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Abstract. Background and aim: Osseous and medullar anomalies constitute a hard challenge for interpretation 
of complex vertebral deformities anatomy. To better frame these deformities three-Dimensional (3D) print-
ing represents a new frontier in this field. The aim of this brief report is describing the use of 3D printed mod-
els for surgical planning in four complex vertebral deformity cases treatment. Methods: Four cases of severe 
scoliosis were treated between December 2017 and January 2019; patients’ mean age was 12,25 years. Two 
patients underwent neurosurgical intervention for myelomeningocele at the time of birth. Standard and dy-
namics X-Ray, Computed Tomography (CT) and Magnetic Resonance (MR) of the column were performed 
pre-operatively. CT files were implemented to build the 3D model of each spine and selected ribs. The mod-
els were 3D printed in thermoplastic material, then used to study the deformities and for surgical planning. 
A survey proposal about 3D models’ utility and accuracy has been made to 15 residents and 6 main surgeons. 
Results: Preparation of each 3D models required about 316.5 minutes and printing time was about 108 hours 
each. The average cost was 183.16 € to produce one 3D printed model, which resulted useful in surgical plan-
ning and educational. Conclusions: The manufacture of 3D models requires time, resources and multidiscipli-
nary approach, it must be justified by complexity of the case. In this study 3D Printing allowed surgeons to 
carefully plan and simulate the surgery, ensuring for a better sizing of the implant. (www.actabiomedica.it)
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Introduction

Complex vertebral deformities treatment in young 
patients is fruitfully discussed in spine surgery. The in-
terpretation of complex vertebral deformities anatomy 
is challenging due to osseous and medullar anomalies. 
Congenital anomalies such as defects in vertebral forma-
tion and segmentation, welding defect and mixed forms 
could increase the difficulty. Furthermore, the choice to 
procrastinate the operative treatment with prolonged 
conservative treatment, when is ineffective especially in 
congenital or neuromuscular deformities may cause de-
lay in surgery and deformity worsening. An exhaustive 

physical examination, a prescription of standard and 
dynamics X-Rays, Computed Tomography (CT) and 
Magnetic Resonance (MR), as well as the gathering of 
patients’ medical history are always necessary steps in 
order to assess the type of deformity and to plan the 
right treatment. (1) Moreover, neurophysiologic exams 
like somatosensory and motor evoked potentials per-
mit to evaluate any peripheral deficit preoperatively. 
CT and MR can help during pre-operative planning 
but 2D images are often not enough when anatomy 
is most distorted. (2) Three-Dimensional (3D) print-
ing represents a new frontier to understand complex 
anatomies (3, 4) such as spine deformities. (5) Indeed, 
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3D printing allows to produce patient-specific printed 
models (6) from CT images. (7) 3D printed model can 
be a useful instrument to enhance decision-making 
processes both for surgical planning and for clinical 
practice (8, 9). It allows to explain deepen the pathology 
to patients showing itself helpful in communication too. 
(10) As a matter of fact, 3D Printing has shown itself 
helpful in the operating room (11, 12) reducing surgery 
duration and intra-operative blood loss (13); moreover, 
it has produced better outcomes (13).

In this brief report it’s outlined how to produce a 
3D printed model and how 3D printing can be useful 
in order to assess spine complex deformities.

Methods

Case series

Four cases of severe congenital scoliosis treated 
using 3D printed models for the surgical planning 
between December 2017 and January 2019 were ret-
rospectively reviewed. The Declaration of Helsinki as 
well as the Guidelines for Good Clinical Practice were 
applied: written informed consents for surgery, photos 
and clinical follow-up were all endorsed by the patient. 
The protocol, participant education, recruitment mate-
rials, and any subsequent modifications were reviewed 
and approved by the Department of Clinical and Mo-
lecular Science Board in accordance with the Policy 
of Clinical Orthopaedics at the Università Politecnica 
delle Marche in Ancona, Italy. Medical history has 
been collected, while physical examination, X-Rays, 
CT and MRI have been performed in order to assess 
the type of deformity and to plan the treatment (Fig. 
1 a-d). Moreover, somatosensory and motor evoked 
potentials were performed to preoperatively evaluate 
any peripheral deficit. 3D printed models of each en-
tire spine were produced and then used to study de-
formities and surgical planning (Fig. 1 e-f ). Posterior 
approach has been performed in all four cases (Fig. 1 
g-i). Patients’ data have been collected in Table 1.

