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POSTDOCTORAL FELLOWSHIP

The proposed project addresses the short-coming in musculoskeletal maintenance by examining the current ISS exercise
protocols through computer simulation. Specifically, this model will be used to characterize how ARED-like exercises
impact hip joint contact forces with the LifeMOD/MD Adams biomechanics simulation software. The hip is a region of
the skeleton that experiences the greatest loss in bone mineral density (1.2-1.5%/month) and strength during
long-duration missions in microgravity.

This study aims to examine why current exercise countermeasures are not sufficiently maintaining bone health and to
characterize the hip loading forces during ARED-like exercise. Characterizing the hip forces experienced during ISS
exercise protocols assigned to crews will provide a baseline from which to adjust exercises to better protect the hip.
Ultimately the study will result in a recommendation of more efficacious exercise protocols with the goal of increasing
loading forces to better protect the hip joint based on computer simulations. In addition to ISS exercise, an examination
of similar exercises in reduced gravity environments will also be performed.

The project has three specific aims:
Aim 1: Characterize the hip joint contact forces that result during ARED-like exercise through computer simulation.

Aim 2: Examine how the use of gravity replacement loads affect hip joint forces in microgravity and partial gravity
environments.

Aim 3: Perform a sensitivity analysis to examine and optimize the contributions of muscle forces to joint forces.

The proposed project fulfills the following anticipated deliverables from the Musculoskeletal Alterations Team at
NSBRI: 1) Ground-based simulation of on-orbit exercise devices; 2) Specific exercise prescriptions tailored to individual
astronauts; 3) Designing improved exercise devices. Additionally, gender specific models can be developed to address
the questions of gender specific effects of bone loss and exercise countermeasures outlined throughout the Human
Research Program's Integrated Research Plan.

While this work is focused on maintaining bone health in reduced gravity environments and reducing the risk of
fracture when exploring new terrain on distant planetary surfaces, there is a direct benefit to the patient population
afflicted with osteoporosis, sarcopenia, and musculoskeletal injury here on Earth. The computer models developed in
this project will help to provide input to develop more effective bone strengthening exercises, particularly targeting the
hip joint, for these at-risk populations. The exercises being modeled in this project can be replicated using exercise
equipment found in a strength training facility or even in a home setting, and subject specific simulation can be derived.
Methods used to optimize muscle recruitment patterns to develop high fidelity musculoskeletal simulations will directly
benefit Earth-based modeling efforts. The computer models may also be a useful tool for clinicians to demonstrate to
their patients the benefits of performing specific exercises targeted at strengthening individual joints and muscle groups.

The specific aims of this project include: Aim 1: Characterize the hip joint contact forces that result during ARED-like
exercise through computer simulation. Aim 2: Examine how the use of gravity replacement loads affect hip joint forces
in microgravity and partial gravity environments. Aim 3: Perform a sensitivity analysis to examine and optimize the
contributions of muscle forces to joint forces.

Four milestones were outlined in the proposal:

MILESTONE 1 - Hip Joint Contact Force Model of ARED-like Activity.
MILESTONE 2 - Model Validation and Optimization.

MILESTONE 3 — Recommend Enhanced Exercise Program.

MILESTONE 4 - Apply for Funding to Launch Independent Research Program.

Each aim has been addressed in the initial development of the LifeMod simulations in Year 1 of the project. Milestones
1 & 2 have been met for simulation of the squat exercise. An application to the University of Washington Internal
Review Board for the use of human subjects has recently been approved. This will allow for additional data collection to
continue modeling ARED-like exercises as originally proposed. Specifically, hip abduction, hip adduction, single legged
squat, dead-lift, and heel raises will be examined. These future ARED exercise models will be optimized using the
combinatorial and Monte Carlo methods developed in the initial simulations. A final report with recommendations for
an enhanced exercise program on the ARED will be submitted at the completion of the project. In the last year, the
trainee submitted a grant proposal to initiate independent research and received a strong evaluation and score of 82, but
was not recommended for funding. The concerns of the reviewers were addressed and a resubmission of the grant
proposal was recently submitted. The trainee is a co-investigator on a successful institutional research award granted
through the Coulter Translation Research Foundation. The trainee has participated in professional growth and academic
career enhancement seminars offered through the Institute of Translation Health Sciences, the UW Postdoctoral
Association, and an Academic Careers Workshop series offered through the UW Career Center. Additionally, the trainee
has organized and participated in STEM outreach activities in the greater Seattle area and remotely co-presented on
Outreach and Mentoring during the NSBRI Summer Institute.
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