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Quantitative assessment of graded burn wounds using a commercial 
and research grade laser speckle imaging (LSI) system  
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Rd. East, Irvine, CA 92617; bUC Irvine Regional Burn Center, Department of Surgery, 333 City 
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ABSTRACT  

Burn wounds are often characterized by injury depth, which then dictates wound management strategy. While most 
superficial burns and full thickness burns can be diagnosed through visual inspection, clinicians experience difficulty 
with accurate diagnosis of burns that fall between these extremes. Accurately diagnosing burn severity in a timely 
manner is critical for starting the appropriate treatment plan at the earliest time points to improve patient outcomes. To 
address this challenge, research groups have studied the use of commercial laser Doppler imaging (LDI) systems to 
provide objective characterization of burn-wound severity.  Despite initial promising findings, LDI systems are not 
commonplace in part due to long acquisition times that can suffer from artifacts in moving patients. Commercial LDI 
systems are being phased out in favor of laser speckle imaging (LSI) systems that can provide similar information with 
faster acquisition speeds.  To better understand the accuracy and usefulness of commercial LSI systems in burn-oriented 
research, we studied the performance of a commercial LSI system in three different sample systems and compared its 
results to a research-grade LSI system in the same environments. The first sample system involved laboratory 
measurements of intralipid (1%) flowing through a tissue simulating phantom, the second preclinical measurements in a 
controlled burn study in which wounds of graded severity were created on a Yorkshire pig, and the third clinical 
measurements involving a small sample of clinical patients.  In addition to the commercial LSI system, a research grade 
LSI system that was designed and fabricated in our labs was used to quantitatively compare the performance of both 
systems and also to better understand the “Perfusion Unit” output of commercial systems. 
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1. INTRODUCTION  
On an annual basis in the United States, 500,000 will require treatment for a burn injury and almost 10% of that number 
will be admitted into a specialized burn center[1]. The most difficult task for physicians in these burn units is to 
accurately categorize the burn injury. Accurate stratification is important because the treatment plan for a patient is 
directly related to the initial diagnosis. A burn that is fairly superficial will not require any surgical intervention. A full 
thickness burn where significant damage is done requires surgical intervention. It is not difficult for clinicians to 
categorize burn wounds in their extreme state, but it is difficult to categorize the partial thickness burns that are in 
between the extreme categories. The accuracy of diagnosing these partial thickness burns by clinicians is typically 60-
80% when the diagnosis is done several days after the burn injury[2]. While early intervention has been shown to be 
beneficial for burn patients, clinical assessments are more accurate if clinicians wait to make a diagnosis[2]. New 
technologies that could aid clinicians in categorizing wound severity shortly after injury would provide great benefit to 
patients. 

Recently we reviewed technologies that have been employed to assess burn severity[3]. One of the technologies that 
have found some acceptance in burn centers and appears to offer the best data-supported estimates of burn severity to 
date is Laser Doppler Imaging (LDI). LDI allows a clinician to visualize spatial maps of perfusion, a key indicator of 
burn depths and eventual healing times. One of the issues associated with LDI is long acquisition times because the laser 
is mechanically scanned over the patient for up to 5 minutes per image, resulting in a considerable risk of movement 
artifact and long data collection times for burns that cover a large area. An alternative technology under study is Laser 
speckle imaging (LSI), which is a similar noninvasive technique that also quantifies blood flow by examining the 
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fluctuations in a speckle pattern caused by the movement of red blood cells. While LDI and LSI both report 
measurements of blood flow, LSI has the ability to capture an entire field of view at a single time point and can avoid 
artifacts due to movements. 

To better understand the accuracy and usefulness of commercial LSI systems in burn-oriented research, we studied the 
performance of a commercial LSI system in three different environments and compared its results to a research-grade 
LSI system[4] in the same  sample systems. The first sample system involved laboratory measurements of intralipid 
(1%) flowing through a tissue simulating phantom. The second system involved preclinical measurements in a controlled 
burn study in which wounds of graded severity were created on a Yorkshire pig (UCI IACUC # 2015-3154-0). Finally, 
we look at performance in a clinical setting involving a small sample of patients (UCI IRB #2009-7322). 

