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a b s t r a c t

Purpose: Reliable and valid assessment of burn wound depth or healing potential is essential

to treatment decision-making, to provide a prognosis, and to compare studies evaluating

different treatment modalities. The aim of this review was to critically appraise, compare and

summarize the quality of relevant measurement properties of techniques that aim to assess

burn wound depth or healing potential.

Methods: A systematic literature search was performed using PubMed, EMBASE and Cochrane

Library. Two reviewers independently evaluated the methodological quality of included

articles using an adapted version of the Consensus-based Standards for the selection of

health Measurement INstruments (COSMIN) checklist. A synthesis of evidence was

performed to rate the measurement properties for each technique and to draw an overall

conclusion on quality of the techniques.

Results: Thirty-six articles were included, evaluating various techniques, classified as (1) laser

Doppler techniques; (2) thermography or thermal imaging; (3) other measurement

techniques. Strong evidence was found for adequate construct validity of laser Doppler

imaging (LDI). Moderate evidence was found for adequate construct validity of thermogra-

phy, videomicroscopy, and spatial frequency domain imaging (SFDI). Only two studies
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reported on the measurement property reliability. Furthermore, considerable variation was

observed among comparator instruments.

Conclusions: Considering the evidence available, it appears that LDI is currently the most

favorable technique; thereby assessing burn wound healing potential. Additional research is

needed into thermography, videomicroscopy, and SFDI to evaluate their full potential. Future

studies should focus on reliability and measurement error, and provide a precise description

of which construct is aimed to measure.

© 2018 Elsevier Ltd and ISBI. All rights reserved.
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1. Introduction

Burn wounds are heterogeneous and continuously subject to
change, which makes it difficult to determine the severity [1–3].
Nevertheless, reliable and valid assessment of burn wound
severity is fundamental to clinical decision-making. For
example considering timing of surgery and choosing the right
treatment protocol. In addition, adequate diagnosis may
shorten the time to appropriate treatment, which is obviously
beneficial for patients. A superficial burn wound will heal
spontaneously whereas severe or deep wounds require
surgery in the form of skin grafting. Most challenging are
burn wounds where the diagnosis is indeterminate from a
clinical perspective. Furthermore, in research, it is essential to
be able to compare studies evaluating different treatment
modalities in relation to the initial severity of a burn wound.

Worldwide, clinical evaluation of burn wound severity is
the most frequently used method as it is readily available [4,5].
This method is based on visual and tactile inspection of wound
characteristics such as appearance, capillary refill and
sensibility, and usually expressed as burn wound depth [6–8].
However, the validity of clinical evaluation is limited [4,5]. This
is likely due to the fact that it is extremely difficult to assess the
extent of tissue damage by only inspection of the surface,
especially during the first days post-burn. Moreover, the

reliability of this method is moderate due to the inconsistency
in ratings of different clinicians [1,4,7,9]. Another method that
can be used to assess burn wound depth is histological analysis
of punch biopsies obtained from the burn wound. However,
this method comprises disadvantages such as a lack of
standardized histological interpretation [10,11], high rates of
sampling error due to heterogeneity within the burn wound,
biopsy site morbidity, and inter-observer variation between
pathologists [12–14].

In addition to burn wound depth, other constructs are
assessed to inform optimal clinical decision-making, such as
blood flow, temperature, oxygen saturation, or melanin
content [15–17]. The remaining blood flow after burn injury,
as measured by laser Doppler imaging (LDI) [18,19], is also
expressed as ‘healing potential’, which is the expected time to
heal of the burn wound in days [5]. Although blood flow within
a burn wound seems related to the depth of the burn wound
[2,20], the precise relation remains unclear. Therefore, healing
potential is not a direct measure of burn wound depth by itself
[21]. It rather represents a predictive variable, which can
potentially help clinical decision-making. Accordingly, differ-
ent burn wound constructs can be acknowledged, among
which burn wound depth and burn wound healing potential
are the most frequently used.

To enable the use of adequate outcome measurement
techniques in the future, it is important to perform research in

262 b u r n s 4 5 ( 2 0 1 9 ) 2 6 1 – 2 8 1



which the measurement properties (i.e. quality) of techniques
are evaluated, as it provides information on whether the
measurement technique, and thus the scores produced by the
technique, can be trusted. Although other systematic reviews
were performed previously, these reviews did not evaluate the
methodological quality of included studies and/or did not
concentrate on the technique’s measurement properties [6,22–
24]. Therefore, the objective of this review was to critically
appraise the relevant measurement properties of techniques
that aim to assess burn wound depth or healing potential, and
to provide a summary and best evidence synthesis on the
measurement properties of each technique. Ultimately, we
aimed to provide a recommendation on the most suitable
technique for burn wound depth or healing potential.

2. Material and methods

2.1. Search strategy

A systematic literature search was performed using PubMed,
EMBASE and Cochrane Library, supervised by a librarian of the
VU University Medical Center. The search was reported
according to the PRISMA guidelines [25]. Search terms on
burn wounds were combined with assessment-related search
terms (i.e. imaging, measuring, and monitoring), and with
different aspects to be measured (i.e. depth, healing potential,
blood flow, and perfusion). The full search strategy per
database can be found in Supplementary Appendix A.

2.2. Selection of studies

Inclusion and exclusion criteria are described in Table 1. MJ
and LvH independently performed title, abstract, and full text
screening to select eligible articles. Reviewer disagreements
were identified using the web-based software platform
Covidence (www.covidence.org). Disagreements were re-
solved through discussion, and if necessary, a third reviewer
(LM) was involved to reach consensus. Subsequently, refer-
ence lists of the selected articles were searched for additional
studies.

2.3. Assessment of methodological quality of studies

To assess whether results obtained from the included studies
can be trusted, the methodological quality of the studies was
assessed using the COnsensus-based Standards for the
selection of health Measurement INstruments (COSMIN)
checklist.[26,27] However, adaptations were needed because

the COSMIN checklist was originally developed for use in
studies on the quality of patient-reported outcome measures
(PROMS) (Supplementary Appendix B). Adaptations com-
prised, for example, adding standards about whether the
environment was stable when evaluating the reliability in an
inter-observer reliability study, or removing items that were
not relevant or applicable, such as ‘were the administrations
independent?’ and ‘was the time interval appropriate?’ as
static images were often evaluated. Items on sample size
requirement were assessed to provide general information,
but not taken into account when drawing conclusions.

For each study on a measurement property, a set of
standards about design requirements and preferred statistical
methods was scored on a 4-point scoring scale, using the
‘worst score counts’ principle to determine the methodological
quality [28].

In this review, we were particularly interested in the
reliability, measurement error, and construct validity of the
techniques. As we did not expect to find any studies on the
measurement properties structural validity, content validity
and internal consistency, these measurement properties were
not assessed in this review, but studies will be described when
found. Moreover, there are no guidelines available on how to
evaluate content validity for clinician-reported outcome
measures. In addition, since no criterion (i.e. gold standard)
exists in burn wound assessment, criterion validity is not
relevant. Indeed, clinical evaluation and histology are often
assigned as criterion; however, these methods are associated
with moderate validity and therefore not considered as an
appropriate gold standard. Cross-cultural validity was not
applicable as it concerns translation of the items of a PROM.
Responsiveness was omitted as it detects change over time in
the construct to be measured, whereas assessment of burn
wound depth or healing potential is regularly performed for
diagnostic purposes at one time point.

