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Research Article

Use of Three-dimensional Printing
in Orthopaedic Surgical Planning

Abstract

Background: Three-dimensional (3D) printing is a technique

based on overlapping layers of a material (eg, plastic, clay, and

metal). Thewidespread implementationof 3Dprinters has resulted

in a notable increase in use. Fields such as construction,

engineering, and medicine benefit from this technique.
Aim: The use of 3D printed scale models permits better surgical

planning and results.
Methods: Themodels were created based onCT images of seven

patients (age range, 5 to 61 years) with different pathologies who

were candidates for surgery.
Results: Surgical time decreased as a result of detailed surgical

planning with printed models. This technique also was

associated with a decrease in bleeding, a reduction in the

amount of anesthesia required, and greater precision. In some

patients, a change in surgical strategy was noted, thus

allowing for a reduction in the number of surgeries and the

aggressiveness of surgery. Finally, the preoperative practice

(virtual and physical osteotomies using cutting tools) that

was performed in two cases allowed the surgeon to evaluate

the different approach alternatives and establish the best

strategy.
Conclusions: The use of 3D–printed anatomic models has

improved surgical planning, especially for patients in whom the

conventional techniques are insufficient for establishing a proper

strategy. The extra information provided by 3D–printed models

can lead to a better intervention strategy, which is beneficial for

patients because it decreases the risks, procedure times, and

recovery times.

Three-dimensional (3D) printing
is a technique involving over-

lapping of layers to create an object
basedonapreviously generateddesign
using specialized software. The use
of 3D printing was first mentioned
by Hull in 1980 with the stereo-

lithography concept.1 Rapid proto-
typing, which is the creation of
physical models based on computer
data, has been used widely in indus-
try.2 In a document published by
PwC,3 it is noted that two thirds of the
top 100 manufacturing companies in
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the world use 3D printers. Of the
companies that use this technology,
30% do so on an experimental basis,
25% only for prototypes, 10% for
prototypes, and experimentally, 3%
for models that cannot be created by
traditional methods, and just 0.9% for
the final production of their products.
Because of technological advances,

3D printing technology has recently
gained ground in the field of medicine
with its potential benefits. 3D printers
are becoming necessary in medical
applications, including surgical plan-
ning, the creation of implants and
prostheses, and medical education. In
the dental field, 3D printing is com-
monplace worldwide and is essential
for complex treatments.4,5

One of the most important aspects
of applying 3D technology in medi-
cine is the personalized production of
objects associated not only with the
requirements of the patients but with
those of the surgeons.
In addition to the progress that has

been made in the visualization of
images, surgical planning has im-
proved with the use of 3D printing by
providing more information about the
anatomy of the patient and a better
understanding by the surgical team.6

For complex cases in which the
information provided by conventional
procedures is insufficient, 3D printed
models have the advantage of repli-
cating different organs and structures,
which has generated great interest in
many different specialties with regard
to surgical planning.7 Printed models

are based on computer models that,
in turn, can be used for surgical
planning via creation of simulation
scenarios. Seven clinical cases are
presented below in which 3D printed
models were created based on patients’
CT images. The printed models were
validated by the radiologists and the
medical teams in charge of each clini-
cal case.

Methods

Segmentation and Meshes
CTimages (1.0mmslice thickness, 512
· 512matrix size, voxel size 0.6, B30s)
were obtained using a GE Optima
CT660 scanner (General Electric) and
Siemens SOMATOM Definition AS
scanner (Siemens). The images were
processed using ITK-SNAP v3.4 soft-
ware8 (www.itksnap.org) in which
segmentation was performed using a
region-growing algorithm. Softening,
reduction in the number of polygons
(decimation), and visualization of
the mesh were done using MeshLab
(Visual Computing Lab).9

The meshes were printed using
acrylonitrile butadiene styrene plas-
tic, Fortus 250MC 3D printer (3D
Systems), and Insight and Control
Center software (3D Systems). These
printed pieces, which were modified
(in some cases) using Dremel multi-
purpose tools (Dremel), allow the
surgeon to physically simulate
the surgical procedure. In some cases,

the created meshes were also compu-
tationally modified, creating surgical
simulation scenarios using Autodesk
3ds Max.

