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Abstract

Breast cancer is one of the most common and deadly cancers
among women worldwide. The treatment of breast cancer often
involves mastectomy, which can cause physical and
psychological distress to the patients, affecting their quality of life
and self-esteem [1]. Therefore, the surgical intervention of breast
cancer should not include only the removal of a tumor, but also
psychological support by restoring the natural shape of the breast
and achieving proper aesthetic for each patient. Conventional
breast reconstruction techniques have several limitations, such as
donor site morbidity, implant failure, infection, and poor
cosmetic outcome. Moreover, breast cancer patients often require
systemic chemotherapy or hormone therapy after surgery, which
can cause severe side effects and complications.

In this article, it is proposed a novel implant based 3d printed
structure for breast reconstruction and systematic drug delivery.
The implant consists of a biodegradable scaffold that is 3d
printed with a customized shape, coated with Polydopamine and
Alginate, and sized to fit the patient’s chest. The implant provides
mechanical support, aesthetic improvement and can also enhance
the efficacy and safety of chemotherapy or hormone therapy by
delivering treatment directly to the target site through a channel
system. The aim of the article presented here is a proposed
process protocol for obtaining this prosthesis.

1. Introduction

Due to tissue engineering, breast reconstruction surgeries
and clinical treatment strategies gain an encouraging
perspective when it comes to overcoming the limitations of
their development and innovation [2]. Using scaffolds to
guide the formation of adipose tissue offers an optimistic
view regarding the control of regeneration of soft tissue
and a new tactic for obtaining the desired shape and surface
features for each patient. The implant opens the possibility
for the scaffold to be seeded with adipose-derived stem
cells(ADSCs) that can differentiate into adipocytes and
form new fat tissue [3]. Moreover, choosing the right unit
cell, density and distribution in the scaffold, an efficient
system for delivering targeted treatment could be obtained.
The goal is to design a framework that can withstand the
above-mentioned requirements and provide resistance to
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mechanical forces, stresses and strains and offer comfort
and aesthetic satisfaction to the patient.

2. Objectives

The main objective of this study is to develop a protocol
for the design of this type of prosthesis, which is a
biodegradable implant with a customized shape for each
patient. This implant must provide a structure where new
fat tissue is generated. This also requires the choice of a
material suitable for this purpose.

3. Methodology

3.1. Model

In order to obtain the desired protocol, this study follows
the case of a patient who will undergo a tumor removal
surgery as a support to elaborate a guide of steps to follow
in this process set as an objective.

Figure 1. DICOM images

For this purpose, the image used from this particular case
is a specific MRI (Figure 1) of a patient whose 3D model
and geometry were generated using Slicer 5.2.2. (Figure 2)
which is a free, open source software for visualization,
processing, segmentation, registration, and analysis of
medical, biomedical, and other 3D images [4]. In this case,
the images have been obtained from the radiology
repository “cancerimagingarchive.net” [5].
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Figure 2. Example of a 3D model generated from a specific Figure 4. Example of distribution channels

MRI scan

Then, the surface mesh (.STL model) (Figure 3) was
imported into SolidWorks 2022-2023, where the model
was converted into a solid and therefore used as a template
for the design of the following structures. In the
preliminary state, a prototype of the implant was designed,
to represent the layout of the scaffold’s architecture and the
channel in the structure. The pre-designed model is then
customized to the patient's breast parameters and needs
(Figure 4), being able to withstand the sequelae required
for tumor removal. This opens the possibility to regulate
the topology of the model and apply different patterns with
variable mesh density in each section. The final CAD
design(Figure 5) will then be used for finite element
analysis (FEA) and finally exported for fused deposition Figure 5. Example of final implant structure
modeling (FDM).

