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Grabcut Algorithm: A New Assessment of Burn Wound Area
from Digital Images
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Background: As far as high technology is concerned, digital images of burn patients are widely used for wound documentation and
specialist consultation. Wound area can be approximated from the photographs to aid further treatment for the patients. However,
objective estimation of the wound areas in the digital images is still problematic.

Objective: To calculate sizes of burn wounds from digital images.

Materials and Methods: A computer application, Burn Percentage Calculation (BPC), was developed based on image segmentation
algorithm called Grabcut This image processing tool extracted an object of interest out of the background by using differences of
pixel color and contrast in the image. The probabilistic models of being foreground and background were created to distinguish
object pixels from the rest of the input image. The BPC application effectively extracted patient’s body parts and burn wounds from
the background. By mapping to Lund and Browder chart in the application, the wound area in a unit of percent total body surface
area (% TBSA) was obtained. To validate the application, 10 plastic surgery residents were assigned to assess burn wound areas
from 5 digital photographs using BPC application compared to conventional Lund and Browder chart.

Results: Forty-one digital images of burn patients were processed by BPC application. The application clearly separated the burn
wounds from the background, and calculated wound areas in a unit of %TBSA. Burn sizes calculated by BPC application were not
significantly different from those using conventional Lund and Browder diagram.

Conclusion: Grabcut algorithm is a powerful image segmentation tool which can sufficiently extract burn wounds from a 2D
photograph. Our study demonstrated that sizes of burn wounds in the photographs were accurately calculated using an image

segmentation-aided computer application. The resulting burn areas can guide individualized treatment for burned patients.
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An assessment of total body surface area (TBSA)
of burns is critical in the initial step of burn resuscitation-?.
It is imperative and also crucial for nutritional management
to overcome the hypermetabolic burden®?. Moreover, the
area of burn is related to the prognosis during hospitalization
and long-term complications®®. However, accuracy of the
burn area assessment still depends largely on the physician’s
experience and requires a time-consuming process. In the
setting of emergency, this could lead to unreliable estimation
as highlighted by inaccurate burn area assessment in the
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emergency department and referred cases”'?. Overestimation
ofthe burn area contributes to excessive fluid intake causing
complications such as pulmonary edema and compartment
syndrome, while underestimation of the burn area provokes
circulatory collapse and further end-organ failure!''"!¥,
Classical 2D diagrams have been used to assess the
proportion of TBSA of burns, including the Rule of Nines*!
and Lund and Browder chart!®. According to the Rule of
Nines, the body is divided into parts depicting 9% TBSA for
head and neck, 9% TBSA for each upper extremity, 18%
TBSA for anterior trunk, 18% TBSA for posterior trunk,
18% TBSA for each lower extremity, and 1% for genitalia. It
is inaccurate for children, and should be used in adults only.
Although this method simplifies the assessment of the burn
wounds, variation in the estimates and overestimation are
frequently encountered, which fundamentally leads to over-
resuscitation>7'9, Lund and Browder diagram, on the other
hand, gives more details on surface areas of each body part,
and is applicable to adults and children. This method has
been widely used as a standard calculation of %TBSA in
burn units worldwide!"”. However, estimation of burn size
by exploiting 2D diagrams is at risk of miscalculation in the
process of transferring observation to the diagram. This
human error is further emphasized in large and scattered burn
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wounds, and thus leads to improper resuscitation!8221,
Software systems have been developed to aid %TBSA
calculation including 2D®?) and 3D designs®*?. Since
these approaches still rely on physician’s observation, human
error may occur during burn area assessment.

Recently, digital images have been used as a part
of medical record and specialist consultation. Although burn
wound areas can be roughly estimated from the
photographs®27:2) effective and user-friendly software
products are still underdeveloped. A computer program
which utilizes 3D mapping from photographs of burned
patients was invented to avoid subjective assessment of
wound areas®. Nevertheless, this still employs complicated
software and requires user’s experience to achieve accurate
and precise results.

