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INTRODUCTION
Residency training in non-tertiary centers with limited 

craniomaxillofacial trauma exposure requires supplemen-
tal education.1 Cadaveric simulation is the gold standard 
in surgical education, given its high fidelity to living tissue 
and anatomy. Yet, no cadaveric models for complex facial 
fractures are easily reproducible or widely accessible. A 
reproducible cadaveric model can train residents on oper-
ative facial fracture management, with deliberate creation 
of unique injuries, advanced decision-making in the pres-
ence of pedagogic faculty oversight, and enhanced expo-
sure in non-trauma centers.

This study describes our experience with an innovative 
adaption of an age-old technique, by conjoining a cadaver-
based laboratory with lecture to teach residents operative 
management of complex facial fractures. Intentional cre-
ation of precise and specific maxillofacial fractures using 
an osteotome in cadaveric specimen provides plastic sur-
gery trainees representative clinical scenarios that would 

otherwise not be available. To test this model’s efficacy, 
we administered questionnaires to assess residents’ com-
petence and confidence with facial fracture management 
before and after the course.

METHODS
The course was developed by the senior author (RG, 

Director of Maxillofacial Trauma) using a grant from 
Stryker. The course objective was to improve residents’ 
assessment and operative management of midface and 
mandibular fractures, focusing on the principles of expo-
sure, reduction, and fixation.

Surveys were administered for course evaluation; 
thus, IRB approval was waived. In total, 11 plastic surgery 
residents from postgraduate year (PGY)-1 to PGY-6 par-
ticipated. The course comprised a didactic lecture and 
hands-on cadaver simulation. An osteotome was employed 
to simulate comminuted and displaced craniofacial frac-
tures in fresh and frozen cadaver heads (Fig. 1). Complex 
midface, zygoma, and frontal sinus fractures (including 
gingival sulcus, coronal, eyebrow, and lower eyelid) were 
designed. Compared with prior studies that used ran-
dom blunt force to the entire head to result in the facial 
fracture,2 the Stryker module purposefully created frac-
tures conceptualized ahead of time. Residents exercised 
operative approaches with oversight from attending plas-
tic surgeons and technical assistance from Stryker repre-
sentatives. Approaches to mandibular fractures included 
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Summary: A hands-on facial fracture simulation course can be an important adjunct 
teaching modality in resident education and training, enhancing both resident 
confidence and competence in treatment of facial fractures. In this study, 11 plas-
tic surgery residents participated in a surgical wet laboratory and lecture focusing 
on operative management of facial fractures. Pre- and post-course questionnaires 
were administered as clinical knowledge assessments. Pre-course, 40% of partici-
pating residents reported feeling comfortable with facial fracture management (>5 
of 10) and 50% of residents achieved competence on clinical assessment (scoring 
>50%). Following the simulation course, these same assessments were re-admin-
istered. Post-course, comfortability with fracture management increased to 100% 
among participating residents, and 90% of residents scored >50%, demonstrating 
improvement in clinical competency. (Plast Reconstr Surg Glob Open 2021;9:e3353; 
doi: 10.1097/GOX.0000000000003353; Published online 25 January 2021.)
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submandibular (Fig.  2), intraoral, retromandibular, and 
pre-auricular. Approaches to orbital fractures included 
subciliary, transconjunctival, and transcaruncular. All resi-
dents attempted and practiced these different approaches 
in the 8-hour session.

The same questionnaires were administered pre- and 
post-course. Residents were asked their postgraduate year 
level and confidence level in the individual steps of opera-
tive fracture management on a scale from 1 to 10, with 1 
signifying “not at all comfortable” and 10 signifying “very 
comfortable” (See survey, Supplemental Digital Content 
1, which displays the questionnaire administered to all 
participants before and after Facial Fracture Education 
Course. http://links.lww.com/PRSGO/B554). Comfort 
was defined as >5 on a 10-point scale. An in-service compe-
tence assessment was administered pre- and post-course. 
The effectiveness of the course was measured by mean 
change in correct answers on the competence assessment 
and self-reported comfortability, as measured by paired 
t-test.

