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ABSTRACT

Optical coherence tomography (OCT) provides unique imaging scale and speed that allow for dynamic and
functional studies of biology on the tissue and cell levels. This dissertation centers on OCT-based technical
development for studying the embryo transport process inside the oviduct (or fallopian tube) and also for
achieving photothermal imaging and bioprinting.

Understanding how the mammalian oviduct transports preimplantation embryos toward pregnancy is key to
uncovering the functional cause of oviduct-related reproductive disorders, such as tubal ectopic pregnancy.
Toward this end, this dissertation focuses on computational analysis based on in vivo 4D (3D+time) imaging
of the mouse oviduct and establishes novel methods to assess the dynamics of the embryo transport process.
Specifically, a new 3D particle streak velocimetry method is developed for quantitative imaging of the fast,
bi-directional embryo movement inside the oviduct, and a semi-supervised, Al-assisted image processing
pipeline is developed to efficiently characterize the oviduct contractile strain and function. These methods
lay the groundwork for high-throughput dynamic studies of the oviduct biomechanics in vivo.

The other part of this dissertation contributes to the optical system development for photothermal cell imaging
and high-resolution photothermal stereolithography bioprinting. In particular, two system control programs
are designed, built, and applied for laser beam scanning, which enable photothermal OCT imaging of targeted
cells in 3D and OCT-guided photothermal stereolithography bioprinting.



