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Abstract

Historically, women have been systematically excluded from medical research, resulting in a limited
understanding of diseases exclusive to the female population. The diseases in question include breast
cancer, osteoporosis, endometriosis, and ovarian insufficiency, which are triggered by age and hormonal
changes. The present chapter describes the study of diseases that are unique to women, as well as
innovations in current treatments. It highlights the use of polymeric, biodegradable, biocompatible, and
low-toxicity composites, emphasising their 3D processing, which can simulate cellular tissues. This
positions itself as a fundamental technology for the future of personalised medicine and equity in
women's health.

Engineering Biomaterials for Women’s Health Applications: Functional Design and
Innovation Pathways

Materials Natural polymers ( collagen, fibrin,
composition chitosan, hydroxyapatite, PCL, PDMS)
Types/Forms
§ Applications

Women’s Health; Biomaterials; Medical gender equality

3D printing, electrospinning, intrauterine
devices, patches

Biomaterials

Efficient hormone delivery, pregnancy
control, tissue enginnering

Women diseases

Resumen

Histéricamente, las mujeres han sido sistematicamente excluidas de las investigaciones médicas, lo que
ha dado lugar a una comprension limitada de las enfermedades exclusivas de la poblaciéon femenina.
Entre estas enfermedades se incluyen el cancer de mama, la osteoporosis, la endometriosis y la
insuficiencia ovarica, que se ven desencadenadas por la edad y los cambios hormonales. En el presente
capitulo describe el estudio de las enfermedades exclusivas de las mujeres, asi como la innovacion en los
tratamientos actuales, destacando el uso de compositos polimericos, biodegradables, biocompatibles y
con baja toxicidad, destacando su procesamiento en 3D, capaz de simular tejidos celulares,
posicionandose como una tecnologia fundamental para el futuro de la medicina personalizada y la
equidad en salud femenina.

Ingenieria de Biomateriales para Aplicaciones en la Salud Femenina: Disefio funcional
y Vias de Innovacion
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1. Introduction

In recent decades, the study of women's health has evolved toward a more comprehensive approach,
recognizing that women present physiological, hormonal, and social profiles that require differentiated
prevention, diagnosis, and treatment strategies. Beyond the reproductive sphere, women face a range of
chronic diseases and complex conditions that affect their quality of life, many of which have historically
been underestimated or misdiagnosed due to the lack of female representation in clinical and biomedical
studies (Vervoort et al., 2024).

This approach has driven interest in developing personalized medical technologies that address
women's biological and social specificities. In this context, biomaterials formulated from polymers have
emerged as a versatile platform for medical applications targeting women, including controlled drug
release systems, implantable devices, biosensors, and functional coatings. Their ability to be designed
with specific properties, such as biocompatibility, biodegradability, sensitivity to physiological stimuli,
and encapsulation capacity, positions them as promising solutions to address medical challenges that
disproportionately affect the female population (Moradi et al., 2021).

2. Main women-exclusive health issues

The main health problems affecting women include both chronic diseases and specific gynaecological
conditions. Below is an overview of these conditions based on current scientific evidence.

Cardiovascular diseases

Cardiovascular diseases (CVDs) are the leading cause of female mortality globally, accounting for
approximately one-third of all deaths in women. In many settings, CVDs in women is underdiagnosed
due to atypical symptom presentation and historical biases in biomedical research (\Vervoort et al., 2024).
Factors such as menopause, hormonal changes, and a predisposition to autoimmune diseases increase
cardiovascular risk in women.

Breast cancer

Breast cancer is the most common malignancy among women, with a rising incidence worldwide.
Despite advances in screening and treatment, mortality rates remain high, particularly in regions with
limited access to specialized medical care (fukasiewicz et al., 2021).

Type 2 Diabetes Mellitus

Type 2 diabetes significantly affects women, especially those with a history of polycystic ovary
syndrome, gestational diabetes, or premature birth. Furthermore, chronic hyperglycemia contributes to
the accelerated development of cardiovascular complications, retinopathy, and nephropathy (Pandeya et
al., 2018).

