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a b s t r a c t

Objectives: Laser speckle contrast imaging (LSCI) is an emerging technique for the assessment

of burns in humans and interobserver differences have not been studied. The aim of this

study was to compare assessments of perfusion images by different professional groups

regarding (i) perfusion values and (ii) burn depth assessment.

Methods: Twelve observers without LSCI experience were included. The observers were

evenly recruited from three professional groups: plastic surgeons with experience in

assessing burns, nurses with experience in treating burns, and junior doctors with limited

experience of burns. Ten cases were included. Each case consisted of one digital photo of the

burn with a pre-marked region of interest (ROI) and two unmarked perfusion images of the

same area. The first and the second perfusion image was from 24h and 72–96h after injury,

respectively. The perfusion values from both perfusion images were used to generate a LSCI

recommendation based on the perfusion trend (the derivative between the two perfusion

values). As a last step, each observer was asked to estimate the burn depth using their clinical

experience and all available information. Intraclass correlation (ICC) was calculated between

the different professional groups and among all observers.

Results: Perfusion values and perfusion trends between all observers had an ICC of 0.96 (95%

CI 0.91–0.99). Burn depth assessment by all observers yielded an ICC of 0.53 (95% CI: 0.31–0.80)

and an accuracy of 0.53 (weighted kappa). LSCI recommendations generated by all observers

had an ICC of 0.95 (95% CI: 0.90–0.99).

Conclusion: Observers can reliably identify the same ROI, which results in observer-

independent perfusion measurements, irrespective of burn experience. Extensive burn

experience did not further improve burn depth assessment. The LSCI recommendation was

more accurate in all professional groups. Introducing LSCI measurements would be likely

improve early assessment of burns.
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1. Introduction

To assess partial-thickness burns successfully is difficult, even
for someone experienced in the treatment of burns [1]. The
accuracy of clinical assessment alone in injuries 0–5days old is
reported to vary between 60% and 70% among experienced
surgeons [2–4]. The depth of the burn is estimated clinically by
investigating time taken for capillaries to refill, sensitivity, and
the appearance of the wound [5,6]. These factors are weighted
together and evaluated subjectively, often without using an
established standard. The accuracy therefore rests largely on
the experience of the surgeon. This often causes a delay in
surgical decision-making because clinical demarcation is
often not apparent until at least eight days after the injury
[4]. Early excision and grafting have been shown to improve

clinical outcome and reduce the risk of hypertrophic scarring
[7,8]. Accurate and early assessment of the true depth of the
burn is therefore vital to facilitate early excision and split-
thickness skin grafting when appropriate.

Perfusion is an objective measure, which is a reliable
predictor of the healing capacity of the wound [2]. So far, laser
Doppler imaging (LDI) has been the leading non-invasive
measurement of perfusion in burns [3]. Several studies have
shown that it is more accurate than clinical assessment alone
during the first week after injury [4,9–18]. That LDI is so
successful in early assessment of burns lends credence to the
idea of perfusion as an excellent objective method of
assessment.

Even though LDI has been extensively validated, it has
gained only limited approval and there might be several
reasons for this. One reason for this could be that most LDI

Fig. 1 – A typical case (case 3). Each observer was presented with a pre-marked (black line) normal digital photograph of the scald
(upper part of the figure). They then had to find the corresponding area in both perfusion images and outline the ROI. The
perfusion values from both images were then put into an Excel file, which calculated the LSCI recommendation and presented it
to the observer. Based on all available information, the observer was asked to predict the outcome of the burn.
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systems are cumbersome and require a relatively long time to
make the measurement, even when line-scanners are used.
Another reason could be problems with movement artifacts,
particularly in children [19]. Full-field LDI systems are still
being developed and there are promising reports of their
usefulness [20], but these systems have yet to be proved
clinically.

Laser speckle contrast imaging (LSCI) is a method for
measurement of perfusion that works in a slightly different
way from LDI [21]. Both systems produce a color-coded map of
the investigated area with “red” indicating high perfusion and
“blue” low perfusion [21]. Perfusion is measured using
arbitrary perfusion units (PU), and calibrations in a standard
assay ensure consistency between systems and over time
[21–23]. It uses a divergent laser beam to illuminate the tissue
and a typical measurement area is 20�20cm. The entire image
is captured simultaneously without any scanning. The speckle
pattern arises within the measurement area because of
constructive and destructive interference in the laser light
[22,23]. Light scattered by moving red blood cells causes spatial
and temporal fluctuations in the speckle pattern, which causes
blurring during the image integration time [22,23]. The degree
of blurring is quantified and is proportional to the perfusion in
the tissue. These images are recorded at roughly 10–40Hz, with
the option to average the images to trade temporal for spatial
resolution [23]. For high quality images of burns, this translates
to an acquisition time of 200–1000ms.

