
 

 

MM SCIENCE JOURNAL I 2023 I JUNE  

6431 

 

FLEXIBLE SILICONE OCULAR 
PROSTHESIS  

MARTIN SEIDL1, JIRI HABR2, JIRI SAFKA1, JIRI BOBEK1 

1Technical University of Liberec, Institute for Nanomaterials, 
Advanced Technologies and Innovation, Department of 

Industrial Technology, Liberec, Czech Republic 

2Technical University of Liberec, Faculty of Mechanical 
Engineering, Department of Engineering Technology, 

Liberec, Czech Republic 

DOI: 10.17973/MMSJ.2023_06_2023065 

martin.seidl@tul.cz 

These prostheses are generally produced using two materials, 
glass or acrylic, and the manufacturing process is currently 
based only on manual procedures. However, these materials 
have many disadvantages, such as high hardness and fragility of 
glass or gradual loss of glossing. All the main disadvantages 
have been eliminated in the newly developed ocular prosthesis 
made from silicone. The publication contains the production 
procedure of an innovative ocular prosthesis based on the use 
of additive technologies. 
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1 INTRODUCTION  

Ocular prostheses for covering visual defects of the eye after an 
injury or serious illness are cosmetic aids that are inserted 
either directly onto the user’s damaged eye or into the eye 
socket (in the case of a missing eye) and imitate the 
appearance of a healthy eye. These prostheses are currently 
produced from either glass or acrylic. Glass ocular prostheses 
have been manufactured for more than 150 years, and during 
this time the manufacturing process has scarcely changed. 
[Martin 1979, Raizada 2007] The production is based purely on 
the extraordinary skill of the glassmaker, as it is an entirely 
manual process. Glass prostheses are characterised by a high 
gloss and depth of image (irises and lenses), witch truly imitate 
the appearance of a healthy eye. However, a large 
disadvantage is the hardness and fragility of the glass. The 
hardness of the prosthesis is the cause of significant discomfort 
when wearing it, while the fragility highly increases the risk of 
damage during careless handling. At the same time, fragility is 
also a risk when using the glass prosthesis during sports 
activities, when there is a risk of the prosthesis breaking 
accidently, potentially leading to further injury (cutting the 
covered defective eye). [Goiato 2014, Dyer 1980] Acrylic ocular 
prostheses have been manufactured for more than 50 years 
and are also handcrafted. Similar to glass prostheses, acrylic 
prostheses are hard and less comfortable to wear. The lower 
hardness of acrylic compared to glass and its time-varying 
mechanical properties, especially in the presence of a relatively 
aggressive environment such as tears during long-term 
exposure, cause a gradual loss of gloss, which is visually 
undesirable. This phenomenon is caused by an increase in the 
surface roughness of the acrylic prosthesis, which can 
subsequently irritate the mucous tissue in more sensitive 
individuals. [Patil 2008, [Ayanniyi 2013] From this point of view, 
it is necessary to mention another limitation aspect, which is 
the service life of glass and acrylic ocular prostheses. For the 
reasons mentioned above, it is recommended to replace the 
ocular prosthesis every few months (6 to 12 months). Each 

prosthesis, however, has a different shape and size due to the 
manufacturing process, and therefore individual designs differ 
not only in geometry but also in colour for one user. [Saxby 
2019, Doshi 2005]  
Information from the statistics of health insurance companies 
shows that there are over 5,000 users of ocular prostheses in 
the Czech Republic alone, and their number has not changed 
significantly over the past 30 years. [Darsova 2011] However, 
many more people have suffered an eye injury. Due to the 
discomfort or health risks associated with wearing a glass or 
acrylic prosthesis, they do not wear this compensatory 
supplement. Therefore, these people have to cope not only 
with the trauma of partial vision loss, but also with permanent 
consequences that have a significant impact on the aesthetics 
of their face. Individualised ocular prostheses made from a 
flexible material can help these people to increase their quality 
of life and restore their partially lost self-confidence. [Bartlett 
1973, Jamayet 2013]  

2 NEW CONCEPT AND PRODUCTION TECHNIQUES 

After a thorough analysis of the issue, a flexible silicone 
prosthesis concept was designed, which minimises or 
completely eliminates the above-mentioned limits of existing 
solutions. This unique silicone ocular prosthesis solution 
demonstrates the benefits of combining advanced materials 
and the latest manufacturing processes based on additive 
technologies. 
 
