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1.0 SUMMARY 

In order to  provide data on human tolerance to  blunt abdominal impact 
a l i t e r a t u r e  study and laboratory t e s t s  were carried out t o  determine the 

major causes of  abdominal injury,  injury mechanisms, a quant i ta t ive  re la t ion-  
s h i p  between input and occurrence of trauma and t o  develop the c r i t e r i a  

t o  recommend performance requirements f o r  materials which often produce 

b l u n t  abdominal injury.  An extensive analysis of case reports  indicated 

that the most frequent causes of blunt abdominal injury were the steering 
 heel, seat  bel t  and various protruding objects  in a vehicle;  the organs 
m o s t  often injured were the 1 i ve r ,  pancreas, spleen and in tes t ine .  

However the resu l t s  indicate tha t  the vervet monkey (Cercopithecus 

pvaerythrus) can survive ( in jury  level of 3 )  blunt impacts t o  the upper 
abdomen with the various impactors used a t  ve loci t ies  up  t o  2 2  mph, -  while in 

the midabdo~iien i t  can survive impacts of t h i s  type of approximately 
26 mph and in the lovrer abdomen of 34 m p h ,  



2.0 INTRODUCTION 

This study was conducted t o  define and analyze abdominal in ju r i e s  to  
restrained and unrestrained vehicle occupants and pedestrians during 
crashes. Injury types were associated with the trauma producing agent and 
ranked according t o  the probabil i ty of occurrence. This aspect of the 
study was based on a careful review of over 43,000 references t o  
abdominal impact c i t ed  in the 1 i  t e ra tu re .  Twelve hundred documented cases 
of blunt abdominal injury were tabulated and ranked according t o  cause 
and frequency of occurrence. Three of the most probable causes of 
abdominal in jury  were selected t o  be the s teer ing  wheel rim, s e a t  b e l t  and 
any protruding round objec t .  Control led laboratory t e s t s  simulating these 
causes were performed using 53 animals t o  aid in the  prediction of the  
probabil i ty of occurrence of abdominal in ju r i e s  and t o  es tabl i sh  a 
quant i ta t ive  re1 at ionship between a measurable input and the occurrence of 
trauma. These c r i t e r i a  were used t o  make i n i t i a l  recommendations fcrr the 
performance requirements f o r  s t ruc tu res ,  devices and surfaces against  which 
there i s  a high probabil i ty of abdominal in jury .  



3.0 DEFINITION AND ANALYSIS OF ABDOMINAL INJURIES; 
INJURY TYPES AND PROBABILITY OF O C C U R R E N C E  - 

LITERATURE REV1 EW 

An analys is  of the  1 i t e r a t u r e  revealed per t inent  new information 

on the  types of in jury  which develop from various impact s i t u a t i o n s .  

Because of the very l a rge  number of cases ,  such information has a higher 

degree of re1 i abi l  i t y  than any previous study of t h i s  type. 

The data from over 1200 cases of abdominal in jury  a re  presented 

graphical ly in Tables I through X ,  Each t ab le  i s  devoted t o  a pa r t i cu la r  

type of in jury  cause - e .g .  lap  b e l t ,  s teer ing  wheel, pedestr ian,  

motorcycle, e t c .  The in jury  pat terns as to  the  s i t e  of injury can be 
detected readi ly  by a glance a t  each t ab le .  These pat terns and t h e i r  i n t e r -  

relationships wil l  be discussed below. An injury sca le  was adopted f o r  

purposes of expressing t h i s  l i t e r a t u r e  review based on graduations from one 

t o  ten with the  upper end of the  sca le  representing the  most severe in jury .  

3.1 INJURY SCALE 

1 .  Bruise 

Abrasion 

Contusion 

2 ,  Ecchymosis 
Hema toma 

Edema 

Adhesions 

3 ,  Cyst 

Pseudocys t 
Fis tu la  
Mass 

4 .  Lacerati on 

Perforation 

Rent 

Rupture 

Tear 

Fragmentation 

5. Avulsion 

Transection 

Severance 

Amputation 

6 .  Herniation 



7 .  Hemorrhage 

Occl us i  on 
Thrombosi s  

8. Gangrene 

Necrosis 
Infarct ion 

9 .  Maceration 

Crush 
Obli terat ion 

10. Massive Hemorrhage 

and Shock = Fatal 

3.2 INJURY PATTERN AND MECHANISM 

The analysis  of lap  be l t  in ju r ies  i s  presented semi-graphically in 

Table I ,  Part A which depicts  the trends of these in ju r ies  associated with 
each type of impact. I t  i s  apparent from Table I ,  Part A tha t  lap  be1 t 
in ju r ies  primarily involve the small in tes t ine .  The degree of trauma varies 

considerably b u t  i t  can be assumed t ha t  minor in ju r ies  in t h i s  area ,  1 t o  3 on 

the sca le ,  would not generally be detected. Nithin the area of the small 

in tes t ine  most in ju r ies  were located in the ileum or i t s  mesentery.- Most 

in ju r ies  were in the 4 t o  5 range indicative of lacera t ions ,  rupture and 
transection.  There was markedly l e s s  trauma to the  duodenum which i s  higher 

and consequently 1 ess apt to be trapped under the seat  be1 t as i s  the case 
fo r  the l i ve r  and spleen. There was however also l e s s  injury in the large 
in tes t ine  which i s  usually d i rec t ly  under the be l t .  Most of the trauma in 

