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AbstrAct
Pressure ulcer is a common complication in hip fracture surgery and convalescence. Earlier
prevalence studies have demonstrated a lower prevalence in Southern Europe than in
Northern Europe. In patients with hip fractures, specific risk factors for developing pressure
ulcers, apart from those included in standardised risk assessment are not fully understood.
Correct classification of Category I pressure ulcers is a prerequisite for planning preventive
measures. It is also mandatory for the reliability of prevalence studies. Until now subjective
tests such as finger-press test and visual assessment have been utilised in clinical practice.
An objective method has hitherto been lacking. Planning and delivering good nursing care
to patients who are at risk of, or already have, manifest pressure ulcers should be built on
proper documentation. Degree of documentation of pressure ulcer prevalence and risk factors
in patients with hip fractures versus elective hip replacement surgery has hitherto not been
investigated. Scrutiny of medical records for these diagnoses and identification of potential
differences should therefore be of interest.
Aim:
- To investigate prevalence and incidence of pressure ulcers upon arrival and at discharge
from hospital, and to identify potential intrinsic and extrinsic risk factors for the development
of pressure ulcers in patients admitted for hip fracture surgery.
To establish the inter-rater reliability between blanching and non-blanching erythema,
assessed by two independent assessors. The secondary purpose was to investigate potential
correlations between risk factors and pressure ulcers.
- To explore if a non-invasive objective method could differentiate between blanching/nonblanching erythema in the sacral area of patients undergoing hip fracture surgery.
- To investigate the degree of documentation regarding risk assessment, preventive measures
taken, prevalence and severity of pressure ulcers, in patients undergoing surgery for hip
fractures or elective hip replacements at admission and during hospital care at an orthopaedic
unit.
Results: The prevalence of pressure ulcers in Southern Europe was lower compared to
Northern Europe. Specific risk factors such as dehydration (p=.005), moist skin (p=.004),
pulmonary disease (p=.006) and diabetes (p=.005) were identified. The finger-press test and
visual assessment of Category I pressure ulcers were both unreliable methods with low interrater reliability. The proportion of patients with persistent discoloration differed significantly
between the assessors from Day 1 to Day 5 (p = .013). Reflectance spectrophotometer used
was proven to deliver high precision regarding classification of non-blanchable erythema
(Category I pressure ulcers). Documentation of pressure ulcers, risk assessment, body mass
index and prevention at admittance was unsatisfactory in patients undergoing hip surgery.
Keywords: Hip fracture, pressure ulcers, classification, reflectance spectrophotometer,
nursing documentation
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introduction
Pressure ulcer
Pressure ulcers (PUs) have affected humans throughout history. In the past, they have been
called “pressure sores,” “bedsores” and “decubitus ulcers” (from the Latin word decumbere,
which means “to lie on one’s side”). The term “pressure ulcer” has been established by
European Pressure Ulcer Advisory Panel (EPUAP) and is the term used in this thesis.1 PUs
are still a major problem in many healthcare settings for a number of reasons. Today, they
constitute a global healthcare issue, as well as an economic burden. 2-6
Preventing PUs has been a concern in the field of nursing for many years, beginning with
Florence Nightingale and her assumption that if a bedsore develops, it is caused by nursing
problems (Notes of nursing).7,8 Some clinicians believe that PUs are caused by poor quality
of care or limited knowledge and access to prevention.8-12 This may give rise to feelings of
guilt among nursing staff. The problem might be swept under the carpet, and staff might
neglect the pressure ulcers but blame other caregivers.
Others believe that PUs are a direct result of a poor healthcare system.13 Maintaining a high
standard of patient safety requires a good organization and leadership, effective routines and
a knowledgeable and interested staff.14 A high level of skilled nurses is the most effective
weapon, which at the same time is hard to achieve in times marked by big staff turnover and
reduced number of nurses.15, 16 Difficulties in finding aids and equipment to prevent PUs are
often reported.15 A low prevalence and incidence of PUs is a quality indicator.17, 18 However,
it is difficult to compare prevalence and incidence data without clear understanding of the
definitions.19 It is important to identify patients at risk and implement effective preventive
strategies, with a goal of decreasing the incidence of PUs. PUs cause considerable harm to
the patient, extend the length of hospital stay and increase mortality.2, 20, 21There should be
zero tolerance of PU development22 and if the prevention of PUs is a major nursing task it is
also a multidisciplinary responsibility.23
Research in the area of PUs needs to focus on prevention as well as treatment. Inadequate
intervention in category I PUs may lead to PUs deteriorating into a more severe category.24
Since occurrence of PUs often is related to quality of care, it is important to investigate the
effectiveness of prevention and to evaluate epidemiological studies to monitor changes over
time.25, 26,27-30 It is also important to understand the mechanisms of pressure, shear stress,
friction and microclimate in the development of PUs.31,32-34
Although most PUs are avoidable and steps are being taken to raise awareness of PUs in the areas
of nursing care, medicine, surgery, and even if self-care education is improved, PUs remain a
cause of morbidity and mortality.32, 35, 36 This is mostly true for patients who have difficulties
in changing positions due to pain, acute illness, loss of sensation or unconsciousness, or who
are suffering from cognitive impairment.37-39 Advanced age, malnutrition, incontinence and
co-morbidities related to circulatory problems are reported to be related to the development
of PUs.33, 40-44
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bAckground
PUs occur commonly over bony prominences although soft tissue can also be affected,
resulting in ischemia, cell death, and tissue necrosis. Severity of illness and co-morbidity can
influence the circulation in the skin, so that less pressure is needed for PUs to develop. A PU
can develop in as little as 2-6 hours45 have been reported in the medical literature, such as
physiological factors, related to impairment of the microcirculatory system,46 but other risk
factors still remain unknown.47 PUs have previously been categorised by stage (still used
in United States) and grade. Since 2010 the severity of PUs has been classified as Category
I-IV.
Definition of pressure ulcers
“A pressure ulcer is a localised injury to the skin and/or underlying tissue usually over bony
prominences, as a result of pressure, or pressure in combination with shear. A number of
contributing or confounding factors are also associated with pressure ulcers; the significance
of these factors is yet to be elucidated“.1, 48 The severity of pressure ulcers can be classified in
4 different categories from non-blanching erythema (Category I), to full thickness tissue loss
with exposed bone, tendon or muscle (Category IV). Two more levels are used predominantly
in the United States: unstageable and suspected deep tissue injury, where levels of the depth
are unknown.25 Certain clinical signs can indicate the development of a PU, such as tissue with
different colour (blue/red), or more painful, firmer, softer, warmer or cooler than surrounding
skin and tissue (Table 1). The true time span for development of PUs is yet unclear but it has
been suggested that it can develop within 1-2 hours 49 or 2-6 hours.50, 45, 51
Illustration to Table 1
ocactors, related to impairment of the microcirculatory system,43 but other risk

Category I

Category II

Category III

Category IV
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Table 1. International EPUAP-NPUAP Pressure ulcer classification system
Category

Description

Category/Stage I:
Non-blanchable 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 compared to adjacent tissue. Category I/Stage I may
be difficult to detect in individuals with dark skin tones. May indicate “at risk”
persons (a heralding sign of risk).

Category/Stage II:
Partial thickness

Partial thickness loss of dermis presenting as a shallow open ulcer with a
red pink wound bed, without slough. May also present as an intact or open/
ruptured serum-filled or serosanginous-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, incontinence associated
dermatitis, maceration or excoriation. *Bruising indicates deep tissue injury.

Category/Stage III:
Full thickness skin loss

Full thickness tissue loss. Subcutaneous fat may be visible but bone, tendon
or muscles 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 (adipose) 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.

Category/Stage IV:
Full thickness tissue loss

Full thickness tissue loss with exposed bone, tendon or muscle. Slough
or eschar may be present. Often includes 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 (adipose)
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 or osteitis likely to occur.
Exposed bone/muscle is visible or directly palpable
(www.epuap.org, www.npuap.org)

Category

Description

Additional Categories/
Stages for the United States
Unstageable/ Unclassified:
Full thickness skin or tissue
loss – depth unknown

Full thickness tissue loss in which the actual depth of the ulcer is completely
obscured 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
are removed to expose the base of the wound, the true depth cannot be
determined; but it will be either a Category/Stage III or IV. 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 or firm, or softer, 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 (www.npuap.org 2010).
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Differentiation of skin erythema
Blanching
Blanch means “to become white”.52 Blanching hyperaemia is the distinct erythema caused
by reactive hyperaemia. When pressure is applied e.g. finger-press test, the blood is
evacuated and the skin blanches temporarily before the blood returns. This indicates that the
patient’s microcirculation is intact.53
Reactive hyperaemi
Reactive hyperaemia is the characteristic bright flush of the skin associated with an
increased return of blood to an area after the release of an occlusion (pressure).54 This
is mainly noted in the epidermis and dermis as blanching hyperaemia.46, 55 If a reactive
hyperaemia lasts for more than half an hour and is not resolved completely within 2
hours, it demonstrates microcirculatory disruption.45, 46, 49 Reactive hyperaemia can occur
after 30 minutes or less and generally this redness resolves within 1 hour.51 The ischemia
will develop after 2-6 hours45, 50 of continued pressure and after 6 hours the tissue may be
necrotic.51
Non-blanching hyperaemia
Non-blanching hyperaemia is when there are no changes in skin colour after the release of
pressure. This indicates a degree of microcirculatory disruption. Other clinical signs may
also be found, such as blistering, indurations and oedema. Non-blanching erythema (PUs
Category I) should not be confused with blanching, reactive hyperaemia or erythema.46
Erythema
Erythema can be defined as a non-specific redness of the skin. This can be as a result of an
infection, cellulitis56, prolonged pressure or reactive hyperaemia.53
Incidence and prevalence of pressure ulcers
PUs is still a problem in healthcare. All categories of patients can be affected and PU
prevalence has been reported to range between 0.4%-66% depending on care settings
and study design.57 Prevalence and incidence in different studies are presented in Table 2.
Certain reports indicate that the number of PUs is going to increase substantially, related
to the increasing age.58 More than 80% of all PUs occur in “classic” PU locations such as
sacrum, ischial tuberosities, heels and ankles. Russo (2006) reported from 1993 to 2006 a
63% increase in PUs was found.59 During the same period there was only an 11% increase
in hospitalisations. Patients with PUs were 65 year or older in 73.3%, however nearly 28%
were younger than 65 years.59
Table 2 Prevalence or incidence of pressure ulcers as reported in different studies and care
settings
Hospital care/hip fracture patients
Hospital care
Long term care/nursing home

3.8%60, 7%61, 8,8%62, 12.9%63 *, 13.2%42, 18%64, 22.1%24,
23.9%42, 29%65, 30%66, 32%67, 36%68, 55%18, 66%69
2,2%77,3.9%71, 6.7%72 *,10,5%73 *, 14.9%71, 20.0%74,
21.2%75, 33.3%76, 53.5%77
4.1%70, 5.4%78, 8.7%24, 11.6%79, 11.7%79,18%80 ND,
18.7%40 *, 20%42, 27%81 ND , 29%82

* Category I PUs not included. ND = no data
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To measure PUs at admission and discharge gives information about development of pressure
ulcers on a group level, but does not represent the true incidence unless the same patients are
studied longitudinally.43 Incidence of hospital acquired pressure ulcers (HAPUs) can only be
studied if the same patients are followed during the care episode.83
People with spinal cord injury (SCI) are at great risk for develop PUs.84 The incidence of PUs
in this population has been estimated to between 30% and 46%85,86,87,and 7-10% of all deaths
are reported to be attributed to PUs in this group of patients.88, 89 Young children comprise
another risk group for PU development. In one study, 27% of young children had PUs,
including Category I PUs 90. Prematurity, malnutrition, immobility (depending on age)
and degree of unconsciousness are risk factors predisposing for pressure ulcer development
in children.
Research has shown that the risk of developing PUs at least doubles in operations lasting
more than 4 hours.75, 91-93 It is important to remember that the whole period the patient lies on
an operating table can affect the tissue, including waiting for the surgery to start. If a patient
has a PU prior to being admitted, there is an increased risk that it will deteriorate during the
hospital stay.94 A study from the Netherlands found that over 22% of pre-existing PUs in
acute care and 8% in geriatric care deteriorate.24
Non-Caucasian patients tend to develop more severe PUs, which is attributable to difficulties
in detecting areas affected by pressure, shear stress and friction. One early warning sign
of a PU is reactive hyperaemia, which develops due to pressure.54 The resulting change in
colour is not as visible in darker skin, which can result in failure to take preventive measures
before the skin has a change to rupture.95, 96 More women than men suffer from rheumatoid
arthritis in which the complications of medication can lead to extra skin sensitivity (thinning).
This means that the bone is closer to the skin surface (because less padding) and there is an
increased risk of developing a PU due to pressure. More women than men suffer from PUs
due to advanced age, low weight and changes in the sensitivity of the skin to pressure and
other influences. There is also a slight anatomical difference between the female and male
sacrum. Os sacrum is more cupped in women which might lead to stretching of the tissue.
The bony prominence per se also is less padded.
Certain under- or over-reporting of PUs can occur and this should be taken into consideration
when comparing different settings of healthcare. The Swedish Association of Local Authorities
and Regions (SALAR)97 conducted two national point prevalence studies in Sweden (2011).
PU rate declined from 17% to 14.4% in hospitals whereas the same prevalence (14%) was
reported from the communities. More than 50% of the PUs were Category I. The two national
point prevalence studies were performed in spring and autumn 2011 and will be repeated
2012. A total of 12,397 persons were investigated. 97 Achieving a goal of zero PUs during
hospitalization.22 requires expertise, and the opportunity to learn and use new evidence-based
knowledge.98 However, a zero-vision for PUs might be unrealistic in acute medical emergencies
where life-saving actions might be prioritized. The development of PUs in the dying patient
cannot always be avoided due to the physiological skin changes at life´s end.99, 100
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Risk factors
Numerous risk factors for development of PUs have been reported.33, 69, 101, 102 These can be
classified as extrinsic or pathomechanical and intrinsic or pathophysiological risk factors
(Figure 1). Tissue tolerance is one important intrinsic factor and stands for the skin and
supporting structure ability to tolerate the effect of pressure without adverse effect.31
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Pressure ulcers

Figure 1
Prolonged pressure due to a combination of immobility and extrinsic and intrinsic factors might lead
to development of PUs.

