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Figure 15. Simulating the suturing stage using a silicone training module. 

3.2.2. Testing the PARA-SILSROB Robot Using a Torso with the Target Organ 
In this stage, the simulation of an esophagectomy and digestive reconstruction pro-

cedure is presented. A torso that housed the esophagus and nearby organs (aortic arch 
with the descending aorta, superior and inferior vena cava, trachea) was used for testing 
the PARA-SILSROB robot. To generate the target organ (esophagus), 3D reconstruction 
was performed using computed tomography (CT) images. An analysis of the surfaces was 
carried out with the 3D Slicer software, which resulted in the 3D model shown in Figure 
16a. The 3D reconstructed organs (Figure 16a) were simplified, followed by modeling and 
printing using PolyJet 3D printing technology (MediJet J5 3D printer, developed by Stra-
tasys, Eden Prairie, MN., U.S., [51]), which is a technology that allows for printing organs 
with soft materials. The result of the 3D simplified model is illustrated in Figure 16b. The 
simplified model of the organs used in this phase may influence the results and their ac-
curacy due to the lower level of complexity and the absence of neighboring organs. How-
ever, for this stage of robot testing, this simplified version was validated by experts in the 
field, and the model was approved for conducting these experimental studies. For the next 
testing phase and after analyzing the results obtained from these experiments, areas 
where improvements can be made to both the organs and the approach used with the 
robot presented in this paper will be reviewed and considered. 
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Figure 16. The virtual and 3D printed model of the esophagus (the 3D model of the real organs 
generated based on the 3D reconstruction is shown in (a,b) represented the simplified 3D printed 
model of the organs using 3D printing technology). 