2. METHODS 
2.1 Commercial laser speckle imaging system 

The PeriCam PSI (Perimed AB, Sweden) is an imager that utilizes laser speckle contrast analysis to provide real time 
analysis of tissue perfusion. It utilizes a single-exposure speckle algorithm with background correction and is calibrated 
with a Brownian motion standard.  Speckle contrast values are calculated at each pixel using the equation below:  

ܭ	  = 	 ఙ(ூ)〈ூ〉  (1) 

Where <I> is the mean intensity around a square area of pixels and σ(Ι) is the standard deviation of the intensity around 
those pixels. This speckle contrast value is converted to a “perfusion unit” measurement that is recorded and displayed to 
the end user using the equation below. 

 	ܲ = ܩ ቀଵቁ − 1 (2) 

Where G is a gain factor reported by the software. 

2.2  Research grade laser speckle imaging system  

The research-grade LSI instrument, which was developed at BLI, consisted of three main hardware components: a laser 
source, CCD camera, and computer. The laser source was a continuous-wave laser light (λ = 808 nm, 150 mW, Ondax 
Inc., Monrovia, CA). The CCD camera was a thermoelectrically-cooled Retiga 2000R (QImaging, Burnaby, BC, 
Canada) with a pixel resolution of 1600 x 1200 (1.92 megapixels, each pixel having dimensions of 7.4 µm x 7.4 µm).  
The laptop (Sager P170EM, City of Industry, CA) was equipped with a GTX650 Graphics Processing Unit (GPU) 
(NVIDIA, Santa Clara, CA). The speckle pattern generated by the laser was captured with the CCD camera and 
processed using custom LabVIEW (Version 8.0, National Instruments, Austin, TX) software, integrating CUDA GPU 
code to perform real time processing as described previously [5]. Blood flow is quantified by a metric known as Speckle 
Flow Index (SFI), which we have described previously[6, 7] using the equation below: 

ܫܨܵ	  = ଵଶ்(మ) (3) 

Where T is the exposure time of the camera and K is the speckle contrast value. 

2.3 Flow Phantoms 

A flow phantom designed to approximate human tissue was constructed out of silicone (PDMS) using India ink as the 
absorbing agent and titanium dioxide as the scattering agent. An acrylic tube with dimensions 13 mm x 13 mm was 
embedded in the phantom to act as a flow channel. The tube was approximately 500 μm beneath the surface of the 
silicone.  A syringe pump (NE-1000, New Era Pump Systems, Farmingdale, NY) was connected to the tubing and 1% 
intralipid was pumped through the setup. The pumping speed was increased from 0 – 5 mm/s at increments of 1 mm/s 
with a 60s wait time in between increases. This range was chosen to approximate a range of red blood cell velocities 
encountered in microcirculation[8].  
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2.4 Porcine Studies 

All experiments were performed in accordance with the UC Irvine Institutional Animal Care and Use Committee 
(IACUC protocol #2015-3154).  Three Yorkshire pigs (55 kg average weight) were used in this experiment. Animals 
were allowed to acclimate to their individual housing for 7 days prior to the experiment. An intramuscular injection of 
tiletamine-zolazepam (Telazol, 6 mg/kg) was used to sedate the animals before being intubated so that isoflurane (2%) 
could be used to maintain sedation. Controlled, graded burn wounds were created using a custom-made device setup 
described previously[9]. Briefly, custom made cylindrical brass probes (3 cm diameter) with stainless steel posts were 
fabricated along with a spring loaded device to hold the probes. The brass probes were heated in a warm bath incubator 
to 100°C and held in place by a custom made aluminum block. 16 burns were created along the dorsal side 
approximately 1 cm from the spine and approximately 3 cm away from each other. 8 wounds were created on each side 
of the spine, with contact times of 5, 10, 15, 20, 25, 30, 35, and 40 seconds. A non-adherent gauze (Telfa, Tyco 
Healthcare, Mansfield, MA) was placed on top of the wound and held in place with Ioban™ (3M, St. Paul, MN). 

2.5 Preliminary Clinical Imaging 

University of California Irvine (UCI) IRB approved protocol (HS #2009-7322) was used to enroll nine subjects into the 
study. Subjects were recruited from patients seen in the burn and surgical intensive care unit at UCI Medical Center by 
the attending physician (N.B.). Subjects who agreed to participate signed an informed consent form. Once informed 
consent was obtained, target thermal burn wounds of indeterminate depth were selected and imaged using the Pericam 
PSI system. Dressings, if present, were removed and standard wound care was provided by the health care provider. The 
physician remained blinded to the perfusion images to prevent any potential bias during visual assessment. Patients were 
checked for progress of treatments typically ten days after their admitted date. 

