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The paper analyzes the possibility of implementing a new eye implant using the 3D bioprinting technique and the experimental 
model underlying it. The paper includes the stages of image processing using Digital Imaging and Communications in Medicine 
(DICOM) and the processing of the eye implant, results, and exploitation. In the exploitation part of the eye implant, the aims 
are optimizing the image processing stages and refining the precision of the calibration model. In the manufacturing part, the 
new eye implant is fabricated with the help of machines. These machines are suitable for manufacturing structures with their 
porosity controlled by additive manufacturing techniques. The feasibility of using 3D printing techniques using biocompatible 
materials in structures with predetermined porosity was demonstrated to manufacture a customized eye implant using medical 
imaging Computed Tomography (CT) results. The work was performed within the OrbImplant Project. 

 

1. INTRODUCTION 
New bioengineering products reduce medical risks in 

some rehabilitation processes [1] and help patients who use 
prostheses [2]. The manufacturing process of the new 
ocular implant uses a combination of modern technologies 
[3] for rapid prototyping/manufacturing [4], through 3D 
printing [5-7] additive processes, starting with computed 
tomography (CT) images collected techniques [8]. 

From tomographic images, image processing techniques 
will be applied to obtain the digital model that accurately 
describes the required shape of the custom implant [9]. The 
medical device gives monochrome images in a section. 
Image is a function of two-dimensional intensity f (x, y), 
where x and y represent spatial coordinates, and f is the 
brightness function that is proportional in each point (x, y) 
to the image's gray level at that point. A discretization is 
obtained both in spatial coordinates and in brightness. In 
terms of data structure, the image becomes a matrix at 
which the index of the row and that of the column 
respectively identify a point in the image, and the 
corresponding element of the matrix represents the gray 
level in that point. The elements of such a digital network 
are called image elements or pixels. The number of gray 
levels is chosen as the power of 2. A typical digital image 
size is 512 x 512 pixels, with 256 gray levels. The image's 
resolution is given by the total number of pixels per inch 
(PPI) and by the fidelity of the representations of the gray 
level (color depth). Image processing involves a succession 
of hard and soft processing steps and the implementation of 
theoretical methods. The goal is to find a solution to a given 
problem with the available means related to image 
processing. In the present application, the information is 
provided by computed tomography, and the objective is to 
achieve the selection and 3D reconstruction of each 
structure of interest (cavity, eyeball). 

The first step in this process is the acquisition of images, 
which requires an image sensor as a CT scanner, with the 
ability to digitize the signal from its output. After obtaining 
the digital image, the next step is its preprocessing, i.e., 
optimizing the image quality to increase the chances of 
success of further processing [10]. The next step is to 

segment the image, a concept that describes its "division" 
into constituent parts or distinct objects. Sophisticated 
segmentation algorithms require complicated calculations 
and a long processing time. Simple or insufficiently 
developed algorithms cannot be applied with high chances 
of success. Thus, a compromise solution must be chosen 
between the processing time and the results' quality. The 
result of the segmentation is usually a series of pixel 
intensities representing the contour of the region to be 
considered. The recognition and interpretation of the data 
are pursued in the last stage. Recognition is the process of 
classifying an object into a certain category based on 
information from the segmented image descriptions. These 
steps are followed in the current application. The data 
obtained by computed tomography will be subjected in the 
first phase to image processing algorithms to determine the 
contour of the cavity's individual sections at different 
sectioning levels. The representation of the cavity itself will 
be composed of a series of images that represent the 
contour of the sections through it. In the second phase, 
aggregate the series of images in a format compatible with 
3D printing machines [11,12]. A diagram of the different 
methods of transforming the data obtained by computed 
tomography in initial graphics exchange specification 
(IGES) format is presented in Fig 1. The 3 methods 
presented involve different levels of complexity in 
implementation and result in different levels of fidelity for 
the model obtained: 
1. Medical computer-aided design (MedCAD) Interface 

has low complexity, fast implementation, unsuitable 
for complex surfaces and low-quality results, 

2. Reverse engineering has high complexity, long-lasting 
implementation, suitable for complex surfaces and 
high-quality results, 

3. Standard tessellation language (STL) Interface has 
medium complexity, fast implementation, and may be 
unsuitable for certain complex surfaces and medium-
quality results. 

