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HUMAN SURVIVABILITY OF EXTREME IMPACTS IN FREE-FALL

Richard G. Snyder, Ph. D.

ABSTRACT

Human deceleration tolerances beyond the limits imposed by voluntary experimental methods
were studied by means of intensive case histories of 137 individuals who have survived
extremely abrupt impacts in accidental, suicidal, and homicidal free-falls. Fall distances
ranged up to 275 and calculated velocities up to 116 ft/sec (79 mph). Physical and bio-
logical data are presented on both sexes with an age ran§e of 1% to 91 years, and with
impacts occurring in all body axis orientations. A detailed analysis of factors found to
affect survivability in free-fall impacts is made. These cases, out of some 12,000 free-falls
collected in the past two years, demonstrate that humans have survived impact forces
considerably greater than those previously believed tolerable. Why some individuals are
not fatally injured in certain cases of extreme impact remains unanswered, but evidence

suggests that human tissues do not respond as expected in extremely abrupt impacts having

time durations of less than .0006 seconds.

In the last decade considerable effort has
been expended in seeking knowledge of human
responses and limitations to deceleration,
or impact, forces, Whether one is concerned
with such problems as launch and re-entry
phases of interplanetary space vehicles, occu-
pant escape or crash survival in the supersonic
transport, or the more mundane research as-
sociated with increasing human suryival in
aircraft and automotive accidents, the nagging
question of human design specifications for this
force field must be considered Scientists such
as Stapp (47-58), Swearingen (60-61), Beed-
ing (2-5), Taylor (63), and others, have
contributed immensely to our knowledge gf de-
celeration effects upon the human organism.
Such experimental work with human subjects to
date has been limited to voluntary tests which

Presented at the 34th Annual Aerospace Medical Asso-

tion meeting in Los Angeles, California, April 29 - May
2, '1983. 2

See also, “Human Tolerances to Extreme Impacts in Free-
fall”, Aerospace Medicine, 34(8):695-709, 1963,
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have only accidentally exceeded the injury
threshold limits, Forces beyond these levels are
usually thought a priori to be so traumatic to
render the individual unable to perform a func-
tion and cause lethal or irreparable injury.
However, as data presented in this paper will
show, some individuals apparently are able to
tolerate impact forces many times above the
accepted limits, Why?

The purpose of this study, which has now
been in progiess for over two years at the Civil
Aeromedical Research Institute of the Federal
Aviation Agency, is to document factual data
concerning huw survival of extreme impact
forces, and attempt to identify more concisely
the faetors which determine an injury or a sur-
vival, An ultimate objective would be to ap-
ply such knowledge for prevention or modifica-

* tion of lethal ‘or injurious levels in air crashes,

as well as other abrupt impact situations in-
volving very high impact forces, The investi-
gation of extreme limits of human tolerance(s)
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may provide clues or patterns which can open
entirely new approaches to the protection of
the body during high decelerative forces.

Not all deceleration research has utilized
human subjects, Studies have employed such
animals as mice (28, 29, 33, 42), rats (24, 26,
20), cats (21, 35, 42), dogs (19), rabbits (40,
41), goats (13), swine (52), bears (36),
chimpanzees (49, 51), monkeys (66, 67), and
even giraffes( 22, 26). Other studies have in-
volved authropomorphic dummies (25), and

human cadaver materials (14, 18, 23, 30, 31),

as well as theoretical mathematical analog sim-
ulations (38, 62, 65). While providing valuable
estimates, such techniques may not provide
data directly applicable to the human in the
upper non-reversible trauma region (that is,
that range between non-reversible injury and
death), Conclusions, and thus prediction, are
based upon variables which, although similar
in some respects, are not identical. Figure I
illustrates these different methods of studying
impact. Note that voluntary human exposure
may exceed the limits of reversible damage.

Materials and Method

Intensive case histories have been obtained
on individuals who have survived accidental,
suicidal, or homicidal free-falls, A free-fall is
defined as an unimpeded drop of a body from
a known point to a known impaction point.
Although reports of unusual fall experiences
are scattered throughout the medical literature,
De Haven (11) in 1942 first analyzed trauma
with respect to acceleration force in 8 cases of
falls in the transverse plane (a ninth cade was
reported in 1948(12) }, i

To date over 12,000 cases of survived free-
falls occurring during the past/two years have
been collected and f;led Reports of individual
falls occurring throughout the United States
arrive at the rate of approxirhately 30 per éay,
and include about 96% of all reported freé-falls
in this country. In addition to that on survived

free-falls; information on approximately 5,000

fatal falls has been collected, including docu-
mbntation with autopsy reports in some cases.