For the perfusion images to be useful, they must be
interpreted correctly. Classically, both LDI and LSCI images
have been evaluated by subjective assessment of which color
is the most prominent within the area being investigated
[4,21,19]. A color cut-off is then used to indicate when
operation is recommended [4,19]. Another way to do this is
to outline the region of interest (ROI) and calculate its mean
perfusion [24,25,26]. This may allow for a more objective
assessment. Regardless of method, the interobserver reliabili-
ty of LSCI assessments have not yet been established. How
LSCI images and perfusion information will assist in clinical
burn practice is also unknown.

LSCI has previously been used in several studies investi-
gating burn depth in both animal models and in humans
[24–29]. We have previously reported that LSCI has a 100%
sensitivity and specificity in predicting the need for operation
when a “double measurement” approach is used, at 0–24 and
72–96h after injury [26]. In the same study, all ROI were outlined

by the first author (RM) and the interobserver reliability could
not be studied. The primary aim of the present study,
therefore, was to investigate the interobserver reliability in
the assessment of burns using LSCI. We hypothesized that
there would be high correlation in mean perfusion values
among observers. We also hypothesized that knowledge of
perfusion values would lead to high interobserver reliability in
surgical decisions made early.

2. Methods

2.1. Observers and task description

The observers, who had no previous experience of the
assessment of burns with LSCI, were divided into three groups.
The first consisted of plastic surgeons with experience of
treating burns, the second of nurses experienced with burns,
and the third of junior doctors with little or no experience of
burns. They had an oral introduction to the subject aided by a
PowerPoint presentation beforehand. In addition, they were
also given written instructions, which they could keep for the
duration of the trial. The observers could ask questions about
the presence of optical artifacts in the images.

The task consisted of creating a ROI in each of 20 perfusion
imagesfrom10patientsaccordingtoapre-markednormaldigital
photograph, which was from either the early or the late
measurement. An example image is shown in Fig. 1. Each digital
photograph was marked with how many hours/days had passed
since the injury, and this was clearly presented to all observers. In
each perfusion image, the observer outlined one ROI in
accordance with the pre-marked ROI in the digital photograph
from roughly the same angle. This was done for both an early and
a late LSCI measurement, 0–24 and 72–96h after injury,
respectively, which yielded two perfusion values for each case
and observer. These two values were then incorporated in a
mathematical formula to calculate the perfusion change
between the measurements, and generated a dichotomous LSCI
recommendation, “surgery” or “spontaneous healing”. We have
described this formula in a previous study which investigated the
sensitivity and specificity of assessment of the depth of a burn
using LSCI [26]. After each observer had received their LSCI
recommendation, they were asked to predict the outcome of the
burn using all the available information and their clinical
experience by making a choice between the following categories:

Table 1 – Descriptive data of the cases shown to the observers.

Patients No. Type of burn Time to heal Correct prediction Time after injury of pre-marked digital photograph

1 Scald Surgery Surgery 4days
2 Scald 7days Spontaneous healing 4days
3 Scald 12days Spontaneous healing 17h
4 Scald 8days Spontaneous healing 18h
5 Scald 21days Maybe spontaneous healing 24h
6 Scald Surgery Surgery 23h
7 Scald 9days Spontaneous healing 3h
8 Scald 8days Spontaneous healing 17h
9 Contact burn Surgery Surgery 19h
10 Scald 11days Spontaneous healing 4 days
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“spontaneous healing/0”, “maybe spontaneous healing/0.33”,
“maybe surgery/0.67”, and “surgery/1”.

2.2. Cases

The cases presented consisted of nine scalds and one contact
burn. Details for each case are shown in Table 1. Three of the
cases went through excision and split-thickness skin grafting
after a 14-day observation window of “no healing”. One of the
cases consisted of a small ROI of 1�2cm that required 21days
to heal; in this case “maybe spontaneous healing” was deemed
the most reasonable assessment. The remaining six cases
consisted of scalds that healed between 1–2 weeks. The pre-
marked normal digital photographs were captured during the
early measurement in seven of the cases (cases 3–9) and during
the late measurement in the remainder (cases 1, 2, and 10).

Contact burns often generate anomalous results when our
formula for perfusion change is applied, giving a false
recommendation, even when the observer has marked the
ROI correctly. However, these are easily identified by the
experienced LSCI observer because of their low perfusion and
clinical appearance. One of the selected surgical cases (case 9),
therefore was of a contact burn to find out if the observers with
extensive experience in burns would be able to avoid this
pitfall.

2.3. Equipment

The perfusion images in the ten cases were previously
collected in children treated as outpatients or admitted to
the intensive burn care unit at Linköping University Hospital.
The same LSCI system (Pericam PSI, Perimed AB, Järfälla,
Sweden) was used to collect all perfusion images in the
material. The system uses a divergent laser with a wavelength
of 785nm and fluctuations in the arising speckle pattern is
used to calculate the perfusion of the tissue. We have
previously described the principles of LSCI in detail [25] and
methodological aspects when using LSCI for perfusion
measurements in the skin [30].

