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Abstract

Introduction—~Pressure ulcers are a common secondary condition that occur post spinal cord
injury (SCI). These ulcers come at tremendous personal and societal cost. There are a number of
scales that can be used to identify those who are at risk.

Objectives—This review critically evaluates risk assessment scales designed for identifying and
predicting skin ulcers. Specifically studies on the psychometric properties and utility for
individuals with SCI were assessed.

Setting—n/a

Methods—The MedLine, CINHAL, Embase, HaPl, Psycinfo, Sportdiscus and Cochrane
databases were searched to identify studies. To be included the scale needed to have at least one
study, published in a peer reviewed journal, which examined the psychometric properties with a
sample of individuals with SCI.

Results—Seven scales were included in this review: Abuzzese, Braden, Gosnell, Norton,
SCIPUS, SCIPUS-A and Waterlow. None of the tools reported reliability data with this
population. Validity evidence ranged from poor to adequate across scales. Most were readily
available, quick to administer and had minimal respondent burden, however, the SCIPUS-A and
SCIPUS, two scales developed specifically for individuals with SCI, require laboratory blood
testing.

Conclusion—Although the SCIPUS-A and SCIPUS show promise, utility issues and limited
psychometric testing suggest that these tools can not be recommended at this time. While the
Braden scale has the best combined validity and utility evidence, more specific testing in a SCI
population is required for it and all other scales included in the review.
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Introduction

Individuals with spinal cord injury (SCI) experience a variety of long-term secondary
medical complications. Pressure ulcers, defined as an area of localised damage to the skin
and underlying tissue caused by pressure, shear, friction and or a combination of these
(European Pressure Ulcer Advisory Panel, 2007) (Accessed March 7 from http://
www.epuap.org/gltreatment.html) are one of the most serious and frequent of these problems
(1,2). These chronic wounds can have harmful personal (3, 4) and societal effects (5, 6).

Pressure ulcers are extremely common in individuals with SCI. It is estimated 85% of
individuals with SCI will experience a pressure ulcer during their lifetime (7). McKinley et
al (2) found that pressure ulcers were the most common secondary medical complication of
SCI with prevalence rates ranging from 15.2% one year post injury to 29.4% at 20 years post
injury. Chen (8) reported a trend toward increasing pressure ulcer prevalence in recent years
which is not explained by aging, years since injury or demographic variables.

The medical costs associated with the treatment of pressure ulcers are high. Treatment cost
is proportional to the severity of the ulcer, because the healing rate is slower and likelihood
of complications is greater (5). The total cost for treating pressure ulcers is estimated to be
8.5 billion dollars in the United States (9) and between 1.4-2.1 billion pounds in the United
Kingdom, which represents 4% of that country’s total health budget (5). The cost of pressure
ulcer treatment in Spain represents 5.2% of the total health care expenditure (10). It is
estimated that the cost of treating pressure ulcers for individuals with SCI may represent
one-quarter of their total cost of care (11).

Pressure ulcers have a serious impact on the individual and those around them. Qualitative
research has identified that pain is a key feature (3, 4). As well, pressure ulcer treatment
often necessitates long-lasting activity modifications and restrictions that can have a negative
psycho-social impact on the individuals and their families (3, 4). Other sequellae include
social isolation, alteration of body image, lost income, odor and drainage (6). In some
individuals, pressure ulcers may prove fatal (12).

A large number of risk and protective factors for the development of pressure ulcers have
been identified for individuals with SCI. Some of the risk factors that have been identified
include: being underweight (13), smoking (13,14), lower level of activity (14,15),
incontinence (14,15), pulmonary disease (14,15), decreased albumin (14,15), decreased
mobility (14,15) extent of paralysis (14,15) increasing age (14), use of medications for sleep
(16), impaired cognitive function (14), diabetes (14), living in a hospital or nursing home
(14), spasticity (14), renal disease (14), and low hemocrit (14). Protective factors identified
include completing a college degree (13), being married (13), being employed (13), exercise
(16) and healthy diet (16).

Clinical practice guidelines for the prevention and treatment of pressure ulcers following
SCI advocate the use of risk assessments, which include many of the preceding risk factors,
to improve practice in this area (17). Nixon and McGough (18) identified over 38 such risk
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assessment instruments. Despite the abundance of available tools, very few have been tested
psychometrically (18) especially with individuals with SCI.

