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Abstract

Reconstructive plastic surgery is a cornerstone of modern surgical care, dedicated to restoring form
and function after trauma, oncologic resection, congenital anomalies, and infection. Beyond cosmesis, the
field plays a central role in trauma management and complex defect reconstruction, with the American
Society of Plastic Surgeons reporting over one million reconstructive procedures performed annually in the
United States. Grounded in the principles of tissue repair—restoration of vascular supply, preservation
of nerve function, and optimization of wound healing—the specialty has pioneered techniques such as
microsurgery, myocutaneous flaps, negative pressure wound therapy, skin grafting, tissue flaps, tissue
expanders, many of which form the foundation of modern wound care.

As human spaceflight expands through programs led by NASA and commercial partners, these re-
constructive principles gain new relevance in microgravity. Although most surgical research in space has
been limited to animal models and parabolic flight simulations, scientists and physicians alike are ac-
tively researching ways to make operation in microgravity possible. This push for surgical capabilities
in space is driven by the increasing likelihood of traumatic injury during long-duration missions with
increasing commercial ventures into microgravity. Penetrating and crush injuries represent recognized
risks, while hemorrhage and infection remain major concerns. Importantly, microgravity-induced fluid
shifts, endothelial and microvascular dysfunction, as well as radiation-related immune suppression may
impair wound healing and tissue repair. Collectively, these physiologic alterations raise important ques-
tions regarding the reliability and efficacy of current reconstructive surgical standards should emergent
or elective intervention be required beyond Earth.

Integrating reconstructive principles into space medicine research presents a timely opportunity to
proactively develop innovative solutions for tissue repair in resource-limited, physiologically altered en-
vironments—recognizing that the reality of surgery in space is approaching rapidly. In addition to the
expertise of trauma surgeons and emergency medicine personnel, future long-duration missions and deep-
space exploration will require not only emergent operative management, but also sophisticated strategies
for tissue preservation, vascular repair, complex wound reconstruction and one day, potentially even cosme-
sis. Therefore, this review aims to explore the most utilized techniques in plastic surgery for complex
wound closure and repair and describe potential barriers to their application in microgravity.



