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Task Description:

There are many factors that may contribute to the deconditioning that occurs during long-term microgravity exposure.
Countermeasures hardware limitations, suboptimal exercise programming, and alterations in gait biomechanics may all
contribute to physiological losses. During the NASA International Space Station Exercise Prescription Workshop in
October 2008, internal and external experts identified a need to better quantify specific physiological responses to
exercise in microgravity. Knowledge of resistance exercise biomechanics while on ISS will provide insight as to why
bone, muscle and cardiovascular health are lost during long duration spaceflight. 
There have been no rigorous evaluations of locomotion biomechanics during exercise in microgravity on the ISS. The
installation of the Second-Generation Treadmill (T2) on the ISS will allow the measurement of ground reaction forces
(GRF) during exercise. Quantification of these forces is vital to understanding the musculoskeletal benefits of treadmill
exercise. GRF data used in combination of joint motion data obtained from video can be used to quantify the joint
torques that occur during exercise, which will give critical information regarding exercise efficacy. It is probable that
variables such as speed, external load (EL) applied to the waist-shoulder harness, and vibration-isolation affect
locomotive biomechanics, which could influence exercise prescription efficacy. The objective of this evaluation is to
collect biomechanical data from crewmembers during treadmill exercise prior to and during flight. The goal is to
determine if locomotive biomechanics differ between normal and microgravity environments and to determine what
combination of subject load and speed optimizes joint loading during in-flight treadmill exercise. 

Up to 6 crewmembers will be assessed during nominal exercise sessions on the T2 during long duration ISS mission.
Data will be collected from up to 6 sessions per crew member, space approximately 30 days apart. Video data will be
collected using a standard high-definition video camera, and GRF data will be collected directly from the T2. Data will
be downlinked from ISS for post processing. Video will be digitized and joint position throughout exercise will be
determined using a two-dimensional direct linear transformation analysis. Position data will be used to determine joint
kinematics, and position data will be used with GRF data in an inverse dynamic analysis to determine joint torques.
Prior to flight, video and GRF data will be collected in the lab for use in comparisons between gravitational levels. 

The data will be used to determine if locomotive biomechanics differ between microgravity and normal gravity. The
data will also be used to determine how differences in speed, EL, and the interaction of speed and EL affect locomotive
biomechanics. Obtaining these data will help to determine if specific speed and EL conditions exist that maximize joint
torques, and thus increase exercise efficacy. 

  

Rationale for HRP Directed Research:
This research is directed because it contains highly constrained research, which requires focused and constrained data
gathering and analysis that is more appropriately obtained through a non-competitive proposal. 
  

Research Impact/Earth Benefits:
The primary intent of this activity is to create an operational benefit for crewmember exercise prescriptions. The
techniques used to collect and assess data are those typically used during Earth-based evaluations. There are no direct
benefits to life on Earth, but there are substantial benefits for crewmembers. 
  

Task Progress:

As of July 14, 2011, 9 crewmembers have consented to participate in the evaluation, and 8 baseline data collection
(BDC) sessions have occurred. BDC sessions include procedure training for the inflight portion of the investigation, and
biomechanical data collection. During the biomechanical data collection, motion capture and ground reaction force data
are collected as each subject walks and runs on a force-measuring treadmill. Data are collected at speeds ranging from
1.5 to 9.5 mph in 0.5 mph increments. Subjects walk at speeds of 4.0 mph and less, and run at speeds of 5.0 and greater.
At 4.5 mph, subjects perform both a walking and a running trial. Trial duration is 15 seconds. Before each data
collection session, the crewmember and investigator discuss the probable exercise program to be used on the ISS to
determine if the maximum testing speed should be decreased. 
Motion capture data are collected by a 12 camera motion capture system at 250 Hz, and ground reaction force data are
collected by dual force plates built into the treadmill at 1000 Hz. Data are collected simultaneously by a single
workstation. To date, none of the processing of the BDC data has been completed for any crewmembers. 

Three crewmembers have completed inflight data collection sessions. One crewmember has completed three of six total
sessions, and two crewmembers have completed one of six sessions. Inflight data collection includes standard
hi-definition videography and ground reaction force recording. Ground reaction force data are collected by the treadmill
as part of standard exercise data collection. The first two sessions for each crewmember are monitored in real time at the
TeleScience Center at JSC Mission Control. After each session, video and treadmill data are downlinked and collected
by the PI. To date, inflight video has been examined for integrity, but has not been processed. 
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