Mental health

Women have a significantly higher prevalence of disorders such as depression and anxiety. Biological
factors (such as hormonal fluctuations) and social factors (gender-based violence, economic inequality,
role overload) contribute to this vulnerability, underscoring the need for gender-sensitive therapeutic
interventions (Maier et al., 1999).

Osteoporosis
Postmenopausal bone loss makes osteoporosis a highly prevalent condition among women over 50.

Fragility fractures are a significant cause of disability, morbidity, and functional dependence (Salari et
al., 2021).


https://www.sciencedirect.com/science/article/pii/S073510972407030X?via%3Dihub
https://ijmr.org.in/a-systematic-review-on-the-prevalence-of-endometriosis-in-women/
https://www.sciencedirect.com/science/article/pii/S073510972407030X?via%3Dihub
https://www.mdpi.com/2072-6694/13/17/4287
https://dom-pubs.pericles-prod.literatumonline.com/doi/10.1111/dom.13336
https://dom-pubs.pericles-prod.literatumonline.com/doi/10.1111/dom.13336
https://www.sciencedirect.com/science/article/abs/pii/S0165032798001311?via%3Dihub
https://link.springer.com/article/10.1186/s13018-021-02772-0
https://link.springer.com/article/10.1186/s13018-021-02772-0
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Endometriosis

Endometriosis affects 5-10% of women of childbearing age and is characterized by chronic pelvic pain,
severe dysmenorrhea, and infertility. This inflammatory disease is associated with diagnostic delays of
up to 7 years, representing a considerable physical and emotional burden for patients (Moradi et al.,
2021).

Ovarian insufficiency or functional ovarian disorder

The condition known as ovarian insufficiency (OV) or functional ovarian disorder (FOD) is associated
with the production of ovarian hormones. These hormones regulate the menstrual cycle, promote bone
density, and have a significant effect on cardiovascular health, mood, and cognition. Consequently,
diminished productivity can result in health complications for women. According to (Ezzati et al., 2025),
tissue engineering applied in ovarian disorders offers the possibility to preserve the fertility in women
affected by oncologic treatments or diseases associated with age. In this regard, the inclusion of
biomaterials combined with stem cells can mimic the microenvironmental conditions to improve the
follicular maturation through the scaffold construction by 3D printing. These techniques represent the
possibility to recreate functional ovarian units, able to improve the folliculogenesis and the hormonal
secretion. Also, other possibilities to integrate biomaterials as novel products include the formulation of
hydrogels, natural polymers, and nanocomposites, aiming to simulate the extracellular matrix and
improve angiogenesis and cellular differentiation.

Unequal access to health services

Indigenous or rural women's communities face structural barriers to accessing quality healthcare services.
These include economic, geographic, and cultural limitations, as well as institutionalized gender
inequalities (Rapp et al., 2021). These conditions, taken together, demand a transdisciplinary approach
to developing biomedical solutions. In this context, functionalized polymeric materials emerge as a key
tool for creating personalized therapies, sensitive diagnostic systems, and medical technologies designed
from a gender perspective. Figure 1 summarizes the main diseases affecting women.

Box 1
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Figure 1

The main diseases that predominantly affect women across different stages of life
include reproductive, hormonal, metabolic, cardiovascular, and oncological
conditions

Source: Generated by Biorender


https://ijmr.org.in/a-systematic-review-on-the-prevalence-of-endometriosis-in-women/
https://ijmr.org.in/a-systematic-review-on-the-prevalence-of-endometriosis-in-women/
https://link.springer.com/article/10.1007/s40883-025-00477-y
https://ajph.aphapublications.org/doi/abs/10.2105/AJPH.2021.306455?journalCode=ajph
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3. Polymer composites in women's health

The intrinsic hormonal characteristics of the female anatomy have led the scientific community to search
for advanced, personalized treatments that benefit the quality of life of women throughout the different
stages of their lives. Women experience evolutionary changes throughout their lives, from childhood and
adolescence, the beginning of their sexual and reproductive life, to menopause (Luo et al., 2024). Each
of these events is related to variations in hormonal production, which can impact mental health,
reproductive life, female oncology, and menopause. If not properly diagnosed and promptly treated, these
changes can impair patients' quality of life.

