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Task Description:

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 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 

Analysis of the proximal tibia from skeletally mature mice flown on SPX-4, Rodent Research-1, found that ~21 days of
spaceflight resulted in a decline in trabecular bone volume fraction (-45%) and total bone volume (-20% for combined
cortical and trabecular bone) in the proximal tibia. Finite Element modeling of this region found this corresponded to a
decline in compressive structural stiffness (-28%) which corresponded to a 12% decline in bone structural efficiency.
Separation of the cortical and trabecular bone compartments found the majority of loss in the bone strength was in the
cortical compartment. These findings are consistent with those observed from FE Analysis of the mouse proximal tibia
from STS-135 as well as the complementary Hind Limb Unloading study, which were both previously reported. 

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 

The use of skeletally mature mice and having the mice sacrificed while in orbit reduce the confounding factors of
reloading as well as skeletal growth of the animal during the study. Thus, the majority of the observed decline in bone
can be attributed to the microgravity conditions, with some possible loss due to aging. Even in skeletally mature mice
(32 weeks old), the 21 days of spaceflight caused a decline in proximal tibia structural efficiency. Using older mice
could better model spaceflight related bone loss in astronauts, as the average astronaut has achieved skeletal maturity.
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. 

Proposed research plan for the coming year 

While the post-doctoral fellowship has ended, Dr. Lau is planning on applying the computational techniques developed
over the past 3 years in a collaboration with Dr. Jeff Willey at Wake Forest to look at bone strength changes in some of
his animal studies. 

  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:

Research Impact: MicroCT and computational modeling provide important information about bone strength changes
beyond that of traditional bone density and microCT bone morphometric parameters. These models found that in
skeletally mature mice, long duration spaceflight resulted in a decline bone strength which were greater than the bone
volume, resulting in a loss of bone structural efficiency. 
Earth Benefits: The techniques developed to perform a detailed analysis of bone strength changes in spaceflight are
being adapted to study human tissues. The continued development of these techniques will benefit the population on
Earth to better study bone strength changes in pathological bone diseases. 

  

Task Progress:

This past year, we performed finite element modeling at the proximal tibia skeletal site for mice undergoing 21-days of
spaceflight on SPX-4. Unlike the previous two studies, which used young mice, these were skeletally mature mice,
which reduce any confounding effects of the animals still growing during the study. These findings were compared to
results from mice flown on Space Shuttle Mission STS-135 for 13 days as well as the parallel HLU study (13-days). 
Post-Doctoral Training: In addition to research this past year, I participated in science outreach, undergraduate and
graduate student mentoring, and teaching. For community outreach, I was a Judge for the NC Science and Engineering
Fair, a presenter at the Creekside Elementary School Science Night, and also participated in our Lab's exhibit booth at
the UNC Science Expo. I mentored one graduate student, who was previously my undergraduate research student that
graduated and returned to the lab for her PhD. I also mentored 4 undergraduate research students. Two of these were
previous research students, who was a Biology Student from Meredith College and the BME Lucas Scholar, who
performed her Honor's Thesis Project with me. The first of the new research students was a BME major, who joined the
lab in the Fall Semester of 2014. The 2nd research student was a Biology Major from UNC and joined the lab in the Fall
semester of 2014. I also took the opportunity to gain additional teaching experience through the Joint Department of
Biomedical Engineering at UNC. In the Spring of 2015, I was a co-instructor of the biomechanics course with Dr. Ted
Bateman. My experimental biomechanics module was about 4 weeks of the course. I have completed my post-doc and
am now an Assistant Professor of Biomedical Engineering at the College of New Jersey. 
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