3D-printable wearable pad for the breast skin
treatment: design and printing optimization
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Abstract

This study presents the preliminary results obtained to develop a novel biobased and
biocompatible wearable pad by exploiting the flexibility and affordability of the Material
Extrusion additive manufacturing process, specifically of the Fused Filament Fabrication
technology and the unique multifunctional properties of architected materials. The study
specifically focuses on identifying and optimizing the key design parameters of the pad, tai-
lored to the unique characteristics of the newly developed composite material used in its
fabrication. The primary objective is to develop a wearable patch designed for direct ap-
plication on the skin, enabling targeted topical treatment over the covered surface area.
Therefore, it must be lightweight, breathable, non-invasive, biocompatible, and ergonomi-
cally conformable to the human body -specifically the women’s breast, the intended area of
treatment-ensuring comfort and minimizing any potential inconvenience. It must be manu-
factured without asperities to avoid skin irritation due to the potential rubbing of the pad
surface over the breast, a sensitive region of the woman’s body, in particular after surgical
intervention or during breastfeeding. Despite the solutions already available in the literature
of 3D-printable patches based on architected materials for wound repair (1), there are no
examples of solutions targeted for women’s breasts, except some limited and valuable studies,
such as the one discussed here (2) presenting a wearable and non-invasive ultrasound breast
patch for cancer diagnosis.

The development of the pad is grounded on a complementary study conducted to develop
a novel 3D-printable biobased composite material conceived for this scope, which has been
obtained by blending a low-extrusion temperature thermoplastic and biocompatible ma-
trix, i.e., the Polycaprolactone (PCL), with biobased content by using a lab-scale extrusion
system. The PCL was selected to preserve the biobased content characteristics after the
printing. That biobased content is propaedeutically for future research focusing on blending
that matrix with a biobased material, which is also bioactive to allow the pad to implement
its topical treatment, mainly concerning anti-inflammatory and antioxidant activities. Me-
chanical characterization was conducted on tensile and compressive samples to thoroughly
evaluate the properties of the newly developed material. Simultaneously, the study explored
optimal printing parameters to ensure the successful fabrication of a lightweight, deformable,
and comfortable-to-wear pad. This included addressing critical factors, such as minimizing
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debris and eliminating stringing within the structure, to achieve a high-quality final prod-
uct. For the pad design, parametric digital models of auxetic-based configurations have been
developed to exploit the synclastic curvature property provided by auxetics. Specifically,
preliminary experimental tests have been conducted on a pad exploiting the sinusoidal liga-
ment unit cell because it shows a Poisson Ratio comparable to the skin (3). The final pad
design is a sinusoidal "net” conceived to obtain the proper coverage of the breast skin surface
that should receive the treatment. Besides, two pad configurations have been designed and
printed, one showing a textile-like architecture and a standard planar one. Results show the
feasibility of 3D-printing such a lightweight and conformable patch. However, further studies
are needed to understand how the pad design and manufacturing parameters influence its
mechanical behavior and capability to treat skin properly.
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