016); (8) the Incontinence-Associated Dermatitis Intervention 

Tool – D (IADIT-D) (Braunschmidt, Muller, Jukic-Puntigam, & Steininger, 2013; Steininger, 2012); (9) the RDIC-Lac 

instrument (GarcÍA HernÁNdez, GarcÍA Moreno, Mahtani Chugani, & GarcÍA AndrÉS, 2017); and (10) the Diaper Dermatitis 

Scale_Spanish (DDS_Spanish) (Garcia Molina, 2018).  

 

Six instruments assessed the severity of IAD (GLOBIAD, IADS, IADS-D, IASD.D.2, Diaper Dermatitis Scale, and 

DDS_Spanish), one instrument assessed the risk of IAD (PAT), and two instruments assessed both the risk and severity 

of IAD (IADIT-D and RDIC-Lac instrument). Only one instrument assessed the healing of IAD (GLOBIAD-M). In five 

instruments, erythema was measured as an element of an instrument’s subscale (IADS, IADS-D, IASD.D.2, Diaper 

Dermatitis Scale and GLOBIAD-M). However, in the other instruments erythema was part of broader concepts that 

were measured.   

 

Six instruments were designed for adults only (GLOBIAD, GLOBIAD-M, IADS-D, IASD.D.2, IADIT-D and PAT) and three for 

use on children only (Diaper Dermatitis Scale, RDIC-Lac instrument and DDS_Spanish). 
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Table 1. Description of the included measurement instruments 

Measurement 

instrument*  

Construct(s)  Target population User group  Instrument description Original language Available translations 

Ghent Global IAD 

Categorization Tool 

(GLOBIAD) 

(Beeckman et al. 

2018) 

Severity of IAD · Adults 
· Light skin tone 
· Dark skin tone 

Healthcare 

professionals and 

researchers 

4 Categories (images and descriptions): 

· 1A: Persistent redness without clinical signs of infection 
· 1B: Persistent redness with clinical signs of infection 
· 2A: Skin loss without clinical signs of infection 
· 2B: Skin loss with clinical signs of infection 

English Arabic, Turkish, Spanish, 

Slovak, Portuguese, Italian, 

Hungarian, 

Danish/Norwegian, Czech, 

Croatian, French, Dutch, 

German 

Ghent Global 

incontinence-

associated 

dermatitis 

Monitoring Tool 

(GLOBIAD-M) 

(Van den Bussche 

et al. 2018) 

Healing of IAD · Adults 
· Light skin tone 
· Dark skin tone 

IAD experts 6 items (images and descriptions):  

· IAD categorisation (according to GLOBIAD 1A, 1B, 2A, 2B) 
· Persistent redness (scored on a grid to calculate the 

surface area (as %)) 
· Skin loss (scored on a grid to calculate the surface area (as 

%)) 
· Oedema and maceration (oedema is present, skin feels 

tense or swollen at palpation; macerated skin) 
· Signs of infection (satellite lesions (pustules surrounding 

the lesion, suggesting a Candida albicans fungal infection); 
white scalling of the surrounding skin (suggesting a fungal 
infection); changes in colour in the wound bed (such as 
green, yellow, brown, greyish); purulent exudate (pus); 
excessive exudate levels) 
· Patient experience (IAD related itching, tingling, burning, 

pain(NRS)) 

English No data or information 
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Measurement 

instrument*  

Construct(s)  Target population User group  Instrument description Original language Available translations 

Incontinence-

Associated 

Dermatitis and its 

Severity Instrument 

(IADS) (Borchert et 

al. 2010) 

Presence of IAD 

and its severity 
· Adults 
· Children 
· Light skin tone 
· Dark skin tone 

Healthcare 

professionals and 

researchers 

4 Items (images and descriptions):  

· 13 body locations (perianal skin, crease between buttocks, 
left lower buttock, right lower buttock, left upper buttock, 
right upper buttock, genitalia (labia/scrotum), lower 
abdomen/suprapubic, crease between genitalia and thigh, 
left inner thigh, right inner thigh, left posterior thigh, right 
posterior thigh) 
· Redness (none, pink, red) 
· Skin loss (yes, no) 
· Rash (yes, no) 
 

Range of scores: 0-52 

English No data or information 

Incontinence-

Associated 

Dermatitis and its 

Severity 

Instrument-D 

(IADS-D)  

(Bliss et al. 2014) 

Presence of IAD 

and its severity 
· Adults 
· Light skin tone 
· Medium skin tone 
· Dark skin tone 

Healthcare 

professionals and 

researchers 

4 Items (images and descriptions):  

· 13 body locations (perianal skin, crease between buttocks, 
left lower buttock, right lower buttock, left upper buttock, 
right upper buttock, genitalia (labia/scrotum), lower 
abdomen/suprapubic, crease between genitalia and thigh, 
left inner thigh, right inner thigh, left posterior thigh, right 
posterior thigh) 
· Redness (none, pink, red) 
· Skin loss (yes, no) 
· Rash (yes, no) 
 

Range of scores: 0-52 

English No data or information 
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Measurement 

instrument*  

Construct(s)  Target population User group  Instrument description Original language Available translations 

Incontinence-

Associated Skin 

Damage Severity 

Instrument 

(IASD.D.2) (Bliss et 

al. 2018) 

Presence of IAD 

and its severity 
· Adults 
· Light skin tone 
· Medium skin tone 
· Dark skin tone 

Healthcare 

professionals and 

researchers 

4 Items (images and descriptions):  

· 14 body locations (perianal skin, crease between buttocks, 
left lower buttock, right lower buttock, left upper buttock, 
right upper buttock, genitalia (labia/scrotum), lower 
abdomen/suprapubic, crease between genitalia and thigh 
right, crease between genitalia and thigh left, left inner 
thigh, right inner thigh, left posterior thigh, right posterior 
thigh) 
· Redness (none, pink, red) 
· Skin loss (yes, no) 
· Rash (yes, no) 
 

Range of scores: 0-56 

English No data or information 

Perineal 
Assessment Tool 
(PAT) (Nix 2002)  
 

German translation 

(PAT-D): Steininger 

et al. 2011, Jukic-

Puntigam et al. 

2011 

Portuguese 
translation: 
Brandão et al. 2018 

Risk of IAD · Adults Healthcare 

professionals (staff 

nurses, nursing 

assistants, other 

caregivers) 

4 items (descriptions):  

· Intensity of irritant (liquid stool with or without urine, soft 
stool with or without urine, formed stool and/or urine) 
· Duration of irritant (linen/pad changes at least every 2 

hours, linen/pad changes at least every 4 hours, linen/pad 
changes at least every 8 hours or less) 
· Perineal skin condition (denuded/eroded with or without 

dermatitis, erythema/dermatitis with or without 
candidiasis, clear and intact) 
· Contributing factors low albumin, antibiotics, tube feeding, 

clostridium difficile, other (3 or more contributing factors, 2 
contributing factors, 0-1 contributing factors) 

 

Range of scores: 4-12 

English German, Portuguese 

Diaper Dermatitis 

Scale 

(Buckley et al. 

2016) 

Severity of 

uncomplicated 

diaper dermatitis 

· Infants (<1 year old) 
· Newborns 
· Differing skin tones 
 

 4 items (descriptions):  

· Severity of erythema and irritation (none-clear skin; mild-
skin not clear, some irritation detectable, but may not be 
obvious; moderate-skin irritation obvious, but not severe or 

English No data or information 
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Measurement 

instrument*  

Construct(s)  Target population User group  Instrument description Original language Available translations 

intense; severe-skin irritation intense, bright red, looks 
painful) 
· Extent of diaper dermatitis (<50% of perianal-perineal-

gluteal area and of the diaper area affected; ≥50% of 
perianal-perineal-gluteal area or of the diaper area 
affected) 
· Papules and pustules (papules and pustules present but 

few, would be practical to count them; many or clustered 
papules or pustules present, would not be practical to 
count them) 
· Open skin (superficial open skin involving only the 

epidermis, any erosion on the mucosa, any open skin 
judged to be caused by friction, injury, or etiology other 
than diaper dermatitis; any deep dermal open skin with 
damage to the dermis (not caused by friction, injury, or 
etiology other than diaper dermatitis)) 

 

Range of scores: 0-6 

Incontinence-

Associated 

Dermatitis 

Intervention Tool – 

D 

(IADIT-D) 

(Steininger et al. 

2012, Braunschmidt 

et al. 2013) 

Risk and severity 

of IAD 
· Adults 
· Light skin tone 
· Dark skin tone 

Healthcare 

professionals 

5 categories (images and descriptions):  

· High risk  
· Early IAD 
· Moderate IAD 
· Severe IAD 
· Fungal-appearing rash 
 

 

English German 

RDIC-Lac 

instrument: Riesgo 

de deterioro de la 

integridad cutánea 

del lactante (Risk 

of cutaneous 

Risk  and severity 

of diaper 

dermatitis 

 

· Infants (between 6 and 
12 months of age) 

Healthcare 

professionals and 

researchers 

Two subscales (descriptions):  

· Risk factors 
o Risk modulating factors (age <2 years; bottle 

feeding; overweight; early teething; prior affection 
of the diaper area; oral candidiasis; use of reusable 
diapers; use of perfumed products and wet wipes at 

Spanish No data or information 
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Measurement 

instrument*  

Construct(s)  Target population User group  Instrument description Original language Available translations 

impairment in 

infants)  

(García Hernández 

et al. 2017) 

any diaper change; lack of knowledge in skin care; 
social, economic and cultural background) 

o Elevated risk factors (diarrhoea; other pathological 
skin impairments in the diaper area; signs of an 
emerging lesion (reddening, abrasion, humidity, 
friction) in the diaper area; treatment with 
antibiotics (for other reason); use of topical 
corticosteroids in the diaper area (for other reason)) 

· Severity scale 
o Localization/extension (external genitals or lateral 

gluteal zone; external genitals, inner thighs or 
perineum; gluteal zone or posterior thighs; external 
genitals, perineum, anal/perianal zone, inner thighs, 
lower part of the abdomen) 

o Area (epidermis; dermis; dermis with affection of the 
skin folds; affection of deeper layers) 

o Development time (<24 hours; 24-48 hours; 48-72 
hours; >72 hours) 

o Type of lesion (erythema or inflammation; 
desquamation; erosion, ulceration, fissure; 
granuloma, scarring, hypopigmentation) 

o Signs of infection (severe erythema, red and purple; 
blisters or exudate; peripheral papulopustular 
lesions; bleeding) 

 

Range of scores: 

· Risk factors:  
o Risk modulating factors: 0-10 
o Elevated risk factors: 0-5 

· Severity scale: 5-20 
Diaper Dermatitis 

Scale_Spanish 

(DDS_Spanish) 

(García Molina et 

Severity of diaper 

dermatitis 
· Newborn and young 

infants 
Healthcare 

professionals 

7 categories (images and descriptions):  

· None (skin is clear (may have some very slight dryness 
and/or a single papule but no erythema)) 

English Spanish (unpublished data) 
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Measurement 

instrument*  

Construct(s)  Target population User group  Instrument description Original language Available translations 

al. unpublished 
data) 

· Slight (faint to definite pink in a very small area (<2%); may 
also have a single papule and/or slight dryness) 
· Mild (faint to definite pink in a small area (2%–10%) or 

definite redness in a very small area (<2%) and/or scattered 
papules and/or slight dryness/scaling) 
· Mild/moderate (faint to definite pink in a larger area (10%) 

or definite redness in a small area (2%–10%) or very intense 
redness in a very small area (<2%) and/or scattered papules 
(<10% area) and/or moderate dryness/scaling) 
· Moderate (definite redness in a larger area (10%–50%) or 

very intense redness in a very small area (<2%) and/or 
single to several areas of papules (10%–50%) with five or 
fewer pustules, may have slight desquamation or oedema) 
· Moderate/severe (definite redness in a very large area 

(>50%) or very intense redness in a small area (2%–10%) 
without oedema and/or larger areas (>50%) of multiple 
papules and/or pustules; may have moderate 
desquamation and/or oedema) 
· Severe (very intense redness in a larger area (>10%) and/or 

severe desquamation, severe oedema, erosion and 
ulceration; may have large areas of confluent papules or 
numerous pustules/vesicles) 

 

Range of scores: 0-3 

IAD: Incontinence-associated dermatitis, NRS: Numeric Rating Scale 
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Study characteristics 

Characteristics of the included studies and the reported measurement properties can be found in Table 2.   

 

Included studies were published between 2002 and 2018 and performed in the US (n = 4), Austria (n = 4), Belgium (n 

= 2), Spain (n = 2), the Philippines (n = 1), and Brazil (n = 1).  

 

The measurement properties that were examined were reliability (9 studies), measurement error (4 studies), and 

criterion validity (4 studies). One study examined internal consistency. The measurement properties structural validity, 

cross-cultural validity/measurement invariance, hypotheses testing, and responsiveness were not investigated in for 

any instrument.  

 

Five studies investigated the measurement properties of the instrument using photographs (indirect skin observation) 

and in three studies direct skin observation was applied. In one study, both direct and indirect skin observation was 

used.  

 

 

 

 

 

 

 

 

 

 

 

 



 

Chapter 6: outcome measurement instruments for erythema associated with IAD 

170 

 

Table 2. Characteristics of the included studies and the reported measurement properties 

Measurement 
instrument and 
reference 

Instrument 
development 

Sample characteristics of raters Instrument administration 

Measurement properties N, Sex, mean 
age (SD) 

Function Mode of 
administration 

Sample 
characteristics of 
patients 

Setting  Country Language  

GLOBIAD 
(Beeckman et al. 
2018) 

· 20 experts from 
14 countries + 
literature review 
developed first 
draft 

 
· Delphi study 

including 34 
experts (clinical = 
17, research = 21, 
education = 11) 
from 13 countries 

N = 823,  
84.6% 
female, 40.9 
(12.0) years 

student nurse, 
nurse 
assistant, 
nurse, head 
nurse, nurse 
specialist, 
educator, 
researcher 

Indirect skin 
observation 
using 34 IAD 
photographs 
(online survey) 

1A: n = 9, 1B: n = 
5, 2A: n = 12, 2B: n 
= 8 
 
n = 2 
photographs 
from patients 
with darkly 
pigmented skin 

Not 
specified 

Australia, Austria, 
Belgium, Brazil, 
Canada, China, 
Croatia, Cyprus, 
Czech Republic, 
Denmark, France, 
Germany, Greece, 
Hungary, Ireland, 
Italy, Mexico, 
Norway, Poland, 
Portugal, Saudi 
Arabia, Serbia, 
Slovakia, Spain, 
the Netherlands, 
Sweden, 
Switzerland, 
Turkey, U.K., U.S.A. 

English, Arabic, 
Turkish, Spanish, 
Slovak, 
Portuguese, 
Italian, 
Hungarian, 
Danish, Czech, 
Croatian, French, 
Dutch, German 
 

RELIABILITY 
Interrater reliability 
· Overall Fleiss kappa: 0.41 (95% CI 0.41-

0.41) 
· Fleiss Kappa for diff. cat. 1 vs. cat. 2: 0.65 

(95% CI 0.65-0.65) 
· Fleiss Kappa for diff. cat. A vs. cat. B: 0.32 

(95% CI 0.32-0.32) 
 
 
Measurement error – Interrater 
Ratings of 823 participants vs. 2 experts 
· Overall agreement: mean 0.55 (95% CI 

0.55-0.56) 
· Agreement for diff. cat. 1 vs. cat. 2: mean 

0.86 (95% CI 0.86-0.87),  
· Agreement for diff. cat. A vs. cat. B: mean 

0.64 (95% CI 0.64-0.65),  
 
 
VALIDITY 
Criterion validity 
Ratings of 823 participants vs. 2 experts 
· cat. 1 vs. cat. 2: sensitivity 90% and 

specificity 84% 
· cat A vs. cat B.: sensitivity 64% and 

specificity 64% 
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Measurement 
instrument and 
reference 

Instrument 
development 

Sample characteristics of raters Instrument administration 

Measurement properties N, Sex, mean 
age (SD) 

Function Mode of 
administration 

Sample 
characteristics of 
patients 

Setting  Country Language  

N = 463, 
82.7% 
female, 43.0 
(11.4) years 
 

RELIABILITY 
Intrarater reliability 
14 day time interval (SD 8.12) 
· Overall Cohen’s kappa: 0.61 (95% CI 0.59-

0.62) 
· Cohen’s kappa cat. 1 vs. cat. 2: 0.76 (95% 

CI 0.75-0.77) 
· Cohen’s kappa cat. A vs. cat. B: 0.56 (95% 

CI 0.54-0.58) 
 
Measurement error – Intrarater 
14 day time interval (SD 8.12) 
· Overall agreement: 0.71 (95% CI 0.70-

0.72) 
· Agreement for diff. cat. 1 vs. cat. 2: 0.88 

(95% CI 0.88-0.89) 
· Agreement for diff. cat. A vs. cat. B: 0.79 

(95% CI 0.79-0.79) 
 



 

Chapter 6: outcome measurement instruments for erythema associated with IAD 
 

172 

 

Measurement 
instrument and 
reference 

Instrument 
development 

Sample characteristics of raters Instrument administration 

Measurement properties N, Sex, mean 
age (SD) 

Function Mode of 
administration 

Sample 
characteristics of 
patients 

Setting  Country Language  

GLOBIAD-M 
(Van den Bussche 
et al. 2018) 

Design based on 
the GLOBIAD and 
COS by the Skin 
Integrity Research 
Group (SKINT) at 
Ghent University 

N = 2, 50% 
female, 31 
years 
 

Trained 
researcher 

Direct skin 
observation (n = 
36) in 9 patients 
on day 1, 3, 5 and 
7 
 
Indirect skin 
observation (n = 
36) in 9 patients 
using 
photographs on 
day 1, 3, 5 and 7 

Affected with 
IAD, ≥18 years, 
additional length 
of stay of a 
minimum 7 days, 
written informed 
consent including 
consent to take 
photographs of 
the IAD 
2 males, median 
age 78 years, 
admitted to a 
geriatric or 
rehabilitation 
ward 

1 large 
general 
hospital 

Belgium English RELIABILITY 
Interrater reliability 
· GLOBIAD: Cohen’s Kappa 0.61 (95% CI 

0.28-0.95) 
· Oedema: Cohen’s Kappa 0.27 (95% CI -

0.24-0.79) 
· Maceration: Cohen’s Kappa 0.72 (95% CI 

0.50-0.95) 
· Redness: ICC (2.1) 0.83 (95% CI 0.69-0.91) 
· Skin loss: ICC (2.1) 0.87 (95% CI 0.76-0.93) 
 
Measurement error – interrater 
percentage overall agreement: 
· GLOBIAD: 0.89 
· Oedema: 0.89 
· Maceration: 0.86 
· Signs of infection: 0.97 
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Measurement 
instrument and 
reference 

Instrument 
development 

Sample characteristics of raters Instrument administration 

Measurement properties N, Sex, mean 
age (SD) 

Function Mode of 
administration 

Sample 
characteristics of 
patients 

Setting  Country Language  

IADS  (Borchert et 
al. 2010) 

Literature review, 
critique of existing 
IAD assessment 
tools, expertise of 
the investigators, 2 
WOC nurse experts 
(face validity) and 
9 WOC nurses from 
4 states in the 
U.S.A.  

N = 347 (247 
attendees of 
WOCN  
conference,  
100 nursing 
staff), 93% 
female, age 
nursing 
assistants: 
31.5 (11.1); 
nurses: 43.0 
(11.8); WOCN: 
50.9 (7.7) 

Registered 
nurses (with 
and without 
any WOC 
training), 
clinical nurse 
specialist, 
nurse 
practitioner, 
licensed 
practical 
nurses, patient 
care aides, 
nursing 
assistants 

Indirect skin 
observation 
using 4 case 
scenarios 

Cases with 
different levels 
of IAD severity,  

2007 
WOCN 
Society 
National 
Conference 
(U.S.A.), 3 
short-term 
acute care 
hospitals, 1 
long-term 
acute care 
hospital 
(U.S.A.) 

U.S.A. English RELIABILITY 
Interrater reliability 
N = 347, No statistical differences were 
found in any of the case scenario scores 
among 3 groups of participants (nursing 
assistants/patient care aides, hospital 
nurses, WOCN society conference attendees) 
 
VALIDITY 
Criterion validity 
Ratings of 347 participants vs. 3 experts (2 
WOC nurse experts, 1 researcher), ICC = 0.98 
 
Ratings within 2 WOC nurse experts and 
researcher, ICC = 0.91  
 

IADS-D (Bliss et 
al. 2014) 

Refinement of the 
IADS (Borchert et 
al. 2010). 
4 WOC nurse 
consultants, 2 WOC 
nurse clinical 
experts 

N = 266, 95% 
female, 53.0 
(7.9) years 

WOC nurses Indirect skin 
observation 
using 9 photo 
cases of different 
skin tones that 
had normal or 
IAD damaged 
skin 
 

Example of 
colours of normal 
and IAD-
damaged skin 
that would be 
observed on 
light-, medium- 
and dark-toned 
skin 
 
9 photo cases 
were split up in 2 
sets: A and B. 3 
photographs 
were in common 
and each set 
contained 1 

The 2012 
WOC 
nurses 
society 
national 
conference 
(U.S.A.) 