2D digital photographs can be efficiently processed
by using image editing tools. Grabcut is an image-editing
algorithm which separates an object of interest from its
respective background in the image®. This function is called
image segmentation. To develop a computer application which
provides %TBSA calculation from the digital photographs,
we incorporated the Grabcut algorithm into the application
called Burn Percentage Calculation (BPC). This function
extracted burn wounds from the patient’s image, and aided
calculation of the wound area. This software serves as an
innovative and convenient tool for burn area assessment and
facilitates subsequent treatments.

This study aimed to 1) develop application software
based on Grabcut algorithm to assess the burn wound area,
and 2) compare burn wound areas calculated from the
computer application to those calculated from traditional
Lund and Browder chart.
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Materials and Methods
Burned patients

Analysis of burn wound area was performed on
41 patients admitted to the Burn Unit, Ramathibodi Hospital,
Mabhidol University, Thailand, during January 2012 to May
2019. All subjects with documented digital images were
included to the study. Ethical approval for this study was
obtained from Human Research Ethics Unit, Faculty of
Medicine, Ramathibodi Hospital, Thailand (MURA2018/
174).

Burn area calculation from digital images

A computer application, Burn Percentage
Calculation (BPC), for burn area assessment was developed
based on an image segmentation algorithm called Grabcut
(Figure 1). By drawing a box around the object of interest,
this algorithm principally constructed 2 color distributions.
The drawn box was used to construct the distribution of
being foreground, while the rest of the input image was used
to construct the distribution of being background. Then,
they were refined in each iteration of the Grabcut till being
converged. Therefore, a sharp separation between those parts
could be achieved, and the target object was extracted. The
BPC application was applied to extract a patient’s body part
and burn wounds in that body part from a digital image
(Figure 2). The body part was extracted from its background
as a result of pixel color difference. The extracted body part
was registered to the application by the user according to
Lund and Browder chart (Figure 1B). Thus, the area of the
body in the digital image could be determined in a unit of
%TBSA. The burn wounds in the body part were extracted
in the same manner based on pixel color difference. A number
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Figure 1. Software interface of Burn Percentage Calculation (BPC). A) A photograph of the patient’s wound was
imported. The image segmentation tools based on a Grabcut algorithm was shown in the upper panel. B)
The body part in the image was mapped to a Lund and Browder diagram by the user to calculate the
wound area in a unit of percent of total body surface area (%TBSA).
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Figure 2. Image segmentation using Grabcut. A) An image of burn wounds at the right lower extremity was
imported to the computer application. B) The lower extremity and the background were separated by
means of color and contrast differences. Optimal results were obtained as demonstrated by sharp borders
along the lower extremity. C) The burn wounds were extracted from the lower extremity by using the

same software function.

of pixels in the body part and the burn wounds were calculated
and presented as a ratio. Consequently, the area of the burn
wounds, in a unit of %TBSA, was obtained from this ratio
and the known %TBSA of the body part. All documented
photographs of the burned patients were imported to the
BPC application to analyze their respective %TBSA.

Study design

By using BPC application, 5 digital images of
burned patients were calculated for %TBSA by 10 plastic
surgery residents who had no computer background of
this software. The residents were then assigned to estimate
%TBSA separately using conventional Lund and Browder
chart. Each of photographs of burn wounds was assessed by
both methods and compared.

Statistical analysis

The difference of burn wound areas calculated
from BPC application and conventional Lund and Browder
chart was determined using two-tailed paired-sample
student’s t-test. The difference was considered significant
when p-value <0.05. The statistical analyses were carried
out by GraphPad Prism 8.0.2 (GraphPad Software,
San Diego, CA).

Results

Based on image segmentation algorithm, a
developed BPC program clearly extracted a body part and
burn wounds from the background (Figure 2). The burn area
calculated from the BPC program was 5.82%TBSA. All
other digital images recruited in this study could also be
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Table 1. Comparison of burn wound areas calculated by
Burn Percentage Calculation (BPC) program and
conventional Lund and Browder chart

Wound BPC Lund and p-value
number (%TBSA) Browder

(%TBSA)
1 17.11+2.82 15.28+1.58 0.06
2 6.22+2.06 5.90+1.07 0.62
3 7.47+2.06 6.80+0.71 0.43
4 0.47+0.08 0.61+0.17 0.16
5 4.31+0.35 4.23+0.89 0.77

Data presented as mean+SD

calculated for burn area in a unit of %TBSA in the same
manner.