Availability of s¥ch a mass of material allows,
as well as obviously requires, critical selection
of cases for further investigation. Currently

137 cases have been subjected to intensive
study. In each case selected investigation is °
personally conducted at the site of the fall and
an effort is made to collect and obtain all in-
formation relative to the incident. To provide
a reliable basis for bio-physical calculation of
velocity and impact forces, the exact distance -
of the fall, position of the body at impact, mate-
rial impacted and resulting deformation are

obtained, Complete medical histories includ-

ing roentgenograms, if taken, are obtained on
each subject, and the injuries correlated with
analysis of direction, magnitude, and distribu-
tion of force at impact. In addition, any other
variable which could have a direct or indirect
influence upon the particular case is noted.
For example: had the subject been drinking
prior to the fall? What sort of shoes was he
wearing? It must be emphasized that it is im- -
perative in a study of this nature that each fac-
tor be determined by personal investigation,
because witnesses’ memories are often inac-
curate, the subject may know the least about .
what happened, and news accounts may over-
estimate the distances involved. Conclusions
obviously can be no better than the basic data. -

The cases generally selected for intensive in-
vestigation are those in which the distance of .
fall is great and the impacted object is one .
relatively non-giving, such as concrete, Partic- -
ular interest has been focused on cases of ver- :
tical impacts of the buttocks or feet in (+G.)
headward accelerations, Abrupt deceleration
commonly refers to impact of less than .02 secs
duration, but, as is indicated by some of the
cases in this study, may approach infinity.

It should also be pointed out that there is a
mechanical difference between physical impac-
tion,sas in a fall, and a restrained impact in-
volving a deceleration, which may result in
somewhat different patterns of traumatic
responses. b

It is difficult t6 present these data without
a brief comment upon the circunmstances sur-
rounding their causation. Two of the most :
common types of falls appear fo be that of
children falling from windows or porches, and :
of workment falling from scaffolds, Others :
run a wide gamut: a 91 year old r.ale fell
from a drawbridge while it was being raised, a

.
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75 year old male fell into a bombshelter he was
constructing, a 69 year old female fell from a
tree while chasing her pet parakeet, a locomo-
tive engineer fell out of his cab, an eloper fell
off the ladder (and had to postpone the wed-
ding). Several individuals have dived into
empty swimming pools, or fallen off roller-
coasters, and others have been injured in at-
tempting to escape over a prison wall. Con-
struction on missile silos, off-shore drilling rigs,
skyscrapers, elevator shafts, smokestacks, and
water towers all produce survived (and fatal)
falls of considerable distances, but usually do
not provide usable data because the individual
rolls or impacts at several points, Similarly,
falls into wells or into mine shafts usually are
not true free-falls because of friction with the
sides due to slope or diameter, Another type
of fall which is frequently not strictly a free-fall
but often provides useful material is the sky-
diver parachute failure. These are appearing
with greater frequency as more individuals take
up this sport. In 18 such cases reported in the
last six months, three individuals have survived
partial free-falls, two impacting at 50-70 mph.
Accurate calculations on drag of partially
opened chutes are usually precluded in such
cases, but in one case photographs were ob-
tained during descent and at impact, showing
the exact profile. People have fallen from air-
craft in flight, and of 52 such cases in the past
year for which we have data, one individual
survived for 12 hours an impact resulting from

~ a fall of nearly 7 miles. Most falls appear to be

accidental (and preventable): however some
involve homicide or suicide attempts. Sejeral
investigations. involved apparent infanticides,
and there is always the questionable case which
is classified officially as “accidental”—but could
have been either suicide or homicide. Some
87 persons, for example, have “accidentally’
fallen from the Golden Gate Bridge. ‘ /
ént

A free-fall occurring “in nature” may pre
factors as neatly categorized and analyzed as
if accomplished in the laboratory. Usually,
however, there are so many factors which may
be involved in any one individual case that an
analysis of this typ& involving a large number
of cases becomes unwieldy in traditional treat-
ment, Due to these many environmental fac-
.

—d—

tors which have been found to have varying
influence upon the survivability of any partic-
ular fall, the biophysical and medical data are
presented in terms of these intra-dependent
variables found to date with related discussion :
included in each section. The variables are |
summarized in Figure 2,

I. Orientation of the Body ( Direction of
Force)

The position of the body in relation to force
directly influences the nature and extent of in-
juries, since structurally the human body can
resist greater forces prior to failure in some |
directions. In this study the majority of the
impacts investigated were in the (+G,) feet-
to-head orientation, but five other positions
were also commonly encountered, In addition,
a small number were discarded either because
of insufficient information concerning impact
position or because they impacted in some other
variation. Figure 3 summarizes, by sex, body
position at impact in 128 cases studied,

The most common impact orientation in free-
fall appears to be in the feet-first position. The
sample is thus heavily skewed in this direction
with 78 out of 128 falls, in which the direction
of force was known, in this positive longitudi- |
nal acceleration axis.

