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Background: Pediatric spinal deformity surgeries are challenging operations that require considerable expertise and resources.
The unique anatomy and rarity of these cases present challenges in surgical training and preparation. We present a case series
illustrating how 3-dimensional (3-D) printed models were used in preoperative planning for 3 cases of pediatric spinal deformity
surgery.
Case Series: Patient 1 was a 6-year-old male with scoliosis secondary to an L3 hemivertebra and severe congenital heart disease
whounderwent excisionof the L3hemivertebra and L2-L4 spinal fusion. Patient 2was an11-year-oldmalewith an L2hemivertebra
and lumbar kyphosis who underwent excision of the L2 hemivertebra and T12-L4 spinal fusion. Patient 3 was a 6-year-old female
with Down syndrome who presented with atlantoaxial instability and acute lymphoblastic leukemia. She underwent occipital-
cervical spinal fusion and decompression. Prior to surgery, 3-D printedmodels of the patients’ spines were created based on com-
puted tomography (CT) imaging.
Conclusion: The anatomic complexity and risk of devastating neurologic consequences in spine surgery call for careful prepa-
rations. 3-D models enable more efficient and precise surgical planning compared to the use of 2-dimensional CT/magnetic res-
onance images. The 3-D models also make it easier to visualize patient anatomy, allowing patients and their families who lack
medical training to interpret and understand cross-sectional anatomy, which in our experience, enhanced the consultations.
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INTRODUCTION
Introduced in the 1980s, additive manufacturing—or 3-

dimensional (3-D) printing—has become an important tool
in medicine with multiple applications, ranging from implant
and tissue design to medical research and training.1 Additive
manufacturing has rapidly emerged as an essential tool for
operative planning and training in a variety of fields includ-
ing neurosurgery, orthopedics, otolaryngology, and cran-
iomaxillofacial and cardiac surgery.2-7 Additive manufactur-
ing allows surgeons to personalize their surgical planning to
each patient and helps improve patient education, compre-
hension, and satisfaction.8

A principal use of additive manufacturing is the creation
of 3-D models for preprocedural planning; this application
is particularly relevant in complex spinal deformity cases
involving anatomic anomalies that are rarely encountered
in surgical training or practice. For example, surgery for
congenital pediatric spinal deformity is uncommon, with
1-10/100,000 children having a congenital spinal anomaly
requiring surgical intervention.9 Because of the infrequent

occurrence of these cases, gaining and maintaining surgical
proficiency can be difficult. Moreover, while 2-dimensional
(2-D) imaging modalities have been the standard imaging
modality used for these deformities, the spine is a 3-D object
with complex anatomic structures and relationships that are
not completely appreciated in 2 dimensions. 3-D printing of
spine models allows surgeons to more completely under-
stand the anatomy of complex spinal deformities; facilitates
better preparation for an operative intervention; and poten-
tially minimizes operative time, blood loss, and the overall
risk of neurologic injury.10,11

We report our experience with additive manufacturing,
specifically highlighting 3 complex cases in which our 3-D
models were used for preoperative planning and for patient
education.

IMAGING PROCEDURE
The Ochsner Medical 3D Laboratory acquired the Digital

Imaging and Communications in Medicine (DICOM) image
files of patients’ computed tomography (CT) spine scans
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in conjunction with the Ochsner Radiology and Pediatric
Orthopedic Surgery departments. All investigations were
considered part of normal clinical care, and the use of
patients’ radiographic imaging for production of 3-D printed
models was approved by the institutional review board.
We used Mimics inPrint (Materialise) to segment regions
of interest and created 3-D spine renderings. Models were
printed by offsite partner Entrescan with a variety of print-
ers (Formlabs 2S [Formlabs, Inc.] and ProJet 660 [3D Sys-
tems]) and materials (eg, photoreactive resins and gypsum
powder).

CASE SERIES
The primary surgeon for each case used the 3-D printed

models to help determine his surgical approach (measured
angles of curvature, degree of rotation of the spine). He
also used the models for patient and family education to
describe the patient’s anatomic abnormalities and the sur-
gical approach he would use to correct the abnormalities.

Patient 1
A 6-year-old male with a history of hypoplastic left heart

syndrome status post fenestrated Fontan, heterotaxy syn-
drome, primary ciliary dysfunction, left-sided bronchiecta-
sis, growth delay, and congenital scoliosis secondary to an
L3 hemivertebra presented for evaluation of left leg weak-
ness. At the time of evaluation, he had seen multiple sur-
geons and required orthotics for ambulation. Additionally,
the patient had developed a right lower extremity radicu-
lopathy resulting in significant right lower extremity night
pain. Radiographic imaging demonstrated an apex left lum-
bar scoliosis of 40 degrees centered at the L3 hemivertebra
(Figure 1), and the patient was scheduled for surgical treat-
ment of his scoliosis with a planned hemivertebra excision.
A 3-D model of the patient’s spinal column was created for
preprocedural planning (Figure 2).
The patient underwent L2 laminectomy, excision of the

L3 hemivertebra, and posterior spinal fusion of L2-L4 with
pedicle screw and rod placement. Operative time was 2
hours, 32 minutes; estimated blood loss (EBL) was 150 mL.
The procedure was complicated by a cerebrospinal fluid
leak involving the left L3 nerve root axilla that was repaired
using Prolene sutures (Ethicon). The patient had no signifi-
cant postoperative complications. At follow-up, his pain had
resolved, and x-rays demonstrated minimal residual lumbar
scoliosis.