Patients
Four female patients and three male
patients (age range, 5 to 61 years)
with different pathologies were
included in the study. Each patient
signed a written informed consent
form. All patients had an adequate or
excellent postoperative evolution.

Patient A

Surgery type: cervical.
Date of surgery (patient sex, age)

March 24, 2015 (male, 24 years).
Preoperative diagnosis: patient with

Down syndrome, C1-C2 instabil-
ity, and foramenmagnum stenosis,
with bulbo-medullary compres-
sion and signs of myelomalacia
(Figure 1, A).

Surgery: Occipito-temporal decom-
pression and craniocervical fixa-
tion (C0-C2).

Previous judgment: the patient
visited the emergency department
because of cervical pain. Radio-
graphs showed C1-C2 instability.
MRI and CT revealed a C1-C2
subluxation with clear instability
of the same segment resulting in
notable narrowing of the foramen
magnum, which became even
more evident on MRI given the
presence of signs ofmyelomalacia.
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It was decided to perform poste-
rior cervical decompression and
craniocervical fixation.

Surgery details: general anesthesia
was used and motor and sensory
potentials were monitored. A
midline incision was created and
the median raphe was opened.
The C1-C4 posterior arches
and occiput were exposed.
Intraoperative ultrasonography
revealed compression in the
bulbo-medullary region. Decom-
pression of the C1 posterior arch
was performed using a high-speed
motor, and then, the epidural
adhesions in the occipito-cervical
region were removed. Intra-
operative control ultrasonogra-
phy showed adequate visualization
of the posterior bulbo-medullary
cistern. There was no alteration
in the motor and sensory
potentials during this phase of
intervention.
C1-C2 instability was reduced,
and it was fixed using osteo-
synthesis elements from the skull
to C2 using plates, screws in the
skull, and claw type hooks sub-
laminar to the C2 lamina.

3D utility: once the basic exami-
nations were done, A resection of

the C1 arch and decompression
of the foramen magnum were
planned. The surgeons believed
that resection would be necessary
through the anterior pathway
of the os odontoideum. The
approach was modified after
review of the 3D printed model,
and only the C1 arch would be
decompressed without touching
the foramen magnum (Figure 1, B
and C). Thus, the anterior path-
way was avoided, and it was
presumed that the release and
stabilization would be adequate.
In short, through the use of the
model, the surgeons were able
to avoid opening the foramen
magnum to create a transoral
anterior pathway to resect the os
odontoideum.

Patient B

Surgery type: skull.
Date of surgery (patient sex, age):
April 14, 2015 (male, 4 years).

Preoperative diagnosis: complex
multiple-suture nonsyndromic
craniosynostosis (Figure 2, A).
This patient presented with left
posterior plagiocephaly in addi-

tion to scaphocephaly associated
with a secondary deformity due
to a ventricular shunt valve was
inserted when the patient was
a newborn. The shunt caused
an asymmetrical turricephalic
skull with a curved bone mal-
formation in the posterior medial
line.

Surgery: cranioplasty with cranial
remodeling using an autograft,
remodeling of the fronto-orbital
bar.

Previous judgment: patient with an
ossified asymmetrical skull requir-
ing extensive cranial remodeling.

Surgery details: satisfactory cranial
remodeling.

3D use: the use of 3D printing al-
lowed the surgeon to plan the
osteotomies and remodeling of
the skull. The printed model al-
lowed the surgeon to visualize
the complex zones of the skull
and to preoperatively plan and
simulate the surgery (Figure 2, B
and C). Thus time was saved
during surgery (it is difficult to
quantify the amount of time
because it was not a standard
surgery; however, the surgeon
estimated that approximately
an hour less time was needed),

Figure 1

A, Sagittal CT scan of the cervical spine of patient A demonstrating C1-C2 instability and stenosis of the foramen magnum,
with medullary (bulbo-medullary) compression. Three-dimensional virtual representation (B) and three-dimensional printed
model (C) of the affected vertebrae.
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because of the strategy that was
adopted (Figure 2, D). This
surgery lasted approximately 4
to 5 hours. A 20% reduction
in surgical time is important
given the patient’s age and re-
sulted in a shorter amount of
time under anesthesia, less
bleeding, and a lower risk of
infection (an important factor
given the long duration of the
surgery) due to thorough pre-
operative planning.

