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ABSTRACT: The state-of-the-art silicone 3D printing technologies, which has revolutionized the 
practice of medicine, are reviewed in this paper.   
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INTRODUCTION 

 
Medical grade silicones are invaluable for use in medical devices and medical implants production 
owing to its unique biocompatibility, bio-implantability, superior mechanical strength and 
chemical stability.  It has been widely used since early 1950s and some of its typical medical 
application of silicones are shown in Table 1. Its use in silicone implants and extracorporeal 
equipment and devices are discussed below. To qualify as body implants, adjustments need to be 
made to the physical and chemical properties of the silicone by modification of the organic groups. 
Important considerations must also be given to the interactions between the silicone implants and 
the surrounding tissues [1]. Silicone products have conventionally been manufactured by molding 
techniques. This paper provides an insight into the ground breaking silicone 3D printing 
technologies. 

 
Silicone Implants 
 
In 1946, F. Lahey first reported and published the use of silicone for bile duct repair [2]. 
Subsequently, silicone is used to encapsulate and insulate electronic cochlear implants and cardiac 
pacemakers [3]. It has also been used for elastomer intraocular lenses production and for silicone 
vitreous fluid replacement [4]. Furthermore, silicone peri-neural sheath has also been used for 
peripheral nerve repair [5]. 
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In 1962, Cronin et al [7] implanted the first pair of silicone gel filled breast implants. In spite of 
Administration since 2006 [6], 

researchers are still concerned about the long-term safety of breast implants [8,9]. While Balk et al 
concluded that long-term health outcomes of silicone implants remained unclear [10], Singh et al 
in a 5 to 8 year follow-up, showed that silicone implants did not increase risks of systemic disease 
or suicidal rates when compared to saline implants [11]. Besides breast implants, silicones have 
also been used in the manufacture of the testicular, chin, nose and other plastic surgical implants. 

 
Hand and foot joint implants are considered as one of the most important application of silicone in 
orthopedic implants. In 1968, A. Swanson developed silicone finger joint implants for replacement 
of destroyed joints, which still are the most prevalent joint implant [12]. And there has no reports 
indicate Swanson finger implants have immunologic reactions, connective tissue disease, or other 
systemic effects [13]. After that, several orthopedic devices were adopted silicone as part of the 
implant.  F. Mazas et al. developed a total knee prosthesis, which chooses silicone to absorb the 
shock and preventing the impacts during the knee movements [14].  

 
Extracorporeal Equipment and Devices 
 
Due to the extraordinary performance in hemocompatibility, blood compatibility, and gas 
permeability properties, silicones also have been used extensively as tubing or membranes in 
extracorporeal machines or devices, such as blood oxygenators, heart bypass machines etc. One of 
the important factor affect the tubing performance is hemocompatibility, which silicone has been 
tested that platinum-cured silicone tubing may be superior to poly(vinyl chloride) (PVC) in several 
perspectives [15]. Apart from this, in 1968, W. Robb developed silicone membranes, which could 
be used for oxygen therapy with enriched air delivered to the patients through extraction from 
fresh water [16]. 

 
Tables 1 and 2 show the typical medical applications of silicones and a summary of product grade 
silicones, respectively. 
 
Table 1: Typical medical applications of silicones 
 

Medical Applications Fabrication 
Method Function of Silicone Ref 

Silicone implants 

Electronic 
Cochlear 
implants 

 Encapsulate and insulate [2] 

Cardiac 
Pacemaker  Encapsulate and insulate [3] 

Elastomer 
intraocular 
lenses 

 
Recover eyesight after retinal 
reattachment/cataract surgery   [4] 

Silicone tubing 
implant Platinum cure  Repair of median and ulnar 

nerves in the forearm [5] 

Breast implant Vacuum-
molded Restore a natural looking breast [6,7] 

Hand/foot joint 
implant Heat-molded Replace destroyed joints [12] 
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Extracorporeal 
equipment 

Silicone tubing Platinum cure 

Kidney dialysis, blood 
oxygenators, and heart bypass 
machines.  [15] 

Silicone 
membranes  Extraction of oxygen [16] 
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Silicone AM Technologies 
 
The current state-of-the-art technologies in silicone 3D printing are discussed below: 
 
 
 

 
Figure1: Flow chart depicting the manufacturing processes in silicon priting. 

