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Abstract

The aim of this study was to assess the reliability of measurements using a
wound-analysing tool and their interpretability. Wound surface areas and tissue
types, such as granulation, slough and necrosis, in twenty digital photographs were
measured using a specific software program. The ratio of these tissue types in a wound
was calculated using a wound profile. We calculated the intraclass coefficient or 𝜅

for reliability, standard error of measurement (SEM) and smallest detectable change
(SDC). The inter-rater reliability intraclass correlation coefficient (ICC) was 0⋅99 for
surface area, 0⋅76 for granulation, 0⋅67 for slough and 0⋅22 for necrosis. The profiles
gave an overall 𝜅 of 0⋅16. For test–retest reliability, the ICC was 0⋅99 for surface
area, 0⋅81 for granulation, 0⋅80 for slough and 0⋅97 for necrosis. The agreement of the
applied profiles in the test–retest was 66% (40–100). SEM and SDC for surface area
were 0⋅10/0⋅27; for granulation, 6⋅88/19⋅08; for slough, 7⋅17/19⋅87; and for necrosis,
0⋅35/0⋅98, respectively. Measuring wound surface area and tissue types by means of
digital photo analysis is a reliable and applicable method for monitoring wound healing
in acute wounds in daily practice as well as in research.

Introduction

Wound assessment is a dynamic process providing vital
information to ensure patients receive the appropriate inter-
ventions at the right time. Wound measurement is an important
part of this assessment. Impaired wound healing can be
recognised if measurements of wound characteristics, at least
for wound surface area and tissue types, are performed (1).
Repeated measurement of wound surface area can help in
following wound healing over time. Tissue types provide a
baseline against which wound treatment can be assessed (2,3).
There are different methods for measuring wound charac-
teristics, such as invasive or non-invasive, and objective or
subjective (4–6). The measurement process in daily practice,
however, has some factors that need to be given attention (7).
The description of wound characteristics is usually subjective
and not described in unambiguous terminology (8). Both the
methods of wound measurement and the choice of descriptions
of the wound characteristics are dependent on the knowledge
and skills of the health care professional (9). Therefore, wound
healing is difficult to monitor because the interpretations by

different observers can be quite divergent (10). This hinders
proper treatment at the right time and entails the consequences.

A digital wound analysis tool provides a standardised and
objective method for wound measurement. This may be the
answer to the issues mentioned here (11). Surface area and
tissue types are calculated from digital photographs by means
of a specific software program. Measurement properties such as

Key Messages

• a digital wound analysis tool provides a standardised and
objective method for wound measurement

• measurement properties such as reliability and inter-
pretability, the ability to detect clinically true changes
beyond change, are important for treatment planning and
for monitoring progress

• measuring wound surface area and tissue types by means
of digital photography analysis is reliable and applicable
in monitoring wound healing in surgical and traumatic
wounds
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reliability and interpretability, the ability to detect clinically true
changes beyond change, are important for treatment planning,
monitoring progress, and evaluating treatment response. To our
knowledge, no inter-rater reliability test was available for the
digital wound analysis tool.

The aims of this study were to evaluate the inter-rater relia-
bility and test–retest reliability of this instrument as well as the
accuracy of the instrument in measuring true changes beyond
change. We addressed three major questions:

1 Do two observers agree when applying the same mea-
surement on the same wound?

2 Does the same observer assess the wounds consistently
in the test–retest with a 2-month interval?

3 How accurate are the changes of surface area and tissue
types measured with the wound analysis tool?

Methods and materials

Study design

The observational reliability study was performed in a univer-
sity hospital, the Erasmus Medical Centre in Rotterdam, The
Netherlands. Reliability was tested by means of inter-rater and
test–retest reliability. Accuracy was calculated using standard
error of measurement (SEM) and the smallest detectable change
(SDC).