It is essential to validate tools with their intended population(s), because validity is not an
innate property of a test, but instead represents the evidence that supports the interpretation
of the test scores (19). Tools should be assessed within specific populations (20) because a
measure that is reliable with one patient group may be unreliable with another. Moreover,
measures intended for one population may lack content validity when used with a different
population (21). For example, pressure ulcer risk factors for elderly individuals are often
different from those with SCI (22). Finally, in terms of utility, an instrument that is relatively
easy to administer with one population may be difficult to administer with another. The
purpose of this review was to critically evaluate pressure ulcer risk assessment tools in terms
of their reliability, validity and utility for individuals with SCI.

A review of pressure ulcer risk assessment scales used with the SCI population was
systematically conducted. To be included, measures had to have been assessed in at least one
study published in a peer reviewed journal that examined the psychometric properties of the
instrument using a sample of individuals with SCI. Study specific scales designed for
intervention trials were not included in this review because they are difficult for researchers
and clinicians to obtain and frequently use an alternate method of calculating reliability co-
efficients than would be used with tools intended for a variety of users (23). Additionally
only manuscripts written in English were considered.

Search Strategy

MedLine, CINHAL, Embase, HaPl, Psycinfo, Sportdiscus and Cochrane electronic
databases were searched (1986 to January 2007) to locate papers reporting on measures.
Additional searching was conducted by archiving the references of papers obtained from the
electronic search. The key word ‘spinal cord injury’ was used across each of the databases
while the following terms varied in combination with spinal cord injury depending on the
database used: validation studies, instrument validation, external validity, internal validity,
criterion-related validity, concurrent validity, discriminant validity, content validity, face
validity, predictive validity, reliability, interrater reliability, intrarater reliability, test-retest
reliability, reproducibility, responsiveness, sensitivity to change, evidence-based medicine,
outcome measures, clinical assessment tools, scales, measures, spinal cord injury, pressure
ulcer, decubitus, pressure sore, pressure wound. A database file was established using
RefWorks to organize potential articles of interest. After eliminating duplicate manuscripts
two trained data extractors reviewed each title to determine which abstracts should be
reviewed then the abstracts were reviewed to determine which papers should be extracted.
When disagreement occurred, a third extractor was consulted to break any ties.

Assessing the Tools

Data was extracted from manuscripts by a team of reviewers using a data extraction form
designed to record the reliability, validity, interpretability, feasibility and acceptability of the
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tool items. The methods and standards of data extraction were based on the work by
Fitzpatrick and colleagues (24). Based on the criteria noted in Table 1 the psychometric and
utility properties reported for each tool were summarized as excellent, adequate or poor.
“Excellent” indicated that the tool is outstanding in regard to that criteria, “poor” indicated
that serious deficiencies were noted and “adequate” indicated the “tool rates somewhere in
between” (25) (p. S15). For example, a validity score of excellent corresponded to
correlations above 0.60 with similar measures or convergent constructs. Respondent burden
was considered excellent if administration time was brief (< 15 minutes) and acceptable to
the client and the measure was well accepted by persons with disabilities. Interpretability
was considered excellent if the tool was easy to administer, score and interpret. When
validity correlations varied across studies (i.e., poor in one study and adequate in another),
results were summarized as a range (i.e., poor - adequate).

Our review identified four studies that provided validity evidence for seven tools that have
been tested with individuals with SCI. All of these studies used retrospective data extracted
from medical records to determine each subject’s risk assessment scale score and presence
of pressure ulcers. The measures in these studies included the Abruzzese (26), Braden (27),
Gosnell (28), Norton (29), SCIPUS (14), SCIPUS-A (15) and Waterlow (30). A brief
overview of each instrument is provided in Table 2. The Norton, created in 1962, is the
original pressure ulcer risk assessment tool, and served as a template for many other scales
(18). Overall the measures cover between 5 to 8 domains.. The domains of mobility, activity
and continence are common across all measures and nutrition (or albumin level) is a domain
in six of the seven scales. The SCIPUS tool has the most items (15), including many unique
items such as autonomic dysreflexia and living setting. The SCIPUS and SCIPUS-A also
include items that require laboratory tests of albumin levels, serum creatinine and blood
glucose. The SCIPUS and SCIPUS-A were developed exclusively for individuals with SCI
using regression analysis to identify variables, collected via retrospective chart review, that
predicted pressure ulcer development (14, 15). Although the risk factors considered for
inclusion were not described for the SCIPUS (14), over 50 potential pressure ulcer risk
factors were evaluated for the SCIPUS-A of which 21 were explicitly described (15). Those
factors included age, tobacco use, alcohol history, nutritional support, level of activity,
mobility, mental status, urinary continence, nutritional status, moisture, “friction and shear”,
and 10 laboratory blood work variables (15). For the SCIPUS and SCIPUS-A the same data
was used to generate the scale and to test their validity (14, 15).