Image size was set to 18�18cm and the distance between
the camera and the burn wound was kept between 18 to 27cm.
Perfusion was recorded with 21 images per second and the
final image presented to the observers was the average of 42
images. The spatial resolution was roughly 0.2mm/pixel in the
final image. The system was regularly calibrated according to
the recommendation of the manufacturer.

The digital photos were captured using a separate digital
camera (Canon EOS 600D, Canon Inc., Tokyo, Japan). This
camera was also equipped with a cross polarization system,
which removes the reflection from fluids present in burn
wounds considerably improving the image quality compared
to a standard camera system. These images were recorded at
roughly 18–27cm and from the same angle as the perfusion
images if possible.

Since the room must be dark for the TiVi-system to work,
the digital photos were not always collected at each wound
dressing. For this reason, we decided to only present one of
potentially two digital photos to the observers from either 24h
or 72–96h after injury. In cases were two digital photos existed;
similarities in angle and distance from the skin compared to
the two perfusion images were used as selection criteria.

2.4. Statistical analysis

All correlation analyses were made using intraclass correla-
tion (ICC) testing for absolute agreement, with a two-way
random model for the variable being measured. All ICC values
are reported as single measurements.

Kappa values were calculated to measure the accuracy of the
assessments made by the different observers compared with
the actual outcome. All kappa values were calculated using a
weighted kappa with a weight equal to 1 for each increasing
ordinal level of disagreement. Kappa statistics were selected
because random chance agreement is considered, and there-
fore better capture the probabilistic nature of assessments.
Weights were applied as the test variables were ordinal.

Descriptive statistics are reported as mean (SD). A one-way
ANOVA with multiple comparisons was done using Fisher’s
exact test to assess the significance of differences between the
groups of observers.

All statistical analyses were made with the aid of GraphPad
Prism version 5.02 for Windows (GraphPad Software, San
Diego California USA, www.graphpad.com), SPSS version 25
(IBM, Armonk NY, USA, www.ibm.com) and Excel 2016
(Microsoft, Redmond Washington USA, www.microsoft.com).

3. Results

Each observer outlined a total of 20 ROI in 10 patients on both
early and late perfusion images (0–24 and 72–96h after injury).
In Table 2, the degree of agreement is shown for all

Table 2 – The absolute agreement using ICC is shown between the groups of observers with the 95% CI in brackets. Perfusion
units (PU) in early/late measurement refers to the ICC of perfusion values from the first/second perfusion image. Perfusion
trends use the values from both measurements to calculate perfusion change. The “Burn assessment” category is the
observers’ final judgment, taking all factors into account. LSCI recommendation shows the agreement of the
recommendations produced by the observers’ perfusion values.

Plastic surgeons Nurses Junior doctors All groups

PU in early measurement 0.99 (0.97–1.00) 0.95 (0.89–0.99) 1.00 (0.99–1.00) 0.98 (0.95–0.99)
PU in late measurement 0.99 (0.97–1.00) 0.87 (0.72–0.96) 1.00 (0.99–1.00) 0.95 (0.90–0.99)
Perfusion trend 0.98 (0.95–0.99) 0.84 (0.65–0.95) 0.99 (0.98–1.00) 0.94 (0.87–0.98)
Burn assessment 0.30 (0.04–0.67) 0.51 (0.21–0.81) 0.75 (0.50–0.92) 0.53 (0.31–0.80)
LSCI recommendation 1.00 (n/a) 1.00 (n/a) 0.87 (0.71–0.96) 0.95 (0.90–0.99)

1328 b u r n s 4 5 ( 2 0 1 9 ) 1 3 2 5 – 1 3 3 5

http://www.ibm.com
http://www.microsoft.com


measurements for each subgroup and as a pooled value. The
pooled ICC of all groups was 0.98 (95% CI 0.95–0.99) in the early
perfusion images, 0.95 (95% CI 0.90–0.99) in the late perfusion
images, and 0.94 (95% CI 0.87–0.98) for calculation of perfusion
change. Figs. 2 and 3 are scatter plots showing the contribu-
tions of each observer to each case.

The ICC of assessment of the depth of the burn was 0.30
(95% CI 0.04–0.67) in the group of plastic surgeons, 0.51 (95% CI
0.21–0.81) among the nurses, and 0.75 (95% CI 0.50–0.92) for the
junior doctors. Pooled LSCI recommendations for all groups
showed an ICC of 0.95 (95% CI 0.90–0.99).