Patient C

Surgery type: hip.
Date of surgery (patient sex, age):
April 14, 2015 (female, 24
years).

Preoperative diagnosis: patient
with Dyggve-Melchior-Clausen
syndrome (see Figure, Supple-
mental Digital Content 1A,
http://links.lww.com/JG9/A7),
with slight mental retardation,
bilateral hip dysplasia, and short

stature. Background of two sib-
lings with the same pathology.
Patient consultation for right
coxalgia symptoms, exacerba-
tion 7 years ago, the patient is
able to walk without claudica-
tion, and has no need for crutches
to date. The condition was
refractory to medical treatment,
physical therapy, and hip infil-
trations. A pediatric neurologic-
orthopaedic team made a joint
evaluation and proposed a total
arthroplasty of the right hip.

Surgery: total arthroplasty of the
right hip.

Previous judgment: The patient
has symptoms of progressive
coxalgia secondary to perma-
nent bone dysplasia that limits
walking. A total arthroscopy of
the right hip is indicated.

Surgery details: A minimally inva-
sive posterior approach was
used, and T-capsulotomy was
performed. Dislocation of the
hip revealed an aspheric and
flattened head, which indicates
degenerative compromise.

To prepare the acetabular com-
ponent, the labral and residual
synovial tissue were resected. A
number 40 tantalum acetabular
cotyle (cup) is inserted, which is
fixed with three 6.5-mm screws,
25, 20, and 40 mm long. The
femoral component was pre-
pared and the hip was reduced.
The direction of the components
was verified, and the definitive
components were left in place
with a Smith and Nephew oxi-
nium head. Capsulorrhaphy was
performed and the rotators were
reinserted using transosseous
sutures.

3D utility: Because of the underlying
disease, several complexities were
encountered during surgery: first is
the alteration of the anatomic
references of her acetabular com-
ponent, second is the reduced size
of her hip, and finally, the lack and

Figure 2

A, Preoperative CT reconstruction of the skull created with a picture archiving
and communication system (PACS) using CT images of the craniosynostosis
in patient B. B, Preoperative photograph showing the 3D printed model of the
skull. C, Photograph showing the surgeon making incisions on the plastic
model of the skull. D, Preoperative CT reconstruction of the skull created with
PACS.
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spatial alteration of the bone stock
required to position the acetabu-
lum. Her first surgery, performed
several years ago, was long and
complex because it required an
extensive approach to enable the
surgeon to see all the anatomic
details and find the best bone
quality and space to position the
acetabulum. The 3D printed
model (see Figure, Supplemental
Digital Content 1B, http://
links.lww.com/JG9/A7) was an
excellent help that elucidated
the quality of the bone stock,
morphology, and the best bone
location of the acetabular com-
ponent. In addition, the model
provided the exact measurement
of the component and a pre-
operative tridimensional vision
of its position. The virtual and
3D models (see Figure, Supple-
mental Digital Content 1B,
http://links.lww.com/JG9/A7)
coincided perfectly with the in-
traoperative findings. The need
for a more extensive approach
was decreased, and the surgical
time was dramatically reduced (4
hours in the previously operated
hipwithout amodel versus 1 hour
and 30minutes with a 3Dmodel).
The use of the model facilitated
component placement (see Figure,
Supplemental Digital Content 1C,
http://links.lww.com/JG9/A7)
and the patient had less discom-
fort during postoperative man-
agement and rehabilitation because
a more conventional approach was
performed.

Patient D

Surgery type: scoliosis.
Date of surgery (patient sex, age):

October 5, 2015 (female, 12 years).
Preoperative diagnosis: tethered

spinal cord–scoliosis.
Surgery: section of the filum

terminale.

Previous judgment: patient carrier
of vertebral defects, anal atresia,
cardiac defects, tracheoesophageal
fistula, renal anomalies, and limb
abnormalities syndrome associ-
ated with congenital scoliosis
(Figure 3, A and C), managed

with a corset from 4 months old
to date (12 years old). Manage-
ment of scoliosis with instru-
mentation was indicated because
of the progression of the mal-
formation. During the same
procedure, the lipoma of the

Figure 3

AP and lateral radiographs of the spine in patient D before (A) and after (B) surgical
treatment for scoliosis. C, CT reconstruction of the spine created with a picture
archiving and communication system from CT images.D, Photograph of the three-
dimensional–printed model of the spine.
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filum terminale was managed
with release of the tethered
spinal cord.