t h i s  area was found in the sigmoid colon which i s  s i tuated more in the 

center of the abdomen and perhaps consequently absorbed more of the blow than 

the l a t e r a l l y  s i tuated ascending and descending colon in which injury was 
ra re .  A few in ju r ies  were a lso  found in the caecum, where a rather abrupt 
narrowing occurs a t  the entrance t o  the small in tes t ine .  The transverse 
colon was f ree  from trauma perhaps because of i t s  superior posit ion.  The 
mesentery of the sigmoid colon was frequently injured apparently because of 

i t s  attachments. The primary reason fo r  injury t o  the caecum where the 
small and large in tes t ines  join i s  l ike ly  to be due to a sudden build u p  

of pressure as the contents of the colon are forced away from the s i t e  of 
impact. The sudden narrowing a t  t h i s  point ,  and a s l i gh t l y  weakened 
muscular wall a t  t h e i r  junction would seem t o  be a natural s i t e  fo r  injury 
t o  occur. The spleen and 1 iver were a lso  f a i r l y  common s i t e s  of injury 
from lap be l t s .  Such trauma must be due t o  wearing the be l t  too high o r  
e l s e  from a combination of lap  belt-steering wheel impact. The danger from 
such trauma l i e s  primarily in the loss  of blood from hemorrhage which may 

be excessive before adequate surgical procedures can be implemented. 



Injury pat terns from the  2-point shoulder b e l t  aye presented in Table I ,  
Part  B .  The in ju r i e s  a r e  alnlost e n t i r e l y  in the  more sol i d  abdornitial 
organs o r  in the  abdominal wall ,  Most in ju r i e s  occurred in the 1 iver  and 
spleen,  followed by the kidneys, 

Trauma from the 3-point be l t  (Table I ,  Part  C )  was s imi lar  to  t h a t  
produced by the  lap  be1 t alone in t h a t  i t  involved the small i n t e s t i n e .  
However t k p a t t e r n  was d i f f e r e n t ;  most of these in ju r i e s  from the 3-point 

be1 t were in the duodenum while most in ju r i e s  from lap  be1 t were located 
lower in the ileum, I t  would appear t h a t  the 3-point be1 t produces trauma 
across the  l i n e  of contact .  In a.ddition, i t  i s  possible t h a t  the lap  b e l t  
i s  usually worn higher when worn with a shoulder harness. This might a lso  

tend t o  increase in jury  to  the duodenum. Table I ,  Part D presents 
in ju r i e s  from be l t s  of unspecified types. I.!ost trauma in t h i s  group i s  t o  
the  small i n t e s t i n e .  

Steering wheel -induced i n j u r i e s  cons t i tu te  the next c lass  t o  be 
considered and r e s u l t s  from 149 cases are presented in Table I I .  I t -  is '  
immediately apparent from inspection of t h i s  table  t h a t  most trauma from the 
s teer ing  wheel i s  t o  the  duodenum, pancreas, and l i v e r .  Such organs are  
located in the upper par t  of the abdomen and are  susceptible t o  b l u n t  

trauma. The duodenum seems especia l ly  susceptible t o  in ju ry ,  depending on 
the  d i rec t ion  of the forces as well as by the shape of the objec t .  I f  the 
victim tends t o  submarine a f t e r  the lower rim of the  s teer ing  wheel i s  

deeply embedded in to  the  abdomen, the  upper abdominal organs including the  
duodenum, pancreas, and 1 ive r  may be subjected t o  ver t ica l  tearing forces in 
addition t o  the crushing forces produced by l a t e r a l  movement in to  the 
s t ee r ing  wheel rim. Such motions would explain injury t o  the  duodenum 
and pancreas, both of which are  r e l a t ive ly  fixed and consequently subject  t o  
the e f f e c t s  of shearing forces .  

In ju r i e s  t o  pedestrians are  collated in Table 111. A marked s h i f t  
in in jury  pat terns i s  immediately apparent. Most pedestrian abdominal 
trauma i s  t o  the more so l id  organs - spleen,  l i v e r ,  diaphragm, kidneys and 

pancreas with l i t t l e  t o  the small in t e s t ine  and almost none t o  the 
l a rge  i n t e s t i n e ,  In ju r i e s  t o  the  diaphragm and spleen a re  the  most 
prominent, A higher percentage of the pedestrian cases were f a t a l i t i e s  due 
t o  abdominal injury than was the  case f o r  the s e a t  be1 t o r  s t ee r ing  
wheel impacts. Such a higher mortal i ty r a t e  may in par t  influence the  



evaluation of the  i n j u r i e s ,  i . e . ,  autopsies are  generally more 
thorough than surgica l  examination. In addition some in ju r i e s  become 
obvious only a f t e r  some delay while sequelae and/or sca r  t i s sue  develops. 
Most l e tha l  i n j u r i e s  do not allow f i r  such a delay before examination. 

