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Background: Burn size estimation is crucial to burn fluid resuscitation. = Corresponding Author:
Therefore, training and practice to improve the accuracy of burn size estimation ~ Natsinee Athinartrattanapong,
is important. Using reusable rubber moulage (RRM), the newly developed  Department of Emergency
equipment to cooperating with simulation might help improve the accuracy of ~ Medicine, Faculty of Medicine
burn size estimation compared to conventional picture illustration. Ramathibodi Hospital,

Mahidol University,

270 Rama VI Road,

Thung Phaya Thai, Ratchathewi,

Bangkok 10400, Thailand.
Methods: Medical students, ER residents, EP staff, and paramedics were recruited ~ Telephone: +669 1774 5498

Objective: To compare the accuracy of burn size estimation in simulation
between picture illustration and RRM application, and to validate the face and
content validity of RRM.

and randomized into 2 groups. Each group completed 2 different burn pattern ~ E-mail: natsinee.ath@mahidol.edu
stations consisting of one RRM-decorated mannequin station and one picture

illustration station. The estimation of total body surface area (TBSA) percentage

was statistically analyzed to determine the difference between the 2 methods.

Face and content validation were analyzed by a Likert scale.

Results: A total of 70 participants were recruited. The means of total % TBSA of
pattern 1 from RRM and picture illustration were 42.29% and 41.24% (P = .61),
respectively. The means of pattern 2%TBSA estimation were 41.24% and 42.65%
(P = .34), respectively. Participants rated RRM quality by Likert scale with
means score more than 4 out of 5 in all questions. Written comments showed

a preference toward RRM.

Conclusions: There were no significant %TBSA differences between RRM
decorated mannequin and picture illustration in terms of %TBSA. However,
participants were satisfied with RRM quality and preferred RRM decorated

mannequin.
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Introduction

According to the World Health Organization (WHO),
approximately 11 million people worldwide were
burned and required medical attention in one year
with a mortality rate of roughly 180 000." In Thailand,
there were a total of 900 burn patients within a
range of 5 years (2014 - 2018) with a mortality rate
as high as 25% (230 deaths).” Proper management of
burn patients depends mainly on adequate initial fluid
resuscitation as soon as possible. Delayed initial fluid
resuscitation more than 2 hours after the burn injury
occurred could increase mortality.’ This requires an
accurate evaluation of the percentage of burn areas.
Currently, there are various methods for estimation of
burn areas such as the rule of nines, Lund-Browder chart,
and rule of palm." Effective use of these methods to
estimate the percentage of body surface burn areas
accurately and precisely requires practice and experience
with estimation of actual burn cases.

Training in the treatment of burn patients for
general practitioners as required per the Medical Council
of Thailand is to be able to diagnose, provide proper
and timely management, and appropriate consultation
with burn specialists.” While in medical school, students
receive several hours of lectures on burn care and on
how to estimate, manage, and care for burn wounds
along with one entire week of training within a hospital’s
burn unit. There is no intensive burn course training
equivalent to Advanced Burn Life Support (ABLS)
in Thailand.

Medical school teaches conventional methods of
burn estimation by using picture illustrations of burn
patients together with human patient simulation. A study
on burn estimation in adults using picture illustration
was found to have variation among physicians by
as much as 16.5%° indicating initial fluid resuscitation

could vary by as much as 5280 milliliters. It was suspect

that this extreme variation in the estimation of total
body surface area (TBSA) burn may be attributed to
differences in the experience of evaluators and that
repeated practice of estimating various percentages
of burn areas could narrow this gap difference.
One learning method that can be repeatedly used
in medical training and increase the experience of
physicians with estimating TBSA is the use of
mannequin simulation. Burn areas on mannequins can be
mimicked using burn reusable rubber moulage (RRM).
According to the Merriam-Webster dictionary, moulage
is the art of taking an impression of evidence from
an actual scene. In medical education and emergency
training, moulage can be used as a tool to mimic injury
and enhance training in trauma care.” Practicing burn
estimation with RRM can help to improve the ability
of physicians to be able to accurately estimate burn
size in real cases compared to conventional picture
illustration allowing for better management with initial
fluid resuscitation.

This study aimed to compare the accuracy of burn
size estimation in simulation between picture illustration
and RRM application and to validate the face and content
validity of RRM.

Methods

Participants

Inclusion criteria were medical students (5th - 6th
year), emergency medicine residents, paramedics, and
emergency physicians recruited from the Faculty of
Medicine at Ramathibodi Hospital, Mahidol University,
Thailand, who agreed to participate in this study with
the sign-on consent form. Exclusion criteria were faculty
personnel that were involved in moulage production or
who refused or withdrew at any time during the study.
This study included 70 participants (35 participants in
each group).
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Ethics

This research was approved by the Human
Research Ethics Committee of the Faculty of Medicine
Ramathibodi Hospital, Mahidol University, Thailand
(No. MURA2021/337 on April 24, 2021).

