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Abstract The creation of new rapid prototyping techniques,
low cost 3D printers as well as the creation of new software for
these techniques have allowed the creation of 3D models of
bones making their application possible in the field of teach-
ing anatomy in the faculties of Health Sciences. The 3Dmodel
of cranium created in the present work, at full scale, present
accurate reliefs and anatomical details that are easily identifi-
able by undergraduate students in their use for the study of
human anatomy. In this article, the process of scanning the
skull and the subsequent treatment of these images with spe-
cific software until the generation of 3D model using 3D
printer has been reported.

Keywords 3Dprinting .Teachinganatomy .Cranium .Rapid
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Introduction

The study of human bone elements is part of the study pro-
gram of the course of anatomy in the faculties of Health
Sciences. The emergence of new technologies has allowed
students to learn the anatomical details, not only with 2D
images given in the atlas but using 3D models. These models

facilitate a real view of these bones and their relationship with
the surrounding structures [1, 2]. The rapid development of
these new technologies has also allowed access to the students
by means of different technological means, facilitating the
dissemination of information [2, 3].

Several studies have demonstrated that students obtained
better results when the anatomical study of the bone elements
was combined with direct observation of these bone pieces [4,
5]. The deterioration of these bone pieces by continued use,
the difficulty in obtaining bone pieces for all students as well
as the appearance of the 3D printers at an affordable price for
the manufacturing of 3D bones models at full scale has led to
the introduction of a new way of studying the anatomy [6, 7].
The emergence of 3D printers has allowed the creation of 3D
models by the rapid prototyping technique, which allows the
fabrication of three-dimensional structures starting from a
Computer-Aided Design (CAD) and an additive manufactur-
ing process [8].

In the present work, rapid prototyping technique has been
used for the real-scale reproduction of human skull, using a
3D printer and printing materials to obtain bone models suit-
able for the use by anatomy students.

Materials and Methods

Precision scanning was carried out using a contactless laser
scanner arm; model FaroArm Scan Platimun (Fig. 1). Point
clouds was obtained that represented the bone pieces with
great precision and reliability, and converted to a mesh format
using special scanning software. Subsequently, through the
process of repair and smoothing of the mesh, the final model
was obtained for its subsequent 3D printing.

The FaroArm Scan Platimun scanner allowed captur-
ing point clouds with a great performance of point
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acquisition, at high resolution and a precision of
±35 μm. Thus, multiple point clouds were obtained in
different positions, for posterior alignment and process-
ing that consisted of millions of points, referenced to a
local coordinate system, which represented to-be-
modeled anatomical bone with high geometric and di-
mensional accuracy. This point cloud contained all nec-
essary metric information of the digitized bone model,
which was processed using Geomatic Design X. The
meshing process by triangulation of scanned points
allowed us to pass, from a 3D model formed only by

points, to a mesh model constituted by small polygonal
planes. This Geomagic Design X supported the import
of more than 60 formats and allowed combining CAD
data with processed 3D scan data to create solid and
editable models such as bone structures, specifically cra-
nium, created in this work.

The methodology used to obtain the final mesh included:
elimination of surface noise, correction of overlapping errors,
closing of holes, smoothing of faces and optimization of the
mesh for additive manufacturing. After the creation of the
final mesh, the model was generated in Stereo Lithography
(STL) format.

From this model in STL format, we proceeded to additive
manufacturing through the successive superposition of
micrometric layers of a polymeric material. The software used
was BCURA^ (Utimaker trading house) allowed us to layer
the 3D, according to an optimized configuration profile. These
layers are stacked and the model was created automati-
cally or introducing modifications carried out by math-
ematical calculations using the G-Code generation soft-
ware and the information was transmitted to the printer
to create the cranium (Fig. 2).

For the creation of 3D models, Poly-Lactic Acid (PLA)
was employed and printing speed of 40 mm/s was used.
This thermoset plastic material, once undergoes the heating-
melting process, solidifies with layers resulting in the final
model. The hardness and strength of the models obtained are
adequate for later use. The machine used in the manufacture
was a compact 3D printer branded Colido (model
X3045) that integrated an extruder with exchanger of
double filament to obtain models of high definition.
The resolution of the layer was up to 0.1 mm and the
diameter of extruder was 1.75 mm (Fig. 3).

