
Mark A. Lowry~ 1 M.D.; Paul E M. Mellen, 2 M.D.; and 
Victor W. Weedn, 3 M.D., J.D. 

Ejection Seat Aircraft Fatalities in the United 
States Military, 1966 to 1990 

REFERENCE: Lowry, M. A., Mellen, E E M., and Weedn, V. W., "Ejection Seat Aircraft 
Fatalities in the United States Military, 1966 to 1990," Journal of Forensic Sciences, JFSCA, 
Vol. 39, No. 5, September 1994, pp. 1153-1160. 

ABSTRACT: When a military jet aircraft becomes incapable of controlled powered flight, the 
aircrew has the alternative of initiating the ejection sequence. In a majority of cases the ejection 
sequence is successful in extracting the aircrew from probable death. However, in a minority 
of cases the ejected aircrewmember does not survive. We analyzed 57 autopsy cases from 1966 
to 1990 of military aircraft fatalities in which ejection was initiated. These cases were analyzed 
for injury patterns, age, rank, military branch, type of aircraft, and circumstances surrounding 
the ejection. The majority of fatalities occurred during "out-of-envelope" ejections and were 
associated with extreme whole-body trauma. Drowning fatalities were associated with relatively 
minor traumatic injury. Parachute malfunctions resulted in extreme total-body decelerative 
injuries. The remainder of the fatalities were due to man-seat separation failure, human error, 
and unfortunate circumstances. Two cases of hangman's type cervical neck fracture were 
observed during high-speed ejection. 

KEYWORDS: pathology and biology, ejection seat, aviation pathology, aircraft accident inves- 
tigation, military aviation 

Many hazards are inherent to military aviation. The evolution of ejection seat-equipped 
aircraft has allowed for the survival of hundreds of airmen who were facing death from 
an impending crash. A tremendous investment of time, money, and engineering has tran- 
spired since the first automated ejections in the 1940s [1-4]. 

The most recent generation of ejection seats are capable of multiple modes of operation, 
depending upon factors such as airspeed, aircraft attitude, and altitude at time of ejection 
[5-7]. 

The U.S. military safety centers have published survival rates of 75 to 90 percent of the 
aircrew who eject from aircraft [8-9]. Therefore, only a minority of aviators fail to survive 
once they choose to eject from a stricken aircraft. 
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The ejection sequence may vary in the many makes of ejection seats available but does 
have certain commonalities. 

Ejection seats are equipped with a lower ejection handle and depending on the make of 
the seat, may have an upper handle (Fig. 1). Once armed, briskly pulling on the handle 
will initiate ejection. After the handle is pulled, an explosive cartridge will rapidly propel 
the seat up twin rails out of the aircraft. This is followed by the ignition of a rocket motor 
that further propels the seat clear of the airframe. A small drogue parachute will then deploy 
to stabilize the seat. This extracts a larger main parachute which will then inflate. Some 
models have a ballistic spreader gun that assists this inflation. Following inflation of the 
main parachute, the ejectee will separate from the seat and descend to surface impact. 

Each make of ejection seat has individual design parameters for operation and safe 
delivery of  the crewmember to the ground and is termed "the envelope of operation." 

The primary physical parameters that determine this "envelope" are the aircraft's height 
above ground, nose attitude, bank angle, sink rate and airspeed at the time of ejection. The 
term "out of envelope" is used to designate circumstances that are beyond the performance 
capabilities of the ejection seat to operate fully, that is, for the seat to clear the aircraft, 
the ejectee to separate from the seat, and the parachute to have full inflation with deceleration 
prior to surface impact. Many of the modem ejection seats can accomplish this entire 
sequence in less than 5 seconds at zero airspeed and zero altitude with wings level [14]. 
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FIG. 1--Example of ejection seat with upper and lower handles. (Modification of Figure 1- 
7, NATOPS Flight Manual, AV-8A and TAV-8A Aircraft, NAVAIR O1-AV8A-1, 1978, pp. [1] 25.) 
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Methods 

The case files of the Armed Forces Institute of Pathology were searched via computer 
for aviation fatalities occurring between 1966 and 1990 in which the ejection sequence had 
been initiated. 