U.S.A English RELIABILITY 
Interrater reliability 
Overall average ICC: 0.99 
 
VALIDITY 
Criterion validity 
Ratings of 266 participants vs. experts (2 
WOC nurse experts, 4 WOC nurse consultants 
and researchers) 
· Average ICC for individual cases: from 

0.63 – 0.99 
· Overall ICC: 0.90 
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Measurement 
instrument and 
reference 

Instrument 
development 

Sample characteristics of raters Instrument administration 

Measurement properties N, Sex, mean 
age (SD) 

Function Mode of 
administration 

Sample 
characteristics of 
patients 

Setting  Country Language  

photograph of 
normal skin and 
3 of medium- or 
darker- toned 
skin 

IASD.D.2 (Bliss et 
al. 2018) 

Refinement of the 
IADS-D (Bliss et al. 
2014) 
5 clinical experts 
certified in WOC 
nursing 

N = 299 (198 
WOCN society 
conference, 
67 hospital, 
34 nursing 
home),  >75% 
female, age 
WOCN society 
conference: 
53 (8.2); 
Hospital: 37 
(11.0); 
Nursing 
home: 45 
(13.8) 

WOC nurses, 
registered 
nurses, 
licensed 
practical 
nurses, 
certified 
nursing 
assistants 

Indirect skin 
observation 
using 9 photo 
cases (WOC 
nurses 
conference)/5 
photo cases 
(hospital or 
nursing care 
facility) 
of different skin 
tones that had 
normal or IAD 
damaged skin  
 
4 cases were 
reviewed by all 
groups 
 

Example of 
colours of normal 
and IAD-
damaged skin 
that would be 
observed on 
light-, medium- 
and dark-toned 
skin 
 

The 2014 
WOC 
nurses 
society 
national 
conference 
(U.S.A.), 
Community 
hospital, 
nursing 
care 
facility 
providing 
short-term 
rehabilitati
on and 
long-term 
care 

U.S.A English RELIABILITY 
Interrater reliability 
Overall agreement (Berry-Mielke universal 
agreement R coefficient) 
· WOCN conference: 0.77 (p<0.001) (n = 

198) 
· Hospital: 0.74 (p<0.001) (n = 67) 
· Nursing home: 0.79 (p<0.001) (n = 34) 
Agreement 4 common cases (Berry-Mielke 
universal agreement R coefficient) 
0.59 (p<0.001) (n = 299) 
 
VALIDITY 
Criterion validity 
Ratings of participants vs. experts (5 clinical 
experts and researchers) 
Overall agreement (Berry-Mielke R 
coefficient) 
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Measurement 
instrument and 
reference 

Instrument 
development 

Sample characteristics of raters Instrument administration 

Measurement properties N, Sex, mean 
age (SD) 

Function Mode of 
administration 

Sample 
characteristics of 
patients 

Setting  Country Language  

3 training cases 
were also 
included 

· WOCN conference: 0.84 (p<0.001) (n = 
198) 

· Hospital: 0.82 (p<0.001) (n = 67) 
· Nursing home: 0.85 (p<0.001) (n = 34) 
Agreement 4 common cases (Berry-Mielke R 
coefficient) 
0.73 (p<0.001) (n = 299) 
 

PAT (Nix 2002) Literature review, 
102 attendees of 
the WOC nurses 
society meeting 
from 31 states, the 
district of Columbia 
and 2 Canadian 
provinces  (content 
validity) 

N = 102, sex 
and age not 
specified 

Skin and 
wound care 
specialists 

Nurses rated 
their agreement 
with the 4 items 
of the PAT and 
the relevance of 
the PAT on a 10 
point scale (1 = 
strongly 
disagree, 10 = 
strongly agree) 

  U.S.A English VALIDITY 
Content validity 
Agreement per item:  
· Intensity of irritant: mean 8.27 (SD 2.25) 
· Duration of irritant: mean 7.66 (SD 2.80) 
· Perineal skin condition: mean 7.85 (SD 

2.48) 
· Contributing factors: mean 8.40 (SD 2.20) 
Median score for all subscales = 9 
 
Distinguishing high risk from low risk:  
Mean 7.64 (SD 1.74) 
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Measurement 
instrument and 
reference 

Instrument 
development 

Sample characteristics of raters Instrument administration 

Measurement properties N, Sex, mean 
age (SD) 

Function Mode of 
administration 

Sample 
characteristics of 
patients 

Setting  Country Language  

 N = 40, sex 
and age not 
specified 

WOC nurse, 
staff nurses 

Direct skin 
observation in n 
= 20 patients 

Long-term acute 
care, no further 
information 

1 long-
term acute 
care 
clinical 
setting 

RELIABILITY 
Interrater reliability 
n = 20 patients, k = 40 raters 
Pearson product-moment correlation r = 
0.970 (95% CI 0.923-0.988) 

PAT-D 
(Steininger et al. 
2011) 

Translation of the 
English version of 
PAT (Nix 2002) into 
German to the 
standards of ISPOR; 
involving 13 nurses, 
1 physician and 
language experts, 
content validity 
testing in 70 
qualified nurses 

N = 70, sex 
not specified, 
37.8 (SD 9.4) 
years 

Nurses questionnaire 
about content of 
items and all 
descriptions (1 = 
disagree to 5 = 
agree) 

N/A N/A Austria German VALIDITY 
Content validity 
Agreement per item: 
· Intensity of irritant: mean 4.7 (SD 0.6) 
· Duration of irritant: mean 4.5 (SD 0.8) 
· Perineal skin condition: mean 4.7 (SD 0.7) 
· Contributing factors: mean 4.4 (SD 0.9) 

PAT-D 
(Jukic-Puntigam 
et al. 2011) 

See Steininger et al. 
2011 

N = 58, sex 
not specified, 
38.2 (10.2) 
years 

Registered 
nurses 

Direct skin 
observation 

N = 127, age 
mean (SD): 83.7 
(9.8); 
66.7% female (n 
= 84); 
primary care (n = 
57) and long-
term care 
facilities (n = 70), 
with urine and/or 
stool 
incontinence, 
with absorbent 

2 primary 
care and 2 
long-term 
care 
facilities 

Austria German RELIABILITY 
Interrater reliability 
· Total score: ICC (2.1) 0.80 (95% CI 0.72-

0.85) 
· Intensity of irritant:  

Weighted Kappa = 0.68 (95% CI 0.60-
0.76), AC1 = 0.68 

· Duration of irritant: 
Weighted Kappa = 0.49 (95% CI 0.40-
0.57), AC1 = 0.63 

· Perineal skin condition: 
Weighted Kappa = 0.69 (95% CI 0.61-
0.77), AC1 = 0.71 

· Contributing factors:  
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Measurement 
instrument and 
reference 

Instrument 
development 

Sample characteristics of raters Instrument administration 

Measurement properties N, Sex, mean 
age (SD) 

Function Mode of 
administration 

Sample 
characteristics of 
patients 

Setting  Country Language  

incontinence 
pads supplied 

Weighted Kappa = 0.52 (95% CI 0.44-
0.61), AC1 = 0.82 

Measurement error: interrater 
· Intensity of irritant: percentage 

agreement: 77.17%  
· Duration of irritant: percentage 

agreement: 72.44%  
· Perineal skin condition: percentage 

agreement: 79.53%  
· Contributing factors: percentage 

agreement: 85.04% 
Perineal 
Assessment Tool 
(PAT) for 
Brazilian Culture 
(Brandão et al. 
2018 

Translation and 
adaptation of the 
PAT (Nix 2002) for 
Brazilian culture 
and testing in 37 
nurses 

N = 5, sex 
and age not 
specified 

Nurses (n = 4), 
linguist (n = 1) 

Analysis of 
semantics, 
idiomatic and 
cultural 
equivalence 

N/A N/A Brazil Brazilian VALIDITY 
Content validity 
Content validity index = ≥0.91 

N = 37, 81% 
female, 33 
(6.07) years 

Nurses Evaluation of the 
understanding 
and relevance 
using a 5-point-
scale (1 = 
disagree to 5 = 
agree) 

VALIDITY 
Content validity 
Mean 4.6 
Items easy to understand: 68% agreed 
Interesting tool: 70% agreed 

Diaper Dermatitis 
Scale (Buckley et 
al. 2016) 

Based on 
experience of 
diaper dermatitis 
assessment and 
clinical and 
photographic data 
collected during an 
RCT in infants <1 
years 

N = 9 (5 
assessors 
familiar with 
the scale,  
4 assessors 
unfamiliar 
with the 
scale), sex 
and age not 
specified 

Nurse research 
assistants (n = 
5), medical 
doctors (n = 2), 
nurses (n = 2) 

Indirect skin 
observation 
using high-
definition 
photographs  

24 infants and 
newborns with 
diaper dermatitis 

General 
hospital 

Philippines English VALIDITY 
Construct validity - structural validity 
Median severity score vs panel of clinicians 
 
RELIABILITY 
Internal consistency 
Cronbach’s α 0.702 
Corrected correlations:  
· Severity of erythema: 
· Corrected item-total correlation: 0.748 
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Measurement 
instrument and 
reference 

Instrument 
development 

Sample characteristics of raters Instrument administration 

Measurement properties N, Sex, mean 
age (SD) 

Function Mode of 
administration 

Sample 
characteristics of 
patients 

Setting  Country Language  

Extensive 
discussions 
between nurses, 
doctors and 
researchers from 
Asia, Europe and 
North America. 
Several versions 
were tested 

· Interitem correlation:  
· Area with DD: 0.662 
· Papules and pustules: 0.404 
· Deep open skin: 0.599 

· Area with diaper dermatitis: 
· Corrected item-total correlation: 0.685 
· Interitem correlation:  
· Severity of erythema: 0.662 
· Papules and pustules: 0.513 
· Deep open skin: 0.304 

· Papules and pustules: 
· Corrected item-total correlation: 0.439 
· Interitem correlation:  
· Severity of erythema: 0.404 
· Area with diaper dermatitis: 0.513 
· Deep open skin: 0.075 

· Deep open skin: 
· Corrected item-total correlation: 0.485 
· Interitem correlation:  
· Severity of erythema: 0.599 
· Area with DD: 0.304 
· Papules and pustules: 0.075 
  

Interrater reliability 
· Overall ICC 0.945 (95% CI 0.926-0.961) 
· Assessors familiar with the scale (n = 5) 

ICC 0.949 (95% CI 0.930-0.965) 
· Assessors unfamiliar with the scale (n = 

4) ICC 0.850 (95% CI 0.790-0.896) 
· At reassessment (n = ?) ICC 0.951 
 
 



 

Chapter 6: outcome measurement instruments for erythema associated with IAD 
 

179 

 

Measurement 
instrument and 
reference 

Instrument 
development 

Sample characteristics of raters Instrument administration 

Measurement properties N, Sex, mean 
age (SD) 

Function Mode of 
administration 

Sample 
characteristics of 
patients 

Setting  Country Language  

Intrarater reliability 
14 day time interval 
Cohen’s kappa 0.603 

IADIT-D 
(Steininger et al. 
2012) 

Translation of the 
English version of 
IADIT (original 
version of Junkin 
and Selekof 2008) 
into German to the 
standards of ISPOR; 
modified Delphi-
study, involving 44 
experts  

N = 44, sex 
not specified, 
45 years 

Registered 
nurses, 
dermatologists
, nurse 
educators 

Questionnaire 
asking for 
agreement about 
content of 
categories using 
a 4-point-scale (1 
= agree to 4 = 
disagree) 

N/A N/A Austria German VALIDITY 
Content validity 
Median agreement about content per each 
category 1.1 to 1.4 

IADIT-D 
(Braunschmidt et 
al. 2013) 

See Steininger et al. 
2012 

N = 38, sex 
not specified, 
45.7 (11.2) 
years 

Registered 
nurses 

Direct skin 
observation 

N = 380 nursing 
home residents 
in long-term care 
facilities, with 
urine and/or 
stool 
incontinence, 

3 long-
term care 
facilities, 
Vienna 

Austria German RELIABILITY 
Interrater reliability 
· Calculation of all items: 

Overall Cohen’s Kappa: 0.69  
AC1 = 0.83 (95% CI 0.87-0.79) 

· Category ‘high risk’: n = 273 
Overall Cohen’s Kappa: 0.82  
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Measurement 
instrument and 
reference 

Instrument 
development 

Sample characteristics of raters Instrument administration 

Measurement properties N, Sex, mean 
age (SD) 

Function Mode of 
administration 

Sample 
characteristics of 
patients 

Setting  Country Language  

with absorbent 
incontinence 
pads supplied, 
71.5% older than 
80 years 

AC1 = 0.94 (95% CI 0.99-0.91) 
· Category ‘early/moderate/severe IAD’: n = 

59 Cohen’s Kappa: 0.57 (p<0.001), 
Weighted Kappa = 0.70 
AC1 = 0.76 (0.87-0.65) 

· Category ‘fungal-appearing rash’: n = 5 
Cohen’s Kappa: 1.00 (p = 0.025) 
Weighted Kappa = 1.00 
AC1 = 1.00 

 
Measurement error – Interrater 
· Total percentage of the interrater 

agreement 83.7% (n = 380) 
· Category ‘high risk’: Percentage 

agreement: 95.6% (n = 273) 
· Category ‘early/moderate/severe IAD’: 

Percentage agreement: 81.3% 
(n = 59) 

· Category ‘fungal-appearing rash’: 
Percentage agreement:100.0% (n = 5) 

 
RDIC-Lac 
instrument 
(García 
Hernández et al. 
2017) 

Literature review, 
expert group with 
opinion survey (19 
professionals ), 
content analysis 

N = 19, 52.2% 
female, 48 
years 

Nurses (n = 9) 
and 
paediatricians 
(n = 10) 

Critical 
evaluation of 
subscales using a 
questionnaire 
and group 
discussions 

N/A N/A Spain Spanish VALIDITY 
Content validity 
Agreement: 
Subscale risk factors 
· Risk modulating factors appropriate: 

63.2%  
· Elevated risk factors appropriate: 52.6% 
· Practical use subscale: 73.7% 
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Measurement 
instrument and 
reference 

Instrument 
development 

Sample characteristics of raters Instrument administration 

Measurement properties N, Sex, mean 
age (SD) 

Function Mode of 
administration 

Sample 
characteristics of 
patients 

Setting  Country Language  

Agreement: 
Subscale severity 
· Terminology appropriate: 73.7%  
· All necessary aspects represented: 73.7%  
· Scale degree adequate: 58.0% 
· Practical use subscale: 52.6% 

Diaper Dermatitis 
Scale_Spanish 
(DDS_Spanish) 
(García Molina et 
al. unpublished 
data) 

Translation of the 
English version of 
DDS (Original 
version Brown & 
Berg, 2006) into 
Spanish (forth and 
back translation), 
testing of the 
content validity (5 
professionals) 

N = 5, sex 
and age not 
specified 

Nurses and 
paediatricians 

Evaluation of 
items on 
ambiguity, 
simplicity, clarity 
and relevance 
using a 4-point 
scale (1 = not 
clear, 4 = very 
clear) 

N/A N/A Spain Spanish VALIDITY 
Content validity 
Content validity index per category:  
· None: 0.97 
· Slight: 0.79 
· Mild: 0.86 
· Mild/moderate: 0.87 
· Moderate: 0.83 
· Moderate/severe: 0.84 
· Severe: 0.93 
Content validity index in general: 0.87 
 
 

IAD: Incontinence-associated dermatitis, CI: Confidence interval, SD: Standard deviation, ICC: Intraclass correlation coefficient, AC1: AC1 Statistic, ISPOR: International Society of 
Pharmaoeconomics and outcome Research, WOC: Wound, ostomy and continence, N/A: Not applicable 
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Quality of studies and measurement properties per instrument 

An overview of the methodological quality of the included studies and ratings of reported measurement properties 

against criteria for good measurement properties can be found in Table 3. 

 

Content validity 

Twelve studies reported data about content validity. The methodological quality of both the relevance study and 

comprehensiveness study in professionals was rated adequate for two studies (Beeckman et al., 2018; Steininger, 

2012) and doubtful for eight studies (Bliss et al., 2018; Bliss et al., 2014; Borchert et al., 2010; Buckley et al., 2016; GarcÍA 

HernÁNdez et al., 2017; Garcia Molina, 2018; Nix, 2002; Steininger et al., 2011). The relevance study in professionals was 

given an inadequate rating for the study of Van den Bussche et al. (2018), and an adequate rating for the study of 

Brandão et al. (2018). The comprehensiveness study in professionals was rated doubtful for both studies. The overall 

content validity of all instruments was rated sufficient.  

 

Internal consistency 

Internal consistency of the Diaper Dermatitis Scale (Buckley et al., 2016) resulted in a Cronbach’s α coefficient of 0.702. 

Corrected item-total correlations ranged from 0.439 (item ‘papules and pustules’), to 0.485 (item ‘open skin’), 0.685 

(item ‘extent of diaper dermatitis’), and 0.748 (item ‘severity of erythema and irritation’). The interitem correlation 

between the item ‘severity of erythema and irritation’ and the other three items ranged from 0.404 (correlation with 

the item ‘papules and pustules’), to 0.599 (correlation with the item ‘open skin’), and 0.662 (correlation with the item 

‘extent of diaper dermatitis’). The methodological quality of the internal consistency study was rated very good. A 

sufficient rating was assigned when the results of the internal consistency study were compared with the predefined 

criteria for good measurement properties (Prinsen et al., 2018),. 

 

Reliability 

Indirect skin observation – Reliability through indirect skin observation was assessed in five instruments: GLOBIAD, 

IADS, IADS-D, IASD.D.2 and the Diaper Dermatitis Scale.  

 

The interrater reliability of the GLOBIAD was expressed in an overall Fleiss kappa of 0.41 for distinguishing all four 

categories (95% CI 0.41-0.41) (n = 823). Higher Fleiss kappa coefficients were found in more experienced and more 

educated clinicians. The overall intrarater reliability (assessed using Cohen’s kappa) was 0.61 (95% CI 0.59-0.62) (n = 
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463). The methodological quality of the reliability study was rated very good. An insufficient rating was given for both 

the overall interrater and intrarater reliability.  

 

For the IADS, medians and ranges of four case scenario scores of 347 raters were presented separated into to three 

groups: nursing assistants/patient care aides (n = 16), hospital nurses (n = 84) and Wound Ostomy and Continence 

Nurses (WOCN) society conference attendees (n = 247). No statistical differences were found in any of the scores 

among the three groups. The methodological quality of the reliability study was rated inadequate. An indeterminate 

rating for reliability was assigned since no kappa or ICC was calculated.  

 

For the interrater reliability of the IADS-D, an overall average ICC of 0.99 was calculated (n = 266). Differences in 

scores based on years of experience as a WOC nurse or tester skin tone were investigated, which were not statistically 

significant. The methodological quality of the reliability study was rated doubtful and a sufficient rating for reliability 

was given. 

 

Four photo cases were reviewed by 299 nurses to assess the interrater reliability of the IASD.D.2. The reliability of the 

four cases was expressed by calculating a Berry-Mielke universal agreement R coefficient that was 0.59. The same 

coefficient was used for calculating overall reliability between three groups of nurses (198 nurses attending the WOCN 

conference, 67 hospital nurses and 34 nursing home nurses). An inadequate rating was given for the methodological 

quality of the reliability study and an insufficient rating was given for the reliability estimates.  

 

Interrater reliability between all participants (n = 9) using the Diaper Dermatitis Scale resulted in an overall ICC of 

0.945 (95% CI 0.926-0.961). Participants reassessed the photographs with a time interval of 14 days (intrarater 

reliability). A Cohen’s kappa of 0.603 was obtained and the ICC remained at 0.951. The methodological quality of the 

reliability study was rated doubtful. When comparing the results of the reliability study with the predefined criteria 

for good measurement properties (Prinsen et al., 2018), the overall interrater reliability and at reassessment was 

rated sufficient. The intrarater reliability was rated insufficient.  

 

Direct skin observation - Reliability through direct skin observation was assessed in three instruments: PAT, PAT-D 

and IADIT-D.  
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Interrater reliability of the PAT was examined by direct skin observation in 20 patients by 20 pairs of a WOC nurse and 

a staff nurse. A Pearson product-moment correlation of 0.970 (95% CI 0.923-0.988) (n = 40) was calculated. The 

methodological quality of the reliability study was rated inadequate and an indeterminate rating for reliability was 

assigned since no kappa or ICC was calculated. 

 

Twenty-nine pairs of registered nurses observed 127 patients to test the interrater reliability of the PAT-D. An ICC, 

calculated based on single rating (ICC (2.1)), of 0.80 (95% CI 0.72-0.85) was obtained for the total score. Reliability per 

item score was expressed in weighted kappa and ranged between 0.49 (95% CI 0.40-0.57) (item ‘duration of irritant’) 

and 0.69 (95% CI 0.61-0.77) (item ‘perineal skin condition’). AC1 statistics ranged between 0.63 (item ‘duration of 

irritant’) and 0.82 (item ‘contributing factors’). The methodological quality of the reliability study was rated very good. 

Results of the total score of the reliability study were assigned a sufficient rating. 

 

Interrater reliability of the IADIT-D was tested by 19 pairs of assessors in 380 nursing home residents. The calculation 

of all items resulted in an overall Cohen’s kappa of 0.69 and an AC1 of 0.83 (95% CI 0.87-0.79). An adequate rating was 

given for the methodological quality of the reliability study and a sufficient rating for the measurement property of 

reliability. 

 

Direct skin observation and indirect skin observation - Reliability of the GLOBIAD-M was assessed by two trained 

researchers, observing both directly and indirectly the skin of nine patients for four times during seven days. The 

Cohen’s kappa ranged between 0.27 (95% CI -0.24-0.79) (item ‘oedema’) and 0.72 (95% CI 0.50-0.95) (item 

‘maceration’). The ICC, calculated based on single ratings (ICC (2.1)), of the item ‘redness’ was 0.83 (95% CI 0.69-0.91) 

and 0.87 (95% CI 0.76-0.93) for ‘skin loss’. The methodological quality of the reliability study was rated inadequate. 

When comparing the results of the reliability study with the predefined criteria for good measurement properties 

(Prinsen et al., 2018), an insufficient rating was assigned for the items ‘GLOBIAD classification’ and ‘oedema’, while a 

sufficient rating was assigned for the items ‘maceration’; ‘redness’; and ‘skin loss’. 

 

Measurement error 

Indirect skin observation – Measurement error of the GLOBIAD was assessed through indirect skin observation. Overall 

agreement between the participants (n = 823) and two experts was 0.55 (95% CI 0.55-0.56) for all four categories. 

The overall intrarater agreement was 0.71 (95% CI 0.70-0.72) (n = 463). The quality of the study investigating 
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measurement error was rated adequate. The result of the overall interrater agreement was rated insufficient and the 

result of the overall intrarater agreement was rated sufficient. 

 

Direct skin observation – Measurement error through direct skin observation was assessed in two instruments: PAT-

D and IADIT-D. 

 

Percent agreement per item score of the PAT-D ranged between 72.44% (item ‘duration of irritant’) and 85.04% (item 

‘contributing factors’). An adequate rating was assigned to the quality of the study investigating measurement error. 

Measurement error was rated sufficient. 

 

The total percentage of the interrater agreement of the IADIT-D was 83.7%. The quality of the study investigating 

measurement error was rated adequate. When comparing the results of the total percentage of agreement with the 

predefined criteria for good measurement properties (Prinsen et al., 2018), measurement error was rated sufficient. 

 

Direct skin observation and indirect skin observation - The percentage overall interrater agreement of the GLOBIAD-

M ranged from 0.86 (item ‘maceration’), to 0.89 (item ‘GLOBIAD classification’ and ‘oedema’) and 0.97 (item ‘signs of 

infection’). The quality of the study investigating measurement error was rated inadequate and measurement error 

was rated sufficient. 

 

Criterion validity 

Indirect skin observation – Criterion validity through indirect skin observation was assessed in four instruments: 

GLOBIAD, IADS, IADS-D, and the IASD.D.2.  