2.6 Statistical Analysis  

For flow phantom measurements a 1 cm x 5 cm region of interest was selected within the boundary of the flow channel 
and relative perfusion values at different speeds were calculated from baseline values for both systems. A paired t-test 
was performed on the two sets of data, with a 95% confidence interval. A p-value less than 0.05 was considered 
statistically significant for this study. Sensitivity measurements were calculated for each system using the equation 
below: 

 	ܵ = (ೖశభିೖ)ା(ೖିೖషభ)ଶ∗ೖ  (4) 

Where Pk is the measured perfusion at a given speed k. 

For the porcine studies a 1 cm2 ROI was selected within each burned section for both systems. The perfusion values 
were averaged across burns of the same severity over all animals.  A paired t-test was performed on the two sets of data, 
with a 95% confidence interval. A p-value less than 0.05 was considered statistically significant for this study. 

For the clinical measurements a 1 cm2 ROI selection was chosen based on areas of interest pointed out by the attending 
physician. The perfusion values were then averaged within each ROI and compared. 

 

3. RESULTS 
 
3.1 Flow Phantoms 

The PeriCam PSI and research-grade LSI system use separate units to express perfusion, so relative flow measurments 
were used to associate the two. The relative flow measurements for each system were determined by referencing the 
flow at each speed to the baseline measurement of 0 mm/s, when intralipid is stagnant within the flow phantom as 
illustrated in Fig 1. Comparing the trend of this percent change of a flow measurement from baseline indicated that both 
systems registered an increase in perfusion as the pump increased flow. Overall, the PeriCam PSI system expressed a 
higher percent change from baseline than the research-grade system, for each of the measured flow speeds.  The 
sensitivity of each system to varying speeds was determined by averaging the percent change between each flow speed 
for all five measured speeds. The sensitivity for the PeriCam PSI system was 0.23, whereas the sensitivity for the 
research grade LSI system was 0.17. 

Proc. of SPIE Vol. 10037  100370I-3
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 11/28/2018
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



Day

 

 

 

Figure 1. Grap
were determin
 
3.2 Porcine 

The day 1 co
Fig 2a. The r
thickness) bu
the surroundi
less damage 
PeriCam PSI

The relative 
PeriCam PSI
decrease in 
perfusion wit

Figure 2. a) RG
relative flow v

ph of relative flo
ned by dividing t

Studies 

olor, research g
research grade 
urns experienc
ing tissue, the 
to the underl

I device. Howe

values averag
I system (red) 
perfusion for 
th increasing b

GB color, resear
values for both th

w values for mu
the change in per

grade LSI, and
LSI system in

ced lower perfu
5 second burn 

lying vasculatu
ever, in the Per

ged for each b
indicates an in
the longer bu

burn time.  

rch grade LSI, an
he PeriCam PSI 

ultiple speeds of 
rfusion by the ba

d PeriCam PSI
ndicated that bo
usion when co
did display hig

ure. Lower per
riCam PSI syst

burn time comp
ncrease in flow

urn times. The

nd PeriCam PSI
and research gra

intralipid throug
aseline, averaged

measurements
oth the 5 secon
ompared to the
gher perfusion
rfusion in the 
em, the 5 secon

mpared to the b
w compared to
e research grad

images of a 5 se
ade LSI systems

gh a silicon phan
d across all phan

s of the shorte
nd (superficial p
e surrounding, 
n than the 40 se

40 second bu
nd burn had a 

baseline is sho
o baseline, for 
de LSI (blue) 

econd and 40 sec
s for all burn tim

ntom.  Sensitivity
ntom flow speed

st and longest 
partial thickne
uninjured skin

econd burn, sug
urn region was
slight increase

own for each s
the superficia
system only 

cond burn woun
mes at day 1.  

 
y of individual s

ds. 

burn times are
ss) and 40 seco
n. While lower
ggesting that th
s also reported
 in perfusion.

system in Fig 
al 5 second bur
showed a dec

nd at day 1. b) Gr

systems 

e seen in 
ond (full 
r than in 
here was 
d by the 

2b. The 
rn, but a 
crease in 

 
raph of 

Proc. of SPIE Vol. 10037  100370I-4
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 11/28/2018
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 