The second most commeon fall position
studied was head-first {(—G.) impacts. In each
case care was taken to ascertain that the head
was in fact the initial contact point, and that
it took the brunt of the impact force prior to
secondary shoulder impact. Although it
might seem unlikely that an individual would {
fall head-first very often, even in suicide dives, |
it does*occur, particularly in cases of electrical |
shock. Several of the best documented cases
are those of workmen on steel girders being
shocked, and subsequently falling head-first.
In one su¢h instance (Case #2017) the individ-
ual landed on the apex of his skull, only 8 |
inches out from the center of the beam after a |
fall of 13’ 4” onto concrete., Surprisingly, he
suffered only minor concussion and left the
hospital after 24 hours observation. In such
cases the fall may actually save the individual’s
life by re-initiating respiration. '
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TOTAL

78

21

128
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Falls in the buttocks-first position (+G,)
. occur less frequently than other types of re-
- ported position, but 10 cases are listed here be-
" cause an effort was made to follow-up on im-
. pacts in this position due to it particular
. pertinence to crash forces in the vertical plane,
~ This type of fall is also difficult to assess phys-
ically because, unlike the restrained laboratory
subject, the individual is free to fall at any
angle. Only under rare fortuitous circum-
stances can this angle be positively known, thus
most can only be estimated to be between 90-
135 degrees body position. To add to the com-
plexity of this problem, the direction of force is
occasionally changed by a “skidding” seated
impact. For examplé, in two recent falls
circus acrobats slipped while on the upswing
on the bar and landed initially in a seated posi-
tion, but with an additional forward momen-
 tum, causing the resultant angle of force to
. change about 90° in a very short time duration.
Incidentally, unlike acrobats, high wire per-
formers generally “fall dumb,” that is, they have
~ little or no experience in falling, even in prac-
~ tice, and simply do not even learn how to land
properly in a fall. This may have contributed
to two circus deaths in the last year.

Falls in the (+@,) transverse sideward di-
rection occurred in 8 cases selected, in the
prone {—G.) position in 3 cases, and in the
supine {+G,) orientation in 3 cases. Again this
is not representative of actual frequency but
rather selection.

'One body orientation which must be classi-
fied separately is that of impact in a crouched
position on the hands and knees. Usi{ally this
is along the —G, axis, and fiye such cases are
included, To the author’s knpwledge decelera-
tion tests on humans in this' position have not
been accomplished since it would appear to be
an impractical working position. However,
since trauma appears to follow a distinctive
pattern, the position is included here.

The extent and severity of impact trauma are
dependent upon many factors, but in general
 #the patterns of injuries closely correlate with
the direction g¢f force and body orientation.
Thus, in the +G, feet-first impacts, most
severe structural trauma is related to the feet,
-ankles, and lower leg, while in the seated im-

pacts pelvic and vertebral trauma are prevalent,
and in the head impacts head, shoulder girdle,
and thoracic injuries are most noticed, as would
be expected. Table I shows the anatomical
distributions and frequencies of trauma in feet-
first (+G.) impacts. It is interesting to note
that more of the 152 fractures involved oc-
curred on the left side of the body in the 78
individuals in this group. .

These injuries are fairly typical of the fall
trauma treated in general orthopedic practice,
that is, a high proportion of fractures of the
calcaneus, distal fibula and distal tibia, mid-
shaft of the femur and lumbar vertebrae, par-
ticularly L-4-T-12 area, Ciccone, (8) found
that in experienced parachutists, fractures of
the posterior tibial margin and multiple meta-
tarsal fractures were prevalent. (see also 37,
45) Most of the fractures of the upper ex-
tremities, such as distal radius, humerus, and
injuries to the skull, are not a result of initial
impact but probably occur during secondary
impacts, The most prevalent damage to in-
ternal structures is to the lungs and kidneys,
with hematoma of the renal pelvis most
frequent,

Table II provides an overall view of the re-
lationship between fracture patterns in free-fall
and the direction of force. The majority of
fractured skulls occurred in the head-first {(—G.)
impacts as would be expected, but also occur-
red to a minor extent in feet-first and buttocks-
first (+G,), impacts, probably as a result of
secondary impact. Foot and ankle fractures
occurred in the buttocks, hands and feet, and
feet-first (+G.) impacts. No fractures were
reported in the supine or prone position (+G,)
but only six ‘individuals impacted in these posi-
tions. Buttocks first (seated} impacts (+G.)
are largely characterized by fractures of the
pelvis (31%) and vertebrae (23%), but fractures
of the legs (i, fibula, femur) occurred only
in side (+G,) and feet-first (+G,) impacts.

I1. Distribution of Force

As with each of the factors listed, distribu-
tion of force at impact cannot be adequately
considered independent of other factors, Find-
ings indicate that the distribution of force
through the body is intimately connected with

.