2.1 Material Base 
The appropriate choice of material was a key factor for the 
development of a completely new generation of ocular 
prostheses. In the first step, the range of usable plastics was 
reduced to types that are suitable for applications in the 
healthcare sector and meet very specific requirements for 
flexibility and good processability without high demands on 
operating temperatures. These requirements are best met by 
two component silicones that are in a liquid state under 
standard operating conditions. Their hardening occurs only 
when the individual components are mixed, and the entire 
hardening process can be further accelerated by a slight 
increase in temperature or exposure to UV radiation. In 
addition to their natural flexibility, another advantage is their 
very good colourability in the entire volume and a high degree 
of mutual adhesion when they are gradually applied to already 
hardened layers. However, this material also has certain 
disadvantages, one of which is its very poor adhesion to any 
other material, which significantly limits the possibility of 
printing on the surface of silicone products. [Colas 2013, Colas 
2014, Zare 2021] 
Another level of the final manufacturing, for which the 
selection of suitable material was important, was the 
preparation of the casting moulds in which the final ocular 
prostheses were produced. The cavities of the casting moulds 
give the resulting shape of the ocular prosthesis and also 
determine its surface quality, especially the roughness and 
gloss. At the same time, the selected material and subsequently 
the entire construction of the mould must be sufficiently 
resistant to the pressure stress that is applied during the 
casting process. For reasons of high production flexibility and 
accuracy, the PolyJet Matrix technology was chosen, and from 
the material portfolio, the Digital ABS PolyJet Photopolymer 
material was selected for printing the moulds. [Volpato 2016, 
Sontakke 2020] Very good polishability and paintability of this 
material ensure the achievement of the desired mirror shine 
quality of the mould cavity surface. 
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2.2   Used Technologies 
The ocular prosthesis is a very specific and individual cosmetic 
aid that places high demands on both the material and final 
design, as well as the production processes that can be used. As 
mentioned above, the basic element in the production of 
silicone ocular prostheses was the precise casting moulds, 
which were produced using the PolyJet technology. This 
additive technology was developed by Objet, nowadays 
incorporated in Stratasys, and is used for prototyping using 
photopolymer materials. The principle is based on the 
distribution of at least two photopolymer materials into the 
print head with micro-injectors. These materials can then be 
applied separately to the working area of the printer, thereby 
forming isolated elements from which the final product is 
subsequently composed, or they can be mixed with each other 
in defined proportions to create completely new, so-called 
digital materials. Each print head contains 196 nozzles for 
distributing the material on the build area to create a layer with 
a basic thickness of 16 μm. After the printing, the layer of 
photopolymer is immediately cured with a UV lamp. A 
subsequent layer is applied to the layer solidified in this way, 
and the whole process is repeated until the finalisation of the 
entire product. At the same time as the modelling material, the 
material for the construction of the support system is applied in 
the individual layers according to the demands of the product 
design. The casting moulds were produced on a Connex 500 
device, which uses a soluble gel as the material for the support 
system. [Vdovin 2017, Gay 2015, Barclift 2012] 
The limits of processed silicone, especially with regard to poor 
adhesion to other materials, have already been mentioned. 
However, these were eliminated in the production of the 
innovative ocular prosthesis by the use of special UV printers, 
which enabled a very stable and colour-fast printing of a 
silicone substrate, thereby creating an authentic imitation of 
the iris. For this particular case, a Roland VersaUV LEF-200 
printer was used, which is characterised by an extended print 
area and, above all, a high-performance UV LED lamp providing 
very fast curing of the applied layers without excessive heat 
load on the substrate. The principle of UV printing used in 
VersaUV printers is based on a powerful movable arm on which 
both the printing head with injectors and the UV LED lamps 
surrounding the print head are located. The arm moves at high 
speed in the x-axis at a defined distance above the surface of 
the substrate, while the printing head applies individual 
pigments in the form of very fine drops according to the set 
pattern. UV LED lamps ensure immediate drying and curing of 
the applied ink drops, so there is no reaction or absorption 
between the medium and the ink. Roland is also a supplier of 
UV curable inks for VersaUV printers. These inks have a specific 
composition in order to cure very quickly under exposure to UV 
light and to achieve the required stiffness for immediate 
handling of the printed substrate. These inks are generally 
referred to as ECO-UV. For the requirements of the final 
product (high flexibility of silicone, print resistance, and high 
demands on print details), ECO-UVS inks were chosen from this 
product line, as they are characterised by extreme flexibility 
even when stretched up to 220% of the original size without 
any cracking or peeling marks. [Roland 2022, Kocacikli 2022] 

3 TECHNICAL REALISATION 

The production of the resulting sets of prototypes of silicone 
ocular prostheses was a multi-level process. The first level 
involved the preparation of an electronic model of the ocular 
prosthesis and its splitting into two layers with a design 
intermediate layer formed by the colour print, see Figures 1 

and 2. On the second level, the cavities of the casting moulds 
were designed, and the construction must enable two-step 
production. After optimising the geometry of the cavities, the 
moulds were produced and the cavities were polished to the 
required quality, see Figure 3. The third level focused on the 
production of the silicone ocular prosthesis, see Figure 4. In the 
first step of production, a fully-coloured silicon base layer was 
cast, which was subsequently printed with the desired pattern 
of the iris and its surroundings. In the second step, the entire 
profile was subsequently laminated with a transparent layer of 
silicone, creating the final prototype. In the next steps, the 
overflows were cut off with the use of a trimming and fixing 
tool, and the ocular prosthesis took the final shape. Considering 
the fact that the silicone ocular prosthesis is a highly 
individualised cosmetic aid, each newly manufactured silicone 
ocular prosthesis must go through all of these levels, especially 
with regard to the unique colour composition of the iris and the 
size of the prosthesis in relation to the extent of the eye defect. 
If the casting moulds are completed and the colour 
composition of the iris and the entire eye is processed, then the 
production of a particular ocular prosthesis is almost unlimited. 
 

 
Figure 1. Parametric model of the ocular prosthesis 

 

 

 
Figure 2. Model of the ocular prosthesis in a partial cross-section 
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Figure 3. Shape cavities of prototype casting moulds 

 

 

 
Figure 4. The production process of casting a silicone ocular prosthesis 
(coloured base layer at the top, intermediate design layer in the middle, 
transparent cover layer at the bottom) 

4 CONCLUSION 

A completely new generation of ocular prostheses, see Figure 
5, is intended primarily for people who have a permanent 
aesthetic eye defect due to a serious injury or illness. The 
developed silicone ocular prosthesis represents a globally 
unique concept and provides a significantly higher level of 
quality compared to existing prostheses. High comfort of use 
and significantly longer service life are other important benefits 
of this solution. In order to manufacture the silicone ocular 
prosthesis, it was necessary to introduce a completely new 
complex production procedure, which combines additive 
technology and modern materials. 
 

 
Figure 5. Silicone ocular prosthesis at the end of the production process 

within the casting mould 
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