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A b s t r ac t
The most important exercise prior to doing actual surgery is the completion of the preoperative template. Its tangible structure reflects the
amount of preparation trainees and their attending pour into for the success of the procedure. The discipline allotted for the task offsets incorrect
fracture configuration, considers the best approach, and places value in hardware and implant preparation. The practice ultimately decreases
varying degrees of surgical morbidities and time delay in the operating theater. In this area of practice, there is a window for innovation and
the invitation to discover is wide open. A progressive timeline showing the evolution of preoperative templating in one institution will be
shared, beginning with the classic exercise of templating on paper, to using an app, then with the considerable augmentation brought about
by 3D printing.
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Introduction
A vital component of orthopedic residency training involves
participation in courses tackling principles of fracture fixation.
It is in these events that trainees appreciate the importance of
planning for surgery. In doing so, they are equipped with critical
thinking and safeguards to prevent harm to the patient, emanate
a professional atmosphere in the operating room, and be skilled
health providers. The feature of this presentation is planning for
surgery in ankle trauma, with three cases each showing different
preoperative templating methods.
As a matter of hospital policy, resident trainees who do not
present a preoperative plan for cases decked under their care during
the department conference are not allowed to proceed. Although
preoperative templating can be dated 50 years ago from Charnley
for advances in hip replacement, the practice garnered momentum
only 2 decades back when it was included in educational courses
and textbook dogma.1,2 3D printing is a young technology slowly
becoming mainstream due to its increased affordability and
practicality of rapid prototyping. Such technology is being applied
theoretically and practically to virtually all orthopedic subspecialties
including foot and ankle, spine, shoulder, elbow, wrist, pelvis, hip,
knee, tumor, and many more.3–7
Adapting standards set by AO Trauma,8 it is proposed that the
preoperative plan should include:
•
•
•
•
•
•
•
•
•
•
•

Fracture classification
Visual exploration of the anatomy
Segmentation and model construction
Fracture fragments recognition and reconstruction
Steps in reduction
Restoration of anatomy
Plan elaboration and fixation
Assessment of the selected plan
Definition of task-specific goals
Logistic requirements
Alternative plan.
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Case A: Classic 2D Template on Paper
A 23-year-old female tourist twists her ankle going down the
step of a safari bus and sustains a closed AO 44A2.3 injury (Fig. 1).
A preoperative template is drawn as classically taught in the Basic
Principles of Fracture Management Course by AO Trauma, where
two screws medially and a locking plate and screws construct
laterally afford absolute stability after anatomic reduction.
The anterior–posterior (AP) and lateral radiographs displayed on
a light table or the digital images brought to scale through picture
archiving and communication software on a desktop monitor are
marked with pencil over tracing paper. The proximal fragment is traced
along the vertical axis of the sheet, then the fragments are “reduced”
by rotating the tracing paper and continuing pencil marking. Adjacent
bones are also included as needed. Another option is to trace the
fracture fragments one at a time, cutting each one up, and reducing
them on top of another sheet of paper where they are mounted with
adhesive for provisional and subsequent definitive placement. A third
option to be considered is mirroring the contralateral normal side,
tracing it, and placing fracture lines based on the injury film over it.
Different colored inks are used to demarcate cortical thickness
of bone, confirm fracture lines, and placement of hardware. Equally
important are the notes indicating patient initials, approach,
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Figs 1A to D: Traditional preoperative templating for an AO 44A2.3 injury. (A) Bimalleolar fracture pattern is appreciated on radiographic films;
(B) The preoperative plan utilizes different marker colors on tracing paper, where cortical thickness, implant types, and lengths are considered, as
well as declaring intraoperative hardware preparation, soft-tissue repair, and anesthesia care; (C) The trauma is reduced and fixed with two screws
medially and locking plate and screws laterally; (D) Follow-up after hardware removal

operating room tools and equipment needed before start of
anesthesia induction, anesthesia type, considerations for skin
bridge and wound closure, and so forth.

