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Simulating a self-inflicted facial gunshot wound with
moulage to improve perceived realism, immersion,
and learning in simulation-based airway
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management training
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ABSTRACT

Moulage is used to create mock wounds and injuries for
clinical education and training. We developed a moulage
technique to simulate a facial gunshot wound for use in
simulation-based training. We removed sections of

a manikin's face and used moulage materials to mock
various aspects of the wound. The manikin was used in

a simulated scenario that teaches clinicians how to manage
a complicated airway. The moulage was evaluated with

a self-report questionnaire that assessed participants’
perceptions of the realism of the wound, the degree to
which the wound contributed to their scenario immersion,
and the degree to which the wound enhanced their
learning experience on a 5-point Likert scale ranging from
‘strongly disagree” to ‘strongly agree’. Participants’ average
response to each item was significantly higher than the
neutral midpoint, and the median response was ‘strongly
agree’. Our work suggests that the simulated facial
gunshot wound contributed to perceived scenario
immersion and enhancement of the learning experience,
supporting existing literature that suggests moulage is

a valuable tool in healthcare simulation. Future work could
investigate the effect of moulage using objective measures
and explore the potential to use extended reality
technology in conjunction with moulage to improve
immersion even further.

INTRODUCTION

Moulage is a commonly used tool to mock wounds
or injuries in simulation-based education and
training'~ that provides visual and tactile cues for
the learner® “ and increases participant
engagement.'? We describe a moulage technique to
simulate a self-inflicted facial gunshot wound to
highlight the complications in airway management
associated with facial trauma. We anticipate that
clinicians who learn and practice the skills needed
to deal with this kind of rare life-threatening injury
in a simulated setting will be better prepared to face
the complicated and confronting nature of the situa-
tion in a real-life setting, resulting in higher-quality
patient care.

Moulage is thought to enhance the realism and
authenticity of clinical simulations, potentially
resulting in an improved learning experience.®
Moulage can reduce or eliminate the reliance on
verbal cues to guide participants, placing them in
a better position to independently determine how
the clinical presentation dictates the direction of
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care.* However, a recent systematic review on the
effectiveness of moulage on participant engagement
was inconclusive due to limited research,” but the
few studies that do explore its usefulness suggest
that it is more beneficial than traditional
methods.''~1*

Since it would be difficult to objectively assess
participants’ emotional reactions to the simulated
facial gunshot wound, we assessed their subjective
perceptions of the realism of the wound, the degree
to which the wound contributed to the immersive-
ness of the scenario, and the degree to which the
wound enhanced their learning experience.

MANIKIN AND MOULAGE PREPARATION
We used a discontinued Laerdal ALS Simulator man-
ikin ($A23 000) that is no longer under warranty but
annually serviced by the technical team within our
simulation centre who are certified by Laerdal to
provide warranty service and repair work. We also
used a face skin and airway (approximately $A1050)
and <$A100 in moulage materials. The wound was
based on an image of a real facial gunshot wound
from a difficult anaesthesia presentation. The fol-
lowing procedure took approximately 3 hours:

1. The lower section of the manikin’s floor-of-
mouth was ground out with a Dremel drill and
burr tip, and moulaged with charcoal dust and
a base layer of Black Fuse FX silicone paint to
simulate powder burn, demonstrating the
impact of the bullet entry wound. The bottom
lip to mid-mental region and the right side of the
upper lip and maxilla, including the right nostril
for the exit wound, were removed (figure 1A).

2. Small incisions were made to the nares and sec-
tions of teeth were fractured with a hammer
(figure 1B).

3. Fuse FX F-series silicone paints were applied to
the wound area to differentiate blood and tissue
(figure 1C).

4. A silicone flap was created with Smooth-On
Dragon Skin mixed with Blood Silc Pig and
attached from the inside of the right cheek to
the outside of the face to simulate muscle tissue
and exposed oral cavity from the fragmented
bullet exit (figure 1D).

Initially, the manikin was informally evaluated by
15 simulation and clinical specialists to assess diffi-
cult airway suitability, the realistic nature of the
injury, whether it had the potential to evoke an
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Figure 1

Manikin head with: (A) parts of mouth and jaw removed; (B)
incisions made to nose and sections of teeth removed; (C) silicone blood
and tissue added; and (D) the finalised moulage.

emotional response and affect decision making with airway man-
agement, and whether it contributed to the learning objectives of
the scenario.