Wound-analysing tool

Digital imaging and computerised planimetry have been found
to be accurate in measuring wound size (12,13). We incorpo-
rated computerised planimetry in our electronic patient records.
The Wound Healing Analyzing Tool (W.H.A.T.®; BAP Medi-
cal BV, Apeldoorn, the Netherlands) was developed by Wild
et al. (11) at the Medical University of Vienna, Austria. This
software calculates the wound surface area and the percentage
of the tissue type’s granulation, slough and necrosis in a wound.
The software recognises shades of red, yellow and black of
every pixel of the photo. The validity of the analyses was tested
using histological samples of chronic wounds (11). After man-
ual tracing of the wound boundary with a computer on a digital
photograph (Figure 1A), a calibration is performed using a pre-
defined square on the ruler next to the wound on the photograph.
The program recognises the printed square mark placed next to
the wound to evaluate the size of the wound (11). Subsequently,
the observer applies one of the profiles for analysis. These pro-
files are based on tissue types (granulation, slough and necrosis)
or wound type (abdominal, split-thickness skin and superficial
skin) and guide the software’s computation. As a next step, the
analysis is performed, resulting in a wound image with the cal-
culated measures of surface area (cm2) and the percentage of
tissue types (Figure 1B). Validation of size measurements was
performed by comparing the measurements with those obtained
using other methods of wound sizing (11).

Population

The wound photos were selected from a research database
where we studied wound characteristics in acute open surgical

Figure 1 A digital photograph showing calibration that is performed
using a predefined square on the ruler next to the wound on the
photograph (A). Wound image with the calculated measures of surface
area (cm2) and the percentage of tissue types (B).

and traumatic wounds. This study was approved by the Eras-
mus Medical Centre Ethics Committee (MEC-2009-346). The
database consists of 457 digital wound photographs, taken in
130 patients from the second half of 2009 until the end of 2010
using a standardised method. Out of these, the researcher qual-
itatively selected 20 photographs, which provided a large range
of wounds regarding surface area and tissue type. The inclusion

© 2014 The Authors
620 International Wound Journal © 2014 Medicalhelplines.com Inc and John Wiley & Sons Ltd



D. L. C. Landa et al. Reliability of a wound-analysing tool

Table 1 Descriptive

Patients N=20
Gender, male n (%) 13 (65)
Age* 49 (43–57)
Wound location n (%)

Limbs 12 (60)
Thorax-abdomen 7 (35)
Buttocks-genital 1 (5)
Head and neck 0

Photographs N=20
Surface area* 22⋅1 (13⋅5–58⋅3)
Granulation* 56⋅6 (22⋅0–68⋅3)
Slough* 39⋅1 (27⋅8–76⋅2)
Necrosis* 2⋅1 (0⋅5–6⋅3)
Observers N=9
Gender, male n (%) 3 (33⋅3)
Age* 51 (39⋅5–58⋅0)
Profession n (%)

Doctor 3 (33⋅3)
Nurse 6 (66⋅6)

Years of working experience* 20 (6⋅5–29⋅0)

*Values are median (interquartile range).

criteria for the pictures were differences in terms of wound type
and wound location and visual differences in size and tissue
types – granulation, slough and necrosis (Table 1).

Observers

A team of nine observers, including three specialised wound
nurses, three nurses with experience in wound care and three
plastic surgeons, were asked to analyse the 20 wound pho-
tographs individually. The observers’ experience in wound care
varied from 3 years up to 36 years, with a median of 20 years
(Table 1). The nurses’ experience in using the analysing tool
varied from daily use to once a week. The plastic surgeons
had no former experience in using this tool. All observers
received instructions before they started analysing the wound
photographs.

Measurements

The measurement outcomes of the surface area, tissue types and
profiles were recorded on a data collection form. The surface
area was presented in cm2. Tissue types were presented as a
percentage of the surface area. Both cm2 and percentage were
regarded as continuous variables. We considered the profiles as
a nominal variable.

Inter-rater reliability is the degree to which two or more indi-
viduals agree on what they observe. The inter-rater reliability
was calculated using the combined data from nine observers
and 20 wound photographs. Test–retest reliability is a test of an
instrument’s stability, assessed by repeated measurements over
time (14). The test–retest reliability was calculated using the
additional data from five observers (all nurses), who measured
the wounds twice, with an interval of 2 months.