 

 
By day 4, bo
3a. This phen
is a visible ar
 
As seen in Fi
burns taken w
other burns c
 

Figure 3. a) RG
relative flow v
 
The relative v
pig. A paired
considered st
for each burn
 

Burn Times
Day 1 
Day 4 

Table 1. Relat
 

Burn Times
Day 1 
Day 4 

Table 2. Relat
 
3.3 Prelimin

Fig 4a shows
(standard of c
system.  Fou

th systems sho
nomenon is rep
rea of high per

ig 3b., the 5, 10
with the researc
continue to hav

GB color, resear
values for both th

values in Fig 2
d t-test was per
tatistically sign
n time on eithe

s 5 
0.104493 
0.418729 

ive perfusion va

s 5 
-0.01802 
0.181701 

ive perfusion va

nary Clinical 

s RGB color im
care follow-up
r regions of int

ow lower perfu
peated by each 
rfusion surroun

0 and 15 secon
ch grade LSI s

ve decreasing p

rch grade LSI, an
he PeriCam PSI 

2b. and Fig 3b. 
rformed on the 
nificant for this
r day. 

10 
-0.10131 
0.174014 

alues measured b

R
10 

-0.11927 
0.104315 

alues measured b

Imaging 

mages of a scal
p) post-burn.  P
terest were cho

usion in the 5 se
system to a gr

nding the burn, 

nd burns taken 
system (blue) h
perfusion with i

nd PeriCam PSI 
and research gra

were determin
two sets of dat

s study. There w

PeriCam P
15 

-0.19076 
0.09948 

by the PeriCam P

Research Grad
15 

-0.21858 
-0.03969 

by the research g

d burn taken o
Perfusion image
osen from the p

econd burns co
reater extent in
and seen in ea

with the PeriC
have increased 
increasing burn

images of a 5 se
ade LSI systems

ned, using aver
ta, with a 95%
were no statist

PSI Relative Va
20 

-0.38369 -
-0.27731 -

PSI system for a

de LSI Perfusio
20 

-0.26871 -
-0.14149 -

grade LSI system

on day 2 (when
es were collect
perfusion maps

ompared to the 
n the 40 second
ach burn time th

Cam PSI system
perfusion relat
n times. 

econd and 40 sec
s for all burn tim

rage baseline m
 confidence int

tically significa

alues 
25 

-0.40927 -0
-0.40815 -0
ll burn times, fo

on Values 
25 

-0.31609 -0
-0.20611 -0

m for all burn tim

n the patient pre
ted on day 2 us
s and further an

surrounding ti
d burns. Unlike
hrough each sy

m (red), and the
tive to the base

cond burn woun
mes at day 4. 

measurements f
terval. A p-val
ant differences 

30 
0.44387 -0
0.38059 -0
r 1 and 4 days p

30 
0.30571 -0
0.16147 -0

mes, fo 1 and 4 d

esented to the B
sing the comm
nalyzed.  The f

issue, as seen i
e the day 1 burn
ystem.  

e 5 and 10 seco
eline on day 4. 

nd at day 4. b) Gr

from each resp
lue less than 0.
between the sy

35 
.47709 -0.4
.50035 -0.3

post-burn. 

35 
.34576 -0.3
.25794 -0.2
ays post-burn. 

Burn unit) and 
ercial PeriCam
first region of i

in Fig. 
ns, there 

ond 
All 

 
raph of 

ective 
05 was 
ystems 

40 
48379 
35877 

40 
32845 
22239 

day 10 
m PSI 
interest, 

Proc. of SPIE Vol. 10037  100370I-5
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 11/28/2018
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



Colar

 

 

indicated in t
region (red). 
on its own. B
chosen in the
and control r
its own and n
the control va
was it would
healing as qu

Figure 4. a) RG
Avergae perfu

 
The flow pha
Despite diffe
measurement
significant d
severity burn
with the dura
at the day 1 
could be use
previously [1
help assess w
compared to
attending phy
area pointed 
graft, the Per
confirmed un

Here we stud
flowing throu
physiologica
technologies 
applied the d
again found 
performance 
technologies 
interest on th

the figure by a 
 This area was

By day 6 it was
e surrounding b
regions.  This r
not require surg
alues, but this 

d likely heal on 
uickly as the su

GB color and Pe
usion values mea

antom data sho
erent units for 
ts of the syste

differences betw
n model. We w
ation of the bu
time point is l

ed to distingui
10]. For clinic
which regions 
 the surroundi
ysician on day
out by the syst

riCam (PSI) sy
ntil day 6. 