Seventy-nine cases were initially identified. Of these, eleven records were irretrievable, 
nine contained toxicology only, and two cases were miscoded (no ejection had been initiated). 
This allowed for the examination of 57 autopsy cases of aircrewman who suffered fatal 
injury during the ejection sequence. 

The recovered files were analyzed for age, rank, branch of service, aircraft type, injury 
patterns, and the time point in the ejection sequence at which the fatal injury/injuries 
occurred. 

Results 

Injury patterns did not correlate with age, branch of service, or aircraft type. A correlation 
of the type and degree of injury was observed with the time point in the sequence at which 
injury occurred [Fig. 2 and Table 1]. 

Out of Envelope 

The vast majority of fatalities (28/57 cases) occurred during "out-of-envelope" ejections. 
These fatalities sustained extreme whole-body trauma with nonsurvivable injuries. All of 
these cases had major head injuries, as well as numerous thoracic, abdominal, and extremity 
injuries. Documentation of spinal injuries tended to underrepresented due to the absence 
of whole-body X-rays and/or spinal dissections in some of the earlier cases. 

Initiation Phase 

One ejectee failed to leave the aircraft after pulling the ejection handle at the exact 
instant of impact. He suffered whole-body trauma and fragmentation. 

In-Rail and Rocket Ascent Phase 

Two cases of high-speed ejections resulted in "hangman's-type" C2 vertebral fractures, 
which were caused by the wind buffeting of the aviators' helmets. The accident board had 
determined that one of the aviators had a loose-fitting helmet, which contributed to the injury. 

One ejectee fell to his death because he was not strapped to his parachute harness and 
ejection seat. He suffered massive deceleration injuries similar to those observed in the 
parachute-malfunction group. 

Man-Seat Separation Phase 

There were three cases of within-envelope ejections in which the aviator failed to separate 
from the ejection seat. Impacting the ground in contact with a 200 lb ejection seat resulted 
in whole-body trauma, particularly head injury. All three fatalities sustained cranial eviscera- 
tions, one with complete decapitation. 

Parachute Descent Phase 

One fatality occurred when the seat struck the ejectee following man-seat separation, 
resulting in a basilar skull fracture and a T4 vertebral fracture. 
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FIG. 2--Graphic representation of major anatomic injury patterns in relation to the moment 
in the ejection sequence during which fatal injury was incurred. 

One case of strangulation-type asphyxiation occurred when the aviator became entangled 
in twisted parachute risers. 

In six instances the ejectees experienced failures or malfunctions of their parachutes, 
resulting in extreme deceleration injuries to the head, thorax, spine, abdomen, and extremi- 
ties. 

Surface Impact Phase 

Drowning comprised the second largest group of deaths (7/57 cases). None of the 
individuals had sustained injuries that were inherently fatal. Three had extremity injuries 
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TABLE l--Ejection sequence summary. 

Ejection Sequence Circumstances & Injuries # % 

Out-of-Envelope Out-of-Envelope 28 49% 
Massive Whole Body Trauma 

Initiation Phase Failed To Leave Aircraft: 
Whole Body Fragmentation 1 2% 

Ascent Phase High Speed Ejection: 
Flail Injury & C-2 Vertebral 
Neck Fractures 

Not Strapped To Seat: 
Extreme Decelerative Injuries 

2 3% 

1 2% 

Man-Seat Separation Phase Failed To Separate From The Seat: 
Whole Body Trauma, 
Particularly Massive Head Trauma 

5% 

Parachute Descent Phase Struck by Seat After Separation: 
Basitar Skull Fracture, 
T4 Vertebral Fracture 

Entangled In Parachute Risers: 
Pulmonary Edema, 
Ligature Marks On Neck 

Failure of Parachute Deployment: 
Extreme Whole Body 
Decelerative Injuries 

2% 

2% 

10% 

Surface Impact Phase Drowned: 
Pulmonary Edema, Temporal 
Bone Hemorrhage; Non-Lethal 
Spinal, Extremity, Head Injuries 

Entangled in Tree: 
Pulmonary And Cerebral Edema 

Struck Head On Ground: 
Closed Head Injury 

7 12% 

1 2% 

1 2% 

Uncertain Circumstances 5 9% 
4/5 With Whole Body Trauma 

(2 with femur fractures). Two sustained nonlethal spinal injuries, one of whom had a 
postauricular contusion and was protiably unconscious at water impact. 