Extrinsic risk factors
Pressure
The most important factor in the development of PUs is unrelieved pressure. Pressure is defined
as “the amount of force applied perpendicular to a surface per unit area of application”.31
Healthy people and alert patients feel signals from the areas under pressure. These signals
lead to movements even during sleep and re-establishing the tissue perfusion.103-106 In an early
study, Exton-Smith (1961) reported that if a patient moves fewer than 25 times during one
night, the risk of developing PUs increases.104
Signals for position changes initiating spontaneous body movements may not function
optimally in sick patients, leading to unrelieved pressure to vulnerable areas for example
bony prominences as sacrum and heels. PUs arises from prolonged tissue ischemia caused by
pressure that exceeds the tissue capillary pressure.55, 107-108 (Figure 2) This pressure decrease
oxygenation of the tissues and the supply of essential nutrients, and the skin appears pale.46,
109, 31
When the pressure is relieved, healthy skin quickly becomes red due to the physiological
response and appearance returns to normal.46, 53, 54 In vulnerable skin, e.g. aged skin, and
prolonged ischemia compression and blocking of the capillaries can occur. The blood cells
aggregate and the capillary walls can become damaged. Accumulation of red blood cells and
fluid leakage into the interstitial space can lead to non-blanchable erythema.46, 110 This will
aggravate the ischemia and cause necrosis of the tissue and ulceration. Reactive hyperemia
should be distinctly separated from non blanchable erythema.42, 73, 111
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Tissue distortion
due to pressure

Stressed and
compressed tissue

Figure 2
When external pressure is applied over a bony prominence, the tissue is affected by compression and
shear stress. This decreases oxygenation and nutrient supply to the tissue.

Pressure and shear act synergistically in development of Pus. Pressure distorts the skin and
underlying soft tissue especially near bony prominences.31, 109,112 Pressure on any part of the
body, especially over a bony prominence, may cause reactive hyperaemia for up to 48 hours
and still have normal dermal response.45, 113-115 It can take several days before it is possible to
detect if the skin begins to break down or recover to normal tissue.46, 116
there is a relationship between intensity of pressure and duration however; this can vary
between different individuals as well as within the same individual. Normal blood pressure
within capillaries has been reported to range between 20-40 mmHg with a average of 32
mmHg.117 In 1930, Landis used a microinjection method to cannulise the arteriolar limb
of capillaries in human fingernail beds to study capillary blood pressure.117 He reported an
average pressure of 32 mmHg in the arteriolar limb, but this may not be a relevant value for
capillary pressure in areas at risk for Pus.118 Kosiak (1959) described results from studies
in canine and rat.45 He found microscopic pathological changes in the tissue after as little as
60 mmHg pressure for one hour. other authors have reported that high pressure over a short
period of time can cause damage and that low pressure applied for longer time does not cause
damage to the same extent.119-121
While interface pressure of less than 32 mmHg is assumed to be safe by many clinicians, and
pressure in excess of 32 mmHg is thought to lead to closure of capillaries, the importance
of tissue ischemia still remains to be more investigated. tissue can withstand pressure more
or less, depending on other patient characteristics. Effects of stress deformation has been
demonstrated in computer modelling.96 the complexity of factors leading to development of
Pus includes not only local factors but also general risks depending on the health status of
the patient. A combination of intrinsic and extrinsic risk factors in the individual patient will
decide whether a Pu develops or not.118 (Figure 3)
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Figure 3.
A combination of intrinsic and extrinsic risk factors. The figure shows biomechanics at the loaded
interface - extrinsic factors. With kind permission from Dan Bader, presentation at EPUAP’s
14thannual conference in Portugal September 2011.

Shear
Shear is mechanical stress parallel to the surface. Shear stress deforms and changes the shape
of the tissue and occurs usually in combination with pressure.122 (Figure 2) Shear and friction
are often mentioned together and sometimes inaccurately presumed to be interchanged. the
synergies of shear and pressure lead to the formation of Pus. Shear stress is caused by friction
e.g. when a patient is sliding down in bed or chair.123, 124 In this situation the shear stress keeps
the skin against the surface while the rest of the body is moved downwards.122 It is logical to
conclude that the force applied downward when the patient is in the Semi-Fowler position in
bed tends to distort the tissues and blood vessels near the sacrum, placing this region at risk
for tissue breakdown. Furthermore, in a research project focused on assessing the pressurereducing effects of operating table mattresses, Defloor (2000) concluded that elevation of
the top end of the operating table to 30° might cause high pressure and shearing force on the
sacrum during head and neck surgery.125
Friction
Friction is the force of two surfaces moving or rubbing against one another.122 Microscopic
or macroscopic tissue trauma can occur when one surface is moving against another with
enough of friction force and weight to the surface.126, 127 In the study on swine Dinsdale
(1973) reported that friction removed the stratum corneum and separated the epidermis from
the basal cell layer. 126 this situation can appear when the patient is sliding down across bed
sheets or is rubbing heels or elbows to the sheets. Dinsdale also demonstrated that pressure
and friction together decrease the tissue tolerance for pressure force.
21
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Moisture, maceration, and tissue breakdown increase the surface tension of the skin and
the support surface. Increased skin moisture or incontinence may lead to maceration of the
skin, which in turn makes it more predisposed to pressure, shear, and friction damage.128, 129
It has also been suggested that the use of soap is affecting the aging skin because exposure
to water, soap, or other irritants as well as bacteria can irritate skin and potentiate the effects
of friction.130, 131
Microclimate
In the early 1970´s Roaf reported factors contributing to Pus and proposed how to avoid
them, specifically by promoting optimal circulation and avoiding long periods of pressure,
abrasions, extreme heat or cold, skin irritants and infections as well as by maintaining an
optimal microclimate.132 Moisture of the skin surface can dissolve areas between the collagen
in dermis and stratum corneum.133 this may increase the risk for maceration and can increase
the sensitivity of the blood vessels for pressure, shear and friction.
Increasing body temperature is also a risk factor for developing Pus.134 If the body temperature
increases with 1o c, the metabolic activity also increases 39, 135 Subsequently, the need of
oxygen and energy in the skin rises by approximately 10% 136 When metabolic needs increase,
the resulting diminished tissue perfusion can lead to ischemia. It is suggested that this leads
to quicker development of PUs because less pressure and shear force are needed to affect the
tissue.137 Nixon (2000) found that low body temperature during surgery was associated with
Pu development.39 Scott (2001) tried to prove this theory and found that the risk for PUs
was lower if the patients received warming but this result was not statistically significant138.
This indicates that further studies are required to establish if skin temperature is a reliable
predictor for the development of Pus.
today the term “microclimate” is used to describe the environment between the skin and
the surface of the mattress or cushion. temperature and humidity are factors of importance
for optimal prevention of Pus.128, 139 Repositioning the patient is one way to control the
microclimate under the patient and decrease the heat accumulated between the mattress or
support surface and the patient. Appropriate support surfaces as well as use of barrier creams
are reported to solve some of these problems.131
Intrinsic risk factors
Architecture of the skin
the skin is the largest organ of the body and has a dynamic structure where cellular replacement
and modification respond to local needs.116, 140, 141 this is a continuous process throughout
life.130 the skin offers protection from mechanical disruption and the tissue beneath the skin
is protecting the underlying structures. Although the skin has these properties, Pus can occur
as a result of the disruption of the vascular network of arteries, arterioles and capillaries after
prolonged pressure in vulnerable areas.107 the skin consists of three layers: epidermis, dermis
and subcutis (see figure 4)
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Figure 4
The skin consists of three layers: epidermis, dermis and subcutaneous tissue

older patients are more vulnerable to Pus because of age-related skin changes.116, 130, 140 the
pathology and aetiology show wide individual variations in how skin responds to pressure.
Elasticity of the skin and loss of muscle (strengths and mass) and subcutaneous fat is decreased
in the aging skin. this increases vulnerability for pressure and shear forces.the dermal layer
becomes thinner, and epidermis vascularisation, proliferation and thickness decreases.116 the
skin plays an important role in the regulation of the body temperature. If body temperature
rises, dermal vasodilatation cools the skin by increasing blood flow and perspiration.39, 135
The properties of the skin, such as the ability to feel pain, sensibility, inflammatory response,
decreased sensitivity to cold and heat, making it more vulnerable to injury.142, 143 Aging leads to
a reduced ability to regulate hyperthermia due to decreased peripheral circulation. Increased
perspiration increases the risk of excess moisture on the skin surface. old age and severity
of illness and co-morbidity can influence the circulation in the skin, so that less pressure is
needed for PUs to develop. (Figure 5)
The epidermis is arranged in four layers: the stratum corneum, granular layer, stratum
spinosum and basal layer (or stratum germinativum) which separates it from the underlying
dermis.140. the stratum corneum is continuously replaced by cells from deeper layers. the
changes that occur in the skin during aging affect the epidermis, which becomes thinner.130
The dermis consists of two layers: the papillary dermis and reticular dermis. collagen and
elastin allow the skin to recover from stretching after pressure.102, 140 In aged skin the dermis
has a reduced number of sweat glands and it produces less sebum. the lack of sebum can
leads to dryness of the skin which can affect how the skin reacts to pressure.118, 130, 144, 145
Dryness can be exacerbated when the skin is cleansed with soap and water. Dry skin has more
crevices, and bacterial invasion can be detrimental.129, 130
The subcutaneous layer consists of fat and is separated from the dermis and deeper structures
such as the fascia, muscle and bone. the thickness varies depending on the location on the
body and body type and weight as well as the number of fat cells and gender.140
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Vasculatory and circulation diseases
Impaired mobility, leads to reduced activity in all ages and in addition to impaired mobility146,
risk factors such vascular disease, diabetes and pulmonary disease43, 147 as well as spinal
cord injury (SCI) and other neurological conditions increase the risk of developing PUs.148
A decrease in peripheral arterial circulation, as measured by Ankle-Brachial Pressure Index,
has also been shown to contribute to heel sores.149 Ischemia, hypoxia, hypotension, anaemia
and increased metabolic demands may be potential factors for Pu development.46, 150, 151 In
addition malnutrition may also increase the risk of infection and Pu development.151-154 Pain
and pain-relieving drugs may also be factors affecting the peripheral circulation since the
patient tend to be more immobile both from pain and analgesia.155 Drugs used perioperatively
may also affect the peripheral circulation.156
Aging and risk factors for pressure ulcer development
Pain and 
Reduced oxygenation to
skin
Reduced oxygenation

Reduced activity
Reduced appetite

Individual
assessment for
pressure ulcer
development

Reduced circulation
Impaired posture impairs breathing
Increased sensitivity to temperature
Increased sensitivity to humidity
Reduced elasticity of skin

Malnourishment
Decreased muscle strengh
Reduced muscle mass
Increased time in bed/chair
muscle mass
Impaired posture

Increased risk of shear/friction

Increased risk of contraction of limbs

Figure 5
The vicious circle is modified from first version presented in SLL, Vårdprogram, 2010.157 Old age and
severity of illness and co-morbidity can influence the circulation in the skin, so that less pressure is
needed for PUs to develop.

Tissue perfusion
Superficial PUs - Category I and II PUs - are caused by compromised peripheral circulation.
the capillaries are compressed by the external pressure which leads to tissue ischemia,
capillary thrombosis and occlusion of lymphatic vessels.110 When the pressure is relieved, the
area is reperfused. the combination of periods of ischemia followed by reperfusion, results
in an increased number of reactive agents that cause inflammation in the tissue.102, 109, 158 the
length of time at which tissues can survive without oxygen varies. Ischemia- reperfusion
damage is reported to be a significant mechanism in early stages of PU development.159, 160
Animal studies show that reperfusion damage is higher in older animals.161 older patients may
have a similar reduction in tissue reperfusion speed leading to prolonged or absent reactive
hyperaemia.46, 110, 116 This makes it difficult to assess if the skin is insufficiently supplied with
oxygen and nutrients or if it is healthy and non-affected by pressure damage. It is also thought
that repeated episodes of ischemia and reperfusion injury may lead to failure of healing of
established chronic wounds such as Pus.162
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tissue perfusion may also be affected by changes in the body temperature 134, 139, vasoactive
drugs163, vascular diseases including diabetes and cerebrovascular accident.39, 91, 164. All these
factors, demonstrate the complex interacting cascade of events leading to development of
Pus where no single component can be isolated.
Cognitive impairment
cognitive impairment measured by SPMSQ is reported to be a risk factor for Pus.165-167
Cognitive impairment defined as severe on the SPMSQ scale led to significantly increased
risk of developing Pus.166 (SPMSQ scale (Appendix 4) Cognitive impairment is common in
patients with hip fracture.168 this is sometimes due to temporary confusion, but in other cases
caused by dementia.156 Known intrinsic and extrinsic risk factors affecting pressure ulcer
formation is presenting in table 3
Table 3
Known intrinsic and extrinsic risk factors affecting pressure ulcer formation
Extrinsic
•
•
•
•
•
•

Pressure on the tissue
Shear
friction
Immobility
maceration, skin irritations
Support surface under the patient

intrinsic
•
•
•
•
•
•
•
•
•

Architecture of the skin
Age
Acute trauma e.g hip fracture (or illness)
Vasculatory and circulation diseases
Systolic blood pressure
Cognitive impairment
Vasoactive drugs
Anemia, ischemia, hypoxemia
Increased or decreased body and
peripheral temperature

•
•
•
•
•

infection
Malnutrition, decreased body mass index
Spinal cord injury
Other neurological conditions
Increased metabolic demands

Prevention

Pressure relief
the overall goal of pressure relief is to prevent persistent erythema. the easiest way to
reduce pressure is to reposition the patient in either a lying or sitting position together with
redistributing the pressure by appropriate support surfaces.2 However, a systematic review
found insufficient evidence to support specific repositioning regimes.2 the traditional twohour interval usually serves as a starting point, but it is important to individualise the interval
depending on the patient’s condition.169 and support surface. the use of pressure redistributing
support surfaces in lying and seating positions does not eliminate the need for repositioning.170
the overall goal is to establish a regimen in which pressure is completely relieved on all
areas of the body. Small shifts and movements both in lying and seating positions have been
proven efficient.104, 171 tilting the patient between 30-degree positions has been documented
to be optimal.172, 173
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Support surfaces
In selecting an appropriate support surface, the body weight of the patient must be considered.
Different support surfaces support patient weights differently. there are two important
principles regarding support surfaces: immersion and envelopment. 25, 174 Immersion allows
the patient to sink into the support surface. Here is it important that the material is not too
soft and that the patient’s weight does not cause him or her to “bottom out” resulting in
resting on the underlying structure of the bed. Envelopment refers to how well the support
surface embraces the whole body, that is, how the surface redistributes pressure. Support
surfaces that provide immersion or envelopment allow the patient to be more independent
and mobile, for example, it is easier for the patient to raise from a lying to a standing position.
25, 174
Foam mattresses that adhere to these principles are easy to use, but their life span may
be short depending on the duration of which they have been used as well as the amount of
weight applied.174 the choice of support surfaces should be directed by individual needs;
however, in practice this often depends on the reimbursement practice.175 Most importantly,
all decisions and preventive measures must be evaluated based on the extent to which they
achieve the goal that is best for the patient – no development of Pus. Documentation of
selection of surface is an important part of the nurses’ responsibility. If a person is a highrisk patient or already has a Pu, the choice may be an alternating active support surface with
cyclical infiltration or an air mattress with constant low pressure to provide immersion and
envelopment to redistribute pressure.174
Choice of support surfaces should be based on central questions:
1) Is the patient mobile and able to get out of bed?
2) Can the patient feel discomfort from pressure and shear stress and accordingly change
position frequently by him/herself?
3) Can the patient ask others to move him/her if unable to move him/her self?
The most commonly used interventions are related to support surfaces (mattress overlays on
operating tables, specialised foam overlays), optimising nutritional status and keeping the
skin free from humidity.2 Repositioning is still the most common preventive measure but it is
still not known whether it has an advantage over other preventive strategies. The technique
used for repositioning of the patient can also influence the development of pressure ulcers,
since if the skin is macerated and the patient is drawn incorrectly in the bed or chair both
friction and shear forces can contribute to increased vulnerability for pressure.176 Further
well-designed clinical studies are needed.
Nutrition
Optimizing nutritional status is one of the appropriate strategies to prevent PUs and to
minimise other complications and death.2, 177 Malnutrition is common in hospital settings.178
Eating difficulties and loss of weight together with actual weight (Body Mass Index (BMI)
weight in kg/height in m2) are recommended to be documented and acted upon (SKL).97
Malnourishment is defined as patients < 70 years with a BMI score <20 or patients >70
years with BMI <22.179 (Table 4) A low BMI does not per se mean that there is a nutritional
problem. overweight is not usually a risk factor for Pus in patients with hip fractures in the
Nordic countries.43 Elderly patients with a hip fracture have however been reported often to
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be a risk of malnutrition.44, 180Prior to surgery it is important to maintain a good nutritional
status because patients who are in a catabolic phase have high risk for complications.181
Beside BMI and identification of eating abilities, Minimal Nutritional Assessment (MNA)
is a tool designed to identify nutritional problems for patients over 65 years.182 For all ages,
Subjective Global Assessment (SGA) is commonly used.183
Table 4
Body Mass Index (BMI - weight in kg/height in m2). The international classification according
to WHo.
Classification
Underweight
Severe thinness
Normal range
Overweight
Obesity