Estimation of burn areas using the BPC application
was compared to calculation via a conventional Lund and
Browder chart. There was no significant difference between
those 2 methods for burn area assessment (Table 1).

Discussion

Digital photography has been recently adopted
for documentation of burned patients and also consultation
between practitioners. Burn severity and wound area can be
roughly evaluated from digital images. However, an objective
method for burn wound calculation from the photographs is
still limited. In this study, we applied an algorithm for image
segmentation called Grabcut to create a computer application
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for burn area assessment. This application accurately
estimated the wound areas of the burned patients, and could
aid an individualized treatment plan such as fluid resuscitation,
nutritional management, and wound care.

The accuracy of burn area estimation is deteriorated
due to chaotic situation in the emergency room. Many studies
reveal unreliable calculation of the burn size during referral
and in the emergency room”!?, Harish et al® demonstrated
that more than half of patients were overestimated. This
number is consistent with our unpublished data in which
31% of patients with major burns (>20 %TBSA) admitted
to the Burn Unit in Ramathibodi Hospital was overestimated
in burn sizes. Excessive resuscitation can adversely result
in tissue edema which is a fundamental cause of pulmonary
edema, cerebral edema, extremity and abdominal compartment
syndrome'""'». Underestimation, although occurred less
frequently”'?, leads to burn shock and organ failure. This
situation hence leaves plenty of room for improvement of
innovative devices specifically to aid burn size assessment.

Image segmentation is one of editing tools in digital
image processing used for foreground/background splitting.
The partition process is basically identification of boundaries
of a target object based on difference in pixel characteristics
around the object. Grabcut is a well-known algorithm which
utilizes color and contrast information to differentiate an
object in the image from its respective background®”. As
compared to traditional image segmentation tools such as
Magic Wand or Intelligent Scissors, Grabcut is far more
effective to identify object-background borders. High quality
results can be achieved with minimal user interaction.
Therefore, we chose Grabcut as a core function to develop a
computer application, which effectively extracted burn
wounds out of a given digital image.

Photographic assessment of burn areas has been
proven valid and reliable in the hands of experts®”*.
However, inexperienced practitioners often estimate the burn
size inaccurately®®, which potentially leads to errors in further
treatments. The basis of this problem involves translation
of 2D wounds to a conventional diagram of Lund and Browder
chart or the Rule of Nines. Moreover, the experience in
the clinical evaluation of the burn wounds is also imperative.
Therefore, objective measurement is required to ensure
accuracy and consistent results. To date, no computer or
mobile phone application has been developed based on burn
size calculation of 2D digital images. BPC is the first program
which employs an image segmentation tool to calculate the
area of the burn wounds. Compared to other programs which
depend upon transferring observation to the diagram*29,
the BPC does not require this process since the picture of
the wounds is analyzed directly by the function of image
segmentation. This can increase accuracy and reduce errors
between different assessors. Nonetheless, mapping of the
body part to the Lund and Browder diagram is still mandatory.
Accuracy is thus based on complete caption of the body
part, which matches to the Lund and Browder diagram
(Figure 1B).

Some limitations of BPC program have to be
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mentioned. Favorable results of the image segmentation
necessitated a homogeneous background with a distinctive
color compared to the skin. The background with colors
closed to patients’ skin tone resulted in contamination of the
segmented body part, and subsequently an error in calculation.
Similarly, burn wounds with close color to the skin also
posed the same problem. An editing function, which offered
addition or deletion of some pixels as shown in the program
interface (Figure 1A), was hence introduced to cope with
this problem. Thought requiring more time to complete the
image segmentation process, accuracy of burn area calculation
was accomplished.