died the perfor
ugh a tissue s

ally relevant ran
and this provi

device in a con
it performed s
of commercia
such as spati

he part of clinic

dark blue box
s evaluated by 
s determined it 
burn area (light
region was eval
gery. The regio
area was not g
its own and no

urrounding burn

eriCam PSI imag
asured by the Per

owed similar s
measuring pe

ems at any of
ween the two 
were able to de
urn. These chan
ikely due to th
ish superficial 
al measuremen
require skin gr
ing tissue on d

y 6 as requiring
tem is not and 

ystem, was also

rmance of a co
imulating phan
nge of flow rat
ides some reas
ntrolled burn s
similarly to res
al LSI within 
ial frequency 
cians as to how

, shows lower 
clinicians on d
would not hea
t blue box), sho
luated by clinic
on represented 

grafted.  This re
ot require surg
n tissue. 

ge of a scald bur
riCam PSI syste

4. D

sensitivity betw
erfusion from b
f the speeds te

systems when
etect changes
nges were more
he controlled e

partial thickn
nts we see a p
rafts. The Peri
day 2 after the
g a skin graft. B

will require a 
o able to do th

ommercial Peri
ntom and foun
tes. This is part
ssurance that th
tudy in which 
search grade L
a burn contex
domain imagin

w the predictive

perfusion with
day 2 and the d
al and a graft w
owed significa
cians on day 2 
by the yellow 

egion was evalu
ery. The day 1

rn on an arm. Re
m over the four 

DISCUSSIO

ween the resear
both systems, 
ested in the in
n measuring t
in relative blo
e apparent by 

environment th
ess burns from

practical examp
iCam PSI syste
e injury. Only
By day 10 the 
graft. In additi

his on day 2 aft

Cam PSI syste
nd it performed
ticularly intere
hese devices p
wounds of gra

LSI system. Th
xt. This is imp
ng, within the
e performance 

h values similar
determination w
would be necess
antly higher per

and the determ
box showed p
uated by clinic
0 color image 

gions of interest
regions of intere

N 

rch grade LSI 
there was no 
ntralipid flow 
the relative ch
od flow with b
day 4, but cou
at these burns 

m deep partial 
ple where asse
em highlighted

y one of these 
grafted area is
ion to successf
ter the injury w

em in a control
d similarly to 

esting to us as t
perform similar
aded severity w

his provides us
portant becaus
e context of b
(in terms of bu

r to that of the 
was to wait and
sary. Another r
rfusion values 

mination was it
erfusion levels

cians on day 2 
shows that this

t are indicated on
est indicated. 

system and the
significant dif
phantom. Sim

hanges in bloo
both systems t

uld still be seen
were created. 
thickness bur

essing blood fl
d two areas wi
areas was ulti

s healing succe
fully predicting
while the clinic

lled environme
a research gra

the Choi lab de
rly to a comm
were created o
s some baselin
e we are inve

burn wound ev
urn severity an

uninjured cont
d see if it would
region of intere
than both the g

t would likely h
s slightly highe
and the determ
s same region i

n the RGB imag

e PeriCam PSI
fference in the
milarly, there 
od flow of our
that directly co
n in day 1. The

This flow info
rns as we have
flow informatio
ith reduced blo
imately chosen

essfully, but the
g which areas r
cal assessment

ent using 1% i
ade LSI system
evelops new L

mercial device. 
on a Yorkshire
e understandin

estigating other
valuation, and 
nd time to heal

trol 
d heal 
est was 
grafted 
heal on 
er than 

mination 
is not 

 
ge. b) 

I device. 
e relative 
were no 
r graded 
orrelated 
e success 
ormation 
e shown 
on could 
ood flow 
n by the 
e second 
require a 
was not 

ntralipid 
m over a 
SI based 
We also 

e pig and 
ng of the 
r optical 
there is 

l) of new 

Proc. of SPIE Vol. 10037  100370I-6
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 11/28/2018
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 

 

devices compares to commercial LSI. Finally, we have demonstrated the potential benefits of a speckle imaging system 
within the context of clinical burns by showing the ability to identify regions that require intervention through grafting 
earlier than clinical assessment.  
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