Cutoff points
< 18.50
<16.00
18.50 – 24.99
>25.00
>30

Morbidity, mortality and suffering
Patients predisposed to Pus have a higher risk of mortality.20, 35, 38, 80, 184-186 In a follow-up study
of patients with Pus in uppsala187, a three-month mortality was reported for 35% of the entire
patient group who had Pus. Infection is the most severe complication of Pus. In another
study a mortality rate of 48% in 4-year was reported in patient with hip fracture.180.
Approximately 60,000 people die each year from complications of Pus.188 Development of
Pus has been associated with up to 4.5-times greater risk of death than that for persons with
the risk factors but without Pus.189, 190 Wound-related bacteraemia with sepsis can increase
the risk of mortality to 55%.191 Elderly patients are a vulnerable group since they often have
several co morbidities.147 For the group of ScI patients it has been estimated 7-10% will die
as a result their ulcers.88 Landi (2007) reported from a home care project in Italy that 26% of
patients who develop Pus died within 1 year follow up.80
Manifest Pus lead to suffering, affecting the lives of patients emotionally, physically and
socially.192-194 they may also contribute to isolation and depression.195, 196 Patients have also
described that pain, discomfort and distress caused by Pus was not recognised by nursing
staff. 192, 197, 198 those affected by Pus also described a sense of changed body image, sleeping
difficulties, inadequate treatment and care as well as isolation and need for knowledge and
understanding.199
Economic impact
Pus constitute one of the most expensive conditions in health care. In the united States, cost
for treatment alone is estimated to be uSD 2,000 to 90,000 per Pu depending on the severity
of the ulcer.189 this adds up to annual costs of some uSD 11 billion dollars.2, 22 It has also been
calculated to an average charge per stay of $37,800.59 In Great Britain the cost is estimated
at GBP 1,4 to 2,1 billion yearly, representing 4% of the total NHS expenditure.200 Most of
the cost is nurses´ time.200-202 In the Netherlands the cost of treating Pus is the third highest
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expenditure after cardiovascular disease and cancer, estimated to between uSD 362 million
and USD 2,8 billion, a total health care cost of 1% (based on the lowest estimation).203 In the
Swedish county council of Jönköping with 4,200 admissions to the hospital in 2005, 8% had
a PUs (mainly Category I-II), the treatment of which was estimated to be SEK 53 million.204
A Pu can become infected, leading to sepsis and amputation. this creates additional costs by
re-admission to hospital, antibiotics and prolonged hospital stay and death.2, 3, 21, 192 this cost
is likely to rise due to the fact that an aging population has an increased risk of falling and
getting a hip fracture. Prevention of Pus cost less than treatment.4 It has been estimated to 2,5
times less than cost for treatment.82 However the largest part of the cost is for nursing time due
to turning, mobilization and wound care.201 Early prevention with technologically advanced
equipment has been estimated to be more cost effectiveness than standard mattresses.201,
205
these costs alone, without the cost of human suffering, demonstrate the importance of
preventing Pus and of cost-effective treatment practices.

Risk assessment Subjective /objective risk assessment
Risk assessment scales
A number of Pu risk assessment instruments have been developed to identify risk factors
in specific risk groups. Sharp (2005) reported that nurses in general do not use tools for
assessment of Pus but rely on clinical practice and knowledge of risk factors.146 Studies
focused on risk assessment instruments have not proved reduction of Pu incidence rate.206-208
The implementation of risk assessment according to an instrument is often part of a quality
improvement program with focus on reduction of the number of pressure ulcers in a unit.209,
210
However, use of risk assessment instruments is recommended211, 212, even if usage of such
instrument has been questioned.41, 206, 213-215. It is however obvious that regular usage of such
instruments enhances awareness of different risk factors, improves continuity of care, decreases
the development of PUs and contributes to significantly improved documentation.216
NIcE guidelines suggest that patients at risk must be assessed within 6 hours of admission.
SALAR recommends risk assessment, within a couple of hours, in all individuals over
70 years as well as on those who are bedbound or expected to be so, or who are wheelchair
bound or sit most of the day.218
217

the most commonly used risk assessment instruments in Europe are Braden Scale.211, 219221
(Appendix 1), Waterlow222 and Norton223 (Appendix 2). Risk assessment instruments
are designed to be a complement to general medical examination and clinical assessment
built on experience. It is important that all members of the care team (regardless of area of
responsibility) use the risk assessment tool in the same way and interpret classification in
the same way. the MNS is recommended by the Stockholm county council and is most
widespread in Sweden. It assesses 7 different areas (Appendix 3). The MNS was developed,
validated and reliability tested by Ek.224 It is based on the Norton (1975) risk assessment
tool developed for geriatric patients.223 the MNS differs from the original Norton scale in
two areas, nutritional intake and fluid intake, which have been added to the MNS. Lindgren
(2002) further developed the MNS into an instrument called RAPS which stands for Risk
Assessment Pressure Sore.225 Risk assessment instruments available today have mainly been
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developed for elderly patients. Risk assessment instruments are also developed for patients
with spinal damage87 and for newborns226 but whether the risk assessment scales reduces the
incidence in paediatric care is unknown.207
Perception of color
the primary step in the decision-making process when assessing patients’ skin is observation
of changes in skin colour and detecting early signs of deeper tissue damage. Interpretation of
colours is subjective: different colours are interpreted in different ways by different people.
the spectrum that the human eye can see is called the visible spectrum or ”visible light” and
consists of wavelengths of approximately 400 – 700 nm (Figure 6) One nanometer (nm) is
a billionths of a meter. Light, no matter how complex the composition of wavelengths, is
reduced by the eye into three colour components. the human eye has rods and cones that
process the light in the retina for subsequent processing in the brain. Rods see black, white,
and shades of gray and discern the form or shape of an object. they cannot distinguish
between colours, but are supersensitive and allow the human eye to see even in the dark.
cones sense color and are most helpful in normal or bright light. the retina has three types
of cones and each cone type is sensitive to either red, green, or blue. combinations of red,
green and blue is called RGB.228

Figure 6
The specral colour of the “visible light” of and the combination of
RGB = Red/Green/Blue.227

Detection of pressure ulcers
The observation of a change in skin colour is the first step of the procedure to assess and
detect early Pus. the human perception of colour is, however, subjective and based upon the
varying sensitivity of the different cells in the retina to light of different wavelengths. Because
of external conditions, colour can be perceived in different ways so that a colour can look
different in bright sunlight and at dawn, or indoors under a light bulb, lamp or fluorescent
light. Humans perceive colour variations in different ways, which means that light red to one
person is not the same as the same colour to another. the perception of colour is also heavily
dependent on the way that it contrasts with its surroundings. These factors might hazard the
subjective visual perception of erythema.
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Finger press test
Identification and classification of pressure ulcers Category I still remain unreliable. A fingerpress test is most commonly used in order to differentiate category I Pus from reactive
hyperaemia.37 If the area under the pressure of the finger blanches and then becomes red again
once the pressure is released, then it is classified as an area with satisfactory circulation.46, 53
Blanching erythema indicates pathological changes in the tissue, with inadequate circulation.
Pus can develop in a matter of hours.24, 33, 106, 229 though it can take from 3-5 days before an
incipient Pu becomes visible.37, 63, 75, 115 other signs of an incipient Pu include temperature
differences in the surrounding tissue; indurations or softness of the tissue and painful, burning
or pricking sensations.1, 230, 231 The latter symptoms may be the only identifiable symptoms for
people with dark skin tones on which different skin hues are not visible.
once the reactive hyperaemia has disappeared the absence of redness does not necessarily
indicate that serious damage to tissue not longer exists.24, 53, 146 In clinical practice, neglected
or incorrectly classified reactive hyperaemia may occur because of the delayed body response
to pressure.24, 232-234
Many questions can be raised related to the finger-press test methodology. So far it is not
clear for how long the skin should be relieved of pressure before the test is performed.235,50,
141
The precise duration of the finger press before removal of the pressure, is yet unknown.
Since the finger- press methodology is of a subjective character a method to standardise the
performance was demonstrated by Vanderwee (2006) who used a transparent plastic disc to
assess blanching/non blanching erythema.236 the disc was recommended to be pressed on to
the erythema for three seconds but the amount of pressure was not decided.
Non invasive measurement of skin erythema
Reactions from pressure on the skin has interested researchers for several decades and different
methods have been tested for its verification, e.g. Laser Doppler, different spectrophotometry
methods and transcutaneous gas tension.95, 237-241,134, 242-244 Spectrometry and spectrography are
terms used to refer to the measurement of radiation intensity as a function of wavelength
and are often used to describe experimental spectroscopic methods.227 Spectral measurement
devices are referred to as spectrometers, spectrophotometers, spectrographs or spectral
analysers. colours that can be produced by the “visible light” of a narrow band of wavelengths
(monochromatic light) are called pure spectral colours.227 (Figure 7)
Recognition of the early signs of pressure damage is a major objective for nurses and
reactive hyperemia is often detected during daily nursing care.141, 235, 245, 246 current methods
are, however subjective and may in some cases be unreliable.83 An objective assessment to
complement the human eye to assess early changes in the skin may be of help in clinical
situations. In order to determine if a skin area is at risk of developing a Pu the ability of the
skin to absorb light of different wavelengths can be used.247-249 this phenomenon is used to
analyse the haemoglobin in blood. The same mechanism could be used to quantify minor
changes in the colour of the skin.237, 239, 250
As Dawson (1980) described that surface colour can be quantified.251 to do this calculation
comprehensive mathematical formulae have been developed. Since the skin consists of
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several layers, the surface of the skin can transmit or reflect the light sent out from the
conducted light source. this can be calculated mathematically, as previously described in
Dawson and Diffey.251, 252 the mathematical formula has been adapted to the instrument in
use to describe the light absorption and shattering from the surface. This makes quantification
of for example, the red value in the skin possible.
Reflectance spectrophotometer
The reflectans spectrophotometer (RSM) used in Study III was an early version of the
Dermaspectrometer a simplified narrow-band reflectance spectrophotometer (Figure 7).
Instead of using a white source of light alone, and a monochromator to obtain a narrow
reflectance spectrophotometry, a red and a green light diode is used. A blue strengthened,
silicone based photo diode is used as a detector to measure the reflected light from the skin.
With an increasing proportion of blood in an erythema, a larger amount of green light will be
absorbed, i.e. less light is reflected to the detector and the digital readout presents a higher
value. The simplified formula251, 252 used for calculation of the value of reflecting light to the
instrument is as follows:
Erythema:

100*Log 10

(intensity of reflecting red light)
intensity of reflecting greenlight

Melanin:

100*Log 10

(ÉÉÉÉ

1 ÉÉÉÉÉ)

intensity of reflecting red light

the amount of red light does not change noticeably under the same circumstances. the
erythema is measured in an area with a diameter of 7 millimeters. A glass protects the
diodes and the detector from the skin and provides a flat surface on which to measure. The
instrument compensates automatically for surrounding light so that this does not affect the
results. Disturbances that affect the measurement results are labelled as “error” in the display,
and the measurements must be repeated. calibration is carried out against a completely white
reflecting surface, as well as against a black non-reflecting surface. The method thereby
offers a quantitative and objective measurement of a specific aspect regarding inflammatory
conditions of the skin. Skin colour varies spontaneously during the day and it is suggested
that repeated measurements should therefore be carried out at the same time of day, at the
same room temperature and after the skin has been uncovered for at least 5 minutes.253 It is
important to attempt the same measuring circumstances on each occasion of measurement in
order to hinder factors that can affect the measurement.