Statistical analysis

Reliability was measured using the intraclass correlation
coefficient (ICC) with a two-way random effects model of

absolute agreement, in order to quantify the degree of agree-
ment between the measured values on a continuous scale
(surface area and tissue types) (15). To measure the agreement
between the profiles, Cohen’s kappa (𝜅) statistics was used as a
parameter of reliability for nominal scales (16,17). In addition,
we calculated the percentages of agreement. We used the scale
of agreement defined by Landis and Koch for interpretation
of the values of the ICC en 𝜅 (18). We valued 𝜅 or ICC above
0⋅80 as ‘very good’, between 0⋅80 and 0⋅60 as ‘good’, between
0⋅60 and 0⋅40 as ‘moderate’ and below 0⋅40 as ‘poor’.

Reliable changes can be defined as ‘a noticeable, appreciable
difference that is of value to the health professional, and that
exceeds variation attributable to chance’ (19–21). To assess the
measurements of this instrument for clinical practice, we used
the outcomes of the ICC two-way random effects consistency
and the SDdifference of the test–retest to calculate SEM. The SEM
approximates how repeated measurements of a person on the
same instrument tend to be distributed around the ‘true’ score.
The SEM is the SD around a single measurement (22). We
calculated the group estimate as follows:

SEM = SDdifference

√(
1 − ICCconsistency

)
.

The SEM also allows the calculation of the SDC. The SDC
is an estimate of the smallest change in the score that can be
detected objectively for a wound, that is, the amount by which
a wound’s score needs to change to make sure the change is
greater than a measurement error. The SDC is formulated as
follows:

SDC = 1.96
√

2 × SEM.

All analyses were performed using SPSS PASW version
20.0. Cohen’s 𝜅 was performed using SAS 9.2.

Results

The median of the surface area of the wounds used in this
study was 22⋅1 cm2. The median for granulation was 56⋅6%, for
slough 39⋅1% and for necrosis 2⋅1% (Table 1). The observers
chose mainly the profile for partial granulation (56⋅7%).

The ICC for inter-rater reliability was very good (0⋅99). The
statistics for granulation and slough showed good agreement
(ICC 0⋅76 and 0⋅67) while that for necrosis was poor (ICC 0⋅22)
(Table 2). For the profiles, we found a poor agreement (overall
𝜅 0⋅16, Table 3A)

We observed differences between the groups of observers
in the inter-rater assessment, particularly on tissue types. The
agreement between the three nurses with experience in wound
care and the plastic surgeons was the same for surface area
(ICC 0⋅99). Granulation and necrosis, ranging from good
for granulation (ICC 0⋅75) to poor for necrosis (ICC 0⋅06).
The agreement for the measurement of slough was good in
the assessment by the surgeons (ICC 0⋅62) and moderate
(ICC 0⋅56) in the assessment by the nurses with experience.
Among the three specialist wound nurses, there was little
variation in the assessment of surface area and tissue types
(Table 2). The ICC for surface area among these nurses was
very good (ICC 0⋅99) and that for all tissue types was good
(ICC 0⋅78–0⋅80).
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Table 2 Inter-rater reliability

Raters Surface area Granulation Slough Necrosis

Specialist nurses n=3 ICC (CI) 0⋅99 (0⋅99–1⋅0) 0⋅80 (0⋅64–0⋅91) 0⋅79 (0⋅61–0⋅90) 0⋅78 (0⋅63–0⋅91)
Experienced nurses n= 3 ICC (CI) 0⋅99 (0⋅98–1⋅0) 0⋅72 (0⋅52–0⋅87) 0⋅56 (0⋅31–0⋅77) 0⋅11 (−0⋅13–0⋅42)
Plastic surgeons n= 3 ICC (CI) 0⋅99 (0⋅99–1⋅0) 0⋅75 (0⋅54–0⋅89) 0⋅62 (0⋅38–0⋅81) 0⋅06 (−0⋅17–0⋅37)
All raters, N =9 ICC (CI) 0⋅99 (0⋅98–1⋅0) 0⋅76 (0⋅62–0⋅88) 0⋅67 (0⋅52–0⋅82) 0⋅22 (0⋅09–0⋅42)

CI, 95% confidence interval; ICC, intraclass correlation coefficient.