Model production

Spine scan was performed in CT machine So-
matom Force (IIIrd generation, Siemens Healthineers, 

Forcheim, Germany) with a thickness of 0,1 mm. 
Digital Imaging and COmmunications in Medi-
cine (DICOM) files have been imported on the spe-
cific clinical commercial software Syngo.via Frontier 
(Siemens Healthineers, Forcheim, Germany) in or-
der to create spine geometries. The region of interest 
(ROI) of each spine has been selected. Segmentation 
by threshold has been performed selecting range over 
200 Hounsfield Unit (HU). In order to make some ad-
justment, such as the removal and the inclusion of ribs, 
manual segmentation was executed by a trained ortho-
paedic resident. At the end of this process, “Smooth-
ing” function was selected at 0.2 and each elbow 3D 
model was exported in Stereo Lithography interface 
format (.STL), ready for 3D printing. The models 
were printed with the fused deposition modelling 3D 
Printer (Fortus 250 mc Stratasys Ltd., Minnesota, 
America). They were printed in scale 1:1 in Acryloni-
trile Butadiene Styrene Plus (ABSplus – p430). Subse-
quently 3D printed models were processed to remove 
soluble support material (SR-30) using SCA-1200HT 
(PADT Ltd, Tempe, Arizona, USA). Production time 
in software environment, printing time and material 
costs of each 3D model have been collected.

A survey proposal about 3D models’ util-
ity and accuracy has been made to 15 residents and 
6 main surgeons by asking them to split a score from 
1 to 5 (1= “low”; 5= “excellent”) for each of the dif-
ferent subjective fields: utility of 3D printed model in 
preoperative planning, utility of 3D printed model in 
educational, accuracy of 3D printed model, maneuver-
ability of 3D printed model.

Results

Digital production of each 3D models required 
about 316.5 minutes (min) [minimum 226 min - 
maximum 483 min], and printing time was about 
108 hours (h) each [minimum 41h 33min - maximum 
173 h 56 min]. The average material cost to produce 
a 3D printed model was 183.2€ [minimum 95.5€ - 
maximum 307.0€].

At survey the 3D printed model resulted useful 
in surgical planning with a score of 3.8/5 for main 
surgeons and 4.6/5 for residents. About educational, 
3D printed model got a mean of 4.5/5 points from 
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Figure 1. Patient number 2:
a. the gravity of spine deformity at the clinical examination at presentation
b. and c. Full-spine Radiographs at presentation
d. TC coronal slice at presentation
e. virtual 3D model
f. 3D printed model
g. operative treatment: posterior approach with two separate incisions (thoracic and lumbar)
h. and i. post-operative X-Rays showing fixation of T2-L2 with screws, hooks and subfascial tradi-
tional growing rods and arthrodesis T2-T4 and L1-L2.
j. clinical outcome with improvement of sitting position.

main surgeons and 4.9/5 from residents. It was accurate 
(main surgeons: 4.7/5 points, residents: 4.6/5) but low 
handy (main surgeons: 2.7/5 points, residents: 2.6/5).

Discussion

Charles Hull in 1986 brought the idea of 3D 
Printing, which was implemented in clinical practice 
for custom prosthetics and dental implants by the 
beginning of XXI Century (3). Many improvements 
in surgical planning were allowed by the introduc-
tion of 3D Printing in medicine: applications have 

raised, thanks to technologies simplification, opening 
new possibilities for a successful costs’ reduction (14). 
Unfortunately, 3D printing still requires specific 
knowledges and high costs, (15) yet entailing several 
advantages, such as the reduction of blood loss, ion-
izing radiation, (16) and surgery time (11, 16) and 
improvement of surgical outcomes (15). The manufac-
ture of 3D models must be justified by complexity of 
the case like in case of complex vertebral deformities. 
Approximately 8% of all literature concerning rapid 
prototyping describes 3D Printing use specifically for 
spine surgery, thanks to the advancement of this tech-
nology (2). Sakai et al. illustrated a surgical planning 



