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Die e ffekte  van misiele varieer m et spoed en tipe, 
massa en vlugeienskappe. N ie  slegs die grootte  nie, 
maar die gepaardgaande skokgolw e en tydelike kavitasie 
veroorsaak letterlik o n tp lo ffende  vernietiging van long- 
weefsel.

T horacic trau m a is conventionally  classified as 
“ c l o s e d ”  and  “ open” . M ost closed in ju ries a re  the  result 
0f rap id  decelera tion  —  falling  from  a  height (the 
c o m m o n  build ing  industry  accident), crushing (the com 
mon m ining accident) and high speed traffic accidents 
(the “steering w heel” in jury). T he com pressive effects 
0f blast can p roduce in juries ind istingu ishab le  from  
those of rap id  deceleration . In  civ ilian  life m ost “o p en ” 
injuries, in w hich there  is a  breach in the chest wall, 
are less w idely destructive; the  com m on in juries are 
*rom low velocity  m issiles and  knives. Im palem ent, say 
0n a piece o f p icket fencing, m ay  be an  accom panim ent 
of high speed accidents, and  re ten tion  of a  transfixing 
foreign body is then  an  added therapeu tic  problem .

The destructive effect o f m issiles varies w ith their 
velocity and the type, w eight and flight characteristics 
of the missile. V elocity  —  now  classified as low, 
m edium and h igh  —  was little  considered un til the 
introduction o f h igh  velocity  missiles, and the ready 
availability  to soldiers and u rb an  guerillas o f  the 
weapons able to fire such missiles. T h e  dam age in 
flicted by a low velocity  (less than  1 2 0 0  ft. pe r sec.) 
bullet, even a t close range, depends m ore on  the  type 
and flight characteristics of the  m issile than  on velocity. 
Spin, yaw, precession, nu ta tio n , tum ble—  these a re  all 
terms used to describe flight characteristics and  all 
m odify the  extent o f  tissue dam age consequent upon  
the passage o f a  m issile. Bullets w hich expand o r 
fragm ent on  im pact w ill c learly  also inflict greater 
damage th an  those th a t do not. N o tw ithstand ing , low 
velocity m issiles in  general dam age the lungs su r
prisingly little  —  so m uch so th a t it was an  aphorism  
during the 1 9 3 9 -4 5  w ar that, if to be shot was un 
avoidable, it was preferab le  to be shot in the  chest, 
especially in the righ t ha lf o f  the  chest.

D ifferent a re  h igh  velocity  in juries. H ig h  velocity 
"missiles (those th a t travel a t a  speed greater than  

I 500 ft. per sec.) even if  o f  sm all calibre, p roduce an 
-'entirely different range of in ju ries related  d irectly  to 

the speed of the  m issile th ro u g h  tissue. T o  the  lacera t
ing and  crushing effect o f  im pact and  the  physical 
transit o f the  m issile th rough  tissues a re  added  the 
destructive effects of both shock waves and  tem porary  
cavitation, and m issiles of a  velocity  of 4 - 5 000 ft. per 
second produce tem p o rary  cav ita tion  o f  lite ra lly  ex
plosive destructiveness.

O n im pact, a  m issile com presses the  m edium  struck 
and th is region o f com pression  disperses as a  shock  
wave of spherical form , w ith a  velocity slightly greater 
than  that o f  sound in w ater (4 800 ft/sec) —  th a t is, its
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advance th rough  tissues is that o f the h ig h er velocity 
m issiles. Shock waves a re  both transm itted  th rough  and 
reflected from  interfaces in  their pa th , so th a t pressure 
changes a t any one p o in t m ay, by augm en tation  o r can
cellation, be very complex. P ressure changes produced  
by shock waves a re  o f short d u ra tio n  (1 5 -2 5  m illi
seconds) bu t m ay reach 1 000 lb/sq. in. W ith  the passage 
of h igh  velocity  m issiles th ro u g h  tissues in  w hich 
v ita l o rgans a re  not d irectly  struck, shock waves are  
likely to bounce off bone bu t can be very  dam aging 
to the gas contain ing  v iscera —  gut and lung.

As a  m issile penetrates it accelerates the  m edium  
struck, fo rw ards and  laterally , w ith  such fo rce  —  and 
the g reater the velocity  o f the m issile  the  g reater the  
force  —  th a t the com posite particles o f the  m edium  
o r tissue, consequent up o n  th e ir inertia, continue to 
be d isp laced aw ay from  the p a th  o f the m issile fo r 
several m illiseconds a fte r the m issile has traversed  the 
body, so th a t the m issile tract (defined as the  perm anent 
tissue defect in the p a th  o f the missile), is expanded into 
a cavity, called the tem porary cavity  (defined as the 
tissue defect a t the  instan t o f  m issile flight th rough  the  
tissue), w hich collapses quickly. Pressure  in  the tem 
p o ra ry  cavity  is subatm ospheric  and  contents include 
v apour from  the tissues traversed  and en tra ined  air. 
T he size o f  the perm anen t tissue defect depends on the 
volum e o f tissue lost th rough  en trance and exit wounds 
and the  volum e o f a ir  trapped  when the  tem porary  
cavity finally collapses, w hich it does in  a  series of 
expansions and contractions o f  d im in ish ing  am plitude. 
T he size o f the tem p o rary  cavity  and  the  nu m b er o f 
pu lsations o r volum e changes induced depend on the 
velocity  o f  the m issile, bu t pu lsations m ay extend over 
m ore  th an  2 0  m illiseconds and  the tem p o rary  cavity 
m ay be m ore than  30 to 40 tim es the volum e of the 
perm anent cavity. A t velocities below  a 1 000 feet/sec. 
tem p o rary  cav ita tion  is o f  little  m om ent. A t high 
velocities tem porary  cav itation  is very m uch m ore 
dam aging than  are  shock waves.

N egative  pressure in the tem p o rary  cavity m ay 
suck in clothing and o th er debris. P u lsa tion  m ay 
extrude tissue fro m  the  entrance w ound  —  an eversion 
phenom enon called tail splash. A t the h igher velocities 
o f m issile traverse  th rough  tissues, the  rap id ity  and the 
extent o f expansion o f the  tem p o rary  cavity m ay be so 
v io len t th a t the  elasticity  of adjacen t structures m ay 
no t be able to con tain  it and th e  effect is explosive 
and im plosive, m im icking the use o f  explosive bullets. 
Thus, the  passage o f a  h igh  velocity  bullet th rough  the 
head  will explode the skull; th rough  the  abdom en, 
will explode gut; and th rough  the  chest, w ill explode 
lung. A nd w hile the early  rad io g rap h ic  features of 
lung dam age —  pneum othorax , haem othorax , and  pu l
m onary  haem atom a —  m ay be little  different from  those 
produced by low  velocity  m issile, the passage th rough  
the lung o f a  h igh velocity  m issile so d isrup ts the lung 
over so w ide an  a rea  that rad io g rap h ic  evidence of 
dam age is ingravescent and the need  regularly  arises 
fo r pu lm onary  resection, essentially  fo r rem oval of 
irrep arab ly  dam aged pu lm onary  itssue w renched from  
its b lood  supply.
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