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a b  s  t  r a  c t

Introduction.  – Malignant  bone tumors of the  sternum  are  rare.  Their  surgical  treatment  remains  largely
based on precise knowledge  of  preoperative imaging  in order  to define  appropriate margins  during
tumor  resection.  We provide a practical  3-dimensional (3D)  modeling method to better  understand  the
relationships between these  tumors  and  neighboring organs.
Methods.  – Axial  view  images  from CT-scans  were  processed  by  the  open  source  software  Horos® after
anonymization.  A  first  surface  reconstruction  was carried  out  by  the software  to  form  a digital  mesh. This
raw model  was processed  by  Meshmixer® software  (AutodeskTM)  in order  to remove  artefacts.  These
models  underwent a surface  reduction  of the  mesh  using Meshlab® software  and were  hosted on  a
secure private  platform.
Results. –  Six  angio CT-Scan  were  performed  in three patients with  chondrosarcomas  of  the  sternum.  The
segmentation  of organs and  vessels  has made it possible to create  a real 3-D anatomical board.  Each  of
these  protected  models  can  be  viewed  on our  server  and  can  be  manipulated  virtually  on 360◦ using the

secure  links  provided  in this  article. 3D vision was available using  inexpensive  cardboard  virtual  reality
glasses.
Conclusion.  – The use of computer  modeling  could help in the  teaching of anatomy, but  also in the  under-
standing of the  disease  by  the  patient himself.  One  of the  perspectives  would  be  the  3D  printing of
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rosarcoma is the most common primary bone tumor after
oma [1]. The sternum is  a rare localization of chondrosar-
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th less than 1% among the bony sites [2].  The curative
t of these tumors is  based exclusively on cancer surgery
uter Aided Modeling (CAM) is  a rapidly expanding tool
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y and surgery [4,5]. We  present 3 cases of sternal chon-
as which were treated after CAM using computed CT-

ORTS

-year-old woman presented with swelling over the left
nocostal joint with increasing in  size for several months.
nt underwent a  left mastectomy nine years earlier fol-

 adenocarcinoma classified ACR 2, which occurred at the
, treated by adjuvant radiotherapy. The CT scan found

intraosseous tumor measuring 5 × 4.5 × 3 cm consisting

laginous matrix (Fig. 1) without secondary lesions. The
pathological examination of the surgical biopsy made it

to  diagnose a  grade 1 chondrosarcoma compatible with
n-induced lesion. A sub-total sternectomy removing the
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Fig. 1. A: CT scan in axial section passing through Th7 (arrow representing the
tumor). B: 3D model according to  the preoperative CT scan in anterior view. (1:
internal tho
ventricle).
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Fig. 2.  A :  Anterior intraoperative view after tumor resection. B :  Modeling according
to the preoperative CT-scan after removing the sternum (1:  left brachiocephalic
venous trunk, 2 : upper lobe of the left lung coverning the heart shape).
racic artery, 2: tumor, 3: upper lobe of the left lung, 4 tip of the left

 and 4th sternocostal joints bilaterally was performed
en followed by reconstruction with a  massive titanium

s associated with a  bilateral pectoralis major flap (Fig. 3).
ction was complete (R0) without invasion of the mar-
no adjuvant treatment was performed (Fig. 4). No tumor
e or infectious complication was observed after 2 years of
.

ear-old woman with no medical history presented with
ternocostal pain in  which an x-ray found a  tumor of
brium sternal. A chest CT scan and MRI  showed a  sin-

aginous-looking lesion located in the sternal manubrium
g 10 × 7 × 5 cm,  with the bone scan showing no sec-
sions. A  surgical biopsy was performed by  direct anterior

 and made the diagnosis of grade I chondrosarcoma. A
gical resection was carried out removing the two ster-
joints as well as the manubrium. Resection was complete

nstruction using a  flapless Vicryl® plate was performed.
r recurrence or infectious complication was observed 6
ostoperatively.

Fig. 3. A : Operative part in front view after resection. B : Axial section for anato-
mopathological analysis.
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nterior intraoperative view according to the reconstruction with massive
sthesis and Vicryl® plate. B :  Modeling after postoperative CT scan in
w (1 :  massive prosthesis, 2 : Pulmonary arterial trunk).

ear-old man  with no history had pain in  the right ster-
joint for 1 year along with the appearance of a  mass
adually increased in  size. MRI  and computed tomogra-
aled a  5.5 × 5 × 5.1 cm cartilage tumor developed in the
rt of the right sternoclavicular joint in contact with the
rch of the 2nd rib. A surgical biopsy was performed and

d with dedifferentiated chondrosarcoma. The extension
nt by  thoraco-abdomino-pelvic scanner did not  show any
econdary lesions. Carcinologic resection was performed

 half of the manubrium sternal, the right sternocostal joint
rst two right ribs. Reconstruction was performed using a
late without adding a  flap. There was no tumor recur-
infectious complication observed apart from persistent

cal breathing 2.5 years postoperatively.
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M® Force and SOMATOM® Definition AS +, SiemensTM
ers, Erlangen, Germany). The concentration of  the con-
t used was 370 mg iodine / ml,  injected at 4 mL  / s. The
ere exported using PACS® (Picture Archiving Communi-
stem) consoles from our Hospital center.
he chest scan was performed, the data was processed in
igital Imaging and Communication in Medicine) format.
struction method consisted of 3 stages:
st step consisted of a  first surface reconstruction carried

e Horos® software available for Mac  OS-X Apple® 32 and
]. It was a  free (open-source) software that allows us to
ata and build 3D vector models. The theoretical principle
ocess is based on the indexing of axial CT slices to form a
esh and create a  solid form from polygons.
tor modeling can be  an automatic or manual process. One
tomatic methods is based on establishing a  Hounsfield

 threshold, allowing a  value to  be associated with each
els on each of the CT  slices. Thus only the pixels of the
cluded in the mentioned threshold were reconstructed in
ions. It  is  a  particularly useful technique for tissues with