Table 3 (A) Inter-rater reliability profiles. (B) Test–retest reliability profiles

(A)*
Observer 1 2 3 4 5 6 7 8 9

1
2 0⋅33
3 0⋅07 0⋅54

4 0⋅12 0⋅12 0⋅26
5 0⋅09 0⋅18 0⋅18 0⋅39
6 0⋅04 0⋅06 −0⋅06 0⋅04 0⋅14
7 0⋅14 0⋅26 0⋅37 0⋅08 0⋅00 −0⋅04
8 0⋅14 0⋅32 0⋅13 0⋅45 0⋅33 0⋅19 0⋅14
9 −0⋅01 −0⋅08 0⋅05 0⋅36 0⋅46 0⋅07 −0⋅06 0⋅09

(B)
Photograph Observer 1 Observer 2 Observer 3 Observer 4 Observer 5 Agreement (%)

1 Yes Yes Yes Yes No 80
2 Yes Yes Yes Yes No 80
3 Yes No Yes Yes Yes 80
4 Yes Yes No No No 40
5 Yes Yes No Yes No 60
6 No Yes No No Yes 40
7 No Yes No No Yes 60
8 No Yes Yes Yes Yes 80
9 No No No Yes yes 40
10 Yes Yes No No Yes 60
11 No Yes No No Yes 40
12 Yes Yes Yes Yes Yes 100
13 Yes Yes No Yes No 60
14 Yes Yes Yes Yes Yes 100
15 No Yes Yes Yes Yes 80
16 No Yes Yes Yes No 60
17 Yes Yes Yes Yes No 80
18 Yes Yes Yes Yes Yes 100
19 Yes No No Yes Yes 40
20 No Yes No Yes No 40
Agreement (%) 60 85 50 75 60

*Kappa statistics, bold values indicate moderate agreement. 𝜅 value above 0⋅80, ‘very good’; between 0⋅80 and 0⋅60, ‘good’; between 0⋅60 and 0.40,
‘moderate’; below 0⋅40, ‘poor’.

The ICC results for the test–retest reliability among five
observers were very good for surface area (0⋅99), granulation
(0⋅81), and necrosis (0⋅97). Test–retest reliability for slough
was good (0⋅80). The same profile as in the test–retest was
applied in 66% of the photographs (40%–100%) (Table 3B).

The smallest SEM score was for surface area (0⋅10 cm2)
and the largest SEM score was for slough (7⋅17%) (Table 4).
The SDC for surface area was 0⋅27, meaning that a change
of 0⋅27 cm2 was detectable beyond common cause variation.
For granulation, this was 19⋅08%, for slough 19⋅87% and for
necrosis 0⋅98%.

Discussion

In this study, we evaluated the reliability and interpretabil-
ity of an instrument in the objective analysis of surface
area and tissue types in surgical and traumatic wounds.
We demonstrated that this wound-analysing tool provides
a reliable measurement of the wound surface area, mea-
sured by inter-rater agreement (ICC 0⋅99), as well as by
intra-rater agreement (ICC 0⋅99). We use this tool in daily
practice. Processing a photo takes several minutes but
provides an objective measurement that has advantages in
clinical practice as well as in research. In clinical practice,
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Table 4 Standard error of measurement and smallest detectable change

Variable
Test–retest
ICCconsistency

SDdifference

(test–retest) SEM SDC

Surface area 0⋅99 2⋅18 0⋅10 0⋅27
Granulation 0⋅81 15⋅79 6⋅88 19⋅08
Slough 0⋅80 15⋅95 7⋅17 19⋅87
Necrosis 0⋅97 2⋅07 0⋅35 0⋅98

ICC, intraclass correlation coefficient; SDC, smallest detectable change;
SEM, standard error of measurement.

it enhances communication and in research, it provides an
objective and accurate measure of the surface area. It offers a
precise calculation of the surface area (SEM 0⋅10 cm2), and a
change in surface area of 0⋅27 cm2 is detectable beyond random
variation. Compared with other techniques of surface area mea-
surement, such as ruler-based techniques and tracing the wound
edges onto a transparent gridded film, the wound analysis tool
provides a more precise measurement. Ruler-based techniques
are inconsistent and not reliable in the case of irregular or large
wounds, for they overestimate the wound area by up to 70%.
(23) Tracing the wound edges on a transparent paper and using
a metric grid to count the number of square centimetres for the
estimation of the wound surface area has shown inaccuracy as
a consequence of estimation of partial squares (24).