For all scales, items are scored using item specific descriptive criteria, but the amount of
detail provided varies considerably across measures. The Norton and Waterlow provide the
least detailed scoring instructions. Both offer only one or two word descriptions for each
score. For instance, in the Norton, the domain of physical condition is described by four
descriptors “Good 4, Fair 3, Poor 2, Very Bad 1” (29) (p. 225). In contrast, with the Braden
(27), the tool that provides the most complete operational definitions, a score of 1 for the
domain of sensory perception is described as “Completely limited: Unresponsive to painful
stimuli, either because of either unconsciousness or severe sensory impairment, which limits
ability to feel pain over most of body surface” (p. 206). The Abruzzese, SCIPUS and
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SCIPUS-A measures fall in between, in that although most items are well operationalized,
items such as moisture and extent of paralysis for the SCIPUS-A and impaired cognitive
function for the SCIPUS are not.

The validity evidence about these instruments is described in Table 3. This includes the
sensitivity and specificity; area under the curve (AUC), which measures how well the test
predicts who will and will not develop a skin ulcer, , construct and con-current validity
results. In light of differences in study populations, the psychometric data are presented on
per study basis. Validity results tended to vary across studies and between measures. The
Braden had the best AUC (31), but poor construct validity in terms of stage of first pressure
(r=0.03) and conflicting concurrent validity with the Norton (r=0.48) and Waterlow (r=
-0.06) scales (32). The AUCs, ranged from 81% for the Braden to 72% for the Norton (31).

In terms of utility, a number of characteristics are common across measures, as noted in
Table 4. All of the scales are available for free either electronically on the World Wide Web
or from the original articles in which they were published. Most authors do not indicate that
training is required to use the measure, although training for the Braden is suggested (27). A
video taped manual is available for the Braden scale.

All scores are easily calculated by hand based on scoring criteria provided by their authors.
For all scales, a total score is computed by adding item scores together. For most scales,
higher scores indicate increased risk of developing a pressure ulcer, although for the Braden
and Norton the scoring is reversed and lower scores are indicative of higher risk. For the
Norton, Braden, Gosnell and Abruzzese scales scores are consecutive (1, 2, 3, 4 etc.) and
one score per domain is allowed. The scoring is slightly more complicated for the SCIPUS,
SCIPUS-A and Waterlow. For the SCIPUS and SCIPUS-A scale scores are weighted for all
domains (i.e., extent of paralysis is scored as 0=none, 1= paraparesis, 4= quadriparesis,
8=paraplegia and 10= quadriplegia). These weighted values were based on the relative value
coefficients (rounded for simplicity) from a logistic regression model of factors associated
with pressure ulcers in individuals with SCI (15). For the Waterlow most items are weighted,
and for many, multiple response categories can be selected. For example when describing
skin type as a risk factor, an individual could have “dry” (=1), “oedematous” (=1) and/or
“discoloured” (=2) skin leaving an item based score ranging from 1 to 4. As with the
SCIPUS and SCIPUS-A, scores for each item are not consecutive, but no rationale for the
weighting scheme is described.

A summary of the psychometric and utility evidence, according to the Andersen’s criteria
(Table 1) (25), is provided in Table 5. Validity evidence for all the measures ranged from
adequate to poor. As all measures took less than 15 minutes to complete, and were generally
non invasive, most were deemed excellent in terms of their respondent burden. The
exceptions were the SCIPUS and SCIPUS-A, which require blood tests. As response
descriptions for at least some of the items in most measures were vague, administrative
burden was found to be only adequate for all measures except the Braden, which was rated
as excellent because of its detailed scoring guidelines.
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Discussion

This review identified seven measures that had been tested with individuals with SCI. These
included 1) three of the most commonly used and validated scales for pressure ulcer
prediction in the general population (the Braden, Norton and Waterlow) ((10, 32); 2) two
measures designed specifically for individuals with SCI during acute hospitalization
(SCIPUS-A) (15) and rehabilitation (SCIPUS) (14) and 3) two lesser known and validated
scales (the Abruzzese and the Gosnell).

