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Lunar missions will expose astronauts to continuous hypogravity and bouts of strenuous physical exertion. Accidental
fractures during missions could present a commander with a potentially life-threatening situation and a serious reduction
in team effectiveness. Thus, the scope and extent of bone healing in a space environment needs to be investigated, as
well as the development of countermeasures to augment bone healing responses. The healing of fibular fractures in rats
during actual spaceflight or under simulated hypogravity conditions is deemed to be impaired. This project continues a
previous NSBRI project which found that fibular healing in tail-suspended rats was delayed leading to a significant
number of non-unions and was associated with a substantially reduced number of marrow-derived osteoprogenitor cells
providing a partial explanation for impaired healing. Also, bone anabolic drugs decreased the incidence of fibular
non-unions and improved the number of osteoprogenitor cells. Altogether, this suggests that fracture healing in space is
not Earth normal and provides the rationale to further investigate whether impairment of fibular fracture healing would
extend to more clinically relevant femoral fractures. Our global hypothesis is that long-duration hypogravity impairs
fracture healing.

Objectives

1. Determine the scope and extent of femoral fracture healing impairment.
2. Determine the underlying biological causes of the impairment.
3. Develop countermeasures to prevent fracture healing impairment.

4. Determine whether current Earth-based clinical procedures will reverse severely delayed fracture healing situations
resulting from hypogravity.

Tail-suspended rats will undergo closed femoral fractures and healing will be assessed using: micro-CT bone imaging to
evaluate hard callus structure; hard callus strength via torsion testing; callus tissue composition using histomorphometry;
colony forming unit assessments of marrow-derived osteoprogenitor cell numbers; and measurements of osteoinductive
and angiogenic factor expression during early healing periods.

New project for FY2008.
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