The more de ta i l ed  reports  of injury kinematics are  col la ted  in Table IV. 
Table IV, Part  A gives the in jury  pat tern resul t ing  from dashboard impacts. 
Most of the  trauma in t h i s  group of 11 cases was t o  the  1 i v e r ,  which might 
be expected because of the  locat ion of the dashboard r e l a t i v e  t o  the 

abdominal contents .  Other in ju r i e s  t o  the head and thorax a re  probably 
more commonbut have not been considered in t h i s  report  on abdominal impact. 
Table IV, Part  B presents data on armrest-induced in jury .  The spleen i s  the  
t a r g e t  0rga.n f o r  most i n j u r i e s  from t h i s  impact, but the  ' l iver and kidney 
31so a re  injured f a i r l y  of ten .  Table IV, Part  C presents four cases of 
trauma t o  r ea r  s e a t  occupants who sustained i n j u r i e s  t o  the diaphragm, 
l i v e r ,  spleen,  and pancreas. I n  Table IV, Part  D ,  43 cases of in jury  from 
miscellaneous causes a re  col la ted  with de ta i led  kinematic descript i-ons of 
the  ca r  crash b u t  no information on the object  causing the  in jury .  In jur ies  
in  these cases are  primari ly in the 1 i v e r ,  diaphragm, spleen and kidneys. 

Bicycle in jury  cases are  given in Table V ;  bicycle-auto accidents a re  
col la ted  in  Table V, Par t  A .  The injury pat tern i s  f a i r l y  evenly d is t r ibuted  
over the  range of s o l i d  abdominal organs and the small i n t e s t i n e .  The 
g rea tes t  amount of trauma was t o  the  spleen,  l i v e r  and pancreas. Bicycle 
handlebar i n j u r i e s  (42  cases) a r e  shown in Table V ,  Part  B .  Trauma was 
\ 

predominately t o  the pancreas and duodenum with some t o  the  jejunum. 

Apparently t h i s  slower impact produces t ea r s  especia l ly  in the  pancreas. 
Injury t o  the  duodenum, while common, i s  l e s s  severe than tha t  t o  the pancreas. 
Miscellaneous bicycle i n j u r i e s  given in  Table V ,  Part  C a r e  mostly t o  the  
spl een, 

Reports of motorcycle accident cases a re  shown in Table VI. The injury 
pat tern i s  predominately in the  area of the  more so l id  organs - l i v e r ,  spleen, 
and  pancreas - and in  the duodenum. 

Trauma from ejec t ion  from a moving vehicle (Table VII) i s  a lso  pre- 
dominately t o  the  more sol i d  organs - the spleen and 1 ive r  a r e  pa r t i cu la r ly  
vulnerable, There was a lso  some trauma t o  the duodenum and other  organs. 
This traum pattern cont ras ts  sharply as m i g h t  be expected with s teer ing  wheel- 



induced in ju r i e s  which a re  primarily t o  the  duodenum and pancreas and a lso  
with beltrinduced trauma t o  the small i n t e s t i n e ,  The e jec t ion  injury 
pat tern involving the  l i v e r  and spleen i s  c loser  t o  tha t  resul t ing  from motor- 
cycles (Table VI)  which perhaps are  a lso  primarily e j ec t ions .  The dash- 
board (Table IV) and pedestrian (Table 111) injury pat terns a re  

s imi lar  t o  t h a t  caused by e jec t ions  b u t  include injury to  the diaphragm. 
The injury pat tern from bicycle accidents (Tab1 e V )  , however, d i f f e r s  
considerably with most of the  in jury  occurring in the pancreatic-duodenal 
region. Thus there  i s  a  la rge  range of in ju r i e s  with markedly d i f fe ren t  

t rends.  

Blunt abdominal crushing trauma as occurs from low veloci ty accidents 
such for  example as a  pedestrian caught between the t a i l g a t e  of a  truck 
and  a loading dock, i s  presented in Table V I I I .  Such in ju r i e s  are  d ivers i f ied  
involving about equally the more sol id  organs and the small i n t e s t i n e .  
In jur ies  were more prevalent to  the 1 i v e r ,  duodenum, diaphragm, pancreas, 
stomach and jejunum. There was no major trend evident except the absence of 
trauma t o  the large i n t e s t i n e .  

Tables IX and X show trauma from unspecified impact objects  in vehicular 
accidents and other  miscellaneous in ju r i e s .  Results from Table X, 

miscell aneous vehicular blunt abdominal trauma, show t h a t  most such in ju r i e s  
were t o  the more sol id abdominal organs and especia l ly  the spleen and 
l i v e r ,  Table IX, showing injury pat terns from unspecified causes, indicates 
t h a t  the in ju r i e s  are  pirmarily t o  the spleen, diaphragm and l i v e r .  A complete 
tabulat ion of the data from the  cases described in t h i s  section i s  presented 
in Table XI. 
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3 . 3  SUMMARY AND CONCLUSIONS OF THE LITERATURE R E V I E W  

A summary of the data from 1,200 cases of abdominal injury i s  shown 
in Table XII, Each " X "  represents a 10% frequency of injury t o  an individual 
organ from a par t i cu la r  cause. Most in jur ies  with a l l  causes included 

were t o  the 1 i ve r ,  spleen, duodenum, pancreas and diaphragm in descending 
orderof frequency. Considering speci f ic  causes, injury t o  the 1 iver was 
common in every group, and the spleen was injured froin everything except 
the steering wheel and bicycle handlebar. The lap be1 t produced injury t o  
the lower small in tes t ine  - the jejunum, ileum and i l ea l  mesentery - 
presumably because of the lower location of the impact. The higher part of 
the small in tes t ine  - the duodenum - was injured by the 3-point be1 t ,  the 
steering wheel , and the bicycle hand1 ebar, and in motorcycle, eject ion and 
compression accidents. Trauma to  the pancreas resulted from steering wheel, 
pedestrian, b i  cycl e-auto and bi cycl e-hand1 ebar , motorcycle, and compression - 

- 

i spac t s ,  Injury t o  the kidney occurred in pedestrian, dashboard, armrest, and 
ejectiol induced trauma. The diaphragm was injured in the pedestrian, armrest, 
motorcycle, compression and unspecified groups. An injury pattern to the 
l i v e r ,  spleen and duodenum was caused by the  3-point sea t  be l t  and motorcycle 
eject ion accidents. 