Fig. 1 Digitalization of a bone piece by FaroArm Scan Platimun

Fig. 2 Stepwise treatment of cranium using different software
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Results

The 3D model of the skull obtained in our work presents
highly defined and easily identifiable anatomical details
that the students of anatomy must know. This can be
seen by anatomical details identified in the frontal plane,
malar bone, orbits, nasal bones, maxillary and dental
insertion. On the base of the skull, styloid processes of
the temporal, posterior nasal spine, mastoid process and
holes such as the foramen magnum, oval, carotid, jugu-
lar, thorny can be observed. Other anatomical details
such as bone sutures that are separation between the
different bones making up the skull are also identified.
From the methodological point of view, the main contri-
bution was to create 3D models of the skull, in real scale
of an adult skull so that the students can manipulate and
use to identify the anatomical details themselves.

The choice of the FaroArm Scam Platimun scanner
allowed us to capture a point cloud with high precision
and resolution. The subsequent treatment of this point
cloud with the Geomagic Desing 3D allowed us to cre-
ate mesh and eliminate noise to obtain full-scale designs
of the initial model. The Repetier-Host software that
was implemented in the 3D Colido X3045 printer trans-
formed the 3D files into commands that were printed.
The 3D model that we obtained after the choice of the
means chosen for its manufacture, were of low cost,
with a hardness and quality suitable for the study of
anatomy (Fig. 4).

Discussion

The undergraduate students of the health sciences faculties
need to acquire a broad anatomical knowledge for the further
development of their works [9, 10]. Several studies have
highlighted the importance of cadaver dissection for the study
of human anatomy [6, 11]. According to other studies the best
academic results are obtained by combining didactic studies
and practical work with cadaveric bone material [9, 11].

The bones used in the study of anatomy, coming from
corpses present a progressive deterioration by the continued
handling by the students [12]. Despite this deterioration, it is
still necessary to be able to identify the anatomical details
[13]. The skull is one of the most complex structures at ana-
tomical level with small reliefs and anatomical accidents that
are very fragile and its deterioration is very fast [12]. The
current difficulties in obtaining cadaveric bone material for
the anatomical study has led to the use of new technologies
as didactic support to provide an alternative means to deal
with problem of deteriorated bone pieces [4, 14, 15]. The
creation of 3D models for the study of anatomy became pos-
sible after the emergence of Rapid Prototyping technology in
the 80’s [16, 17]. With this technique, 3D models can be
obtained from virtual models using Computerized Axial
Tomography (CAT), Magnetic Resonance Imaging (MRI) or
hand-held scanners. These images are then treated with
Computer AssistedManufacture (CAD/CAM) and are obtain-
ed on 3D axes [18]. There are several rapid prototyping tech-
niques, among them the most commonly used are: [19, 20],
3D printing [20] and Fused DepositionModeling (FDM) [17].
Some studies also report the errors that occur with this tech-
nique [21], however all of them are based on the principle of
layer-by-layer addition of the material and represent the ana-
tomical structure that was previously scanned [22]. In this
study, various software have been employed, such as Cura
software that allowed dividing the 3D model in a layer by
layer manner following the profile and details of the model.

Fig. 3 Colido X3045 Printer

Fig. 4 3D Cranium Model
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The manufacture of 3D printers at an affordable price has
allowed the generalization of these 3D models [23]. At their
outset, their use was introduced in industries [24], later in
biomedicine including advances in biomaterials for their fab-
rication and employment in different specialties [25–27].
Several works have been published in this field, among them
the use in traumatology, design of implants for replacement
after trauma or diseases [28] repair of joint tissue [29],
bone regeneration by tricalcium phosphate generated by
3D [30] and collagen [31], craniofacial reconstruction
[32] and planning of surgical interventions [33–35] are
worth-mentioning. In dentistry [36], such as periodontics
[37, 38], preoperative guidance in tumors [39], oral and
maxillofacial surgery [40, 41].

The use of 3D models in education also includes the train-
ing of students in anatomy [42–44]. In our work, we have
created a 3D model of a full-scale skull for anatomy study of
undergraduate medical students. The material we have
used is PLA that provided models with suitable hard-
ness so that the students can use them and models are
obtained at an affordable price.

Conclusions

The 3Dmodel of skull obtained using the addition manufactur-
ing technique in 3D printing with FDM technology reproduce
the anatomical details that the students of anatomy must know,
with great accuracy and precision. The rapid advancement in
the design of increasingly fast and accurate 3D printers
as well as the new software that facilitates their use
suggests the growing implementation of this technology
in the fields of industry, medicine and education.
However, the progress in the creation of new materials
will be the greatest achievement in the near future.
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