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Abstract 
3D printing technology is facing a great time of development and its medical applications too. FDM 
(Fused Deposition Modeling) printers allow great advances in surgical planning, medical teaching and 
improve veterinarian-owner communication. Our project, integrated in the Innova-Docencia 2017 
program of the Complutense University of Madrid, presents several anatomical models designed to 
complement the teaching in veterinary medicine. We show the application of these technologies to 
different cases such as the surgical planning of a portosystemic shunt, a bone deformity and an 
intracranial neoplasia. Finally, the online platform Sketchfab is presented as a tool for the visualization 
of 3D models. 
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1 INTRODUCTION 
Cross sectional imaging technologies as CT (Computer tomography) or MR (Magnetic resonance), 
allow the creation of high resolution 3D images in minutes. 3D virtual representations of volumetric 
data have been proved as an excellent tool not only for surgical planning but also to provide a better 
learning experience for the surgeons [1]. 3D printing enables rapid prototyping of these models 
obtained by CT, creating an exact replica of the patient anatomy.  

3D printing constitutes a group of manufacturing technologies that allows mechanically manipulate 
several materials and aggregate them in successive layers to make a three-dimensional object. 3D 
printing was born in 1984, when Charles Hull invented the stereolithography. The first FDM (Fused 
Deposition Modeling) printer was patented in 1992, and it has evolved to current home printers. The 
first researches about 3D printing applied to medicine emerge in 1991 with the search for medical use 
of stereolithographic techniques in the “Australian Biomodeling Project” [2] . Since then, 3D models 
have been used clinically [3] or in biomaterials research [4]. 

2 METHODOLOGY 
The acquisition of images in .DICOM (Digital Imaging and Communication in Medicine) format, was 
made with a Toshiba Aquilion 16 Slice CT Scanner by means of cuts of 1mm thickness. Then, 
segments of the study were made according to the specific density and the ROI (Region Of Interest) in 
each case with a .DICOM file viewer [5] that allowed us to make a three-dimensional mesh and export 
it in .STL (Surface Tessellation Language) format. Possible mistakes in the geometry of the model that 
could affect the final quality of the printing were solved by obtaining the .STL file, which allowed mesh 
edition with a computer graphics software (Blender 1995). After the definitive virtual model was 
created, last step was converting the mesh into coordinates that the 3D printer was capable to read 
through a segmentation software [6]. 

Models have been created with the FDM printers WITBOX2 (bq 2009) and AnetA6 (Aenet 2015). 
These printers have an extruder that pushes the filament through a hot-end causing it to melt. All 
models were printed with PLA (PoliLactic Acid), with a 100 µm height layer and a temperature of 
208ºC, with the aid of scaffold pieces that gave stability to the model. 

The obtained meshes were additionally optimized to create virtual online models in the Sketchfab 
platform [7], the main free access, virtual site of 3D modeling broadcasting [8]. These models can be 
accessed in any device connected to the internet without special requirements of software or specific 
knowledge about 3D computed graphics. Information of the CT study and their images are included to 
facilitate the understanding of the case.  
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3 RESULTS 
We have obtained some anatomical models that have been used for several subjects of veterinary 
medicine, mainly anatomy, surgery and anesthesia. First of all, to assess the quality of our equipment, 
we made a tomographic study of the skull of an adult dog. The study allowed to create a three-
dimensional model with identical anatomy characteristics to the original scanned. Afterwards, the 
model was optimized for printing to scale 1:2. About 16 hours of printing and 200 g of PLA were 
necessary to obtain the printed model. The result was very satisfying; an exact articulated replica was 
obtained from the original bone sample (Fig. 1A). We are now creating a complete library, virtual and 
printable of the whole skeleton of a dog. In parallel to the dog skull model, we have also printed and 
virtualized a cat skull. Both models have been lent to the Anesthesia and Analgesia Service of the 
Complutense Clinical Veterinary Hospital, to be used as a practice model for anesthetic block practice 
(Fig. 1B). 

 
Figure 1. Dog skull and escalated replica (A). Virtual cat skull with block references (B). 

