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ABSTRACT

Breast reconstruction is a central component of the breast cancer treatment process for many women. The
purpose of breast reconstruction is to recreate a breast form that is satisfying to the patient, facilitating
her psychosocial adjustment of living as a breast cancer survivor. Breast reconstruction is a complex, data-
limited surgical problem that requires translating patient-specific anatomy and aesthetic preferences
into reproducible surgical outcomes. Current clinical workflows rely heavily on qualitative assessment and
clinical photographs (2D), which inadequately capture 3D breast geometry and limit both patient—surgeon
communication and objective surgical planning.

Thiswork addresses these gaps throughthe development of integrated computational frameworks grounded
in three-dimensional (3D) surface imaging, statistical shape modeling, and machine learning. Supported by
NIH funding, we have established a longitudinal dataset of 500 breast reconstruction patients and developed
methods for extracting quantitative descriptors of breast morphology from stereophotogrammetry. These
data are used to construct parametric 3D models that capture population-level variation and enable
patient-specific shape representation.

Building on this foundation, we present three translational components: (1) automated breast morphometry
for objective and reproducible surgical planning, (2) simulation frameworks that integrate parametric shape
models with patient-specific data to support visualization and shared decision-making during clinical
consultation, and (3) image-driven intraoperative guidance systems for free-flap tissue shaping. Collectively,
these approaches transform breast reconstruction from a largely subjective process into a data-driven,
model-based workflow.

This work illustrates how biomedical imaging, computational modeling, and AlI/ML can be integrated to
address clinically relevant challenges in reconstructive surgery, with the potential to improve surgical
precision, standardize outcome assessment, and enhance patient-centered care.
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