RRM Development
Mannequin Measurement

The body surface area of the mannequin was
calculated by the height of the average ACLS mannequin
(180 cm), and the ideal body weight of an adult with
the same height (75 kg) which resulted in 1.94 m’
(the Mosteller formula). The TBSA was used as the basis
for RRM models.
Production of RRM

RRM made of rubber was provided by the Rubber
Authority of Thailand with textures and colors which
represent different depths of burn wound (2nd and 3rd
degree as Supplementary Figure S1). Various sizes and
shapes of RRM were developed (0.25%, 0.5%, 1%, 2%,
and 5%) (Supplementary Table S1).

Burn Size Estimation Instruction Sheet

The instruction sheets were given to each
participant to provide information regarding their
different background knowledge. Participants were
allowed to read and take notes on the instructions during
an experiment. The instruction sheets were taken back
after the experiment.

Questionnaire
The questionnaire was paper-based and was

collected after experiments (Supplementary Figure S2).

Participant information included age, sex, education
levels, and experience in emergency burn care.

1) Burn size estimation of each station included
%TBSA of 2nd degree burn, 3rd degree burn, and total
%TBSA.

2) 6-Likert scale questions regarding feedback from

participants with a written comment section.
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Experiment Stations: Randomized With a Crossover
Design

1) 4 stations were provided for an experiment,
using 2 different burn lesion patterns with similar
complex levels containing solitary and scattered lesions

(Supplementary Figure S3).

Station 1A: RRM applied on mannequin with
pattern 1 — 2nd degree burn 15%TBSA + 3rd degree burn
12%TBSA (total 27%TBSA).

Station 2A: 7 pictures taken from RRM decorated
mannequin, including front, sides, and close up burn
lesions with pattern 2 — 2nd degree burn 20%TBSA +
3rd degree burn 7%TBSA (total 27%TBSA).

Station 1B: 7 pictures taken from RRM decorated
mannequin, including front, sides, and close-up burn
lesions with pattern 1 — 2nd degree burn 15%TBSA +
3rd degree burn 12%TBSA (total 27%TBSA).

Station 2B: RRM applied on a mannequin with
pattern 2 — 2nd degree burn 20%TBSA + 3rd degree burn
7%TBSA (total 27%TBSA).

2) Randomization and logistics of experiments:
participants were simply randomized into 2 groups;
and each group completed 2 stations. A calculator
was allowed.

Group A: complete stations 1A and 2A within
5 minutes for each station.

Group B: complete stations 1B and 2B within
5 minutes for each station.

3) The information and answers were completed
on paper-based questionnaires and collected after
participants finished their 2 stations.

Duration of Data Collection

Data were collected from April 28, 2021, to

September 30, 2022.

Statistical Analysis
Statistical analysis of this study consisted of 3 parts:

2 group comparisons, a Likert scale, and written comments.


https://he02.tci-thaijo.org/index.php/ramajournal/article/view/266672/183163
https://he02.tci-thaijo.org/index.php/ramajournal/article/view/266672/183160
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The 2 group comparisons of %TBSA were managed and
analyzed by Prism version 9.4.1 (GraphPad Software, Inc)
and Microsoft Excel 2019 (Microsoft Corp), using
the Mann-Whitney U test to compare continuous data.
The agreement of results was visualized by the
Bland-Altman plot. Associations between a variation
of %TBSA (participants estimated %TBSA — %TBSA
from pattern) and education-based and experience
level were determined by one-way ANOVA test.

The Likert scale regarding feedback of RRM
from participants was represented by the mean of
each question. Written comments were grouped as

positive and improvement feedback for RRM.

S
Results
A total of 70 participants were recruited from

the Faculty of Medicine Ramathibodi Hospital, Mahidol

University, Thailand, with a signed consent form.
No participants withdrew from the study and there was
no missing data.

Baseline characteristics of participants were
presented as descriptive data. There were different
education levels and experiences of the 2 groups.
Group A had a higher ratio of medical students (42.9%)
and group B had a higher ratio of ER resident
participants (45.7%). Therefore, 45.7% of group A
participants had no experience in emergency burn care
while group B participants were 28.6% inexperienced
in emergency burn care. However, most participants in
both groups had experienced 5 or fewer emergency burn
care cases (71.4% and 80%, respectively) (Table 1).

The primary outcome regarding the accuracy of
%TBSA burn showed overestimations of both RRM
decorated mannequins and picture illustrations by
both groups. The means of pattern 1 %TBSA estimation
were 42.29% and 41.24% by RRM and picture

illustration (P = .61), respectively. The means of pattern

2 %TBSA estimation were 41.24% and 42.65% (P = .34),
respectively. The 2nd degree and 3rd degree lesions
%TBSA were presented as not statistically significant
(P > .05) different in estimations. Bland-Altman plots
showed an agreement of both RRM and picture
illustration of %TBSA estimation in both patterns
(Figure 1).

Mean and standard deviation (SD) of %TBSA
variation (estimated %TBSA — actual %TBSA) from
each subgroup based on education and experience
were determined. An ANOVA test resulted in neither
significant association between variation of %TBSA
estimation and education level (P = .86) nor experience
level (P = .36). However, experience-based %TBSA
variation demonstrated that the highest mean was
among the more than 10 cases experience group

(pattern 1: 19.2% and pattern 2: 19.88%) (Figure 2).