Another example of teaching models that we have developed is the replication of specific segments of 
the vertebral column to be used in surgery class. It allowed students to understand the surgical 
approaches necessary to solve the pathologies related with herniated disc. During the class they can 
manipulate the vertebra and try to understand the surgical approach that the teacher is explaining with 
a video. In addition, these segments have been used in the practical lessons of a Postgraduate Master 
of Traumatology and Neurosurgery in small animals, which is held in our University every year. The 
students use these segments to practice on them with the ostheosynthesis material prior to do the 
technique in a cadaveric model (Fig. 2). 

 
Figure 2. Printed model used in ostheosynthesis practice. 

Regarding surgical planning, we will highlight a case of a portosystemic shunt in a two year old dog. 
The 3D model allowed the surgeon to visualize the complete vasculature (physiologic and pathologic) 
of the surgical approach area, and so that to reduce surgical time (Fig. 3A). Once the model was used 
for the surgery it was added to our virtual library, where anyone could access. 

In order to supplement the use of toxic preservatives for the teaching of anatomy, especially 
formaldehyde, we have been spending time planning anatomical models, both printed and virtual. 
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Regarding the printed ones, the first step has been to make bones and joints of different domestic 
mammals, especially dog and horse (Fig. 3B).  

 
Figure 3. Printed horse limb (A). Virtual model of a portosystemic shunt (B). 

The second step has been creating organs by using more flexible materials. The virtual anatomical 
models can be visited on the 3DVetLab Sketchfab website [7]. This site is intended to show the 
complete skeleton of both a dog and a horse, with all the anatomy items identified. This way, the 
students can have a 3D interactive tool for free. 

Finally, we have created a site in the social network Facebook (3dVetLab) to spread out our project 
and to take it to the students all over the world. Thus, we encourage them to see the possibilities of 3D 
technology applied to the learning of Veterinary Anatomy and Medicine. 

4 DISCUSSION 
We have been able to create some anatomical models with FDM technology with a resolution 
compared to those obtained by more powerful studies and groups [9] even with the cheapest printer 
that we got. As King states in his article [10], it is not necessary to make a great investment of money 
to get initiates with these technologies. We must always keep in mind that a learning curve about 
computer 3D modeling and printing as well as FDM materials learning and tomographic diagnosis has 
been necessary for us to reach these results. 

The main problem of FDM isn’t its external quality but its internal likeness to the patient organs. 
Printed models are useful to make measurements or calculating surgical approaches [3], but the 
texture of the plastic used is far away from those that a real bone has. Nevertheless, this would not be 
a problem for a simulation of a fracture reduction, but it would be so in other simulations like hemi-
laminectomy, a procedure in which is fundamental to feel the different textures of the bone cortical to 
achieve surgical success. An additional disadvantage of the FDM is the long time it takes to print a 
high definition model, which impedes large-scale production. We are trying to solve this subject by 
using silicon casts from the printed models, which are more easily replicable and reusable. 

As anatomists, we already know that 3D technology is probably the best tool to support the teaching of 
anatomy. Through the constructions we have on the Sketchfab website any student in any place can 
rapidly get free acute anatomy information, this means as close to reality as possible, a clear 
advantage over bi-dimensional images. Printed models are useful during the practical sessions of 
anatomy but materials for printing need to be as flexible and strong as possible, so that more 
investigation on new materials must be done in the future. 

Although our goal is to have a statistical study about acceptance and usefulness of the models at the 
end of the project, we have obtained very positive reviews from professionals and practitioners who 
acceded to our prints. This reality coincides with previous similar investigations [11]. Our experience 
shows that these technologies have the acceptance of the general public, and what is more valuable 
for us, of the scientific and educational community in particular. 

3417



5 CONCLUSIONS 
3D printing applied to Veterinary Medicine allows great advances in anatomy teaching, surgical 
planning, prosthetic design, improvement of the learning experience and even, the communication 
with the pet owner. It is necessary to approach these advances to the veterinary sciences, so people 
interested on it can realize their full potential, from the educational community to the most advanced 
research teams. To achieve all these goals, the education of the veterinary personnel, the support to 
the research groups, and the creation of standardized work protocols are the keys of success, 
promoting in this way a better learning process and allowing a reliable comparison of the clinic results 
which were obtained during the process. 
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