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IN CtilprnR 2 wr potursn our that accidents are usually defined as the unexpected
occurrcnce of damagc to animate or inanimate objects. we also pointed out: (l)
that much of the rescarch concerned with acc,identi has emphasized their un**p""-
tedness and the factors lcading up to thcir occurrcnce rath-er than the nature and
prcvention ofthe damaging insults thenrselves; (2) thar this is a very diffcrent approach
from that succcssfully adoptcd in connection with such other natholoeies ai itrc in-
fectious diseascs; (3) that this diffcrence in approach is not justi l ied by p-rcsent knowl_
ledge; (4) that this emphasis has dclayed progress in research andirevention; and
(5)_ thlt' although "multiplc factors" sct the stage for accidcnts to ociur, no unexpec-
ted injury can take place without the occurrence of one or more of a smalI number
of abnormal energy exchanges which correspond closely ro the "agents" of infectious
and other diseases.

Viewed in this light, the research discussed in the preceding chapters has been
concerned almost exclusively either with the counting of accidcnti or with the.hetero-
geneous tirctors which may lead up to their occurrcnce. Such cmphasis would restrict
invcstigation of the characteristics ofnutrit ional diseases to the heterogeneous physi-
cal, biological, and behavioral factors which dctermine diet, or thc investisation of
poliomyelitis to the factors which lead up to infection with one of thc polio vir.uses. In
both these examples, thc mosl. cffcctive countclrlcasurcs do not stem frorn such an
approach. And in accident_prevention this lopsidcd emphasis has beconrc increasingly
indefensible with the dcvelopment of research concerner3 with the unexpectcd insu-lts
themselves rathcr than with the factors leading up to them. Such research is the
concern of this chapter.

IuruRv Sprclnlcrry

without exception, all of the forms of energy which may reach the human body
can produce injury if either their amounts or their rates of application exceed the
corresponding local or whole-body tolerances. T'his is true whether they are released
delibera(ely or inadvertently. In this rcspect, also, thc forces that are init iated in
accidents have their parallels in thc infectious disease area, sincc thcre too it is the
nature and dose of the agent and the susceptibil i ty of the host which determinc the
resultant disease, not the means, delibcratc or inadvertent, by which the agent is
brought into action.

The chief forms of energy involved in accidents include the various forms of chem-
ical energy, ionizing and electromagnetic radiation, and mechanical forces performing
work (in the physicist's sense of the term). Each of thcsc produces its charac-
teristic type of injury, regardless of the antecedent cultural, social, personal, and
environmental causes of thc accidcnts itt which ir is thc cause of injury. Thc charuc-
teristics of the injury are determined by the nature of the energy per-se and by thc
level of body organization at which it is dissipated. For examplc, in a causal sequence
in which bodily clanragc is produced by ionizing radiation, the prinrary injur.y, as is
well known to those who are concerned with nuclcar accidents, wil l occur at the
cellular and molecular levels, the locus at which the resultant ionization takes place.
By contrast, the physical forces which result from the coll ision of the body with
another ohject, or vicc versa, usually result in damage at the tissuc irnd organ levels,
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and this also holds true regardless ofthe antecedent causes. Further, in parallel with
the specific nature of the lesions produccd by the causes of i l lness, the injuries resulting
from the various forms of cncrgy exchange are specific and cannot usually be pro-
duced by othe r mcans.l

lf this view of thc accident process is foreign to the reader, he should again con-
sider thc parallcls with the sequcnccs which lead to other types of morbidity. Many
and diversc events, fol example, n:ay lead to the ingestion of pathogenic microorgan-
isms, and each may be consiclered a cause of the rcsull.ant disease. However, the
form of that disease and, in particular, its classification and treatment ars detcrmined
only by the naturc of the pathogens present, and without such agents no such disease
can be produced, Precisely the same holds for thc various forms of sncrgy as the im'
mediatc, ncccssary, and specific causes of both dclibcratcly and inadvertently initiated
injurics, and this wil l be clearly i l lustrated later in this chapter.