Case B: 2D App-based Template
A 54-year-old male banker executive falls off his motorcycle at high
speed and suffers an AO 43C3.1 injury (Fig. 2). He is brought to the
emergency room intoxicated and has an ankle deformity with a 4-cm
wound on the lateral aspect with exposed bone. The fibula is reduced
with an intramedullary pin and the ankle is spanned by an external
fixator to aid with second stage surgery utilizing definitive fixation
with a locking plate and screws. Preoperative planning for damage
control and staged definitive fixation are revealed through a visual
storyboard completed in the mobile device raster graphics editor app
ProCreate 4+ (Savage Interactive Pty Ltd., Hobart, Tasmania, Australia).
Using similar principles from 2D templating on paper, the digital
radiographs are opened in the app. ProCreate 4+ has many powerful
features for intuitive digital illustrations. The image may be rotated,
cropped, enlarged, or shrunk, among many others. Portions of the
image may also be drawn over or removed. More importantly, each
image may be represented as a layer, and this layering allows for a
constellation of complex images to be flattened as one.
The first layer involves the base image. This is followed by creating
a new layer over it to trace the proximal fracture fragment. A third layer
outlines the distal fracture fragment. More layers can be made for
each additional significant comminuted fragment. After all tracings
have been done, the base image layer is turned off, revealing only
the tracings of the proximal and distal fracture fragments. These two
layers can now be manually rotated to match them into reduction.
If there are digital images of the implants to be used, they may be
loaded further as new layers.
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A transparency tool may be used to set a clear area of the
image against the background. This is extremely useful to make
implant borders and notches distinct and it will show the construct
over the reduced fracture pattern. Overlays may also be tweaked
for opacity, guiding the user to see through the editing. After
which, the opacity may be left as is or returned to its original
percentage.
The implants may also be “cut.” For example, if the baseline
screw images are too long, the extra threads may simply be erased
rather than shrinking the image and making its scaled constraint
doubtful. Hardware may also be “bent.” Instead of using physical
bending irons to contour a plate, the app allows for the implant
image to be warped to conform to the unique anatomic features
of the patient.
There are permutations as to how these steps can be done. And
there is no declaration of what the exact steps are, except that they
are based on the classical methods of the previous case. Efficiency
and innovation are observed among students who continually use
the app in their templating activities.
From the beginning of this exercise, the screen of the device
may already be recorded. The app also features a video time-lapse
feature which shows the evolution of the student’s thought process
play out. It is extremely useful to point out instances when the
resident for evaluation is cited for issues on surgery sequence.
Some trainees place locking screws first before nonlocking ones in
a locked plate construct, others fix the fibula last given that fixing
it primarily may aid in tibial plafond ligamentotaxis. There are also
occasions when the fibula is fixed first, but there remains a large
Volkmann’s fragment that will now be less accessible because of the
reduced lateral malleolus with implants.9 The time-lapse features
a dynamic quality to the preoperative plan that goes beyond the
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Figs 2A to I: Gustilo–Anderson open type III 43C3.1 injury of the left ankle (wound) with preoperative injury (CT) in frontal cut treated with open
reduction and internal fixation intramedullary pinning of the fibula and ankle joint spanning external fixator (dynamic creative optimization) prior
to staged definitive fixation with anterolateral distal tibia locking plate and screws. Visual storyboard from digital preoperative templating for an
AO 43C2 4F2A injury using ProCreate app. (A) Injury CT 3D reconstruction; (B) Fracture lines are traced on frontal (radiographic AP) and sagittal
(radiographic lateral) views; (C) CT layer is hidden to reveal fracture lines alone; (D) Fracture fragments are reduced through panning and rotation;
(E) Fracture edges are traced in red, the intramedullary pin is applied in lateral view; (F) Anterolateral distal tibia locking plate is applied; (G) Screws
for medial malleolus and locking plate are added; (H) Overlay of postoperative radiograph layer is inserted to check for template-outcome fidelity;
(I) Postoperative radiographs

static and final template on paper. From the time-lapse or screen
recording, screenshots may be taken to create a visual storyboard
leading to the culmination of the preoperative planning exercise.