 
 
Freeform Reversible Embedding 
 
In Freeform Reversible Embedding, PDMS Elastomer (Slygard 184) was used to print perfusable 
manifold tubes and bifurcation as proof-of-concept.The disadvantages are long curing time of 72 
hours, inability to achieve lateral fusion and trapping of support materials.  
PICSIMA, utilizing the concept of FRE, was able to print any platinum-cured silicone products 
with uniform thickness. The catalyst is sprayed into a bath of silicone. Excess silicone can be 
recycled and reused. However, the disadvantages are non-uniformity mixing in the silicone bath, 
difficulty in varying material strength and difficulty to incorporate microstructures within the print. 
 
Heat Cured Extrusion 
 
This method can be used to print all ranges of bio-implantable medical grade silicone resins. 
Ecoflex resin was used to print silicone meniscus as proof-of-concept. Instant curing and lateral 
fusion printing are possible, giving uniform thickness printing. The disadvantages are the need for 
multiple nozzles in multi-material printing and inconsistencies in printing hollow structures.  
 
Moisture Cured Extrusion 
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Precise humidity and 5 days of curing under room temperature are required for full-curing. One-
part Oxime silicone is used to print single-line, solid, double-line wall, bridging and sphere-like 
balloon and voidless silicone actuators. The advantages of this system are that the printouts are 
self-supporting with good fault tolerances. However the system is unable to print medical grade 
silicones or multi-material parts and has long curing times. 
 
Hybrid UV Extrusion and Ink-Jetting 
 
This system contains 3 piezoelectric-pneumatic material jetting printheads, one solenoid-actuated 
material extrusion printhead, one pneumatic material extrusion printhead and a365nm UV lamp. 
The advantages are that this system can print 20 times faster than the current methods and it is 
capable of printing a wide range of materials of different viscosities The drawbacks are its inability 
to print medical grade heat-curable silicones and post-curing of printouts are required. 
 
UV-SLA-LOPP  
 
The system utilizes hydrostatic support-free fabrication and has an optical system which consists 
of a UV lamp system, an optical lens array and the 3-axis reconfigurable motion. A direct 3-
dimensional polymerization is achievable instead of a layer-by-layer printing. Its drawback is its 
oversensitivity to light intensity. 
 
 
Challenges in Medical Silicone 3D Printing 
 
Unique challenges present in silicone 3d Printing are: 1) difficulty in the handling of silicone 
resins, 2) difficulty in printing multi-materials or different silicone resins, 3) finding suitable post-
processing methods and 4) coming up with suitable standards in medical silicone 3d Printing. 
Handling of silicone resins require meticulous even mixing to avoid trapping of air bubbles. Two-
part resins are prone to disproportionate mixing and uneven curing. One-part resins are susceptible 
to moisture contamination and premature curing. Different grades of silicone resins or different 
materials require different printing parameters and printing processes for optimal output. 
Consequently, modifications and additions are necessary to achieve multi-grade or multimaterials 
Unlike post-processing methods in the 3D printing of other solid, liquid or powder substrates, 
silicone rubber products are highly susceptible to cuts, fissures, abrasions and lacerations while 
undergoing post-processing. Therefore, this is a unique case where post-processing should be 
avoided as much as possible. Currently no ASTM or similar standards has been prescribed for 
medical silicone 3D printing. It is therefore imperative that future works focus on the setting of 
standards in medical silicone 3D printing. 
   
 
CONCLUSION 
 
Medical silicone 3D Printing has not only revolutionized the industry of medical implants and 
devices production, it also has disrupted the conventional practice of medicine. 
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