Figure 7.
This illustration is modified from the
original presented in Dawson for how the
amount of light is transported differently in
different human tissues. The non-invasive
instrument can quantify minor changes in
the colour of the skin.
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Pilot examples from functional tests of DS
Two pre-tests were performed. The fist was to test if spinal anaesthesia would affect the
perfusion over the sacral area. The pre-test demonstrated no influence on perfusion following
spinal anaesthesia i.e. no increased or decreased values were registered by RSM due to the
anaesthesia.
The second test was to determine if time have an influence on erythematic (red) area after
pressure relief (Figure 8 and 9). The test show a strong correlation in decreasing Erythema
Index (E-Index), with longer time of pressure relief i.e. area less reddish when E-Index was
decreasing.
Figure 8

Figure 9

Figure 8 and 9
hotos reveal different shapes of non-blanching erythema depending on different tissue structure
affected. Buttock area to the left and hip on the right.
Photos : Maria Amnell, with kind permission

Femoral neck fractures
Epidemiology
Each year 18,000 people are treated for hip fractures in Sweden. the mean age of patients
with a hip fracture was 81 years in the mid-1990s. In the 2010 the age has increased to 83
years (RIKSHÖFT 2010 Annual report). The percentage of men has increased slightly, from
28% in 1996 to 31% in 2008.254, 255 the number of elderly people in Sweden is on the rise and
over the past 20 years, the number of people over 80 years of age who have sustained hip
fractures has doubled.58 Hip fractures among the elderly are expected to increase with age
due to an increased risk of falls256 Scandinavia, North America and Asia have reported the
highest frequency of hip fractures.257 In the united States the incidence of hip fracture has
been estimated to be 80 per 100,000 inhabitants258 It is estimated that by 2050, the number of
patients with hip fractures around the world will have increased from 1.66 million (1991) to
6.3 million 168, 259, 260
Pathophysiology
Hip fractures are classified into three general groups: femoral neck fractures (56%),
pertrochanteric fractures (36%) and subtrochanteric fractures (8%) (RIKSHÖFT 2010 Annual
report). (Figure 10) Proximal femoral fractures are then sub-classified according to level of
complexity. There are more women than men with femoral neck fractures requiring a total
hip replacement (THR), the reason for which is not fully understood.
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Patients with trochanteric fractures have often previously experienced an osteoporosis-related
fracture.58 these patients are often older and they spend more time indoors than patients
with femoral neck fractures. the risk of non-union of the fracture is higher for patients with
displaced femoral neck fractures. this carries a risk that surgery will be more complicated,
which increases the risk for re-operation.156, 261 one type of complication that may occur
is osteonecrosis of the femoral head. As most of the patients are elderly, it is important to
perform surgery as quickly as possible to prevent complications and death.262, 263 It is also of
high importance to mobilise the patient as quickly as possible to avoid complications.156, 264
Hip replacement surgery, also called total hip arthroplasty, involves removing a diseased
hip joint and replacing it with an artificial joint. Joint replacement is generally carried out
to relieve arthritis pain or a damaged joint as part of hip fracture treatment. tHR can be
performed as a total replacement or a hemi (half) replacement. A THR consists of replacing
both the acetabulum and the femoral head while hemiarthroplasty generally only involves
replacing the femoral head. Hip replacement is currently the most common orthopaedic
operation. Patient satisfaction in both short and long term varies widely.265
Cervical fracture
Trochanteric
fracture
Subtrochanteric
fracture

Figure 10
Pathophysiology - Hip fractures are classified into three general groups: femoral neck fractures
(56%), pertrochanteric fractures (36%) and subtrochanteric fractures (8%) .
Photo: Anna Larsson, Medical illustration, Karolinska University Hospital

Pressure Ulcers and femoral neck fractures
Epidemiology
Patients suffering from hip fractures constitute a vulnerable group and therefore may have a
higher prevalence and incidence rate of Pus. the prevalence and incidence of Pus in patients
with hip fractures varies from 3% to over 66 %. table 2.they become immobilised during
the preoperative period at the hospital, before and during surgery and remain immobile until
arrival in the recovery room. the length of stay is short and the mean time in hospital in 2010
was 9.4 days (median 8 days RIKSHÖFT 2010 Annual report). After surgery, the patients
often need analgesics or sedation over several days, which can mask the signals for position
changes.156 The nurse has an important role in the mobilization of patients post surgery.
In clinical practice it is difficult to determine if a patient with a hip fracture is at risk of
developing a Pu if the patient is admitted acutely and if the medical history of the patient
is not available. Delayed body response to hyperaemia and misinterpretation of erythema
are factors which can obscure the detection of Pus.24, 42, 232, 233 Apart from being a health
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risk per se, Pus increases the risk of other complications such as secondary infection of the
endoprosthesis. An infection may also lead to sepsis, amputation and death.266, 267 Pus are
particularly problematic in the case of hip fractures, where elderly patients with inadequate
circulation have fractures of the neck of femur. Studies have shown that the displaced femoral
neck fractures should be treated by hemi or total hip prosthesis (THR).156, 268-270 the patient´s
cognitive function has to be considered for the optimal choice of surgical method.270 the
development of Pus in this patient category is particularly serious, as a deep infection in the
prosthesis can have very serious consequences for the patient and society.265

Nursing assessment
the role of the nurse in the nursing care situation is to identify the patient’s needs. In the
medical setting, each person has the right to be treated in an ethical and respectful manner.
The nursing profession is one (amongst many other relationship-based professions) that
requires an ability to deal with patients professionally in a variety of situations and to provide
good care to the whole patient; however, nursing also demands particular professionalism
so as not to base decisions on emotions.271 Nursing is in some respects based on practical
knowledge like other relationship-based professions such as policing, teaching and healthcare
in general. this practical knowledge is based on several sets of skills, as well as on science
and intuition.272
Assessment is based on a practical knowledge and this concept is sometimes used
synonymously with examination and inspection in medical procedures. It most often refers
to 1) the evaluation of a condition 2) the process of carrying out such an evaluation 3) an
examiner’s evaluation of the disease or condition based on the patient’s subjective report of
the symptoms and course of the illness or condition. In this thesis, assessment is used to refer
to the process of identifying risks for developing Pus and includes the visual inspection and
examination of the skin and tissue. Assessment of the risks for complications that can arise
during the care period is the first step in establishing a care plan in the nursing process. In
this process the nurse carries out a complete and holistic assessment. Problems are identified
as either actual or potential, as an effort to understand “what she sees” and “get inside” the
problem for solving it. The nurse determines how difficult a problem may be to solve and
how great the risk is that an identified problem will arise.
Good nursing care
In the nursing profession a capability to meet other humans, to perform correct analyses of
observations and to listen is crucial. Much of the practical knowledge and skills is part of
the nurse´s experience and acts as a hidden source of competence which, even if not used
on a daily basis, remains intact and can be practiced intuitively. Good practical knowledge
is based on good judgment – phronesis – which means– “knowing when”. Phronesis can,
together with science - episteme - “to know that “ – and theoretical understanding make
the difference between good and suboptimal nursing care. the practical knowledge skills –
techne - “knowing how” - is sometimes difficult to prove. In the process of assessing patients
at risk for PUs, there are gaps regarding phronesis, episteme and techne. (Figure 11) There
is no description exactly as how to assess skin with the finger-press test and no method of
measurement or instrument to guarantee accuracy. Such practical knowledge can be affected
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by attitudes and level of knowledge273,11 by the nurses, as well by as how important nurses
consider the task and their commitment to their work. ultimately, it can mean the difference
between good and bad nursing care.

Episteme

Phronesis

Area of excellent
nursing care

Techne

Figure 11
Synthesis between Phronesis, Episteme and Techne is a base for professional nursing. In the process
of assessing patients at risk for PUs, there are gaps regarding phronesis, episteme and techne.

correct decisions can only be made based on knowledge and accuracy when carrying out
an assessment. Attitudes and knowledge by nurses are reported to be important factors for
professional prevention of Pus.11, 273 the role of the nurse in pressure ulcer prevention is thus
to understand and be positive to the importance of risk and skin assessment and prevention
strategies.

The Nursing process
Nursing involves assessing the physiological, social and spiritual needs of a patient.274 this
results in two different processes which should be monitored simultaneously by the nurse in
order to give patients good professional nursing care. the nurse must:
- Assess of objective medical parameters e.g. pain and needs of analgesics, blood pressure
and oxygen levels as well as different blood tests. the results lead to a decision about the
severity of the patients’ condition and the emergence of a physician’s consultation. It is then
the physician’s responsibility to evaluate the medical needs of the patient and to prescribe
and act accordingly.
- Decide provision of care to the patients using the nursing process e.g. if patients are at risk
for Pu´s, which preventive strategies that should be implemented as well as how the result
will be evaluated. Nurses use to care for several of patients and to meet the needs of all the
patients is a challenging task.15
the nursing process is a problem-solving model or a tool designed to sort the information
about the patient in a structured way.275 It serves to clarify nursing care and makes it possible
to identify and provide an individual structured plan for the patient. the care plan is an
important tool in delivering nursing care. It can include primary and secondary evaluations.
It also includes identification by a nurse of the needs, preferences and abilities of a patient. In
addition, it includes an interview with, and observation of a patient by a nurse who considers
the signs and symptoms and interprets the patient’s verbal and nonverbal communication,
medical and social history and any other available information. Among the physical aspects
assessed are vital signs, skin colour and condition, motor and sensory nerve function,
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nutrition, rest, sleep, activity level, elimination and consciousness. Among the social and
emotional factors included in assessment are religion, occupation, attitude toward hospital
and healthcare, mood, emotional tone and family ties and responsibilities.52
In Sweden the nursing care is based on a model called vIPS which stands for the Swedish
words for well-being, integrity, prevention and security.276-278 the vIPS model is also based
on key words which facilitate structured documentation in a patient’s medical records279
concerning assessment (patient history, status), diagnosis and goals, planned interventions,
evaluations of the discharges notes.
Nursing documentation
Patient records are useful in planning and implementing nursing care.280 If information is
complete, describing the need of nursing care this document can lead to a more secure care
and high patient safety. Studies have shown that the patient record sometimes is incomplete,
even after digitalization and implementation of electronic records.281-283 the major gain with
digital records is that the medical records are accessible and easily readable. However these
electronic systems do not always support nursing practice and clinical decisions.284, 285 this
deficit may affect the quality of nursing documentation.286
In Sweden, nursing documentation is regulated by the Swedish National Board of Health and
Welfare.287 the nursing process must be clearly stated in the patient record in terms of the
initial assessment of the patient’s condition, needs, interventions, goals and care plan. Based
upon the information gathered, the nurse then makes decisions regarding the nature of the
acute problem for the patient, or determines what may become a problem during the hospital
stay. This assessment is the first stage of the nursing process.279, 288
According to the NANDA classification, a nursing diagnosis is a current or potential problem
that a trained and experienced nurse is capable of and qualified to treat.289 A nursing diagnosis
may describe a problem or a risk for a patient, e.g. the risk of developing a Pu, or identify
a resource used by the patient to mitigate such a risk. Nursing diagnosis has been used
internationally since the start of the 1950s and in Sweden from the mid 1980s275 and NANDA
is the most commonly used nursing diagnostic classification. The use of ICD-10 classification
codes for diagnoses and complications is not possible in nursing documentation, because the
complication code describes only that a patient has a condition, e.g. a Pu, not that the Pu
already existed at admission. Nor can ICD-10 complication codes (L89.0 – L89.9) be used to
describe preventive actions or treatment strategies. NANDA can only specify the individual
needs of a patient, provide guidelines to promote patient motivation, generate statistics
showing the “burden of care” and costs of care, and form the basis of nursing science.275
Evidence-based guidelines for the identification and prevention PUs have been develop25
Adherence to these guidelines is crucial and may help to decrease stress levels for the nursing
staff.290 these guidelines can also aid in documentation, as well as create a platform for patient
and care safety 291, 292 and make it easier to follow up on quality indicators. In addition, good
documentation using the correct keywords to describe problems and preventive strategies
will make it easier for healthcare staff to retrieve such information. In the nursing process,
nursing diagnosis is the part of documentation that contains information about the patient that
can be used for follow up and for security.289
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Patient safety
Preventing Pus is a goal of patient safety and ultimately the responsibility of the nurses.293
The National Board of Health and Welfare defines patient safety as freedom from unnecessary
harm or potential harm associated with healthcare.292 According to the National Board of
Health and Welfare a PU can be defined as an adverse event or injury and is an unnecessary
complication associated with healthcare since most Pus are avoidable 291 A healthcare facility
has the responsibility to implement evidence-based working methods to avoid unnecessary
complications, as Pus. It means that all health care staff, independent of workplace use
preventive strategies and equipment according to the individual needs of the patient, use risk
assessment instruments and routine checkups294 to prevent Pus.
Health care is a high risk area comparable to nuclear power and aviation.295 Lives can be
saved via advanced medical treatments based on modern technology and –often expensive
medicines. Life supporting decisions often need to be taken quickly. The risk for well-known
and new complications to occur will be more easily identifiable with increased technological
advancements. Health care staff can solve many problems due to their awareness of them and
prevent errors but the engagement is needed from the management to redesign the working
situation in such way that errors are less likely to occur15 By the law 291 adverse events shall
be reported, investigated and prevention taken to avoid additional ones. Pus are an adverse
event, often possible to avoid. Reporting Pus as an adverse event is not common practice
since it can be associated with feelings of quilt. This might complicate analyses of potential
events during a care –chain, which has led to the development of Pus. Analyses of adverse
events can give important insights leading to optimisation of care.
Understanding the system perspective (the organisation) and the human factors (humans are
fallible) relationship is important. Reason sub-divided slips and lapses into three main types
as recognition failures, memory failures and attention failures.296 (figure 12) Decisions on
both levels may affect patient safety.297-299 Serious accidents are usually preceded by periods
of different events or changes in the organization that lead to a mistake or failure.298
If the preconditions in one area within the organization changes, it leads to changes in several
other areas. For example if the unit has high patient and staff turnover, it may temporarily be
impossible to work according to instructions, local routines and regulations. In these cases,
existing knowledge might be obscured. Newly educated nurses have fewer and less rich
mental models to apply to new situations. For this reason, they require more time and mental
energy to understand patterns of cues using a process of systematic analysis and comparison
with possible solutions.300 At the same time it is important to have situation awareness to
make correct decisions. It is not easy to avoid interruptions such as emergencies, telephone
calls and issues to handle for other patients and staff. Losing focus can result in adverse
events in an acute situation caused by making the wrong decisions or waiting too long to take
action. this can happen to all healthcare staff, but since nurses care directly for the patients
within the complex structure of the healthcare system they are often at the “sharp end” of
error as the last barrier for the patient.299 Five types of problem areas for nurses which could
lead to failure of care have been identified; insufficient information, equipment, staff, supply
and simultaneous demands on nurses time.15
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Error by Reason
Attentional slips of actions
-Disturbance
-omission
-Error sequence
-Wrong time
Skill based slips and
lapses
Lapses of memory errors
-No compliance for pre plan
-Forgot where they are
-Forgot what to do

Error –
e.g.
HAPu
Rules-based mistakes

Mistakes

Knowledge-based mistakes

Figure 12
Summary of principal error types by Reason. Model modified with kind permission from Ödegård
S, pp 33 (thesis).301 Reason sub-divided slips and lapses into three main types as recognition
failures, memory failures and attention failures.296

cognitive, social and personal resource skills are needed to complement technical skills. New
techniques and equipment demands needs to train new technical skills. It is not sufficient to
simply use technology and read the results, understanding of how the technology works and
how to interpret the results must be continuously learned. this will contribute to safe and
efficient task performance.300 Barrier and support systems can give the nursing staff tools to
provide safe care in patient-related work. (Table 5) The role of the nurse in terms of PUs,
includes ensuring that the staff follows appropriate evidence-based guidelines for prevention
and treatment.25 this can lead to sustainability in patient safety and prevent Pus.
Table 5
A barrier is defined as a physical hindrance, a wall or a borderline that either prevents an
act from occurring or reduces the consequence of an action. Below are some of the barriers
associated with the prevention of Pus.
Barrier

Example in the prevention o pressure ulcers

Tangible or
physical barriers

Mattress with preventive functions e.g. in all beds. Friction and shear
reducing materials in overlays

Functional
barriers

Special control stations, or a code, for changing the automatic pressure
reducing surface mattress function

Symbolic barriers

Alarm functions of an automatic mattress or an indicator for high pressure at
one part of the body which needs to be relieved.
Visible mark at the bed for 30 degree elevation of the head
Adherence to local and international guidelines aimed at preventing PUs.
Rules and checklists for what to do with a patient identified as a risk patient.

