




What my parents think I do.
What my friends think I do.

What my kids think I do.

What the government 
thinks I do.

What I think I do.

What I actually do.





Undergrad Medical
School

Primary 
Residency

Aerospace 
Medicine

NASA FS Training
Classroom / CBT / Documents / OJT / Sims



Radiation

Nutrition

Clinical Consultants

Toxicology

IP Counterparts
Microbiology

ASCRs

Physiology
Payloads

Acoustics

Behavioral Health &
Performance

“Nuts and bolts” “Blood and guts”



Spaceflight Mission

Spacecraft Environment
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image from NASA/HST





http://sohowww.nascom.nasa.gov/gallery/images/magfield.html
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Coronal Holes
• Magnetic Field Open to 

Space 
• Continuous release of energy
• May cause geomagnetic 

disturbances

images from SOHO/NASA
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Image taken from sohowww.nascom.nasa.gov
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SAALow Cut-off Zones Low Cut-off ZonesMir TEPC data
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Typical Dose 
(rem)

Round-trip NY to London / Chest x-ray (1 film) 0.01
Natural background radiation per year 0.3
CT scan 3-10
Typical mission dose on ISS 10-15
Estimated dose for 3-yr Mars mission 100-150
Atomic bomb survivors Up to 400
Human LD50, no medical intervention 350-550
Human LD50, with medical intervention 500-1000
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US ISS Active Radiation Monitors

IV-TEPC, Intra-vehicular tissue 
equivalent proportional counter – New 
– two detector volumes 

EV-CPDS, Extra-vehicular Charged 
Particle Directional Spectrometer –
Located on STBD side of S-0 truss –
Zenith rail.  Apertures are forward, 
behind and Zth

TEPC, tissue equivalent 
proportional counter

Top in lab with a piece of poly 
shielding to be used in the 
crew quarter.  

Second is detector 

third is spectrometer box







“Weightlessness is often misrepresented as a physiologically challenging 
condition but is more accurately described as an absence of  the accustomed 
physiological challenges with respect to the gravity vector” 

– Barratt & Pool, Principles of  Clinical Medicine for Space Flight



Location Gravity due to Total

Earth Sun Rest of  Milky
Way

Earth’s Surface
9.81 m/s2 6 mm/s2 200 pm/s2 = 

6 mm/s/yr
9.81 m/s2

Low Earth Orbit 
(ISS) 9 m/s2 6 mm/s2 200 pm/s2 9 m/s2

200,000 km from 
Earth

10 mm/s2 6 mm/s2 200 pm/s2 up to 12 mm/s2

6 million km 
from Earth

10 μm/s2 6 mm/s2 200 pm/s2 6 mm/s2

3.7 billion km 
from Earth

29 pm/s2 10 μm/s2 200 pm/s2 10 μm/s2

Voyager 1 (17 
billion km from 
Earth)

1 pm/s2 500 nm/s2 200 pm/s2 500 nm/s2

0.1 light-years 
from Earth

400 am/s2 200 pm/s2 200 pm/s2 up to 400 pm/s2













GRAVITY DEPENDENT GRAVITY DEPENDENT

BRAIN

INNER EARS
Linear acceleration

Angular acceleration

EYES
Vision

SPINAL / PERIPHERAL 
NERVOUS SYSTEM
Proprioception (body 

position and movement)
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Lujan and White (1995)

Upon return to Earth, 
gravity again pulls the 
fluid downward, but 
there is not enough 
fluid to function 
normally on Earth.

On Earth, gravity 
exerts a downward 
force to keep fluids 
flowing to the lower 
body. 

In space, the fluid tends to 
redistribute toward the chest and 
upper body. At this point, the 
body detects a “flood” in and 
around the heart. 

The body rids itself  of  
this perceived “excess” 
fluid (~10%). The body 
functions with less fluid 
and the heart returns to a 
smaller size.





Shortly after reaching orbit:

• Leg volume decreases by ~1 L per leg

• Forehead tissue thickness increases by ~7% compared to preflight 
supine control



http://humanreseaQrchroadmap.nasa.gov/Evidence/reports/Aerobic.pdf





GRAVITY DEPENDENT

BONE REMODELING

OSTEOCLASTS

(resorb bone)

OSTEOBLASTS

(build bone)



Post-flight changes in bone density compared to preflight



Kidney stones

Fractures



2.5 hours of exercise scheduled daily

Neurovestibular 

Cardiovascular  

Musculoskeletal   

T2
(Treadmill 2)

CEVIS
(Cycle Ergometer with 
Vibration Isolation & 

Stabilization)

ARED
(Advanced Resistive 

Exercise Device)







StationLife: Eye-Opening Science 
https://youtu.be/2hT-CRevst4



















NORMAL LUNG TISSUE EBULLISM







• Preflight medical 
evaluations 

• Crew training
• Health Stabilization 

Program
• Launch support

• MCC/on-call
• Mission management 
• Private conferences
• Health and fitness 

evaluations
• On-orbit medical 

testing

• Landing support
• Direct Return
• Postflight medical 

evaluations
• Postflight 

reconditioning





Vision Testing

Fundoscopy

Optical Coherence Tomography (OCT)

Tonometry

Ultrasound













“Hot spots”

Fingernail delamination

Shoulder injuries











Austere landing environment
on the plains of  Kazakhstan
















Inclination Orbit Type Diagram
0o or 180o Equatorial

90o Polar

0o<I<90o Direct 
(Prograde)

90o<I<180o Indirect 
(Retrograde)
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Solar Particle Events

images from SOHO/NASAHorizontal lines (red & green)
are alarm/action levels



Annual and 30 day limits serve to protect against 
deterministic effects



http://srag.jsc.nasa.gov/SpaceRadiation/Why/Why.cfm





ISS Solar Energetic Particle Events
All Cycle 23 and 24 Events that meet Operational Coverage Criteria

Energetic SEP:  >100 MeV protons @ >1 particle flux unit
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Mission Orbit Type Semi-major 
axis

Period Inclination Other

-Communications
-Early Warning
-Nuclear Detection

Geostationary 42,158 km 24 hr ~0o e≈0

-Remote Sensing Sun-
synchronous

~6500-7300 km ~90min ~95o e≈0

-Navigation
-GPS

Semi-
synchronous

26,610 km 12 hr 55o e≈0

-Space Shuttle Low-Earth 
Orbit

~6700 km ~90min 28.5o – 57o e≈0

-Communications
-Intelligence

Molniya 26,571 km 12 hr 63.4o ω=270o

e=0.7o
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Protons

Protons enter at low cut-off zones
These zones get larger (extend equator-ward) during geomagnetic storms

Effects at Earth
Difference plot highlighting the 
additional exposure from an SPE 
(normal background removed)
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