The implementation of innovative technologies based on the use of polymeric nanocomposites
has proven effective in the development of functional materials that can be applied in everything from
the early detection of cervical cancer, extended-release contraceptive systems, and hormonal therapies
to even the treatment of diseases such as endometriosis and fibroids, avoiding the potential side effects
associated with current therapies (Lloyd-Parry et al., 2018).

A salient characteristic of polymeric nanocomposites is that they demonstrate biocompatibility
and biodegradability using natural polymers, including collagen, gelatine, fibrin, hyaluronic acid,
carboxymethyl cellulose, chitosan (CS), and alginate, in conjunction with synthetic polymers such as
polycaprolactone (PCL) and polyethylene glycol (PEG). According to (Fazel Anvari-Yazdi et al., 2025),
hydrogels plays a key role in the generation of 3D microenvironments, able to generate optimal follicular
survival, oocyte maturation, and hormonal secretion.

In this regard, biopolymers offer improved physicochemical properties, including
biocompatibility, controlled biodegradation, and stimuli-responsiveness under specific pH, temperature,
and the presence of oxygen. In addition, this formulation can be improved by the incorporation of hybrid
nanomaterials, peptides, and even growth factors, using innovative techniques such as electrospinning or
microencapsulation.

Particularly, the application of 3D printing in the reconstruction of the female reproductive system
has been reported by Yi et al. (2025). This technique allows the fabrication of the uterus, ovary, fallopian
tubes, and vagina as a highly promising alternative to address challenges such as infertility, the loss of
reproductive organs, and the limitations of conventional transplants.

This technique includes the combined extrusion and assists deposition by pressure, laser bio
impression, and inkjet, and photopolymerization. Some common biomaterials used in this process
include natural polymers such as collagen, alginate, fibrin, hyaluronic acid, and synthetic polymers such
as polyethylene glycol (PEG) and polycaprolactone (PCL). Some of the current challenges in the
development of biomaterials applied to women's healthcare include the search for biocompatible and
sustainable polymers compared to conventional pharmacological treatments, which often generate
adverse side effects.

According to Sharami et al. (2025), alginate (a natural polysaccharide obtained from algae) allows
the formation of stable hydrogels with a high degree of hydration, capable of acting as extracellular
matrices suitable for cell growth. Some of the application trends for these materials include endometrial
regeneration and the treatment of endometriosis. The conformation of the polymer chains during their
formulation allows for the creation of different structures, such as microspheres, which can function as
three-dimensional supports for oocytes and follicles, maintaining cell viability.

Figure 2 presents a general outline of the stages of female growth and the healthcare required
during each stage, from the beginning of menstruation to menopause. This includes ongoing mental and
sexual health care, as well as reproductive health and all its implications, leading up to menopause and
possible associations with the presence of cancer and the development of fibroids. Currently,
conventional treatments impact hormonal imbalance due to the routes of administration, the main ones
being oral, dermal, or vaginal, with limited drug bioavailability over time (Bennett & Mathur, 2024).
Some trends in the development of polymeric nanomaterials are focused on obtaining controlled-release
hormone therapies and their impact on treating genitourinary diseases, osteoporosis, or even treatments
to prevent premature births.


