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Using three-dimensional printed models =
for trainee orbital fracture education

Martina Rama', Lauren Schlegel’, Douglas Wisner®, Robert Pugliese?, Sathyadeepak Ramesh?, Robert Penne* and
Alison Watson®"

Abstract

Background Three-dimensional printing is an underutilized technology in ophthalmology training; its use must be
explored in complex educational scenarios. This study described a novel approach to trainee education of orbital
fracture repair utilizing three-dimensional (3D) printed models as a teaching tool.

Methods Ophthalmology residents and oculoplastic fellows from multiple training institutions underwent an
educational session on orbital fractures, learning through four different models. Participants analyzed orbital fractures
through computerized tomography (CT) imaging alone and then utilizing CT imaging with the aid of a 3D printed
model. Participants completed a questionnaire assessing their understanding of the fracture pattern and surgical
approach. After the training, participants were surveyed on the impact of the educational session. Components of the
training were rated by participants on a 5-point Likert scale.

Results A statistically significant difference (p <.05) was found in participant confidence conceptualizing the
anatomic boundaries of the fracture and planning the orbital fracture approach for repair of three out of four models
on pre-test post-test analysis. On exit questionnaire, 84.3% of participants thought the models were a useful tool

for surgical planning, 94.8% of participants thought the models were a useful tool for conceptualizing the anatomic
boundaries of the fracture, 94.8% of participants thought the models were a useful tool for orbital fracture training,
and 89.5% of participants thought the exercise was helpful.

Conclusion This study supports the value of 3D printed models of orbital fractures as an effective tool for
ophthalmology trainee education to improve understanding and visualization of complex anatomical space and
pathology. Given the limited opportunities trainees may have for hands-on orbital fracture practice, 3D printed
models provide an accessible way to enhance training.
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Background
The orbital and midfacial boney anatomy are complex.
Currently, ophthalmology resident education primarily
relies on clinical exposure and cadaver dissections as the
central teaching tools for orbital fracture repair. How-
ever, it takes repeated exposure to fully conceptualize the
orbital anatomy and develop the ability to translate the
two-dimensional computerized tomography (CT) imag-
ing into a three-dimensional (3D) orbital construct. This
learned skill is central to becoming an orbital surgeon
and accelerating this capability is invaluable to resident
and fellow training.

3D printing technologies have opened new frontiers,
complementing healthcare practices, and being uti-
lized for the purpose of surgical planning and trainee
and patient education. Previous studies in other surgical
disciplines have shown that 3D models can supplement
traditional teaching methods and are superior to two-
dimensional (2D) imaging alone in teaching complex
anatomy [1, 2]. Surgical training using 3D printed models
has become increasingly popular in the recent years due
to its low cost and effectiveness in improving students’
visual-spatial skills in the teaching-learning process [3].

Unlike other surgical fields, 3D printing is still an
untapped resource in ophthalmology with few published
studies about 3D printing applications in ophthalmol-
ogy education [4]. We hypothesize that by providing
patient specific 3D printed models from real patient CT
scans, we will enable visual and tactile feedback and
sensory aids to improve the learning process for train-
ees, developing necessary conceptual building blocks in
their approach to orbital fractures. Here, we describe the
use of three-dimensional (3D) printing to create orbital
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fracture models and implementation of an educational
session for trainees.

Methods
CT imaging from four patients who presented with
orbital fractures was anonymized and exported as a Digi-
tal Imaging and Communications in Medicine (DICOM)
data set. Three of the fractures were blow-out orbital
floor fractures and one was a trap-door fracture. Mate-
rialize Mimics Innovation Suite (MIS) software (Materi-
alize, Belgium) was used to create a digital model from
the CT scans and make several design customizations
including the filling of unnecessary cavities and cropping
of the models for printing efficiency and to minimize
material cost. The final result was stereolithography (stl)
files (Supplemental material 1, see Supplementary Files
Legend) that were printed using white polylactic acid
(PLA) plastic filament with Polyvinyl acetate (PVA) dis-
solvable supports on an Ultimaker S5 3D printer (Fig. 1).
Institutional Review Board at Wills Eye Hospital (Phila-
delphia, Pennsylvania, USA) approved this study and
waived consent. All participation was voluntary. This
study adhered to the tenets of the Declaration of Hel-
sinki. Prior to hands-on engagement participants com-
pleted a survey providing basic demographic information
(Supplemental material 2, see Supplementary Files Leg-
end). For each of the four models, participants initially
analyzed an anonymized orbital fracture CT scan and
completed a questionnaire assessing their understanding
of the fracture pattern and surgical approach (Supple-
mental material 2). Participants were then given a 3D
printed model in conjunction with the same previously
analyzed CT scan and were asked to fill out the same
questionnaire. Our questionnaire also assessed higher