Definite trends are present i n  the injury patterns from 1,200 cases 
of abdominal trauma. Although the reason f o r  such trends i s  not always c lea r ,  
.the most common reason seems to  be simply a matter of anatomical location of 
spec i f i c  abdominal organs in re la t ion t o  the s i t e  of the impact. Most mid- 
abdominal impacts s t r i k e  in the region of the 1 iver  which i s  very large and 
i s  most often injured.  Lower lap be1 t in jur ies  occur to  the lower anatolnical 
s t ruc tu res ,  the ileum and jejunum. The large in tes t ine  i s  rarely injured 
perhaps, par t ly  because of the protection offered by the pelvi c gird1 e .  
The spleen, pancreas, and duodenum are  frequently injured and they too are 
located a t  prominent mid-abdominal s i t e s .  The major resu l t s  of t h i s  
extensive l i t e r a t u r e  search are  presented in Figure 1 showing the l i v e r ,  spleen, 
duodenum and pancreas to  be major s i t e s  of in jury ,  Lap be1 t in jur ies  are  
anatomically lower i n  the ileum and jejunum. The l i v e r ,  spleen and duodenum 
are  frequently injured together; t h i s  i s  t rue  fo r  impacts from the 3-point 
l a p  be1 t ,  motorcycle a n d  eject ion in jur ies .  



This analys is  of the  1 i  t e r a t u r e  deals exclusively with injury t o  

s p e c i f i c  abdominal organs because t h a t  i s  what  was reported and 

avai lable  f o r  our review. Yet i t  i s  very l ike ly  t h a t  the  g rea tes t  number 

of deaths from accidents involving abdominal in jury  were more d i rec t ly  

due t o  hemorrhage and respi ra tory  problems. Hemorrhage i s  usually from an 

injured abdominal organ b u t  the cause of death i s  n o t  the  injury i t s e l f ,  

but c i r cu la to ry  shock from the  loss  of blood. The second niajor cause of 

death i s  t h a t  of respi ra tory  complications causing asphyxia. Such compl ica t ions  

r e s u l t  from abdominal injury alone or in conjunction with other in ju ry .  

Such problems can be due t o  airway blockage o r  neurogenic lung s t i f f n e s s  

making breathing d i f f i c u l t .  Both such fac to r s  - hemorrhage a n d  respi ra tory  

complications -occur immediately a t  the  scene of an accident ,  often have 

f a t a l  consequences, and deserve additional extensive inves t iga t ion .  





4.0 MECHANISMS O F  INJURY - LITERATURE REVIEW 

The two major causes of death from abdominal injury are :  (1)  hemorrhage 

from any highly vascular organ - l i v e r ,  spleen, pancreas or  the omenturn, and 

( 2 )  respi ra tory  complications act ing t o  reduce the a i r  supply. Both of these 

e f fec t s  of trauma a re  immediate threa ts  t o  survival .  While l i t t l e  can be 

done by ambulance emergency crews t o  t r e a t  internal  hemorrhage, pulmonary 

problems can be reduced by the administration of posi t ive pressure vent i la -  

t ion and by clearing the  airway t o  lessen the liklihood of a  respiratory 

death. Such e f fec t s  - hemorrhage and respiratory complications - are  usually 

addit ive t o  the e f f e c t s  of other  in ju r i e s  which r e s u l t  from a car crash. 

The other  general categories of injury which are  l i fe- threa tening i f  n o t  
diagnosed and t rea ted  include 1 aceration or  burs t i  ng  of the gas t ro- i  ntes t i  nal 

t r a c t ;  severe pancreatic trauma; and  lacerat ion of the  gallbladder or any 

other  s t ruc tu re  where injury t o  the organ i t s e l f  impairs function or allows 

the contents of such an organ t o  s p i l l  in to  the abdominal cavi ty ,  permitting 

a secondary infec t ion  t o  develop. While the l a t t e r  category of in ju r i e s  may 

r e s u l t  in delayed complications, surgical treatment i s  often e f fec t ive .  

Surprisingly,  however, the l i t e r a t u r e  has l i t t l e  t o  say a b o u t  the f i r s t  two 

categories ; the emphasis i s  extensively on in ju r i e s  t o  spec i f i c  organs. 

The reasons a re  c l ea r  - most c l in ica l  reports  a re  based on autopsies or  

surgical r epa i r  procedures. Both tend t o  emphasize the lesions t o  spec i f i c  

,abdominal organs which a re  evident in  t h i s  kind of postmortem or surgical 

examination, T h u s  t h i s  1 i  t e ra tu re  review necessarily wi l l  deal mostly with 

injury t o  spec i f i c  organs b u t  wil l  include a special sect ion devoted t o  
hemorrhage and respi ra tory  problems. 

