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Introduction

Surgical training relies heavily on practical experience. 
However, it can prove challenging for trainees to achieve 
proficiency and competency when exposure to certain cases 

and skill-sets are limited (1). This is especially relevant with 

regards to laryngeal and airway reconstruction surgery (2), 

given it is a relatively low frequency operation, with high 

stakes, advanced techniques, and unique equipment (1). 
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as self-rated ability, also increased with subsequent grafts performed, in both anterior and posterior grafts. 
These results were further substantiated by assessment of ability by a senior airway surgeon. 
Conclusions: This Australian study demonstrates the value of 3D printing to create a producible, 
inexpensive simulation model for cartilage graft carving in airway reconstruction, and ultimately improve 
participant performance and confidence.
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Simulation is an effective means for trainees to develop 
these skills by allowing a safe, low-risk environment 
(2,3). Surgical simulation permits task achievement and 
acquisition of knowledge that can be transferrable to 
patient care, but without the ‘real-world’ consequences (3).  
While simulation models of varying materials and 
complexity have been investigated in current surgical 
literature, three-dimensional (3D) printing in particular has 
gained popularity for development of high-fidelity, low-
cost, anatomically-accurate models, as it has become more 
accessible and available (3,4). 3D models generated by 
computer-aided design (CAD) have been utilized in many 
sub-specialty areas of otorhinolaryngology training (5-9). 
This technology holds advantage over many other types 
of simulation platforms as it allows visuospatial and tactile 
components of a surgical procedure to be reproduced (9,10). 
3D printing was used in a recent study by Ha et al. [2017] 
to create a simulation tool for airway graft carving used in 
laryngotracheal reconstruction (LTR) (11). Similarly, this 
study aims to examine the usefulness and value of such a 
tool to improve trainees’ proficiency and confidence in 
airway reconstruction techniques.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/ajo-20-54).

Methods

The simulation training took place over one year during 
the Ear, Nose and Throat (ENT) Sinus Surgery Workshop 
in Perth, Western Australia (WA), the Australian Society 
of Otolaryngology Head and Neck Surgery (ASOHNS) 
annual meeting in Perth, and the WA ENT trainees 
breakfast education session.

Production of simulation tool

Using segmentation of a computed tomography (CT) 
scan of a normal 8-year-old pediatric rib, a standardized 
3D-printed representation of a harvested human costal 
cartilage graft was created for this simulation, as per 
previously published methods (5,11). Previous studies have 
also validated the composition of the material (5,11).

Recruitment 

All attendees, including consultant otolaryngologists, 
surgical education and training (SET) and non-SET 

registrars, fellows, and medical students, were invited to 
participate. Participants viewed a short instructional videos 
used in a previous pilot study, prior to the simulation (11).

Simulation and assessment

All participants who completed sequential simulations 
of carving an anterior and a posterior graft for airway 
reconstruction were included in this  study. After 
completion, participants completed a previously-validated 
Likert scale survey which was used in an earlier study, and 
modified to question the participant confidence and ability 
(Figure 1) (11,12). The time taken to perform each graft was 
also measured and recorded. The final graft was assessed by 
the senior airway surgeon, and was blinded to participant 
level of training. A scale of 0 to 4 (poor, somewhat 
acceptable, average, excellent and superior) was used by the 
assessor to grade each graft.

Data analysis

Data was analyzed with the software program SPSS 
Statistics (SPSS Inc.). Chi square test, independent sample 
student’s t-test and paired sample student’s t-test were used. 
A P value of <0.05 was considered statistically significant.

The study did not require ethics application as no 
patients were involved, and consent was obtained from 
participants. The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013).

Results

Demographics

Twenty-seven participants who completed at least two 
anterior and/or posterior rib grafts were included in the 
analysis. Regarding anterior rib grafts, 25 participants 
completed two grafts, one completed only one graft, and 
one did not complete any anterior rib grafts. Regarding 
posterior rib grafts, 16 participants completed two grafts, 
one completed only one graft, while 9 did not complete any 
posterior rib grafts. 

Two participants were qualified Otolaryngologists, 
2 were fellows, 8 were SET trainees, 13 were non-SET 
trainees, and 2 were medical students (Figure 2). Almost 
half of participants (n=13, 48.1%) were more than 5 years 
from medical school graduation (post-graduate year: 
PGY). Majority (n=18, 66.7%) had not participated in 
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any laryngotracheal reconstruction (LTR) procedures or 
cartilage grafting. 

Time taken to graft

For both the anterior and posterior grafts, there was a 
significant difference observed between the mean time 
taken to carve the first and second graft—with the average 
first and second anterior grafts taking 6.13 and 4.78 min 
(P<0.01), respectively, and the first and second posterior 
grafts taking 5.23 and 3.51 min (P=0.02), respectively.