Table 1. Baseline Characteristics of Group A and
Group B Participants
No. (%)
Characteristic Group A Group B
(n=35) (n=35)
Sex
Male 13 (37.1) 17 (48.6)
Female 22 (62.9) 18 (51.4)
Age, mean, y 26.9 27.4
Education
Medical students 15 (42.9) 11 (31.4)
ER residents 8(22.9) 16 (45.7)
EP staff 6(17.1) 4(11.4)
Paramedics 6(17.1) 4(11.4)
Experience of emergency burn care, case
0 16 (45.7) 10 (28.6)
1-5 9(25.7) 18 (51.4)
6-10 8(22.9) 2(5.7)
>10 2(5.7) 5(14.3)
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Figure 1. Bland-Altman Plot of %Difference vs Average of % TBSA
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Abbreviation: TBSA, total body surface area.

Figure 2. Mean and SD of % TBSA Variation Based on Education and Experience

Abbreviations: Pic, picture illustration; P-2nd, picture illustration of 2nd degree burn; P-3rd, picture illustration of 3rd
degree burn; RRM, reusable rubber moulage; R-2nd, reusable rubber moulage of 2nd degree burn; R-3rd, reusable

rubber moulage of 3rd degree burn; TBSA, total body surface area.
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Face and content validation of RRM were obtained
by 6-Likert scale questions. All categories received
a mean of more than 4 out of 5. In the context of
the content validity, participants gave a mean of 4.668
points regarding RRM’s potential to improve burn
size estimation training. The lowest score was 4.014
reflecting RRM representation of burn depth (Table 2).

Written comments suggested that the realism of
RRM was acceptable, but the smooth cut edge was
too noticeable. The opinions on 2nd and 3rd RRM
texture were controversial, while some comments
thought the difference between 2 textures were cleared
enough, while others suggested the texture should be
improved to reflect each degree more accurately, such as
burnt eschars. The smoother connection and attachment
of RRM were also mentioned as improvement points.
However, most comments preferred the RRM decorated
mannequin over the picture because of more accessible
details and 3-dimensional perspective. RRM might be

more suitable for the rule of palm estimation and teaching.

Table 2. Mean of 6-Likert Scale Questions Regarding
Face and Content Validity of RRM

Question Mean
RRM looks realistic. 4.114
The pattern of the lesion 4.100
is realistic.

RRM could improve burn 4.014
depth differentiation training.

RRM could improve %TBSA 4.686
estimation training.

RRM is suitable for teaching 4.443
material.

RRM is suitable for examination. 4.229

Abbreviations: RRM, reusable rubber moulage; TBSA,

total body surface area.

Discussion

The primary outcome regarding the accuracy of burn
size estimation was not statistically significant between
the RRM decorated mannequin and picture illustration.
The 2nd degree and 3rd degree burn size estimation
by both methods were also not significant. However,
the results of the study showed an overestimation of burn
size by most participants regardless of education level
or experience. This finding is similar to previous studies” "’
that found the tendency of overestimation of burn size by
providers, including estimation via a picture of patients® "'
with various ranges of error. Increased realism of burn
simulation by RRM decorated mannequin might cause
an overestimation of lesions like the overestimation
observed in real burn patients.

The relationships of education and experience
of participants to burn size estimation accuracy were
not significant. A previous study had shown different
conclusions in which higher experience should provide
more accurate burn size estimation.® An unexpected
result was the higher experience group (> 10 cases)
tended to have a higher variation of %TBSA. This might
be caused by the process of introducing an unfamiliar
tool (RRM) which increased the difficulty of simulation
for those participants and could negatively affect some
performances like a previous study result of introducing
new moulage to a paramedic simulation. "

The secondary outcome of face and content of RRM
validated by the Likert scale demonstrated satisfaction
toward RRM in all questions, with mean scores more
than 4 out of 5. Written comments also preferred RRM
more than picture illustration. This finding agreed with
Pywell et al"’ that participants or students likely preferred
more realistic simulation. These results suggested the
possibility of RRM as a teaching resource to improve
engagement of simulation. However, burn depth texture,

attachment pattern and other details of RRM could be
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improved to reflect real burn lesions and increase

participants’ satisfaction.

Limitations

This study was the first one to determine the
effect of moulage on burn size estimation accuracy,
so the calculation of sample size was challenging.
Further study with a bigger sample size could
provide more power to a study and more homogenous
randomization. Moreover, there were only 10 EP staff
and 7 participants with more than 10 cases of experience,
with no surgeon or burn unit provider recruited
in the study. More experts and more experienced

participants might facilitate a subgroup analysis.

Conclusions
RRM effect of improving burn size estimation

accuracy compared to picture illustration was not

significant regardless of education level or experience.
However, RRM could provide more satisfaction and
engagement in burn simulation. Further improvement
of RRM design with further study would be beneficial.
Burn size estimation training is crucial to reduce

overestimation and improve the accuracy of providers.
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