Intangible
barriers
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Quality indicators
In order to ensure patient safety and good quality of care, activities carried out must be
measured and monitored. Indicators make it possible to compare between the processes,
outcomes and costs over time. Health indicators can be used to define public health problems
at a particular point in time, in order to indicate changes over time in the level of the health
of a population and/or an individual. Additionally it is important to define differences in the
health of populations, and to assess the extent to which the objectives of a program are being
attained.302
The terms “quality indicator” and “quality measure” are often used synonymously. When
using a quality indicator the results from activities in healthcare can be followed.17 How the
results are followed depends upon the area to be investigated. To demonstrate good quality
in healthcare, the variable must be measurable. Quality indicators in nursing care include
documentation of the risk of developing Pus, malnutrition, falls and nursing documentation.17
these indicators can be of help in identifying conditions and areas that should be studied
more closely in terms of causation and opportunities for improvement. traditionally, these
indicators are structured according to the model from Donabedian.303 the structure shows the
resources that are available, the process describes what is done and the result is the outcome
of the structure and process.17 Measurements should be valid, measurable, influential and
possible to interpret, or clear. there is a clear connection between these three parts and
quality cannot be presented if any one of them is missing. The process indicators provide
information about fields that healthcare providers can change directly e.g. assessment of the
risk of developing Pus.
the concept of Good Health was launched in conjunction with the publication of the Swedish
National Bord of Health and Welfare regulations on the management of quality and patient
safety304Six areas have been highlighted as important prerequisites for good health. The
meanings of each Good Care area are clarified in the report. The six areas are:
• Knowledge-based and efficient health care
• Safe health care
• Patient-focused health care
• Effective health care
• Equality in health care
• Healthcare delivered in a timely manner.
the government together with National patient safety initiatives SALAR97, 218also carry out
indicator-based comparisons of healthcare quality and efficiency among the various regions
and counties in Sweden. One purpose of the yearly reports is to make the publicly financed
healthcare system more transparent. Another purpose is to promote healthcare management
and control.
SALAR has introduced several systematic follow ups connected to quality indicators. This
includes a more systematic follow-up of outcomes from the entire healthcare field. Areas
defined as preventable: PUs, falls, post operative wound infections, urinary tract infections,
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infections from central venous and peripheral venous catheters, malnutrition, drug related
problems including those in patients transferred between different care levels.

Government initiative

SALAR97 is a politically- driven organization which has actively addressed adverse events in
health care since 2008. one of these adverse events is Pus.218 the initiative focuses on raised
awareness of certain risks in health care and aims to improve a safety culture that emphasises
prevention. Risk assessment is recommended to be performed in all individuals over 70 years
as well as in those who are bedridden, expected to be so, wheelchair bound or sitting most
of the day. SALAR recommends carrying out the initial assessment within a few hours after
the arrival of a patient at a hospital, or a resident at a nursing home. the risk assessment
should be performed with a reliable instrument and repeated when needed, for example, if
the condition of the patient deteriorates, or if the patient undergoes major surgery, as well as
before transferring the patient to other caregivers. Skin assessment is another measure that
should be carried out upon admission and regularly thereafter. In addition, an individual care
plan should be written and communicated.
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Aims of the studies
Study I
to investigate prevalence and incidence of pressure ulcers upon arrival and at discharge
from hospital, and to identify potential intrinsic and extrinsic risk factors for development
of pressure ulcers in patients admitted for hip fracture surgery.
to illuminate potential differences in patient logistics, surgery, pressure ulcer prevalence
and incidence and care between Northern and Southern Europe
Study II
the primary purpose of this study was to establish the inter-rater reliability between blanching
and non-blanching erythema assessed by two independent assessors. the secondary purpose
was to investigate potential correlations between risk factors and pressure ulcers.
Study III
the purpose of this investigation was to explore if a non-invasive objective method could
differentiate between blanching/non-blanching erythema in the sacral area of patients
undergoing hip fracture surgery.
Study IV
to investigate the degree of documentation regarding risk assessment, preventive measures
taken, prevalence and severity of pressure ulcers, in patients undergoing surgery for hip
fractures or elective hip replacement at admission and during hospital care at an orthopaedic
unit.
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mAteriALs And method
Design
the design used of the different studies was prospective, comparative, experimental and
retrospective review (Table 6). In Study I the design was a prospective, descriptive cohort study
with the inclusion of 20 consecutive patients from each participating hospital in 6 European
countries. A total of 635 patients with hip fractures were followed throughout the care period
for a maximum of 7 days. the design in Study II was a prospective comparative observational
study to establish the inter-rater reliability between blanching and non-blanching erythema
assessed by two independent assessors. the method used for the blanching/non-blanching
test was visual observation and finger-press test performed in the sacral area. Seventy eight
patients with hip fractures were followed up for maximum of 5 days after surgery and 156
assessments were conducted independently. Study III was an experimental prospective
comparative observation study comparing the results from the blanching/non-blanching test
performed with finger-press test and the E-Index using a simplified narrow-band reflectance
spectrophotometry in the sacral area. Seventy eight patients with hip fracture were followed
up for a maximum of 5 days after surgery and daily assessments were conducted using the
RSM. Study Iv was a retrospective study, a repeated one-day monthly point prevalence
survey from January 2007 until October 2010 (46 months) at an orthopaedic wards. Data
were collected one day monthly from the computerised patient record system. 2,281 patient
records were scrutinised.
Settings
All of the studies were conducted between 2002 and 2010 and the study sample was orthopaedic
patients with hip fractures (Study I-IV) and (in Study IV) THR. Study I was initiated by
EPuAP and involved 6 European countries. trustee members of EPuAP conducted the study
in their respective countries. the study was supervised by a coordinator in Sweden. Study
II and III were initiated and conducted in the Department of orthopedics at the Karolinska
university Hospital in Stockholm and Study Iv was conducted at Danderyds Hospital in
Stockholm. In Study Iv, the orthopaedic patients were divided into 4 groups. the groups of
patients with hip fractures and tHR were investigated in more detail.
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Data collection
Study I was based on a protocol specific for the purpose and designed as 3 different parts
(see also Methods). The data were transcribed in formats that enabled analyses in statistical
programs. In Study II-IV a specific designed data collection tool based on protocols specific
for the respective studies, was used to obtain information such as:
1) Age and gender (Study II-IV)
2) Diagnoses for admittance to hospital on the study day (Study II-IV)
3) Documented risk assessment with MNS at admission and/or during hospital stay
(Study II and IV)
4) Documented presence or absence of pressure ulcers at admission and during hospital stay
including categorization of the pressure ulcers (Study II and IV)
5) Documentation regarding if PU was hospital-acquired, plus category of pressure ulcers
(Study II and IV)
6) Documentation of BMI at admission (Study II and IV)
7) Prevention at admission and during hospital stay (Study IV)
8) Length of hospital stay (Study IV)
the data were transcribed in formats that enabled analysis in statistical programs.
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Table 6 overview of the four studies
Study

i

Design

Prospective,
comparative

Sample

635 patients

Settings
Orthopedic
patients
Data period
statistics

Patients with hip
fractures in 6
European countries
2002
Crosstabulation
Frequency counts
and percentages
mean
Median
Association:
Pearson´s chisquare test
Mann-Whitney
U-test
T-test for
independent sample

Data collection

Data collection
protocol
Risk assessment
with
Braden Scale
Skin assessment,
Patient medical
record
Cognitive function
test by Pfeiffer
Co-morbidities

Cognitive
function test
PU Risk
assessment
scale
PU skin
classification

sPmsQ

ii
Prospective,
comparative
observational
78 patients, 154
nurses
Patients with hip
fractures and staff in
a university hospital
2005
Crosstabulation
Frequency counts
and percentages
Agreement:
Kappa statistics
Weighted kappa
Comparison:
GENMOD*
Association:
Pearson´s chi-square
Fisher’s exact test

Data collection
protocol
Finger- press test
Visual observation
Patient medical
records
Skin assessment –
Pus
Risk assessment
by Modified Norton
scale
Body Mass Index
(BMI)
Co-morbidities

Braden

MNS

EPUAP/NPUAP
Classification scale

EPUAP/NPUAP
Classification scale

iii
Experimental,
comparative
observation
78 patients
Patients with hip
fractures in a
university hospital
2005
test-retest reliability:
ICC*, SEM*
Kappa statistics
Association:
Mixed linear models
with one and two
factors. Pairwise
comparisons with
Bonferroni adjusted
p-vaues. Estimates
presented as means
and CI*

iv
retrospective

2,281 patient
medical records
Patients in
a university
hospital
2007- 2010
Cross tabulation
Frequency
counts and
percentages
mean
Median
Association:
Pearson´s chisquare
Logistic
regression
analysis

Sensitivity and
specificity ROC*
Data collection
protocol conduct for
the study
Finger-press test –
Pus
Skin assessment
Narrow-band
reflectance
spectrophotometry

Patient medical
records – check
for
Documentation
of:
Risk assessment
Skin assessment
Pus
BMI
Prevention
strategies
Co-morbidity
Length of stay
Admission acute
or elective

MNS

EPUAP/NPUAP
Classification scale
Dermaspectrometer

EPUAP/NPUAP
Classification
scale

* SPMSQ=The Short Portable Mental Status Questionnaire
MNS=Modifierad Norton Scale
EPUAP=European Pressure Ulcer Advisory Panel
NPUAP=National Pressure Ulcer Advisory Panel
GENMOD= a generalised estimating equation model for repeated measurement analysis of binomial outcomes
ICC= Intra-class Correlation Coefficient
SEM= the Standard Error of Measurement
ROC= Receiver Operating characteristic Curve
CI=95% Confidence Intervals
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Study I
Flow chart
20 patients/Center in 6 European countries
Northern Europe - Sweden, Finland, Great Britain Southern Europe – Italy, Spain,
Portugal
A - First protocol
A&E

1. sex and age
2. place fall accident
3. nutritional status/dehydration
4. medical history
5. blood tests/blood pressure
6. risk assessment
7. Pus on arrival (category and
location if ulcers)
8. skin inspection
9. pain on arrival
10. mattress/bed or trolley
11. traction
12. time to x-ray and surgery
13. Pheiffer’s cognitive test

Day 1

B - Second protocol
operating theatre

1. type of fracture and operation
2. duration of surgery
3. mattress on operation table
4. perioperative warming
5. anesthesia
6. blood transfusion/blood loss
7. decrease of blood pressure
during surgery
8. after surgery - intensive care or
ward
9. thrombosis prophylaxis
10. antibiotic prophylaxis
         

c - third protocol
orthopaedic ward

1. time to ward
2. repositioning, turning schedule
3. nutritional status
4. pain
5. daily skin inspection
6. time to mobilisation
7. infection, temperature
8. hospital stay (max.7 days
follow up
9. discharge home or rehabilitation
10. reassessment of cognitive test
11. Pus at discharge
(category and location if ulcers)

Day 7

the study was designed as a prospective cohort study with the inclusion of 20 consecutive
patients with a radiologically-verified diagnosis of hip fracture, who after providing verbal
and written information consented to participate and were included. In cases where the patient
was confused, their next of kin gave consent. Each country had an experienced study nurse,
who was responsible for the selection of centre’s and education of the local investigators and
staff. Multi-trauma patients were excluded from the study.
the study protocol agreed upon was divided into 3 main sections. Section A was aimed
at collecting patient- and care-related data at the Acute & Emergency Department (A&E).
Section B comprised questions related to perioperative care and in section C data regarding
postoperative care were recorded. the patients were followed up until discharge or for 7 days,
whichever was first. The patients’ skin was inspected daily from head to toe and documented
on an anatomical drawing. Classification of PUs was standardised and a ‘pressure ulcer card’
with colour pictures guiding the investigators to the correct classification was used.
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Study II
Flow chart

97 patients
Admission with hip
fracture patients >65
Skin assessment
Check of comorbidity and risk
assessment
Exclusion: multitrauma, PUs more
severe Category I,
other skin disease

Ward:
New skin
assessment after
preoperative
shower

Patients to assess

Operating theatre
Usually 1 day after
hospitalisation

Day 2 Ð Day 5
after operation

Operating theatre:
Skin assessment if
not at the ward

Ward:
Skin assessment
by two assessors

Study completed 5 days
after surgery

Ward:
Skin assessment
by two assessors

Day 1 Ð 78 patients
Day 2 Ð 78 patients
Day 3 Ð 77 patients (1 deceased)
Day 4 Ð 64 patients (1 deceased and 12 discharged from the ward)
Day 5 Ð 52 patients (12 discharged from the ward)

the inclusion criteria for this prospective comparative observation study were patients with
hip fractures who were admitted to an orthopaedic ward, aged > 65 years. Patients with preexisting skin dermatoses or pressure ulcers > category 2 in the sacral area were excluded. No
major accident or trauma patients were included. At the time of the study, patients with hip
fractures were treated by either an orthopaedic or geriatric ward. If the patients were deemed
able to return to their previous style of living, they were treated by the geriatric ward. these
patients were excluded from the study. Ninety-seven patients over 65 years with hip fractures
were consecutively recruited for this prospective, comparative observation study. the sacral
area was visually assessed upon admission, during hospital stay and at discharge. Erythema
in the same area was also tested by a light finger-press test by two independent assessors.
From the first postoperative day and on day 5 after surgery–unless the patients were discharged
earlier- the sacral area was assessed to determine if the skin was erythematous or not. Prior to
the skin assessment, the patient was placed in a lateral position and stabilised using pillows.
The skin of the patient was cleansed using tap water (37°C) and mild shower gel. The sacral
area was relieved of pressure for 5 minutes before the assessment was carried out. this
assessment was performed each morning at breakfast time by two independent assessors.the
results from the assessments were documented.
Potential risk factors such as high age, gender, type of diagnosis, low or high BMI, blood
loss and transfusion, low haemoglobin, low MNS and diseases were documented. the MNS
was used for risk assessment, with a cutoff point <20 for a high risk of developing pressure
ulcers. BMI was used to identify patients with low or high body weight. Malnourishment was
defined as patients < 70 years with BMI score <20 or patients >70 years with BMI <22.
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Study III

Flow chart – Same patients as in Study II

97 patients
Admission with hip
fracture patients >65
Skin assessment
Check of comorbidity and risk
assessment
Exclusion: multitrauma, PUs more
severe Category I,
other skin disease

Ward:
New skin
assessment after
preoperative
shower

Patients to assess

Operating theatre
Usually 1 day after
hospitalisation

Day 2 Ð Day 5
after operation

Operating theatre:
Skin assessment if
not at the ward

Ward:
Skin assessment
by two assessors

Study completed 5 days
after surgery

Ward:
Skin assessment
by two assessors

Day 1 Ð 78 patients
Day 2 Ð 78 patients
Day 3 Ð 77 patients (1 deceased)
Day 4 Ð 64 patients (1 deceased and 12 discharged from the ward)
Day 5 Ð 52 patients (12 discharged from the ward)

the study design was experimental and the study sample was the same as in Study II. It was
only possible to perform the pre-measurement after the spinal anaesthesia in 22 patients since
the process was too time consuming and delayed surgery. From the first postoperative day
until Day 4 after surgery –unless the patients were discharged earlier - the sacral area was
assessed to determine if the skin was erythematous or not. the sacral area was scrutinised
using a simplified narrow-band reflectance spectrophotometer (RSM) with a digital reading.
This method offers a quantitative and objective measurement of a specific aspect regarding
redness of the skin, the E-Index. The instrument measures the amount of light reflected by
the skin (green light 568 nm and red light 655 nm) at different structures in the tissue. When
the number of erythrocytes increases in the tissue, a greater amount of green light is absorbed
and less is reflected. This absorption is registered on the reading as raised amplitude, redder
skin and a higher of E-Index value. Prior to registration, a waterproof pen was used to mark
the skin with 8 measuring points and 1 reference point that was not loaded by pressure. Each
point was measured 3 times. the reference point was located on the side opposite to the hip
fracture. two trained “study nurses” performed the registrations with the RSM.
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Study IV