Depending on the complexity of the surfaces and their 
accuracy in the finished product, it is decided on the right 
data processing/preparation method. In the first phase, 
processing through the STL interface is selected for 
spherical surfaces. If the initial results are unsatisfactory, 
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the Reverse Engineering method is applied during a second 
phase. The STL interface should represent a spherical 
pattern as accurately as possible by increasing the number 
of triangles used for mosaicking or tessellation [13]. 

2. DICOM IMAGE PROCESSING 
To implement the steps described, a dedicated 

application was developed based on the DeVide software 
suite [14] developed by researchers at Delft University. To 
achieve the objective, selection, and 3D reconstruction of 
the eyeball, the application follows the following steps: 
●S1. In the first phase, the data is loaded in digital imaging 
and communications in medicine (DICOM) format [15] 
using the DICOMReader block, the data being a collection 
of .dcm files that contain the information following the 
computed tomography (in this case, it is 460 of files, the 
information on the z-axis consisting of 460 samples, i.e. 
"slices"). The "Carol Davila" University of Medicine and 
Pharmacy delivered the images obtained from patients in 
the clinical study. To visualize the uploaded data, the 
slice3dVWR block is used. 
●S2. This stage involves determining an area of interest and 
the range of pixel intensity values that characterize that 
area. The Hounsfield (HU) scale in medical imaging 
represents a quantitative measurement method for 
evaluating radiodensity, each substance in a certain range of 
HU values.  

The Hounsfield scale is quantitative for describing 
radiodensity, commonly used in CT, MRI, or equivalent 
acquisition. Air has HU ~1000, lung ~700, soft tissue 
~300÷~400, fat ~84, water 0, cerebrospinal fluid 15, blood 
+30÷+45, muscle tissue +40, bone +700 for spongy bones 
to +3000 for dense bones [16]. 

These values are the basis for defining the response range 
of different organs according to their chemical composition. 
This consistency allows the application of a double 
Threshold block in the DeVide application that will select 
only the intensity zones in a certain range of values. A trial-

and-error process will determine the minimum and 
maximum values optimal for selecting the area of interest 
and is set in the doubleThreshold block. These values in the 
case of the eyeball are 0.00 and 20.00 (extraction of 
aqueous humor), the resulting visualization module 
presented in Fig. 2. 

 
Fig. 2 – DiVide network with double Threshold block. Selected regions 

(green) that fall within the set value range 0-20. 

●S3. This stage involves defining a seed point on the 
eyeball, around which the desired contour will be built, the 
seed point being the yellow one in Fig. 3. With the help of 
the defined point, the seedConnect block is used, which will 
reunite the points connected to the seed point which are 
also in the range defined by double Threshold. Closing and 
contour blocks are connected to the output of the 
seedConnect block. The resulting network and the 
visualization module are presented in Fig. 4. The successful 
eyeball extraction can be observed, resulting in the red 
body. 
●S4. The next step involves applying the wsMeshSmooth 
block, which aims to unify some outer polygons to achieve 
a smoother contour. The QuickInfo block provides 
information about the resulting body, consisting, in this 
case, of 13648 polygons. It can optionally be applied to a 
vtkQuadricDecimation block that can reduce the number of 
polygons by an interpolation algorithm. 

 
Fig. 1 – Methods of transformation from CT images into IGES format, the flow (marked in green) will be used for ocular reconstruction. 
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Fig. 3 – Selecting the seed point (red) around which the desired region will 

be built. 

 
Fig. 4 – The resulting network (up) and the body are automatically 

reconstructed by the closing and contour blocks (down). 

Finally, the stlWRT block connected to the 
QuadricDecimation output will export the result in STL 
format. The final network is presented in Fig. 5. and the 
result in Fig. 6. 

Fig.5 – DeVide network for the realization of the processing algorithm that 
extracts the discretized model (.stl). 

 
 
 
 

 

 

 

Fig. 6 – The discretized model (.stl) of the region of interest, the eyeball. 

●S5. For post-processing, the exported.stl file is loaded 
into the MeshLab software (Fig. 7 left) where additional 
processing procedures can be applied to finish the surface 
and reduce edge effects, as presented in Fig. 7 (right). 

