
Printing:
This poster is 48” wide by 36” high. 
It’s designed to be printed on a 
large

Customizing the Content:
The placeholders in this 
formatted for you. 
placeholders to add text, or click 
an icon to add a table, chart, 
SmartArt graphic, picture or 
multimedia file.

T
from text, just click the Bullets 
button on the Home tab.

If you need more placeholders for 
titles, 
make a copy of what you need and 
drag it into place. PowerPoint’s 
Smart Guides will help you align it 
with everything else.

Want to use your own pictures 
instead of ours? No problem! Just 
right
Change Picture. Maintain the 
proportion of pictures as you resize 
by dragging a corner.

Computational Modeling of Space Physiology
Beth E. Lewandowski and DeVon W. Griffin, NASA Glenn Research Center, Cleveland, OH 44135

BACKGROUND
The NASA Digital Astronaut Project (DAP) develops and 
implements well-vetted computational models to predict and 
assess spaceflight health and performance risks and enhance 
countermeasure development

DAP performs computational modeling in the following areas:

• Biomechanical modeling of spaceflight exercise devices

• Changes in bone mineral density and bone fracture probability

• Muscle atrophy and changes in muscle performance

• A lumped-parameter model of the cardiovascular system

• Ocular modeling of the visual impairment and intracranial 
pressure syndrome

BIOMECHANICAL MODELS

MUSCULOSKELETAL MODELING CARDIOVASCULAR MODELING

REFERENCES

Biomechanical modeling is used to inform exercise device 
requirements and validation for exploration class vehicles [1,2]

Biomechanical data collected on Earth and in microgravity during 
parabolic flight are used as input to the biomechanical models

Joint torques and muscle 
forces are values that 
cannot be measured 
empirically and are 
therefore calculated  
with these models

Predictions of pre-, in- and post-flight bone fracture probability 
inform spaceflight bone fracture risk and drive countermeasure 
requirements [5]

A key element of the bone 
physiology model is prediction 
of changes in volumetric bone 
mineral density during disuse 
deconditioning and resulting 
from mechanical stimulus [3,4]

The bone models rely on pre- and post-flight astronaut bone 
mineral density measurements for model validation

A lumped-parameter 
cardiovascular model, 
based on an existing model 
[6], calculates 
compartment volumes, 
pressures and blood flows 
resulting from a change in 
volume or posture and are 
used as initial values and 
boundary conditions 
within ocular models [7,8] 

A four-compartment model of the eye 
quantifies volume, pressure and 
aqueous flow changes in the eye during 
gravitational changes [7]. Cardiovascular 
and ocular modeling are used to inform 
hypotheses about the visual impairment 
and intracranial pressure syndrome 
observed as a result of spaceflight. 

Integration of biomechanical models with bone and muscle space 
physiology models will allow for prediction of countermeasure 
efficacy

CARDIOVASCULAR  MODELING

OCULAR MODELING

This modeling relies on pre- and post-
flight ocular imaging for model 
development and validation [9]
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