Flow chart
Medical records
N=2,281

Female n=1,105
Male n=717

Elective patients
n=459

Acute patients
n=1,822

Female n=278
Male n=181

Other elective
patients, n=290

Surgery for hip fracture
n=468

Female <70 n=30
Female >70 n=296
Male <70 n=30
Male >70 n=111
1 male with security
number = no age

THR
n=169

Female <70 n=44
Female >70 n=52
Male <70 n=41
Male >70 n=32

this retrospective study was a repeated one-day monthly point prevalence survey from
January 2007 until October 2010 (46 months). Data were collected one day monthly
from the computerised multi-professional patient medical record system. the days of
the point prevalence survey were selected on a rolling schedule so that all days of the
week were included. A total of 2,281 patient medical records were scrutinized and divided
into 4 groups, hip fractures, tHR, other fracture and an elective patient group. the hip
fracture and THR group was scrutinized in more detail. Records from patients, who were
hospitalised for an extended period, may have risked being included in more than one
month’s sample but were only counted once in the result. the study was performed at an
orthopaedic department at a university hospital in the Stockholm metropolitan area. the
Department has 52 beds, performs both emergency and elective surgery and has an annual
admittance of approximately 3,500 patients with a dominance of acute care. Patients with
hip fractures constitute the major diagnostic group. Data collected from patients’ records
comprised documentation of age, gender, risk assessment by MNS, nutritional status
and BMI. Documentation in the patient record was scrutinised during the hospital stay
for pressure ulcers, preventive measures, surgical methods, and medical diagnoses e.g.
dementia, but only for the patient group with hip fractures. Patients who had surgery for
hip fractures in other settings, patients with pathological fractures periprosthetic fractures
and those who had undergone re-operation or has a hip fracture treated conservatively were
excluded.
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Ethical considerations
the studies were approved by the local ethics committees at each hospitals in each country for
Study I (Dnr 01-121) and Studies II, III, IV by the local ethics committees (Dnr 00-423 and
Dnr 04-563/2, 2009/1376-32). These were conducted in accordance with the ethical principles
of the Declaration of Helsinki (Helsinki Declaration 1989). This thesis also complies with the
ICN Code of Ethics for Nurses (ICN 2006).
Patients were informed both orally and in writing about the studies and informed that they
were free to withdraw from the study at any time without providing a specific reason. Regular
skin inspection is part of normal professional nursing routines, but the extra assessment of the
skin with reflectance spectrophotometer (Dermaspectrometer) might have caused the patient
mild positional problems. However, the principle of good was deemed to overrule the short
period of patient discomfort. the study patients may also have received more individual
attention, which was perceived to be positive.
Different ethical considerations had to be considered in the studies. Patients admitted to
hospital with hip fractures could have had cognitive impairments prior to admission or could
have developed confusion due to various factors such as pain, fear, unfamiliar environment
and new people around them. It is therefore particularly important to have an ethical approach
when including such patients in studies.
In Study I-III, the patients’ skin was inspected on several occasions during the hospital stay.
this procedure follows guidelines for detecting established Pus or the signs of developing
ones. It is important not to violate patients´ integrity and dignity especially since the sacral
area might be regarded as a private zone. Actions were taken to minimise this potential
discomfort by covering as much of the area under inspection as possible. It is important to
inform patients of findings, since they cannot see what is being done behind their back. As
an investigator, you need to be sensitive to the patients´ body language, especially if they are
confused
SPMSQ is a test designed to diagnose impaired cognitive function. Inability to answer certain
questions might be embarrassing to some patients. The staff conducting the test might for this
reason be tempted to avoid some of the questions. It is thus crucial to give careful instructions
to the staff prior to study start.
In Study Iv, patient medical records were reviewed retrospectively. this methodology provides
important knowledge and the results can serve as a platform for quality improvements on a
meta-level. Protection of data regarding individual patients is mandatory, and is regulated by
law
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Study I
of the 635 patients, 10% had pressure ulcers upon arrival at hospital and 22% at discharge
(26% North and 16% South). The majority of ulcers were Category I and no Category
Iv ulcers were detected. cervical hip fractures were more common in the North while
trochanteric were more numerous the South. the waiting time for surgery and duration of
surgery was significantly longer in the South. Traction was more common in the South and
perioperative warming was more common in the North. Risk factors of statistical significance
that correlated to pressure ulcers at discharge were: age >71 years (p= .020), dehydration
(p=.005), moist skin (p=.004) and total Braden score (p=.050) as well as subscores for
friction (p=.020), nutrition (p=.020) and sensory perception (p=.040). Co-morbid conditions
of statistical significance for the development of PUs were diabetes (p=.005) and pulmonary
disease (p=.006). Waiting time for surgery, duration of surgery, warming or non-warming
perioperatively, type of anesthaesia, traction, and type of fracture was not significantly
correlated with the development of pressure ulcers.
Study II.
this prospective, comparative observational study included 78 patients of which 64 were
women and 14 men. The mean age for women was 82 years (range 65-100 years) and for men
74 years (range 65-91 years).Fifty-five percent of the patients had pressure ulcers in the sacral
area at discharge from the orthopedic ward, 45% had category I pressure ulcers and 13% had
category II pressure ulcers. No category III and Iv Pus were documented. Finger-press tests
and visual observation alone were not reliable methods to discriminate between blanching
and non-blanching erythema. the proportion of patients with persistent discoloration differed
significantly from Day 1 to Day 5 (p = .013). Further analysis showed that the probability
of non-blanching erythema was higher from Day 2 to Day 5 compared with Day 1 (p < .01).
When analysing inter-assessor agreement for the subset of patients where the two assessors
agreed on the visual assessment of category I and II ulcers, the strength of agreement at 5
days was poor to moderate.
Study III – Same patients as in study II
In this experimental, comparative observation study 97 patients were recruited on admission
to the hospital. Nineteen patients did not complete the study. Reasons for this included the
fact that the patient had to wait for more than 24 hours for surgery (of 11 patients, 5 had
Category II and III PUs), the patients were referred to another ward (4 patients), or the
patient died (1 patient). Seventy-eight patients were included. the sacral area of all patients
was assessed by the conventional finger-press test and a digital reading of the E-Index by
reflectance spectrophotometer (RSM). the patients were examined at admission and over
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4 days post-surgery. RSM measurements proved to discriminate between blanching/nonblanching erythema. The reliability, quantified by the intra-class correlation coefficient,
was almost perfect over the measurement period and varied between 0.82 and 0.96 and a
significant change was recorded in the areas from Day 1 to Day 5 (p<0.0001). The value from
the reference point did not show any significant changes over the period (p=0.32). to analyse
the ability of the E-Index to discriminate between the sub-groups “blanching” and “nonblanching erythema,” Roc curves were used one per day. A cut-off value was considered
positive if sensitivity and the specificity, respectively, were high.

Study IV
this retrospective day point prevalence study in an orthopaedic department, at a university
hospital, included 2,281 patient records. the patient sample consisted of orthopaedic
inpatients. In the total sample of patients (N=2,281), 1,383 (39.4%) were female with
a median age of 78 years (interquartile range 66-86 years) and 898 (60.6%) were male
in the median age of 68 year (interquartile range 51-80 years). For the 2,281 patients,
PUs were documented at admission in 3.3% (n=76). These 76 patients had a total of 119
Pus. Distribution between the acutely admitted and electively admitted patients was 3.4%
(n=71) for acute and 1.1% (n=5) for elective respectively. During the hospital stay 10.5%
(n=240) had documented PUs. The distribution was 12.4% (n=226) of all acute patients and
3.1% (n=14) of the elective. A total of 355 PUs was documented. Documentation regarding
progression of several Pus detected upon admission was lacking. For the 1,822 patients
who were admitted acutely, 46.5% (n=848) had a BMI value documented in the patient
record, while for patients undergoing elective surgery (n= 459) it was 63.6% (n=292).
Risk assessment at admission by MNS was documented in the patient record for acutely
admitted patients in 38.3% (n=697) versus 39.2% (n= 180) of patients admitted for elective
surgery. Regression analysis of missing data for BMI and MNS showed a slight tendency
to more complete registration during the summer. An age-dependent correlation was found
with an increasing number of missing data for both parameters with increasing age. Besides
lack of documentation of BMI and MNS it was difficult to follow the development of PUs
and prevention strategies taken.

52

disCussion
Patho-physiology of pressure ulcers
Early investigators focused on pressure as the primary cause of Pus. For example Witkowski
and Parish were among the first to publish on the histology of PUs in human skin exposed to
pressure, which included vascular infiltrates, thrombosis and oedema.305 the earliest research
was carried out through animal studies. In experiments on rats conducted by Husain (1953)
histological changes primarily in muscles of a rat’s leg after pressure was applied were
studied.306 Romanus (1977) tested the effects of pressure on rat tail. Kosiak (1959,1961)45,
115
investigated the relationship between amount of pressure, duration of application
and development of tissue damage on canine and rat. Dinsdale (1973)126 showed that a
combination of friction and pressure produced lesions in the epidermis of swine. Salcido
(1994) studied application of pressure for 6 hours to the skin over the hip of anaesthetised
rats. Pathological changes were detected in the dermis and subcutis.307 these early animal
studies are experimental and may be far from clinical situations. This can lead to difficulties
in implementing results and conclusions in clinical situations. However, this can increase
the understanding of development of Pus. Low microvascular response in sacral area and
sensitivity to temperature may explain the development of Pus which has been reported
by Ek (1984 and 1987) and Schubert (1989).134, 308,309. At present research is focusing on
the effect of biomechanical forces caused by a combination of pressure and shear stress on
muscle.109, 118-121, 310-312
Even with significant efforts designed to reduce PUs, such as regular prevalence studies,
guidelines and care-programmes, the prevalence of Pus continues to remain fairly stable
over time. Modern preventive measures and materials, however have in many cases reduced
the number of severe ulcers. It is likely that with more precise methods which detect the early
signs of pressure and shear damage it will be possible to prevent even more Pus. Results of
prevalence studies cannot always be compared, since different methodologies are used.19
In some studies Category I pressure ulcers are excluded (Table 2), while in others, data are
collected via interviews with the staff. Some studies draw conclusions from retrospective
data. However, in recent years, a commonly used methodology to capture correct data has
been developed by EPuAP.76, 313 With the EPuAP-protocol, all patients in a unit are inspected
and the number of patients with Pus is divided by the total number of patients investigated
in the unit (= prevalence). Prevalence is however just one side of the coin. Severity and
location of the Pus are as important. Prevalence at discharge from hospital may also be a
very important information. Incidence is difficult to measure in patients with PUs, since we
do not know the exact time frame between pressure damage and the appearance of the Pu.
In this thesis we have thus expressed the frequency as the number of patients with PUs upon
admittance, hospital stay and at discharge as well as total of Pus documented at admission
and during hospital stay (Study IV).
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the previously reported trend towards fewer Pus in Southern Europe than in Northern Europe
was confirmed in our first study.43 the number of Pus developed between admittance and
discharge was almost doubled both in south and north Europe. this might be explained by
a number of risk factors such as reduced mobility and motility, but also by intrinsic factors
such as morbidity, particularly pulmonary disease and diabetes. the patho-physiological
explanation might be a reduced supply of oxygen to the tissues due to capillary occlusion or
general lack of circulating oxygen.109, 110, 116, 158 It is more difficult to explain the differences
between north and south. It has been proposed that the texture of the skin might differ due
to, for example, intake of different types of nutritional fat. this is however only speculation.
time factors did not offer an explanation either, since patients in the south were generally
waiting longer for surgery and had surgical procedures which lasted longer. 43 Inspection of
the skin was routine in the A&E, in 1% of the cases in the north and 8% in the south. In acute
situations, other actions seem to have been given higher priority, even if the deterioration of
a pressure lesion can be rapid.

Skin assessment
One explanation of the difference in prevalence figures in the north and south might may be
that skin assessment is performed differently in different countries. tissue tolerance is an
individual response to external trauma and it decreases with age. It is important to understand
the physiology of the skin in order to prevent Pus146, 314, thus a simple method to detect early
pressure damage is required.
EPuAP has recommended that two people should perform skin assessment to detect potential
PUs. This requires significant efforts and investments, mainly in staffing costs, because it is
a staff-intensive assignment. 315
A pan-European study offers many opportunities but also involves a number of difficulties.
the healthcare system may be different in the countries, and it can lead to variations in care
and adherence to protocols. Some centres that had agreed to participate were unable to do so,
while others included more patients due to local conditions. In the present study a series of
statistical analyses were originally planned. Several of these were rejected by the statistician
who was later involved in the data analysis. This study, however, verified other studies that
have reported a lower prevalence of pressure ulcers in Southern Europe. the reasons for this
are poorly understood and require a special study.
there were also local discussions about the registration of mobility and activity in the Braden
scale, since in some cases, the pre-fracture status of the patient was documented and not
the present status. this is often discussed even when using other risk assessment scales and
should be clarified in the instructions.
Study II aimed to investigate the inter-rater reliability of current methods of detecting category
I PUs, that is, visual assessment and the finger-press test37, 46, 53 visual assessment proved to
be slightly more reliable, but observation can be impaired by a variety of factors. Perception
of colours is subjective and based upon the varying sensitivity of different cells in the retina,
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reacting to light of different wavelengths.227, 228 External conditions also cause variations in
the perception of the colors. Each person sees the color variations in different ways which
means that light red for one person is not the same as for another. the perception of color
is also dependent on contrasts in the surrounding environment. colors for example, look
different in bright sunlight compared to at dawn, or indoor lightning. the indoor lightning
can be “warm” white or “cold” white depending on the type of bulbs used. This can influence
skin assessment as well. Additionally, skin tone for example light or dark skin, can also lead
to varying manifestation of color on the skin surface.96
Normally, after visual assessment, nurses determine if the finger-press test is required.46, 53, 146,
. The finger- press test which has hitherto been the golden standard of detecting Category
I Pus, has in the present study proved to be unreliable and inter-rater reliability was poor
between different assessors.
316

