
The printer and geometric limits
The abilities of a custom-built 3D-printer (Figure 1A) were
investigated. The printer features three printheads, two of
which can print with viscous fluid materials and one with
thermoplastic filaments, all in the same print run (Figure 1B).
Test objects were printed with single-component liquid
silicone rubbers [2]. Three such silicone rubbers were
compared, focusing on the sagging of unsupported overhangs
(Figure 2C) and bridges (Figure 2B) as a function of printing
material viscosity. The sagging values of the specimens were
measured with an optical profilometer. The results (Table 1)
revealed a slight influence of viscosity on deformations.

Background
Additive manufacturing is becoming
increasingly influential in the field of medical
technology. A frequently reported application
is the production of anatomical models that
are more realistic than mass-produced ones
from the standpoint of geometry, colour,
mechanical or imaging properties. One
emerging technology in this regard is
extrusion-based silicone rubber 3D-printing
[1], which allows the customization of
mechanical and radiological properties of
printed objects.
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Figure 2: 3D-printing rectangular blocks with gyroid infill structure out of a liquid silicone 
rubber (A), and the same printer printing bridge (B) and overhang (C) specimens out of a 

different liquid silicone rubber

Discussion
It was observed that the liquid silicone rubber
with the highest viscosity had – counter-
intuitively – the highest average sagging both in
the overhang and the bridge specimens. The
sagging values also showed a considerably
higher variability in the overhang specimens
with this material relative to the other two.
These results suggest that a lower material
viscosity may offer more geometric freedom
and accuracy in case of printing anatomic
models. It was also demonstrated that changing
the infill percentage of printed silicone objects
influences the mechanical and radiological
properties of the given object the macroscopic
sense, making this method potentially useful in
producing more realistic 3D-printed anatomic
models for medical education, research, and
preoperative planning.

Figure 3: HUs under CT (A) and Shore A hardness values (B) of rectangular blocks with gyroid infill, 
printed with the most viscous of the three silicones used in this study

Viscosity 
(Pa·s)

4 mm bridge 
sagging (mm)

45° overhang
sagging (mm)

410 0.96 ± 0.17 1.56 ± 0.59

535 0.86 ± 0.18 1.78 ± 0.71

1080 1.02 ± 0.42 1.79 ± 0.59

Table 1: Sagging of bridges and overhangs printed 
with three materials of various dynamic viscosity 

Mechanical and radiological property tuning
Tuning both mechanical and radiological properties through infill structuring was
demonstrated with rectangular blocks of various gyroid infill densities (30% to 100%)
using the most viscous silicone rubber (Figure 2A). These were subject to Shore A
hardness measurement and an examination of Hounsfield Units (HUs) under computed
tomography (CT). Both the HUs under computed tomography (Figure 3A) and the Shore A
hardness values (Figure 3B) were heavily influenced by the infill percentage.

Figure 1: The customized open-source 3D-printer used in this study (A), capable of using both silicone 
rubbers and thermoplastic polymers in the same print run (B)
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