4.1 INJURY TO THE PANCREAS 

Sudden high veloci ty blunt impact t o  the abdomen resu l t s  in  rapid 

movement of the  mobile abdominal viscera from the  high pressure center  of 

impact t o  the r e l a t ive ly  low pressure peripheral a reas .  The majority of 

pancreatic in ju r i e s  are  apparently due t o  blunt trauma usually from the 

s teer ing  wheel (Thal and Wilson, 1964), with some others  from bicycle 

accidents ,  A common mechanism was suggested f o r  such traumatic injury.  The 

head and body of the pancreas and the second portion of the duodenurn are 

firmly f ixed t o  the  pos ter ior  parietal  wall ; while the  l i v e r ,  protected by 



the lower r i b  cage, i s  abruptly displaced upward and  the hepatic f lexure of 

the colon downward. With the l i v e r  and the colon t ravel ing  in opposite 

d i rec t ions  away from the  pancreas and duodenum, there i s  a tendancy toward 

rupture of the common b i l e  duct a n d  gastro-duodenal a r t e r y ,  and horizontal 

tearing across the  transverse mesocolon with injury t o  the middle col ic  

vessels .  The impact over the body of the pancreas a n d  the  tension t o  the 

superior  mesenteric vein r e su l t s  in separation of the t i s sue  plane between 

the body of the pancreas and the superior  mesenteric vein. 

The symptoms a n d  signs are  re la ted  t o  the crushing trauma in f l i c t ed  on 
the head of the  pancreas and t o  the shearing e f f e c t  on blood vessels and the 

b i l i a r y  t r a c t  as the  l i v e r  and colon are pushed cephaled and caudad 

respectively.  Surgery i s  required fo r  adequate r epa i r .  While some of the  

1 i t e ra tu re  suggests t h a t  pancreatic in ju r i e s  are  n o t  very common, extensive 

damage frequently has been reported t o  r e s u l t  from s teer ing  wheel impact 

(Thal and Nilson, 1964). Our own experimental work c i ted  in t h i s  report 

suggests t h a t  such in ju r i e s  may r e s u l t  from any high abdominal impact such 

as might be produced by a s e a t  b e l t  or s teer ing  wheel. Additional evidence 

i s  presented in the  s p e c i f i c  1 i t e ra tu re  review sect ion .  

4.2 GENERAL PlECHANISM O F  INJURY TO THE SMALL BOWEL 

Injury t o  the  small bowel may be caused by: 

(1)  Crushing of the  small bowel between the  an te r io r  abdominal 

wall as i t  i s  forced inwards and the  vertebral column, r ibs  o r  pelvic bone. 

( 2 )  Tearing from an  obliquely applied force with the r e s u l t  t h a t  

the bowel i s  ta rn  loose from i t s  attachments t o  the pos ter ior  abdominal wall 

or mesentary. 

( 3 )  Compression causing bursting of the bowel as a r e s u l t  of a 
sudden force  applied t o  a gas o r  f l u i d - f i l l e d  loop of the bowel. 

( 4 )  Deceleration suddenly may r e s u l t  in shearing and tearing as 

the bowel moves r e l a t i v e  t o  the body. 

(5)  Blunt force may rupture a major vessel in  the mesentery o r  

cause a hematoma within the mesentery which in fa rc t s  the  overlying bowel. 

(Cantor, 1970) .  

The term "whiplash abdominal injury" has been used recently (Berardi ,  1969) 



t o  r e f e r  t o  i n j u r i e s  t o  the small in t e s t ine  resul t ing  from shearing forces 

which develop during sudden decelerat ion.  The small i n t e s t i n e  i s  r e l a t ive ly  

viable being attached to  the mesentery. The vessels and pa r t i cu la r ly  the 

a r t e r i e s  in the  mesentery, however, impart t o  i t  a cer ta in  " s t i f f n e s s "  which 

r e s i s t s  sudden deformation. According t o  Berardi , because of the  torturous 

route of the  i n t e s t i n e ,  a  whip-li ke motion can be given to  the mesentery 

which may rupture ce r t a in  of the  vesse ls .  Presumably the force of the im- 

pact or  decelerat ion would influence the  degree of vascular rupture and 

extent  of subsequent hemorrhage or gas t ro- in tes t ina l  complications. The 

main c h a r a c t e r i s t i c  of such a "whiplash abdominal injury" i s  given as no 

d i r e c t  contact  with the  abdominal wall .  Such an explaination seems possible 

t o  me b u t  unlikely in the  laboratory where the impactor s t r i k e s  and deeply 

penetrates the  abdominal wall .  We found no mesenteri c  injury except d i rec t ly  

under or adjacent t o  the point of impact. However, t h i s  would n o t  e n t i r e l y  

ru le  out  some whiplash e f f e c t .  

4.3 DUODENUM 

Duodenal rupture in blunt abdominal trauma i s  a  severe injury unless 

adequately diagnosed and surgica l ly  t r ea ted .  Only approximately 5% of pa t ients  

operated u p o n  f o r  blunt abdominal trauma have a duodenal injury (Roman, e t  a1 . , 
1971). Although t h i s  makes such an injury seem unusual when a l l  types of 

car  crash i n j u r i e s  a r e  considered, our own l i t e r a t u r e  review shows t h a t  s teer ing  

wheel impact frequently does cause injury t o  the duodenum, The duodenum 

l i e s  in the  depth of the  peritoneal cavity protected by the l i v e r ,  lower r i b  

cage and vertebral  column. This anatomic advantage does not ,  however, o f fe r  

complete protect ion.  

The mechanism of duodenal injury may be threefold (Roman, e t  a l . ,  1971). 