MJ and LvH independently scored the methodological
quality of the included studies. Disagreement was resolved
through discussion or with involvement of a third reviewer
(LM). We used the COSMIN taxonomy to decide which
measurement property was evaluated in a study [29]. When
a single article comprised multiple studies, each study was
assessed and rated separately.

2.4. Data extraction

From all included articles, data were directly extracted into
Excel tables concerning: (1) general characteristics of the study
and its population (i.e. animal/human study, number of burns,
year, and country); (2) general characteristics of the

Table 1 – Inclusion and exclusion criteria.

Inclusion criteria 1. Full text articles published before July 2016 in English or Dutch;
2. The aim of the study was to evaluate one or more measurement properties of a measurement

technique (a ‘tool’) for the assessment of burn wound depth or healing potential;
3. The study population consisted of humans (of all ages) or animals

Exclusion criteria 1. The aim of the study was to evaluate clinical evaluation and/or histology as measurement technique (no
‘tool’ is used), and/or photographic assessment (concerning a derivative of clinical evaluation);

2. Studies that focused on burn scars

b u r n s 4 5 ( 2 0 1 9 ) 2 6 1 – 2 8 1 263

http://www.covidence.org


measurement techniques; and (3) results of the evaluated
measurement properties.

2.5. Assessment of the quality of measurement properties

For each study, MJ evaluated the quality of the measurement
properties using predefined criteria as presented in Table 2.
These criteria were adapted from the proposed criteria for
good measurement properties by Prinsen et al. [30]. The
possible ratings for a measurement property were adequate
(+), indeterminate (?), or inadequate (�).

To evaluate hypotheses testing for construct validity, hypoth-
eses need to be formulated a priori. Since many authors failed to
formulate hypotheses a priori, we defined hypotheses about
expectedresults between the measurementtool under study and
comparator instrument that are frequently used in burn wound
assessment (i.e. clinical evaluation, histological analysis, ob-
served healing, and healing potential as measured by LDI):

� The correlation between the measurement tool and the
comparator instrument is >0.7

� The specificity of the measurement tool for distinguishing
a deep burn wound (no healing) from a superficial burn
wound is 70%

� The positive predictive value (PPV) of the measurement tool
is 70%

� The area under the curve (AUC) for distinguishing deep
burn wounds (no healing) from superficial burn wounds
(spontaneous healing) is >0.7

The more hypotheses are being tested on a specific
measurement technique, the more evidence is gathered. It
is considered here that high specificity and PPV are deemed
more important than sensitivity and negative predictive value
(NPV), as it is essential to avoid burn wounds that are falsely
classified as needing surgery (i.e. burn wounds that can heal
spontaneously but classified as a deep burn wound).

2.6. Synthesis of evidence

Finally, a best evidence synthesis was performed, taking into
account the: (1) consistency of results between studies; (2)
methodological quality of the studies; and (3) quality of the
measurement properties. The overall quality of a measure-
ment property for each technique was displayed as either:
strong, moderate, limited, conflicting, or unknown level of
evidence (Table 3).

3. Results

3.1. Search

A total of 1664 unique articles were identified with the
literature search (see Fig. 1), resulting in 36 articles fulfilling
the inclusion criteria, presenting 42 studies (32 human and
10 animal studies). Fourteen measurement techniques were
distinguished, classified as (1) laser Doppler techniques; (2)

Table 2 – Quality criteria for acceptable results of studies on measurement properties.

Measurement
property

Definition Adequate (+) Indeterminate (?) Inadequate (�)

Reliability The proportion of the total variance in the
measurements, which is due to ‘true’
differences between patients

ICC or Kappa�0.7 ICC or Kappa not
reported

Criteria for ‘+’ not met

Measurement error The systematic and random error of a
score that is not attributed to true changes
in the construct to be measured

SEM or LoA<clinically
acceptable values

SEM or LoA not defined Criteria for ‘+’ not met

Construct validity The extent to which a particular tool
relates to other outcome measures in a
manner that is consistent with theoreti-
cally derived hypotheses

At least 75% of the re-
sults are in accordance
with the predefined
hypotheses

Only accuracy or differ-
ences between relevant
groups reported

Criteria for ‘+’ not met

Definitions are in accordance with the COSMIN study [29]. ICC=intraclass correlation coefficient; SEM=standard error of measurement;
LoA=limits of agreement.

Table 3 – Levels of evidence for the overall quality of a measurement property.

Level Criteria

Strong Consistent findings (adequate or inadequate) in multiple studies of ‘good’ methodological quality OR in
one study of ‘excellent’ methodological quality

Moderate Consistent findings (adequate or inadequate) in multiple studies of ‘fair’ methodological quality OR in
one study of ‘good’ methodological quality

Limited Findings (adequate or inadequate) in one study of ‘fair’ methodological quality

Conflicting Conflicting findings between studies

Unknown Only studies of ‘poor’ methodological quality or only indeterminate findings
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thermography or thermal imaging; (3) other measurement
techniques. Table 4 shows the included measurement
techniques and their characteristics.

3.2. Quality of studies and measurement properties

Details about the methodological quality of included studies
and the results on the measurement properties reliability and
construct validity are summarized in Tables 5 and 6,
respectively. Most studies evaluated construct validity,
whereas only two studies investigated the reliability of the
measurement technique under study [31,32]. None of the
included studies focused on the measurement error. In
addition, no studies were found on structural validity, content
validity, or internal consistency.

3.3. Synthesis of evidence

Tables 5 and 6 also present the conclusion about the overall
quality of respectively the reliability and construct validity, per
measurement technique, expressed as the level of evidence.

3.3.1. Reliability
Studies that investigated reliability comprised videomicrosopy
and dermoscopy as measurement techniques. Both studies
evaluated the reliability of the interpretation phase, rather than
the reliability of the whole measurement process. We found the
quality of the results for the intra- and inter-observer reliability
of videomicroscopy conflicting, and thus the level of evidence

for this measurement technique was conflicting. For dermo-
scopy, limited evidence was found for inadequate results.

3.3.2. Hypotheses testing for construct validity
Construct validity was evaluated in 42 studies. In category (1)
laser Doppler techniques, 18 studies were performed; evalu-
ating laser Doppler flowmetry in the earlier years and, more
recently, laser Doppler imaging (LDI). Almost all studies on
laser Doppler compared the results to the observed healing
time. The most frequently used cut-off point for observed
healing was 21 days post-burn, but 14 days post-burn and
12 days post-burn (in children) were also applied. Strong
evidence was found for adequate construct validity of LDI.