 

Agreement between the 823 participants and the reference standard (two experts) resulted in a mean sensitivity of 

90% and a mean specificity of 84% for classifying categories 1 and 2 of the GLOBIAD. For classifying categories A and 

B the mean sensitivity and specificity was 64%. Higher overall agreement was found in participants who described 

themselves as experts.  The methodological quality for criterion validity testing was rated very good. A sufficient 

rating for criterion validity was assigned for classifying categories 1 and 2 and an insufficient rating for classifying 

categories A and B. 
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Ratings of the participants using the IADS (n = 347) were compared with ratings of two WOC nurse experts and one 

researcher. An ICC of 0.98 was obtained. An inadequate rating was given for the methodological quality for criterion 

validity testing. An indeterminate rating for criterion validity was assigned since ICC was calculated, instead of 

sensitivity/specificity or correlation with a gold standard. 

 

For the IADS-D, ratings of the participants (n = 266) were also compared with the ratings of experts (2 WOC nurse 

experts, 4 WOC nurse consultants and researchers). The average ICC for individual cases ranged from 0.63 to 0.99. The 

overall ICC was 0.90. The methodological quality for criterion validity testing was rated inadequate. Comparable to 

the study of Borchert et al. (2010), which investigated the criterion validity of the IADS, an indeterminate rating was 

assigned since criterion validity was expressed in ICC.  

 

Agreement of participants’ scores on the four common cases using the IASD.D.2 (n = 299) with five clinical experts 

and researchers was analysed. A Berry-Mielke universal agreement R coefficient of 0.73 was calculated. The 

methodological quality for criterion validity testing was rated inadequate. An indeterminate rating for criterion 

validity was assigned since criterion validity was expressed in Berry-Mielke universal agreement R coefficient.   

 

Other measurement properties 

Structural validity, cross-cultural validity/measurement invariance, hypotheses testing, and responsiveness was 

assessed in none of the included studies.   

 

Evidence on the feasibility of the instruments 

Evidence on the feasibility of the included instruments was minimal. Assessing the item ‘oedema’ using the GLOBIAD-

M, appeared to be difficult. Besides, the reliability of this instrument was assessed by two experts. Consequently, 

further psychometric evaluation with clinicians in clinical practice was recommended with specific attention to the 

item ‘oedema’ (Van den Bussche et al. 2018). Nix (2002) reported the need for simplifying the wording of the PAT, so 

that It can be used for unlicensed personnel. In addition, condensing the scale so it can be added to the hospital 

admission forms was recommended (Nix, 2002). Testers at the WOCN conference suggested some areas for additional 

revision to the IADS-D instrument to increase its ease of use, precision and relevance. Additional testing was also 

suggested for use by other nursing staff than WOC nurses (Bliss et al., 2014). Bliss et al. (2018) clearly state that the 

use of the IASD.D.2 instrument is free for educational and noncommercial research purposes.  
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Table 3. Methodological quality of the included studies and ratings of measurement properties 

Measurement 

instrument 

Content validity Structural 

validity 

Internal 

consistency 

Cross-cultural 

validity\ 

measurement 

invariance 

Reliability Measurement 

error 

Criterion 

validity 

Hypotheses 

testing 

Responsiveness 

Meth 

Qual. 

studies 

Overall 

content 

validity 

Meth

Qual. 

Result 

rating 

Meth 

Qual. 

Result 

rating 

Meth 

Qual. 

Result 

rating 

Meth 

Qual. 

Result 

rating 

Meth 

Qual. 

Result 

rating 

Meth 

Qual. 

Result 

rating 

Meth 

Qual. 

Result 

rating 

Meth 

Qual. 

Result 

rating 

1 2 

GLOBIAD (Beeckman 

et. al 2018) 

A A + N/I N/I N/I N/I N/I N/I V - -  A - +  V + - N/I N/I N/I N/I 

GLOBIAD-M (Van den 

Bussche et al. 2018) 

I D + N/I N/I N/I N/I N/I N/I I - - + + 

+ 

I + N/I N/I N/I N/I N/I N/I 

IADS (Borchert et al. 

2010) 

D D + N/I N/I N/I N/I N/I N/I I ? N/I N/I I ? N/I N/I N/I N/I 

IADS-D (Bliss et al. 

2014) 

D D + N/I N/I N/I N/I N/I N/I D + N/I N/I I ? N/I N/I N/I N/I 

IASD.D.2 (Bliss et al. 

2018) 

D D + 

 

N/I N/I N/I N/I N/I N/I I - N/I N/I I ? N/I N/I N/I N/I 

PAT (Nix 2002) D D + N/I N/I N/I N/I N/I N/I I ? N/I N/I N/I N/I N/I N/I N/I N/I 

PAT-D (Steininger et 

al. 2011) 

D D + N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I 
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Measurement 

instrument 

Content validity Structural 

validity 

Internal 

consistency 

Cross-cultural 

validity\ 

measurement 

invariance 

Reliability Measurement 

error 

Criterion 

validity 

Hypotheses 

testing 

Responsiveness 

Meth 

Qual. 

studies 

Overall 

content 

validity 

Meth

Qual. 

Result 

rating 

Meth 

Qual. 

Result 

rating 

Meth 

Qual. 

Result 

rating 

Meth 

Qual. 

Result 

rating 

Meth 

Qual. 

Result 

rating 

Meth 

Qual. 

Result 

rating 

Meth 

Qual. 

Result 

rating 

Meth 

Qual. 

Result 

rating 

1 2 

PAT-D (Jukic-

Puntigam et al. 2011) 

N/I N/I N/I N/I N/I N/I N/I N/I V + A + N/I N/I N/I N/I N/I N/I 

Perineal Assessment 

Tool (PAT) for 

Brazilian Culture 

(Brandão et al. 2018) 

A D +  N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I 

Diaper Dermatitis 

Scale (Buckley et al. 

2016) 

D D + N/I N/I V + N/I N/I D + + - N/I N/I N/I N/I N/I N/I N/I N/I 

IADIT-D (Steininger et 

al. 2012) 

A A + N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I 

IADIT-D 

(Braunschmidt et al. 

2013) 

N/I* N/I* N/I N/I N/I N/I N/I N/I A + A + N/I N/I N/I N/I N/I N/I 
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Measurement 

instrument 

Content validity Structural 

validity 

Internal 

consistency 

Cross-cultural 

validity\ 

measurement 

invariance 

Reliability Measurement 

error 

Criterion 

validity 

Hypotheses 

testing 

Responsiveness 

Meth 

Qual. 

studies 

Overall 

content 

validity 

Meth

Qual. 

Result 

rating 

Meth 

Qual. 

Result 

rating 

Meth 

Qual. 

Result 

rating 

Meth 

Qual. 

Result 

rating 

Meth 

Qual. 

Result 

rating 

Meth 

Qual. 

Result 

rating 

Meth 

Qual. 

Result 

rating 

Meth 

Qual. 

Result 

rating 

1 2 

RDIC-Lac instrument 

(García Hernández et 

al. 2017) 

D D + N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I 

Diaper Dermatitis 

Scale_Spanish 

(DDS_Spanish) 

(García Molina et al. 

Unpublished data) 

D D + N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I N/I 

V: Very good, A: Adequate, D: Doubtful, I: Inadequate 

+: Sufficient, -: Insufficient, ?: Indeterminate 

N/I: Not Investigated 
1Relevance study in professionals 
2Comprehensiveness study in professionals 
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DISCUSSION 

 

The aim of this systematic review was to examine which outcome measurement instruments for erythema associated 

with IAD with supporting evidence about measurement properties are available.  

 

In total, 14 studies were included, describing 10 measurement instruments assessing IAD with evidence about their 

measurement properties. Instruments such as the Perineal dermatitis grading scale (Brown, 1993), the IAD 

intervention tool (Junkin & Selekof, 2008), the IAD skin condition assessment tool (Kennedy & Lutz, 1996) and the 

UCL/SCA tool (Clarke-O'Neill, Farbrot, Lagerstedt, Cottenden, & Fader, 2015) could not be included in this review since 

no information was reported about content validation or other measurement properties. 

 

Erythema was captured as a separate concept in five instruments (IADS, IADS-D, IASD.D.2, Diaper Dermatitis Scale and 

GLOBIAD-M) and two studies (Buckley et al., 2016; Van den Bussche et al., 2018) provided empirical evidence about 

measurement properties of this item. In all other instruments, erythema was part of broader concepts that were 

measured (i.e., ‘perineal skin condition’ (PAT), ‘type of lesion’ (RDIC-Lac instrument), and severity categories of IAD 

(GLOBIAD, IADIT-D and DDS_Spanish)).  

 

Measurement properties were investigated for different instruments in separate studies, making comparisons 

between different studies of the same instrument impossible. Consequently, pooling of results and grading the 

evidence using the modified GRADE approach proposed by COSMIN (Prinsen et al., 2018) was not possible. Additionally, 

most studies examined reliability (9 studies) and measurement error or criterion validity (4 studies). Other 

measurement properties such as internal consistency, structural validity, cross-cultural validity/measurement 

invariance, hypotheses testing, and responsiveness were studied in only one single study or not at all. The COSMIN 

framework was originally developed for the systematic review and evaluation of patient-reported outcomes (Mokkink, 

Prinsen, Bouter, de Vet, & Terwee, 2016) but has also been recommended for use in the COS development field (Prinsen 

et al., 2016). All nine measurement properties (content validity; structural validity; internal consistency; cross-cultural 

validity/measurement invariance; reliability; measurement error; criterion validity; hypotheses testing for construct 

validity; and responsiveness) are considered relevant in the selection process of outcome measurement instruments. 

However, depending on the type of outcome not all measurement properties apply. For the unidimensional concept 

of erythema, measurement properties such as internal consistency or structural validity might not be relevant. 
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Content validity is considered to be the most important measurement property (Prinsen et al., 2018) and should be 

evaluated first. In case there is evidence that the content validity is inadequate, the measurement instrument can be 

excluded from further evaluation (Prinsen et al., 2018). As a consequence, reporting of how content validity was 

established is of utmost importance (Streiner & Kottner, 2014). To evaluate content validity, the COSMIN group 

developed a separate user manual, explaining every single step (Terwee et al., 2018). Many COSMIN criteria did not 

apply because the outcome erythema is clinician-reported. However, evaluation remained difficult, given the 

cumbersome methodology on one hand; and sometimes unclear or little detailed reporting by authors on how content 

validity was established on the other hand. Nevertheless, the overall content validity of all instruments was rated 

sufficient. This is due to the fact that to come to an overall conclusion, not only the development of the instrument 

and the content validity studies were taken into account, but also an evaluation of the content of the instrument by 

the reviewers themselves (Terwee et al., 2018).  

 

When comparing reported measurement properties with the predefined criteria for good measurement properties 

(Prinsen et al., 2018), some studies were given an indeterminate rating because inappropriate coefficients were used 

to describe criterion validity (i.e., ICC (Borchert et al., 2010) or Berry-Mielke R coefficient (Bliss et al., 2018)) or to 

express interrater reliability (i.e. Pearson product-moment correlation coefficient (Nix, 2002)). Reliability and/or 

criterion validity estimates of the IADS, IADS-D, IASD.D.2, and PAT should be examined further, using appropriate 

statistical approaches, as mentioned in Prinsen et al. (2018) and Kottner et al. (2011). 

 

Based on the guidance provided by Prinsen et al. (2018) to identify instruments for possible use in case there is 

evidence for sufficient content validity and sufficient internal consistency, the Diaper Dermatitis Scale (Buckley et al., 

2016) can be recommended for assessing the severity of uncomplicated diaper dermatitis in infants. This instrument 

also measures erythema as a separate concept. However, since reliability and validity testing were done in a very 

small sample of nine assessors through indirect skin observation, further research on this instrument is needed.  

 

Reliability and measurement error of the IADIT-D (Braunschmidt et al., 2013) and PAT-D (Jukic-Puntigam et al., 2011) 

were sufficient. These measurement properties were tested in both instruments through direct skin observation, 

resulting in a representative evaluation.  
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Since measurement properties, besides content validity, of the DDS_spanish (Garcia Molina, 2018), the RDIC-Lac 

instrument (GarcÍA HernÁNdez et al., 2017) and the Portuguese version of the PAT (Brandão et al., 2018) have not been 

studied yet, further research on these instruments is recommended. Further research on the GLOBIAD and GLOBIAD-

M, testing measurement properties through direct skin observation by nurses in different settings (hospital, long-

term care, community care) is needed. Direct skin observation will facilitate accurate observation and aligns to the 

recommendation to investigate reliability and agreement under conditions as close as possible to the clinical daily 

routine (Audigé, Bhandari, Hanson, & Kellam, 2005; Stochkendahl et al., 2006). Since information on interpretability 

and feasibility might also be helpful in selecting the most appropriate measurement instrument (Prinsen et al., 2018), 

further research on these aspects in existing instruments is recommended. There is a need for clear information on 

the ease of administration or score calculation, completion time or availability of the instruments. 

 

Limitations 

A possible limitation of this review is that the initial literature was searched by one researcher only. Though the 

COSMIN framework has been explicitly recommended to select instruments for COS (Prinsen et al., 2016), it is complex 

and not every item and criterion applies to clinical signs such as erythema or IAD measurement. 

 

 

CONCLUSION 

No instrument measuring exclusively erythema associated with IAD exists. There are five composite IAD measurement 

instruments that capture erythema as a separate concept but there is no single instrument that outperforms others. 

The lack of an agreed and validated instrument to measure erythema as a core outcome emphasizes to critically 

review published clinical research in the IAD domain. The methodological quality of future validity and reliability 

studies must be improved with focus on direct skin observation. Development of a specific tool to measure erythema 

associated with IAD through international expert collaboration is one option to go in the future. 
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ABSTRACT 
 

Objective: To compare two different rating scales within one Delphi study for defining consensus in core outcome 

set development and to explore the influence of consensus criteria on the outcome selection. 

Study design: Randomized controlled parallel group trial with 1:1 allocation within the first Delphi round of the 

Core Outcome Set in the Incontinence-Associated Dermatitis (CONSIDER) project. Outcomes were rated on a 

three-point or nine-point Likert scale. Decisions about which outcomes to retain were determined by commonly 

used consensus criteria (i.e., (combinations of) proportions with restricted ranges, central tendency within a 

specific range and decrease in variance). 

Results: Fifty-seven participants (group 1=28, group 2=29) rated 58 outcomes. The use of the nine-point scale 

resulted in almost twice as many outcomes being rated as ‘critical’ compared to the three-point scale (24 versus 

13). Stricter criteria and combining criteria led to less outcomes being identified as ‘critical’.  

Conclusion: The format of rating scales in Delphi studies for core outcome set development and the definition of 

the consensus criteria influence outcome selection. The use of the nine-point scale might be recommended to 

inform the consensus process for a subsequent rating or face-to-face meeting. The three-point scale might be 

preferred when determining final consensus.     

 

 

 

 

 

Keywords: consensus, core outcome set, criteria, Delphi-procedure, dermatology, incontinence-associated 

dermatitis 
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INTRODUCTION 
 

Clinical trials aim to evaluate the effects of interventions based on predefined outcomes. Results of clinical trials 

are an important source of information for evidence-based clinical decision making (Sackett, Rosenberg, Gray, 

Haynes, & Richardson, 1996). Therefore, the selection of appropriate and useful outcomes is crucial. However, 

during the last years the multitude of non-comparable outcomes in clinical trials has been identified as a major 

limitation for evidence-based practice (Williamson et al., 2017).  

The development of Core outcome sets (COS) is a rather recent initiative to tackle this methodological challenge 

(Clarke, 2007; Williamson et al., 2012). A COS is defined as an agreed standardized set of outcomes that should 

at least be measured and reported in clinical trials within a specific health area (Williamson et al., 2017). COS 

development is a standardized process which includes (1) making decisions on the specific health condition, 

population, intervention and setting; (2) gaining agreement on what outcomes should be measured through the 

involvement of stakeholders, the identification of potential relevant outcomes and a consensus process 

(Kirkham et al., 2017), and (3) gaining agreement on how each outcome should be measured (Prinsen et al., 

2018).  

The Delphi technique is a frequently applied method to achieve consensus on core outcome domains (Kottner et 

al., 2018; Williamson et al., 2017). The advantage of the Delphi method is that many participants have the 

opportunity to rate the importance of outcomes independently and anonymously and that large numbers of 

geographically divergent participants can be involved (Sinha, Smyth, & Williamson, 2011). Methodological 

guidance and research of how to conduct Delphi studies within COS development is emerging (Brookes et al., 

2016; MacLennan, Kirkham, Lam, & Williamson, 2018; Turnbull et al., 2018), but a number of methodological 

challenges remain. Uncertainties exist regarding the most appropriate format of outcome importance rating and 

regarding the definition of consensus (Diamond et al., 2014; Williamson et al., 2017). Nine-item rating scales as 

originally proposed by the RAND appropriateness method (Campbell & Cantrill, 2001) and the Grading of 

Recommendations, Assessment, Development and Evaluations scale (GRADE) initiative to prioritize outcomes in 

evidence summaries (Guyatt et al., 2011) are widely used in the COS field. However, a number of other scales 

(such as three-, five- and seven-item rating scales) and also simple yes/no classifications have been used as well 

(Kottner et al., 2018). It is unclear whether and how these different rating scales influence conclusions and 

decisions in outcome selection in Delphi studies and research on this topic is recommended (Grant, Booth, & 

Khodyakov, 2018).  
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A systematic review revealed that consensus criteria in Delphi studies vary widely (Diamond et al., 2014). 

Different procedures to define consensus can be applied such as formal measures of agreement, degrees of 

uncertainty around point estimates, decreases in variance of group responses and the proportion of participants 

agreeing on a particular point of view (Barrett, Kristjanson, Sinclair, & Hyde, 2001; Basson et al., 2000; Broder et 

al., 2000; Broomfield & Humphris, 2001). However, the selection of consensus criteria is rarely justified (Diamond 

et al., 2014) and it has been argued that the aim of Delphi studies in COS development is not to reach consensus 

but to decide which outcomes are core (Williamson et al., 2017). 

More research, focusing on concerns regarding the Delphi method is needed (Humphrey-Murto & de Wit, 2018). 

To our knowledge, no studies exist that have investigated the way in which rating scales and consensus criteria 

affect the final agreement on outcomes of critical importance. Therefore, the aim of this study was to compare 

two different rating scales within one Delphi study and to explore the influence of consensus criteria on the 

outcome selection. 

 

METHODS 

Design 

This study was part of the Core Outcome Set in Incontinence-Associated Dermatitis (CONSIDER) project in 2017 

(Kottner & Beeckman, 2017; Van den Bussche, De Meyer, Van Damme, Kottner, & Beeckman, 2017). Incontinence-

associated dermatitis (IAD) is an irritant contact dermatitis, caused by the prolonged and repeated exposure of 

the skin to urine and/or faeces. It is characterized by the presence of erythema and edema, sometimes 

accompanied by bullae, erosion or secondary cutaneous infection (Gray et al., 2012). After the design of a long 

list of possible outcomes, three Delphi rounds were conducted between April and September 2017 (Van den 

Bussche et al., 2018). In the first Delphi round, a randomized controlled parallel group trial with 1:1 allocation 

was conducted. 

 

Participants 

An international group of healthcare providers, researchers and industry product experts with established 

experience in IAD assessment, prevention and management was invited by email to participate. An online survey, 

hosted by the Cochrane Skin Core Outcome Set Initiative (CS-COUSIN), was developed. 
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Intervention 

Prior to the first Delphi round participants were randomly assigned to two groups, rating the outcomes using 

two different rating scales. Group 1 rated the importance of outcomes on a three-point scale: (1) ‘not important 

enough to be considered in the COS’, (2) ‘important but not critical to be considered in the COS’ and (3) ‘critical, 

should be included in the COS’. Group 2 rated the importance of outcomes on a nine-point scale with following 

anchors: (1) ‘not important for inclusion in the COS’ and (9) ‘critical, should be included in the COS’. The option ‘I 

can’t rate the importance of the outcome because I don’t know the outcome’ was provided for both groups 

(Figure 1). Outcomes were listed alphabetically within the core areas life impact, economical impact and 

pathophysiological manifestations (Boers et al., 2014) to avoid weighting due to the order. Core areas refer to 

large ‘containers’ encompassing all key aspects of interest (i.e. the outcomes) (Boers et al., 2014).  

 

 

 

Figure 1. Three-point scale and nine-point scale as used in the Delphi study 

 

Outcome 

The distribution of outcome priorization was the primary outcome of this study.  

 

Randomization 

Simple randomization prior to the invitation to participate was applied (Excel, Microsoft, N.Y., USA). Panelists 

were assigned a random number between 0 and 1000 and were consequently sorted from smallest to largest 

and allocated to group 1 or 2.  
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Ethical considerations 

The study was approved by the Ethics review Committee (April 2016 – B670201628231). Participants were 

informed about the development of a COS. Return of a completed questionnaire was taken as consent to 

participate in the Delphi procedure. Information was treated anonymous and confidential. 

 

Data analysis 

Statistical analyses were performed using the software package SPSS statistics 24 (SPSS, Inc. Chicago, IL, USA). 

Demographic data and responses to the questionnaires were described using frequency distributions. Ratings of 

the nine-point scale were assigned to three categories: ‘not important’ (scoring 1 to 3), ‘important but not critical’ 

(scoring 4 to 6) and ‘critical’ (scoring 7 to 9). In addition to the a priori defined consensus criterion of at least 

70% rating the outcome as ‘critical’ on the three-point and nine-point scale (Van den Bussche et al., 2017), the 

following commonly used (Diamond et al., 2014; Williamson et al., 2017) additional consensus criteria were 

applied to the dataset of the nine-point scale: (1) proportions with restricted ranges: ≥60%, ≥75%, ≥90% scoring 

7 to 9 on the scale; (2) combinations of restricted ranges: ≥60%, ≥70%, ≥75%, ≥90% scoring 7 to 9 on the scale 

and ≤15% scoring 1 to 3 on the scale; (3) central tendency within a specific range, mean greater than 7; (4) central 

tendency within a specific range, median 7 to 9 on the scale and (5) decrease in variance, median 7 to 9 on the 

scale and interquartile range (IQR) less than 3 (Table 1). The association between measures of central tendency 

(mean and median) and distribution (SD and IQR) was investigated.  