https://www.sciencedirect.com/science/article/pii/S2405844024015081?via%3Dihub
https://www.dovepress.com/nanomedicine-applications-in-womens-health-state-of-the-art-peer-reviewed-fulltext-article-IJN
https://www.mdpi.com/2310-2861/11/6/441
https://www.sciencedirect.com/science/article/pii/S2590006425006970?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2405844025018705?via%3Dihub
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An example of the application of controlled-release polymeric nanocomposites is that proposed
by (Abdelgader et al., 2025), as presented in Fig. 2a where the development, validation and optimization
of an intrauterine device (IUD) for the prolonged and sustained release of a mixture of estradiol
hemihydrate (E2) and norethindrone acetate (NETA) is described, to treat genitourinary syndrome of
menopause (GMS), taking into account the criteria of tissue localization, drug bioavailability, adherence
to treatment, in addition to minimizing possible side effects. To this end, they developed a hollow
polymeric cylinder loaded with E2 between 5-10% and a coating formed from the polymeric mixture of
ethyl cellulose with polycaprolactone (EC/PCL).

Release kinetics demonstrate that a 10% E2 concentration and a 10% EC/PCL stoichiometric
ratio promote sustained release of the drug mixture for 4 weeks, with an average device weight loss of
2%, indicating that diffusion and relaxation mechanisms govern the delivery of both drugs. Furthermore,
the device exhibited cytocompatibility greater than 70%, making nanostructured polymer-based
intrauterine devices a promising platform for treating menopausal-related diseases.

One of the main effects during menopause is the loss of bone structure and the decrease in the
mechanical properties of bone tissue. According to (losub et al., 2025), the development of 3D structures
based on porous scaffolds made of polyethylene terephthalate (PETG) functionalized with chitosan (CS),
hydroxyapatite (HAp), and folic acid (FA), to formulate biocompatible bone substitutes, suitable for use
in postmenopausal patients with osteoporosis, as presented in Figure 2b.

Considering that the presence of HAp and folic acid decreases the risk of immune rejection, the
development of tissue engineering based on the design of biocompatible scaffolds represents a viable
alternative for improving bone bioactivity and regeneration, promoting the proliferation and
differentiation of bone cells. Based on the results obtained, the physicochemical characterization (X-ray
diffraction and chemical analysis) demonstrated that 3D printing allows the uniform incorporation of
HPa and FA, where the porous structure increases cell adhesion, with potential therapeutic use in patients
with osteoporosis.

An interesting example of the application of polymer composites is during the reproductive stage,
where timely hormone therapy can be key to successful gestation and thus prevent premature births
during the female reproductive stage. An example of this is reported by Yu et al., 2025, as presented in
Figure 2c.

A transdermal patch based on microneedles (MN) was fabricated from polydimethylsiloxane
(PDMS) loaded with progesterone. Its use in the early stages of pregnancy has been shown to prevent
neonatal morbidity. However, current therapies offer low drug availability, local irritation, and adverse
side effects. The development of controlled-release dermal devices is of interest in the safety of hormone
delivery.

As aresult, a microneedle patch was developed from PDMS by negative pressure molding, where
the uniform morphology and structure of the microneedles ensured the correct administration of
progesterone, in addition to validating the sustained release in vitro for 96 h, when compared to oral
administration. For in vivo validation, murine models of induced preterm labor were used, where the
progesterone-loaded patch reversed premature labor and established a sustained, safe, and efficient drug
delivery, demonstrating its potential application in pregnant patients at risk of preterm delivery.


https://www.mdpi.com/2073-4360/17/5/665
https://www.mdpi.com/1996-1944/18/6/1206
https://www.dovepress.com/a-progesterone-microneedle-patch-for-self-administration-in-the-preven-peer-reviewed-fulltext-article-DDDT
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Figure 2

Representative diagram of the evolution of women's health care throughout their life cycle (adapted to
Lloyd-Parry et al., 2018) and the impact of the application of biomaterials in health care. a) Intrauterine
device (IUD) with a controlled release system (4 weeks) of estradiol hemihydrate (cylindrical structure)
and norethindrone acetate (polymeric matrix of ethyl cellulose/polycaprolactone) to combat
genitourinary syndrome of menopause (with permission of https://doi.org/10.3390/polym17050665). b)
Fabrication of 3D endoprosthesis from terephthalateglycol (PETG)-based porous scaffolds impregnated
with chitosan (CS), hydroxyapatite (HAp), and folic acid (FA) for bone tissue engineering applications
(with permission of https://doi.org/10.3390/ma18061206). c) Fabrication of a progesterone microneedle
patch designed for self-administration and preventing premature birth (PTB) (modified by permission
of https://doi.org/10.2147/DDDT.S502701).

