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P
atient specific 3D modeling is the first
step towards image-guided surgery, which
is the next revolution in surgical care. Pe-

diatric patients presenting rare tumors and mal-
formations should benefit from these latest tech-
nological innovation, to improve surgical preci-
sion. Individual patient’s models can be derived
from imaging data. The pelvis region, being lo-
cated at the crossroad of the urinary, digestive
and genital channels with important vascular
and nervous structures, is particularly difficult
to imagine in 3D. We report our preliminary re-
sults in computing patient-specific 3D models
from MRI of pelvic tumors or malformations
in children. Imaging of the peripheral nervous
network of the pelvis and its integration in the
3D model of the patient were also studied.

1 Patients and MRI

1.1 Patients

Since 2016, patients from 3 months to 18 years of
age presenting pelvic tumors or malformations were
included in the study, after ethic board committee agree-
ment. Clinical and radiological data, surgical photos

and videos were collected in a interactive and prospec-
tive database. Until now, 65 patients were included in
the study: 28 tumors, 34 malformations and 3 controls
(Table 1).

Table 1: Patients’ pathologies.

Tumors 28 Malformations 34

Ovarian tumor 12
Anorectal
malformation

27

Sacro-coccygeal
teratoma

6
Urogenital
malformation

5

Urogenital
rhabdomyosarcoma

4
Sacro-coccygeal
dimple

2

Neurofibroma (NF1) 3
Ganglioneuroma 2
Kystic lymphangioma 1

1.2 Pelvic MRI acquisition

Radiological examination was performed on a 3Tesla
MRI with a standard protocol as done in clinical routine
and two additional sequences required for 3D modeling
(3D T2 acquisition) and tractography (axial diffusion
tensor) (Table 2).
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All patients under 5 years of age received sedation
with Phenobarbital. No general anesthesia was required.
Glucagon injection and respiratory trigger were also
used to avoid artifacts.

Table 2: MRI acquisition protocol (TR, FA and TE stand
for repetition time, flip angle, and echo time,
respectively).

Sequence Plan
TR
(ms)

FA
(°)

TE
(ms)

Vox.Size
(mm)

Ax T2 Ax 11573 120 95 0.47x0.47x4.4
Sag T2 Sag 8544 140 118 0.47x0.47x4.8
Ax T1 Ax 655 160 8.7 0.47x0.47x4.5

Ax T1 FS Gado Ax 724 160 7 0.66x0.66x1.2
Diffusion Ax 6000 90 60 1.02x1.02x5
Cube T2 Coro 2609 90 68 0.62x0.62x0.6

Water Lava HR T1 Ax 4 12 1.7 0.55x0.55x1
Diffusion Tensor Ax 6179 90 53 1.25x1.25x3.5

Complementary parameters of diffusion tensor were:
direction number = 25; b = 600.

2 Image processing and analysis

2.1 3D segmentation

Benchmarking of available softwares for image process-
ing according to seven main criteria (automation degree,
segmentation time, usability, 3D visualization quality,
image registration, tractography and potential plugins)
allowed us to identify 3D Slicer [4] for the development
of compatible in-house semi-automatic plugins [18] to
perform 3D patient specific models.

A method based on CT age-matched templates was
used to reduce the segmentation time dedicated to the
pelvic bones, which was hence reduced from 90 to 5
minutes on average. Plugins for the bladder, vessels
and rectum are under development.

An entire 3D patient specific model was computed
for 35 patients (Figure 1), using the developed semi-
automatic plugin for the pelvic bones and manual
segmentation for the other organs: digestive, genito-
urinary, vessels and muscles. After a learning stage
using 3D Slicer, the global segmentation time dropped
to 7 hours on average, including tractography.

2.2 Tractography

The imaging of the peripheral nervous system has re-
cently been made feasible thanks to the advances of
diffusion MR sequences and of tractography algorithms,
providing 3D images of nerve fibers.

Regarding the integration of peripheral nervous
anatomy in the patient specific 3D model, a compari-
son of three tractography softwares (AW-Server, OLEA
Sphere®, 3D Slicer) was performed in 4 patients. The
visual results were quite similar (Figure 2). A quantita-
tive comparison using 10 points of the pelvis nervous
network (S2, S3, S4, hypogastric plexus and pudendal
nerve (left and right)) according to three criteria of anal-

ysis (mean number of fibers, mean fractional anisotropy
and mean radial diffusivity) is in progress.

(a) Top view

(b) Profile view

Figure 1: Example of 3D patient-specific model of a control
15 years old girl (visualization using 3D slicer).

Figure 2: Example of pelvic tractography of a 4 years old
child with rectal stenosis, using OLEA Sphere,
AW-Server and 3D Slicer (from left to right).

3 Conclusion

These preliminary results are the first steps towards
computing semi-automatic 3D individual models from
MRI, including the peripheral nervous system network,
for pediatric malformations and tumors of the pelvis.
Beside the improvement of the preoperative surgical
strategy, as demonstrated already on few cases, and in
the future its obvious utility for image-guided surgery,
this computational anatomy will allow for comparison
studies between imaging and function, and between
endophenotype and genotype in rare pediatric tumors
and malformations.
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