Surgery details: a durotomy was
performed at L3-L4 and the
lipoma of the filum terminale was
sectioned, observing the immedi-
ate retraction of the same. The
dura mater was closed, and the
spine was exposed from T2-L3
for management of scoliosis.
Pedicle screws and laminar
hooks were placed. A Ponte
osteotomy was performed on the
apex per the preoperative plan.
Premolded rods were placed,
achieving translational correc-
tion and derotation (Figure 3, B).

3D utility: the 3D model (Figure 3,
D) permitted a better under-
standing of the anatomy altered
by the patient’s base pathology.
During the preoperative phase, the
virtual simulation was performed
on the areaswhere the osteotomies
would be performed. A printed
model was taken into the operat-
ing room, and this helped the
surgical team determine the proper
orientation of the pedicules, their
size, and select the implant to be
used. The latter resulted in a
notable decrease in the amount of
work that had to be done and less
irradiation (decreased use of radi-
ography) during the surgery.

Patient E

Surgery type: foot.
Date of surgery (patient sex, age):

November 15, 2015 (female, 15
years).

Preoperative diagnosis: Proteus
syndrome resulting in malfor-
mation of the left foot and claw
toes.

Surgery: correction of claw toes—
resection of the fourth metatarsal
dorsum and plantar exostosis—
removal of the osteosynthesis
material.

Previous judgment: patient pre-
sented with malformation of the
left foot (Figure 4, A) and notable
plantar exostosis that caused
painful plantar ulcers. Further-
more, toward the medial section
of the foot, there is protrusion of
the symptomatic osteosynthesis
material. Finally, the toes present a
rigid claw malformation, which
makes the use of shoes very
difficult. Corrections of the
aforementioned alterations are
performed.

Surgery details: through a transverse
plantar approach, a large exosto-
sis is identified at the head of the
second and third metatarsal,
which is completely resected. The
procedure continued, approaching
the dorsum of the foot between
the third and fourth metatarsal,
and the exostosis was resected
without any difficulty. Using
the same incision, the medial
metatarsophalangeal capsule of
the fifth toe is released, and the
toe was aligned without any
problem. The procedure con-
tinues focused on the hindfoot.
The bone layer was ap-
proached through the lateral
scar. Osteonecrosis of the distal
area of the calcaneus was ver-
ified. The area of the exostosis
to be resectioned is outlined
using radiographs. Finally, the
previously osteotomized toes
are fixed into place. Retrograde
Kirschner needles are used to
fix the toes to the metatarsal
head. Good alignment of the
forefoot was achieved.

3D utility: the use of the model
printed in plastic (Figure 4, B) and
the virtual model (Figure 4, C),
with different cuts of the foot,
made it possible to plan more
precisely the bone resection of the
calcaneus to calculate the amount
of pressure in the load area. The
benefit of these techniques resulted
in a less invasive approach during

surgery. The procedure was able
to be practiced before the actual
surgery. The most important ben-
efits were the decrease in surgical
time because of better surgical
planning and consequently fewer
incisions for the resection. We
narrowed down the bone cuts to
improve the percentage of loads
that were desired.Without the 3D
printed model, the bone resection
would have probably included
additional cuts, which would
have caused longer surgery and
recovery times in addition to a
second surgery, if necessary. The
decreased use of radiographs is
another important factor to con-
sider in the benefits of using vir-
tual and plastic models because
they allow better mapping of the
area.

Patient F

Surgery type: knee.
Date of surgery (patient sex, age):

November 5, 2015 (male, 29
years).

Preoperative diagnosis: patient with
previous reconstruction of the
anterior cruciate ligament in the
right knee in 2009. Asymptom-
atic until October 15, 2015, when
instability and failure in forced
torque occurred again. MRI
reveals a lesion in the graft and
medial meniscus. The patient was
admitted for elective surgery to
reconstruct the anterior cruciate
ligament and repair the medial
meniscus.