Case C: 3D Template

A 27-year-old male labor heads home when his scooter is rear-ended
by a sedan sustaining an AO 43C2 4F2A injury (Fig. 3). He is thrown
from his vehicle and lands on the ground, axial load transmitting
to his extended lower extremity. A planned open reduction and
internal fixation of the pilon is split between different implant
constructs. 3D printout of his injury is used by the resident to plan
for operative treatment on top of 2D templating.
For a 3D printout to be actualized, Digital Imaging and
Communications in Medicine (DICOM) images collected from
computed tomography or magnetic resonance imaging are needed
(Fig. 4). These files are exported from open source medical image
viewer Horos (update 4.0.0 RC3) to the computer desktop and
imported to an open source medical visualization software 3D
Slicer (release 4.11.20210226).
In 3D Slicer, the DICOM files in axial, coronal, and sagittal sections
are loaded into a volume where the region of interest (ROI) is selected.
Larger areas will take a longer time to print due to size constraints.

A smaller ROI will lead to shorter print times. After committing the
boundaries of the ROI for all axial, coronal, and sagittal planes, the
bony architecture is defined in the Segment Editor. The threshold
function is utilized and tweaked to obtain a color shade that matches
the desired cortical involvement. Specific painting, drawing, and
eraser functions can detail the ROI further, and can be done for each
frame of X, Y, and Z axes. The cropped volume is now segmented
and rendered for export as a stereolithography (STL) file.
The STL file is opened using open source slicing application
for 3D printers Cura (release 4.11.0/07-09-21). Once loaded, the
STL can be set on the print area, limited by the dimensions of the
3D printer used. Its size can be adjusted in size and rotation in all
axes. It can also be increased in number up to the area capacity
of the heat bed. Default printer settings vary by printer, but they
are published in manuals and facilitate the endeavor. Increased
quality of printing leads to improved detail and quality of the 3D
printout. Increased fill of the printout leads to prolonged printing
time. We set our printouts at default settings: Generic polylactic acid
(PLA) filament, standard quality (0.2 mm), 20% cubic infill, 80 mm/s
speed, generate support, and raft build adhesion. Cura will slice the
rendition into G-code, which is a language used to describe how a
3D printer should print a job.
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Figs 3A to E: Closed AO 43C2 4F2A injury of the right ankle presenting with (A) Gross deformity of the extremity; (B) Injury radiographs; (C) CT 3D
reconstruction; (D) 3D printout of the injury pattern; (E) Preoperative template of the resident trainee showing planned construct and backup plan

Figs 4A to F: The 3D printout of the injury pattern is achieved by (A) Exporting the DICOM file of the patient to a known directory (Horos app);
(B) Importing the DICOM file to the Slicer app to render it in 3D; (C) Excess artifacts like the splint of the patient and underside bone fragments may
be subtracted; (D) The reconstruction is saved as an STL file; (E) Exported to Ultimaker Cura app in order to translate it to a language understood
by the 3D printer (G-code); (F) The STL file is oriented as desired and printed with customizable settings
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The G-code is saved into a microSD card and inserted into a
commercially available Ender-5 Pro fused deposition modeling
3D Printer (Shenzhen, China). The controller liquid crystal display
is turned on, the specific G-code of interest is chosen, and it is
printed with the predicted duration provided by Cura (Fig. 5).
The 3D printout does not need time to set. It can be easily removed
from the heat bed, and cleaned off PLA rafts and supports for
immediate use. The average time a pilon 3D printout finishes is
more or less 16 hours.
The authors have not gone through formal training in 3D
printing. They used the keywords “DICOM to STL” in online video
sharing and social media platforms that revealed a wealth of
practical information for their initiative.
The patient from this case example underwent definitive
treatment (Fig. 6). Though the final construct was not ideal, the
pandemic setting was austere and compounded by interisland
logistical delivery of desired implants, as well as financial burden
of implant cost. This illustrates that even with excellent planning,
execution of the plan may not be fully actualized due to concerns
beyond the control of the surgeon.
What has been observed with the practice of 3D printing
augmenting 2D preoperative planning was that resident trainees