U values such as vessels, bone segments, or air  cavities.
uctures can also be reconstructed manually by defining a
r around them, which is  useful for soft tissues that cannot
tructed using automatic algorithms. However, this pro-
nger and less precise because it requires repeating the
ration on all the CT slices.
nd step consisted in  simplifying and improving the con-
e models created by the Horos® software using dedicated

 Meshmixer® [7] is an example of free software developed
eskTM that was  used for editing vector models by allowing
ion and delineation of the triangular mesh that made up
ctor model recovered from the scanner. A wide variety
ere useful for correcting artefacts in  the object’s mesh

gmenting different structures and thus separate vascular
s from bone structures, for example.
hieve surgical planning, a preoperative reconstruction
rmed in which the vessels were segmented and stained

 to traditional anatomical colors. The tumor was arbi-
own in purple (Fig. 1). The process of segmentation was
y very similar to  dissection. Another interesting feature
reation of a simulation of the first approach after tumor

 from the preoperative modeling which was very simi-
 intraoperative vision after the tumor was  removed en

, a  reconstruction was carried out from the postopera-
densitometric data. The intraoperative surgical vision was

 similar to  our model during reconstruction (Fig. 4). Once
ls were created, these 3D files in  .obj format underwent

 reduction of the mesh using the Meshlab® software [8]
to lighten the file. These anonymous files were hosted
re private platform that only link holders can obtain

e models remained protected and made it possible to
te the modeling over 360◦ with virtual reality technol-
s to a smartphone, by attaching an economical 3D vision
o  obtain an immersive vision. Thumbnails were added
dels in  order to  present the different anatomical struc-

-scans including 3 preoperative scans and 3 postoperative

were modeled using our  technique for the three patients.
dels can be viewed on our private platform by using the

 links or by scanning these flashcodes (separately) using
one:
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erative modeling:
//sketchfab.com/3d-models/modele-
9340c041378ebb9b26a24c935e
the tumor had been resected by  a  xypho-pubic approach,
rative modeling made it possible to highlight the anchor-

 reconstruction prosthesis on the 2nd, 3rd and 4th ribs.

perative modeling:
//sketchfab.com/3d-models/cas-1-postop-
8ad84e42b7fb7ace6fd2a38b

erative modeling:
//sketchfab.com/3d-models/cas-2-pre-operatoire-
c3ff4c698ffbd5101cf97087

reoperative modeling allowed to  underline the relation-
een the tumor and the left brachiocephalic venous trunk,

s with the internal thoracic arteries. We  note that these
ere ligated as expected after their birth at the underside
clavian arteries according to  postoperative modeling.

perative modeling:
//sketchfab.com/3d-models/cas-2-post-operatoire-
0f2649f4a3f80da9149206ca
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erative modeling:
//sketchfab.com/3d-models/cas-3-pre-operatoire-
bf3496795dbc77ce7cc3c47
t hemi-manubriectomy was performed to remove the
er ligation of the internal thoracic vein and artery which
onstrated on preoperative modeling. The main danger of
ention was the subclavian vein wich was clearly visible

 virtual model.
erative modeling made it possible to visualize the
y zone at the level of the manubrium in  3D. A custom
d biological reconstruction could be  printed in bioma-
ng identical modeling software. This could help fight
al breathing caused by the excessive expansion of the
e of the right lung in  the loss of bone substance visible
stoperative model.

perative modeling:
//sketchfab.com/3d-models/cas-3-post-operatoire-
bb8e42069ebff105516b12fb

n

evelopment of 3D technology makes it possible to sup-
the spatial information provided by  tomodensitometric
Details and some anatomical relationships can be more
lyzed in  three-dimensional vision. Virtual reality and 3D
ould still provide additional help in understanding a  3D

 compared to  that displayed on a  flat screen. The benefits
hese new tools would be to obtain visual and tactile feed-
re surgery, which could help recreate the 3D architecture
ient’s lesion in the mind of the surgeon before entering in
ting room [10].
odeling of these bone tumors would provide a  better
ding of the proximity to neighboring organs that present

ing surgical resection such as the internal thoracic arteries,
brachiocephalic venous trunk and the anterior costo-
al sinuses which can largely cover the heart silhouette

 3-dimensional view would also make it possible to better
d certain vascular anatomical variations encountered on
athway, providing security thanks to this anticipation.
construction of a loss of substance caused by the resec-
tumor of the sternum remains difficult and not without
al and infectious complications. Some teams use a  syn-
ryl® plate that serves as a support for flaps such as the
r flap from the deep inferior epigastric artery type DIEP
erior Epigastric Perforator) [12]. These pedicled or per-
aps made it possible to cover a  massive prosthesis and
sternal allograft in  some teams [13]. Other surgeons are

modeling from the patient’s scanner to make custom 3D
lice guides to  accurately guide tumor resection. An  allo-

 cut to size by another guide and made it possible to  fill
f substance precisely [14].  Our 3D modeling technique

umors could make it possible to consider the production
 guides or even the printing of custom biomaterials to

ct these losses of complex substances.
gh these new technologies come at a  high cost and require

 knowledge when introduced nowadays, the low cost and
tion of software have made these new tools accessible.
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d up the production of 3D models.
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