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Women’s health encompasses all physiologic and
pathologic changes that occur in the female repro-
ductive organs and supporting structures, diseases that
disproportionately affect women (e.g., ovarian cancer,
lipedema), and the study of diseases that affect women
differently than men (e.g., heart disease). Women’s
health is an important yet largely understudied area of
research, with many challenging and unsolved prob-
lems for biomedical engineers. Biomechanics of female
reproductive organs, tissues, and cells is increasingly
recognized as being crucial for women’s gynecologic,
reproductive, and sexual health care. New experimen-
tal, computational, and theoretical methods are being
developed to prevent pregnancy-related morbidities
and treat pelvic floor disorders. The field of tissue
engineering is rapidly evolving to create novel fertility
treatments and options, repair of degenerated or
damaged tissues, and complex in vitro models that
recapitulate the tumor microenvironment in female-
related cancers (e.g., ovarian and breast cancers). The
diversity in engineering applications and techniques
being developed to uniquely address health issues
affecting women over their lifespan is increasing at a
fast pace. Building upon recent publications in the
Annals of Biomedical Engineering related to women’s
health,>*7:%13:16:17 this special issue will expand on the
biomechanics of reproductive organs and their sup-
porting structures, structural organization of pelvic
organs and tissues and their functional alterations with
aging and prolapse, and female-related cancers.

Female reproductive organs go through extreme
changes during pregnancy and childbirth that make
them unique from a biomechanical perspective. In this
special issue, Grimm ez al.'' presented the first review
that consolidates all the published data on the forces
(i.e., uterine contractions and semi-voluntary pushing)
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that are involved with labor and delivery. Conway
et al.’ proposed the use of novel inflation-extension
experiments over existing testing methods in order to
evaluate the mechanical properties of the cervix in the
murine model. The experiments were conducted by
preserving the in vivo geometry and multiaxial loading
of the organ as well as the interactions between the
extracellular matrix and cells. In a very well-integrated
experimental and computational study, Fang et al."
provided a through characterization of the mechanical
behavior of human uterus. Using spherical indentation
in combination with the digital image correlation,
optical coherence tomography, and inverse finite ele-
ment methods, the uterus was found to be highly ani-
sotropic and heterogeneous. Computational in silico
and cellular in vitro techniques for studying the pla-
centa and placenta-related preterm birth were dis-
cussed in an extensive review by Wheeler and
Oyen'®. This transient organ, which connects the mo-
ther and the developing fetus during pregnancy, can
only be studied with complementary bioengineering
approaches. Improved transabdominal photoacoustic
imaging methods for the placenta were proposed by
Huda er al'> The new imaging methods provide
increased imaging depth through optimization of light
delivery.

Alterations of pelvic organs and supportive con-
nective and muscle tissues following pregnancy and
delivery, along with changes associated with age or
weight gain, increase women’s risk of pelvic organ
prolapse. Pelvic organ prolapse occurs when any pelvic
organ descends from its normal position pushing
against the walls of the vagina, causing concomitant
pelvic floor disorders (e.g., urinary incontinence). In
this special issue, Dahal er al® presented the first
quantitative analysis of elastin fibers for the vaginal
wall. The authors conducted their study using mice
that have aberrant elastin metabolism leading to pelvic
organ prolapse. Donaldson er al.® offered an exhaus-
tive review of the mechanical properties of the uter-
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osacral ligaments, the connective tissues that support
the uterus and apical vagina within the female pelvis.
These anatomical structures, together with the pelvic
floor muscles, are implicated with the development and
treatment of pelvic floor disorders. In the study by
Rieger et al.,"” age-related degeneration was shown to
disproportionally impact pelvic floor muscles relative
to the appendicular muscles using cadaveric specimens.
This conclusion was based on tissue and cell level
alterations in the intrinsic components of the pelvic
floor muscles (i.e., contractile myofibers, non-contrac-
tile extracellular matrix, and resident stem cells). Fas-
cicle arrangements of two crucial muscles that serve to
stabilize the abdominal and pelvic organs, the coc-
cygeus and levatorani, were quantified by Routzong
et al.*° using close-range photogrammetry from human
cadavers, providing novel data for accurate simula-
tions of the female pelvic floor. Three-dimensional fi-
nite element simulations of the human female urethra
constructed from sequential magnetic resonance
images of a healthy nulliparous subject were conducted
by Attari er al® The computational model was em-
ployed to investigate individual contributions of ure-
thral striated and smooth muscles and vascular plexus
on the urethral closure pressure for maintaining con-
tinence or initiating micturition.

Cancers that affect women’s organs are some of the
most common cancers in the United States. Though
breast cancer is the most well-known, gynecologic
cancers (e.g., cervical, ovarian, uterine) are far more
lethal yet comparatively under-funded and -re-
searched.'” As with breast cancer, biomedical engi-
neers are creating solutions for the study and
therapeutic screening of these women’s cancers.
Amirghasemi ez al.' presented a comprehensive review
of three- dimensional micro-engineering platforms for
anti-cancer drug discovery, with an emphasis on cur-
rent techniques being used to improve the survival rate
of women. These therapeutic tissue engineered testing
platforms can offer flexibility of both drug testing and
patient-specific evaluation which can lead to better
patient care overall. In a global health-oriented wo-
men’s health publication, Schwartz et al. highlight
genetic differences in a population of Ethiopian wo-
men with breast cancers as compared to European
women and African-American women.'* Interestingly
of the set of differentially expressed genes, mutations in
extracellular matrix encoding genes implicated in
metastasis were identified in the Ethiopian cohort.
Characterization studies, like this, are important for
development of tissue engineered models and thera-
peutic identification that is inclusive of ethnicity and
race, in addition to sex. Better representation of
intersectional groups is an important step forward as
we develop engineering approaches for women’s

BIOMEDICAL
ENGINEERING
SOCIETY

health, in that they further address health disparities in
underrepresented groups.

We are grateful to Prof. Stefan Duma, Editor-in-
Chief of the Annals of Biomedical Engineering, for
accepting our proposal for this special issue and his full
support throughout the editorial procedure. We thank
Prof. Joel Stitzel, Deputy Editors-in-Chief of the An-
nals of Biomedical Engineering for his guidance on the
peer review process. We are also grateful to all the
authors who contributed to this issue and to all the
reviewers for providing invaluable feedback on the
manuscripts. It is our hope that this special issue will
serve to further advance the field of engineering for
women’s health, a newly emerging field that offers
many exciting opportunities for scientific research.
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