The burn areas recruited in this study were
rather small, ranging from 0.47 to 17.11 %TBSA. The
underlying reason was that the digital images focused on the
wounds in only particular part of the body, for example, the
palmar surface of hand, the anterior trunk, the posterior leg.
This was according to the image gallery of the patients.
Moreover, the image of each body part facilitated mapping
to the Lund and Browder diagram in the BPC program.
Therefore, accurate estimation was easier achieved. To
estimate the total burn size, gathering of all burn wounds in
each part of the body was still required. It is also worth to
mention that the burn areas calculated from 2D photographs
might have a subtle difference compared to 3D models. This
can occur when curvature of the body parts is analyzed as a
flat surface.

Based on our study, BPC was comparable to the
conventional Lund and Browder chart in estimation of burn
wound areas. Even though the estimation was performed in
small burn areas, summation of small areas wound be estimated
close to the same in both methods.

In the present study, we developed a computer
program to estimate burn sizes from digital images. Our future
research aims to transfer this program to a smartphone
version. Due to an already-installed camera in the smartphone,
assessment of burn wound areas would be more convenient
for the users.

Conclusion

Digital images are generally used during the process
of patient referral and consultation. A computer program
based on an image segmentation algorithm, Grabcut algorithm,
was developed to calculate burn sizes from the digital
photographs. As compared to a standard Lund and Browder
chart, the program could accurately estimate the burn areas
by an objective approach. Therefore, this program could
assist physicians to calculate %TBSA for further proper
resuscitation of the burned patients.

What is already known in this topic?

Accurate estimation of burn wound areas is
fundamental to proper fluid resuscitation. Precise assessment
of the burn sizes is still problematic for inexperience
practitioners, especially in the emergency room. This problem
leads to over- or under-resuscitation and subsequent
complications.
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What this study adds?

We developed a novel computer program for burn

area calculation from digital images. This program was based
on an image segmentation algorithm, called Grabcut, which
effectively extracted a patient’s body part and burn wounds
from the background. Reliable calculation of the burn sizes in
aunit of % TBSA was achieved using this computer program.

Acknowledgements

The authors wound like to thank Ms. Wijittra

Matang for assisting statistical analysis and proofreading.

Potential conflicts of interest

The authors declare no conflict of interest.

References

1.

10.

11.

Mlcak RP, Buffalo MC, Jimenez CJ. Pre-hospital
management, transportation and emergency care. In:
Herndon DN, editor. Total burn care. 5% ed. London:
Elsevier Saunders; 2018. p. 58-65.

Jeschke MG, van Baar ME, Choudhry MA, Chung
KK, Gibran NS, Logsetty S. Burn injury. Nat Rev Dis
Primers 2020;6:11.

Prelack K, Dylewski M, Sheridan RL. Practical
guidelines for nutritional management of burn injury
and recovery. Burns 2007;33:14-24.

Carson JS, Khosrozadeh H, Norbury WB, Herndon
DN. Nutritional needs and support for the burned
patient. In: Herndon DN, editor. Total burn care. 5% ed.
London: Elsevier Saunders; 2018. p. 287-300.

Novac M, Dragoescu A, Stanculescu A, Duca L, Cernea
D. The predictive value of scores used in intensive care
unit for burn patients prognostic. Curr Health Sci J
2014;40:253-60.

Hussain A, Dunn KW. Predicting length of stay in thermal
burns: a systematic review of prognostic factors. Burns
2013;39:1331-40.

Hammond JS, Ward CG. Transfers from emergency room
to burn center: errors in burn size estimate. J Trauma
1987;27:1161-5.

Collis N, Smith G, Fenton OM. Accuracy of burn size
estimation and subsequent fluid resuscitation prior to
arrival at the Yorkshire Regional Burns Unit. A three
year retrospective study. Burns 1999;25:345-51.
Harish V, Raymond AP, Issler AC, Lajevardi SS, Chang
LY, Maitz PK, et al. Accuracy of burn size estimation in
patients transferred to adult Burn Units in Sydney,
Australia: an audit of 698 patients. Burns 2015;41:91-
9.