We havc noted that injuries can bc produced either by the delivery of above-thresh-

old arnounts of energy or by intcrf erence with thc body's uormal energy cxchange,

mctabolism, or plrysiology. This second group parallels the first in the specificity of

the injuries procluced and, like the first, tnay involve either the entirc body or only

some portion of it. Thc whole-body case is well illustrated by such antecedent causes

as submcrsion, suffocation, and thc irrhalation of carbon monoxide and other gascs

which, through intcrfcrcnce with oxygen exchange, produce specific kinds ofdamagc

to thc cntire body. Acciclents in which whole-body heat exchangc is prevented provide

an additionat i l lustration. Finally, local intcrfcrcnce with ancrgy transport is excel-

lently illustrated by thc specific local results of the various acute interferenccs with

local bloocl flow, appropriately dcscribed by the mcclical profcssion as "vascular

accidents,"+

Tnn RncrwcY or Itqlunv Clusnttot'l RnsElncn

Sincc the transfcr of energy or intcrference with its exchange is the common

denominator of injuries of all typcs, if might bc expccted that research would long
ago havc been undcrtaken to dcterrl ine the nature of such interactions irnd whether
injury might be prcvented or lesscned by their modification. Nevelthcless, prior to
1942 there was no literature illustrating work of this type. However, beginning with
Dc Haven's classic paper, published in that year, an extensive and rapidly prolifer-

ating l iterature has developed which, because of its size, can only bc sampled here.
The effort rcpresented by this literature often comes as a surprise to those who

have not bccn familiar with this aspect of acciclcnt research. Its magnitude is indicatecl
in part by the fact that its cost has already totaled several million dollars in thc lJnitcd
Stir{cs alone, and sirnilar work is under wayin a nunrbcr of other countries. The U. S.
Public Health Service by August I962 had granted approximatcly $3,600,000 for this

purpose,z ancl large expenditures have also heen made by other federal agencies and
by the aircraft, space, and automotive industrics. Such rescarch, however, is sti l l  in
its infancy, ancl much rcmains (o be done, particularly with respect to nontransport
accidcnts.

* Many of the points discussed in this chapter, including thc specific nature of the injuries produced
hy thc various types of abnormal energy exchanges, are discussed in gretter detail in reference l.
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The recency ofthis research development is especially surprising because the prin-
ciples involved have been empirically understood and applicd l lor mil lcnia in the
development of military devices for protection and offense, and it is ironic that only
during the past two decades has there been organized effort to apply thcsc same
principles in the prevention of injuries resulting from peaceful pursuits. 1'his lag has
resulted in lalgc part from thc failurc ofrnany accident rescarch workers to recognize
as fundamental the problem of injury causation per se. It has also resultcd from their
suhstantial lrrck of farnil iarity with thc significant variables.t

MECHANICAL ANALYSIS OF SURVIVAL
IN FALLS FROM HEICHTS OF FIFTY
TO ONE HUNDRED AND FIFTY FEET

- Hugh De Hnven

Although brcakthroughs in sciencc have very frequently rcsulted frorl the recog-
nition and invcstigation of seeming pararloxes, De Haven's work provides one of the
very fcw illustrations of this in accridcrtt research. It resulted from his refusal to
attribute either lo "luck" or to extranatural causes his own survival in a Worlcl War I
plane crash. As Hasbrook has notcd in a subsequent sclection, it is rcmarkable "that

although hundrcds of combat pilots irnd observcrs died as a result of injuries sustained
in crashing. . . therc is no record of anyone [else] having given any considcration to
the direct causes ofinjury arrd death in aircraft accidents. . . ." This rnay havc rcsultcd
in large part flonr the tcndency of many then as now to attribute the causation of
accidents to "bad luck," *'acts of God," and similar factors long since rejectcd in the
analytic consideration of other causes of human morbidity and mortality.

Durrr'rr; rHE INTERVAT- of velocity change in
aircraft and automobile accidents many
typical crash injurics arc caused by struc-
lutes irnd objects which ctn bc altcrcd in
placcrlent or dcsign so as to modify the
Iarge number of severe and constantly
recurring patterns ol- injury in these
accidcnts. In order conscientiously to
approach somc of thc enginccring problems
cncountered in reduction of thc potential
injury hazards of windshield structures,
scats, instrument pancls, safety belts, etc.,
it was ncccssary to havc some unclerstancling
of the limits ofl mechanical streneth of the
human body.

The objective in studying the physiologic
rcsults of rapid decelerht ion in the fol lowing
instances of extraordinary survival-after
frec fal l  and impact with rclat ivcly sol id
structures-was to establ ish a working
knowlcdgc of thc force and tolerance
l imits of thc body. On the hasis of thcse
dirta certain engineering improvements can
be considered for aircraft and automotive
design.