 

Table 1. Applied consensus criteria to the dataset of the nine-point scale 

No Criterion 
Proportions with restricted ranges 
1 ≥60% scoring 7 to 9  
2 ≥70% scoring 7 to 9  
3 ≥75% scoring 7 to 9  
4 ≥90% scoring 7 to 9  
Combinations of restricted ranges 
5 ≥60% scoring 7 to 9 and ≤15% 1 to 3  
6 ≥70% scoring 7 to 9 and ≤15% 1 to 3  
7 ≥75% scoring 7 to 9 and ≤15% 1 to 3  
8 ≥90% scoring 7 to 9 and ≤15% 1 to 3  
Central tendency within a specific range 
9 Mean greater than 7 
10 Median 7 to 9  
Decrease in variance 
11 Median 7 to 9 and IQR less than 3 
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RESULTS 

Participants 

A sample of 151 potential panelists was invited. Fifty-seven of the panelists participated in the first Delphi 

round (group 1 = 28, group 2 = 29) (Figure 2). 

 

Demographic characteristics were compared. The majority of the participants was female (group 1: 75%; group 

2: 72.4%) and had a doctoral degree. Participants assigned to group 1 had an average work experience of 26.1 (SD 

= 10.2) years, versus 25.3 years (SD = 9.6) in group 2. The majority of the participants were based in Europe, 

followed by the US. Detailed demographic characteristics of the participants can be found in Appendix 2.  

 

 

Figure 2. Participant flow 
 

 

Three-point versus nine-point scales 

Results and comparisons of ratings between groups are shown in Table 2. Based on the criterion of ≥70% rating 

the outcome as ‘critical’ for inclusion, group 1 selected 13 in comparison to 24 out of 58 outcomes in group 2. All 

outcomes defined as ‘critical’ by group 1, were also rated as ‘critical’ by group 2 (Table 2).  
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Table 2: Ratings of outcomes on a three-point scale (n=28) and nine-point scale (n=29)  

 Group 1 (three-point scale) (n = 28) Group 2 (nine-point scale) (n = 29) 

Outcomes per core area 
Not import. 

n (%) 
Import. 
n (%) 

Critical 
n (%) 

 
DK† 

 
Mean 

 
SD‡ 

 
Median 

 
IQR§ 

 
≥70% 

critical¶ 

Not import. 
1-3 

n (%) 

Import. 
4-6 

n (%) 

Critical 
7-9 

n (%) 
DK† Mean SD‡ Median IQR§ ≥70% 7+¶ 

Life Impact                   

1. Burden of care from caregiver's 
perspective 

1 (3.8) 13 (50.0) 12 (46.2) 2 2.42 0.58 2.00 1 Out 2 (6.8) 4 (13.7) 23 (79.3) 0 7.31 1.95 8.00 2 In 

2. Burden of care from patient 
perspective 

0 (0) 4 (14.8) 23 (85.2) 1 2.85 0.36 3.00 0 In 2 (7.4) 1 (3.7) 24 (88.8) 0 7.67 2.00 8.00 2 In 

3. Health-related Quality of Life 2 (7.1) 7 (25.0) 19 (67.9) 0 2.61 0.63 3.00 1 Out 3 (10.3) 1 (3.4) 25 (86.2) 0 7.72 2.28 9.00 2 In 

4. Independence (IAD related) 3 (11.1) 11 (40.7) 13 (48.1) 1 2.37 0.69 2.00 1 Out 1 (3.7) 7 (25.9) 19 (70.3) 2 7.48 2.03 8.00 3 In 

5. Pain 0 (0) 4 (14.8) 23 (85.2) 1 2.85 0.36 3.00 0 In 1 (3.4) 0 (0) 28 (96.6) 0 8.48 1.33 9.00 1 In 

6. Physical comfort 0 (0) 7 (25.0) 21 (75.0) 0 2.75 0.44 3.00 0.75 In 2 (7.1) 3 (10.7) 23 (82.2) 1 7.54 1.90 8.00 2 In 

7. Physical functioning 4 (14.3) 8 (28.6) 16 (57.1) 0 2.43 0.74 3.00 1 Out 3 (10.8) 8 (28.5) 17 (60.7) 1 6.96 2.24 7.50 3 Out 

8. Physical well-being 3 (11.5) 9 (34.6) 14 (53.8) 2 2.42 0.70 3.00 1 Out 3 (10.2) 10 (34.4) 16 (55.1) 0 6.48 2.12 7.00 3 Out 

9. Psychological impact of the 
disease 

2 (7.1) 9 (32.1) 17 (60.7) 0 2.54 0.64 3.00 1 Out 2 (6.9) 8 (27.6) 19 (65.5) 0 7.00 2.12 8.00 4 Out 

10. Quality of Life (general) 5 (17.9) 10 (35.7) 13 (46.4) 0 2.29 0.76 2.00 1 Out 4 (13.8) 9 (31) 14 (48.3) 2 6.30 2.38 7.00 3 Out 

11. Quality of Life (IAD related) 3 (11.1) 3 (11.1) 21 (77.8) 1 2.67 0.68 3.00 0 In 1 (3.6) 2 (7.2) 25 (89.3) 1 7.79 1.62 8.50 2 In 

12. Satisfaction with intervention 
from caregiver's perspective 

3 (11.1) 12 (44.4) 12 (44.4) 1 2.33 0.68 2.00 1 Out 3 (10.8) 3 (10.8) 22 (78.6) 1 7.21 2.30 8.00 2 In 

13. Satisfaction with intervention 
from patient perspective 

1 (3.7) 7 (25.9) 19 (70.4) 1 2.67 0.56 3.00 1 In 2 (7.2) 1 (3.6) 25 (89.2) 1 8.04 1.92 9.00 1 In 

14. Self-reported symptoms 1 (3.6) 6 (21.4) 21 (75.0) 0 2.71 0.54 3.00 0.75 In 0 (0) 1 (6.8) 27 (93.1) 0 8.17 1.20 9.00 1.50 In 

15. Sleep (IAD related) 4 (14.3) 13 (46.4) 11 (39.3) 0 2.25 0.70 2.00 1 Out 3 (10.8) 7 (25) 18 (64.3) 1 6.75 2.35 7.00 3.75 Out 

Resource use /economical impact                   

16. Caregivers' work productivity 4 (16.0) 13 (52.0) 8 (32.0) 2 2.16 0.69 2.00 1 Out 4 (14.3) 8 (32.2) 15 (53.5) 1 6.29 2.28 7.00 3 Out 

17. Cost-effectiveness 0 (0.0) 19 (29.6) 27 (70.4) 1 2.70 0.47 3.00 1 In 2 (7.4) 4 (14.8) 21 (77.8) 2 7.63 2.02 9.00 2 In 

18. Costs  2 (7.4) 9 (33.3) 16 (59.3) 1 2.52 0.64 3.00 1 Out 3 (10.3) 7 (24.1) 19 (65.4) 0 7.17 2.21 8.00 3 Out 

Pathophysiological manifestations                   

19. Bleeding 6 (24.0) 7 (28.0) 12 (48.0) 1 2.24 0.83 2.00 1.50 Out 4 (14.8) 5 (18.5) 18 (66.6) 1 6.63 2.62 7.00 4 Out 

20. Bullae 5 (20.0) 7 (28.0) 13 (52.0) 1 2.32 0.80 3.00 1 Out 2 (8.4) 5 (20.8) 17 (70.8) 4 7.25 2.38 8.50 3 In 
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21. Clinical characteristics of skin 
surrounding IAD area assessed 
by caregiver 

1 (3.8) 8 (30.8) 17 (65.4) 2 2.62 0.57 3.00 1 Out 1 (4.0) 5 (20.0) 19 (76) 3 7.52 1.87 8.00 2.50 In 

22. Clinical signs of inflammation / 
colonisation / infection of IAD 
area assessed by caregiver 

0 (0.0) 6 (23.1) 20 (76.9) 2 2.77 0.43 3.00 0.25 In 2 (7.6) 2 (11.5) 21 (80.8) 2 7.65 2.13 8.50 2 In 

23. Cracking 5 (19.2) 12 (46.2) 9 (34.6) 2 2.15 0.73 2.00 1 Out 3 (12.0) 5 (20.0) 17 (68.0) 3 6.92 2.22 7.00 3 Out 

24. Crusting 7 (26.9) 10 (38.5) 9 (34.6) 2 2.08 0.80 2.00 2 Out 4 (15.4) 6 (16.0) 16 (61.5) 2 6.23 2.49 7.00 3.25 Out 

25. Denudation 2 (8.0) 4 (16.0) 19 (76.0) 1 2.68 0.63 3.00 0.50 In 2 (7.6) 1 (3.8) 23 (88.4) 2 7.96 2.07 9.00 1 In 

26. Desquamation 6 (24.0) 8 (32.0) 11 (44.0) 2 2.20 0.82 2.00 1.50 Out 4 (15.3) 2 (7.7) 17 (65.4) 2 6.62 2.76 7.50 3.50 Out 

27. Discolouration 5 (19.2) 7 (26.9) 14 (53.8) 0 2.35 0.80 3.00 1 Out 2 (8.4) 5 (20.9 17 (70.8) 4 7.13 2.37 8.00 3.75 In 

28. Dryness 5 (19.2) 11 (42.3) 10 (38.5) 0 2.19 0.75 2.00 1 Out 4 (16.0) 5 (20.0) 16 (64.0) 3 6.84 2.50 8.00 4.50 Out 

29. Erosion 1 (4.0) 6 (24.0) 18 (72.0) 1 2.68 0.56 3.00 1 In 4 (16.0) 2 (8.0) 19 (76.0) 3 7.24 2.54 9.00 3 In 

30. Erythema 1 (3.8) 3 (11.5) 22 (84.6) 0 2.81 0.49 3.00 0 In 1 (4.0) 2 (8.0) 22 (88.0) 3 8.12 1.54 9.00 1.50 In 

31. Excoriation 5 (20.8) 7 (29.2) 12 (50.0) 2 2.29 0.81 2.50 1 Out 5 (20.0) 6 (24.0) 14 (56.0) 3 6.44 2.71 7.00 4.50 Out 

32. Exudate 4 (15.4) 7 (26.9) 15 (57.7) 0 2.42 0.76 3.00 1 Out 2 (7.6) 5 (19.2) 19 (73.1) 2 7.42 2.12 8.50 3 In 

33. Glossy/shiny appearance 5 (19.2) 10 (38.5) 11 (42.3) 0 2.23 0.77 2.00 1 Out 2 (6.8) 4 (13.7) 20 (68.9) 2 7.35 1.98 8.00 2.25 Out 

34. Infection confirmed by culture  4 (16.0) 7 (28.0) 14 (56.0) 1 2.40 0.76 3.00 1 Out 5 (19.1) 5 (19.2) 16 (61.6) 2 6.69 2.53 7.00 4 Out 

35. Lichenification 9 (40.9) 11 (50.0) 2 (9.1) 4 1.68 0.65 2.00 1 Out 7 (26.9) 8 (30.7) 11 (42.3) 2 5.42 2.76 6.00 4.5 Out 

36. Maceration 1 (3.8) 4 (15.4) 21 (80.8) 0 2.77 0.51 3.00 0 In 1 (3.8) 4 (15.4) 21 (80.8) 2 7.81 1.74 8.50 2 In 

37. Macules 7 (33.3) 10 (47.6) 4 (19.0) 4 1.86 0.73 2.00 1 Out 5 (20.0) 9 (36.0) 11 (44.0) 3 5.84 2.79 6.00 4 Out 

38. Maculopapular rash 4 (18.2) 10 (45.5) 8 (36.4) 4 2.18 0.73 2.00 1 Out 3 (12.5) 6 (25.0) 15 (62.5) 4 6.75 2.33 7.00 3 Out 

39. Necrosis 9 (37.5) 7 (29.2) 8 (33.3) 2 1.96 0.86 2.00 2 Out 6 (25) 6 (25) 12 (49.9) 4 5.67 2.96 6.50 5.50 Out 

40. Nodules 10 (43.5) 12 (52.2) 1 (4.3) 3 1.61 0.58 2.00 1 Out 12 (50.0) 8 (33.3) 4 (16.7) 4 3.92 2.38 3.50 3.75 Out 

41. Oedema 5 (19.2) 13 (50.0) 8 (30.8) 0 2.12 0.71 2.00 1 Out 4 (16.0) 5 (20.0) 16.0 (64.0) 3 6.64 2.58 7.00 4 Out 

42. Oozing 7 (29.2) 11 (45.8) 6 (25.0) 2 1.96 0.75 2.00 1.75 Out 5 (21.7) 5 (21.7) 13 (56.4) 5 5.91 2.78 7.00 3 Out 

43. Papules 10 (41.7) 10 (41.7) 4 (16.7) 2 1.75 0.74 2.00 1 Out 5 (20.0) 4 (16.0) 16 (64.0) 3 6.04 2.70 7.00 3.5 Out 

44. Pigmentation 10 (38.5) 13 (50.0) 3 (11.5) 0 1.73 0.67 2.00 1 Out 3 (12.5) 11 (45.8) 10 (41.7) 4 6.00 2.36 6.00 3 Out 

45. Purulent exudate 9 (34.6) 8 (30.8) 9 (34.6) 0 2.00 0.85 2.00 2 Out 5 (20.0) 8 (32.0) 12 (48.0) 3 5.84 2.63 6.00 3 Out 

46. Pustules 10 (38.5) 6 (23.1) 10 (38.5) 0 2.00 0.89 2.00 2 Out 3 (12.0) 3 (12.0) 19 (76.0) 3 6.88 2.46 8.00 2 In 

47. Roughness 12 (48.0) 11 (44.0) 2 (8.0) 1 1.60 0.65 2.00 1 Out 9 (36.0) 9 (36.0) 7 (28.0) 3 4.84 2.84 5.00 5.50 Out 

48. Satellite lesions 2 (7.7) 8 (30.8) 16 (61.5) 0 2.54 0.65 3.00 1 Out 1 (3.8) 3 (11.4) 22 (84.6) 2 7.73 1.89 8.00 1.25 In 
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49. Scabbing 10 (40.0) 12 (48.0) 3 (12.0) 1 1.72 0.68 2.00 1 Out 4 (16.7) 9 (37.5) 11 (45.8) 4 5.96 2.51 6.00 3.75 Out 

50. Scaling 10 (40.0) 10 (40.0) 5 (20.0) 1 1.80 0.76 2.00 1 Out 4 (16.0) 9 (44.0) 12 (48.0) 3 5.88 2.54 6.00 4 Out 

51. Scratch marks 10 (38.5) 12 (46.2) 4 (15.4) 0 1.77 0.71 2.00 1 Out 7 (26.9) 11 (42.2) 8 (30.7) 2 5.04 2.75 5.50 5.25 Out 

52. Shiny appearance 6 (23.1) 12 (46.2) 8 (30.8) 0 2.08 0.74 2.00 1.25 Out 4 (15.3) 6 (23.1) 16 (61.5) 2 6.54 2.21 7.00 2.25 Out 

53. Skin barrier properties 4 (16.0) 8 (32.0) 13 (52.0) 1 2.36 0.76 3.00 1 Out 4 (16.7) 1 (4.2) 19 (79.1) 4 7.46 2.48 9.00 2 In 

54. Skin loss 1 (3.8) 4 (15.4) 21 (80.8) 0 2.77 0.51 3.00 0 In 1 (4.0) 2 (8.0) 22 (88.0) 3 8.00 1.87 9.00 1 In 

55. Slough present in the wound bed 
(yellow / brown / greyish) 

7 (26.9) 11 (42.3) 8 (30.8) 0 2.04 0.77 2.00 2 Out 5 (19.2) 6 (23.0) 15 (57.7) 2 6.12 2.79 7.00 3.25 Out 

56. Swelling 7 (26.9) 9 (34.6) 10 (38.5) 0 2.12 0.82 2.00 2 Out 5 (20.3) 6 (25.0) 13 (54.2) 4 6.17 2.55 7.00 3.75 Out 

57. Vesicles 4 (16.0) 10 (40.0) 11 (44.0) 1 2.28 0.74 2.00 1 Out 4 (16.0) 5 (20.0) 16 (64.0) 3 6.68 2.41 7.00 4 Out 

58. White scaling 7 (33.3) 12 (57.1) 2 (9.5) 5 1.76 0.63 2.00 1 Out 10 (45.4) 3 (13.6) 9 (41.9) 6 4.59 2.92 5.00 5 Out 

TOTAL IN N (%)         13 (22.4)         24 (41.4) 

†I Don’t know the answer, ‡Standard deviation, §Interquartile range, ¶ Proportion within a range (restricted): Minimum 70% scoring the outcome critical for inclusion 
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Consensus criteria 

Applying different consensus criteria to the nine-point scale (group 2), stricter criteria and combining criteria 

led to less outcomes being defined as ‘critical’ (proportions with restricted ranges: 40 outcomes (≥60% 7+), 20 

outcomes (≥ 75% 7+), 2 outcomes (≥90% 7+); combinations of restricted ranges: 30 outcomes (≥60% 7+ and ≤15% 

1 to 3), 22 outcomes (≥70% 7+ and ≤15% 1 to 3), 18 outcomes (≥75% 7+ and ≤15% 1 to 3), 2 outcomes (≥90% 7+ 

and ≤15% 1 to 3) (see Appendix 3 and Figure 3). The criterion of central tendency within a specific range, i.e. 

median between 7 to 9 led to the highest number of outcomes being defined as ‘critical’ for inclusion (47/58 = 

81.0%), when the IQR was not taken into account. In case the IQR less than 3 was combined with a median 

between 7 to 9 (i.e., decrease in variance), 21 outcomes were defined as ‘critical’. The criterion of central tendency 

within a specific range, mean greater than 7 resulted in 25 outcomes (43.1%).  

 
 

 

Figure 3. Outcomes defined as ‘critical’ on the nine-point scale based on different consensus criteria 
 

Comparing the outcomes defined as ‘critical’ based on the ratings of the participants using a three-point scale 

with the ratings using different consensus criteria showed that for 2/13 outcomes defined as ‘critical’, these were 

also defined as ‘critical’ by each of the consensus criteria (i.e. ‘Pain’ and ‘Self-reported symptoms’). This was also 

the case for 10/13 outcomes, except when the criterion ≥90% scoring 7+ (and ≤ 15% scoring 1 to 3) was used. The 

outcome ‘Erosion’ was not defined as being ‘critical’ by 6/11 consensus criteria. For 11/45 outcomes which were 

not defined as ‘critical’ based on the three-point scale, none of the consensus criteria defined the outcome as 

‘critical’.   

When analyzing the final list of core outcome domains (obtained after three Delphi rounds using the consensus 

criterion of at least 70% rating the outcome as ‘critical’) (Van den Bussche et al., 2018) in relation to the different 

consensus criteria, the outcome ‘IAD related pain’ was included in all applied consensus criteria (Appendix 3). 

The outcomes ‘Satisfaction with intervention from patient perspective’, ‘Erythema’ and ‘Maceration’ were defined 
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to be ‘critical’, except when the ≥90% scoring 7+ (+ ≤15% scoring 1 to 3) criterion was applied. Only one outcome, 

i.e. ‘Erosion’ was not rated ‘critical’ based on several consensus criteria (≥90% scoring 7+ (+ ≤15% scoring 1 to 3); 

≥60%, ≥70%, ≥75% scoring 7+ and ≤15% scoring 1 to 3; Median >7 and IQR <3).  

Results indicate that the higher the standard deviation (SD), the more often the outcome is not rated as ‘critical’ 

to be included in the COS (i.e., mean scoring 7+). This is similar for the association between the IQR and the 

median (Figure 4). 

 

 

 

Figure 4. Scatter plot SD versus mean rating and bubble plot IQR versus median rating on the nine-point scale 
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DISCUSSION 

Interpretation 

This is the first study comparing two different rating scales and several commonly used consensus criteria and 

their impact on priorization of outcomes to be included in a COS. 

 

The use of the nine-point scale in combination with the commonly used threshold of ≥70% to rate the outcome 

as ‘critical’ resulted in almost twice as many outcomes selected as ‘critical’ compared to using the three-point 

scale. This difference indicates that the format of the scales influences the Delphi study results, indicating that 

the choice of the scoring method is important. Using a scale with few response options might limit respondents 

to make full use of their capacity to discriminate, however rating scales with a broad range of response options 

might contribute to measurement error because the respondent’s capacity to discriminate is exceeded 

(Beckstead, 2014). In order to reduce measurement error, it is therefore suggested to use verbal labels to anchor 

all scale points next to numeric labels in rating scales (Beckstead, 2014). In addition, the possibly better 

discrimination when using more response options, is ignored when using simple cut-offs such as 70%. In 

research, it is generally recommended not to arbitrarily cut (quasi)continues scales into categories (Kottner et 

al., 2018; Kottner & Streiner, 2014). In addition the thresholds used to categorize outcomes into ‘critical’ (scoring 

7 to 9 on the scale), ‘important but not critical’ (scoring 4 to 6 on the scale) and ‘limited important’ (scoring 1 to 

3 on the scale) seem to be arbitrary (Broomfield & Humphris, 2001; Thorlacius et al., 2017). Therefore, it is 

recommended to use the full range of information from the rating scales (Beckstead, 2014; Streiner, Norman, & 

Cairney, 2015).  

Because the main objective of Delphi studies in the COS field is to prioritize outcomes (Williamson et al., 2017), 

direct questions about the outcomes seem to be an attractive option. Therefore, it might be recommended to 

use the nine-point scale, in accordance to the RAND appropriateness method (Fitch, Bernstein, Aguilar, Burnand, 

& LaCalle, 2001), to inform the consensus process for a subsequent rating or face-to-face consensus meeting. 

The three-point scale is suggested to determine final consensus. When using thresholds, stricter criteria and 

combining criteria led to less outcomes being identified as ‘critical’. These results were expected but they confirm 

the arbitrariness and open the discussion about the most appropriate thresholds. Our results indicate that ≥60% 

rating the outcome ‘critical’ might be not strict enough but ≥90% rating the outcome ‘critical’ might be too strict. 

Therefore, thresholds of ≥70% or slightly higher might be a compromise. Our results support the 

recommendation by Williamson et al. (2017) to use a combination of a proportion to rate an outcome as ‘critical’ 

and a proportion to rate an outcome as ‘not important’.  
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The criterion of central tendency within a specific range, i.e. median between 7 to 9 led to the highest number 

of outcomes being defined as ‘critical’ for inclusion. Similar to the definition of proportions of restricted ranges, 

this consensus criterion is arbitrary and probably not strict enough. If measures of central tendency are used, 

they should be combined with measures of distribution, such as IQRs. Our results clearly show, that the wider 

the distribution, the less respondents rated outcomes as ‘critical’. Reduction in the distribution of ratings 

between several Delphi rounds can be seen as an indicator of increasing agreement between participants 

(Williamson et al., 2017). However, according to Crisp, Pelletier, Duffield, Adams, and Nagy (1997) the stability of 

the ratings through a series of Delphi rounds is a more reliable indicator of agreement.  