In category (2) thermography, six studies were performed,
evaluating static, active, and active-dynamic thermal imaging.
One human study compared thermography to LDI [17].
Another human study compared the results to observed
healing in combination with histology (for excised burns),
however, no description on the histology results was found
[33]. The remaining four studies performed experiments in
pigs and used observed healing and/or histology as compara-
tor instrument [16,34–36]. Moderate evidence was found for
adequate construct validity of thermography.

Regarding category (3) other measurement techniques, a
variety of techniques were evaluated. Many studies in this
category performed animal experiments, using rats, mice or
pigs, thereby obtaining histological analyses without difficulty
[32,37–42]. Ten human studies were performed: three on
videomicroscopy [31,43,44], two on spectrophotometry

Fig. 1 – Flowchart of literature search and study selection.
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Table 4 – Characteristics of included measurement techniques.

Measurement
technique

Outcome Mechanism Completion
time

Invasiveness Interpretation/score
calculation

(Dis)advantages References

Category 1 laser Doppler techniques

Laser Doppler
flowmetry

Perfusion units 780nm light penetrates the
burn wound and scatters back
in different wavelengths, based
on the velocity of erythrocytes

30s Skin contact Analysis of perfusion units
through color coded scale

� Only single point
measurements

[56,63,64]

Laser Doppler
imaging (LDI)

Perfusion units 640 or 670nm light penetrates
the burn wound and scatters
back in different wavelengths,
based on the velocity of
erythrocytes

4s–7min No skin contact Analysis of arbitrary perfusion
units through color coded scales
over a larger surface area than
laser Doppler flowmetry

� Long measurement
times

� High cost
� Various PU scales and

cut-off values among
different laser Doppler
devices

� Sensitive to patient
movements

[17,48–50,55]
0.3–0.7m from burned
surface

Category 2 Thermography or Thermal imaging

Thermography Temperature Infrared light captures the
emission of infrared radiation
expressed by tissue, which
correlates with the remaining
perfusion and/or loss of cellular
metabolism in the necrotic
tissue

Static:
immediate

No skin contact Temperature difference (ΔT),
determined by subtracting the
burn wound temperature from the
termperature of adjacent or
contralateral healthy tissue

� Moderate feasibility in
dynamic
thermography due to
cold/warmchallengeand
requirement for multiple
measurements

� Large surfaces can be
measured

� Fast method

[16,17,34–36]

Dynamic:
several
minutes

0.5–0.7m from burned
surface

Static: infrared signals are
converted into an image with its
respective colors and temperature
Dynamic: infrared signals are
measuredafterwarmingorcooling
the tissue with an external source

Category 3 Other measurement techniques

Photoacoustic
imaging (PAI)

Chromophores Chromophores (bloodandblood
vessels) underneath the burned
tissue are selectively excited by
light pulses (532nm fiber laser)
and emit thermoelastic waves
through adiabatic expansion

Real time: 8–
30 frames per
second

Skin contact: transducer
placed on the tissue
surface (burn wound or
healthy skin)

The propagation times and
amplitudes of the waves give
information on respectively the
depth and density of
chromophores

� Complex analysis [42]

Spectrophotometric
intracutaneous
analysis (SIA)

Chromophores Reflection or transmission of
back reflected light from 400 to
1000nm to obtain calculated
maps of chromophores
(hemoglobin and melanin)

Immediate No skin contact Software converts raw image data
into three visible images: high
quality photograph, map of
perfusion (hemoglobin content)
and of pigment (melanin content)
that require qualitative
interpretation

� Low cost
� Easy to use
� Difficult interpretation of

images

[17]
30–50cm from burned
surface
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Table 4 (continued)

Measurement
technique

Outcome Mechanism Completion
time

Invasiveness Interpretation/score
calculation

(Dis)advantages References

Dermoscopy Presence of
microcirculation

Visualization of colors and
microstructures of superficial
tissue using non-polarized and
polarized light, obtained by
magnification

Immediate Skin contact (through
plastic sheet) using a
handheld dermoscope

Subjective evaluation of the
presence or absence of
dermoscopic features, which can
bedescribedusingagradedsystem
of capillary integrity

� Qualitative analysis:
subject to observer
interpretation

� Polarized dermoscopy
enables observation of a
deeper layer

[32]

Near-infrared
spectroscopy (NIRS)

� Oxygen
saturation

� Hemoglobin
content

� Water content

Tissue is illuminated by
near-infrared rays of three
wavelengths: 735, 810, 850nm,
and reflectance is collected by
fiber optic probes, providing
information on the structural
and chemical components of
tissue

16–60s Skin contact (through
plastic sheet)

Regional tissue oxygen saturation
(rSO2) (burn wound rSO2/normal
site rSO2) as indicator of burn
wound depth

� Fast technique [15]

Videomicroscopy Presence of
microcirculation

Visualization of dermal
capillaries by images obtained
in the visible light spectrum
using a fiber-optic light source
and a magnification lens

Immediate Skin contact (through
plastic sheet)

Subjective evaluation of the
presence or absence of
videomicroscopic features, which
can be described using a graded
system of capillary integrity

� Qualitative analysis:
subject to observer
interpretation

[31,44]

Reflectance
spectrometry

Range of spectra
expressing
different
chromophores

Reflection or transmission of
back reflected light from 400 to
1100nm to obtain calculated
maps of chromophores
(hemoglobin and melanin)

? No skin contact Collected spectra are analyzed by
the computer using an artificial
neural network system to predict
the healing time

� Complex analysis
� Sensitive to background

light and probe distance
� Only single point

measurements

[45]
1cm from burn wound

Ultrasonography Skin thickness Ultrasonographicwaves (5MHz)
are transmitted, which
correlate with blood flow
underneath the burn wound

Immediate No skin contact Waves are recorded as individual
A-lines, transformed into an image
by means of computer processing,
which is interpretedbyanobserver

� Subjective analysis
� Low cost

[46]
2.5cm from burn wound

Spectroscopic
optical coherence
tomography (OCT)

Tissue scattering
spectra

Spectral-domain OCT system
with a central wavelength of
850nm captures light scattered
back from tissue

? ? Processing the OCT signal/raw
spectral data by short time fourier
transform (STFT) or dual window
(DW) method, classifying the
tissue as burned or healthy using
parameters derived from a
power-law or logistic regression
classification model

� Complex analysis
� Only single point

measurements

[39,41]

Dual imaging:
Optical coherence
tomography

Skin thickness Light scattered back from tissue
is captured to construct a high
resolution image

? Skin contact The estimated skin thickness is
computed from vertical OCT
images (i.e. B-scans)

� Penetration depth
<1.2 mm

� Complex analysis
� Sensitive to patient

movements

[40]

Pulse speckle
imaging (PSI)

Perfusion units PSI captures the fluctuation in
speckle pattern, corresponding

Seconds No skin contact Comparison of mean perfusion
values

� Large surfaces illumi-
nated at once

(continued on next page)
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Table 4 (continued)