Patient 2
A 11-year-old male with Hurler syndrome, global develop-

mental delay, sickle cell trait, chronic respiratory infections,
obstructive sleep apnea, and multiple cardiac anomalies
presented for evaluation of an L2 hemivertebra with resultant
congenital kyphosis. He complained of new-onset back pain
and symptoms consistent with sciatica. Radiographic imag-
ing demonstrated a thoracolumbar kyphosis of 55 degrees
(increased from a previously stable 50-degree kyphosis).
Figures 3 and 4 are digital renderings of the patient’s con-
genital kyphosis, L2 hemivertebra, and congenital scoliosis.
A 3-D model of the patient’s spine (not shown) was created
for preprocedural planning.
The patient underwent an anterior L2 hemivertebra exci-

sion with posterior spinal fusion of T12-L4 in an effort to cor-

Figure 1. Patient 1: Digital rendering of pa-
tient’s lumbar scoliosis, anterior view.

rect his progressive thoracolumbar kyphosis and complaints
of worsening neurologic symptoms and back pain. The pro-
cedure lasted 5 hours, 25 minutes; EBL was 150 mL; and no
intraoperative complications occurred. The patient’s post-
operative course was benign, and no complications were

Figure 2. Patient 1: Three-dimensional print-
ed patient-specific model of congenital scol-
iosis secondary to an L3 hemivertebra used
for preprocedural planning.
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Figure 3. Patient 2: Digital rendering of pa-
tient’s congenital kyphosis and L2 hemiverte-
bra, lateral view.

identified at 3-month follow-up. He returned to school, and
his only new restriction was the inability to participate in
physical education class.

Patient 3
A 6-year-old female with trisomy 21, acute lymphoblas-

tic leukemia, and hypothyroidism presented with progres-
sive myelopathic symptoms, including broad-based gait,
frequent falls, and difficulty holding objects. Radiographic
imaging demonstrated atlantoaxial instability and cervi-
cal stenosis of the spine resulting in progressive cervical
myelopathy. A 3-D model of her CT images was developed
and printed for preoperative planning, procedural consent,
and patient education. Figures 5 and 6 present 2 views of
the model.
The patient underwent occiput to C5 posterior spinal

fusion with rod placement and C1 laminectomy and fora-
men magnum decompression for decompression of the
spinal cord. The procedure lasted 2 hours, 46 minutes;
approximately 50 mL of blood was lost; and no intraop-
erative complications occurred. At the patient’s 1-month
follow-up, her mother noted improvement in the patient’s
ability to use her right hand. Three months after her
procedure, the patient was walking again, although her
mother noted some residual right upper and lower extremity
weakness.

Figure 4. Patient 2: Digital rendering of pa-
tient’s congenital scoliosis, anterior view.

DISCUSSION
3-D imaging has become an integral part of the surgi-

cal planning process at our institution because it facilitates
a more intuitive understanding of anatomy compared to
the 2-D images created by CT and magnetic resonance
imaging. Surgeons who have implemented 3-D printed
models as a part of their preprocedural planning report
improved patient outcomes, more complete correction of
the deformities being addressed, and decreased operating
room time.11-15 3-D models also allow surgeons to show
patients their pathology in a tangible, intuitive way. Conse-
quently, the use of 3-Dmodels in preprocedural planning has
been associated with improvement in patient informed con-
sent and in patient/family member perception of proposed
procedures.13,14 In our study, 2 of the 3 patients’ families
reported that the 3-D model helped them better understand
the anatomic abnormalities and how the proposed surgical
approach would attempt to correct the abnormalities.
Surgeons report that these models accurately depict

patient anatomy,1,7 although more research must be done
to quantitatively assess the accuracy of 3-D models com-
pared to PACS (picture archiving and communication sys-
tem) images and true anatomy.
The 3-D models are relatively inexpensive (the average

cost of materials is $447.50) and can be printed within a few
days of completion of the patient’s CT scan. Although print-
ing 3-D prototypes provides both the surgeon and the patient
with a physical model of the patient’s unique anatomic
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Figure 5. Patient 3: Three-dimensional print-
ed patient-specific model of atlantoaxial in-
stability, coronal view.

makeup, advances in virtual reality (VR) models offer the
same 3-D interpretation as the printed counterparts while
eliminating the time and cost required to create a physical
3-D model. For this reason, we believe VR has great poten-
tial as a complementary tool with faster turnaround than 3-D
printing and minimal material costs.

Figure 6. Patient 3: Three-dimensional print-
ed patient-specific model of atlantoaxial in-
stability, sagittal view.

This case series has limitations. One notable limitation is
that the models in these cases only depict the bony struc-
tures. For these cases, the surgeon requested that bone only
be printed to provide a detailed image of the bony abnormali-
ties. However, when planning these surgeries, understanding
the relationship of the bony abnormalities to other tissues (ie,
neural tissue) is important, as damage to these tissues can
result in serious complications. Further, while our experience
supports the many benefits of 3-D printing in surgical plan-
ning, further research is needed to determine the efficacy
of this modality. For example, studies have shown that use
of 3-D models in preoperative planning helps decrease time
in the operating room; however, the extent by which these
models alone decrease operating time is unclear.13,15 The
next steps to better understand the utility of 3-D printing in
surgical planning include assessing the impact on operating
room time, intraoperative complications, and postoperative
outcomes.

Although the use of additive manufacturing in medicine
is still in its infancy, this technology offers the possibility of
improving healthcare with its ability to rapidly create cus-
tomized models.16

CONCLUSION
3-D models can not only improve preoperative planning

and provide opportunities to rehearse for complex proce-
dures, but they can also improve consultations with patients
by providing easily grasped 3-D renderings of difficult-to-
interpret 2-D radiographic images. In our experience, the
models enhanced patient understanding and satisfaction. 3-
D printed patient-specific models have great potential in sur-
gical planning and patient education, but further research is
needed to fully explore the efficacy of these tools in complex
surgery.
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