F i r s t ,  the  a n t e r i o r  abdominal wall i s  pushed pos ter ior ly  t o  the spine.  The 

second or  t h i r d  portions of the  duodenum may be th rus t  t o  the r i g h t  in con- 

t i n u i t y  with the hettd of the  pancreas while the  f i r s t  or  fourth portions move 

t o  the l e f t  with the  stomach o r  proximal duodenum. Second, intraluminal 

pressure may become suddenly increased as the  pylorus and ligament of Tr ie tz  

become occluded forming a closed loop with r e su l t an t  blowout. Such a mech- 

anism was considered unlikely by Roman e t  a l .  (1971) in l i g h t  of experimental 

t e s t s  using dogs where blowouts induced by in jec t ion  of s a l i n e  solut ion or 



a i r  were q u i t e  d i f f e r e n t  from those  found c l i n i c a l l y .  Such t e s t s  produced 

p in-po in t  pe r fo r a t i ons  a t  the proximal o r  d i s t a l  l eve l  of t he  duodenum in  

c o n t r a s t  t o  c l i n i c a l  i n j u r i e s  which were t r an sve r se  l a ce r a t i ons  of 50% o r  

more of t h e  duodenum. Thi rd ,  t he  impact may c r e a t e  a  t e a r i n g  or shear ing  

f o r c e  a t  t h e  s i t e  of a  junc t ion  between f i xed  and mobile p a r t s  of t he  

duodenum. The t h i r d  p o s s i b i l i t y  seems most l i k e l y  i n  l i e u  of t h e  t r an sve r se  

t e a r s  observed c l i n i c a l l y .  I t  should perhaps be noted here t h a t  i n  our own  
l abora tory  experinients no duodenal i n j u r y  a s ide  from minor contusions of t h e  

wall  was found. The p o s s i b i l i t y  e x i s t s ,  of course ,  t h a t  such a  contused 

a r ea  could over a  period of days develop i n t o  a  small pe r fo r a t i on .  

Another type of i n j u r y  observed c l i n i c a l l y  some time a f t e r  b lun t  

abdominal i n ju ry  i s  t h a t  of an intramural hematoma. A hematoma i n  t he  wall 

of t h e  duodenum may slowly expand and p a r t i a l l y  o r  t o t a l l y  occlude t h e  lumen 

producing e f f e c t i v e  obs t ruc t i on  (F rea rk ,  e t  a1 . , 1966) .  Such damage may 

n o t  be apparent  s h 3 r t l y  a f t e r  i n j u r y ,  even a t  autopsy,  because such a  hema- 

toma may develop slowly.  

4.4  COLON 

I n j u r i e s  t o  t h e  colon r a r e l y  r e s u l t  from non-penetra t ing trauma (Kennedy, 

1960).  In our l abo ra to ry  work, occas iona l ly  t h e r e  was evidence of minor 

contusion t o  t h e  wall of t he  l a r g e  i n t e s t i n e .  Tears may develop which can 

even tua l ly  r e s u l t  i n  pe r fo r a t i on .  

4 . 5  URETER A N D  B L A D D E R  

I n ju ry  of t h e  u r e t e r  and bladder  from b lun t  abdominal trauma i s  r a r e .  

Rupture of the  bladder  i s  f requen t ly  a s soc i a t ed  w i t h  p e lv i c  f r a c t u r e s  which 

do no t  f a l l  d i r e c t l y  i n t o  t h e  a rea  of abdominal impact. 

4 . 6  ABDOMINAL WALL INJURIES 

The abdominal wall i s  usua l ly  t h e  d i r e c t  s i t e  of impact in such t raumat ic  

i n j u r i e s .  The r e c t u s  muscles and blood vesse l s  i n  the wall may be in ju red  as  

a  r e s u l t  of being s t r uck  by t h e  impacting o b j e c t ,  e s p e c i a l l y  i f  c l o th ing  i s  

l i g h t  and the o b j e c t  unpadded, Sea t  b e l t s  can a l s o  produce abras ions  t o  t h e  

abdominal c av i t y  a s  can t h e  s t e e r i n g  wheel i f  t he  v ic t im moves v e r t i c a l l y  



during the dece l e r a t i on .  Whi 1 e t h e  primary symptom i s  pa in ,  pulmonary 

complications can occur as  a r e s u l t  of sympathetic nerve s t imu la t i on  which 

i s  of consequence when combined with o the r  i n j u r i e s .  Our l abora tory  t e s t s  

showed l i t t l e  evidence of such i n ju ry  t o  the  wall of t he  abdomen. 

4.7 L I V E R  

The mor t a l i t y  i n  non-penetra t ing wounds t o  t he  l i v e r  i s  high i f  t he  

e f f e c t s  of  hemorrliage a lone a r e  included in such e s t ima t e s .  A 40-60% 

mortal i t y  r a t e  has been es t imated by He1 ls t rom (1966) .  However, over ha1 f  

of t he se  cases  were dead on admission suggest ing t h a t  hemorrhage or blood 

l o s s  i n t o  t h e  abdominal c av i t y  with subsequent shock was an even g r e a t e r  

cause of dea th .  