In order to reduce bias, researchers should always consider and publicly register in advance the consensus 

criterion that will be used to determine agreement within Delphi studies (Grant et al., 2018; Williamson et al., 

2017). If thresholds are used and outcomes believed to be critical end up just below the threshold, it might be 

useful to reconsider the threshold a posteriori (Diamond et al., 2014). However, this somehow questions the 

robustness of the Delphi process itself. It might be argued that the results of Delphi studies are just the basis 

for subsequent face-to-face consensus meetings. If this would be the case, strict cut-offs should not be used at 

all. 

Generalizability 

Because the sample size was rather small and this study was conducted within one COS development project 

only, the generalizability is limited. Reproduction of this study in another field of COS development, focusing on 

other topics and including larger sample sizes is needed. 

 

Limitations 

This study had several limitations. First, the use of only two different rating scales to study the impact on 

outcome selection might not be sufficient. Second, since this study involved only the first Delphi round, the 

impact of receiving feedback on the subsequent rating of outcomes and the level of agreement between 

participants could not be investigated. Third, patients were only involved in the search for possible outcomes 

and no patients or patient representatives were included in the Delphi study. Active involvement of patients is 

however recommended by the Patient-Centered Outcomes Research Institute (PCORI) (Frank et al., 2015) and in 

COS development (Williamson et al., 2017).  
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CONCLUSIONS 

The format of rating scales in Delphi studies for COS development and the definition of the consensus criteria to 

decide about inclusion of outcomes influence outcome selection. This questions the current methodology to 

achieve consensus on core outcome domains. The use of the nine-point scale might be recommended to inform 

the consensus process for a subsequent rating or face-to-face meeting. The three-point scale might be preferred 

when determining final consensus on the COS.  
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Erythema is a clinical sign that is observed in both PUs and IAD (Gray et al., 2012; National Pressure Ulcer Advisory 

Panel, European Pressure Ulcer Advisory Panel, & Pan Pacific Pressure Injury Alliance, 2014). Because both skin 

conditions occur in the same areas, assessment and differentiation between PUs and IAD is difficult (Beeckman et al., 

2007; Beeckman et al., 2010; Gray et al., 2012; Kottner & Halfens, 2010). A correct differentiation is however important 

because of differences in preventive measures and treatment strategies.  

 

A cornerstone in the prevention of PUs is the repositioning of patients at regular intervals. Repositioning and its 

frequency should take into account the condition of the individual and the applied support surface (i.e., pressure- 

relieving mattresses and cushions) (National Pressure Ulcer Advisory Panel et al., 2014). The presence of non-

blanchable erythema plays a major role in determining this individualized care since it can be associated with the 

development of PUs (National Pressure Ulcer Advisory Panel et al., 2014; Shi, Dumville, & Cullum, 2018). Currently, 

compliance rates of clinicians to patient repositioning are low (Bours, Halfens, Abu-Saad, & Grol, 2002; Courvoisier, 

Righi, Béné, Rae, & Chopard, 2018; Gunningberg, 2005; Jocelyn Chew, Thiara, Lopez, & Shorey, 2018; Mallah, Nassar, & 

Kurdahi, 2015; Pickham et al., 2018; Vanderwee et al., 2011; Wann-Hansson, Hagell, & Willman, 2008). The first study 

(chapter 3) aimed to investigate the effectiveness of tailored repositioning and a turning and repositioning system 

on nurses’ compliance to repositioning frequencies (primary outcome). Results showed that nurses’ compliance was 

influenced by time. A significant increase occurred for patients lying in bed when applying tailored repositioning 

and/or using the turning and positioning system. Besides, a significant decrease was shown when applying the 

interventions for patients in a seated position. Nurses’ decreased compliance to reposition patients in a seated 

position and the inability to demonstrate that the use of the Prevalon® Turn and Position System (TAP) 2.0 (Sage 

Products LLC, Cary, Illinois, US) was significantly associated with sacral pressure relief indicated the importance of 

education, clinical support and follow-up. Further investigation of the long-term effects of preventive measures was 

recommended.  

 

Because of the significant correlation between the application of adequate PU prevention and attitudes of nurses 

toward PUs and knowledge and attitudes (Beeckman, Defloor, Schoonhoven, & Vanderwee, 2011), the knowledge of 

nurses and nursing assistants about PU prevention was studied in chapter 4. The findings of this study revealed that 

the knowledge of nurses and nursing assistants was poor (average score = 50.7%), especially concerning the themes 

‘Prevention’ (average score = 42.7%), ‘Etiology’ (average score = 45.6%) and ‘Specific patient groups’ (average score = 

46.6%). Significantly higher knowledge scores were found in health care professionals who had a higher education 
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level or who had attended additional training about PUs or wound care more in general. Questions requiring critical 

thinking skills, resulted in lower mean knowledge scores. This highlights the need to improve the understanding of 

pathogenesis of PUs in nurses and nursing assistants. It was recommended to reconsider the nursing curriculum, using 

the framework designed by the Education Committee of the European Wound Management Association (EWMA), and 

to provide evidence based training in PU prevention at organizational level (e.g., the hospital). Besides,  the importance 

of taking into account other influencing factors to obtain a higher quality of care was stressed. These include attitudes, 

leadership support and the presence of champions, teamwork, availability of guidelines and equipment, and regular 

feedback on the organizational performance in PU prevention and treatment (e.g., communicating PU 

prevalence/incidence rates).  

 

Erythema was considered as a core outcome domain for IAD research in the study of Van den Bussche et al. (2018). In 

the systematic review, described in chapter 6, it was investigated how this outcome should be measured. The results 

indicated that no instrument exists to measure exclusively erythema related to the IAD condition. Erythema was 

however measured separately on a subscale in five out of 10 included IAD measurement instruments. Despite, there 

was only weak empirical evidence supporting their measurement properties and use as single instruments. Since no 

single instrument could be recommended, it was suggested to develop a new instrument or to adapt an existing 

instrument. International expert collaboration and funding resources are needed to achieve this goal. The current lack 

of a uniform instrument makes standardization and thus comparison of data and pooling of results of clinical trials 

difficult. It keeps our knowledge of the optimal skin care regimen for the prevention and treatment of IAD limited 

(Beeckman et al., 2016). The complexity of the COnsensus-based Standards for the selection of health Measurement 

INstruments (COSMIN) framework and the diverging applicability - depending on the type of outcome (patient-

reported vs. clinician-reported) - were cited as other points of discussion. 

 

Methodological aspects of the Delphi study to define consensus in core outcome set (COS) development were studied 

in chapter 7. Results indicated that both the format of the rating scale and the criteria to define consensus influence 

the outcome selection. It was recommended to use the nine-point scale in the early phases of a consensus process, 

preceding a subsequent rating or a face-to-face meeting and the three-point scale to determine final consensus.     
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In each chapter of this dissertation points of discussion were cited. Based on these points of discussion and in order 

to guide clinical practice, organizational management, policy makers, further research and healthcare education, the 

following themes will be further elaborated in this general discussion: 

(1) Clinical study versus quality improvement project, 

(2) The need to consider the prevention of PUs and IAD as a complex nursing intervention,  

(3) The need for clinical nurse leaders in skin integrity, and  

(4) The need for refinement of guidelines for core measurement selection.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Chapter 8: general discussion 

224 

 

1. Clinical study versus quality improvement project 

 

The pragmatic trial in chapter 2 and 3 showed that tailored repositioning and the use of a device to support patient 

repositioning in bed can contribute to nurses’ compliance to repositioning frequencies. The study was however 

characterized by a short term nature, recruiting patients for several weeks until a maximum of 16 patients per ward 

were enrolled. In order to increase long-term efficiency in healthcare facilities, quality improvement projects should 

be initiated and implemented (Batalden, 1991; Berwick, 1989a, 1989b, 1990; Berwick, Godfrey, & Roessner, 1991; Brook, 

Ellwood, & Berwick, 1990). Quality improvement can be defined as the combined and unceasing efforts of healthcare 

professionals, patients and their families, researchers, payers, planners and educators to make the changes that will 

lead to better patient outcomes, better system performance and better professional development (Batalden & 

Davidoff, 2007). Quality improvement projects, beside pragmatic trials, are particularly suitable for implementation 

research (Peters, Adam, Alonge, Agyepong, & Tran, 2013). They involve a set of structured and cyclical processes: 

formulating a plan, implementing the plan, analyzing and interpreting the results, followed by the identification of 

adaptations and next steps to start a new cycle (i.e., the plan-do-study-act (PDSA) cycle, Figure 1) (Davidoff, Batalden, 

Stevens, Ogrinc, & Mooney, 2008; Speroff & O'connor, 2004; Taylor et al., 2014). This iterative process is essential in 

order to deliver high quality and high value care in a financially constrained environment (Taylor et al., 2014).  

 

 

Figure 1. Sequential PDSA cycles (published in ACT Academy (2018)) 
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To date, skin injury prevention and management focuses on a single skin injury (e.g. PUs) (Goodman et al., 2018; 

Kriesberg, Little, Mohr, & Kato, 2018; Sullivan & Woo, 2018), as did our study. However, since PUs, IAD, skin tears, medical 

adhesive-related skin injuries (MARSI) and peristomal or peri-wound moisture-associated skin damage (MASD) are 

interrelated lesions, and as all of these lesions can occur in the perineal region, they should ideally be addressed in 

an integrated prevention program to avoid fragmented and inconsistent care (Campbell, Coyer, & Osborne, 2016). A 

suggestion might be to design a quality improvement project focusing on overall “skin frailty” as a concept. Although 

there is no clear consensus regarding the definition of “frailty”, the concept can be described as a multidimensional 

syndrome characterized by diminished resistance to stressors (Rodríguez-Mañas et al., 2012). It is considered as a 

precursor to degeneration and loss of function in the aging process (De Lepeleire, Iliffe, Mann, & Degryse, 2009) and 

is associated with common age-dependent skin conditions such as PUs, IAD, skin tears, MARSI and peristomal or peri-

wound MASD (Campbell et al., 2016). “Skin frailty” can be linked to the concepts of skin integrity and skin safety.  

The skin safety model, developed by Campbell et al. (2016), provides a unified perspective on the diverse collective 

contributing factors that these skin conditions share. They are divided into patient factors (e.g., incontinence, poor 

nutrition, mobility limitations, polypharmacy, etc.), situational stressors (e.g., trauma, acute illness, surgery, etc.) 

requiring a hospital admission, and system factors comprising both structural (e.g., funding, staffing) and process (e.g., 

skin assessment, mobilization) elements. In addition, these contributing factors have a cumulative effect on 

exacerbating factors such as friction, pressure/shear and skin irritants, resulting in skin lesions (Figure 2). The skin 

safety model can be recommended as a theoretical basis for the development of an innovative quality improvement 

project focusing on “skin frailty”.  

 

 

Figure 2. Skin safety model (published in Campbell et al. (2016)) 
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In our pragmatic trial patients were included and effects of the interventions were evaluated for a maximum of eight 

days. As a consequence, no meaningful generalization of the effectiveness of the intervention could be concluded 

(Craig et al., 2008). By recommending the design of a quality improvement project and implementing this into 

practice, effects can be evaluated and measured through long-term follow up. Therefore, quality indicators are to be 

applied and monitored using statistical process control. Quality indicators are defined as standardized, evidence-

based measures of healthcare quality that can be obtained with readily available hospital inpatient administrative 

data to measure and track clinical performance and outcomes (Agency for Healthcare Research and Quality, n.d.). They 

should be based on agreed definitions and described exhaustively, relate to clearly identifiable events for the user, 

permit useful comparisons, be specific and sensitive, valid and reliable, able to discriminate and evidence-based 

(Mainz, 2003).  

In Belgium, quality indicators are defined and developed by the ‘Federale Raad voor de Kwaliteit van de 

Verpleegkundige Activiteit’ (FRKVA) (FOD Volksgezondheid, 2013). They are related to structure, process, and outcome 

(Donabedian, 1966, 1988). Structural indicators refer to material resources, human resources and the organizational 

structure. Process indicators denote the care that healthcare providers are giving. Finally, outcome indicators describe 

the effects of care on the health status of the patient (Mainz, 2003). In Belgium, it is mandatory to evaluate the quality 

of healthcare using quality indicators on a yearly basis and to communicate the results to the FRKVA, so that 

benchmarking is possible (FOD Volksgezondheid, 2013).  

 

Currently, quality indicators related to the condition of PUs have been developed. The following structural indicators 

have been defined: the presence of an evidence-based protocol, the presence of a reference nurse, the presence of a 

multidisciplinary PU committee, the measurement of PU prevalence, and the presence of preventive devices. 

Predefined process indicators are the percentage of patients for whom risk assessment is performed and the 

percentage of patients who receive adequate prevention. Existing outcome indicators are the prevalence of (heel) 

PUs category I-IV, the prevalence of (heel) PUs category II-IV, and the prevalence of hospital-acquired PUs (at the 

sacrum and heel) (FOD Volksgezondheid, 2013, 2014). The PROTECT-tool, based on literature review, clinical guidelines 

and expert opinion, can serve as a source to develop new quality indicators. A suggestion for possible process 

indicators could be the assessment of the skin for presence of non-blanchable erythema or IAD and patient 

repositioning as prescribed by the patient-tailored protocol. The development of quality indicators for skin lesions 

which can occur in the perineal region due to skin frailty is recommended. 
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As mentioned earlier, quality indicators can be monitored using statistical process control. Statistical process control 

is defined as a branch of statistics that combines rigorous sequential, time-based analysis methods with graphical 

presentation of performance and quality data. It provides better understanding and communication of data from 

healthcare performance and quality improvement projects and has the ability to generate insights and conclusions 

(Benneyan, Lloyd, & Plsek, 2003). It is recommended to measure the predefined quality indicators at ≥ 20 nearly equal 

time points (e.g., monthly) both before and after the implementation of the quality improvement project (Bernal, 

Cummins, & Gasparrini, 2017; Crabtree, Ray, Schmidt, O'Connor, & Schmidt, 1990; Grimshaw, Campbell, Eccles, & Steen, 

2000; Handley, Lyles, McCulloch, & Cattamanchi, 2018; Shojania & Grimshaw, 2005; Vetter, 2017). Since outcome 

measures are influenced by multiple factors related to the patient, the illness, the treatment and the organization 

(Sackett, Haynes, Guyatt, & Tugwell, 1991), these should be taken into account (Mainz, 2003). This was not the case in 

our study. Statistical process control however accounts for common causes of variation (i.e., random variance inherent 

in any process) and consequently detects and corrects for assignable causes of variation (i.e., process variation 

identifiable and assignable to specific causes) (Vetter & Morrice, 2018).  
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2. Consider the prevention of pressure ulcers and incontinence-associated dermatitis as a complex nursing 

intervention 

 

Both the interventions described in chapter 2 and 3 and the suggested “skin frailty” quality improvement project can 

be considered as a complex intervention. A complex intervention is defined as an intervention with several interacting 

components, which needs to be developed in a structured way (Craig et al., 2008). Interacting factors are linked to 

the local context and can refer to leadership, presence of champions, organizational culture, duration of an 

organization’s formal involvement in quality improvement, existence of data information systems, involvement of 

physicians, the motivation of the microsystem (i.e., a hospital unit) to change, available resources, knowledge, self-

efficacy, etc. (Damschroder et al., 2009; Kaplan et al., 2010). Since these interacting factors have an influence on the 

success of quality improvement initiatives, interventions need to be multi-faceted (Greenhalgh, Robert, Macfarlane, 

Bate, & Kyriakidou, 2004; Kaplan et al., 2010; McCormack et al., 2002; Oxman, Thomson, Davis, & Haynes, 1995; Plsek & 

Wilson, 2001), challenging the evaluation (Craig et al., 2008).  

 

Several frameworks exist to develop and to evaluate complex interventions, such as the Intervention Mapping 

approach (Bartholomew et al., 2016), the model of Bradley, Wiles, Kinmonth, Mant, and Gantley (1999) and the model 

of van Meijel, Gamel, van Swieten-Duijfjes, and Grypdonck (2004). However, the Medical Research Council (MRC) 

framework (Bleijenberg et al., 2018), which was first published in 2000 and updated in 2006, is mostly cited. The MRC 

framework includes four phases, which do not follow a linear or cyclical sequence (Campbell et al., 2007): (1) 

development of the intervention, (2) exploring the feasibility and pilot testing of the intervention, (3) evaluation of 

the intervention, and (4) implementation of the intervention (Craig et al., 2008). The intervention in chapter 2 and 3 

(i.e., tailored repositioning based on the PROTECT-tool) was developed based on an extensive literature review and 

expert consultation. However, in order to improve the likelihood of success and to enhance the fit with clinical practice, 

it is recommended to consider the sustainability of the intervention and the likelihood of adoption and 

implementation in daily practice already in the development phase (Richards & Hallberg, 2015). Involving an 

interdisciplinary team of researchers, experts, patients and caregivers is therefore recommended (van Meijel et al., 

2004). The fact that no patients were involved in designing the PROTECT-tool should be considered as a limitation.  
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The importance of an iterative process and pilot testing of the intervention is emphasized in the MRC framework. In 

our study however, there was no iterative process and the phase of pilot testing and assessment of feasibility was 

omitted. As a consequence, the evaluation might be undermined by problems of acceptability, compliance and delivery 

of the intervention (Armstrong, Winder, & Wallis, 2006; Prescott et al., 1999; Rowland et al., 2002; Scheel, Hagen, & 

Oxman, 2003). When using the PROTECT-tool and/or a medical aid in further research or clinical practice, a mixture of 

qualitative and quantitative methods is recommended to gain insight into possible barriers and to refine the 

intervention prior to implementation (Craig et al., 2008). A possible barrier of the PROTECT-tool might be that it was 

not integrated in the electronic health record of the patient. This was confirmed by the nurses when their experiences 

were explored in a side trajectory of this study (Van den Abeele, 2018). In order to provide patient-specific decision 

support at the point of care, it is suggested that clinical decision support systems interface with the electronic medical 

record of the patient to retrieve patient-specific data and to effect recommendations (Sim et al., 2001). To achieve 

this, technical and organizational challenges need to be addressed and cooperation with the information technology 

unit is needed. An important side note however is that the purpose of a clinical decision support system is to support 

the clinical decision-making process of healthcare workers, and not to replace clinical reasoning. As a consequence, it 

will remain important that healthcare workers understand the underlying reasons for their actions. Besides, the 

development of an evidence-adaptive version of the PROTECT-tool could be considered. An evidence-adaptive clinical 

decision support system is characterized by a routinely update of the knowledge base, incorporating immediately new 

high quality research findings into the system. Consequently, the clinical decision support system must have direct 

machine-interpretable access to the research literature. Close cooperation with informatics researchers is therefore 

needed (Sim et al., 2001). The PROTECT-tool in its current format is not evidence-adaptive, requiring regularly updates. 

A first update is recommended in order to include the information of the third edition of the clinical practice guideline 

for the prevention and treatment of PUs (expected publication in 2019). Given the advances of clinical decision support 

systems (i.e., potential to reduce medical errors, foster guideline compliance, increase healthcare quality and 

efficiency (Bates et al., 2001; Bright et al., 2012; Schaarup, Pape-Haugaard, & Hejlesen, 2018; Teich & Wrinn, 2000)), 

policy makers are recommended to provide incentives for the development and implementation of clinical decision 

support systems to improve healthcare quality. The use of a unique national electronic health record in 

hospitals/nursing homes might be needed in order to make this feasible. Funding should be provided to evaluate the 

effect of clinical decision support systems not only on guideline adherence, but also on clinical outcomes in an 

iterative process, facilitating the redesign of the system (Sim et al., 2001).  
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Implementation and evaluation of the PROTECT-tool and TAP system (chapter 2 and 3) can be seen as a multifaceted 

intervention since the intervention included the minimum criteria of two components (Squires, Sullivan, Eccles, 

Worswick, & Grimshaw, 2014). The PROTECT-tool addressed the need for the development of a tool to support the 

clinical decision-making process of the clinician, while the TAP system responded to the strenuous nature of patient 

repositioning in bed. However, when designing and implementing the intervention, insufficient attention was given 

to the other contextual interacting components as described above. In further research, this shortcoming should be 

addressed by designing an intervention which includes more components (e.g., availability of champion nurses, 

impacting on nurses’ attitudes and motivation, etc.), in order to enhance the chance of success. Since successful 

implementation can also be related to the changing behavior of individuals (Craig et al., 2008), understanding the 

factors which maintain current behavior and barriers and facilitators to change is required in order to develop 

strategies to achieve change (Eccles et al., 2007; Michie et al., 2005). The interactions between nurses and the 

potential effect of peer influence were not investigated in the pragmatic trial but should be addressed in further 

implementation research.  

 

The systematic development of complex nursing interventions is time- and resource-consuming but tends to reduce 

research waste because of weaknesses in the design, conduct and analysis of the intervention (Bleijenberg et al., 

2018). Greater investment from research funders in the development of complex interventions and implementation 

research is recommended. Currently, the majority of the recommendations in clinical practice guidelines are founded 

on expert-opinion or low-level evidence. Collective high quality research within a broad international context, wherein 

public funds combine their resources, should be encouraged in order to produce a multi-country and overarching 

policy (Jackson et al., 2016).  

 

To consider all interacting factors when implementing a complex nursing intervention, the action research 

methodology might be applied. Action research is a cyclical process of research that is participatory, collaborative and 

transformative (Cassell & Johnson, 2006; Gustavsen, 2008; Taylor & Francis, 2013). A fundamental criterion of action 

research concerns the partnership between the researcher and stakeholders within their natural context, enhancing 

the development of practical knowledge and the implementation of change into practice (Munten, Van Den Bogaard, 

Cox, Garretsen, & Bongers, 2010).  

To date, healthcare professionals experience difficulties in adopting research findings into clinical practice (Barnett, 

Vasileiou, Djemil, Brooks, & Young, 2011). This is also the case when focusing on PUs and IAD. The factors that influence 
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research implementation in nursing practice are diverse (Plas et al., 2006). Some of the major barriers to 

dissemination and translation are the increasing volume of research evidence being produced, access to new evidence, 

skills to appraise the quality of the evidence, time to identify and read evidence papers and the capacity to apply the 

evidence (Gravel, Légaré, & Graham, 2006). According to the systematic review of Flottorp et al. (2013), factors 

determining practice can be assigned to one of the following domains: (1) characteristics of the guideline or practice 

change, (2) individual professional factors, (3) patient factors, (4) professional interactions, (5) incentives and 

resources, (6) capacity of organizational change, and (7) social, political, and legal factors. Jun, Kovner, and Stimpfel 

(2016) performed an integrative review, investigating barriers and facilitators in the use of clinical practice guidelines 

by registered nurses. Both internal factors (i.e., attitudes, perceptions and knowledge) and external factors (i.e., 

organizational culture, leadership, resources, format and usability of the guideline) influenced the use of clinical 

practice guidelines (Jun et al., 2016).  