Measurement
technique

Outcome Mechanism Completion
time

Invasiveness Interpretation/score
calculation

(Dis)advantages References

to moving blood cells when
illuminated by 785nm laser
light

� Several frames per
second

Spatial frequency
domain imaging
(SFDI)

Structural and
functional
parameters

LEDs at 10 wavelengths (400–
850nm) projected off of a spatial
light modulator, collected with
a near-infrared camera

5ms integra-
tion times

No skin contact Quantitative spatialmaps of tissue
optical properties and biochemical
composition such as tissue chro-
mophores (total hemoglobin and
oxygen saturation)

� Capable at each wave-
length

� Relatively large surfaces
can be measured
(30�20cm2)

[38]

Fiber-optic confocal
imaging (FOCI)

Thickness Detection of burn-associated
autofluorescence (due to dena-
tured collagen), which is laser-
induced (excitation: 488nm,
detection: >505nm)

? Skin contact Thickness of the burn-associated
autofluorescent layer estimated
from the distance between the
most superficial and deepest de-
tectable fluorescent XY images

� Multiple factors con-
found interpretation of
data

� Only single point
measurements

[37]

Multispectral
imaging

Tissue absorp-
tion spectra

Reflectance of red/green/ near-
infrared light using an optical
probeandelectronic control box

? No skin contact Data are readdirectly of thedials of
the device and can be plotted in a
grid to characterize the burn
wound

� Sensitive to reflection
from the skin

[8,47]

PU: perfusion units. ?: no information available.
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[17,45],one on dermoscopy [32], one on near-infrared spectros-
copy [15], oneonultrasonography[46], andtwoonmultispectral
imaging [8,47]. In this category, the outcomes of the measure-
ment techniques were mainly compared to observed healing
and in two studies to LDI. Moderate evidence was found for
adequate construct validity of videomicroscopy and spatial
frequency domain imaging (SFDI). Limited evidence was found
for adequate construct validity of dermoscopy, near-infrared
spectroscopy (NIRS), reflectance spectrometry, and dual imag-
ing (pulse-speckle imaging (PSI) and optical coherence tomog-
raphy (OCT)). Unknown evidence was found for fiber-optic
confocal imaging (FOCI), multispectral imaging, spectroscopic
OCT, ultrasonography, spectrophotometric intracutaneous
analysis (SIA), and photoacoustic imaging (PAI).

Furthermore, we found one explanatory article on LDI [48].
The article by Pape et al. is not described in Tables 5 or 6 as it did
not provide information on the measurement properties
reliability, measurement error or construct validity. Therefore,
the article is not evaluated in the same way as the other
included articles. Nevertheless, the study appeared in our
systematic search and provides important information on the
LDI color palette, based on healing times of a series of burn
wounds in adults and children. The color palette considers the
following boundaries: healing within 14 days is red (PU>600),
healing between 14 and 21 days is yellow (PU 261-440), and
healing beyond 21 days is blue (PU<200). The intermediate
categories are formed by pink (PU 440-600); healing at about
14 days, and green (PU 201-260); healing at about 21 days. The
category blue is further subdivided into dark blue (PU 0-140) for
burn wounds that have 96% probability for no healing by day
21, and light blue (PU 141-200) with 74.4% probability for no
healing by day 21. Monstrey et al. subsequently validated the
color palette [49], showing an overall accuracy of 96.3%.

4. Discussion

The purpose of this review was to critically appraise, compare
and summarize the quality of techniques that aim to assess
burn wound depth or healing potential. Ultimately, we aimed

to provide a recommendation on the most suitable technique.
If only high quality outcome measurement techniques will be
used in the future, the quality of clinical studies using these
techniques will consequently improve. To our knowledge, this
is the first systematic review on techniques for burn wound
assessment that took the methodological quality of included
studies into account.

Strong evidence was found for adequate results on
construct validity for LDI. Therefore, LDI seems the most
favorable measurement technique for burn wound assess-
ment, thereby determining burn wound healing potential. The
methodological quality of studies that investigated construct
validity of LDI varied considerably; nevertheless, four studies
were scored as ‘good’ and one as ‘excellent’, in which adequate
descriptions of the comparator instrument (e.g. observed
healing), including its measurement properties, were given,
and appropriate statistical analyses were used. The compara-
bility of study results in the laser Doppler category is
challenging, as diverse tools were evaluated, using differing
cut-off perfusion values. Ten studies used the LDI Burn Imager
[2,17,44,49–52] or Laser Doppler Line Scanner (LDLS) [53,54],
both from Moor Instruments, Axminster, United Kingdom.
Furthermore, other laser Doppler tools were evaluated such as
the Periscan PIM 3 [55] or PF 4001 [56] (Perimed AB, Stockholm,
Sweden). These systems maintain other perfusion cut-off
values compared to the Moor systems to determine whether a
burn wound will heal. Nevertheless, the results of all LDI tools,
developed by different companies, showed consistent high
sensitivity and specificity values (varying between 74% and
100%), if the scan was performed >48h post-burn. For the
purpose of clarity and because of these consistent results, we
decided to present one level of evidence for LDI as technique,
rather than for every LDI tool separately. Nevertheless, the
evidence per measurement tool can be obtained from Table 6.
Furthermore, we found one explanatory article on LDI [48]. To
pursue uniformity, we recommend using the color palette of
Pape et al. to make predictions about the healing potential of
burn wounds assessed by LDI. One of the advantages of LDI is
that the technique has been developed in such a way that a
largepart of the analysis and image interpretation is

Table 5 – Reliability: methodological quality, quality of results and overall level of evidence per measurement technique.

Measurement
technique: tool

First author
country,
year

N COSMIN
methodological

quality

Time interval Results Quality of
results
(rating)

Videomicroscopy:
Bscan-pro [31]

Mihara
Japan, 2012

44 pt
56 bw

FAIR Analyses were performed
retrospectively on a single
measurement/photo (inter-
pretation phase)

Intra-observer (unweighted)
k: 0.72, 0.73
Inter-observer (unweighted)
k: 0.64

+

�

Level of evidence videomicroscopy: UNKNOWN

Dermoscopy: Ondeko
Dermoscope Epilite x8
[32]

Mihara
Japan, 2015

30bw FAIR Analyses were performed
retrospectively on a single
measurement/photo (inter-
pretation phase)

Inter-observer (unweighted)
k: 0.39, 0.40, 0.25

�

Level of evidence dermoscopy: LIMITED for inadequate results

pt=patients; bw=burn wounds; NA=not assessed; ICC=intraclass correlation coefficient; SEM=standard error of measurement; LoA=limits of
agreement.
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Table 6 – Construct validity: methodological quality, quality of results and overall level of evidence per measurement technique.