The accuracy of the different observers compared with the
actual outcome was measured using weighted kappa (Table 3).
The kappa value was 0.38 among the plastic surgeons, 0.62
among the nurses, and 0.60 among the junior doctors. The
accuracy of the LSCI recommendation was 0.74 for the plastic
surgeons, 0.74 for the nurses, and 0.80 for the junior doctors.

Table 4 shows the descriptive statistics of the observers.
None of the differences between the groups were significant
except for age; the junior doctors were significantly younger
than both the plastic surgeons (p=0.001) and the nurses
(p=0.024).

4. Discussion

Our main finding was that all the observers marked ROI with
similar perfusion values, and this was not influenced by
previous experience in the treatment of burns. Additionally,
when we used the formula for perfusion change, the results

were reproducible among observers, which resulted in nearly
identical LSCI recommendations. However, observers often
decided to trust their clinical experience over the perfusion
values that they produced using the images. This suggests that
clinicians must develop a level of confidence towards the
information in the perfusion images, particularly the generat-
ed perfusion values, before they are comfortable to use it as a
tool in clinical practice.

Previous experience in the treatment of burns does not
seem to facilitate better assessment of the depth of a burn
when combined with LSCI assessment. On the contrary,
extensive experience might sometimes make the observer
over-confident, despite the limited information in one digital
image. Strangely enough, this was not the case among nurses
with extensive experience in burns, whose results did not
differ from those of the junior doctors with limited experience.
The improvement in the accuracy of assessment, had the LSCI
recommendations been followed to the letter, was 0.36 among
the plastic surgeons, 0.11 among the nurses, and 0.20 among
the junior doctors using the mean difference in weighted
kappa. It seems therefore that extensive burn experience has
limited added value when the observer is new to using LSCI for
assessment of the depth of a burn. However, the value of
extensive clinical experience among observers who are also
experienced in LSCI is still unknown.

As we expected, one of the more complicated cases was
case 9 (Fig. 4), with a contact burn that generally produced
erroneous LSCI recommendations. In this case the observers
produced 11 erroneous and 1 correct LSCI recommendations.
One of the four plastic surgeons suggested surgery, while three

Fig. 2 – Scatter plots of each observers’ recorded perfusion values and perfusion trend values. Horizontal bars show the mean
value and vertical error bars the SD. Case number is given on the x-axis and either perfusion or perfusion change (DPmod) on the
Y axis. Perfusion trends were obtained by using perfusion values from both the early and the late measurements.
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of the four nurses, and three of the four junior doctors did. This
indicates that extensive experience did not necessarily prove
beneficial to the observers.

We included case 9 to test our hypothesis that experi-
enced observers would be able to recognize the false LSCI
recommendation. One of the junior doctors, however,
managed to get a correct LSCI recommendation by marking
only the very central aspects of the burn; this produced
perfusion values with a decrease of 5 and 4 PU in the early
and late measurements, respectively, compared with the
mean of the other observers. Many of the participants did
comment on the low perfusion values in both the early and
the late images, and often compared these to perfusion
values from previous cases. The general whiteness of the
wound in the digital photograph also alerted several
observers. These different factors caused many of the
observers to disregard the LSCI recommendation because of
a perceived difference from other cases, but extensive
experience in the treatment of burns did not seem to

influence this decision. The inability of observers with
extensive experience to classify case 9 reliably as a surgical
case might also reflect the difficulty in assessment of the
depth of a burn using digital photographs alone, often with
the observer being unaware of the disadvantage.

As case 9 was a contact burn, and therefore generally
generated a false LSCI recommendation, we wanted to
investigate what kind of impact this case had on our results.
All ICC analyses and kappa statistics were therefore done a
second time, with case 9 excluded. The change in ICC values
related to perfusion were smaller than the rounding differ-
ence. ICC values of the burn depth assessment improved
slightly among observers, which caused a pooled change from
0.53 to 0.55. The weighted kappa value, which describes the
accuracy of the burn depth assessment compared to the actual
outcome, was improved from 0.53 to 0.56.

The only measures that were notably changed were the
agreement of the LSCI recommendation among observers, and
the improvement in accuracy if the LSCI recommendations

Fig. 3 – Scatter plots of each observers’ assessment and the LSCI recommendations that they were given. Horizontal bars show
the mean value, and vertical error bars the SD. Case numbers are shown on the x-axis, and the assessment made by each
observer together with the LSCI recommendation on the y-axis. 0=“spontaneous healing”, 0.33=“maybe spontaneous
healing”, 0.67=“maybe surgery”, 1=“surgery”.

Table 3 – The accuracy of the assessments of the depth of the burn in the groups of observers expressed as a weighted kappa
value. Recommendation, also calculated as a weighted kappa value, shows the accuracy of the LSCI recommendation they
received. Improvement shows the gain in accuracy had all observers followed the LSCI recommendation.