In this study, the inter-rater reliability measures vary for the
different tissue types. Considering the SEM, the outcomes of
the percentage granulation and slough calculated by the wound
analysis tool will be higher or lower in a wound. While using
this analysis tool, the professional must consider this measure-
ment error. The outcomes of the analysis will vary by 7% for
granulation, 7% for slough, and 1% for necrosis. Limited stud-
ies are available on the reliability of visually estimating a per-
centage range for tissue types (25). Compared with the results
of research by Mekkes and Westerhof, the differences vary from
15% to 36% in visual estimation of the percentage of wound tis-
sue types between two observers (25). The measurement error
for tissue types calculated by the wound analysis tool is lower
than the variation in visual estimation in this study, thus making
it more reliable.

In our study, the following percentage of changes (SDC)
could be detected reliably: 19% for granulation, 20% for slough
and 1% for necrosis. Only a few studies examined the decrease
and the increase in granulation, slough, and necrotic tissue
over time (25–27). In a small study, the percentage of slough
decreased 12% on day 4 and 56% on day 7 (25). In a case study,
a 50% increase in granulation was seen in 7–12 days and a 10%
decrease in necrotic tissue in 3 weeks (26). A 31% increase in
necrotic tissue in diabetic wounds in 2 weeks’ time has been
described earlier (27). From these studies, it can be concluded
that measuring a wound once a week is adequate, since the
instrument provides reliable measurements of these changes.

The inter-rater reliability of the measurement of necrosis in
our study is less reliable (ICC 0⋅22). This may be the result of
the low percentage of necrosis in the wound photos we used
in this study. We selected the wounds from our database and
the median necrosis in the wounds of these 130 patients was
2⋅1. It could also have resulted from the experience of the

observers. We observed differences in the inter-rater reliability
when necrosis was scored. Nurses with experience and surgeons
scored much lower (ICC 0⋅06) than the wound specialists (ICC
0⋅78) who used the tool on a daily basis. This might indicate
that experience in recognising necrosis from wound photos and
assessing wound photos using this tool is essential.

We observed a poor agreement in the profiles. This could
have been the result of observer preference as described in a
study of Maylor (9). In this correlational study investigating
the relationship between word preferences and assessor’s per-
sonality type, subjective types of approach to assessment could
be identified. In wounds, healing and deterioration are assessed
relative to different signs or symptoms. As the observers have
different medical backgrounds, the results of the wound analy-
sis are approached from different perspectives. From the treat-
ment perspective, the observer will focus on the worst type of
tissue in the wound, and the amount of necrosis. For wound
healing, observers will be focused on the healthiest type of tis-
sue, namely granulation. In both cases, the observer will choose
the outcome of the analysis that suits his / her point of view.
A solution to reduce the user preference and improve the poor
agreement using the profiles can be to reduce the number of
profiles for these acute wounds.

The methodological limitation of this study was the use of
a small sample size of only 20 selected wound photographs.
More wound photographs would have meant an extra burden of
time for the observers. An option could have been to enlarge the
group of observers. Another limitation was the small percent-
age of necrosis in the wounds; this mainly had an impact on the
reliability measures of necrosis. Future multicentre studies with
a larger group of observers and a larger percentage of necro-
sis in the wounds could provide a more precise outcome of the
reliability of these measurements. We tested the measurement
properties on the surface area, but not on the perimeter. Not
assessing the reliability of the perimeter measurement is a lim-
itation of our research. Since both measurements are strongly
related as they use the same manual tracing, we assume that the
measurement properties will be comparable, but this needs fur-
ther research. We did not use the tool on curved surfaces in this
study. This is a limitation of digital imaging planimetry (28).

We conclude that measuring wound surface area and tissue
types by means of digital photo analysis is a reliable and appli-
cable method for monitoring wound healing in acute wounds in
daily practice as well as in research.
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