Surgery: reconstruction of the
anterior cruciate ligament in the
knee joint.

Previous judgment: patient with
graft failure and medial meniscus
lesion with previous anterior
tunneling (see Figure, Supple-
mental Digital Content 2A, http://
links.lww.com/JG9/A8). Surgery
is scheduled to reconstruct the

Use of 3D Printing in Orthopaedics Surgical Planning
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anterior cruciate ligament and
repair the meniscus.

Surgery details: reducible bucket-
handle lesion, from the poste-
rior horn to the middle segment
of the medial meniscus. Tissue
appears healthy and no path-
ological findings in the joint
surfaces. Nonviable graftpre-
sent in the intercondylar fur-
row. Old scar is adhered to the
low contact plate in the distal
third.
Direct approach on the lower
pole of the patella until the
anterior tuberosity of the tibia.
Removal of the medial third
of the bone-tendon-bone graft,
10 mm wide, and bone seg-
ments approximately 2.5 cm.
With a pinpoint guide in ana-
tomic footprints, a 9-mm tunnel
is made externally-internally into
the femur, and a 10-mm tunnel is
made in the medial face of the
tibia using a tibial guide. The
graft is passed through and
fixed with 7 · 25 mm titanium
screws in the femur and tibia,
achieving the proper tension
without any pinching after
lateral femoral condyle bone
margin plasty.

3D utility: the 3D reconstruction
(see Figure, Supplemental Digital
Content 2C, http://
links.lww.com/JG9/A8) al-
lowed us to visualize the
incorrect tunnel placement
from the first surgery. We then
achieved excellent placement of
the anteromedial band using an
anterior tunnel rather than a
distal tunnel. Visualization of the
meshes from an internal per-
spective of the knee allowed us to
see the location of the tunnels
with regard to the anatomic
footprints and permitted us to
accurately plan the length and
direction of new tunnels during
the surgery. The real-scale 3D
printed model of the knee helped

the medical team and the patient
understand the pathology better.

Finally, the 3D model (see Figure,
Supplemental Digital Content 2B,

http://links.lww.com/JG9/A8)
was fundamental to obtain the
necessary measurements and ori-
entation for the surgical planning.

Figure 4

A, Lateral radiograph of patient E with Proteus syndrome. B, Photograph
showing the lateral view of a 3D print of the foot with the screws from previous
surgeries highlighted in red. C, Photograph showing the 3D virtual
representation of the foot with a transparency factor that allowed the surgeon
to visualize three screws.
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Patient G

Surgery type: foot.
Date of surgery (patient sex, age):

January 26, 2016 (female, 61
years).

Preoperative diagnosis: patient with
a flat left foot who underwent
surgery in 2014 with arthrodesis
(see Figure, Supplemental Digital
Content 3A, http://links.lww.com/
JG9/A9). The patient had persis-
tent pain, and was found to have
poor fusion of a triple arthrodesis
with tibiotalar arthritis. The sur-
geon decided to perform realign-
ment of the hindfoot in addition to
a tibiotalar arthrodesis.

Surgery: osteotomy of the ankle
and calcaneus.

Previous judgment: poor align-
ment of the hindfoot and pre-
vious tibiotalar arthrodesis that
require surgery.

Surgical details: lateral approach,
identification of the distal fibula
and resection. Identification of
the arthritic tibiotalar joint with
necrotic talus and poorly fused
subtalar with the talus valgus and
laterally displaced. Temporary
fixation with a Kirschner needle.
Osteosynthesis removal of pre-
vious arthrodesis of the lateral
column. Lateral calcaneal exo-
stectomy and proper posterior
apposition of the lateral arthrod-
esis plate (arthrex). Fixation to the
proximal cortex and arthrodesis
fixation with two screws. Tibio-
talocalcaneal compression plan-
tars and the fixation of the lateral
plate to proximal and distal.

3D utility: the printed model (see
Figure, Supplemental Digital
Content 3B, http://links.lww.com/
JG9/A9) allowed us to precisely
define the location of the mal-
formation. The virtual simulation
of the surgery was a great help in
decreasing the overall surgery
time. Furthermore, given that the
surgery was a complex procedure,

there were different points of view
as to the best approach. The vir-
tual model provided more infor-
mation in terms of dimensionality;
the surgeons were able to simulate
the different procedures and
finally reach an agreement as a
team with regard to defining the
approach.