One factor that might bias the results of the finger-press test is the potential effect of time
of off-loading prior to the skin assessment. Potential effects of off-loading, and the optimal
time for this previous to assessment of erythema is hitherto unknown. Early animal studies
have suggested that the time required for pressure relief is half as long as duration of applied
pressure45 e.g. 2 hours of exposure to pressure would require 1 hours of pressure relief. In
the clinical setting, however, this is unrealistic. A patient with a hip fracture cannot be placed
in the lateral position for a long period due to pain from the fracture. this position also
predisposes the patient to develop new pressure ulcers.173
This study shows that it is difficult to assess the skin and tissue in this group of patients. The
results from the subjective assessment lead to decisions about preventive actions. this can
results in situations where patients do not receive the right preventive measures. the high
PU incidence of 45% at discharge might be explained by more frequent assessments and
careful documentation of Pus in the study context. It may also be explained by selection
bias since patients admitted to orthopaedic wards were more likely to be older, to have comorbid conditions and to be more seriously ill, whereas patients initially regarded as having
more positive prognosis were submitted to geriatric wards for post-surgery rehabilitation
program. one strength, but also a limitation, in the present study was that it was not always
the same assessors who assessed the patients, due to the clinical situation. All assessments
were however performed independently. the number of patients involved in the study was
lower than calculated for the power. We started with 97 but ended with 78 which could
potentially reduce validity.
the poor agreement between the assessor’s could affect the preventive measures taken. the
difficulty in current clinical practice is to determine if a patient’s skin is affected by reactive
hyperaemia or by a category I Pus. our results also indicate a need to use great caution when
interpreting point prevalence results overall, since reactive hyperaemia can in some instances
be misinterpreted as a Pu category I and vice versa.
At present, in some countries, assessment of pressure sites is performed using a transparent
disc pressed carefully towards the skin, which has been reported to be a more reliable method
than the finger-press test.236 this method was not available at the start of our study. An
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objective method to register non-blanching erythema with high precision is desirable. the
Dermaspectrometer measured the E-Index, which was demonstrated to offer high precision
in discriminating between blanching and non-blanching erythema (Category I PUs) in the
sacrum of patients with hip fractures. this methodology needs to be further evaluated, and
smaller and clinically more applicable devices for this purpose were developed during the
study period.
Since early and precise classification of PUs is a prerequisite for prevention, this is an
important part of the nurse´s role. this patient safety issue demands an organisation supporting
structured and optimal clinical methods to detect and classify Pus. the leadership role of the
nurse cannot be overemphasized.6
Precision is also of utmost importance in prevalence studies where category I Pus dominate.
Failure in the classification might lead to a higher or lower total prevalence reported than is
the actual case.
the Dermaspectrometer was easy to use and proved to deliver precision in the process of
discriminating between blanching/non-blanching erythema. It was, however, tested only
in the sacrum but since it worked well in this area, it seems probable that it will work in
other locations as well. one limitation may be that the patient sample was modest. Several
nurses were involved in the assessments, which comes close to clinical practice. All of the
nurses were, however, carefully instructed before the start of the study and performed the
assessments independently. Another potential problem was that the instrument had a small
optical measuring head and if there was a another red area near the measuring point, it is not
clear whether this may have influenced the results. For this reason several measuring points
were used. However, this may also have jeopardised reliability since the optical head can be
held in different positions. the possibility to scan a larger area at the same time would have
been desirable.
Nursing assessment and documentation
Medical assessment is the evaluation of the patient for the purposes of forming a diagnosis
and plan of treatment. This assessment also includes nursing parameters such as identification
of the individual needs, preferences and coping abilities of a patient. the information is
compiled and documented as an individual care plan.52 The quality of the documentation can
reflect the care delivered, but this is not always the case. The patient record is firstly a source
of information aimed at providing continuity of good care of the patient, but it may also
serve as a basis for improvement of quality of care by being scrutinized retrospectively. Since
prevention of complications from sickness and care is one of the most important parts of the
role of nurses, documentation of risk factors and manifest or potential complications, as well
as early signs of such, must be documented. Prevention of pressure ulcers is one indicator of
quality of care.
to be able to check for potential skin damage during the care episode, a primary status has
to be documented. Documentation must also include risk factors and preventive strategies
and actions and must be done continually. In the present retrospective study, documentation
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was not optimal regarding development of manifest Pus during the care period. Neither
was MNS, BMI and prevention documented in all patients. It was also surprising that the
documentation of MNS and BMI was less frequent in the elderly patients. The high rate of
missing data for elderly patients was indeed a noteworthy. It might also be that many elderly
patients are confused upon arrival to hospital, or that they suffer from dementia, which can
perhaps explain this sparse documentation.
It was also reported that younger and older patients had more missing data than middleaged patients. this might be due to the fact that their risk of developing pressure ulcers was
regarded as minimal for the younger patients and that it is difficult to assess acute older
patients at admission. Differences in documentation of prevalence and BMI were most
complete in patients undergoing elective hip replacement surgery. one reason for this may
be that the care of acute patients can coincide with a heavy work load for the nurses whereas
elective surgery is planned and documents can be prepared beforehand.
A weakness in this and other studies is the poor documentation of prevention. Whether
this reflects actual negligence of preventive actions, or that prevention is conducted but
not documented is unclear.317, 318 the nurse has an important role in the documentation of
preventive actions taken.
one weakness of this study is the fact that we only reported on data collected on certain days
during the study period. In a retrospective study review there is also the risk of underreporting
of data. Furthermore, the total number of patients registered as inpatients at the orthopedic
wards was recognized but not the number of patients who were admitted on the day of
registration. This made it difficult to determine if insufficient registration was due to a high
workload because of an increased number of patients admitted. Furthermore, it was difficult
to identify the cause of incomplete registration of BMI and MNS due to missing data in the
patients’ medical records. this study was performed in one single hospital which could reduce
generalisability. However, National laws and guidelines regulate documentation standards.
Noteworthy is that the present hospital earlier has reported the same or lower Pu prevalence
than the rest of the country.
Patient safety
Patient safety can only be guaranteed by optimal individualised assessment, care and
documentation. If nurses’ documentation demonstrates gaps in important areas such as the
prevention of pressure ulcers, then the quality of care cannot be guaranteed. It is also important
to investigate if prevention taken can actually reduce the prevalence of Pus.14, 319
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ConCLusions And CLiniCAL
impLiCAtions
the prevalence of pressure ulcers in patients with hip fracture remains high. In Southern
Europe, the prevalence of Pus was almost half the prevalence reported by Northern Europe.
However, the number of Pus increased both in Northern and Southern Europe during the
hospital stay. Risk assessment was sparse in A&E units. Both intrinsic and extrinsic risk
factors of significant importance for PU development in patients with hip fractures were
identified in centres throughout Europe.
Both visual assessment and the finger-press test were unreliable markers for the detection of
category I Pus. the Dermaspectrometer was proven to be a reliable method of classifying
pressure ulcers and needs further investigation.
Documentation of risk factors and Pus, as well as continuity of documentation over the care
period, was suboptimal for patients undergoing surgery for hip fractures and tHR. Most
missing data were noted in elderly patients.
Patient benefit and generalizability
PUs cause great suffering and reduce quality of life.192, 196, 197 they increase costs for the
healthcare system in the form of prolonged hospital stay for the patient.3, 21 Pus can also
result in the death of the patient due to infection and sepsis. 20, 191 Pressure ulcers are still
common in patients with hip fractures. this is due to immobility and co-morbidities as well
as surgery.147 Studies have shown that the optimal treatment of a displaced medial fracture
of the collum is provided by replacing the fractured hip with a prosthetic joint.268-270 Pressure
ulcers are a potential danger because of the risk of transmitting pathogenic bacteria to the
area of the prosthesis. This can lead to infection and re-operation (Lindgren 2007). For this
and other reasons outlined in this thesis, it is important to pay attention to the risk factors for
Pus, to implement strategies to prevent them and to introduce reliable methods for the early
detection of category I Pus. In this process, documentation plays a central role.
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further reseArCh
Pressure as the primary factor in the development of PUs also requires more thorough studies.
Several critical questions at the heart of pressure ulcer research still remain unanswered.
these include:
Studies on the differences in the prevalence of pressure ulcers in patients with hip fractures
and potential causative factors in Northern versus Southern Europe.
Development and validation of a specific risk assessment instrument for patients with hip
fractures.
Studies on the reliability of the new, smaller Dermaspectrometer to detect non-blanching
erythema (Category I PUs) in alternative body locations.
Studies on factors influencing the adherence to guidelines and how to optimise the
documentation in patient records.
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popuLärvetenskApLig sAmmAnfAttning
trycksår är ett stort problem inom vården. Prevalensen av trycksår i Sverige ligger mellan1417% enligt SKL:s senaste punktprevalensmätning (2011). Det är lika vanligt både inom
akutsjukvård som inom kommunal omsorg. trycksår uppkommer när en person har svårighet
att ändra kroppens läge tillräckligt ofta för att avlasta områden som är utsatta för tryck. Idag
finns inga säkra metoder för att tidigt identifiera patienter som är i riskzonen för att få trycksår
eller för att säkert skilja reaktiv hyperemi från kvarstående rodnad (kategori I, trycksår).
Reaktiv hyperemi är kroppens normala svar på att cirkulationen har varit försämrad eller helt
avstängd till ett område. Idag används subjektiva metoder för att skilja reaktiv (övergripande)
rodnad från trycksår kategori I. Detta sker antingen med ”finger tryck test” där man med hjälp
av lätt ett tryck med fingrarna eller med en transparent platta avgör om rodnaden bleknar eller
kvarstår. Om hudområdet reagerar med att blekna (blanching) och sedan bli rodnat igen när
trycket släpps, klassas det som att cirkulation föreligger. Detta är en subjektiv bedömning
som inte ger svar på hur god cirkulationen är. om området däremot inte bleknar föreligger ett
patologiskt tillstånd i vävnaden, trycksår kategori I Samstämmigheten mellan olika bedömare
har i tidigare studier visat sig mindre god. Bristen på samstämmighet vid diagnostiseringen
av tidiga trycksår kan medverka till att åtgärder inte vidas i tid och trycksår av svårare
grad utvecklas. Bestående tryckskada kan visa sig först efter flera dagar, vilket ytterligare
försvårar säker identifiering. Andra tecken på begynnande trycksår är: temperaturskillnader
mot omgivande vävnad, vävnad som är hård eller känns ”svampig” samt smärta, sveda eller
stickningar.
tryck och skjuv förekommer för det mesta samtidigt. En situation då skjuv skulle kunna
undvikas är i viktlöst tillstånd t.ex. under vatten. Skjuv är det tillstånd då vävnadslager rör sig
i motsatt riktning, oftast över benutskott. Skjuv uppkommer när man glider ner i säng och stol
eftersom en del av vävnaden blir kvar i ursprungsposition medan övrig vävnad strävar nedåt.
om hudområdet är påverkat av fukt, pga. inkontinens, behövs det mindre tryck och skjuv för
att trycksår ska uppkomma. Det är viktigt att räkna med att mikroklimatet – den grad av fukt
och värme som är mellan patient och underlag, kan bidra till att öka känsligheten för tryck
och skjuv.
Andra riskfaktorer, förutom tryck, skjuv och fukt är olika sjukdomstillstånd med försämrad
cirkulation. Även åldern spelar en stor roll i utvecklandet av trycksår. Små (särskilt prematura)
barn har inte tillräckligt med subkutan vävnad och deras hudkostym är inte helt färdigutvecklad
vilket leder till försämrad tolerans mot tryck och skjuv. Åldrande människor har en försämrad
hudstruktur pga. sämre återuppbyggande av vävnadstrukturer, försämrad elasticitet och
försämrad nutrition. En gemensam riskfaktor för både barn, ryggmärgsskadade och vid
vissa neurologiska sjukdomstillstånd samt för äldre är nedsatt förmåga till lägesändring och
minskad förmåga att känna och reagera på tryck.
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Hur trycksår egentligen uppkommer är inte helt klarlagt. Men en teori är att trycket uppkommer
på hudytan och sedan fortplantar sig ner i vävnaden sk ”top to bottom teorin”. En annan teori
är att tryckskadan uppkommer först på djupet och därefter utvecklar sig mot ytan sk ”bottomup-teorin”. Forskningen på cellnivå kan förhoppningsvis ge oss mer information om orsaker
till varför vissa får trycksår och inte andra. Dagens forskning visar bla att celler, speciellt
muskelceller, lättare deformeras vid tryck och skjuv vilket i sin tur leder att cellen tänjs ut,
går i nekros och dör.
Mer än 80 procent av alla trycksår uppstår över korsben, sittbensknölar, höftbenskammar,
hälar och fotknölar. Patienter med höftfraktur är speciellt utsatta för trycksår på grund av
svårigheter att röra sig pga. frakturen samt för att patienter med höftfraktur oftast är äldre
och har andra bakomliggande sjukdomar. Farmakologisk smärtlindring kan dölja kroppens
signaler till behov av lägesändring och göra att patienten inte uppfattar att ett område är i
behov av tryckavlastning.
För att öka patientsäkerheten och minska trycksårsfrekvensen är det viktigt att hitta objektiva
mätmetoder för att tidigt kunna identifiera tryckutsatta områden. Snabbt insättande av
prevention baserat på patientens behov kan minska risken för att trycksår utvecklas. Det
medför minskat lidande och bibehållen livskvalitet. Korrekta bedömningar medför också att
mobilisering kan tidigareläggas och sjukvårdens resurser kan användas optimalt.
Noll-vision mot uppkomst av trycksår är ett eftersträvansvärt mål men kanske inte uppnåerligt
under alla omständigheter. Patienter som är i ett terminalt sjukdomsskede riskerar att drabbas
av trycksår oavsett förebyggande åtgärder och andra aktiviteter för att avlasta tryck. Det
relateras till att även huden, som är kroppens största organ, sviktar när andra organ sviktar. vid
livets slut har patienten rätt till att få den omvårdnad som deras tillstånd kräver vilket betyder
att personalen måste vara lyhörd för behov eller inte behov av lägesändring, smärstillande,
värme, nutrition osv.
Studie I
Denna studie omfattade patienter med höftfraktur i 6 europeiska länder.
Syftet var att undersöka andelen patienter med trycksår vid ankomst till sjukhuset och vid
utskrivning, samt att identifiera vilka patientrelaterade och miljörelaterade riskfaktorer som
förekommer vid utveckling av trycksår för patienter med höft fraktur.
Syftet var också att klargöra skillnader i omhändertagande, kirurgisk behandling, förekomst
av trycksår (prevalens och incidens) mellan Nord- och Sydeuropa.
Resultatet visade att av 635 patienter med höftfraktur hade 10 % trycksår av alla patienter med
höftfraktur hade trycksår när de skrevs in på sjukhuset och 22 % hade det vid utskrivningen.
Det var skillnad mellan Nord (26 %) och Syd Europa (16 %). Majoriteten var grad 1 trycksår
och ingen hade trycksår grad 4. Det var fler cervikala frakturer i norr medan trokantära frakturer
dominerade i söder. Patienterna fick vänta längre på operation i södra Europa och hade oftare
sträck behandling än patienterna i norra Europa. I Norra Europa var det vanligare med varma
64

