Use of 3D Print

Technology for Training on
Craniosynostosis Surgeries:
A Novel Approach

Deepak Kumar Gupta, Raghav Singla, Shweta Kedia

Introduction

Neurosurgery entails understanding some
of the most complex anatomic structures in
human body, and also the consequences of
minor technical errors in assimilating and
working through this complex anatomy can
be devastating.! It excludes the possibility of
learning on the patient for those trfaining.in
this field. Thus, neurosurgery is one of the
surgical branches with-very long learning
curves for the residents..However, with the
growth in technology, it.is-new possible to
decrease the learning curve'without putting
patients’ lives at risksAnatomical models
for different diseases may-prove to be very
helpful in delineating the microsurgical
anatomy and relations with surrounding
structures in detail, not otherwise possible.
If such a model into a complete simulator
can be radiographically scanned and allows
pre- and postoperative imaging to evalu-
ate the outcome of the surgery, it would
be of great benefit to the young neurosur-
geons. The recent advances in the three-
dimensional (3D) printing technology have
made it possible to accomplish this goal. It
has been shown that assimilation of surgi-
cal techniques is greatly enhanced by lab-
oratory training using such simulations in
all the surgical fields.?*

Three-Dimensional Printing in
Neurosurgery

As.the name' suggests, it means that a 3D
object is made by deposition of additional
layers of requisite material over the underly-
ing structure successively. It is a method of
additive manufacturing (AM) that involves
construction of 3D structures from the
designs created in computer, thus called
as computer-aided designs (CADs).>5 It has
grown tremendously since its initial intro-
duction in 1980. With the elimination of all
intermediate stages such as procurement of
tools, supply, and production lines, etc., it
provides for a time and cost-effective way to
turn concepts into physical reality. Several
different methods have been devised for the
same. All the methods primarily involve use
of materials that can be modified in selec-
tive areas of specific layers. One of such
methods is the fused deposition modeling
(FDM)’ that uses the property of thermo-
plasticity. Three-dimensional models are
made with substances that change their
hardness in response to heat exposure. With
slight changes in the composition, the level
of hardness can be controlled and a model
with desired variability in hardness and
texture can be made. Selective laser sintering
(SLS)®is also an AM technique in which laser
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is used to sinter powdered substance such
that the final solid structure created is same
as the 3D model intended. Another method
is stereolithography (SLA)° that includes use
of ultraviolet (UV) light to solidify a pho-
topolymer resin by drawing a programmed
shape successively in each layer to make a
complete 3D object. In the past few years,
there have been several innovations that
have decreased the cost while increasing
the accuracy and the range of objects that
can be 3D printed. With such innovations,
it has now become possible to use this tech-
nology in medicine, ranging from making
patient-tailored implant to development of
simulation models that can be used to train
medical students and surgical residents.

A paradigm shift in the way neurosur-
gical skills are imparted with the help of
such 3D models being routinely used with a
resultant decrease in the learning curve can
be expected in the very near future. In this
regard, the authors would like to share their

experience of using SLA models for training
and planning of craniosynostosis surgeries
at our institute.

With the advent and advances in the
3D printing technology, the authors have
recently started using SLA models. The
advance from a virtual simulation to a phys-
ical simulation is a huge step forward as
their experience suggests. Physical models
render the detailed simulation of the ana-
tomical complexities of certain cases possi-
ble. Their experience suggests that a “mixed
simulator” approach including both the vir-
tual and physical simulators proves to be
even better than physical alone. The authors
have used these yirtual and physical models
created for surgical planning for the training
purposed of residents and fellows. Fig. 6.1
shows a/3D STL model used for training at
the authers’ institute.

It'was observed that a mixed simulation
combines the desired results of both the
physical and virtual simulations enhancing

Fig. 6.1

Three-dimensional printed (rapid prototyping stereolithography) craniosynostosis
model used for training.
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the skill acquisition with minimal risk to
real patients. It helped our residents learn
the aspects of surgeries that could not be
practiced on nonpathologic animal models
such as the key practical techniques of
deformity correction and restoration of
intracranial volume.

Discussion

Neurosurgery seems to be the branch of
medicine that stands to benefit the most
from 3D printing. Its benefits in neurosur-
gery are manifold. Neurosurgery involves
in-depth understanding of the 3D anatomy
of normal and abnormal neural structures
with no scope of any mistake. Presently
various radiologic imaging modalities are
used for the same.'® However, they provide
only two-dimensional (2D) representations
of the 3D reality.! However, with the recent
advances in 3D printing, 3D models can be
made using the volumetric data from these
imaging modalities in much shorter time
and lesser cost than previously jpossible.
These physical models can be used for not
only surgical planning but also for educa-
tion and training purposes. Surgical simu-
lations can be created,from these models
that will provide opportunities to residents
to practice their surgical.skills.without any
attendant risks associated with learning on
the patient. The ongoing innovations have
made it possible to not only create just the
3D model of different neurosurgical dis-
eases but also replicate the different types
of tissue texture and hardness, which pro-
vide tactile feedback in addition to visual.
This leads to a simulation that is very close
to reality that can be used for training and
for evaluating the skill of residents before
they are allowed to perform surgery on
patients.'? Such models have already come
in use for training in several neurosurgical
disciplines. Skull models with vessels and
aneurysm have been made for practicing
aneurysm clipping.’** Similarly tumor
simulators have also been developed, which