Measurement
technique: tool

First author
country, year

N COSMIN
methodological

quality

Comparator instrument (i.e.
LDI, observed healing,
histology or clinical

evaluation)

Results Quality of
results (rating)

Comments

Category 1 laser Doppler techniques

LDI:moorLDI2-BI [17] Burke-Smith
UK, 2015

18pt
24bw

GOOD Observed healing
Group A: healing <14 days
Group B: healing 15–21days
Group C: healing >21 days

Accuracy 74% (17/23 burn areas)
Group A vs. Group B: p<0.001
Group B vs. Group C: p>0.05

? Reference for measure-
ment property of ob-
served healing

LDLS: moorLDLS-BI
[53]

Hoeksema
Belgium, 2014

204pt (adults
and children)
321bw

FAIR Observed healing Sens 91.9%, Spec 96%, PPV
91.9%,NPV 96%,Accuracy 94.2%

+ Scarce information on
observed healing

198 sites EXCELLENT LDI: moorLDI2-BI Sens 92.3%, Spec 96.1, PPV 92.3,
NPV 96.1%, Accuracy 94.4%

+

Correlation between LDLS and
LDI: R2=0.9095 (N=77bw)

+

LDLS: moorLDLS-BI
[54]

Holland
Australia, 2014

49pt (children)
59bw
90 scans

FAIR Observed healing <14, 14–21
days (or surgery), >21 days

<14 days: Sens 98%, Spec 79%,
Accuracy 96%

+ Scarce information on
observed healing

14–21 days: Sens 70%, Spec 95%,
Accuracy 94%

+

>21 days: Sens 92%, Spec 97%,
Accuracy 95%

+

LDI: moorLDI2-BI <14 days: Sens 97%, Spec 72%,
Accuracy 95%

+

14–21 days: Sens 71%, Spec 96%,
Accuracy 94%

+

>21 days: Sens 70%, Spec 100%,
Accuracy 95%

+

LDI: moor LDI
imagers [49]

Monstrey
Belgium, UK,
USA, 2011

433bw FAIR Observed healing <14, 14–21 or
>21 days

Sens 94.5%, Spec 97.2%, PPV
94.5%, NPV 97.2%, Accuracy
96.3%

+ Scarce information on
observed healing

Only parameter that influences
the accuracy is gender: 1.1%

Laser Doppler
flowmetry: O2C [20]

Merz
Germany, 2010

28pt
173bw

FAIR Observed healing <1, <2 or
<3 weeks, or surgery

Sens 80.6%, Spec 88.2%, PPV
93.1%, NPV 69.8%, Accuracy
83.2%, AUC 0.94 (N=101bw)

+ Cut-off value: flow of 100
arbitrary units
Scarce information on
observed healing

LDI:moorLDI2-BI [50] Nguyen 924pt FAIR Observed healing <21 or
>21 days

>48h post-burn: Sens 76.2%,
Spec 80.8%, AUC 0.81

+ Scarce information on
observed healing and
LDI interpretationAustralia, 2010 638bw <48h post-burn: Sens 78%, Spec

74%, AUC 0.78
+
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Table 6 (continued)

Measurement
technique: tool

First author
country, year

N COSMIN
methodological

quality

Comparator instrument (i.e.
LDI, observed healing,
histology or clinical

evaluation)

Results Quality of
results (rating)

Comments

LDI: Periscan PIM III
[55]

Cho
Republic of Ko-
rea, 2009

103pt (<15 years)
181bw

GOOD Observed healing <14 or >14
days (only conservatively
treated bw were included)

Sens 80.6%, Spec 76.9%, AUC
0.84

+ Cut-off value LDI: 250
perfusion units
Two observers assessed
observed healing

LDI: moorLDI2-BI [2] Hoeksema
Belgium, 2009

40pt
40bw

GOOD Observed healing <21 or >21
days (biopsy of surgically
treated wounds <21 days)

Accuracy (%): Cut-off value LDI: <220
perfusion units to pre-
dict non-healing at day
21

Day 0: 54 ?
Day 1: 79.5 ?
Day 3: 95 ?
Day 5: 97 ?
Day 8: 100 ?
PPV, NPV (%):
Day 0: 42.9, 64.7 � Two observers assessed

observed healingDay 1: 66.7, 90.5 �
Day 3: 87.5, 100 +
Day 5: 100, 95.7 +
Day 8: 100, 100 +

No information on his-
tological analysis

LDI: Moor LDI
scanner [44]

McGill
UK, 2007

20pt
27bw

FAIR Observed healing <21 or >21
days, or surgery

Inversed correlation Kendall’s
Tau r=�0.697 (p<0.001)

� Scarce information on
observed healing

LDI:Moor LDI version
2 [51]

La Hei
Australia, 2006

31pt
50 scans

FAIR Observed healing <14 or >14
days

Sens 97%, Spec 100% + Adequate information
on healing, but mea-
surement properties
unknown

LDI: Moor LDI-VR [62] Jeng
USA & UK, 2003

23pt POOR Histology Accuracy 100% (7/7 wounds) ? No information on his-
tology and methodolog-
ical flaws on LDI
interpretation

41bw Clinical evaluation LDI and surgeon agreed in 56%
of cases, p=0.013

Laser Doppler
Flowmeter: PF 4001
[56]

Mileski
USA, 2003

51pt
153bw

POOR Observed healing <21 days or
>21 days/surgery

Day 0: Sens 94%, Spec 54%, PPV
62%, NPV 92%

� Cut-off value: <80 per-
fusion units

Day 1: Sens 94%, Spec 51%, PPV
60%, NPV 91%

�

Day 2: Sens 91%, Spec 66%, PPV
76%, NPV 86%

+ Statistical flaws

(continued on next page)
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Table 6 (continued)

Measurement
technique: tool

First author
country, year

N COSMIN
methodological

quality

Comparator instrument (i.e.
LDI, observed healing,
histology or clinical

evaluation)

Results Quality of
results (rating)

Comments

Day 3: Sens 85%, Spec 78%, PPV
76%, NPV 86%

+

Serialmeasurements: Sens80%,
Spec 88%, PPV 81%, NPV 84%

+

*Day 0: Sens 63%, Spec 81%, PPV
86%, NPV 54%

+ *Calculated by Table 3 of
the original study

*Day 1: Sens 63%, Spec 87%, PPV
92%, NPV 51%

+

*Day 2: Sens 66%, Spec 84%, PPV
84%, NPV 66%

+

*Day 3: Sens 77%, Spec 81%, PPV
81%, NPV 78%

+

*Serial measurements: Sens
81%, Spec 77%, PPV 67%, NPV
88%

+

LDI: PIM II [65] Riordan
USA, 2003

22pt
35bw

GOOD Histology: hematoxylin and
eosin, and vimentin staining

Sens 95%, Spec 94% + Adequate information
on histological analysis
including referenceCorrelation between LDPI and

burn depth (mm): r=�0.84
(p<0.01)

LDI: Moor LDI system
[52]

Holland
Australia, 2002

57pt (children)
57bw

FAIR Observed healing <12 or >12
days

Sens 90%, Spec 96% + Scarce information on
observed healing

PPV 96%, NPV 90% + Calculated by Table 3 of
the original study

Laser Doppler:
Periflux 4000 [60]

Yeong
Taiwan, 1996

152bw FAIR Observed healing <14 days or
>14 days/surgery

Accuracy 94%, Sens 97%, Spec
92%

+ Adequate information
on observed healing, but
measurement proper-
ties unknown

Laser Doppler
Flowmeter [63]