The finding that no reliability testing has been conducted in the SCI population for all
measures reviewed is a concern, albeit not unexpected. In their systematic review of risk
assessment scales in other populations Pancorbo-Hidalgo et al. (10) identified 12 measures
that had been validated using controlled clinical trials or prospective cohort studies. They
found no reliability data for 7 of the 12 scales included in their systematic review. Reliability
coefficients for the Braden ranged from 0.83 to 0.99 across 13 studies in different settings
(nursing homes, home care, and hospital) and populations (orthopaedics, geriatric, and
intensive care). In the three studies that examined the reliability of the Waterlow and Norton
scales reliability scores of r=0.99 and % of observer agreement of 92.5 and 100% were
reported, respectively. Because of their inclusion criteria (10), however, no studies with
individuals with SCI were part of this review. Generalizability theory indicates that these
results cannot be applied to individuals with SCI (33), which undermines confidence in these
scales to reproduce stable results over time with this population.

Given that over 200 risk factors for developing a pressure ulcer have been reported for
individuals with SCI (22), it is important to identify which ones need to be included in a
measure to ensure adequate content validity. Although all of the measures included pressure
ulcer risk factors that have been identified for individuals with SCI (22), the SCIPUS and
SCIPUS-A were the only instruments developed exclusively for individuals with SCI. The
items included in these measures indicate that important risk factors are not the same for
individuals with SCI and those in the general population or even at different phases of their
recovery (15). The use of linear regression to identify items for the SCIPUS and SCIPUS-A
is a strength of these measures, but the limited description of what variables were evaluated
makes it difficult to determine if all important variables were considered.

A total of four studies looked at the validity evidence of these measures for individuals with
SCI. Overall, no scale demonstrated excellent validity based on the published criteria used in
this review (25, 34). Validity evidence for the Abruzzese and Gosnell was reported in only
one study and results were poor (15). Validity evidence for the SCIPUS and SCIPUS-A was
reported in two studies with adequate results. The SCIPUS-A had the best sensitivity and
specificity, and construct validity of all measures tested for individuals during acute
hospitalization, although the Waterlow was not included in this study (15). Similarly, the
SCIPUS had good sensitivity and specificity for individuals during rehabilitation (14), but
no comparisons were made between other instruments, so no definitive conclusions can be
drawn. The sensitivity and specificity of the SCIPUS and SCIPUS-A scores may be inflated,
because these scales were developed and tested using the same retrospective data. These
scores would likely decrease, if the measure was tested again with a different sample.
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Validity evidence for the Braden, Waterlow and Norton was reported in three studies with
mixed results. Although the AUC was adequate for all of these measures (31), the Braden
and Norton had poor construct validity (32) and the concurrent validity of the Braden and
Waterlow had poor concurrent validity (32).

Most measures were similar in terms of their utility. With the exception of the SCIPUS, all
measures consisted of only 8 items or less, so the administration time was very similar. For
all instruments, the measure and scoring criteria are available for free and training was only
recommended for the Braden scale. Subject burden for most tests is minimal unless results
of blood tests are not already available, in which case the SCIPUS and SCIPUS-A would
involve additional respondent burden and might add administrative burden. For instance, in a
community setting, administration of the SCIPUS would require a physician to order blood
testing and either the individual to visit a laboratory, or have home testing arranged, all of
which would add substantially to the direct and indirect cost of this measure. The Braden
scale offers the best operationalization of response categories, while response descriptions
for at least some of the items from each scale were vague. For example, with the SCIPUS-A
raters are to indicate whether the patient experiences moisture rarely, occasionally, very
often or constantly; these frequencies are not quantified, however, which may lead to
misclassification. Better operationalization of the responses would lead to better information
in the end and permit clinicians to better extract useful information.