N

Model 3

Fig.1 3D printed orbital fracture models and corresponding 3D digital images. The models were printed using white polylactic acid (PLA) plastic filament
on an Ultimaker S5 3D printer. Red arrows point to the orbital fracture defect as highlighted in both the printed and zoomed digital model
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level surgical decisions, including what type of implant to
use (titanium mesh/titanium-porous polyethylene com-
posite, porous polyethylene sheet, resorbable implant,
no implant), whether the implant would need to be fix-
ated, and which ledges were available to maintain the
implant into position (posterior, medial, lateral, anterior).
Components of the training were rated by participants
on a 5-point Likert scale. Participants were randomized
to start on one of the four models, and then completed
the set moving to the next number model (1-2-3-4-1). An
exit questionnaire was administered to assess the overall
impact and usefulness of this training exercise (Supple-
mental material 2, see Supplementary Files Legend). Pre-
test post-test analysis was done using paired two sample
t-test.

Results

A total of 20 individuals took part in the study. 30% of
participants were PGY2 residents (n=6), 35% were PGY3
(n=7), 25% were PGY4 (n=5), and 10% were oculoplastic
fellows (n=2). None of the participants had participated
in an orbital fracture simulation before. Most partici-
pants had limited exposure to orbital fracture surgeries,
with 45% of participants never having observed an orbital
fracture surgery, and 50% having observed one to five
orbital fracture surgeries. Only one of the participants
had observed 10-15 orbital fracture surgeries. Of note,
only 15% of participants had ever performed an orbital
fracture surgery as a primary surgeon (n=3).

There was an increase in participant confidence across
many categories between the pre- and posttest surveys
(Table 1). Our questionnaire also assessed higher level
surgical decisions, including what type of implant to use
(titanium mesh/titanium-porous polyethylene compos-
ite, porous polyethylene sheet, resorbable implant, no
implant), whether the implant would need to be fixated,
and which ledges were available to maintain the implant
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into position (posterior, medial, lateral, anterior). On pre-
test-posttest analysis of questions regarding implant use
and ledge availability none were found to be statistically
significant. On exit questionnaire, 84.3% of participants
thought the models were a useful tool for surgical plan-
ning, 94.8% of participants thought the models were a
useful tool for conceptualizing the anatomic boundaries
of the fracture, 94.8% of participants thought the models
were a useful tool for orbital fracture training, and 89.5%
of participants thought the exercise was helpful.

Discussion

Anatomy is inherently a three-dimensional subject, and
research has shown that 3D models can enhance trainee
understanding of more complex anatomical structures
[5-7]. Moreover, it was found that when students have
active control over a 3D printed object with the oppor-
tunity to observe it from different angles, they are able to
better identify anatomic features compared to using the
knowledge gained from just viewing the anatomy at mul-
tiple orientations [8].

Several studies exist in the literature assessing the use
of 3D printed models in facilitating anatomy education
in a variety of surgical disciplines. These studies have
shown the value of this technology for understanding
both soft tissue and bony anatomy alike. Among the soft
tissue studies, Lim et al. found that 3D printed hearts
were a suitable adjunct to the use of cadaveric materi-
als to teach heart anatomy [9]. Lee et al. showed that 3D
printed renal tumor models could help both students
and urologists more accurately locate tumors compared
to CT alone [10], and Chen et al. found that 3D models
of Henle trunk’s variations were an effective tool for stu-
dents’ understanding of the anatomy, with increased stu-
dent satisfaction in the learning process. [11] Similarly,
boney anatomy studies have highlighted the effectiveness
of 3D printed models for teaching purposes, with AlAli et

Table 1 Pretest-posttest analysis of the questionnaire. Pretest results were collected after the initial analysis of the anonymized orbital
fracture CT scan. Posttest results were collected after participants were given a 3D printed model in conjunction with the same CT
scan of the orbital fracture. Pretest-posttest analysis was done using paired two sample t-test

Item n Pre-test Mean Post-test Mean Delta Mean Pvalue
+SD +SD (post-pre)
Model 1 Q1 18 383+0.78 428 +£0.82 0.44 0.028***
Q2 18 1.88 £0.83 244 +133 0.55 0.028***
Model 2 Q1 18 394 +£091 426+1.04 0.32 0.142
Q2 18 226+1.19 263 +1.07 0.37 0.083
Model 3 Q1 20 381 +081 457074 0.76 9.88-E05***
Q2 20 2.86 +1.06 343 +1.36 0.57 0.0271%**
Model 4 Q1 20 377119 4.54+0.80 0.77 0.006***
Q2 20 264 +1.40 3.04+132 041 0.029***

Q1: | feel confident conceptualizing the anatomic boundaries of the fracture
Q2: | feel confident planning the orbital fracture reconstruction approach
1=Strongly Disagree, 2=Disagree, 3=Neutral, 4=Agree, 5=Strongly Agree
"'p<.05
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al. finding that 3D models of cleft lip and palate resulted
in significant improvement in the percentage of knowl-
edge gained compared to presentation-based educa-
tional seminars alone [12], and Wu et al. showing that 3D
printed models with spinal, pelvic, and lower limb frac-
tures improved medical students’ understanding of bone
spatial anatomy for anatomically complex sites [13].