RESULTS
Eleven residents completed the questionnaire and 

competence assessment before and after the course. Pre-
course, 20% of residents were comfortable with their 
exposure to facial fractures, which increased to 100% after 
the course (Fig. 3).

Pre-course, 40% of participating residents rated their 
comfort with operative management of facial fractures 
above 5 (range 3–8), compared with 100% (range 6–9) 
after. Residents rated their comfort with the principles of 
operative management: exposure, reduction, and internal 
fixation. Pre-course, 20% were comfortable with exposure 
and 40% were comfortable with reduction and internal 

fixation (range 1–8). After the simulation, 100% of resi-
dents reported comfortability with each principle (range 
6–9) (Fig.  4). Pre-course, 50% of the residents scored 
above 50% on the in-service assessment. After the course, 
100% of residents scored above 50%, with 90% of partici-
pants scoring above 80%.

DISCUSSION
Surgical simulation courses have become crucial for 

resident training and board certification.3 In total, 79% 
of trainees report that simulation training would be ben-
eficial in maxillofacial surgery.4 This study examined 
the effectiveness of a mandibular and midface fracture 
course on knowledge and comfort. Resident confidence 
and comfort in operative steps and in-service examina-
tion scores improved. These outcomes suggest the course 
would address the paucity of craniomaxillofacial trauma 
exposure in residency.

Cadaveric models enable residents to operate inde-
pendently, make surgical decisions, and demonstrate 
judgment without risk of harming patients.5 Three-
dimensional skull biomodels, even when overlain with soft 
tissue materials, do not accurately reflect true anatomy.6 
Our experience with intentional design of osteotome-
created complex facial fractures conferred realistic surgi-
cal planning, enhanced by real-time pedagogic attending 
feedback. Our cadaver-based study did not permit resi-
dents to practice physical examination maneuvers, assess 

Fig. 2. Fixation of the fracture using inferior plate and bicortical 
locking screws and superior plate (tension band) using monocorti-
cal locking screws.

Fig. 1. submandibular approach and simulation of a body fracture 
using an osteotome.
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for airway status, or manage intraoperative complications. 
These skills may be acquired through operations more fre-
quently encountered by trainees.

Limitations to cadaveric models include expense and 
limited availability.7 All participants in this funded study 

incurred no financial burden. This course will continue 
to be offered at no cost to trainees at our institution. 
Although this corporate-academic partnership model may 
not be applicable across residency programs, the cost may 
be offset by institutional funds diverted from less-effective 

Fig. 3. Resident response when asked about adequate exposure to facial fractures in residency before 
and after the Facial Fracture education Course on a scale of 1–10, with 1 signifying “not at all comfort-
able” and 10 signifying “very comfortable” with adequate exposure to facial trauma in thus far in resi-
dency training.

Fig. 4. Resident response to questionnaire before and after Facial Fracture education Course. scale 
for each question was 1–10, with 10 being very comfortable with that step in operative facial fracture 
management.
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teaching modalities. Cost-effectiveness of surgical simula-
tion tools must continue to be examined.8

Our study did not compare the effect of simulation 
or didactics alone on outcomes, as the goal of this pilot 
study was to examine the overall effectiveness of the 
course in a small cohort. Studies in orthopedics,9 gyne-
cology,10 and urology11 have reported greater technical 
improvement following surgical simulations, compared 
with didactic lectures. Because implementation of simu-
lations in resident education is likely multimodal, in con-
junction with lectures and textbook learning, our study 
provides insight into effectiveness of a realistic curricu-
lar intervention. Our small sample size of 11 precluded 
meaningful power analysis, but is comparable in size to 
similar studies.2,6,12 This study did not have an outcome 
measure of intraoperative performance, due to limited 
institutional case numbers. However, simulation-based 
training across specialties has been demonstrated to 
transfer to the operative setting.13

CONCLUSIONS
Our study demonstrates that a facial fracture course 

composed of didactics and cadaveric simulation improves 
resident knowledge of facial fractures and increases con-
fidence in operative management. Osteotome-generated 
cadaveric facial fractures closely simulates clinical scenar-
ios to train surgical residents to expose, reduce, and fixate. 
Plastic surgery residents at institutions with the capability 
to support cadaver-based simulations would benefit from 
this teaching modality.
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