One aviator died of positional asphyxia after he landed upside down in thick jungle 
foliage and dropped his extrication knife, which was not attached to a lanyard. 

One aviator died of closed-head injury incurred during parachute landing. 
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Unknown/Uncertain 

Five cases were uncertain due to incomplete, inconclusive, or absent aircraft accident 
board records, prohibiting correlation with the circumstances surrounding the ejection. Four 
of the five aviators had suffered total-body injuries similar to the "out-of-envelope" fatalities. 

Toxicology 

Postmortem toxicologic data was available for review in 45 cases. In six cases postmortem 
alcohol was present in levels consistent with putrefaction. There was no evidence of 
premortem alcohol in any cases. In three cases there was evidence of prescribed medications 
(antihypertensive medication in two cases and a nonsteroidal anti-inflammatory medication 
in one case). No one had evidence of mind-altering or illicit drug use. In no case was 
medication use determined to be contributory to the mishap. 

Discussion 

This paper has analyzed a subset of aviators who died following ejection from their 
aircraft over the time period 1966 to 1990. Numerous historical papers have analyzed the 
earlier generation of aircraft ejections that occurred prior to the mid-1960's [10-13]. 

The investigation of an aircraft mishap is a multidisciplinary process. Military air mishap 
investigation boards are composed of senior aviation officer, safety officer, engineering 
officer or maintenance officer, and a flight surgeon [14,15]. When a fatality is involved, 
the assistance of a forensic pathologist is requested. 

When escape systems are involved, caution must be used in attributing an injury or 
fatality to a "malfunction" of the ejection seat. Our study found that almost half of all the 
fatalities were incurred in "out-of-envelope' ejections, that is, ejections that were initiated 
beyond the seat's design capability to successfully extract the ejectee. These fatalities were 
associated with extreme whole-body trauma [16--18]. 

The remaining cases were a combination of human error, mechanical failure, and unfortu- 
nate circumstances. Many of these cases could be isolated to the time point in the sequence 
at which the fatal injury occurred. 

The deaths of the aviator who was not strapped to his parachute harness and the aviator 
who died suspended upside down after losing his extrication knife are examples of prevent- 
able human error. 

The pathologic findings associated with parachute malfunction are similar to the decelera- 
tive injuries that have been described in military and sport parachuting accidents [19-21]. 

Significantly, the drowning fatalities had relatively minor traumatic injuries when com- 
pared with the other groups. When combined with the water environment, however, these 
injuries may have contributed to their deaths. Other investigators had recognized this hazard, 
leading to the adoption of salt water-activated life preservers [22-24]. 

High-speed ejections are associated with flail injuries. These injuries represent a subtype 
of "out-of-envelope" ejections, which were described separately in this study because of 
their unique injury patterns. Two of the ejectees in this series suffered C2 vertebral dislocation 
fractures when they ejected at greater than 450 knots indicated airspeed. Also associated 
were limb dislocations at the knees, elbows, and shoulder girdle. Aviators are indoctrinated 
with the ideal speeds at which ejection should occur; however, an emergent situation 
may preclude slowing the aircraft. In response to this, investigators have described the 
biomechanical aspects of restraint devices designed to reduce these injuries [25-30]. 

The absence of whole-body X-rays and spinal cord dissections in some of the cases were 
frustrating deficits that contributed to the underepresentation of spinal injuries in this study. 
Numerous papers have documented vertebral fractures in both surviving and nonsurviving 
ejectees. The evaluation of spinal injuries in ejectees is an active area of research in the 
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aviation community. Spinal injuries have been attributed to various causative factors, that 
is, parachute-opening shock, parachute riser contact, improper alignment at the time of 
ejection, and helmet buffeting [31-40]. 

Negative toxicologic findings in military aircraft fatalities is not surprising as medication 
use is strictly monitored by the flight surgeons. Postmortem production of alcohol from 
putrefaction emphasizes the importance of a complete analysis for volatiles to rule out arti- 
fact. 

Complete, thorough autopsies to include full-body X-rays, spinal cord dissections, and 
toxicological analysis will provide the aircraft accident board with informative injury- 
pattern data. Determinations as to causative factors for injuries/fatalities should not be made 
without an accurate account of the events surrounding an ejection. Coordination with the 
investigation team will facilitate the identification of causative factors [41]. 
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