Loss of pilots through injury duc to the
increased landing speeds of mil i tary planes
has bccontc more and more frcqucnt;
this loss and the ever prescnt toll by accident
in thc autornotive ficld are matters of grave

f-ncprinted, with pernrission, from War Medicine,?:586-596, July 1942. Copyright bjl
L the American Medical Association. J

f The fact that the medical profession has also targety misscd the parallels we are cmphasizing here
may be due in part to the scant exposurc to physics that most physicians havc in their nredical and
premedical curricula.
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national conccrn. Injuries in these fields

irrc nrechanical rcsults stemming from

localized pressures induced by tbrce and

applied to the body through the nredium

of structurc. It is an axiom in tlre mechanical
arts that modification of cause will change
results, but the nature and the degree of

structural alteration tcr nrodify injury to

human beings effectivcly depend on the

rcactions of the body to abrupt pressure

and i ts distr ibution. The strength of human

anatomic structure and its tolerance of
pressurc increase are centrally inrportant
elements in any proposed itrcrcasc of safety

factors through errgineering effort'
Obviously, if the body could tolerate

pressurc within only narrow limits, few

improverlents would bc worth considera-
tion, since the force and resulting pressure

of a severc crash are at best formidable.
Evidence, on thc other hand, that thc body
can tolcrate thc force of an cxtrcme crash
-withqrut injury-would indicate that
(l) cxtrenre force within limits can be
harmless to the body; (2) structural envi-

ronmcnt is thc donrinant causc of injury;
(3) mcchanicel structure, at present respon-
sible for rccurring injury, can be altcred to
eliminate or grcatly modify m{ny causes
and results of mechanical injury, and (4) the
grcatcr the evidence trf body tolerance of
force and pressurc, thc widcr thc possibility
for considering engineering improvements.
Evidence of thc cxtrcmc l irnits at which the
body can tolcrate fbrcc cirnnot he obtained
in laborattrry testsi for obvious reasons,
nor can it he gained satisfactorily from
most aircraft and automobilc accidcnts,
because the variables of speed and angle
are difhcult to appraise. Estirnation of thc
exact speed of a crash is difficult under
most conditions. Also relativc movements
during structural demoli t ion general ly makc
it impossible to know the position of the
body at the time the injurics werc sustained
and whethcr the head or some other injured
part overtook the structure before it came
to a stop or after it had stoppetl. ln these
circumstanccs, the speed, deceleration, im'

FACTORS THAT DETERMINE INJURY

pact and force ofthe body and their relation
to the structure can seldom be f ixed.

With the thought of overcoming many
of these difficulties and in order to observe
physiologic rcactions to force utrdcr morc
simple condit ions, a study of cases of free
fall was undertaken. In several of the cases
outl incd hcre specd of fal l ,  str iking posit ion,
deceleration and relation of resultant inju-
rics to structurc could be delermined with
great precision, Other cases are includerl
because of some specific intcrcst or because
they are relevant to the cases in which the
evidence is clear.

The material is presented with the hope
that additional instatrces of forcc survival
may be closely obscrvcd and rccordcd in
order to further an understanding of the
strength of the body and the tYpe of
structure, position, etc. contributing to
force $urvival.

It is, ofl course, obvious that speed, or
height of falt, is not in itself in_Jrrrious.
Also a mrrderate change of velocity, suctr
a$ occuts after a ten-story fall into a firc
net or onto an awning need not result in
injury, but a high rate of change of velocity,
such as occurs aftcr a ten-story fall onto
concrete, is another matter. Fctwecn thesc
two extremes lies irnportant evidence of
physiologic force tolerance.

In using the expression'-free firll," a fall
frec of any obstruction other thrrn that
encountered at its termination is irnplicd,

The word deceleration and its derivativc
decelerative are used irr prelerence to
negative accelcration, etc.; "velocity at
contact" is preferred to "irnpact velocity."

The force of gravity-denotcd by the
symbol g*is used as a measure of the force
of a positive or a negrrtive acceleratinn.

A deceleration cxerting a force one
hundred and lifty times the norlnal pull

of gravity on a body will increase its
normal weight one hundred and fifty times
during thc t ime this increase of force acts.
Thus, a force of 150 g acting on a rnarr
normally weighing 150 pounds (68 Kg')
would increase his apparent weight to
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22,500 pounds (10,?00 Kg.) during the
forcc interval. This incrcase of force-and
weight-would be distributed over, or
applied to, his body as pressure in areas
of contact dictated by resist ing structure.

Thc vclocit ies reached in the fol lowing
cases of J'rcc fall are estimated from the
acceleration equation v : "l 1Z gs1, in
which the falling object is accelcrated by
the force of gravity in a vacuurrl-r' being
thc vclocity, g the value of gravity in the
accelcration (32 feet [976 cm.] pcr sccond
per second) and s the distance fal len.