Plastic surgeons Nurses Junior doctors All groups

Accuracy 0.38 0.62 0.60 0.53
Recommendation 0.74 0.74 0.80 0.76
Improvement 0.36 0.11 0.20 0.22

Table 4 – Descriptive statistics of the observers included in the study expressed as mean (SD). Age was significantly lower
among the junior doctors compared with the plastic surgeons (p=0.001) and the nurses (p=0.024). For the variables:
“Computer experience”, “Level of difficulty”, and “Confidence in assessment”, each observer was asked to respond with a
value ranging from 0 to10, where 0 was equivalent to “very limited” and 10 to “very extensive”.

Plastic surgeons Nurses Junior doctors All groups

Age (years) 41.8 (4.5) 49.0 (14.7) 26.5 (3.1) 39.1 (11.5)
Computer experience 6.8 (1.3) 7.0 (2.4) 8.5 (1.3) 7.4 (0.9)
Level of difficulty 5.0 (1.4) 5.3 (2.2) 6.3 (1.3) 5.5 (0.7)
Confidence in assessment 5.0 (0.0) 6.3 (1.3) 3.8 (1.7) 5.0 (1.3)
Time (minutes) 40.8 (12.6) 55.3 (15.4) 42.5 (7.0) 46.2 (7.9)
Number of sessions 1.5 (0.6) 1.0 (0.0) 1.3 (0.5) 1.3 (0.3)
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had been followed to the letter. The agreement in LSCI
recommendations changed from an ICC of 0.95 to 1.00, and the
improvement in accuracy changed from a weighted kappa of
0.76 to 1.00. It therefore seems safe to say that the inclusion of
this case had no significant effects on the results of the study,
apart from the agreement and accuracy of the LSCI recom-
mendations. However, if the LSCI would be used for measuring
the depth of contact burns, different perfusion cut-off values
would have to be used. Based on our limited experience with
LSCI measurements in contact burns, an early value would

probably be able to provide an accurate assessment and could
therefore be used instead of a double measurement.

One of the limitations of this study was that we did not have
a completely standardized briefing before the trial, meaning
that the observers might have each had slightly different
information. The same PowerPoint presentation was used for
all participants, and each slide was accompanied by the same
commentary. However, each observer was allowed an unlim-
ited number of questions, and those who asked questions may
have had a better understanding than those who did not.

Fig. 4 – Case 9 was a contact burn, which often behave anomalously when perfusion dynamics are measured, possibly because
there is a clear demarcation of the damaged tissue from the start. This prevent contact burns from going through the same
degree of burn wound conversion, otherwise so commonly observed in scalds. The low perfusion values combined with a
whitish to red speckled color pattern make this a clear-cut case for skin grafting in the eyes of the experienced LSCI observer.
The ROI in the images are marked by the first author (RM) and produced a perfusion of 93 and 93 PU in the early and late
measurements, respectively. The digital image was captured 19h after injury and surgery was required to achieve healing. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Another limitation was that each observer had access to
only one digital photograph and two perfusion images of each
case, making it impossible to make a proper clinical assess-
ment. Having only one digital photograph prevented the
observers from evaluating the normal visual aspects of the
burn wound progression they are used to investigating. In
seven of the ten cases, the digital photo was captured 0–24h
after injury, which potentially added further difficulty to
clinical assessment of the burn depth. However, when the
average accuracy of the burn assessment was calculated for
these seven cases, it generated a weighted kappa value of 0.48
compared to 0.53 for all ten cases. This small difference is
unlikely to have caused any larger bias.

There was often a discrepancy in angle and distance
measured between the perfusion images and the pre-marked

digital photograph because the inbuilt documentation camera
in the LSCI had poor resolution, which added an unnecessary
difficulty. This might have generated several errors, particu-
larly in case 5 (Fig. 5), in which there was a substantial
discrepancy in the angle between the pre-marked digital
photograph and the perfusion images. Much of the extensive
clinical experience of the plastic surgeons might therefore not
have been put to good use. However, case 5 which also had a
large discrepancy in angles and distances proved to be the
easiest case, where all observers correctly identified the burn
wound as suitable for conservative treatment (Fig. 6).

It has been reported that assessment of a burn using a
digital photograph has less accuracy than clinical assessment
when used for the evaluation of partial-thickness burns [31].
Our results might therefore have been different if the

Fig. 5 – Case 5, where the main challenge was to find the proper placement of the ROI because of the angular difference between
the LSCI images and the digital photograph. ROI in the images are marked by RM and produced a perfusion of 191 and 162 PU in
the early and late measurements, respectively. The digital image was captured 24h after injury and the marked area in the
photo required 21days to heal and “maybe spontaneous healing” was deemed as an appropriate assessment.
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observers had had access to the actual wound instead of a
digital image. However, making the observations on actual
burn patients would have added a logistic challenge to the
study, and made dressing changes unreasonably slow,
potentially being hazardous to patients who are generally
sedated during these procedures. Another way would have
been to reduce the number of observers, but that would also
have made the data less reliable.