In add i t i on  t o  hemorrhage i n t o  t he  abdominal c a v i t y ,  a number of o the r  

r e s u l t s  of  b lun t  trauma t o  t he  l i v e r  were c i t e d  by Hellstrom (1966) and 

s e rve  t o  po in t  o u t  t h a t  the  mechanisms of l i v e r  i n ju ry  do n o t  only involve 
- - 

t h e  l i v e r  i t s e l f .  The cen t r a l  nervous system may be involved i n  b lun t  

abdominal impact i n  t h e  region of the  l i v e r .  Compression of t h e  lower 

thorax o r  upper p a r t  of t h e  abdomen may r e s u l t  in  t raumat ic  asphyxia (Mori tz ,  

1954) ,  a condi t ion  cha rac t e r i z ed  by petechi a e ,  mainly on t he  f a c e ,  combined 

with i n t r a o c u l a r  hemorrhages. According t o  Mori t z ,  t h i s  i s  due t o  rapid  

displacement of blood from t h e  r i g h t  a t r ium and va lve less  supe r io r  vena 

cava. I n t r a c r a n i a l  hemorrhage was a l s o  a f requen t  r e s u l t  of b lun t  trauma 

-to t h e  l i v e r .  The occurrence of ce rebra l  niicroaneurysms may be an add i t iona l  

consequence of such rap id  s h i f t s  of blood towards t he  head. Such d i s t u r -  

bances i n  ce rebra l  c i  rcul  a t i  on o f t en  occurred wi t h  t r aumat ic  asphyxia which 

suggests  c en t r a l  l y  induced pulmonary cvmpl i  c a t i  ons of nervous o r i g i n .  Whi 1 e 

Hellstrom (1966) sugges t s  a vagal mechanism, recen t  work by (Becknian e t  a l .  

1971) demonstrates a sympathet ic  in f luence  t o  be a more 1 i  kely causal  mechanism. 

Cardiac l e s i o n s  i n  t h e  absence of d i r e c t  trauma may occur e i t h e r  as  a 

r e s u l t  of sudden displacement of t h e  h e a r t  o r  by a sudden increase  of i n t r a - ca rd i ac  

p ressure .  Rupture of t h e  r i g h t  hea r t  may occur a s  a r e s u l t  of  c ran ia l  v e n t r i c l e  
displacement of t h e  h e a r t  and a sudden i nc r ea se  in pressure  r e s u l t i n g  from 

b lun t  impact t o  t h e  l i v e r .  Br igh t  and Beck (1933) showed i n  dog experiments 

t h a t  a cu t e  c a rd i ac  d i l a t a t i o n  occurred on sudden compression of the lower 

ha l f  of t h e  body. The major f i nd ing  was t h a t  of e p i c a r d i a l  hemorrhage, 



Ci rcu l a to ry  f a i l u r e  a l s o  may r e s u l t  from illyocardial ischemia induced dur ing 

the shock phase,  most l i k e l y  by a neurogenic mechanism (Beckman e t  a l . ,  1971) .  

Another cause of  reduced myocardial f unc t i on  may be pos t - t raumat ic  blood c e l l  

aggrega t ion .  Although such e f f e c t s  a r e  o f t en  delayed a t  l e a s t  f o r  a few 

hours a f t e r  t h e  i n j u r y ,  i t  may be assumed t h a t  myocardial func t ion  i s  reduced 

a f t e r  trauma t o  t h e  l i v e r .  Our own experimental  work denonstra ted marked 

ECG changes a f t e r  such i n j u r y  which a r e  i n d i c a t i o n s  of a t  l e a s t  temporary 

ca rd i ac  impairment . 
Aor t i c  r up tu r e  occurs  c l i n i c a l l y  i n  35% of t h e  cases  of l i v e r  rup ture  

(Hel l s t rom,  1966) .  Such a o r t i c  r up tu r e  was not  found, however, i n  our own 

l abo ra to ry  work, perhaps because t h e  f o r c e s  i  rivol ved were exces s ive ly  high.  

Two f a c t o r s  predominate i n  t he  l i t e r a t u r e  t o  exp la in  t h e  mechanisms of 

a o r t i c  r up tu r e :  

1 .  S t r e t c h i n g  of t h e  a o r t a ,  i n  a c r a n i a l  d i r e c t i o n ,  as a r e s u l t  

of a d i r e c t  decele i -a t ive  f o r c e s  (Hass ,  1944) ;  (McKnight e t  a1 , 1964) .  

2 .  A sudden i nc r ea se  i n  t h e  a o r t i c  blood pressure  (Oppenfieim, 

1918; Gable and  Townsen, 1963) .  

3 .  A combination of t h e s e  (Thor in ,  1958; Nori t z ,  1954 ; Lundevall , 
1964) .  The t h i r d  pos s ib ly  seems most l i k e l y ,  with s t r e t c h i n g  of t h e  a o r t i c  

wall making a p r e s su re  blowout more l i k e l y  t o  occur .  