Baartmans MG, van Baar ME, Boxma H, Dokter J,
Tibboel D, Nieuwenhuis MK. Accuracy of burn size
assessment prior to arrival in Dutch burn centres and its
consequences in children: a nationwide evaluation. Injury
2012;43:1451-6.

Cancio LC, Bohanon FJ, Kramer GC. Burn resuscitation.
In: Herndon DN, editor. Total burn care. 5" ed. London:
Elsevier Saunders; 2018. p. 77-86.

] Med Assoc Thai|Vol.104|Suppl.5|December 2021

12.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Bacomo FK, Chung KK. A primer on burn resuscitation.
J Emerg Trauma Shock 2011;4:109-13.

. Cartotto R, Greenhalgh DG, Cancio C. Burn state of the

science: fluid resuscitation. J Burn Care Res 2017;38:
€596-e604.

Sakson JA. Simplified chart for estimating burn areas.
Am J Surg 1959;98:693-4.

Knaysi GA, Crikelair GF, Cosman B. The role of nines:
its history and accuracy. Plast Reconstr Surg 1968;41:
560-3.

Lund CC, Browder NC. The estimation of areas of burns.
Surg Gynecol Obstet 1944;79:352-8.

Wachtel TL, Berry CC, Wachtel EE, Frank HA. The
inter-rater reliability of estimating the size of burns from
various burn area chart drawings. Burns 2000;26:156-
70.

. Giretzlehner M, Dirnberger J, Owen R, Haller HL,

Lumenta DB, Kamolz LP. The determination of total
burn surface area: How much difference? Burns
2013;39:1107-13.

Minimas D. A critical evaluation of the Lund and Browder
chart. Wounds UK. 2007;3:58-68.

Parvizi D, Kamolz LP, Giretzlehner M, Haller HL, Trop
M, Selig H, et al. The potential impact of wrong TBSA
estimations on fluid resuscitation in patients suffering
from burns: things to keep in mind. Burns 2014;40:241-
S.

Nichter LS, Bryant CA, Edlich RF. Efficacy of burned
surface area estimates calculated from charts—the need
for a computer-based model. J Trauma 1985;25:477-
81.

Berry MG, Goodwin TI, Misra RR, Dunn KW.
Digitisation of the total burn surface area. Burns
2006;32:684-8.

Godwin Z, Tan J, Bockhold J, Ma J, Tran NK.
Development and evaluation of a novel smart device-
based application for burn assessment and management.
Burns 2015;41:754-60.

Neuwalder JM, Sampson C, Breuing KH, Orgill DP. A
review of computer-aided body surface area
determination: SAGE II and EPRI’s 3D Burn Vision. J
Burn Care Rehabil 2002;23:55-9.

Cheah AKW, Kangkorn T, Tan EH, Loo ML, Chong SJ.
The validation study on a three-dimensional burn
estimation smart-phone application: accurate, free and
fast? Burns Trauma 2018;6:7.

Desbois A, Matei S, Perreault I, Beguet F, Gervais S, J
ADG. The importance of a three-dimensional-based
approach with personalized models for accurately
assessing TBSA. J Burn Care Res 2018;39:235-44.
Kiser M, Beijer G, Mjuweni S, Muyco A, Cairns B,
Charles A. Photographic assessment of burn wounds: a
simple strategy in a resource-poor setting. Burns
2013;39:155-61.

Hop MJ, Moues CM, Bogomolova K, Nieuwenhuis
MK, Oen IM, Middelkoop E, et al. Photographic
assessment of burn size and depth: reliability and

$25



validity. ] Wound Care 2014;23:144-5, 8-52. 30. Rother C, Kolmogorov V, Blake A. “GrabCut”—

29. Benjamin NC, Lee JO, Norbury WB, Branski LK, Interactive foreground extraction using iterated graph
Waurzer P, Jimenez CJ, et al. Accuracy of currently used cuts. ACM Transactions on Graphics (TOG) 2004;23:
paper burn diagram vs a three-dimensional computerized 309-14.

model. J Burn Care Res 2017;38:e254-60.

S26 ] Med Assoc Thai|Vol.104|Suppl5|December 2021



