Class Notes for Physiology of Acceleration

Newton’s third law states that to every action there is an equal and opposite reaction.  Thus when a force is applied to a body it is resisted by an equal and opposite force, which is termed the force of inertia.  For example, when an aircraft accelerates forwards it is the inertial force that forces the pilot back into his seat.  In every case in which man is accelerated (except the gravitational attraction of the Earth), the sensation of increased weight and the redistribution of the blood and displacement of organs occur in the direction of the inertial force.  

Physiologic studies of sustained acceleration require a standardized method of identifying the position of the subject relative to the G vector.  Therefore, the following nomenclature has been agreed upon internationally (each axis has a + and - direction):

The longitudinal axis, parallel to the spine of the body, is denoted z.

The lateral axis, left and right, is denoted y.

The horizontal axis, front and back, is denoted x.

The applied acceleration and the resultant inertial force always act in opposite directions.  For example, upwards acceleration, which might occur when pulling up out of a dive, results in +gz acceleration upwards towards the head and an inertial +Gz force towards the feet.  The +Gz inertial force, also referred to as “eyeballs down”, forces blood from the head towards the feet.

Exposure to +Gz forces can cause decreased retinal and central nervous system perfusion and lead to loss of vision and G-Induced Loss of Consciousness (G-LOC).  In general, each +Gz costs 22-25 mmHg of eye-level blood pressure.

At lower levels of acceleration, visual acuity is reduced and there is loss of peripheral vision with retention of central vision - this condition is termed 'grey-out'.  

The total incapacitation associated with a G-LOC episode can be divided into two periods, absolute incapacitation and relative incapacitation, with each period lasting an average of 12-15 seconds.  Convulsions commonly occur while the individual is still unconscious and are related to the return of blood to the brain.  The G-LOC syndrome is also frequently associated with a short period of amnesia.  Thus, the individual may not recognize or remember that a G-LOC episode has occurred.

When an individual is exposed to increasing +Gz forces, he/she will have a reduced cardiac output and a drop in blood pressure.  The drop in pressure is registered at the carotid sinuses and the aortic arch and results in a compensatory reflex.  The reflex results in a sympathetic discharge and subsequent increase in heart rate, vasoconstriction, venoconstriction, and an increase in cardiac contractile forces.  These changes increase the blood pressure and thus increase blood flow to the head.  The reflex can increase G tolerance by about 1 G.  

The standard CSU-13B/P G-suit is a five bladder suit which allows for good comfort and mobility while enhancing G protection by 1-1.5 Gs. 

The primary means of protection against a G-LOC is the anti-G straining maneuver (AGSM).  The AGSM is a forced exhalation against a closed glottis, while tensing leg, arm, and stomach muscles.  The muscular strain is maintained throughout the G exposure while the forced exhalation is released every 3 seconds to allow for a very rapid exhalation/inhalation (this should take approximately one-half second).  During the exchange of air, the blood pressure drops quickly but venous blood has the chance to return to the heart.


While the AGSM is very effective, it is also very fatiguing.  Consequently, the USAF has introduced positive pressure breathing for G (PBG) as a means of increasing G protection.  The PBG increases the blood pressure to help drive blood up to the brain during high G exposure, and help reduce the level of effort required in the AGSM.  The USAF system used to deliver PBG is called COMBAT EDGE.


The following addresses common problems with the AGSM:

Problem: starting the AGSM after the onset of G - ideally, begin just prior to aircraft loading

Problem: failing to maintain the AGSM when G is decreasing 
- gradually decrease the intensity of the AGSM as G load returns to 1G

Problem: failing to generate an adequate muscle strain - tense all leg, butt, & abdominal muscles
Problem: failing to maintain chest pressure (loss of air) - caused by talking, groaning, sealing lips rather than throat (as air leaks chest pressure drops, and blood pressure drops)

Block the air in the back of the throat by closing the glottis effectively.

Problem: not holding breath required 3.0 seconds - insufficient chest pressure generated

Problem: holding breath longer than 3.0 seconds - impedes return of blood to chest, heart has nothing to pump
Problem: taking too long to complete exhalation or inhalation - blood pressure drops rapidly during breathing cycle; total time for the breathing cycle should be 0.5 second; No need to exchange a full breath - maximum 30% of lung volume

Problem: exhaling too much air while under G - reduces ability to develop chest pressure; may shorten the breath hold time

Problem: over straining at low G levels - produces unnecessary fatigue; once a good AGSM is initiated (vision is maintained), adapt the intensity to the G-load

Self-imposed stresses such as skipping meals, inadequate rest, excessive drinking, dehydration, flying while ill, and self-medicating can reduce G-tolerance.  For example, a 3% dehydration level can cause a 50% reduction in +Gz endurance.