Yet another limitation is the preselection of the ROI. In
practice this means that different observers might not be
interested in the same regions when LSCI is used clinically,
which introduces a problem of interobserver reliability related
to the different areas being investigated. However, it can be

said that this is already the case whenever assessments of the
depth of a burn are made, regardless of method, and therefore
not a problem inherent in LSCI.

The participants’ most common reason for selecting a
category different from that of the LSCI recommendation was
uncertainty about the true meaning of the perfusion values
that they were using. This highlights the need for experience
with LSCI before it can be expected to produce good results,
since each observer must build up a clinical reference table in
their mind to feel comfortable with LSCI-aided assessments.

It has previously been shown that assessment of a burn that
relies on LSCI predictions is accurate [26]. We can now for the
first time show that interobserver reliability of perfusion

Fig. 6 – Case 8, which proved to be the easiest case. Perfusion values were similar among all observers, and it was almost
exclusively assessed as “spontaneous healing”. The ROI in the images are marked by RM and produced a perfusion of 254 and
508 PU in the early and late measurements, respectively. The digital image was captured 17h after injury and the scald had
healed eight days after injury.
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measurements using LSCI is high among observers regardless
of professional group. Observers can reliably identify the same
ROI, which results in observer-independent perfusion meas-
urements irrespective of experience in burns. LSCI can
therefore be expected to produce precise early assessments
of the depth of a burn, and to be a reliable and objective method
of measurement.

5. Conclusion

Observers with limited LSCI training can reliably outline ROI in
perfusion images and arrive at perfusion values with a high
degree of correlation, which results in observer-independent
measurements of perfusion. Estimation of perfusion change
over time also correlates well, which lends credibility to the
accuracy of double measurements. LSCI recommendations
yielded better accuracy than the observers’ assessments. This
highlights the need for clinicians to have a more thorough
understanding of LSCI measurements before being able to use
this powerful clinical tool to its fullest extent.

Conflict of interest

The authors declare that they have no conflict of interest.

R E F E R E N C E S

[1] Devgan L, Bhat S, Aylward S, Spence RJ. Modalities for the
assessment of burn wound depth. J Burns Wounds 2006;5
(February):e2, doi:http://dx.doi.org/10.1016/j.
burns.2008.01.009.

[2] Thatcher JE, Squiers JJ, Kanick SC, King DR, Lu Y, Wang Y.
Imaging techniques for clinical burn assessment with a focus
on multispectral imaging. Adv Wound Care (New Rochelle)
2016;5(August (8)):360–78, doi:http://dx.doi.org/10.1089/
wound.2015.0684.

[3] Kaiser M, Yafi A, Cinat M, Choi B, Durkin AJ. Noninvasive
assessment of burn wound severity using optical technology:
a review of current and future modalities. Burns 2011;37(May
(3)):377–86, doi:http://dx.doi.org/10.1016/j.burns.2010.11.012.

[4] Hoeksema H, Van de Sijpe K, Tondu T, Hamdi M, Van Landuyt
K, Blondeel P. Accuracy of early burn depth assessment by
laser Doppler imaging on different days post burn. Burns
2009;35(February (1)):36–45, doi:http://dx.doi.org/10.1016/j.
burns.2008.08.011.

[5] Kim LK, Martin HC, Holland AJ. Medical management of
paediatric burn injuries: best practice. J Paediatr Child Health
2012;48(April (4)):290–5, doi:http://dx.doi.org/10.1111/j.1440-
1754.2011.02128.x.

[6] Monstrey S, Hoeksema H, Verbelen J, Pirayesh A, Blondeel P.
Assessment of burn depth and burn wound healing potential.
Burns 2008;34(September (6)):761–9, doi:http://dx.doi.org/
10.1016/j.burns.2008.01.009.

[7] Tredget EE, Levi B, Donelan MB. Biology and principles of scar
management and burn reconstruction. Surg Clin North Am
2014;94(August (4)):793––815, doi:http://dx.doi.org/10.1016/j.
suc.2014.05.005.

[8] Cubison TC, Pape SA, Parkhouse N. Evidence for the link
between healing time and the development of hypertrophic
scars (HTS) in paediatric burns due to scald injury. Burns

2006;32(December (8)):992––999, doi:http://dx.doi.org/10.1016/
j.burns.2006.02.007.

[9] La Hei ER, Holland AJ, Martin HC. Laser Doppler imaging of
paediatric burns: burn wound outcome can be predicted
independent of clinical examination. Burns 2006;32(August
(5)):550–3, doi:http://dx.doi.org/10.1016/j.burns.2005.11.014.