The anatomy of the orbit, midface, and skull and spatial
awareness of the relationships of important structures is
complex and challenging for trainees to fully conceptu-
alize. There has been demonstrated value in this regard
for the role of 3D printed models in the otolaryngol-
ogy literature [14]. Most of the 3D printing literature in
ophthalmology is around surgical applications, where
3D printed models used as adjuncts for post-traumatic
orbital reconstructions were found to reduce soft tissue
handling and operation time [15]. All published studies
in ophthalmology focus on the use of 3D printed models
as an adjunct for orbital fracture reconstruction, rather
than a tool for teaching [15]. There was a statistically sig-
nificant change in confidence after utilizing 3D printed
orbital fracture models to conceptualize orbital fracture
patterns and plan the surgical approach in 3 out of the
4 models used. For model 2, while a statistically signifi-
cant pretest-posttest change was not observed, there was
still an improvement in confidence. We hypothesize there
was limited added value due to fracture’s features; it was
the largest of all the fractures and perhaps the most eas-
ily conceptualized with imaging alone. This may speak
to a potential range of benefits from 3D printed models
where some scenarios are more suitable for this learning
tool than others.

Pretest and posttest data was also collected regarding
the trainees’ ability to make higher level surgical deci-
sions. Specifically, they were asked to determine the
type of implant to use and whether the implant may
require fixation based on the fracture pattern. We did not
observe any significant change in the confidence level for
these questions and we hypothesize this is due to lack of
exposure at their point in training to an adequate number
of surgeries to help inform these more advanced surgical
choices (45% of participants observed 0 orbital fracture
surgeries). Even with a greater understanding of the frac-
ture and its anatomical boundaries, the trainees may not
have known the best approach for implantation and fixa-
tion. Therefore, our study confirms that, while valuable,
this tool is not a stand-alone resource for trainees but a
supplemental tool for enhancement. Even though learn-
er’s ability to make higher level surgical decisions did not
change with this training, their confidence in recogniz-
ing and anatomically conceptualizing orbital fractures
did. We argue that this lays the groundwork for their
future learning. We would anticipate that if the study was
repeated following further clinical exposure that trainees
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would be able to utilize the models to help inform higher
level surgical decision making. We look forward to future
studies, as supported by use in other fields, to employ 3D
models for fostering more advanced surgical planning
to address these knowledge gaps and provide a tangible
mode for practicing implant placement and informing
appropriate implant selection.

The primary limitation of this study was the method
of model introduction. Participants viewed each one of
the available models directly following the CT in random
order, therefore for each subsequent case they had the
learned experience of matching the CT and the model
from the previous pairing. This could result in reduced
deltas within the collected data as the trainee may have
had enhanced knowledge of fracture pattern concep-
tualization as they moved through the study. However,
we found it important to mimic real-life in which a CT
would be the main source of information for developing
the treatment plan. Additionally, the utilization of these
models for higher surgical decisions should be tested
with a larger group of more experienced surgeons. In
the future, we plan to expand the use of these models
as a teaching tool by assessing their impact on anatomic
and spatial relationship understanding as well as surgical
planning capabilities. We also look forward to exploring
the use of different printing materials to create entrap-
ment models that include bone as well as muscle and
soft tissue. These models could aid trainees, who are fre-
quently the first ones evaluating patients, better visualize
the relationship between soft-tissue and bony anatomy.

Conclusion

This study supports the value of 3D printed models of
orbital fracture as an effective tool for trainee education,
which can serve to improve understanding and visualiza-
tion of complex anatomical features and fractures. We
hope that by sharing these data and the necessary files
to allow other institutions to print these models, we will
inspire residencies to foster the education of orbital anat-
omy through the use of 3D models, as it appears to be a
currently untapped resource for ophthalmology training
programs.

Abbreviations

3D three-dimensional

cT computerized tomography

2D two-dimensional

DICOM  Digital Imaging and Communications in Medicine
MMIS Materialize Mimics Innovation Suit

PLA polylactic acid

PVA polyvinyl acetate

PGY2 post-graduate year 2

PGY3 post-graduate year 3

PGY4 post-graduate year 4
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