Therefore, the protocol steps can be extracted from the
methodology used in this specific case. 3.2. Materials

The materials required to make this type of prosthesis can
be estimated after the completion of this study, in which it
is proposed that the scaffold consists of three materials: a
base made of polycaprolactone, coated with polydopamine
and alginate (Figure 6).
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PCL is often used as a scaffold material in tissue
engineering. Coating it with PDA and alginate can enhance
cell adhesion [6], proliferation, and tissue integration,
making them more suitable for cell attachment and growth
[7]. Also, PCL can be used as a drug delivery vehicle, and
PDA and alginate coating can further control
pharmacokinetics and improve drug-loading capacity.

Figure 3. Surface mesh . . .
PDA and alginate/gelatine coatings can also be used to

immobilize bioactive molecules, growth factors, or
signaling molecules onto the PCL surface, further
enhancing its functionality. The addition of alginate can
also introduce some viscoelastic behavior to the composite
material [8], which can be relevant for simulating the
mechanical behavior of natural tissues.
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Figure 6. PCL scaffold with PDA and alginates coatings

3.3.  Scaffolds

The scaffold (Figure 7) should enable the formation of
tissue that closely resembles the patient’s natural tissue in
terms of its biological, physical, and chemical
characteristics. It should offer three-dimensional structural
stability, exhibit a low elastic modulus and include
proliferation [9]. The construction and distribution of the
unit cell is vital.

As for the printing parameters, the pattern should be zig
zag with a 45 degrees infill direction 0.2 mm layer height
and 70% infill density. These parameters would assure an
ideal environment for cell growth [8].

Figure 7. Close up of an example of the scaffold

3.4.

The finite element analysis is done in Solidworks 2022-
2023 Simulation by applying mechanical loads on the
external part of the structure (Figure 8).

Finite element analysis

Figure 8. FEA of the structure
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The stresses and strains that appear during the analysis are
in correlation with the volume, structure and figure of the
scaffold, as well as the patient’s habits and amount of
physical activities.

The first step is to set a static analysis. After that, the
properties of the material are introduced and a mesh control
is projected on the whole model. The parameters and
mechanical forces are applied to obtain visual results of the
strains that occur in the solid model, as following: a normal
force of 5 N that comes in contact with the implant, the
tensile strength and Young’s modulus of 59 + 11.3 KPa,
respectively 0.53 + 0.24MPa [9].

3.5. Optimization

Further studies are required in order to obtain realistic
outcomes of the influence of the above-mentioned
parameters.

Optimization in this case would constitute modifying the
unit cell of the scaffold, diameter, density and their
distribution and topography. Moreover, it could also imply
a change in the number of channels or their volume. One
important mention is that the mechanical properties of the
PCL-PDA/AIg scaffolds could be tailored by the thickness
of the PDA coatings and the density infill.

4. Results

The result to be obtained from this article is the following
protocol for the development of this type of prosthesis:

o Firstly, the .stl will be extracted from a DICOM image
of a patient by using specific software for this purpose.

o The mesh will be obtained through a CAD software.

e The mesh will be used as a template to obtain a 3D
model of the prosthesis that is the target of this article.

e Once the 3D model is obtained, a finite element
analysis is carried out.

e Finally, it will go through the usual FDM printing
process.

5. Conclusion

Breast scaffolds with distinct structures have been created
to meet the complex biomechanical demands of large-
volume and long-term tissue regeneration. Furthermore, a
channel structure is included to enable precise drug
delivery to prevent the reoccurrence of cancer. The process
including MRI scans and producing patient-specific model,
adapting the dimensions and overall form of the implant
would solve the aesthetic and comfortability problems
mentioned in the beginning of his article.

Depending on the viscosity of the fat, a gradient of pore
sizes can be applied to minimize fat displacement and
prevent leakage effectively. Therefore, these scaffolds
should be capable of topical stimulus-responsive treatment,
long-term drug delivery and overall encouraging the fat
distribution inside the structure.

The study examined in this context illustrates the potential
of 3D printing for breast reconstruction but, nevertheless,
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significant efforts are still required to validate this
technique and facilitate its broader clinical application.
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