Atiles
USA, 1995

22pt
57bw

FAIR Observed healing <21 or >21
days

At day 2 post-burn as indicative
for healing >21 days: Sens 88%,
Spec 100%, PPV 100%, NPV 92%

+ Cut-off value: <40 per-
fusion units
Scarce information on
observed healing

Laser Doppler
Flowmeter [64]

Atiles
USA, 1995

21pt
86bw

FAIR Observed healing <21 or >21
days

At day 3 post-burn as indicative
for healing >21 days: Sens 46%,
Spec 100%, PPV 100%, NPV 85%

+ Cut-off value: <40 per-
fusion units
Scarce information on
observed healing
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Table 6 (continued)

Measurement
technique: tool

First author
country, year

N COSMIN
methodological

quality

Comparator instrument (i.e.
LDI, observed healing,
histology or clinical

evaluation)

Results Quality of
results (rating)

Comments

Level of evidence LDI: STRONG for adequate results

Category 2 thermography or thermal imaging

Infrared
thermography (IRT):
FLIR E60 [17]

Burke-Smith
UK, 2015

18pt
24 burn regions

GOOD LDI Correlation between IRT and
LDI: R=0.73
Group A vs. Group B: p<0.01
Group B vs. Group C: p>0.05

+ Adequate information
on LDI

Group A: healing <14 days
Group B: healing 15–21days
Group C: healing >21 days

Thermography: FLIR
T300 [33]

Singer
USA, 2015

24pt
39bw

FAIR Observed healing �21 or
>21 days, and histology (he-
matoxylin and eosin staining)
for excised burns

Sens 87%, Spec 87.5%, PPV
90.9%, NPV 82.4%, Accuracy
87.2%, AUC 0.83 (95% CI 0.69–
0.97)
Optimal cut-off point 0.1 �C,
which was rounded to 0�C

+ No report of histology
results, scarce informa-
tion on observed healing

Sens (14/16) 87.5%, Spec (20/23)
87%, PPV (14/17) 82.4%, NPV (20/
22) 90.9%, Accuracy (34/39)
87.2%

+ *Calculated by Table 1 of
the original study

Active dynamic
thermography [35]

Renkielska
Poland, 2014

? pigs
65bw

POOR Histology: <60% or >60% of
dermis thickness

<60%: time constant=49.1
�23.0s
>60%: time constant=86.3
�32.3s
Difference p<0.05

? Results are in contrast
with article from 2006

Accuracy 83.9%, Sens 77.8%,
Spec 89.7% (not clear whether
these results are based on
comparison with histology or
healing)

+

Thermal infrared
imaging: AGEMA
THV-900 SW/TE [36]

Ruminksy
Poland, 2007

3 pigs
23bw

FAIR Histology: percentage of dermis
thickness at the measurement
site (dtms); <60% (will heal) or
>60% (will not heal in 3 weeks)

Static imaging: AUC 0.94, Sens
80%, Spec 100% (p<0.001 AN-
OVA)
Active imaging: AUC 0.75
(p=0.07 ANOVA)
Active-dynamic imaging: AUC
1.0 (p=0.003 ANOVA)

+

+

+

Statistical flaws

(continued on next page)
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Table 6 (continued)

Measurement
technique: tool

First author
country, year

N COSMIN
methodological

quality

Comparator instrument (i.e.
LDI, observed healing,
histology or clinical

evaluation)

Results Quality of
results (rating)

Comments

*Correlationhistologyandstatic
imaging R=�0.67, p=0.001
*Correlation histology and ac-
tive imaging R=0.29, p=0.175
*Correlation histology and ac-
tive-dynamic imaging R=�0.37,
p=0.081

�

�

�

*Calculated by Table 2 of
the original study

Active dynamic
thermography [34]

Renkielska
Poland, 2006

3 pigs
23bw

FAIR Observed healing <21 or
>21 days

Accuracy, Sens and Spec: 100%
<60%: time constant=12.08
�1.94s

+ Statistical flaws: wrong
definition of sensitivity
in article

Histology: <60% or >60% of
dermis thickness

>60%: time constant=9.07
�0.68s
Difference p<0.05

?

Static thermography
[16]

Renkielska
Poland, 2005

11 pigs
64bw

POOR Observed healing <21 or
>21 days

Accuracy 93.8%, Sens 97.7%,
Spec 85.5%

+ Statistical flaws: wrong
definition of sensitivity
in articleHistology: <60% or >60% of

dermis thickness
<60%: 0.88�C �0.62
>60%: �0.48�C �0.65
Difference p<0.001

?

Clinical evaluation: II�a, II�b, III� II�a: 0.96�C �0.54; II�b: 0.77�C
�0.73; III�: �0.44�C �0.70
Difference between II�a and III�

p<0.001
Difference between II�b and III�

p<0.01

?

Level of evidence thermography: MODERATE for adequate results

Category 3 Other measurement techniques

Photoacoustic
imaging (PAI) system
[42]

Ida
Japan, 2016

4rats/bw temperature POOR Histology: viable blood vessels Correlation R2=0.83, R=0.91,
p=0.00

+ No information on mea-
surement properties
histology24 rats in total Burn induction temperature: 70,

78, 83, 88, 93, 98�C
Correlation R2=0.95, R=0.97,
p=0.00

+

Level of evidence PAI: UNKNOWN

Spectrophotometric
intracutaneous
analysis (SIA):
ScanoskinTM [17]

Burke-Smith
UK, 2015

18pt
24 burn regions

FAIR Observed healing
Group A: healing <14 days
Group B: healing 15–21days
Group C: healing >21 days

Qualitative analyses:
Group A and B darker red,
representing increased hemo-
globin density due to increased
perfusion. Group A showed

? Reference for measure-
ment property of ob-
served healing, but
statistical methods not
optimal
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Table 6 (continued)

Measurement
technique: tool

First author
country, year

N COSMIN
methodological

quality

Comparator instrument (i.e.
LDI, observed healing,
histology or clinical

evaluation)

Results Quality of
results (rating)

Comments

more pronounced increase in
perfusion compared to group B.
Group A and B both showed
reduced pigment.
Group C showed almost white,
representing reduced hemo-
globin density due to reduced
perfusion. Mixed pigmentation
pattern.