Deductions in velocity madc on account
of the resistance of the air are rather
arbitrary and arc cstimated on thc basis
of weight, clothing worn and whether the
body was observed to be falling head first,
f lat or with a tumbling r lot ion. The higher
distilnces of fall are based on an Air Corps
technical report.

The estimtrted forces of deceleration are
made from an inversion of the equation for
acccleration, vz - 2 gs, in which s equals
thc distance in feet through which a known
velocity is decelerated. Thc resultant ex-
prcssion of decelerat ive force in pounds
rnust be divided by thc force of gravity
factor (32 feet pcr second per second) to
give the incrcase t imes normal gravity.

Minor contusions and lacerations have
beeir omitted in referr ing to sustained
injurics unless they were of special signif i-
cance.

Rrponr or ElcHr Cases

Crst l.-A woman aged 42, 5 feet 2 incheS
(l57 cm.) tal l  and weighing 125 pounds (57 Kg.),
jumped from a sixth floor and fcll 5j feet
(17 mdters) onto fairly well packcd ear(h in a
garden plot, landing on tho lcft side and back.

I)cceleratiutt aml Atteleralion uf Grailtt,.-
The dcceleration distance was about 4 inches
(10 on . )  as  ind ica tcd  by  marks  o f  thc  body  in
the rarth. The vclocity at contact was 54 feet
(l 7 nrcters) per second (37 miles [60 kilonrctcrs]
per hour), and the avcrage gravity increase,
l,t0 g.

Injuriet.--There was no evidence of material
injuries or shock. Examination of a stmple of
spinal l luid showcd it to be clear and colorldssj
there were no red cells in the urine. There was
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no loss of consciousness or abdominal tender.
ness.

CoryUent: The superintendent of the
building reached thc victim immediately
after she struck the ground. She raised
herself on her left  clhow and remarked:
"Six stories and not hurt."

Crse ?.-A woman aged 27, 5 flet 3 inches
(160 cm. )  ta l l  and  we igh ing  120 Found$ (54  Kg. )
jumped from a seventh floor window rnd fcll
66 feet (?0 nrcters) onto a wooden rgpf, landing
head first with progressive contact of the shoul-
tlers and thc back.

Decelerution and Acrcteratiott of Gravlty,-
This woman broke through a roof of { inch
(2 cnr.) pine boards which were supported on
6 by 2 jnch (15 by 5 cm.) bearn$ 16 jnches

t4 l  cm. )  apar t  and landed l igh t ly  on  the  ce i l ing
below. Vclocity at conti lct was 60 feet
(lE meters) per second (40 miles [64 kilometers]
per hour). Thc average gravity increase was
unknown.  A  ho le  approx imatc ly  16  by  16 .5
inchcs (41 by 42 cm.l was shearcd in (he roof
by thc force of the fall. Three of thc 6 hy 2 inch
beanrs wetc broken.

Injuriet.-Thc scalp was lacerated (occiput),
but there was no cvidence of other head injuries.
The victinr suffcred abrasions ovet the dorsal
por t ion  o l  thc  sp ine  and an  ob l ique in t ra -
articular fructurc of the sixth cervical vertebra.
There  was sonrc  spas t ic i t y  o f  thc  ubdomina l
musc le$  on  the  r igh t  s ide .  Ur ina lys is  y ie lded
normal results, Thcrc was evidence of mild
ihock.

Comment: The fall was first known to
ttau. offi*o when the woman appeared
at an att ic door and askcd for assistance.
She sat up in hed at the hospital Iatcr in
the day. I t  is dif f icult  to reconci le thc
structural damagc to thc beams with the
absencc of greater bodi ly injury in this case,

An<-rther case in which injury occurred
under similar circumstarrces but in which
survivir l  was only ternporary is summarized
as follows:

A man fcll l2l fect (37 meters), landing in a
$upinc position on a wooden roof aftcr having
jumped from a fourteenth floor. ln this cas€
the roof was broken in at one point to a depth
of I inches (20 cnr.), but this point wa8 not
directly undcr the area of force. The averagc
force was undoubtedly in excess of 20O g.
The victim walked away liorn the spot where
he landcd.  H is  r igh t  a rnr  had s ruck  a  l?  by
2 inch (30 by 5 cm.) beirm and stol)ped abrupt-
Iy; tbe tDrso had continutd in novement,
wjth a rcsultant tearil)g i lction jn thc, l l louldcr
flrea. There were othei injr;rics. Death was