Summary in Swedish
infusionsvätskor under operationen. Signifikanta riskfaktorer relaterade till trycksår vid
utskrivning var: ålder >71 (p= .020), lågt vätskeintag (p=.005), fuktig hud (p=.004) och låg
riskbedömningspoäng enligt Braden (p=.050) och även låga poäng avseende undergrupperna
friktion (p=.020), nutrition (p=.020), och nedsatt känsel (p=.040). Bakgrundssjukdomar som
var signifikant relaterade till trycksår vid utskrivning var diabetes (p=.005) och lungsjukdom
(p=.006). Väntetid till operation, längden på operation, värme pre-operativt, typ av anestesi
eller frakturtyp visade sig inte innebära ökad risk för trycksår.
En pan-europeisk studie bjuder många möjligheter men också en rad svårigheter. Kontexten
för studien skiljer sig, följsamhet till protokollen kan variera. centra som samtyckt till att
deltaga fick förhinder. Trots detta kunde en del av de slutsatser som drogs i denna studie
belysa generella problem kring trycksår för patienter med höftfraktur. Den i andra studier
rapporterade lägre prevalensen av trycksår i Sydeuropa kunde verifieras i denna studie. Skälen
till detta är svåra att förstå och kräver en speciell studie. I den aktuella studien planerades en
rad statistiska analyser. Flera av dessa förkastades av den statistiker som sedermera kom att
medverka i dataanalysen. Ytterligare en svårighet var att en av de huvudansvariga för studien
professor Gerry Bennett blev svårt sjuk och avled under studiens gång.
Studie II
Huvudsyftet med denna studie var att undersöka om två olika sjuksköterskor var för sig
bedömde hudrodnad i sacrum (korsbenet) på samma sätt och ifall huden var rodnad eller
inte. Studien undersökte även om man kunde identifiera några specifika riskfaktorer för
trycksårsutveckling för patienter med höftfraktur, på en ortopedklinik.
Huvudfyndet var att finger-tryck test tillsammans med visuell observation inte var tillräckligt
säker vid bedömning om huden var rodnad eller inte. Bedömarna kom i stor utsträckning
till olika slutsatser. Det var en signifikant skillnad (p=0.013), en sämre överensstämmelse
mellan bedömarna gällande fingertryckstest i jämförelse med okulärbesiktning (dag 1till dag
5). Analysen visade också att det var större risk för kvarstående hudrodnad från dag 2 till dag
5 (p<0.01).
Fyrtiosju procent av patienterna som deltog i studien hade en riskbedömningspoäng < 20
vilket tyder på hög risk för trycksårsutveckling. Fyrtiofyra av de 78 patienter som deltog
hade trycksår vid utskrivningen. Ingen av tidigare rapporterade riskfaktorerna som hög
ålder, intagningsdiagnos och bakgrundsjukdomar, låg vikt, blodförlust/transfusions behov
eller lågt värde på MNS var relaterat till trycksårsutveckling. Anledning till detta kan vara
patientmixen. under studiens gång var det endast de svårast sjuka patienterna som vårdades
på ortopedisk vårdavdelning. Patienter som bedömdes kunna återgå till sitt vanliga boende
efter vårdtiden hamnade på geriatrisk vårdavdelning och ingick inte i studien. Patientantalet
var begränsat vilket kan påverka resultatet. Även om det inte var signifikant så var det fler
patienter med inkontinens som hade trycksår. Ingen patient hade trycksår kategori III eller
Iv. Studiens resultat påvisar svårigheterna att göra samstämmiga bedömningar. Detta kan
påverka vilka preventiva åtgärder som sätts in. Svårigheten att med nuvarande klinisk praxis,
avgöra om en hudrodnad är en reaktiv (övergående) hyperemi eller ett trycksår kategori 1 gör
också att resultaten av exempelvis prevalensstudier måste tolkas med stor försiktighet.
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Studie III
Syftet med denna studie var att testa om ett digitalt instrument (Dermaspectrometern)
kunde användas för verifiering av graden av rodnad i sacrum hos patienter med höftfraktur.
Samma patienter som undersöktes i studie II ingick. Det resultat som framkom i studie II
kunde därför jämföras med resultaten av mätningarna med Dermaspektrometern. Mätningen
genomfördes från dag ett efter operation och i upp till 5 dagar. Mätningen gjordes en gång
per dag. Hudområdet över sacrum mättes på 7 förvalda, markerade punkter med det digitala
instrumentet. En referenspunkt (kontroll) på den friska höften markerades och registrerades
i samband med övriga mätningar för att få ett värde på ett hudområde som inte utsatts för
tryck.
För att jämföra om det fanns någon samstämmighet mellan det digitala instrumentets resultat
och resultatet från bedömningen av två bedömare som genomförde finger tryck test, som
kan kallas ”golden standard”, delades sjuksköterskornas bedömningsresultat in i tre grupper.
I den första gruppen bedömdes huden som icke rodnad av båda bedömarna, I den andra
gruppen bedömde båda att huden var rodnad och i den tredje gruppen tyckte sjuksköterskorna
olika. Resultatet visade en nästan perfekt överensstämmelse – i detta fall att instrumenten
registrerade ett högre värde när bedömarna bedömde att huden var rodnad. Samstämmigheten mellan bedömningarna låg mellan 0.82 och 0.96 och visade även att förändringen
över tid (från dag 1 till dag 5) var signifikant (p<0.0001). Under samma mätperiod visade
referenspunkten ingen signifikant förändring (p=0.32). Detta tyder på att det går att objektivt
mäta rodnad hud i sacrum och att instrumentet skulle kunna indikera ett tryckutsatt område
även om inte ögat ser en rodnad. Större studier behövs eftersom materialet bestod av 78
patienter som inte kunde följas lika många dagar eftersom det inte går att kvarhålla patienten
på avdelning om utskrivning sker tidigare.

Studie IV
Syftet med denna studie var att genom journalgranskning undersöka sjuksköterskans
dokumentation av ortopedpatienters riskbedömning, riskfaktorer och hudbedömning vid
inskrivning och under vårdtiden, samt vilka förebyggande åtgärder som dokumenteras när
riskbedömning enligt MNS visat risk för trycksår.
totalt granskades 2,281 patienters journaler. urvalet av patienter var taget från en dag per
månad under fyra år och alla inneliggande just den dagen. Patientmaterialet delades in i
fyra grupper – höftfraktur, höftplastik, övriga frakturer och övriga planerade patienter.
Gruppen med höftfrakturer och planerade höftproteser granskades mer specifikt med
fokus på dokumenterad förekomsten av trycksår vid inskrivning och under vårdtiden (inkl
svårighetsgrad), genomförd riskbedömning (enl MNS) dokumenterat BMI värde samt
dokumenterade förebyggande åtgärder vid inskrivning och under vårdtiden.
Resultatet visar att dokumentationen avseende riskbedömning enligt MNS och
trycksårsuppföljning visade stora brister. BMI värdet som kan ge information om undervikt
vilket kan innebära risk för trycksår och behov av förebyggande åtgärder, var inte heller
optimalt dokumenterat. Resultatet visade att vid akutintag (där patienter med höftfraktur
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ingår) hade 46.5% (n=848) av patienterna ett BMI värde dokumenterat och 38.3% (n=697)
av patienterna hade ett riskbedömningsvärde enligt MNS. För patienter som skulle genomgå
en planerad behandling med höftprotes var det 63.3% (n=292) som hade ett BMI värde och
39.2% (n=180) som var riskbedömda enligt MNS. Detta kan förklaras av att patienter som
kommer in för planerad behandling kan skrivas in under kontrollerade förhållanden.
Sjuttioåtta patienter hade trycksår vid inskrivning och de hade totalt 119 trycksår. under
vårdtiden noterades 226 patienter med trycksår och dessa hade 355 trycksår totalt. Alla
kategorier finns representerade men förekomst av kategori I och II dominerade. Det som
är förvånande är att trycksår av kategori 3 eller 4 inte hade en uppföljande dokumentation
i journalen om trycksårsutvecklingen. under vårdtiden dokumenterades heller inte vilka
förebyggande åtgärder som vidtagits även om man kan anta att det skedde vid ett flertal
tillfällen. Det framkom även att det fanns en tendens till att BMI och MNS dokumenterades
bättre under sommarmånaderna, vilket var förvånande. Fyndet att både BMI och MNS
dokumenterades i mindre grad för yngre och äldre är tankeväckande.
Att enbart basera sina resultat på det som är dokumenterat beskriver inte vården som genomförs
eftersom man menar att ”det som inte är skrivet inte heller är genomfört”. Det känns också
mindre bra att flera omvårdnadsbeslut baseras på det som inte egentligen kanske visar den
faktiska vårdtyngden. Detta kan potentiellt påverka besluten om resursallokering.
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Appendix 1

The Braden Scale is composed of 6 broad clinical categories as sensory perception, moisture, activity, morbidity,
nutrition and friction and shear, with a score of <18 indicate increased risk for PUs development 219.
SENSORY
PERCEPTION
Ability to
respond
meaningfully to
pressure-related
discomfort

1. COMPLETELY
LIMITED – unresponsive (does not moan,
flinch, or grasp) to
painful stimuli, due
to diminished level
of consciousness or
sedation,
OR limited ability to
feel pain over most of
body surface.

2. VERY LIMITED –
Responds only to
painful stimuli. Cannot
communicate discomfort
except by moaning or
restlessness, OR has a
sensory impairment which
limits the ability to feel pain
or discomfort over ½ of
body.

3. SLIGHTLY
LIMITED –
Responds to verbal
commands but cannot
always communicate
discomfort or need
to be turned, OR
has some sensory
impairment which
limits ability to feel
pain or discomfort in 1
or 2 extremities.

4. NO
IMPAIRMENT
– Responds to
verbal commands.
Has no sensory
deficit which would
limit ability to feel
or voice pain or
discomfort.

MOISTURE
Degree to which
skin is exposed
to moisture

1. CONSTANTLY
MOIST– skin is kept
moist almost constantly by perspiration,
urine, etc. Dampness
is detected every time
patient is moved or
turned.

2. OFTEN MOIST – skin is
often but not always moist.
Linen must be changed at
least once a shift.

3. OCCASIONALLY
MOIST – skin
is occasionally
moist, requiring an
extra linen change
approximately once
a day.

4. RARELY MOIST
– Skin is usually
dry; linen only
requires changing
at routine intervals.

ACTIVITY
Degree of
physical activity

1. BEDFAST –
Confined to bed.

2. CHAIRFAST – Ability
to walk severely limited or
nonexistent. Cannot bear
own weight and/or must
be assisted into chair or
wheelchair.

3. WALKS OCCASIONALLY – Walks
occasionally during
day, but for very short
distances, with or
without assistance.
Spends majority of
each shift in bed or
chair.

4. WALKS
FREQUENTLY–
Walks outside the
room at least twice
a day and inside
room at least once
every 2 hours
during waking
hours.

MOBILITY
Ability to
change and
control body
position

1. COMPLETELY
IMMOBILE –
Does not make even
slight changes in body
or extremity position
without assistance.

2. VERY LIMITED – makes
occasional slight changes
in body or extremity
position but unable to make
frequent or significant
changes independently.

3. SLIGHTLY
LIMITED – makes
frequent though slight
changes in body or
extremity position
independently.

4. NO
LIMITATIONS –
Makes major and
frequent changes
in position without
assistance.

NUTRITION
Usual food
intake pattern
1NPO: Nothing
by mouth. 2IV:
Intravenously.
3tPn: total
parenteral
nutrition.

1. VERY POOR –
Never eats a complete
meal. Rarely eats
more than 1/3 of any
food offered. Eats 2
servings or less of
protein (meat or dairy
products) per day.
Takes fluids poorly.
Does not take a liquid
dietary supplement,

2. PROBABLY
INADEQUATE – Rarely
eats a complete meal and
generally eats only about
½ of any food offered.
Protein intake includes
only 3 servings of meat
or dairy products per day.
Occasionally will take a
dietary supplement

3. ADEQUATE –
Eats over half of
most meals. Eats a
total of 4 servings
of protein (meat,
dairy products) each
day. Occasionally
refuses a meal, but
will usually take a
supplement if offered,

OR receives less than
optimum amount of liquid
diet or tube feeding.

OR is on a tube
feeding or TPN3
regimen, which
probably meets most
of nutritional needs.

4. EXCELLENT –
Eats most of
every meal. Never
refuses a meal.
Usually eats a
total of 4 or more
servings of meat
and dairy products.
Occasionally eats
between meals.
Does not require
supplementation.

OR is NPO1 and/or
maintained on clear
liquids or IV2 for more
than 5 days.
FRICTION
AND SHEAR

1. PROBLEMRequires moderate to maximum
assistance in moving. Complete
lifting without sliding against
sheets is impossible. Frequently
slides down in bed or chair,
requiring frequent repositioning
with maximum assistance.
Spasticity, contractures, or
agitation leads to almost constant
friction.

2. POTENTIAL PROBLEM–
Moves feebly or requires minimum
assistance. During a move, skin
probably slides to some extent against
sheets, chair, restraints, or other
devices. Maintains relatively good
position in chair or bed most of the
time but occasionally slides down.

3. NO APPARENT
PROBLEM – moves
in bed and in chair
independently and
has sufficient muscle
strength to lift up
completely during
move. Maintains good
position in bed or chair
at all times.

Source: Barbara Braden and Nancy Bergstrom. Copyright, 1988. Reprinted with permission. Permission should
be sought to use this tool at www.bradenscale.com
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Appendix 2
the Norton Scale is composed of 5 broad clinical categories as physical condition, mental
state, activity, mobility and incontinence. A score of <16 indicates increased risk for PU
development 223
Physical state

mental state

Activity

Mobility

incontinence

4 – Good

4 – alert

4 – Walks

4 – Complete

4 - none

3 – Weak

3 – Apathic

3 – Walks with
assistance

3 – Slightly limited

3 - occasional

2 – ill

2 - Confused

2 – Wheelchair bound

2 – Very limited

2 – Mainly urinary

1 – Very ill

1 - Stupor

1 – Bed bound

1 - Immobile

1 – Double
incontinence

Appendix 3
The Modified Norton Scale is composed of 7 broad clinical categories as physical condition,
activity, mobility, nutrition, fluid intake, incontinence and general condition, with a score of
<20 indicates increased risk for PUs development Modified Norton224.
Physical
state

Activity

Mobility

Nutritional

Fluid
intake

incontinence

General
condition

4

Good

Walks

Complete

Normal
ration?

Complete

none

Good

3

Weak

Walks with
assistance

Slightly
limited

¾ of a
normal
potion ?

Slightly
limited

occasional

Pretty good
(e.g.
subfebrile,
awake)

ill

Wheelchair
bound

Very
limited

½ of a
normal
portion

Very
limited

Mainly urinary

Poor
(e.g.awake
but
apathetic)

Immobile

less than
½ normal
portion

Immobile

Double
incontinence

Very poor
(e.g. sign
circ. insuff.,
somnolent)

score

2

1

90

Very ill

Bed bound

Appendix

Appendix 4
SPMSQ – the short portable mental status questionnaire320
1
What is the date today?
2
What day of the week is it?
3
What is the name of this palace?
4
4A

What is your telephone number or (alt.) street address?
What is your street address?
(Ask only if patient does not have a telephone)

5
6
7
8
9

How old are you?
When were you born?
Who is the President of U.S. now?
Who was the President just before him?
What was your mother´s maiden name?

10

Subtract 3 from 20 and keep subtracting 3 from each new
number all the way down

Score Intact cognitive function
Mild cognitive impairment?
Moderate cognitive impairment?
Severe cognitive dysfunction

8-10 correct answers
6-7 correct answers
3-5 correct answers
0-2 correct answers

Swedish version. Question number 4, 7 and 8 has smaller changes.
4

What is your telephone number or (alt.) street address?

7

Who is the prime minister now?

8

Who was the prime minister before him?
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