Quantitative Evaluation of 3D
Print Models on
Improvement of Surgical
Planning
Each surgeon was asked to complete
a questionnaire related to surgical
and presurgical planning times
(hours:minutes), bleeding volume (in
milliliters), level of satisfaction with
surgical outcome (Likert scale score
from 1 to 4, unsatisfactory to very
satisfactory), and physician-patient
relationship in regard to the expla-
nation of the pathology and surgery
(Likert scale score from 1 to 3 [wors-
ened, no change, improved]). These
questions were to be answered in ca-
ses of surgeries in which 3D printed
models were used and in similar pro-
cedures performed without the assis-
tance of 3D technology (Table 1).

Results

A decrease in surgical time was ob-
tained in all cases when using 3D
printed models because the surgeons
were able to perform detailed surgical
planning. The mean surgical time
decreased by 42.5% (SD, 14.5%).
Regarding the duration of surgical
planning using 3Dmodels, cases A and
D (ie, spine surgery) the time decreased
by an average of 80.0%, cases B (ie,
skull surgery) and G (ie, foot surgery)
increased by an average of 150%, and
remained the same for casesC,E, andF.
The use of 3D printing models re-

sulted decreased bleeding during
surgery. An average decrease of
50.4% (SD, 35.4%) was obtained.

In patients A and G, the 3D model
allowed the surgeon to change the
strategy of the surgical approach,
which in turn resulted in a decrease in
the number of surgeries required and
surgical aggressiveness.
Furthermore, in patients B and G, a

virtual and physical simulation of
surgery was performed using electric
saws, which allowed the surgeon to
practice the procedures thatwould be
performed in the operating roomon a
scale model. With respect to the level
of surgeon satisfaction in using 3D
models in relation to the result of
similar surgeries without the use of
this technology, an increase in the
mean score of 3 (range, 2.0 to 3.0; SD,
0.58) to 4 (all values, 4.0) was
observed. Finally, surgeons agree that
the doctor-patient relationship in
terms of pathology explanation
improved when using a 3Dmodel (ie,
surgeons answered level 3 in the last
question in Table 1).

Discussion

3Dprinting techniques haveproved to
be essential in the field of medicine,
generating benefits not only for the
patient but also for the team of sur-
geons. A multidisciplinary team of
professionals using CT and MRI can
create the segmentation, 3Dmesh, and
printed model. The intermediate pro-
cesses (ie, segmentation, postprocess-
ing of the mesh, and 3D visualization)
are complex and semiautomatic and
require several hours of work with
high-level specialists, computer aided
diagnosis management, and a medical
imaging protocol that defines the nec-
essary characteristics for an optimal
3D printed model.
The use of 3D printing technology

allows the surgeon to develop presur-
gical planning with scale models, as a
new paradigm of personalized medi-
cine, providing a greater amount of
information for the surgery, which
results in a decrease in surgical time,
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less bleeding, fewer risks, decreased
decision-making time, and a faster
recovery time. With the development
of models with 3D printers, it is possi-
ble to have a scale model of the object
under study, for example, bone parts
(ie, skull, knee, foot, andvertebrae) and
soft tissues (ie, heart, brain, and kid-
ney). Moreover, this technique allows
the surgeon to provide a clearer
explanation to the family and other
physicians of the surgical procedures
that will be performed on the patient.
However, because of the high cost of
3Dprinters andmaterials, and theneed
for specialized professionals who can
manage the images and create these
models, it is still not a technique that
has been widely adopted in many
countries and medical centers.10

Someof the limitationsof3Dprinting
(in particular, using Fused Deposition
Modeling with acrylonitrile butadiene

styrene) include the lack of ability to
visualize anything inside the object; for
example, for patient F, the previous
surgical canals could only be observed
in the exterior part of thekneepiece. To
be able to visualize the canals, the only
option, in this case, was to use different
software that allowed the surgeon to
observe the meshes from the inside.
Other limitations arise from the
incompatibility of the materials to be
implanted in the human body.
To create implants, specific materials
approved by the FDAare required, and
therefore, it is necessary to investigate
the body’s reaction to these materials
and prove that they are safe and do not
cause any adverse effects. The FDA is
currently working on a list of 3D
printing materials that may be com-
patible with the human body.11