[10] Cho JK, Moon DJ, Kim SG, Lee HG, Chung SP, Yoon CJ.
Relationship between healing time and mean perfusion units
of laser Doppler imaging (LDI) in pediatric burns. Burns 2009;35
(September (6)):818–23, doi:http://dx.doi.org/10.1016/j.
burns.2008.12.009.

[11] Burke-Smith A, Collier J, Jones I. A comparison of non-invasive
imaging modalities: infrared thermography,
spectrophotometric intracutaneous analysis and laser
Doppler imaging for the assessment of adult burns. Burns
2015;41(December (8)):1695–707, doi:http://dx.doi.org/10.1016/
j.burns.2015.06.023.

[12] Hoeksema H, Baker RD, Holland AJ, Perry T, Jeffery SL,
Verbelen J. A new, fast LDI for assessment of burns: a multi-
centre clinical evaluation. Burns 2014;40(November (7)):1274––
1282, doi:http://dx.doi.org/10.1016/j.burns.2014.04.024.

[13] McGill DJ, Sørensen K, MacKay IR, Taggart I, Watson SB.
Assessment of burn depth: a prospective, blinded comparison
of laser Doppler imaging and videomicroscopy. Burns 2007;33
(November (7)):833–42.

[14] Erba P, Espinoza D, Koch N, Christen T, Serov A, Raffoul W.
FluxEXPLORER: a new high-speed laser Doppler imaging
system for the assessment of burn injuries. Skin Res Technol
2012;18(November (4)):456–61, doi:http://dx.doi.org/10.1111/
j.1600-0846.2011.00593.x.

[15] Holland AJ, Martin HC, Cass DT. Laser Doppler imaging
prediction of burn wound outcome in children. Burns 2002;28
(February (1)):11–7.

[16] Stewart TL, Ball B, Schembri PJ, Hori K, Ding J, Shankowsky HA.
The use of laser Doppler imaging as a predictor of burn depth
and hypertrophic scar postburn injury. J Burn Care Res 2012;33
(November-December (6)):764–71, doi:http://dx.doi.org/
10.1097/BCR.0b013e318257db36.

[17] Baker RD, Weinand C, Jeng JC, Hoeksema H, Monstrey S, Pape
SA. Using ordinal logistic regression to evaluate the
performance of laser-Doppler predictions of burn-healing
time. BMC Med Res Methodol 2009;9(February):11, doi:http://
dx.doi.org/10.1186/1471-2288-9-11.

[18] Shin JY, Yi HS. Diagnostic accuracy of laser Doppler imaging in
burn depth assessment: systematic review and meta-analysis.
Burns 2016;42(November (7)):1369–76, doi:http://dx.doi.org/
10.1016/j.burns.2016.03.012.

[19] Gill P. The critical evaluation of laser Doppler imaging in
determining burn depth. Int J Burns Trauma 2013;3(April (2))
72–7 Print 2013.

[20] van Herpt H, Draijer M, Hondebrink E, Nieuwenhuis M,
Beerthuizen G, van Leeuwen T. Burn imaging with a whole
field laser Doppler perfusion imager based on a CMOS imaging
array. Burns 2010;36(May (3)):389–96, doi:http://dx.doi.org/
10.1016/j.burns.2009.05.009.

[21] Briers JD. Laser Doppler, speckle and related techniques for
blood perfusion mapping and imaging. Physiol Meas 2001;22
(November (4)):R35–66.

[22] Boas DA, Dunn AK. Laser speckle contrast imaging in
biomedical optics. J Biomed Opt 201015(January-February (1)),
doi:http://dx.doi.org/10.1117/1.3285504 011109.

[23] Basak K, Manjunatha M, Dutta PK. Review of laser speckle-
based analysis in medical imaging. Med Biol Eng Comput
2012;50(June (6)):547–58, doi:http://dx.doi.org/10.1007/s11517-
012-0902-z.

[24] Mirdell R, Iredahl F, Sjöberg F, Farnebo S, Tesselaar E.
Microvascular blood flow in scalds in children and its relation
to duration of wound healing: a study using laser speckle