simulate even the varying consistencies
and densities of different tumor tissues and
the normal brain tissue.'>!® Spinal models
have also been developed with the same
purpose.'” Use of all such models has been
shown in several studies to improve the
level of understanding of the trainees and to
decrease the time taken to reach a particu-
lar level of proficiency. Apart from training,
another advantage of using such simulators
is to assess the trainees regarding their level
of skills. Once their use becomes common,
practice guidelines may be laid down to
determine the readiness of residents for real
surgery.

Three-Dimensional Printing
for Craniosynostosis

Itris very difficult to train the young neu-
rosurgeons in surgeries for craniosynos-
tosiss#The extensiveness of surgery and
complications such as blood loss precludes
direct training on the patient.'® Also, var-
iables such as the postoperative intracra-
nial volume attained have significant effect
on the long-term outcome as it allows for
the normal growth of the brain with time.
Thus it is extremely essential to train the
residents well in all these nuances of this
surgery, before they perform the surgery in
a real patient. However, unlike other neu-
rosurgical disciplines, such models are still
very rare for craniosynostosis due to inabil-
ity to take into account all the complexities
in the simulations.

Presently, training for craniosynostosis
surgery involves use of animal models
and human cadaveric specimen. However,
there are several limitations of using these
methods. A lot many aspects of the surgery
remain unrepresented in these models. The
most commonly used model, at present,
cadaveric sheep cranium can be used to
understand these limitations.'* Mostimport-
antly, the sheep cranium does not present
with the primary pathology that needs to
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be surgically corrected and the trainees are
being trained for. Thus the training leaves
out the most important part, that is, dealing
with the pathology in question practically
during surgery. Also, the cadaveric tissue
has a tactile feedback that is very different
from the living human tissue robbing the
trainees of a very important surgical cue of
touch. In cadaveric skulls, the most import-
ant complication of extensive bleeding is
not encountered. Thus, the trainees are not
able to learn to deal with this complication
during such training. With logistic problems
in performing postoperative scans and eth-
ical issues, surrounding use of animals for
training purposes the list of limitations is
long.

Three-dimensional models can prove to
be very useful in eliminating nearly all of
these limitations. These models are made
using CAD made in turn from the volumetric
data acquisition from the imaging software
for radiologic investigations such as com-
puted tomography (CT) or magnetic reso=
nance imaging (MRI). Thus, the model.made
resembles the pathologic entity exactly as
presentin the real patient. The application of
the surgical principles/for. correction of the
pathology can thus be practiced in entirety
in such models. With the-possibility of imi-
tating the texture and thus the tactile feed-
back of different tissues ranging from skin to
the brain, it has the potential to revolution-
ize the training of the residents. Structures
such as superior sagittal sinus and ventri-
cles can also be incorporated in the models,
making it possible that complications such
as sinus injury and resultant bleeding are
also encountered and their solutions prac-
ticed hands on. All the steps of surgery
starting from positioning to skin incision to
corrective surgery and the final closure can
thus be practiced on such 3D model sim-
ulators with almost perfect resemblance
to the real situation without any possible
harm to a real patient. By virtue of the spe-
cific material used, some of the models also
permit pre- and postoperative radiologic

evaluation that helps assess the efficacy of
surgery performed and the adequacy of the
intracranial volume obtained. Coelho et al?®
in collaboration with a Brazilian company
Pro Delphus have developed such a simula-
tor, using a thermoplastic material that with
minor variations in composition can mimic
tissues with different textures ranging from
skin to skull as shown in Fig. 6.2.

This model also has structure resem-
bling sinuses that may help in the training
of management of intraoperative complica-
tions such as bleeding. Further development
of such models including more features to
increase the similarity with the real surgery
can be expected soon'with greater advance-
ment of 3D printing technology.

Conclusion

Considering the long learning curve and pos-
sible.harm to the patient in the traditional
training method of supervised learning on
a real patient, surgical simulation models
present an attractive alternative with all the
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Fig. 6.2 Three-dimensional model for cranio-
synostosis. (Reproduced with permission from
Coelho et al?*® by FDM 3D printing.)
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benefits and none of the risks. Use of such
simulators can drastically reduce learning
curve and contribute to faster skill trans-
fer to the young neurosurgeons in making.
It is needless to say that in future it will be
imperative for all the institutes to use such
simulation models to improve the training
while decreasing the learning curve for the
young neurosurgeons.
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