The preparation time required for
creating the models is one of the most

notable limitations of the 3D print-
ing procedure. The reconstruction of
complex virtual models cannot be
automated and must be performed
by multidisciplinary teams that
include surgeons, radiologists, and
engineers to obtain high-quality
models. This multidisciplinary col-
laboration is fundamental for an
accurate model. It is important for
the surgical planning that the 3D
model has a high level of accuracy
with respect to the real anatomy.
One of the important factors to
be able to achieve this is to obtain
high-resolution images without
any artifacts. The resolution of the
images as well as the presence of
artifacts (such as those caused by
metal implants) can affect the accu-
racy of the model.
With regard to future advances in

technology, these limitations should

Table 1

Questionnaire About Surgical and Presurgical Planning Time, Bleeding Volume, Level of Satisfaction With Surgical
Outcome, and Physician-Patient Relationship in Regard to the Explanation of the Pathology and Surgery

Question Answer
Patient

A
Patient

B
Patient

C
Patient

D
Patient

E
Patient

F
Patient

G

Average duration of similar
surgeries

Hour:minute,
0-24 hr

3:00 4:00 4:00 5:00 4:00 2:30 2:00

Duration of surgery with 3D
printing

Hour:minute,
0-24 hr

2:15 2:00 1:45 2:30 1:50 2:00 1:10

Duration of surgical planning
in similar surgeries

Hour:minute,
0-24 hr

0:45 1:00 0:15 1:00 1:00 1:00 1:00

Duration of surgical planning
with 3D printing

Hour:minute,
0-24 hr

0:10 2:00 0:15 0:10 1:00 1:00 3:00

Estimated bleeding in similar
surgeries

mL 300 500 300 1,100 500 300 500

Estimated bleeding in surgery
with 3D printing

mL 50 300 300 700 400 50 50

Satisfaction of the result in
similar surgeries

1 (dissatisfied) — — — — — — —

2 (medium) — — 2 — — — —

3 (satisfied) 3 3 — — 3 3 3
4 (very
satisfied)

— — — 4 — — —

Satisfaction of the result in
surgery with 3D impression

1 (dissatisfied) — — — — — — —

2 (medium) — — — — — — —

3 (satisfied) — — — — — — —

4 (very
satisfied)

4 4 4 4 4 4 4

Physician-patient relationship
in terms of explanation of
pathology using 3D printing

1 (worse) — — — — — — —

2 (no change) — — — — — — —

3 (better) 3 3 3 3 3 3 3
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decrease, with shorter printing times,
greater accuracy of the models, a
greater amount of printing materials
destined for implants, improved
printer resolution, and advanced
modeling techniques. In a recent study
of 158 patients,12 molds (n = 10),
implants (n = 15), surgical guides (n =
40), and anatomic models (n = 113)
were created using 3D printers; the
greatest benefits that were reported
were the following: better surgical
planning (n = 40; 48.7%), greater
precision in the processes (n = 53;
33.5%), and a decrease in surgical
time (n = 52; 32.9%).
Based on the questionnaire (Table

1), there was a decrease in the dura-
tion of surgery and bleeding (.29%).
However, in some of the patients,
the planning time increased when
using 3D printing. For example, in
patient B, tools were used to cut the
printed model to plan the surgical
approach, which resulted in the
increased surgical planning time. In
complex cases, the explanation of
the pathology to the patients may
not be clear when unaided by a 3D
model. When using the printed
models, surgeons can explain the
pathology and the surgical pro-
cedure to the patient.

Conclusions

Theanatomicalmodels createdwith3D
printing technology are essential for
good surgical planning and surgical
simulation in some cases (patients B
and G). These models are even more
important for complex cases in which
additional information is required that
only 3Dmodels can provide. By having
clarity with regard to the problem,
thanks to the additional information, a
better intervention strategy can be
developed with many benefits for the
patient and a decrease in risks, pro-
cedure times, and recovery times.
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