FORMAL EVALUATION OF THE SIMULATED FACIAL GUNSHOT
WOUND

Participants

Data were collected from 75 healthcare professionals (97% med-
ical, 19 nursing/midwifery, 1% undisclosed) who participated in
one of two simulation-based courses (Anaesthetic Crisis Resource
Management or Advanced Cardiac Life Support) at the Clinical
Skills Development Service in Brisbane, Australia between

June 2018 and February 2019. 67% of participants had 1-5
years of clinical experience, 19% had >3 years, 13% were new
graduates, and 1% did not disclose their experience.

Procedure and materials

Three items were embedded within the standard electronic
post-course questionnaire to assess participants’ perceptions of
the simulated facial gunshot wound: ‘the appearance of the
manikin’s facial gunshot wound was realistic’; ‘the appearance
of the manikin’s facial gunshot wound contributed to the
immersiveness of the scenario’; and ‘the appearance of the
manikin’s facial gunshot wound enhanced my learning experi-
ence’. Responses were collected on a 5-point Likert scale ran-
ging from ‘strongly disagree’ to ‘strongly agree’, with ‘neutral’
as the mid-point.

Simulated scenario

The 15 min scenario begins with a call from the retrieval team
detailing the patient’s injuries, vital sign levels, and estimated
arrival time. The participants then allocate roles and formulate
a plan. The patient (manikin) arrives conscious but in respiratory
distress. Shortly, he becomes unresponsive and hypoxic, forcing
the participants to obtain a definitive airway via endotracheal
intubation. During their attempts, the patient develops pulseless
electrical activity due to hypovolaemia and the participants resus-
citate him. The scenario ends when the patient is stabilised and
resuscitation attempts are satisfactory.

Results

Table 1 presents descriptive statistics for each item. We conducted
aseries of one-sample t-tests using R (statistical software package,
V.3.4.3) to determine whether responses were significantly
higher or lower than the scale’s mid-point—‘neutral’—or
the second-highest response on the scale—‘somewhat agree’.
Participants’ average responses to all items were significantly
higher than ‘neutral’, ps<0.001and ‘somewhat agree’,
ps<0.001.

DISCUSSION

Participants’ perceptions of the simulated facial gunshot wound
were overwhelmingly positive, with at least 93% of responses
being either ‘strongly agree’ or ‘somewhat agree’ for the three
evaluation items. The average response to each item was also
significantly higher than ‘somewhat agree’. This suggests that
the simulated facial gunshot wound is perceived to be a valuable
component of the scenario it is used in.

Table 1
the percentage of total respondents presented in parentheses)

Distribution of participant responses and means, medians, and standard deviations for each item assessing the facial gunshot wound (with

Distribution of responses

1 - Strongly 2 - Somewhat 4 - Somewhat 5 - Strongly

disagree disagree 3 - Neutral agree agree M Mdn  SD
The appearance of the manikin's facial gunshot 0 (0%) 0 (0%) 1 (1.4%) 25 (33.8%) 48 (64.9%) 464 5 0.51
wound was realistic
The appearance of the manikin's facial gunshot 0 (0%) 0 (0%) 1(1.3%) 13 (17.3%) 61 (81.3%) 480 5 0.43
wound contributed to the immersiveness of the
scenario
The appearance of the manikin's facial gunshot 0 (0%) 1(1.3%) 4 (5.3%) 21 (28.0%) 49 (65.3%) 457 5 0.66

wound enhanced my learning experience

M, mean; Mdn, median; SD, Standard Deviation.
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Anecdotal feedback from the simulation staff, who consistently
observe that participants are taken aback when they first see the
manikin, display caution and apprehension when examining and
manipulating the airway, and exhibit marked panic when mana-
ging the compromised airway, corroborates the results. We
believe the moulage provides appropriate clinical and physical
cues to allow participants to assess the patient’s condition and
plan their care accordingly.* If the simulated scenario was con-
ducted with no moulage, then staff would need to constantly
disrupt the flow of the scenario to provide verbal cues and
guidance for participants, reducing scenario immersion and
increasing the potential for inconsistencies across training ses-
sions and/or accidental errors in the information provided.

Moulage is widely believed to enhance the realism and authen-
ticity of clinical simulations (and consequently improve the qual-
ity of learning); however, limited empirical evidence exists to
support or refute this notion.” Our work suggests that moulage
improves the perceived realism and immersion of simulated sce-
narios and enhances their perception of the learning experience,
thus supporting existing evidence that moulage is a useful simula-
tion tool.® 12 13

It is important to note that significantly altering a manikin will
likely void the warranty. The expertise of staff at our centre
allowed us to simulate the wound on a discontinued manikin
that is no longer under warranty but still able to be annually
serviced. The face skin and airway were sourced from a prior
service exchange, but an alternative option could be to ask the
manikin service/repair agent to donate used materials (that may
have slight cosmetic damage).