Comparing the validity results of this review with those obtained by Pancorbo-Hidalgo et al.
(10) reveals some interesting similarities and differences. The weighted means of sensitivity
and specificity of the Braden (57.1% and 67.5%, respectively) noted by Pancorbo-Hidalgo et
al. are somewhat similar to the sensitivity and specificity noted by Salzberg et al. (15) for
individuals with acute SCI (sensitivity 74.7% and specificity 56.6%). The sensitivity and
specificity of the Norton (46.8% and 61.8%), however, are markedly different (sensitivity
5.8% and specificity 95.6%). These comparisons emphasize the need for population specific
psychometric testing.

The retrospective method used to evaluate validity in all of the studies in this review is a
concern. Given problems with the accuracy and completeness of medical records (35), a
retrospective analysis of medical data may not represent a true picture of either the patient’s
ulcer severity or risk for developing an ulcer.

Recommendations

This review highlights the difficulties inherent in the selection of a pressure ulcer risk
assessment scale for individuals with SCI. Although the SCIPUS and SCIPUS-A have the
advantage of being specifically tailored to individuals with SCI and their sensitivity and
specificity results are good, they are limited by their lack of reliability data, and the fact that
validity testing was conducted with the same data used for their development. Consequently,
the use of SCIPUS and SCIPUS-A cannot be recommended without further psychometric
testing. Given that the Braden scale performed similarly to the SCIPUS-A in testing, had the
largest AUC (31) and generally, was the most well-validated instrument (10), the Braden
scale seems to be best tool currently available, although it would also benefit from additional
testing with individuals with SCI.
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A variety of future studies are suggested by the findings of this review. Obviously, all of
these measures require reliability testing with individuals with SCI. As well, prospective
studies that allow head to head comparison of these risk assessment scales would represent a
far more robust method to evaluate their concurrent and construct validity. The use of
multiple regression analysis to identify scale items seems promising, but all of the factors
that are evaluated need to be identified explicitly, as other factors, including psychological
factors, socioeconomic status, existence of a previous skin ulcer, and etiology of the SCI,
may be more critical risk factors for individuals with SCI than for individuals from other
populations (22). Because of how these tools are used in clinical settings, responsiveness
studies are required and more importantly, studies that evaluate the effectiveness of these
tools for pressure ulcer prevention are needed. Such studies would provide a critical element
of validity that is missing among these tools in identifying individuals at risk of developing a
pressure ulcer and preventing their occurrence. This is especially important, given that Keast
et al. (36) in their review of best practice recommendations for the prevention and treatment
of pressure ulcers, found only level four evidence (expert opinion) supported the use of
validated risk assessment tools for the prevention of pressure ulcers.

Limitations

This review included only, peer reviewed studies written in English. Although a variety of
search terms were employed, it is possible that some studies may not have been included in
the review, as grey literature, conference abstracts and studies published in other languages
were not accessed.

Conclusion

This review identified seven pressure ulcer risk assessment tools that had been validated
with individuals with SCI. Reliability and responsiveness evidence for individuals with SCI
was absent in the literature. Validity results indicate that a five of the measures demonstrate
adequate validity and two are poor. Although the SCIPUS, SCIPUS-A are promising scales,
the Braden seems to be the best tool currently available. Given the importance of healthy
skin to individuals and the personal and societal costs of pressure ulcers, further research is
vital to evaluate the psychometric properties of these instruments and determine their
effectiveness in pressure ulcer prevention and treatment.
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Table 1
Criteria for Rating Outcome Measures
Criterion Definition Standard
Reliability Reliability is the degree to which the  ICC and Kappa for inter/intra and test- retest ratings are: excellent (=0.75),
score is free from error. adequate (0.4-0.70), or poor (=0.40). (25) (34)
Validity The extent to which an instrument Construct/convergent and concurrent correlations:

Respondent Burden

Administrative Burden

measures what it purports to
measure.

The ease with which a patient can
complete the measure

The ease with which scores can be
calculated and understood.

Excellent (=0.60), Adequate (0.31-0.59), Poor (<0.30) (25)
ROC analysis — AUC: Excellent (=0.90), Adequate (0.70-0.89), Poor (<0.70)
(34)

Excellent (brief < 15 min and acceptability high) Adequate (either longer
(but appropriately so) or some reported problems with acceptability) Poor
(both length and acceptability are problematic) (25)

Excellent (scoring by hand and resulting metric relevant and interpretable for
researcher, clinicians and clients) Adequate (computer scoring, lack of detail
for scoring criteria, more obscure interpretation) Poor (costly and/or complex
scoring and/or interpretation) (25)
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