Increased evidence identifies that the context in which the evidence is being implemented will determine if and how 

the evidence will be used, despite the quality of evidence being implemented (Jacobs, Weiner, & Bunger, 2014; May, 

2013; McCormack et al., 2013). The intention of action research as a methodology is to link the world of research and 

practice. According to the systematic review of Munten et al. (2010), action research is a promising approach to 

implement Evidence-Based Practice (EBP). Since implementation strategies (e.g., education, feedback, reminders, 

integrated care, adaptation of professional roles (Grol & Wensing, 2011)) are designed in collaboration with the 

stakeholders, the credibility of the interventions and the potential of implementation success is maximized 

(McCormack, 2015). Several frameworks for designing implementation strategies exist and can be applied such as the 

Promoting Action on Research Implementation in Health Services (PARIHS) framework (Kitson, Harvey, & McCormack, 

1998), the Iowa Model of Evidence-Based Practice to Promote Quality Care (Titler et al., 2001) and the model for 

effective implementation of Grol and Wensing (2011). Besides, a plethora of other translational science models exists 

(Mitchell, Fisher, Hastings, Silverman, & Wallen, 2010). They provide an organized framework to facilitate EBP and are 

advocated in order to critically evaluate the implementation (Flannery & Rotondo, 2016). Because the success of 

research implementation is dependent on behavioral change, specific behavior change techniques can be applied 

(Curtis, Fry, Shaban, & Considine, 2017), such as the theoretical domains framework (Cane, O’Connor, & Michie, 2012), 

the behavior change wheel (Michie, Van Stralen, & West, 2011), and the behavior change technique taxonomy (Michie 

et al., 2013).  
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3. The need for clinical leadership in skin integrity 

 

PUs and IAD are prevalent skin conditions impacting on morbidity, mortality, costs and burden of care (Campbell et 

al., 2016).  Research highlights the link between nursing workforce and the occurrence of skin lesions (Campbell et al., 

2016; Horn, Buerhaus, Bergstrom, & Smout, 2005; Stone et al., 2007). More specifically, skill mix, nurse staffing and 

nursing education levels can be seen as sensitive predictors of skin injury occurrence (Aiken, Clarke, Cheung, Sloane, & 

Silber, 2003; Jackson et al., 2016; Lang, Hodge, Olson, Romano, & Kravitz, 2004). The study in chapter 3 confirmed that 

applying regular patient repositioning remains an issue. This affects the quality of care. Additionally, the results of 

the study described in chapter 4, showed knowledge deficits in nurses and nursing assistants about PUs. However, 

significant higher knowledge scores were found in professionals who had a higher education level or who had 

attended additional training about PUs or wound care more in general. This stresses the importance of the availability 

of specialized and/or higher educated nurses at the point of care. However, organizational management has given 

little attention to staffing or to other human resource contextual factors (Jackson et al., 2016). In order to advocate 

for safer nursing work environments and to improve structure, process and patient outcomes, clinical nurse leaders 

are needed (Mohr & Coke, 2018; Sage & Harris, 2018; Squires, Tourangeau, spence Laschinger, & Doran, 2010; Wakefield, 

McLaws, Whitby, & Patton, 2010).  

 

A clinical nurse leader is defined as a nurse who is directly involved in providing clinical care and who continuously 

improves care and influences others (Cook, 2001). Clinical nurse leaders do not execute an administrative role, but 

rather provide outcome management, client advocacy, information management, and collaborative care necessary to 

improve patient outcomes and to provide safe high-quality care (American Association  of Colleges of Nursing, 2007). 

Characteristics and attributes that can be associated with clinical nurse leaders are: being clinical competent and a 

good clinical practitioner, being an effective communicator, being supportive, focused on values and beliefs, focused 

on clinical excellence and quality of care, acting as a role model, being a motivator, being a mentor, being a decision-

maker, being visible in practice, being team focused, being approachable, having clinical knowledge, being 

empowered, and participating in staff development and education (Stanley & Stanley, 2018). Nurses across all levels 

of the career trajectory can be a clinical leader (Cummings et al., 2010). However, there is a tacit expectation that 

nurses at the specialized level (i.e., specialized nurses (‘referentieverpleegkundigen’) and nurse consultants 

(‘verpleegkundig consulenten’)) or at the advanced practice nursing level (i.e., clinical nurse specialists 

(‘verpleegkundig specialisten’) and clinical nurse research consultants (‘klinisch verpleegkundig onderzoekers’)) have 



 

Chapter 8: general discussion 

233 

 

additional responsibilities and are ideally positioned for practice innovation and strategic professional development 

(Elliott, Begley, Sheaf, & Higgins, 2016).  

 

Clinical leaders in skin integrity can have a crucial role in the design, implementation, evaluation and adaption of 

quality improvement projects. Besides, they are ideally placed to update protocols, to introduce new devices (e.g., new 

pressure relieving mattresses) and to provide education (Richardson, Peart, Wright, & McCullagh, 2017). Because they 

promote best practices through role modelling and act as a daily mentor, they can reinforce education in an informal 

manner (Bender, 2016). The assumption that role modelling might contribute to best practices is confirmed by the 

study of Wakefield et al. (2010), identifying ‘preventive action beliefs’ and ‘professional peer behavior’ as predictors 

of patient safety behavioral intent among nurses. Educational efforts, which did not lead to meaningful practice 

changes, were replaced by the implementation of peer-to peer bedside nursing rounds involving skin champion nurses 

and bedside nurses in the study of Kelleher, Moorer, and Makic (2012). Results revealed an increased use of preventive 

interventions and a decreased PU prevalence. The impact of the clinical nurse leader on the identification and 

reporting of PUs was investigated in the study of Polancich et al. (2017). Results revealed a variation in reporting 

between clinical nurse leaders and staff nurses, the latter reporting more hospital-acquired PUs because of 

misidentification of the type of wound (e.g. skin tears or dermatitis) (Polancich et al., 2017). As a consequence, the 

costs associated with the implementation of clinical nurse leaders can easily be recovered by its impact on correct 

reporting of PUs, accurate skin assessment and the use of resources for prevention and/or treatment of skin lesions 

(Polancich et al., 2017).  

 

In 2003, the American Association of Colleges of Nursing designed the clinical nurse leader care delivery model for 

continuous clinical leadership at the patient-health care interface (Bender et al., 2018). They distinguish four 

fundamental activities of clinical nurse leaders: (1) facilitating effective ongoing communication, (2) strengthening 

intra and interprofessional relationships, (3) building and sustaining teams, and (4) supporting staff engagement 

(Bender, 2016). Effective ongoing communication can be facilitated by the integration of the clinical nurse leader 

within the microsystem. Besides, clinical nurse leaders facilitate effective transmission of information by developing 

care guidelines and holistic care plans. Building intra and interprofessional relationships is needed to form 

interdependent teams sharing a common goal, namely good care and quality of care improvement. Consequently, the 

possibility to build interpersonal relationships influences staff engagement (Simpson, 2009).  
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It is important to know that several barriers to effective clinical leadership can be identified. Examples are lack of 

time to initiate change, poor level of training, lack of transparency within the organization, poor organizational 

support, limited decision-making capacity, confusion about leadership and management, resistance from colleagues, 

lack of recognition, overload on responsibilities and blurred role boundaries (Carney, 2009; Davidson, Elliott, & Daly, 

2006; Elliott et al., 2016; Fealy et al., 2011; Stanley, 2006, 2014). Because barriers at the organizational level are the 

largest category, there is a need for alignment with organizational strategies in order to support the implementation 

of clinical leadership (Fealy et al., 2011; Leggat & Balding, 2013; Martin & Waring, 2013). The clinical nurse leader 

practice development model, developed by Kaack et al. (2018) can be suggested to support the integration of the 

clinical nurse leader role into healthcare. The model consists of five phases (i.e., crawl, stand, walk, run and soar), 

based on the Novice to Expert framework of Benner (1982). It is initially recommended that shared expectations are 

established by the organizational management to promote understanding of the clinical nurse leader practice. Since 

relationships are critical in order to improve the care environment and care quality outcomes, relationship building 

skills may need to be developed or refined. Consequently, networking opportunities with key partners (e.g., physicians, 

nutritionists, social workers) and visibility across hospital sectors should be facilitated. Resources expanding the 

leadership skills and supporting practice development should be foreseen. Additionally, openness to change, the 

provision of resources to support quality improvement projects, creating the ability of involvement of the clinical 

nurse leader in measuring quality outcomes and stimulating the active contribution of the clinical nurse leader in the 

development of learning organizations and problem-solving communities will be of importance. Besides, strong 

partnership with the nurse manager and sufficient time and opportunity for role development and clarification is 

required (Kaack et al., 2018).  

 

The need to focus on the redesign of work environments and care delivery processes, aiming to support nurses to 

provide comprehensive professional care was shown in the study of Milisen, Abraham, Siebens, Darras, and de Casterlé 

(2006). The perceptions on work environment and workforce issues, quality of care, job satisfaction and professional 

decision making of 9638 Belgian hospital nurses were analyzed by means of a questionnaire. Results of the study 

indicated that nurses had a strong commitment to being competent providers of quality care, but they also perceived 

professional and workforce barriers. A clear desire for strong leadership and autonomy was identified (Milisen et al., 

2006).  

Initiatives to transform the organizational context of nursing practice are represented by the creation of complex 

processes with multiple stakeholders and ownership such as in the care of patients with chronic wounds (Tulleners 
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et al., 2019). Another example of organizational transformation in Belgium is the replacement of a hierarchical, 

departmental structure to a flat, interdisciplinary structure and the implementation of the productive ward-releasing 

time to care programTM in an acute care university hospital (Van Bogaert et al., 2014). The productive ward program 

was initially developed by the National Health Service Institute for Innovation and Improvement to provide staff with 

more time for direct patient care (Morrow, Robert, Maben, & Griffiths, 2012). It consists of 15 modules, supporting to 

review processes in order to eliminate waste and to improve the quality of patient care (Van Bogaert et al., 2014). The 

impact of this transformational process on nurse perception related to practice environment, burnout, quality of care 

and job outcomes was measured at three different points in time, between 2006 and 2013. Results of the study 

indicated positive impacts on the nurse practice environments and nurse reports of quality of care and job outcomes 

(Van Bogaert et al., 2014). A positive association between nurse practice environment factors (e.g., nurse-physician 

relations, nurse management at the unit level, and hospital management and organizational support) and nurse-

assessed quality of care and nurse outcomes has been shown in previous research (Van Bogaert, Kowalski, Weeks, & 

Clarke, 2013; Van Bogaert, Meulemans, Clarke, Vermeyen, & Van de Heyning, 2009). In addition, the nurse practice 

environment is associated with patient outcomes (Aiken, Clarke, Sloane, Lake, & Cheney, 2008; Friese, Lake, Aiken, 

Silber, & Sochalski, 2008; Laschinger & Leiter, 2006; Tourangeau, Coghlan, Shamian, & Evans, 2005). The above 

mentioned Belgian hospital was moreover recognized by the American Nurses Credentialing Centre Magnet 

Recognition Program® for nursing excellence and improved outcomes in 2017. As a part of the designation process to 

Magnet® recognition, four nurse-sensitive patient outcomes (i.e., central line associated blood stream infections, 

catheter associated urinary tract infections, hospital acquired pressure ulcers and falls with injury) were quarterly 

reported during a period of two years for an international benchmark and showed to be outperforming (Van Bogaert, 

2018).  

 

Accreditation is considered a strategy for ensuring and improving quality of care and patients’ health outcomes 

(Braithwaite et al., 2010; Jha, 2018; Øvretveit, 2009). It refers to an announced survey, performed by an external, 

specially trained group to assess compliance with predefined standards (Bogh et al., 2018). In Belgium, accreditation 

is not obligatory. However, almost all hospitals in Flanders opted for an accreditation process with the Joint 

Commission International (JCI) or Nederlands Instituut voor Accreditatie in de zorg (NIAZ) (Omzendbrief accreditatie 

Vlaams minister van welzijn, 2016).  

An accreditation process is characterized by financial investments and extra workload (Jha, 2018; Nicklin, 2014) and 

the effects on service quality are currently debated (Bogh et al., 2018). The literature review of Nicklin (2014) on the 
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value and impact of health care accreditation demonstrates several benefits such as improved internally and 

externally communication and collaboration (Bird, Cox, Farewell, Holt, & Smith, 2005; El-Jardali, Jamal, Dimassi, 

Ammar, & Tchaghchaghian, 2008; Gluck & Hassig, 2001; Heaton, 2000; René et al., 2006), strengthened 

interdisciplinary team effectiveness (El-Jardali et al., 2008; Pomey et al., 2010; Simons et al., 2002; Sutherland & 

Leatherman, 2006), mitigated risk of adverse events (Chen, Rathore, Radford, & Krumholz, 2003; Grachek, 2002; 

Griffith, Knutzen, & Alexander, 2002; Leatherman et al., 2003; Mays, 2004; René et al., 2006; Simons et al., 2002), 

improved patients’ health outcomes (Thornlow & Merwin, 2009) and increased job satisfaction among physicians, 

nurses and others (Al Tehewy, Salem, Habil, & El Okda, 2009; Lin et al., 2008). Nevertheless, further research 

demonstrating a strong link between accreditation status and patient outcomes is needed (Barker, Flynn, Pepper, 

Bates, & Mikeal, 2002; Beaulieu & Epstein, 2002; Greenfield & Braithwaite, 2009; Hinchcliff et al., 2012). Lam et al. 

(2018) performed an observational study in 4400 hospitals in the US to investigate the association between patient 

outcomes and accreditation. Results indicated that accreditation was not associated with lower mortality and was 

only slightly associated with reduced readmission rates compared to non-accredited hospitals. When examining 

patient experience, accredited hospitals scored significantly lower than non-accredited hospitals. They performed 

particularly badly on communication, staff responsiveness, hospital quietness and cleanliness (Lam et al., 2018). The 

finding that accreditation is not associated with better quality as perceived by patients was also shown in the study 

of Sack et al. (2011). In order to ensure that accreditation achieves the desired goals, the focus should be on those 

processes and structural factors that have been convincingly shown to be associated with good outcomes (Jha, 2018).  

 

Performance processes and outcomes are determined by the interaction of work system components. According to 

the Systems Engineering Initiative for Patient Safety (SEIPS) 2.0 model (i.e., a healthcare human factors model for 

studying and improving healthcare) following work system components can be described: person(s), tasks, tools and 

technologies, organization, internal environment and external environment. Consequently, monitoring processes and 

their outcomes is needed, in order to make adaptations to the work system when necessary (Holden et al., 2013). 

System failure occurs more often due to poor interaction between components instead of low quality system 

components (Roberson & Kirsh, 2019). System science, focusing on how complex teams and organizations function, 

can guide healthcare to make improvements related to safety and quality (Roberson & Kirsh, 2019). Roberson and 

Kirsh (2019) provide an overview of methods to improve interactions such as providing checklists and protocols, 

treating individuals with respect, creating an open culture (Frankel, Leonard, & Denham, 2006), having common aims, 

having leadership’s roles empowering other healthcare workers, providing feedback loops and shortening cycle time. 
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Organizations with extremely low failure rates, defined as high reliability organizations (Roberson & Kirsh, 2019), are 

characterized by their preoccupation with failure, reluctance to simplify, sensitivity to operations, resilience and 

deference to expertise (Weick & Sutcliffe, 2015). Currently it is not clear if and how a hospital can become a high 

reliability organization, but a number of institutions are already making sustained efforts (Alexander & Hearld, 2011; 

Dixon & Shofer, 2006; Pronovost et al., 2015; Roberson & Kirsh, 2019; Rosen et al., 2017).  
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4. Refinement of guidelines for core measurement selection 

 

For the development of a core set of outcome domains in IAD research, two different rating scales were used since 

there was no reference standard for conducting Delphi methods and for consensus definitions (Brookes et al., 2016; 

Diamond et al., 2014; Van den Bussche et al., 2018). In an attempt to provide methodological guidance, the study 

described in chapter 7 was conducted. Based on this study, it was recommended to use the nine-point scale without 

cut-offs in the early phases of a consensus process, preceding a subsequent rating or a face-to-face meeting and to 

use the three-point scale to determine final consensus. An important consideration is that only professionals and no 

patients were involved in this Delphi procedure. However, a crucial contribution of patients in developing a COS is 

recognized by the COMET Initiative (Williamson et al., 2017). Nevertheless, patient participation includes unique 

challenges since ‘COS’ and associated concepts are often not clear for patients and the list of potential outcomes 

included in Delphi studies can be revolting for many patient participants (Young & Bagley, 2016). In order to tackle 

these challenges, patients should be involved as from the design of the research. Patients can be identified and 

approached in different settings, depending on the condition under study (e.g., hospitals, nursing homes, community 

care) by the healthcare worker (i.e., clinical nurse leader, head nurse, etc.), the researcher, or through patient 

organizations (Williamson et al., 2017). A suggestion might be to involve patients during a face-to-face meeting in the 

assessment of the readability of the descriptions of domains and the refinement of outcome domain names and 

descriptions so that all participants of the Delphi study interpret the meaning of outcome domains clearly and 

consistently. Next, insights from patients can be used to reduce the initial long list of outcome domains. Patients can 

also be asked to comment on the feasibility of the Delphi study design and to review study documentation, aiming to 

improve the appeal of healthcare users and to reduce attrition. The provision of a patient and public involvement and 

engagement manager throughout the process is recommended, to provide personal support and mentorship 

whenever required  (Smith et al., 2018). Given the acute nature of the IAD condition and the occurrence in often care-

dependent older people and Intensive Care Unit (ICU) patients (Van den Bussche et al., 2018), the involvement and 

participation of patients who had personal experience of the condition was hampered. A way to solve this issue, is to 

involve people working for patient organizations or family members. Since the representativeness of the sample is 

important (Williamson et al., 2017), further research, investigating the similarities and differences in input provided 

by these stakeholders might be suggested (Biggane, Brading, Ravaud, Young, & Williamson, 2018).  
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The principle behind the development of a COS is that the set of agreed standardized outcomes should be measured 

and reported by researchers in all trials of a specific condition (Williamson et al., 2017).  Therefore, the COS should be 

relevant for different countries and developed based on international cooperation. Next to researchers and healthcare 

professionals, the involvement of patients from different countries is recommended. The study of Biggane et al. 

(2018), exploring among other things if COS development was international, revealed that in 70/135 COS projects 

patients were included from only one country. This might be due to the concerns cited by researchers related to the 

heterogeneity of views that might arise when participants are included from multiple countries (Gargon, Williamson, 

& Young, 2017). In order to support international cooperation and public involvement, additional grants should be 

foreseen. The “Core Outcome Set in Incontinence-Associated Dermatitis” (Van den Bussche et al., 2018) was developed, 

involving healthcare providers, researchers and industry product experts from 17 countries (i.e., Australia, Austria, 

Belgium, Canada, Chile, Czech Republic, France, Italy, Germany, Norway, South Africa, Spain, Sweden, Thailand, Turkey, 

United Kingdom, United States). A mentioned above, no patients were involved in the Delphi procedure. However, the 

importance of including input of patients was met by interviewing three representatives of two patient organizations 

(1 in Belgium, 1 in the Netherlands) (Van den Bussche et al., 2018).  

 

The final COS for IAD comprises following five domains: ‘erythema’, ‘maceration’, ‘erosion’, ‘IAD-related pain’ and 

‘patient satisfaction’ (Van den Bussche et al., 2018). The outcomes ‘erythema’, ‘maceration’ and ‘erosion’ are clinical 

signs and symptoms, which are often included in IAD definitions (Gray et al., 2012; Mugita et al., 2015). Consequently, 

these outcomes are clinician-reported. The outcomes ‘IAD-related pain’ (including the magnitude, the frequency and 

the quality of pain) and ‘patient satisfaction’ (referring to the usefulness and effectiveness of an intervention or 

procedure according to the patient) (Van den Bussche et al., 2018) are patient-reported outcomes. In order to select 

the most suitable instrument measuring the outcome domain ‘erythema’, a literature review was performed according 

to the COSMIN guideline (Prinsen et al., 2018). Although the guideline was developed to conduct systematic reviews 

of patient-reported outcome measures, it was applied since standards for studies on clinician-reported outcomes are 

not available at this moment (Mokkink, Prinsen, Bouter, de Vet, & Terwee, 2016).  

 

The COSMIN guideline states that an adequate search strategy should include search terms for the following key 

elements: (1) the construct, (2) the population, (3) the type of instrument, and (4) measurement properties (Prinsen 

et al., 2018). Reference is made to a comprehensive patient-reported outcome measure filter for the type of 
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measurement instruments. The development and validation of a filter for clinician-reported outcome measures is 

recommended when developing a guideline for systematic reviews of clinician-reported outcome measures.  

 

Application of the COSMIN risk of bias checklist to evaluate the methodological quality of each study resulted in the 

conclusion that measurement properties such as cross-cultural validity and structural validity are less important for 

the evaluation of clinician-reported outcome measurement instruments. There is a need for clear guidance on which 

measurement properties are applicable when evaluating clinical measurement instruments. Analogous to the 

development of consensus-based standards for assessing the methodological quality of studies on measurement 

properties of patient-reported outcome measures, an international study should be conducted aiming to reach 

consensus in a broad panel of experts.  

 

According to the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach (GRADE 

working group, 2018), a method for evidence synthesis per measurement property is described in the COSMIN 

guideline for systematic reviews of patient-reported outcome measures (Prinsen et al., 2018). However, this 

methodology requires further development. The levels of quality evidence (i.e., high, moderate, low or very low) 

depend on the presence of following factors: (1) risk of bias, (2) inconsistency, (3) imprecision, and (4) indirectness. In 

our systematic review (chapter 6), measurement properties of different measurement instruments were studied in 

not more than one study. Despite the system is primarily designed to evaluate the quality of evidence per 

measurement property for more than one study, instructions for downgrading the factor ‘risk of bias’ are described, 

taking into account the case of only one study being available. Clear guidance on downgrading for the factors 

‘inconsistency’ and ‘indirectness’ is lacking. More guidance on how to exactly grade the quality of evidence is needed.  