Confidence and ability

Participants were asked to rate their confidence after their 
first and second grafts. After performing one anterior rib 
grafting procedure, only 8 participants (29.6%) felt they had 
adequate confidence. After the second graft, this increased 
to 12 participants feeling adequately confident (44.4%) and 
a further 3 (11.1%) felt that they were very confident. 

As for the posterior grafting procedure, only 3 (11.1%) 
felt they had adequate confidence after the first graft, 
but after the second graft, this increased to 7 participants 
(25.9%), while a further 2 participants (7.4%) felt very 
confident. 

There was statistical significance between the self-rated 
ability between the first and second anterior grafts with a 
mean score increase from 2.09 to 2.65 (P=0.002). Similarly, 
with the first and second posterior grafts, there was a mean 
score increase from 1.71 to 2.57 (P<0.001). Those who had 
not participated in LTR rated their ability as improved on 
the second posterior rib graft (P=0.01). 

Assessment of final product by senior airway surgeon

The final graft was assessed by the senior airway surgeon 
GEG. There were 26 participants who completed two 
anterior grafts and 16 who completed 2 posterior grafts. The 
mean score for the first anterior rib graft carving was 2.42, 
and the second one improved to 3.04 (P=0.002, CI: −0.84 to 
−0.39); the first posterior rib graft carving was 2.61, and the 
second one improved to 3.41 (P<0.001, CI: −1.16 to −0.53). 

There was no significant association between the 
participants scores and their training level, whether they 
have had previous LTR or cartilage grafts experience. 
Nor did their previous cartilage graft carving experience 
significantly influence the timing of the simulated 
procedures. 

Discussion

Surgical simulation allows for adequate opportunities to 
refine skills, achieve clinical competency, and importantly 
can positively impact patient outcomes and safety (1,13,14). 
In our experience, the 3D-printed costal cartilage grafting 

Figure 1 Table representation of scales used to assess participant confidence and ability.
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Figure 2 Demographic of participants by training (n=27).
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tool provided participants an opportunity to practice a skill-
set used in LTR, as well as demonstrated an improvement 
in both skill and confidence.

In our study, there was significant improvement in average 
time taken to carve between the first and second grafts 
of both the anterior and posterior techniques, suggesting 
construct validity. Similarly, in a study using a 3D-printed 
simulation model, albeit for endoscopic ear surgery, Barber 
et al. [2016] showed that trainees were able to improve 
their performance time with more practice (6). Given that 
the duration of a surgery can often be longer with less-
experienced trainees, the ability to reduce operative timing 
not only demonstrates skill familiarity and proficiency, but 
with it can provide the potential benefits of decreased theatre 
costs and anaesthetic safety of patients (15-17).

Participants were asked to rate their confidence after 
their first and second grafts. For both anterior and posterior 
graft, a greater number reported self-confidence after 
the second graft. Although confidence may not always 
translate into ability, it does allow exposure to a skill that 
can stimulate readiness to learn (9), and provides trainees 
with self-assurance for future procedures (18). In a study 
by Schwartz et al. [2018] assessing simulated paediatric 
airway procedures, the subjects’ confidence scores were 
assessed both pre- and post-simulation (19). Although most 
participants in our study had never participated in LTR, 
there did exist a varying level of experience. Therefore, 
in retrospect, it could have been valuable to apply the 
analysis used by Schwartz et al. [2018], in order to truly 
measure participant confidence improvement, without the 
association of surgical experience. 

The self-rated ability of participants between the first 
and second grafts showed a significant increase in mean 
score. However, we also included an objective assessment 
by a senior airway surgeon, which confirmed that there 
was a significant improvement in the participants first and 
subsequent anterior and/or posterior graft. This helps 
further substantiate that participants were indeed able to 
learn the skills and consequently improve technically. 

Comparable to the United States pilot study by Ha et al.  
[2017] on CAD and 3D printing for costal cartilage 
simulation (11), we too demonstrated that participant 
training level—whether they had previous LTR or cartilage 
grafts experience, did not affect scores nor timing. 

Our study was limited by the small sample size. 
Although, this was not unexpected with the relative low 
number of available ENT service and trainee registrars and 
consultants, it would be useful for future studies to include 

a larger sample size, perhaps across states, to better validate 
outcomes. There was also a lack of longitudinal data or 
follow-up, which would be able to verify the longevity and 
transferability of the skills acquired. Additionally, a Likert 
questionnaire, while a simple and appropriate format to 
measure a scale-based task, can carry potential source 
for response bias. Given the format of the questionnaire, 
participants may be prompted to overvalue the simulator. 
This study is also limited by the uncertainty of how missing 
data from unanswered questionnaires may have affected the 
validity of results.

In conclusion, this simulation enabled participants of 
varying surgical experiences to improve relevant LTR 
skills both technically (anatomy, costal cartilage carving, 
instrumental use, equipment exposure) and cognitively 
(confidence and knowledge acquisition). With its advancing 
technology, 3D printing can easily fabricate a feasible, 
realistic, patient-specific simulation model, and is therefore 
a valuable tool for many areas within surgical education.
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