Source: Own generation.
4. Challenges and perspectives of nanostructured materials in women’s health

The development of innovative strategies for women's health care represents a series of challenges from
technical, physiological, regulatory, and social perspectives. These require a multidisciplinary approach
encompassing materials science, nanotechnology, and biological sciences, with a social focus,
emphasizing the role of women from the generation of new lines of research to their clinical application.
Some of the perspectives that should be considered include:

- Models and/or devices require a high degree of specificity in their design, depending on the
required physiological stage. Customized formulations must be designed based on the needs of
each organism.
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- The development of cutting-edge devices requires that they be biocompatible, biodegradable, and
non-toxic, considering that they must be non-immunogenic and respect the specific
microenvironment. These materials must be validated in a representative clinical setting, in
animal models that emulate real-life conditions, and be carried out with a gender perspective,
considering hormonal effects as variables.

- Drugs and hormones must be released, controlled, sustained, and localized without adverse
effects, considering the development of timely response systems to biological stimuli, such as
pH, temperature, or the use of specific enzymes.

- The development of scalable devices for industrial production, considering that polymeric
nanocomposites must be manufactured while maintaining uniformity of size, dispersion capacity,
and uniform load distribution, to ensure proper drug release.

- The implementation of regulatory mechanisms that benefit the manufacturability of polymeric
composites and the possibility of including nanomaterials, which enhance the intrinsic properties
of the final product.

- Overcoming stigmas related to social adaptation, which can be a key factor in the success of new
treatments, where cultural stigmas can be a key factor in the success of new treatments. In this
sense, it is important to promote communication and education about the development of new
materials, emphasizing the short- and long-term benefits for women's health.

Conclusion

The current challenges in developing biomaterials and nanomaterial-based devices for women’s health
highlight the need for a holistic and gender-responsive approach. The next generation of therapeutic
systems must integrate biocompatibility, biodegradability, and non-toxicity with precise responsiveness
to biological cues. Designing materials that account for hormonal fluctuations, microenvironmental
variations, and tissue-specific requirements is essential to ensure safety and efficacy. Furthermore,
scalable fabrication routes must guarantee structural homogeneity, reproducibility, and controlled release
performance. Validation through representative preclinical and clinical models remains a crucial step
toward clinical translation. Regulatory harmonization is equally important to facilitate the inclusion of
nanostructures within medical-grade polymers under safe and standardized conditions. Beyond
technological barriers, social acceptance plays a decisive role in the successful adoption of novel
biomedical solutions. Addressing cultural stigmas and promoting awareness of the benefits of advanced
biomaterials will strengthen their impact on women’s health. Interdisciplinary collaboration, ethical
innovation, and educational outreach are thus fundamental pillars for translating scientific advances into
equitable, accessible, and sustainable healthcare technologies for women worldwide.
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Abbreviations

CS Chitosan

CVDs Cardiovascular diseases

E2 Estradiol hemihydrate

EC Ethyl cellulose

FA Folic acid

FOD Functional ovarian disorder
GMS Genitourinary syndrome of menopause
HAp Hydroxyapatite

IUD Intrauterine device

MN Microneedles

NETA Norethindrone acetate

ov Ovarian insufficiency

PCL Polycaprolactone

PDMS Polydimethylsiloxane

PEG Polyethylene glycol

PETG Polyethylene terephthalate
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