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OBJECTIVE 
 

Extravehicular activity (EVA) is a critical and complex aspect of human spaceflight missions. To prepare for 

safe and successful execution of the required tasks, astronauts undergo extensive training in the Neutral 

Buoyancy Lab (NBL), which involves many hours of performing repetitive motions at various orientations, all 

while wearing a pressurized spacesuit. The current U.S. spacesuit—the Extravehicular Mobility Unit (EMU)—

is pressurized to 29.6 kPa (4.3 psi) and requires astronauts to exert a substantial amount of energy in order to 

move the suit into a desired position.  The pressurization of the suit therefore limits human mobility, causes 

discomfort, and leads to a variety of contact and strain injuries. This research focuses on two particular areas of 

EVA injury: the knee and the shoulder.  
 

As is typical of limb joint injuries, knee injuries can be caused by rubbing against the soft goods of the suit or 

the development of high muscle forces during flexion/extension of the joint. Shoulder injuries are one of the 

most severe injuries that astronauts contend with, and are mainly attributed to the EMU’s hard upper torso 

(HUT). The HUT not only restricts shoulder mobility but can also cause injuries when astronauts are oriented 

in such a way that they must support their body weight against the HUT. The potential for such injuries is of 

particular concern during NBL training when in the inverted position as well as when donning and doffing the 

EMU. While suit-related injuries have been observed for many years and some basic countermeasures have 

been implemented, there is still a lack of understanding of how humans move within the spacesuit. The 

objective of this research is therefore to gain a greater understanding of this human-spacesuit interaction by 1) 

using a new musculoskeletal modeling framework and 2) performing statistical analysis to relate 

anthropometry, spacesuit components, and training time to injury. 
 

MUSCULOSKELETAL MODELING 
 

A new musculoskeletal modeling framework is developed in OpenSim—an open-source platform (Stanford, 

CA)—to analyze the aforementioned human-spacesuit interaction and musculoskeletal performance during 

EVA. Analysis is performed on the EMU as well as NASA’s Mark III spacesuit, which is designed for 

enhanced mobility.  In the model, the effect of the spacesuit on the human body is represented by external 

torques, as determined from experimental data. The muscle forces that arise during knee flexion/extension are 

calculated for both the suited and unsuited cases, and subsequent results suggest that the maximum force 

exerted during knee flexion is lowest in the unsuited condition and highest in the EMU-suited condition. While 

the Mark III-suited condition has a lower peak force than the EMU-suited condition, it is still a substantial 

increase from the unsuited condition. The knee-flexor muscles found to have the largest increase in peak force 

from unsuited to suited conditions are the biceps femoris long head (BFL), the gastrocnemius (GM), and the 

gracilis (GL). The knee-extensor muscles do not show significant changes from the unsuited to suited 

conditions. The implications of this model are used to quantify musculoskeletal performance of astronauts 

during EVA and to assess their susceptibility to injury. 
 

STATISTICAL ANALYSIS OF INJURIES 
 

We perform a statistical analysis to relate anthropometry, spacesuit HUT components, and training time to 

shoulder injury. A new database was compiled by NASA personnel at the Longitudinal Study on Astronaut 

Health (LSAH), which is the most comprehensive database of this nature and includes three major 

components: anthropometric measurements, training record, and the injury record. Data mining techniques are 

used to find correlations between these factors in an attempt to identify causal mechanisms and predict future 

injury. We present our initial work on grouping the data and identifying relevant metrics to capture various 

aspects of the problem, which includes guidelines for how we identified the most relevant reported shoulder 

injury. We present our preliminary results and outline our methodology for future analysis.  
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