already had physically fixed a fractured model to the likeness of
the patient on top of mental rehearsal of surgery afforded by 2D
planning. This mirrors the orthopedic models and medical device
displays exhibited and practiced on during fracture fixation courses.
It emphasizes on the logic of surgical tactic, considered to be the
concluding process of preoperative planning. When wrapping up
the template, it is essential to enumerate steps to be taken in the
operating room to achieve the planned fixation. 3 As the fixed 3D
model epitomizes the approved construct, it indirectly manifests
that the surgeon performed each step properly.
There has been a valuable interplay of using different implant
constructs on the same model, preparing them for plans A, B, and
C and giving them the confidence of success before the actual
operation. If implants are not available, they may be 3D printed
as well.

Discussion

and

Review

of

L i t e r at u r e

It is important to plan for any surgery. The preoperative template
can be completed on paper, any digital medium, and tangibly
fulfilled from reduction to fixation with a 3D print of the injury
and the implants. It may be an interesting follow-up study to

Figs 5A to E: The 3D printout may take a few hours to complete. (A) It is cleaned with a rasp and separated off its supports with a rongeur; (B) The
high-fidelity model may be reduced and fixed with known implants available in the facility for the planned construct; (C) CT axial cut reveals pilon
involvement matching the injury; (D) The exploded 3D prototype fixed with the backup plan; (E) An unavailable implant is 3D printed

Figs 6A to H: Backup plan of hybrid ankle external fixator was performed. (A) Wrinkling of the affected ankle prior to surgery; (B) Anterior
approach for direct visualization and anatomic reduction; (C) Central die punch intra-articular fragment of the pilon which could not be returned;
(D) Exploded 3D prototype revealing TC (Tillaux-Chaput), M (medial malleolus), V (Volkmann fragment), L (lateral malleolus), and die punch fragment
(yellow arrow); (E) Wound closure; (F) Intraoperative fluoroscopy; (G) Postoperative radiographs; (H) Outpatient follow-up prior to suture removal
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discover which is more superior among the three, but the authors
do not impose any particular method to students. The trainees, for
variety of reasons, choose their respective medium in preparing
their preoperative plans and are evaluated in the same manner
throughout the department conference. Foo and Kwek10 had six
surgeons complete a questionnaire whether or not 3D printed
models of tibial plafond injuries made them change their surgical
plan. They concluded that 3D models and computed tomography
(CT) scans combined were more useful than CT scans alone.
Kang et al.11 had a larger population of 102 surgeons choosing
constructs between a simple and complex distal tibia fracture.
Eighty-six percent of junior surgeons desired to utilize 3D models
for complex patterns while 18% of senior surgeons wanted to
make use of 3D printouts for simple fractures. Use of 3D printing
altered the surgeon’s preoperative template, especially among
the junior associates. Preoperative templating reduces operative
time in calcaneal fracture fixation.12 Aside from trauma injuries, 3D
preoperative templating is also beneficial in complex deformity
correction.13 The study from Corona et al. explained that patientspecific 3D models have removed the need to alter the frame
assembly in the operating room for patients with post-traumatic
tibial deformities.
Incorporating 3D printing with traditional preoperative
planning allows for a hands-on transition of what essentially is a
mental activity. This is an invaluable tool to prepare resident trainees
in better performing surgical cases with each unique case.
There is a lot of room for innovation in 3D printing. Planning
for surgeries allows for a practical way to improve surgeon skill
and patient outcomes. Fadero and Shah14 have similar statements
in their dissertation that 3D imaging for managing fractures has
become common in institutes that have the capability. In their
review, Jiang et al.15 confirm the practice of 3D printing in improving
education.
While having an elaborative or complex template cannot assure
that surgery will go well, the exercise certainly allows anticipation
of challenges that may arise during the procedure. This confirms
that with any student work, meticulous review and experienced
guidance by the attending are always needed.
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