 

Besides the quality of measurement properties, usability should be considered when selecting the most appropriate 

outcome measurement instrument (Mokkink et al., 2016). Usability applies for both the healthcare worker and the 

patient using the instrument. The usability of a measurement instrument designed for use by healthcare workers is 

determined by the need for education or experience prior usage of the instrument, practical aspects (i.e., cost of the 

instrument, required equipment, availability, completion time and ease of score calculation) and the ease of 

interpretation. Usability for the patient using the instrument refers to an instrument which is easy to understand, 

minimizes privacy-related questions and can be completed within a time frame of 10 minutes (Beurskens, 2012).  
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Core Outcome Set-STAndards for Reporting (COS-STAR) (Kirkham et al., 2016) and Core Outcome Set-STAndards for 

Development (COS-STAD) recommendations (Kirkham et al., 2017) were developed for core sets of outcome domains. 

Subsequent work, focusing on the development and reporting of a core set of measurement instruments for clinician-

reported outcomes is needed.  

 

Of the identified core outcome domains to be reported in IAD clinical trials (i.e., erythema, maceration, erosion, IAD-

related pain and patient satisfaction) (Van den Bussche et al., 2018), the outcome ‘erythema’ was selected first for 

further investment on how to measure this outcome. Based on the systematic literature review (chapter 6), it was 

concluded that no single instrument could be recommended to measure erythema associated with IAD. Consequently, 

the development of a new instrument or adaption of an existing instrument through international expert 

collaboration and funding resources was suggested. Robust histopathological research might provide insights in the 

concept of erythema, maceration and erosion, and might contribute to the development of a new instrument or the 

optimalization of an existing instrument. Pathophysiological and histopathological research in PUs and IAD is scarce. 

The study of Houwing, Arends, Dijk, Koopman, and Haalboom (2007) investigated the pathophysiological and 

histopathological differences between PUs and IAD. It was stated that it was impossible to predict the histopathologic 

pattern based on the clinical picture of the lesion or wound. Additionally, the question whether differentiation based 

on the pathophysiological research was possible was expressed since blanchable erythema was associated with both 

an ischemic pattern and a pattern of irritation (Houwing et al., 2007). However, the study was performed in only 14 

PUs and/or IAD lesions (mainly IAD category 1 or 2 (n = 12)). Consequently, there is a need for robust research 

concerning the pathophysiology of PUs and IAD. This might provide insights to facilitate the differentiation between 

PUs and IAD and hence to be able to determine the correct preventive measures and treatment strategies. 
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General overview of implications based on this dissertation 

 

Based on the results of the different studies described in this dissertation and the points of reflection in the general 

discussion, a list of implications for clinical practice, further research, organizational management, policy makers and 

education was compiled.  

 

Implications for further research 

· Design a multi-faceted quality improvement project applying the MRC framework focusing on skin frailty and 
measure the effects through long-term follow up by using quality indicators and statistical process control 

· Further refine the PROTECT-tool based on insights obtained through qualitative and quantitative research 
methods 

· Update the PROTECT-tool or consider the development of an of an evidence-adaptive version  

· Elaborate the interactions between nurses and the potential effect of peer influence as predictor of patient 
safety behavioral intent among nurses 

· Involve patients from different countries and as from the design of the study when developing a COS 

· Investigate similarities and differences in input provided by stakeholders when developing a COS 

· Develop and validate a search filter for clinician-reported outcome measures 

· Develop a consensus-based standard for assessing the methodological quality of studies on measurement 
properties of clinician-reported outcome measures 

· Provide clear guidance on how to exactly grade the quality of evidence for evidence synthesis in the 
development of a core set of measurements 

· Develop core outcome set-standards for reporting and core outcome set-standards for development for core 
sets of measurement instruments of clinician-reported outcomes 

· Use the nine-point scale in the early phases of the consensus process and the three-point scale when 
determining final consensus for COS development  

· Develop a specific tool to measure erythema associated with IAD through international expert collaboration 

· Design robust histopathological research,  to support the development of an instrument to measure erythema 
and to provide insight in differentiation between PUs and IAD 
 

Implications for organizational management 

· Respond to the influence of staffing and other human resource contextual factors and invest in appointing 

and implementing the role of clinical nurse leaders in skin integrity 

· Support certification or higher education in wound care 

· Make evidence based training in PU prevention at organizational level mandatory at orientation and on a 

yearly basis 

 

Implications for education 

· Reconsider nursing curricula in accordance to the curricular framework developed by the EWMA to increase 
the basic understanding related to PUs 

· Prepare nurses to take on a leadership role 
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Implications for clinical practice and policy makers 

· Refer to a clinical nurse leader in case of inadequate knowledge 

· Provide incentives for the development and implementation of (evidence-adaptive) clinical decision support 
systems to improve healthcare quality 

· Invest in the development of complex nursing interventions and implementation research 

· Encourage collective high quality research within a broad international context  by combining resources from 
public funds 

· Create a legal framework for other advanced nursing functions, next to recently adopted framework for 
clinical nurse specialists 

· Consider if educational programs meet the requirements of advanced nursing functions 

· Reconsider current quality indicators in light of the PROTECT-tool and develop quality indicators for skin 
lesions which can occur in the perineal region due to skin frailty  
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Conclusion 

 

PUs and IAD are two common, interrelated skin conditions. Both occur in the same areas and are characterized by 

erythema, making the assessment and differentiation challenging. Correct differentiation is however important 

because of differences in preventive measures and treatment strategies.  

 

Several risk factors can be associated with the development of PUs, including the presence of non-blanching 

erythema. Consequently, evaluation of the condition of the individual patient is recommended in order to determine 

the optimal frequency of patient repositioning (which is a cornerstone in the prevention of PUs). Despite the growing 

body of evidence, there was a need for guidance in how to determine the frequency of patient tailored repositioning 

to prevent PUs on the one hand, and in how to increase nurses’ compliance to this preventive measure on the other 

hand. The PROTECT-tool, taking into account the presence of erythema when determining the optimal repositioning 

frequency for each individual patient, and the use of a device to support patient repositioning in bed might be 

considered a valuable option to address this challenge. However, we recommend to integrate these interventions in 

a multifaceted quality improvement project focusing on “skin frailty” more in general with long-term follow-up. 

 

Repositioning of patients at regular time points remains challenging. Besides, there is a knowledge deficit in nurses 

and nursing assistants about PUs. Since higher/specialized education in wound care is associated with higher 

knowledge scores, there is a need for clinical nurse leaders in skin integrity. They can contribute to accurate skin 

assessment (taking into account skin erythema), correct reporting, and prevention and/or treatment of skin lesions. 

Alignment with organizational strategies is necessary in order to successfully implement the role of clinical nurse 

leadership. Besides, it should be checked whether educational programs meet the requirements of advanced nursing 

functions.  

 

The heterogeneity of outcomes and measurement instruments in IAD research and consequently the lack of 

comparability between studies, led to the development of a core set of outcome domains in IAD research. A 

methodological paper focused on how to define consensus through a Delphi procedure. We recommend to use the 

nine-point scale without cut-offs in the early phases of a consensus process, and to use the three-point scale to 

determine final consensus. The importance of involving patients from different countries, as from the design of the 

research and also in the Delphi procedure, was stressed. 
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The literature review, performed to invest the best way to measure the outcome domain ‘erythema’ associated with 

IAD, showed that no single instrument can be prioritized. As a consequence, we suggest to develop a new instrument 

or to adapt an existing instrument. Therefore, international expert collaboration and funding resources will be needed. 

Robust histopathological research might contribute to the development/adaptation of an instrument, since it might 

provide insights in the concepts of erythema, maceration and erosion. Additionally, we recommend to develop a 

guideline for conducting systematic reviews of clinician-reported outcome measures.  
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Appendix 1. Search strategy MEDLINE (PubMed interface) 

 

 Topic Keywords 

# 1 Erythema   1. “Erythema”[Mesh] 
2. “Erythema”[TIAB] 
3. “Hyperemia” [TIAB] 
4. “Hyperaemia” [TIAB] 
5.  “Erythematous” [TIAB] 
6.  “Erythemia”[TIAB] 
7.  “Rubor”[TIAB] 
8. “Redness”[TIAB] 
9. “Blanching” [TIAB] 
# 1 = OR/1-9 

# 2 Measurement 
instruments 

1. “Health status indicators”[MeSH] 
2. “Health status indicators”[TIAB] 
3. "Outcome and Process Assessment (Health Care)"[Mesh] 
4. "Outcome and Process Assessment” [TIAB] 
5. “health status”[MeSH] 
6. “health status”[TIAB] 
7. "Severity of Illness Index"[Mesh] 
8. “Severity of illness index”[TIAB] 
9. “Self assessment”[Mesh]  
10. “Self assessment”[TIAB] 
11. “Outcome”[TIAB] 
12. “Measure”[TIAB] 
13. “Measurement”[TIAB] 
14. “Measuring”[TIAB] 
15. “Measures”[TIAB] 
16. “Assess”[TIAB] 
17. “Assessing”[TIAB] 
18. “Assessment”[TIAB] 
19. “Assessed”[TIAB] 
20. “Score”[TIAB] 
21. “Scoring”[TIAB] 
22. “Index”[TIAB] 
23. “Indices”[TIAB] 
24. “Scale”[TIAB] 
25. “Monitor”[TIAB] 
26. “Monitoring”[TIAB] 
27. “Monitored”[TIAB] 
28. “Endpoint”[TIAB] 
29. “End point”[TIAB] 
30. “Self report”[MeSH] 
31. “Self report”[TIAB] 
# 2 = OR/1-31 

# 3 CONSTRUCT # 3 = # 1 OR # 2 
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# 4 IAD 1. “Incontinence associated dermatitis”[TIAB] 
2. “IAD”[TIAB] 
3. “Diaper rash”[Mesh] 

4. “Diaper rash”[TIAB] 

5. “Diaper dermatitis”[TIAB]  

6. “Diaper erythema”[TIAB] 

7. “Napkin dermatitis”[TIAB] 

8. “Napkin rash”[TIAB] 

9. “Nappy dermatitis”[TIAB] 

10. “Nappy rash”[TIAB] 

11. “Perineal dermatitis”[TIAB] 

12. “Perineal erythema”[TIAB] 

13. 13.  “Perineal rash”[TIAB] 
# 4 = OR/1-13 

# 5 Irritant contact 
dermatitis 

1. “Dermatitis, irritant”[Mesh] 
2. “Dermatitis, irritant”[TIAB] 
3. “Dermatitis, irritative”[TIAB] 
# 5 = OR/1-3 

# 6 POPULATION # 6 = # 4 OR # 5 

# 7 Measurement 
properties  

(“instrumentation”[sh] OR “methods”[sh] OR “Validation Studies”[pt] OR “Comparative Study”[pt] 
OR “psychometrics”[MeSH] OR psychometr*[tiab] OR clinimetr*[tw] OR clinometr*[tw] OR 
“outcome assessment (health care)”[MeSH] OR “outcome assessment”[tiab] OR outcome 
measure*[tw] OR “observer variation”[MeSH] OR “observer variation”[tiab] OR “Health Status 
Indicators”[Mesh] OR “reproducibility of results”[MeSH] OR reproducib*[tiab] OR “discriminant 
analysis”[MeSH] OR reliab*[tiab] OR unreliab*[tiab] OR valid*[tiab] OR “coefficient”[tiab] OR 
“homogeneity”[tiab] OR “homogeneous”[tiab] OR “internal consistency”[tiab] OR (cronbach*[tiab] 
AND (“alpha”[tiab] OR “alphas”[tiab])) OR (“item”[tiab] AND (correlation*[tiab] OR selection*[tiab] 
OR reduction*[tiab])) OR “agreement”[tiab] OR “precision”[tiab] OR “imprecision”[tiab] OR 
“precise values”[tiab] OR “test–retest”[tiab] OR (“test”[tiab] AND “retest”[tiab]) OR (reliab*[tiab] 
AND (“test”[tiab] OR “retest”[tiab])) OR “stability”[tiab] OR “interrater”[tiab] OR “inter-rater”[tiab] 
OR “intrarater”[tiab] OR “intra-rater”[tiab] OR “intertester”[tiab] OR “inter-tester”[tiab] OR 
“intratester”[tiab] OR “intra-tester”[tiab] OR “interobserver”[tiab] OR “inter-observer”[tiab] OR 
“intraobserver”[tiab] OR “intraobserver”[tiab] OR “intertechnician”[tiab] OR “inter-
technician”[tiab] OR “intratechnician”[tiab] OR “intra-technician”[tiab] OR “interexaminer”[tiab] 
OR “inter-examiner”[tiab] OR “intraexaminer”[tiab] OR “intra-examiner”[tiab] OR 
“interassay”[tiab] OR “inter-assay”[tiab] OR “intraassay”[tiab] OR “intra-assay”[tiab] OR 
“interindividual”[tiab] OR “inter-individual”[tiab] OR “intraindividual”[tiab] OR “intra-
individual”[tiab] OR “interparticipant”[tiab] OR “inter-participant”[tiab] OR “intraparticipant”[tiab] 
OR “intra-participant”[tiab] OR “kappa”[tiab] OR “kappa’s”[tiab] OR “kappas”[tiab] OR 
repeatab*[tiab] OR ((replicab*[tiab] OR “repeated”[tiab]) AND (“measure”[tiab] OR 
“measures”[tiab] OR “findings”[tiab] OR “result”[tiab] OR “results”[tiab] OR “test”[tiab] OR 
“tests”[tiab])) OR generaliza*[tiab] OR generalisa*[tiab] OR “concordance”[tiab] OR 
(“intraclass”[tiab] AND correlation*[tiab]) OR “discriminative”[tiab] OR “known group”[tiab] OR 
“factor analysis”[tiab] OR “factor analyses”[tiab] OR dimension*[tiab] OR subscale*[tiab] OR 
(“multitrait”[tiab] AND “scaling”[tiab] AND (“analysis”[tiab] OR “analyses”[tiab])) OR “item 
discriminant”[tiab] OR interscale correlation*[tiab] OR “error”[tiab] OR “errors”[tiab] OR 
“individual variability”[tiab] OR (“variability”[tiab] AND (“analysis”[tiab] OR “values”[tiab])) OR 
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(“uncertainty”[tiab] AND (“measurement”[tiab] OR “measuring”[tiab])) OR “standard error of 
measurement”[tiab] OR sensitiv*[tiab] OR responsive*[tiab] OR ((“minimal”[tiab] OR 
“minimally”[tiab] OR “clinical”[tiab] OR “clinically”[tiab]) AND (“important”[tiab] OR 
“significant”[tiab] OR “detectable”[tiab]) AND (“change”[tiab] OR “difference”[tiab])) OR 
(small*[tiab] AND (“real”[tiab] OR “detectable”[tiab]) AND (“change”[tiab] OR “difference”[tiab])) 
OR “meaningful change” [tiab] OR “ceiling effect”[tiab] OR “floor effect”[tiab] OR “Item response 
model”[tiab] OR “IRT”[tiab] OR “Rasch”[tiab] OR “Differential item functioning”[tiab] OR 
“DIF”[tiab] OR “computer adaptive testing”[tiab] OR “item bank”[tiab] OR “cross-cultural 
equivalence”[tiab]) 

# 8 Complete search  # 8 = (# 3) AND (# 6) AND (# 7) 
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Appendix 2: Demographic characteristics participants Delphi procedure 

 

  Group 1† Group 2‡ 

n (%) n = 28 n = 29 

Country   

Australia 3 (10.7) 1 (3.4) 

Austria 2 (7.1) 4 (13.8) 

Belgium 8 (28.6) 4 (13.8) 

Canada 1 (3.6) 0 (0.0) 

Chile 0 (0.0) 1 (3.4) 

Czech Republic 0 (0.0) 1 (3.4) 

France 0 (0.0) 1 (3.4) 

Italy 1 (3.6) 0 (0.0) 

Germany 0 (0.0) 1 (3.4) 

Norway 0 (0.0) 1 (3.4) 

South Africa 2 (7.1) 0 (0.0) 

Spain 0 (0.0) 1 (3.4) 

Sweden 1 (3.6) 2 (6.9) 

Thailand 1 (3.6) 0 (0.0) 

Turkey 1 (3.6) 0 (0.0) 

United Kingdom 5 (17.9) 4 (13.8) 

United States 3 (10.7) 8 (27.6) 

Sex   

Female 21 (75) 21 (72.4) 

Age   

mean (SD) years 50.0 (8.7) 50.7 (8.2) 

Education   

High school 1 (3.6) 0 (0.0) 

College degree 1 (3.6) 1 (3.4) 

Bachelor degree 6 (21.4) 2 (6.9) 

Master degree 9 (32.1) 9 (31.0) 

Doctoral degree 11 (39.3) 15 (51.7) 

Other 0 (0.0) 2 (6.9) 

Current work setting   

Local hospital 4 (14.3) 2 (6.9) 

Teaching / university hospital 10 (35.7) 13 (44.8) 

Community care 1 (3.6) 0 (0.0) 

Education 5 (17.9) 4 (13.8) 

Clinical research 1 (3.6) 2 (6.9) 

Industry / commercial 5 (17.9) 4 (13.8) 

Other 0 (0.0) 2 (6.9) 

Missing 2 (7.1) 0 (6.9) 

Role§    

Clinician (nurse) 14 (50) 15 (51.7) 
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Clinician (medical doctor) 2 (7.1) 2 (6.9) 

Clinician (other) 0 (0.0) 2 (6.9) 

Clinical researchers 6 (21.4) 9 (31) 

Educator 14 (50) 18 (62.1) 

Research and development 12 (42.9) 13 (44.8) 

Industry 3 (10.7) 1 (3.4) 

Other 2 (7.1) 2 (6.9) 

Field of work§   

General medicine 2 (7.1) 2 (6.9) 

Nursing 15 (53.6) 21 (72.4) 

Dermatology 4 (14.3) 6 (20.7) 

Wound care 17 (60.7) 18 (62.1) 

Psychology 0 (0.0) 0 (0.0) 

Geriatrics 4 (14.3) 4 (13.8) 

Education 9 (32.1) 16 (55.2) 

Methodology / statistics 2 (7.1) 2 (6.9) 

Intensive care 5 (17.9) 5 (17.2) 

Long-term care 1 (3.6) 4 (13.8) 

Rehabilitation Care 0 ( 0.0) 2 (6.9) 

Other 3 (10.7) 6 (20.7) 

Professional experience  

mean (SD) years 26.1 (10.2) 25.31 (9.6) 

IAD-related activities§  

Clinical trial 8 (28.6) 10 (34.5) 

Quality improvement project 12 (42.9) 19 (65.5) 

Education 17 (60.7) 22 (75.9) 

Other 8 (28.6) 9 (31.0) 

IAD publication¶   

Yes 11 (39.3) 18 (62.1) 

No 17 (60.7) 11 (37.9) 

Direct patient care   

Yes 17 (60.7) 19 (65.5) 

No 11 (39.3) 10 (34.5) 
†3-point scale [(1) not important enough to be considered in the COS for IAD, (2) important but not critical to be considered in the COS for IAD, and (3) 

critical, should be included in the COS for IAD], ‡9-point scale [from ‘not important for inclusion’ to ‘critical, should be included in a COS for IAD’], §Multiple 

answers possible, ¶IAD publication, if the panelist has published IAD-related articles 
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Appendix 3: Ratings of outcomes on a nine-point scale using different consensus criteria (n=29) 

Outcomes per core area  ≥60% 7+† ≥70% 7+‡ ≥75% 7+§ ≥90% 7+¶ 

 
≥60% 7+ 
and ≤15% 

1-3¥ 

 
≥70% 7+ 
and ≤15% 

1-3ƛ 

 
≥75% 7+ 
and ≤15% 

1-3ϒ 

 
≥90% 7+ 
and ≤15% 

1-3ϕ 

Mean >7Ϫ Median 7-9ϰ 

Median 7-9 
and 

IQR <3Ѱ 

Life Impact            

1. Burden of care from caregiver's perspective In In In Out In In In Out In In In 

2. Burden of care from patient perspective In In In Out In In In Out In In In 

3. Health-related Quality of Life In In In Out In In In Out In In In 

4. Independence (IAD related) In In Out Out In In Out Out In In Out 

5. Pain In In In In In In In In In In In 

6. Physical comfort In In In Out In In In Out In In In 

7. Physical functioning In Out Out Out In Out Out Out Out In Out 

8. Physical well-being Out Out Out Out Out Out Out Out Out In Out 

9. Psychological impact of the disease In Out Out Out In Out Out Out Out In Out 

10. Quality of Life (general) Out Out Out Out Out Out Out Out Out In Out 

11. Quality of Life (IAD related) In In In Out In In In Out In In In 

12. Satisfaction with intervention from 
caregiver's perspective 

In In In Out In In In Out In In In 

13. Satisfaction with intervention from patient 
perspective 

In In In Out In In In Out In In In 

14. Self-reported symptoms In In In In In In In In In In In 

15. Sleep (IAD related) In Out Out Out In Out Out Out Out In Out 

Resource use /economical impact            

16. Caregivers' work productivity Out Out Out Out Out Out Out Out Out In Out 

17. Cost-effectiveness In In In Out In In In Out In In In 

18. Costs  In Out Out Out In Out Out Out In In Out 

Pathophysiological manifestations            

19. Bleeding In Out Out Out In Out Out Out Out In Out 

20. Bullae In In Out Out In In Out Out In In Out 

21. Clinical characteristics of skin surrounding IAD 
area assessed by caregiver 

In In In Out In In In Out In In In 
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22. Clinical signs of inflammation / colonisation / 
infection of IAD area assessed by caregiver 