Limitations and future directions

First, the convenient self-report format of our evaluation
required participants to have insight into their own perceptions,
of which they may have little,"* and was prone to inaccurate
responding due to biases such as social desirability.'® Also, parti-
cipants were recruited from a convenience sample who may not
have encountered a real facial gunshot wound and therefore lack
the experience to judge the realism of the simulated wound.
Future work should use objective measures in place of, or in
conjunction with, subjective measures to evaluate their
moulage,” such as the recently developed Immersion Score
Rating Instrument.!” However, objective measures require sub-
stantially more resources, such as video recording equipment and
additional personnel.

Second, our evaluation required minimal resources because we
collected data during courses that already used the manikin.
However, a lack of control or comparison group means that we
cannot quantify the benefit of the moulage over no moulage.
Future studies should evaluate the impact of moulage on partici-
pants’ simulation experience and learning with controlled com-
parison studies.'’

Third, some aspects of the wound were unable to be simulated,
such as bubbling of the blood, which could be important for
learning. Future research could explore ways to simulate aspects
of a wound that are not possible with moulage on its own.
Extended reality methods are increasingly being used for simula-
tion-based training in healthcare'® and could be used in conjunc-
tion with moulage to increase the authenticity of simulated
scenarios."’

CONCLUSIONS
We demonstrated a novel method for simulating a facial gunshot
wound using moulage techniques for use in simulation-based

training, which was regarded as a realistic representation of
a wound that contributed to participants’ perceived scenario
immersion and learning experience. We anticipate that providing
a more authentic environment for clinicians to learn and practice
the skills required to deal with a life-threatening facial gunshot
wound will better prepare them for the confronting and complex
nature of similar injuries in clinical settings. There are various
avenues for future work in this area to further investigate the
effectiveness of moulage in simulation-based training.

Acknowledgements The authors acknowledge and thank the simulation specialists
and clinicians who informally evaluated the moulage prior to its use, and the
simulation staff at the Clinical Skills Development Service who delivered the courses.

Contributors CS: created the questionnaire items specific to the simulated facial
gunshot wound, collected, analysed and interpreted the data, and drafted the
manuscript. DH, DA, MA and CK: designed and developed the simulated facial
gunshot wound, as well as the immersive simulated scenario. All authors read and
approved the final manuscript.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.
Patient consent for publication Not required.

Ethics approval This evaluation was exempt from review by the Royal Brisbane and
Women's Hospital Human Research Ethics Committee (HREC/18/QRBW/311) because
it was deemed to be a quality assurance activity. A statement describing the voluntary
and confidential nature of the responses is included at the beginning of the course
evaluation questionnaire.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Deidentified participant data are available upon
reasonable request. Please contact the corresponding author.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially, and
license their derivative works on different terms, provided the original work is properly
cited, appropriate credit is given, any changes made indicated, and the use is non-
commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Chiara Santomauro http://orcid.org/0000-0002-7904-0157

REFERENCES
1 Pywell MJ, Evgeniou E, Highway K, et al. High fidelity, low cost moulage as a valid
simulation tool to improve burns education. Burns 2016;42:844-52.
2 Tyre TE. Wake-Up call: a bioterrorism exercise. Mil Med 2001;166:90-1.
3 Drake SA, Adams NL. Three forensic nursing science simulations. Clin Simul Nurs
2015;11:194-8.
4 Petersen C, Rush SC, Gallo |, et al. Optimization of simulation and moulage in
military-related medical training. J Spec Oper Med 2017;17:74-80.

Jain N, Anderson MJ, Patel P, et al. Melanoma simulation model: promoting oppor-

tunistic screening and patient counseling. JAMA Dermatol 2013;149:710.

6 Landis SS, Benson NH, Whitley TW. A comparison of four methods of testing emer-
gency medical technician triage skills. Am J Emerg Med 1989;7:1-4.

7 Baharestani M, Eason M. Using moulage to simulate pressure ulcers - Validation by
wound care experts. Ostomy Wound Manag 2012;39:S3.

8 Pai DR, Singh S. Medical simulation: overview, and application to wound modelling
and management. /ndian J Plast Surg 2012;45:209-14.

9 Stokes-Parish JB, Duvivier R, Jolly B. Investigating the impact of moulage on simulation
engagement - A systematic review. Nurse Educ Today 2018;64:49-55.