Level of evidence SIA: UNKNOWN

Dermoscopy:
Ondeko Dermoscope
Epilite x8 [32]

Mihara
Japan, 2015

? pt
30bw

FAIR Observed healing <21 days or
>21 days

Accuracy 96.7%, Sens 100%,
Spec 94.4%

+ Scarce information on
observed healing

Clinical assessment Accuracy 76.7%, Sens 85.7%,
Spec 73.9%

+

Level of evidence dermoscopy: LIMITED for adequate results

Near-infrared
spectroscopy (NIRS):
NIRO-200NX [15]

Seki
Japan, 2014

14pt
50bw

FAIR LDI (measurements <48h post-
burn)

Spearman correlation: r=0.755,
p<0.001

+ Scarce information on
LDI interpretation of
perfusion unitsAfter standardization of

O2 values (to exclude influence
of systemic circulation):
r=0.678, p<0.001

�

Level of evidence NIRS: CONFLICTING

Videomicroscopy:
Bscan-pro [31]

Mihara
Japan, 2012

44pt
56bw

FAIR Observed healing <21 days or
>21 days

Sens 81.8%, Spec 100%, PPV
100%, NPV 89.5%

+ Scarce information on
observed healing

Videomicroscopy: B-
scan-pro [43]

Mihara
Japan, 2011

41pt
44bw

FAIR Observed healing <21 days or
>21 days

Overall: Sens 81.8%, Spec 87.8%,
PPV 69.2%, NPV 93.5%, Accuracy
86.4%
Groups:<24h, 24–62h and>62h
post-burn; in between-group
comparison revealed a signifi-
cantly lower accuracy in the
<24h group

+ Scarce information on
observed healing

Videomicroscopy
[44]

McGill
UK, 2007

20pt
27bw

FAIR Observed healing <21 or
>21 days, or surgery

Correlation Kendall’s Tau
r=0.751 (p<0.001)

+ Scarce information on
observed healing

(continued on next page)
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Table 6 (continued)

Measurement
technique: tool

First author
country, year

N COSMIN
methodological

quality

Comparator instrument (i.e.
LDI, observed healing,
histology or clinical

evaluation)

Results Quality of
results (rating)

Comments

LDI Inversed correlation Kendall’s
Tau r=�0.725 (p<0.001)

?

Level of evidence videomicroscopy: MODERATE for adequate results

Reflectance
spectrometry: SD-
2000 [45]

Yeong
Taiwan, 2005

39pt
47bw

FAIR Observed healing <14 or >14
days

Sens 75%, Spec 97%, Accuracy
86%

+ Scarce information on
observed healing

Level of evidence reflectance spectrometry: LIMITED for adequate results

Ultrasonography [46] Iraniha
USA, 2000

15pt
78bw
42 controls

POOR Observed healing <21 or >21
days (or surgery)

Accuracy 96%, Sens 100%, Spec
92%

+ Statistical flaws, positive
and negative exchanged

Level of evidence ultrasonography: UNKNOWN

Spectroscopic optical
coherence
tomography (OCT)
[41]

Zhao
USA, 2015

4 mice? POOR Histology: epidermal, superfi-
cial partial, deep partial, full
thickness; not specified

Power law: AUC 0.70, accuracy
65%
Logistic regression: AUC 0.84,
accuracy 76%

+

+

Processing: short time
Fourier transform (STFT)
method

Negative correlation:
�0.9998 between burn depth
and normalized power law ex-
ponent (p<0.001)

+ No information on
histology

Spectroscopic optical
coherence
tomography (OCT)
[39]

Maher
USA, 2014

mice
6bw
4 healthy sites

POOR Histology: qualitative descrip-
tion after hematoxylin-eosin
staining

DW: AUC 0.83, 0.87
Accuracy 76%, 80%

+ Processing OCT data:
short time

STFT: AUC 0.95, 0.97
Accuracy 90%, 91%

+ Fourier transform (STFT)
and dual window (DW)
method
No information on mea-
surement properties
histology

Level of evidence spectroscopic OCT: UNKNOWN

Dual-imaging:
Optical coherence
tomography (OCT)
and pulse speckle
imaging (PSI) [40]

Ganapathy
USA, 2014

3 pigs
68bw

FAIR Histology: Dual-imaging:AUC:0.94 (S), 0.79
(P), 0.87 (F): p<0.001

+ No information on mea-
surement properties
histologySuperficial (S) <750mm PSI: averaged AUC 0.78

Partial (P) 750–1750mm OCT: averaged AUC: 0.62
Full (F) >1750mm
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Table 6 (continued)

Measurement
technique: tool

First author
country, year

N COSMIN
methodological

quality

Comparator instrument (i.e.
LDI, observed healing,
histology or clinical

evaluation)

Results Quality of
results (rating)

Comments

Dual-imaging averaged AUC:
0.85

Level of evidence dual-imaging: LIMITED for adequate results

Spatial frequency
domain imaging
(SFDI) [38]

Mazhar
USA, 2014

4 pigs
48bw

GOOD Histology: vimentin immunos-
tain and Masson’s trichrome

Correlation SFDI single wave-
length (658nm) and histology
r2=0.94 for all burnseverities for
time points >24h

+ Adequate information
on histology

Correlation tissue scattering
parameters and histology (vi-
mentin): r2>0.89

Level of evidence SFDI: MODERATE for adequate results

Fiber-optic confocal
imaging (FOCI) [37]

Vo
Australia, 2001

? mice POOR Histology: depth of collagen
damage (mm) and estimated
thickness of autofluorescent
layer by FOCI (mm)

Correlation r=0.78 + No information on mea-
surement properties
histology

Level of evidence FOCI: UNKNOWN

Multispectral
imaging: Burn Depth
Indicator [47]

Afromowitz
USA, 1988

32pt
112bw

FAIR Observed healing <21 or >21
days

All burns: accuracy 88%
Intermediate burns (n=55): ac-
curacy 84%

? Scarce information on
observed healing

Multispectral
imaging: Burn Depth
Indicator [8]

Heimbach
USA, 1984

? pt
? bw
569 points

POOR Observed healing <21 or
>21 days

Determining healing in 21 days:
overall accuracy 76%, bw pre-
dicted to heal 77% and bw
predicted not to heal 74%
Determining healing in 31 days:
predicted to heal 91% and pre-
dicted not to heal 52%

? Methodological flaws

*Accuracy 84%, Sens 84%, Spec
84%

+ *Calculated byTable 1 of
the original study

Level of evidence multispectral imaging: UNKNOWN

LDI=laserDoppler imaging; LDLS=laserDoppler linescanner; pt=patients; bw=burnwounds;AUC=areaunder the receiveroperatingcurve;Sens=sensitivity; Spec=specificity; PPV=positivepredictive
value; NPV=negative predictive value; *these results were not directly presented in the included manuscript, but retrieved or calculated from raw data.
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standardized, and therefore the observer can minimally affect it.
Onlytheareaofinteresthastobetracedmanually,butthereafter
the computer performs automatic analysis of the mean
perfusion value. However, until now, no studies on the reliability
of this specific phase in the performance of LDI were found,
whilst it is known from previous research that manual tracing of
the area of interest can certainly influence the reliability [57].
Therefore, we would like to stress the need to examine these
sources of variation in further research. Likewise, the analysis of
the output of techniques such as videomicrosopy, dermoscopy,
ultrasonography, and spectrophotometry, is not standardized at
all. In these techniques, interpretation of the obtained data is
required using a scoring algorithm [43,44], which is possibly
accompanied by a high-degree ofvariation between observers or
over time. It is essential to take into account that these
measurement techniques comprise a large subjective compo-
nent and therefore it is important to evaluate the intra- and
interobserver reliability. Indeed, it was surprising that we found
only two studies focusing on the reliability of the measurement
technique under study [31,32]. It is recommended that in future
studies, multiple measurements are performed in stable
patients by at least two observers [58]. Additionally, as reliability
parameters are highly dependent on the variation in the studied
sample (i.e. heterogeneity), it is of importance to analyze a
sample that reflects the population in clinical practice. More-
over, to be able to monitor an individual patient over time in
clinical practice, agreement parameters such as the measure-
ment error and the smallest detectable change should be
determined. These parameters are expressed on the actual scale
of measurement and can therefore easily be interpreted by
clinicians [59].