In In In Out In In In Out In In In 

23. Cracking In Out Out Out In Out Out Out Out In Out 

24. Crusting In Out Out Out Out Out Out Out Out In Out 

25. Denudation In In In Out In In In Out In In In 

26. Desquamation In Out Out Out Out Out Out Out Out In Out 

27. Discolouration In In Out Out In In Out Out In In Out 

28. Dryness In Out Out Out Out Out Out Out Out In Out 

29. Erosion In In In Out Out Out Out Out In In Out 

30. Erythema In In In Out In In In Out In In In 

31. Excoriation Out Out Out Out Out Out Out Out Out In Out 

32. Exudate In In Out Out In In Out Out In In Out 

33. Glossy/shiny appearance In Out Out Out In Out Out Out In In In 

34. Infection confirmed by culture  In Out Out Out Out Out Out Out Out In Out 

35. Lichenification Out Out Out Out Out Out Out Out Out Out Out 

36. Maceration In In In Out In In In Out In In In 

37. Macules Out Out Out Out Out Out Out Out Out Out Out 

38. Maculopapular rash In Out Out Out In Out Out Out Out In Out 

39. Necrosis Out Out Out Out Out Out Out Out Out Out Out 

40. Nodules Out Out Out Out Out Out Out Out Out Out Out 

41. Oedema In Out Out Out Out Out Out Out Out In Out 

42. Oozing Out Out Out Out Out Out Out Out Out In Out 

43. Papules In Out Out Out Out Out Out Out Out In Out 

44. Pigmentation Out Out Out Out Out Out Out Out Out Out Out 

45. Purulent exudate Out Out Out Out Out Out Out Out Out Out Out 

46. Pustules In In In Out In In In Out Out In In 

47. Roughness Out Out Out Out Out Out Out Out Out Out Out 

48. Satellite lesions In In In Out In In In Out In In In 

49. Scabbing Out Out Out Out Out Out Out Out Out Out Out 

50. Scaling Out Out Out Out Out Out Out Out Out Out Out 
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51. Scratch marks Out Out Out Out Out Out Out Out Out Out Out 

52. Shiny appearance In Out Out Out Out Out Out Out Out In In 

53. Skin barrier properties In In In Out Out Out Out Out In In In 

54. Skin loss In In In Out In In In Out In In In 

55. Slough present in the wound bed (yellow / 
brown / greyish) 

Out Out Out Out Out Out Out Out Out In Out 

56. Swelling Out Out Out Out Out Out Out Out Out In Out 

57. Vesicles In Out Out Out Out Out Out Out Out In Out 

58. White scaling Out Out Out Out Out Out Out Out Out Out Out 

TOTAL IN N (%) 40 (69.0) 24 (41.4) 20 (34.5) 2 (3.4) 30 (51.7) 22 (37.9) 18 (31.0) 2 (3.4) 25 (43.1) 47 (81.0) 21 (36.2) 

TOTAL IN PER AREA N (%)            

Life Impact 13 (86.7) 10 (66.7) 9 (60.0) 2 (13.3) 13 (86.7) 10 (66.7) 9 (60.0) 2 (13.3) 10 (66.7) 15 (100) 9 (60.0) 

Resource use /economical impact 2 (66.7) 1 (33.3) 1 (33.3) 0 (0) 2 (66.7) 1 (33.3) 1 (33.3) 0 (0) 2 (66.7) 3 (100) 1 (33.3) 

Pathophysiological manifestations 25 (62.5) 13 (32.5) 10 (25.0) 0 (0) 15 (37.5) 11 (27.5) 8 (20.0) 0 (0) 13 (32.5) 29 (72.5) 11 (27.5) 

†Proportion within a range (restricted): Minimum 60% scoring 7+, ‡Proportion within a range (restricted): Minimum 70% scoring 7+, §Proportion within a range (restricted): Minimum 75% scoring 7+, ¶Proportion 

within a range (restricted): Minimum 90% scoring 7+, ¥Proportion within a range (restricted): Minimum 60% scoring 7+ AND maximum 15% scoring 1-3, ƛProportion within a range (restricted): Minimum 70% 

scoring 7+ AND maximum 15% scoring 1-3, ϒProportion within a range (restricted): Minimum 75% scoring 7+ AND maximum 15% scoring 1-3, ϕProportion within a range (restricted): Minimum 90% scoring 7+ AND 

maximum 15% scoring 1-3, ϪCentral tendency within a specific range (restricted): Mean greater than 7, ϰCentral tendency within a specific range (unrestricted): Median between 7-9 for appropriate, 1-3 for 

inappropriate, 4-6 for equivocal with a range less than 3, ѰDecrease in variance: Interquartile range less than 3 
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Pressure ulcers (PUs) and incontinence-associated dermatitis (IAD) are two common, interrelated skin conditions. PUs 

are defined as ‘localized injuries to the skin and/or underlying tissue, usually over a bony prominence, resulting from 

sustained pressure (including pressure associated with shear)’. IAD is widely accepted as ‘an inflammation of the skin 

that occurs when urine and/or stool come into contact with the perineal or perigenital skin’. Both skin conditions occur 

in the same areas and are characterized by erythema, making the assessment and differentiation challenging.  

Despite the growing body of research on both skin conditions, it remains unclear how patient repositioning, a 

cornerstone of PU prevention, can be tailored to the individual patient situation and how the clinical decision-making 

process of nurses thereto can be supported. Besides, low compliance rates to this preventive measure, affecting 

incidence and prevalence rates, need to be addressed. Insight in the current knowledge of nurses about PU prevention 

is needed, since knowledge can be associated with attitudes, which can be further associated with the application of 

adequate PU prevention.  

A lack of comparability of outcomes and outcome measures used in clinical trials, complicates standardization of IAD 

prevention and treatment. Erythema, as a key clinical sign of IAD, was identified in a previous study as a core outcome 

domain for IAD research. To date, the best instrument to measure erythema related to the IAD condition remains 

however unclear. Besides, a few methodological challenges related to the Delphi procedure when developing a core 

outcome set (COS) remain. The above mentioned needs and gaps in the current knowledge of PUs and IAD were 

addressed in this doctoral dissertation.  

 

The aims of this dissertation were to:  

(1) study the effectiveness of tailored repositioning and a turning and repositioning system on nurses’ compliance to 

repositioning frequencies, 

(2) assess the current knowledge of nurses and nursing assistants about PU prevention, 

(3) identify eligible instruments to measure erythema in IAD research, and 

(4) provide insight to how to define consensus in COS development through a Delphi procedure.  

 

The first study included the development of the digital Patient Repositioning Tool Ghent (PROTECT), allowing to 

reposition patients adjusted to the individual condition. The PROTECT-tool, next to a turning and repositioning system 

was tested for effectiveness on: (1) nurses’ compliance to repositioning frequencies (primary outcome), (2) body 

posture of patients after repositioning, (3) incidence of PUs and IAD, (4) nurses’ and patients’ preferences, comfort 

and acceptability, and (5) budget impact. A multicentre, cluster, three-arm, randomised, controlled pragmatic trial was 
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conducted, recruiting 227 patients at risk of PU development at 29 wards in 16 hospitals. Results showed that nurses’ 

compliance to repositioning frequencies increased significantly in the experimental groups when patients were cared 

for in bed. When patients were seated, a significant decrease occurred in the experimental groups. Applying the 

turning and repositioning system was associated with significantly more correctly positioned patients (30–45° tilted 

side-lying position). Few PUs and IAD incidents occurred. Both patients and nurses were positive about the turning 

and repositioning system. Higher labour costs related to repositioning in bed were found in the control group. further 

efforts investigating the long-term effects through the implementation of a multi-faceted quality improvement 

project focusing on overall “skin frailty” as a concept was recommended. Therefore, quality indicators are to be applied 

and monitored using statistical process control. Further refinement and an update of the PROTECT-tool was suggested.  

 

In a second study, the knowledge of 474 nurses and nursing assistants about PU prevention was assessed in 16 

hospitals, using the Pressure Ulcer Knowledge Assessment Tool (PUKAT) version 2.0. The results of this study 

highlighted important knowledge deficits (mean total score 50.7%). The lowest scores were found in the themes 

‘Knowledge about prevention’ (mean total score 42.7%), ‘Etiology’ (mean total score 45.6%) and ‘Prevention for 

specific patient groups’ (mean total score 46.6%). Health care professionals who had a higher education level or who 

had attended additional training about PUs or wound care more in general had significant higher knowledge scores. 

In order to improve the understanding of pathogenesis of PUs in nurses and nursing assistants, it was recommended 

to reconsider the nursing curriculum, using the framework designed by the Education Committee of the European 

Wound Management Association (EWMA). Besides, the provision of evidence based training in PU prevention at 

organizational level (e.g., the hospital) was suggested. The need for clinical nurse leaders in skin integrity was 

stressed. In order to implement this role successfully,  alignment with organizational strategies is necessary. Besides, 

it should be checked whether educational programs meet the requirements of this advanced nursing function.  

 

Third, a systematic review was performed to (1) examine which outcome measurement instruments with supporting 

evidence about measurement properties are available for erythema associated with IAD, (2) evaluate the 

methodological quality of the studies and the quality of the measurement properties, and (3) identify eligible 

instruments to measure erythema in IAD research. Fourteen studies, describing 10 composite measurement 

instruments, were included. In five instruments, erythema was captured as a separate concept, but there was only 

weak empirical evidence supporting their measurement properties and use as single instruments. As a consequence, 

no single instrument could be recommended. The development of a new instrument or adaptation of an existing 
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instrument, based on histopathological research and through International expert collaboration was suggested. 

Besides, the need to develop a guideline for systematic reviews on clinician-reported outcome measures was 

expressed. 

 

The fourth and final study included the comparison of two different rating scales within one Delphi study to define 

consensus in COS development and to explore the influence of consensus criteria on the outcome selection. A 

randomized controlled parallel group trial with 1:1 allocation within the first Delphi round of the Core Outcome Set in 

the Incontinence-Associated Dermatitis (CONSIDER) project was conducted. Fifty-seven international healthcare 

providers, researchers and industry product experts with established experience in IAD assessment, prevention and 

management were involved. Results showed that the format of the rating scales and the definition of the consensus 

criteria influenced outcome selection. The use of the nine-point scale was recommended in the early phases of a 

consensus process, preceding a subsequent rating or a face-to-face meeting. Use of the three-point scale was 

suggested to determine final consensus. Involving patients or patient representatives from different countries as 

from the design of the study was suggested, in order to be able to involve a large group of patients in the Delphi 

study.  
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Decubitus en incontinentie-geassocieerde dermatitis (IAD) zijn twee vaak voorkomende, verwante 

(huid)aandoeningen. Decubitus wordt gedefinieerd als ‘een gelokaliseerde beschadiging van de huid en/of 

onderliggend weefsel, meestal ter hoogte van een botuitsteeksel, als gevolg van druk of druk in samenhang met 

schuifkracht’. IAD wordt gedefinieerd als ‘een inflammatie van de huid die optreedt wanneer urine of stoelgang in 

contact komt met de perineale of genitale huid’. Beide huidaandoeningen komen voor op dezelfde plaatsen op het 

lichaam en beiden worden gekenmerkt door de aanwezigheid van erytheem (rode kleurverandering van de huid), wat 

de beoordeling en differentiatie bemoeilijkt.  Ondanks het groeiend aantal studies over beide huidaandoeningen blijft 

het onduidelijk hoe het geven van wisselhouding, wat aanzien wordt als een hoeksteen in de preventie van decubitus, 

kan afgestemd worden op de individuele toestand van de patiënt. Bovendien is het ook onduidelijk hoe het klinisch 

besluitvormingsproces van verpleegkundigen hierrond ondersteund kan worden. De beperkte mate waarin het geven 

van wisselhouding wordt toegepast dient aangepakt te worden, gezien de invloed op incidentie en prevalentiecijfers. 

Het bekomen van inzicht in de huidige kennis van verpleegkundigen met betrekking tot decubituspreventie is van 

belang. Dit omdat kennis in verband gebracht kan worden met attitudes, wat vervolgens in verband gebracht kan 

worden met het toepassen van adequate decubituspreventie.  

Het gebrek aan vergelijkbare uitkomstmaten en instrumenten om deze uitkomstmaten te meten in klinische studies 

bemoeilijkt de standaardisatie van IAD preventie en behandeling. Erytheem, een belangrijk klinisch kenmerk van IAD, 

werd in een eerdere studie beschouwd als een cruciaal element dat gemeten moet worden in IAD onderzoek. Het is 

momenteel niet gekend wat het meest geschikte instrument is om erytheem gerelateerd aan IAD te meten. Daarnaast 

bestaan nog steeds enkele methodologische uitdagingen verbonden aan het gebruik van een Delphi procedure voor 

het ontwikkelen van een core outcome set (een lijst van uitkomstmaten die minimaal gemeten en gerapporteerd 

dienen te worden in onderzoek). De bovenvermelde noden en tekortkomingen in de huidige kennis omtrent decubitus 

en IAD komen aan bod in dit proefschrift.  

 

Het doel van dit proefschrift was:  

(1) nagaan van de effectiviteit van het geven van wisselhoudingen op maat van de patiënt en het gebruik van een 

draai- en positioneringssysteem op het toepassen van wisselhoudingen door verpleegkundigen,  

(2) evalueren van de huidige kennis van verpleegkundigen en verzorgenden/zorgkundigen over decubituspreventie, 

(3) identificeren van mogelijke instrumenten voor het meten van erytheem in IAD onderzoek,  

(4) verwerven van inzicht in het bekomen van consensus bij het gebruik van een Delphi procedure voor het 

ontwikkelen van een core outcome set.  
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De eerste studie omvatte het ontwikkelen van de digitale Patient Repositioning Tool Ghent (PROTECT) om 

wisselhouding op maat van de patiënt te kunnen bepalen. De effectiviteit van de PROTECT-tool en een draai- en 

positioneringssyteem op (1) het verhogen van de mate waarin verpleegkundigen wisselhouding geven aan patiënten 

conform het protocol werd onderzocht, alsook (2) de houding van de patiënt na herpositioneren, (3) de incidentie van 

decubitus en IAD, (4) de ervaringen van verpleegkundigen en patiënten met betrekking tot het draai- en 

positioneringssyteem, en (5) de budgetimpact. Een multicentrische cluster drie-arm gerandomiseerde gecontroleerde 

studie werd uitgevoerd in een steekproef van 227 patiënten met een verhoogd risico op het ontwikkelen van 

decubitus. Patiënten werden gerekruteerd uit 29 afdelingen in 16 ziekenhuizen. De resultaten toonden aan dat 

verpleegkundigen uit de experimentele groepen significant meer wisselhoudingen toepasten conform het protocol 

voor patiënten gepositioneerd in bed. Voor patiënten gepositioneerd in de zetel werden significant minder 

wisselhoudingen toegepast zoals voorgeschreven door het protocol. Het gebruik van het draai- en 

positioneringssyteem resulteerde in een significant hoger aantal patiënten gepositioneerd in de juiste houding 

wanneer in zijlig (hoek van 30-45°). Slechts enkele incidenten van decubitus en IAD werden vastgesteld. Zowel 

patiënten als verpleegkundigen waren positief over het draai- en positioneringssyteem. In de controlegroep leidde 

het geven van wisselhouding in bed tot hogere arbeidskosten. Het verder onderzoeken van de lange termijn effecten 

door het invoeren van een kwaliteitsinnovatieproject gericht op kwetsbaarheid van de huid in het algemeen werd 

aanbevolen. Om de effecten in kaart te kunnen brengen wordt het gebruik van kwaliteitsindicatoren, alsook statistical 

process control voorgesteld. Het verder verfijnen en updaten van de PROTECT-tool werd gesuggereerd. 

 

In een tweede studie werd de kennis over decubituspreventie geëvalueerd bij 474 verpleegkundigen en 

verzorgenden/zorgkundigen uit 16 verschillende ziekenhuizen aan de hand van de Pressure Ulcer Knowledge 

Assessment Tool (PUKAT) versie 2.0. De resultaten van deze studie toonden een kennistekort aan (gemiddelde score 

van 50.7%). De laagste scores werden bekomen voor de thema’s ‘Kennis over preventie’ (gemiddelde score van 42.7%), 

‘Etiologie’ (gemiddelde score van 45.6%) en ‘Preventie bij specifieke patiëntengroepen’ (gemiddelde score van 46.6%). 

Hulpverleners met een hoger opleidingsniveau of die eerder deelgenomen hadden aan opleidingen over decubitus of 

wondzorg in het algemeen hadden significant hogere scores op de kennistest. Om het begrijpen van de pathogenese 

van decubitus te verhogen, werd aanbevolen het verpleegkundig curriculum te herbekijken op basis van het 

vooropgesteld kader door het educatie comité van the European Wound Management Association (EWMA). Daarnaast 

werd het aanbieden van evidence based training in decubituspreventie op organisatieniveau voorgesteld. Er is nood 

aan verpleegkundigen die klinisch leiderschap opnemen wat betreft skin integrity (behoud van de integriteit van de 
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huid). Het afstemmen van organisatorische strategieën op het opnemen van deze rol is hierbij belangrijk. Daarnaast 

dient ook afgestemd te worden of opleidingsprogramma’s voldoende voorbereiden op het opnemen van deze functie. 

 

De derde studie, een systematisch literatuuroverzicht, onderzocht (1) welke instrumenten bestaan voor het meten van 

erytheem gerelateerd aan IAD met evidentie over hun psychometrische eigenschappen, (2) de methodologische 

kwaliteit van de studies en de kwaliteit van de psychometrische eigenschappen, en (3) welk instrument aanbevolen 

kan worden om erytheem gerelateerd aan IAD te meten. Veertien studies, waarin 10 samengestelde instrumenten 

(instrumenten bestaande uit meerdere concepten) besproken werden, werden geïncludeerd in dit literatuuroverzicht. 

Erytheem vormde een apart concept in vijf instrumenten, waarvan de psychometrische eigenschappen en het gebruik 

als enkelvoudig instrument minimaal ondersteund werd met wetenschappelijke evidentie. Bijgevolg kon geen enkel 

instrument aanbevolen worden voor het meten van erytheem gerelateerd aan IAD. Het ontwikkelen van een nieuw 

instrument of het aanpassen van een bestaand instrument door internationale samenwerking met experten werd 

aanbevolen. Het uitvoeren van histopathologisch onderzoek kan hier mogelijks ondersteunend in zijn. Er is ook nood 

aan het ontwikkelen van een richtlijn voor het uitvoeren van een systematisch literatuuronderzoek naar instrumenten 

die uitkomstmaten meten, gerapporteerd door hulpverleners. 

 

De vierde en laatste studie omvatte het vergelijken van twee verschillende scoringssystemen binnen dezelfde Delphi 

procedure voor het bekomen van consensus in het ontwikkelen van een core outcome set. Daarnaast werd ook de 

invloed nagegaan van consensus criteria op de selectie van uitkomstmaten. Een gerandomiseerde gecontroleerde 

parallelgroep studie met toewijzing 1:1 binnen de eerste Delphi ronde van het Core Outcome Set in the Incontinence-

Associated Dermatitis (CONSIDER) project werd uitgevoerd. Zevenenvijftig internationale panelleden (zorgverleners, 

onderzoekers en deskundigen vanuit de industrie) met een gevestigde expertise in IAD beoordeling, preventie en 

behandeling werden betrokken. Resultaten toonden aan dat de vormgeving van scoringssystemen en de definitie van 

de consensus criteria een invloed hadden op de selectie van uitkomstmaten. Het gebruik van de 9-punt Likert schaal 

werd aanbevolen om het consensusproces in een volgende scoring of meeting te ondersteunen. Om finale consensus 

te bekomen, werd het gebruik van de 3-punt Likert schaal gesuggereerd. Het betrekken van patiënten of patiënten 

vertegenwoordigers vanuit verschillende landen van bij het begin van de studie werd aanbevolen, om het includeren 

van een grotere groep van patiënten bij de Delphi procedure mogelijk te maken.  
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Nevertheless, she persisted 

 

Aan het einde van mijn traject maak ik graag plaats om een aantal mensen te bedanken die op welke wijze dan ook 

een bijdrage geleverd hebben aan de verwezenlijking van dit doctoraat. Zonder hen was dit proefschrift er immers 

niet geweest.  

 

Mijn bijzondere dank gaat allereerst uit naar mijn promotoren Prof. dr. Dimitri Beeckman, Prof. dr. Sofie Verhaeghe en 

Prof. dr. Hilde Beele. Dimitri, bedankt om me wegwijs te maken in de boeiende wereld van wetenschappelijk onderzoek 

en om me te inspireren en te motiveren. Jouw kritische, opbouwende en razendsnelle feedback heeft dit proefschrift 

naar een hoger niveau getild. Ik ben dankbaar dat jij mijn promotor was en heb ontzettend veel van jou mogen leren. 

Ik hoop dat we elkaar in de toekomst nog mogen treffen. Sofie, als co-promotor van dit onderzoek en als 

afdelingshoofd van het UCVV wil ik je bedanken om mij de kans te geven onderzoek te mogen uitvoeren. Bedankt voor 

je bemoedigende woorden en schouderklopjes. Hilde, bedankt voor je waardevolle inzichten bij het nalezen van mijn 

proefschrift. Jouw expertise, kritische blik en constructieve feedback hebben dit werk mede vorm gegeven. Prof. dr. 

Ann Van Hecke, Prof. dr. Sofie Deschepper en Prof. dr. Jan Kottner wens ik te bedanken als leden van de 

begeleidingscommissie. Ann, een welgemeende dankjewel voor het vertrouwen dat je in mij stelde bij aanvang maar 

zeker ook tijdens het verloop van mijn doctoraatstraject.  

 

Prof. dr. Everaert, Prof. dr. Monstrey, Prof. dr. Van Bogaert, Prof. dr. Schoonhoven, Prof. dr. Van Den Noortgate en Prof. 

dr. Van Herck wil ik graag bedanken als leden van de examencommissie. Bedankt voor het kritisch nalezen van mijn 

proefschrift, voor de waardevolle opmerkingen en voor het delen van jullie reflecties. Ik heb deze als zeer verrijkend 

ervaren.  

 

Graag wil ik ook alle ziekenhuizen, patiënten, hoofdverpleegkundigen, verpleegkundigen en experten bedanken voor 

hun deelname aan de verschillende studies. Zonder jullie bijdrage had ik dit proefschrift niet kunnen realiseren.  

 

Dank aan de (ex-)collega’s van het UCVV en van de vakgroep voor de ondersteuning, afleiding en aanmoediging. Ik 

kon steeds bij jullie terecht en ben daar dankbaar voor. Katrin, als mijn voormalig opleidingshoofd wens ik je te 

bedanken voor het vertrouwen dat je in me had en om me het nodige duwtje in de rug te geven. Ik weet niet of ik hier 

vandaag zou hebben gestaan zonder jou. Graag wil ik in het bijzonder mijn bureaugenoten en SKINT collega’s 
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bedanken: Nele, Karen, Hanne, Bénédicte, Charlotte en Elien. Ik wens jullie het allerbeste toe en hoop van harte dat 

we contact houden en regelmatig nog een uitstapje plannen.  

 

Een welgemeende dankjewel aan mijn vrienden en in het bijzonder ontzettend veel dank aan mijn lieve vriendinnen: 

Evelien, Kate, Greet en Lolli. Bedankt voor jullie onvoorwaardelijke vriendschap, steun en afleiding. Stephanie, bedankt 

voor de deugddoende trip naar Dubai na het indienen van mijn proefschrift en voor je aanmoedigingen tijdens de 
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