10 Stokes-Parish JB, Duvivier R, Jolly B. Does appearance matter? current issues and
formulation of a research agenda for moulage in simulation. Simul Healthc
2017;12:47-50.

11 Mills BW, Miles AK, Phan T, et al. Investigating the extent realistic Moulage impacts on
immersion and performance among undergraduate Paramedicine students in a
simulation-based trauma scenario: a pilot study. Simul Healthc 2018;13:331-40.

12 Garg A, Haley H-L, Hatem D. Modern moulage: evaluating the use of 3-dimensional
prosthetic mimics in a dermatology teaching program for second-year medical
students. Arch Dermatol 2010;146:143-6.

13 Goulart JM, Dusza S, Pillsbury A, et al. Recognition of melanoma: a dermatologic
clinical competency in medical student education. J Am Acad Dermatol
2012;67:606-11.

w1

Santomauro C, et al. BMJ Stel 2020;6:289-292. doi:10.1136/bmistel-2019-000492

291


http://orcid.org/0000-0002-7904-0157
https://dx.doi.org/10.1016/j.burns.2015.12.013
http://dx.doi.org/10.1016/j.burns.2015.12.013
https://dx.doi.org/10.1093/milmed/166.suppl_2.90
http://dx.doi.org/10.1093/milmed/166.suppl_2.90
https://dx.doi.org/10.1016/j.ecns.2014.11.004
http://dx.doi.org/10.1016/j.ecns.2014.11.004
https://dx.doi.org/10.1001/jamadermatol.2013.2882
http://dx.doi.org/10.1001/jamadermatol.2013.2882
https://dx.doi.org/10.1016/0735-6757(89)90074-0
http://dx.doi.org/10.1016/0735-6757(89)90074-0
https://dx.doi.org/10.4103/0970-0358.101280
http://dx.doi.org/10.4103/0970-0358.101280
https://dx.doi.org/10.1016/j.nedt.2018.01.003
http://dx.doi.org/10.1016/j.nedt.2018.01.003
https://dx.doi.org/10.1097/SIH.0000000000000211
http://dx.doi.org/10.1097/SIH.0000000000000211
https://dx.doi.org/10.1097/SIH.0000000000000318
http://dx.doi.org/10.1097/SIH.0000000000000318
https://dx.doi.org/10.1001/archdermatol.2009.355
http://dx.doi.org/10.1001/archdermatol.2009.355
https://dx.doi.org/10.1016/j.jaad.2011.12.007
http://dx.doi.org/10.1016/j.jaad.2011.12.007

Short report

14 Shiner N, Howard ML. The use of simulation and moulage in undergraduate diagnostic 17 Hagiwara MA, Backlund P, Soderholm HM, et al. Measuring participants’
radiography education: a burns scenario, 2018. immersion in healthcare simulation: the development of an instrument. Adv Simul
15 Paulhus DL, Vazire S. The Self-Report Method. In: Robins RW, Fraley C, Krueger RF, 2016;1:17.
eds. Handbook of research methods in personality psychology. New York, NY: Guilford 18 Sherstyuk A, Vincent D, Berg B. Mixed reality manikins for medical education. In:
Press, 2007: 224-39. Berg B, Treskunov A, eds. Handbook of augmented reality. New York, NY: Springer,
16 Gittelman S, Lange V, Cook WA, et al. Accounting for social-desirability bias in survey 2011: 479-500.
sampling: a model for predicting and calibrating the direction and magnitude of 19 Vaughn J, Lister M, Shaw RJ. Piloting augmented reality technology to enhance realism
social-desirability bias. J Advert Res 2015;55:242-54. in clinical simulation. Comput Inform Nurs 2016;34:402-5.
292 Santomauro C, et al. BMJ Stel 2020;6:289-292. doi:10.1136/bmjstel-2019-000492


https://dx.doi.org/10.1186/s41077-016-0018-x
http://dx.doi.org/10.1186/s41077-016-0018-x
https://dx.doi.org/10.1097/CIN.0000000000000251
http://dx.doi.org/10.1097/CIN.0000000000000251

	Introduction
	Manikin and moulage preparation
	Formal evaluation of the simulated facial gunshot wound
	Participants
	Procedure and materials
	Simulated scenario
	Results

	Discussion
	Limitations and future directions

	Conclusions
	Contributors
	Funding
	Competing interests
	Patient consent for publication
	Ethics approval
	Provenance and peer review
	Data availability statement
	ORCID iD
	References