1334 b u r n s 4 5 ( 2 0 1 9 ) 1 3 2 5 – 1 3 3 5

http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0005
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0005
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0005
http://dx.doi.org/10.1016/j.burns.2008.01.009
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0010
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0010
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0010
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0010
http://dx.doi.org/10.1089/wound.2015.0684
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0015
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0015
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0015
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0015
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0020
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0020
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0020
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0020
http://dx.doi.org/10.1016/j.burns.2008.08.011
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0025
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0025
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0025
http://dx.doi.org/10.1111/j.1440-1754.2011.02128.x
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0030
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0030
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0030
http://dx.doi.org/10.1016/j.burns.2008.01.009
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0035
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0035
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0035
http://dx.doi.org/10.1016/j.suc.2014.05.005
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0040
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0040
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0040
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0040
http://dx.doi.org/10.1016/j.burns.2006.02.007
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0045
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0045
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0045
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0045
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0050
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0050
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0050
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0050
http://dx.doi.org/10.1016/j.burns.2008.12.009
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0055
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0055
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0055
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0055
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0055
http://dx.doi.org/10.1016/j.burns.2015.06.023
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0060
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0060
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0060
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0060
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0065
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0065
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0065
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0065
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0070
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0070
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0070
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0070
http://dx.doi.org/10.1111/j.1600-0846.2011.00593.x
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0075
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0075
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0075
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0080
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0080
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0080
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0080
http://dx.doi.org/10.1097/BCR.0b013e318257db36
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0085
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0085
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0085
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0085
http://dx.doi.org/10.1186/1471-2288-9-11
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0090
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0090
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0090
http://dx.doi.org/10.1016/j.burns.2016.03.012
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0095
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0095
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0095
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0100
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0100
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0100
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0100
http://dx.doi.org/10.1016/j.burns.2009.05.009
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0105
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0105
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0105
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0110
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0110
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0110
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0115
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0115
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0115
http://dx.doi.org/10.1007/s11517-012-0902-z
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0120
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0120
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0120


contrast imaging. Burns 2016;42(May (3)):648–54, doi:http://dx.
doi.org/10.1016/j.burns.2015.12.005.

[25] Lindahl F, Tesselaar E, Sjöberg F. Assessing paediatric scald
injuries using laser speckle contrast imaging. Burns
2013;39:662–6, doi:http://dx.doi.org/10.1016/j.
burns.2012.09.018.

[26] Mirdell R, Farnebo S, Sjöberg F, Tesselaar E. Accuracy of laser
speckle contrast imaging in the assessment of pediatric scald
wounds. Burns 2018;44(February (1)):90–8, doi:http://dx.doi.
org/10.1016/j.burns.2017.06.010.

[27] Ponticorvo A, Rowland R, Baldado M, Burmeister DM, Christy RJ,
Bernal NP. Evaluating clinical observation versus Spatial
FrequencyDomainImaging(SFDI),LaserSpeckleImaging(LSI)and
thermal imaging for the assessment of burn depth. Burns 2018
(October), doi:http://dx.doi.org/10.1016/j.burns.2018.09.026
pii: S0305-4179(18)30848-9. [Epub ahead of print].

[28] Ponticorvo A, Burmeister DM, Rowland R, Baldado M,
Kennedy GT, Saager R. Quantitative long-term

measurements of burns in a rat model using Spatial
Frequency Domain Imaging (SFDI) and Laser Speckle
Imaging (LSI). Lasers Surg Med 2017;49(March (3)):293––304,
doi:http://dx.doi.org/10.1002/lsm.22647.

[29] Crouzet C, Nguyen JQ, Ponticorvo A, Bernal NP, Durkin AJ, Choi
B. Acute discrimination between superficial-partial and deep-
partial thickness burns in a preclinical model with laser
speckle imaging. Burns 2015;41(August (5)):1058–63, doi:http://
dx.doi.org/10.1016/j.burns.2014.11.018.

[30] Zötterman J, Mirdell R, Horsten S, Farnebo S, Tesselaar E.
Methodological concerns with laser speckle contrast imaging
in clinical evaluation of microcirculation. PLoS One 2017;12
(March (3))e0174703, doi:http://dx.doi.org/10.1371/journal.
pone.0174703 eCollection 2017.

[31] Jones O, Wildon D, Andrews S. The reliability of digital images
when used to assess burn wound. J Telemed Telecare 2003;9
(Suppl. 1):S22–4.

b u r n s 4 5 ( 2 0 1 9 ) 1 3 2 5 – 1 3 3 5 1335

http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0120
http://dx.doi.org/10.1016/j.burns.2015.12.005
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0125
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0125
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0125
http://dx.doi.org/10.1016/j.burns.2012.09.018
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0130
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0130
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0130
http://dx.doi.org/10.1016/j.burns.2017.06.010
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0135
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0135
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0135
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0135
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0135
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0140
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0140
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0140
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0140
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0140
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0140
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0145
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0145
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0145
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0145
http://dx.doi.org/10.1016/j.burns.2014.11.018
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0150
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0150
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0150
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0150
http://dx.doi.org/10.1371/journal.pone.0174703
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0155
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0155
http://refhub.elsevier.com/S0305-4179(18)30294-8/sbref0155

	Interobserver reliability of laser speckle contrast imaging in the assessment of burns
	1 Introduction
	2 Methods
	2.1 Observers and task description
	2.2 Cases
	2.3 Equipment
	2.4 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Conflict of interest
	References