Acta Biomed 2022; Vol. 93, N. 5: e20222214

4 26 M

D
or

sa
l 1

20
°lu

m
ba

r 1
00

°

 4
3

 5
0 5

Th
or

ac
ic

 ri
gh

t c
ur

ve
 a

nd
 lu

m
ba

r 
le

ft
 c

ur
ve

 s
co

lio
si

s

- -

K
id

ne
y 

fa
ilu

re
 S

al
di

no
 M

ai
nz

er
 S

yn
dr

om
e

Po
st

er
io

r a
rt

hr
od

es
is

 T
2-

L
5 

us
in

g 
ho

ok
s, 

sc
re

w
s, 

U
ni

ve
rs

al
 

ca
m

ps
, 2

 ro
ds

 in
st

ru
m

en
ta

tio
n

3 11 F 45
°

42
°

40
° 0

C
on

ge
ni

ta
l t

ho
ra

ci
c 

le
ft

 
sc

ol
io

si
s

H
em

iv
er

te
br

a 
T

9

- -

H
em

iv
er

te
br

a 
E

gg
-s

he
ll 

os
te

-
ot

om
y. 

Po
st

er
io

r  
ar

th
ro

de
si

s T
8-

T
10

 u
si

ng
 

ho
ok

s, 
sc

re
w

s 
an

d 
2 

ro
ds

 
sy

st
em

.

2 7 M 75
°

35
°

24
° 0

C
on

ge
ni

ta
l t

ho
ra

co
-l

um
ba

r l
ef

t s
co

lio
si

s
(F

ig
 1

 a
-f

)

T
7 

pe
di

cl
e 

ab
se

nc
e

T
2-

T
3-

T
4 

co
ng

en
ita

l b
ar

H
em

iv
er

te
br

a 
T

5
Sc

hi
si

s 
of

 m
ul

tip
le

 v
er

te
br

al
  

po
st

er
io

r a
rc

he
s

(F
ig

 1
b-

f)

L
um

bo
sa

cr
al

 m
ye

lo
m

en
in

go
ce

le

A
rn

ol
d-

 C
hi

ar
i I

I 
m

al
fo

rm
at

io
n

F
ix

at
io

n 
of

 T
2-

L
2 

w
ith

 sc
re

w
s, 

ho
ok

s 
an

d 
su

bf
as

ci
al

 tr
ad

iti
on

al
 g

ro
w

in
g 

ro
ds

 A
rt

hr
od

es
is

 T
2-

T
4 

an
d 

L
1-

L
2 

 
(F

ig
. 1

g-
i)

1 5 F 87
°

42
°

22
° 0

C
on

ge
ni

ta
l h

ig
h 

th
or

ac
ic

 le
ft

 
sc

ol
io

si
s.

H
em

iv
er

te
br

a 
T

3
B

ut
te

rfl
y 

ve
rt

eb
ra

e 
T

5,
 T

6,
 T

7,
 T

9 
an

d 
T

11
.

Th
or

ac
ic

 m
en

in
go

ce
le

L
um

ba
r s

yr
in

go
m

ye
lia

D
ia

st
em

at
om

ye
lia

-

C
on

ve
x 

sp
in

al
 e

pi
ph

ys
io

de
si

s T
3 

an
d 

T
6

Po
st

er
io

r u
ni

la
te

ra
l  

ar
th

ro
de

si
s T

2-
T

8 
us

in
g 

ho
ok

 in
-

st
ru

m
en

ta
tio

n 
an

d 
1 

ro
d.

Pa
tie

nt

A
ge

Se
x

C
ob

b 
de

gr
ee

K
yp

ho
si

s

L
or

do
si

s

R
is

se
r

C
ur

ve
 ty

pe

O
ss

eo
us

 a
no

m
al

ie
s

M
ed

ul
la

r a
no

m
al

ie
s

C
lin

ic
al

 is
su

es

Su
rg

er
y

T
ab

le
 1

. P
at

ie
nt

s’ 
hi

st
or

y 
an

d 
tr

ea
tm

en
t. 

T:
 Th

or
ac

ic
; L

: L
um

ba
r.



Acta Biomed 2022; Vol. 93, N. 5: e2022221 5

pre-operative planning. Despite of the flaw in the 
thermoplastic used to build the model (which did not 
reproduce the elastic response of the spine), 3D print-
ing permitted to deeply understand the spine mor-
phology and train on its model.

Conclusions

In conclusion, 3D printed models obtained by 
CT revealed themselves extremely useful for preop-
erative planning, ensuring for a better sizing of the 
implant and allowing a better understanding of de-
formities both for main surgeons and residents.
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