 
Fig. 7 – (left) The .stl file exported from DeVide and uploaded to 

MeshLab. (right) Final .stl model for rapid prototyping by additive 
manufacturing. 

3. REALIZATION OF THE EYE IMPLANT 
Eye implant realization starts from several medical 

imaging devices. It continues with fine-tuning necessary to 
adjust the differences in image quality and pixel intensity 
range in the region of interest. The reconstruction 
parameters start from the assumption that different medical 
imaging devices will give the answer in the same range on 
the Hounsfield scale for the same areas of interest, and fine-
tuning step is necessary to cover the variations [17]. These 
results must have the aesthetics for facial prosthetic 
implants [18]. For the manufacturing stage, the model of 
the ocular implant can be used in machines to manufacture 
structures with controlled porosity through additive 
manufacturing techniques [19, 20]. Porous structures are 
superior to the corresponding compact parts [21, 22]. 

Lattice microstructures offer huge potential for their use 
in the design of cellular structures with low specific 
weights. The attention was focused on the relationship 
between microstructure-mechanical properties-deformation. 
This relationship allows the optimization of the structure 
design depending on the mechanical loads to which it is 
subjected. The final goal is to obtain customized implants 
with mechanical characteristics like those of the organ to 
replace. Selective Laser Melting (SLM) technology is 
considered a real and viable alternative in achieving precise 
control over the architecture of the scaffold-shaped 
structure, over the shape of the pores, but more so of the 
interconnectivity, which is crucial for tissue growth. 
Porosity is the total percentage of empty spaces in a solid 
and is a material-independent morphological property. 
Newly developed architectures offer superior rigidity and 
strength relative to the structure's mass compared to those 
offered by metal foams. 

One such example is the architecture and machinability 
of cellular structures based on a special type of elementary 
cell called the "Schon" thyroid [23], which has a special 
feature: smooth cylindrical bars converge uniformly to a 
spherical nucleus. The angle of inclination of the cylindrical 
bars of the thyroid varies continuously towards the 
spherical core. This feature offers the possibility that during 
the SLM process, the previously fabricated layer supports 
the next layer so that such a structure is self-supporting 
without additional interior support structures. Figure 8 
shows this special structure at different levels of porosity. 
To achieve this, a thyroid structure was used, which kept a 
constant ratio of 15 % between the volume occupied by the 
bars and the core at different sizes of the elementary cell: 2, 
3.5, 4.5, 5, 6.5, and 8 mm [22]. 

Finally, the problem that must be solved to make it 
possible to achieve structures with geometrically defined 
porosity is to find the shape of the elementary cell. 
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Fig. 8 – Structures with different degrees of porosity, based on the thyroid 
"Schon." The t value refers to the wall thickness degree of the honeycomb 

structure: a) 3D view at t=0, d) 2D view at t=0; b) 3D view at t= -0.3,  
e) 2D view at t= -0.3; c) 3D view at t=-1.0, f) 2D view at t= -1.0 

These principles are the basis for obtaining geometric 
porosity, essential in the present application, to give the 
ocular implant the possibility of tissue proliferation within 
the structure, increasing, together with the carefully chosen 
types of material, the degree of biocompatibility of the 
implant. To manufacture the porous structures for the 
ocular implant, the starting steps are the results of modeling 
and simulation of 3D reconstruction by software/image 
processing methods. 

4. CONCLUSIONS 
The printing result is the implant itself, shown in Fig. 9. The 
eye implant was obtained from the cranial CT scans. The 
image processing algorithms were applied to extract the .stl 
type model, obtaining a personalized digital representation of 
the cavity. The bioscaffold printing machine has been 
optimally configured to obtain the necessary structure and 
physicochemical characteristics. The implant thus obtained 
reaching the established objectives. The complete process of 
sample collection, image scanning, implant fabrication, 
mounting, and postoperative patient follow-up can be 
implemented in a pilot program. 

 
Fig. 9 – Experimental model of the eye implant. 

The feasibility of using 3D printing techniques using 
biocompatible materials in structures with predetermined 
porosity to manufacture a custom eye implant using 
medical imaging (CT) results has been demonstrated. The 
results were published [23], and for these results, a patent 
was granted to the contributors to the project [24]. The 
modernity and innovation brought by this technique were 
awarded a silver medal at the International Exhibition of 
Inventions in Geneva in 2019.  
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