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POSTDOCTORAL FELLOWSHIP
Original Aims

Aim 1: Further develop the image analysis technology for assessing changes to mouse knee joint soft tissue with
microCT, including cartilage, meniscus, ligaments, and tendons.

Aim 2: Assess whole-joint changes in the knee, including bone and soft tissues, from both unloading and reloading
using the established hindlimb unloading (HLU) model. This will be accomplished with two studies:

Aim 2a: Study the effects of hindlimb unloading (HLU) on integrated joint properties, mimicking the STS-135 Space
Shuttle flight profile. Hypothesis: Degradation of bone strength, as assessed by computational finite element analysis
(FEA), will be similar to that observed in mice flown on STS-135 (13-days of unloading). Similarly, degradation of
meniscus volume and density will also be observed with few changes in tendon and ligaments.

Aim 2b: Study the effects of longer-term unloading followed by reloading on whole-joint structural and functional
properties. Hypothesis: Longer periods of unloading cause greater degradation in bone volume and strength, as well as
larger changes in the connective soft tissues. There will be limited recovery after 4-weeks of reloading.

Key Findings

STS-135 Data Results from the HLU study had similar overall trends that were observed in spaceflight. One major
difference is that while both HLU and spaceflight caused a 17% decline in proximal tibia bone volume, HLU caused a
22% decline in bone strength, compared to the 34% decline from spaceflight.

Impact of Key Findings

FEA of the proximal femur suggest that we reconsider the boundary conditions used in the mechanical testing of femoral
neck strength for future studies. Mechanical loading of the femoral head must consider the lower density bone regions
of the femoral head when attempting to characterize the strength of the femoral neck. The findings from FEA of the
Lumbar vertebrae shed some insight to the difference gravitational unloading has between weight bearing (femur, tibia)
and the non-weight bearing L5 vertebrae. Further investigation should consider the differences in bone morphology and
how that affects the individual bone's relationship between bone volume, structure, and bone stiffness. The comparison
between the spaceflight and HLU study suggests that the established HLU animal model may not be a good
representation of the loss of bone strength experienced during spaceflight. The HLU model does not result in the same
decline in bone structural efficiency observed in spaceflight, which is hypothesized to be an indicator of the ability to
recover upon reloading. Therefore, we have decided not to move forward with a longer duration HLU study, but analyze
bone changes from spaceflight on mice flown on SpaceX-4. The FE modeling provides a more detailed assessment of
bone health compared to the traditional microCT analysis and should be considered in future assessments of bone
quality. The finding of bone loss and identification of rapid joint soft-tissue mineralization has implications to
osteoarthritic degradation following joint injury and inflammation.

Proposed research plan for the coming year

Over the past two years, | have developed a framework that provides new detailed information about bone health at
multiple skeletal sites. The unique changes caused by spaceflight in bone structural efficiency are an area for future
research. In collaboration with CASIS (Center for the Advancement of Science in Space) and the pharmaceutical
company Novartis, Dr. Bateman's Lab will receive hind limbs and animal carcasses from the Rodent Research-1 project
flown on the SpaceX-4 flight. This will be the first study to fly mice for the longer duration of 30 days. This will be an
excellent opportunity to use all the developed assays to look at skeletal degeneration from longer term spaceflight. In
addition to microstructural bone strength analysis with FE modeling, we plan on investigating changes of bone material
properties at the tissue level from the longer exposure to microgravity with micro/nano indentation.

The microCT and computational modeling provide important information about bone strength changes in the femoral
neck and proximal tibia in the Hind Limb Unloading (HLU) mouse animal model. The differences in skeletal changes
between the HLU model and spaceflight should be considered for future studies. Both spaceflight and HLU caused
similar declines in bone volume, but different declines in bone strength and structural efficiency. The comparison
between these two studies shows the deficiency in our current clinical assessments of bone health, which only measures
bone density (or bone volume). The computational methods developed in these studies can be translated to assess
humans as non-invasive clinical imaging improves. Developing these relationships between bone density and
corresponding bone strength in the HLU model can provide information to help studies of humans on Earth undergoing
disuse, such as during bed rest.

This past year, we performed finite element modeling at the proximal tibia and femoral neck skeletal sites for mice
undergoing 13-days of hind limb unloading (HLU), and evaluated the performance of a sclerostin-antibody
countermeasure in this disuse model. These findings were compared to results from mice flown on Space Shuttle
Mission STS-135 for 13 days, which also had a sclerostin-antibody countermeasure. Major differences between HLU
and spaceflight were seen at the proximal tibia location. Both 13-days of HLU and spaceflight caused a similar decline
in bone volume. However, Spaceflight caused a greater loss of bone strength compared to HLU. In addition, spaceflight
caused a much larger decline in bone structural efficiency compared to HLU.

Post-Doctoral Training: In addition to research this past year, I participated in the science outreach, undergraduate
student mentoring, and teaching. For community outreach, I led and coordinated our lab's research exhibit at UNC's
(University of North Carolina) Science Expo during the North Carolina Science Festival. This year, we developed a
Space Radiation Game Exhibit where children could play a game throwing BBs at a toy astronaut and mouse in space
and learn about the dangers of space radiation. I also mentored three undergraduate research students over the past year.
The first was an undergraduate BME (Biomedical Engineering) student from UNC who worked with me during the
spring and summer on a research project. She graduated and returned to the lab as a graduate student for the fall. The
second student worked in our lab during the summer through the Meredith Cooperative Research Program. For this
program, I submitted a project proposal which was selected and matched to a student from Meredith College. The
purpose of this program is to allow their students, who are at a small, womens teaching university, to participate in
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research at a larger institution. This was the same student from last year, who continued to work in the lab during the
academic year, and returned to the lab in the summer full time. The 3rd student is one of the BME department's Lucas
Scholars, who joined the lab in the fall of 2013 and worked in the lab during the spring, summer, and fall of 2014. I
have also taken the opportunity to gain teaching experience at the undergraduate and graduate level this past year
through the Joint Department of Biomedical Engineering at UNC. In the spring, I was a co-instructor for the
biomechanics course with Dr. Ted Bateman at UNC Chapel Hill and expanded my experimental biomechanics module
to teach about 4 weeks of the course.
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