One of the reasons that many studies received a poor score
for the assessment of construct validity is because the authors
failed to provide adequate information on the comparator
instrument. Most of the time there was no specification,
sometimes ‘observed healing’ was defined as complete epithe-
lialization of the burn wound, and in another study it was
defined as when no dressings were needed [60]. Additionally,
the measurement properties of ‘observed healing’ were often
not reported and it was unclear whether one or two observers
performed this type of assessment. Consequently, the use of
‘observed healing’ as comparator instrument was unwarranted
in many studies. In future research, it is recommended to define
‘burn wound healed’ as the post-burn day on which �95% of the
original wound surface area is epithelialized, which has to be
performed preferably by an experienced observer (i.e. more
than 10 years practice in burns) or alternatively by two less
experienced observers [61]. The statement that healing is
obtainedwhen no bandages areneeded isnot recommended, as
this method is susceptible to different interpretations.

Another comparator instrument for which adequate
information was often lacking was histology. Several studies
did not precisely describe the specific content and measure-
ment properties of their type of histological analysis
[37,39,41,42,62]. It is difficult to evaluate the measurement
technique of interest in an adequate way when the measure-
ment properties of the comparator instrument are not known
or uncertain. Moreover, the problem with histology is that
many different characteristics of a biopsy sample can be
analyzed, such as the level of viable versus thrombosed blood

vessels (i.e. microvascular injury), the presence of collagen
changes or level of collagen damage, and the extent of tissue
damage (i.e. percentage of dermis thickness destroyed). The
selected characteristic for analysis appears to vary between
burn centers and may depend on the experience of the local
pathologist or analyst. As a result, each characteristic provides
specific information on the depth of a burn wound and may
therefore be assigned as a single subconstruct. Therefore,
choosing histology as comparator instrument can be relevant,
but to draw conclusions about validity, it is necessary to
describe the precise subconstruct that is assessed.

Anotherreasonwhysomestudiesreceivedafairorpoorscore
is because we noticed that the given results were not calculated
in an adequate manner. In one study on thermography, the raw
data were presented in the manuscript, allowing us to recalcu-
late the presented sensitivity, specificity, PPV, and NPV, leading
to different results as presented in the original article (see
Table 6) [47]. In another study, it was possible to calculate the
correlations between histology and static, active, and active-
dynamic imaging, besides the AUCs that were already estab-
lished, resulting in an altered conclusion (see Table 6) [36]. The
minimum requirement is to calculate the sensitivity and
specificity for dichotomous scores, and the correlation or AUC
for continuous scores. However, the difficulty with sensitivity
and specificity within the assessment of burn wounds is: what is
defined as a ‘positive condition’ and as a ‘positive test’? This can
easily be interchanged, as evidenced by some included studies
[16,33,46,56]. It is considered here that a positive condition is
generally stated as ‘having the disease’. When this is translated
into burn wound depth or healing potential, we conclude that
burn wounds that do not heal or have a healing potential
>21 days(or >14 days if this is thepreferred cut-off point),should
be defined as a positive condition, thereby reflecting the
situation with the worst outcome. On the contrary, burn wounds
with a healing potential <21 days (or <14 days) are defined as a
negative condition. Furthermore, a positive test confirms the
condition. For example in LDI, a positive test can be reflected by
measuring less than 200 PU, or in thermography, it can be
reflected by a low DT (e.g. �2.0�C). As a result, the sensitivity (i.e.
the true positive rate) is the proportion of positives that are
correctly identified as such (i.e. the percentage of patients who
are correctly identified as having the condition/no healed burns
by the measurement technique). The specificity (i.e. true
negative rate) is the proportion of negatives that are correctly
identified as such (i.e. the percentage of patients who are
correctlyidentifiedbythemeasurementtechniqueasnothaving
the condition/healed burns). To be able to adequately compare
clinical studies, it is of great importance that the interpretation
and use of these terms becomes uniform.

With regard to the construct to be measured in burn wound
assessment, we would like to note the following. Depth and
healing potential are frequently used interchangeably, whilst it
seems that both terms comprise a different construct. Healing
potential reflects the potential for re-epithelialization, which
can be achieved by surviving keratinocytes or epidermal stem
cells from the sweat ducts, hair follicles, and sebaceous glands
(i.e. appendages in the dermis). As these appendages have a
wealthy blood supply, it appears that blood flow is an adequate
indicator to determine healing potential. On the other hand,
burn wound depth seems more a reflection of the extent of
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tissue damage or necrosis of the skin or underlying tissues (e.g.
the subcutis). For future research, it is important that studies
provide an appropriate description or definition of which
construct exactly is aimed to measure. When hypotheses are
formulated about expected direction and magnitude of rela-
tions with other instruments, these comparator instruments
should also be appropriately described. For example, if the
comparator instrument is histological analysis, which intends
to assess burn wound depth, it should be described which
subconstruct exactly it aims to measure. Accordingly, the
relation between the measured constructs can be ascertained.

Regarding future developments, it is considered that it
might be useful to apply two measurement techniques at the
same time to acquire more information than when using a
single technique. One study reported on a dual imaging system
consisting of PSI and OCT, measuring the perfusion and
birefringence property of collagen, respectively. In this way, by
measuring two subconstructs, the validity of burn wound
assessment may further improve. The authors showed
improved results (AUC 0.85) compared to the individual
modalities (PSI: AUC 0.78; OCT: AUC 0.62) [40]. It would be
interesting to progressively find out if fusion of information
across different measurement techniques can improve the
sensitivity and specificity of assessing burn wound depth or
healing potential.

5. Conclusions

Based on the quality of included studies evaluating measure-
ment techniques for the assessment of burn wounds and the
available evidence, it appears that LDI is the most favorable
technique; thereby assessing burn wound healing potential.
However, we recommend testing the reliability of LDI to a
greater extent. Furthermore, it would be appropriate to select
one or two measurement techniques that have the potential to
be used in the future, and to further develop and evaluate these
techniques. This may depend on the access and expertise in a
specific burn center. We would like to underpin the importance
ofextensivetesting ofatechnique’s measurementproperties by
using adequate outcome parameters and determining the
measurement error. In addition, it is underscored that new
studies need to develop uniform construct definitions or at least
provide a precise description of which construct exactly is
aimed to measure. This could lead to improved quality of
studies on measurement techniques for burn wound assess-
ment and finally improve burn care.
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