While pathogenesis  of pulmonary changes w i l l  be considered as  a 

s e p a r a t e  t o p i c ,  i t s  r e l a t i o n  t o  b lun t  i n j u r y  t o  t h e  l i v e r  w i l l  be considered 

here .  Pulmonary hemorrhage which e a s i l y  can be de tec ted  a t  autopsy may r e s u l t  
\ 

from a d i r e c t  blow t o  t h e  lower thorax o r  upper abdominal region o r  from an 

i nc r ea se  i n  pulmonary va scu l a r  p ressures  r e s u l t i n g  i n  ex t r avasa t i on  of blood 

(Hass,  1944; Beckman and Bean, 1970) .  I t  perhaps may be assumed t h a t  t h e  

sudden r i s e  i n  p r e s su re  which was shown  by Br igh t  (1934) t o  occur i n  t he  

r i g h t  h e a r t  in a s s o c i a t i o n  with  abdominal i n j u r y  may propagate i n t o  t h e  lungs 

and g ive  r i s e  t o  c a p i l l a r y  rup tu r e s .  The r ecen t  work of Beckman e t  a l .  (1971) 

sugges t s  an add i t i ona l  neurogenic mechanism f o r  such 1 ung changes. The 

sympathet ic  nervous system, which i s  most 1 i  kely s t imu la t ed  dur ing abdominal 

impact ( a l s o  found occur  dur ing mechanical head i n j u r y ,  Beckman and Bean, 

1969), was shown t o  d i r e c t l y  a1 t e r  t h e  s u r f a c e  1 in ing  of t h e  a l v e o l i  of t h e  

lung which in  turn r e s u l t s  i n  t h e  development of  a "wet lung" with  decreased 

compl i ance.  



Liver lesions resul t ing  from blunt trauma may be divided in to  the  

f o l l  owi ng groups (Sandbl om, 1948). 

1 .  Ruptures th rough  the capsule and the parenchyma 

2, Subcapsular lesions 

( a )  Subcapsular hematoma 

( b )  Subcapsul a r  rupture 

( c )  Central rupture 

Central ruptures are  considered t o  be as common c l i n i c a l l y  as capsular ruptures 

(Sandblom, 1948). Because of t h e i r  location in the i n t e r i o r  of the l i v e r  

they do not give r i s e  t o  hemorrhage and b i l e  leakage in to  the peritoneal 

cavity and as a  r e s u l t ,  many such internal  in ju r i e s  apparently go undiag- 

nosed. Whi l e  some ruptures heal others cause abcesses with fu ture  compl ica- 

t ions .  

Fata l i ty  following blunt traumc t o ' t h e  l i v e r  i s  most. l i ke ly  due t o  one 

o r  a combination of the  following: 

1.  Direct damage t o  the 1 iver  ' _ -  - 
2 ,  Hemorrhage 

3. Pulmonary compl i  ca t i  ons 

4. Disturbance in the  physical properties of blood 

5. Shock (induced neurogenically or due t o  blood l o s s )  

6. Disturbance of cardiac rhythm 

I t  i s  concluded t h a t  the mechanisms of injury from blunt trauma t o  the 

l i v e r  involve many fac to r s  b u t  t h a t  the prominent ones are :  ( 1 )  rupture of 

the l i v e r ,  ( 2 )  hemorrhage, and ( 3 )  pulmonary complications. The l a t t e r  two 
especi a1 ly deserve additional emphasis and invest igat ion.  

4.8 GALL BLADDER 

Rupture of the gal l  bladder from blunt trauma i s  r a re  (Kennedy, 1960), 

and therefore wi l l  n o t  be given special consideration as t o  possible injury 

rnechani sms . 

4.9 K I D N E Y  

The kidneys a re  protected from injury by the  lower r i b s ,  the spine,  the 

lumbar muscles and the abdominal viscera.  The incidence of serious injury t o  



the  kidney from blunt  trauma i s  n o t  high (Kennedy, 1960) b u t  s t i l l  many cases 

have been c i t ed  i n  the  l i t e r a t u r e .  The e f fec t s  of trauma are  usually d i r e c t  

by hydraul i c  compression, a1 t h o u g h  occasionally they a re  ind i rec t .  In most 

cases of renal in ju ry ,  the impact i s  over the kidney a n t e r i a l l y ,  pos te r i a l ly  

or l a t e r a l l y .  The most conlnion injury from blunt trauma i s  t o  the surface 

o r  peri nephric f a t  involving hemorrhage and the possible development of ca l -  

c i f i c a t i o n  or a cys t .  Injury t o  the  kidney i t s e l f  may in the  form of contusion show 

(very common in  our own 1  aboratory experiments), 1 acera t i  on, or a combination 

of the  two. Lacerations are  mostly on the surface ,  b u t  occasionally are 

very deep. Most lesions heal spontaneously wi thout serious a f t e r - e f f e c t s  

(Kennedy, 1960). 

4.10 SPLEEN 

Rupture of the  spleen from blunt abdominal impact reportedly i s  f a i r l y  

common and can be very ser ious  when i t  does occur because of rapid excessive 

blood loss .  While in  our own experimental work lacerat ions t o  the  t i p  of 

the  spleen were often found on postmortem examination, such e f f e c t s  may be 

pa r t ly  ar tefac tual  having been caused by the edge of the  impactor or  s led .  

Rupture or lacera t ion  i s  due primarily t o  d i r e c t  trauma t o  the spleen.  Our 

1 i t e r a t u r e  review indica tes  t h a t  in jury  t o  the spleen i s  a  common consequence 

of pedestr ian accidents ,  e j ec t ion ,  a n d  motorcycle in ju r i e s  and from impacts 

involving a  car  occupant s  t r i  king a dashboard o r  armrest.  The 1  a p  be1 t a1 so 

i s  an occasional cause of injury t o  the spleen. 



5.0 EXPERIMENTAL STUDIES O F  ABDOMINAL TRAUMA 

5.1 INTRODUCTION 

The 1 i t e ra tu re  review indicates t h a t  the most frequent causes of blunt 

abdominal injury were the s teer ing  wheel and the lap be l t ;  the organs most 

often injured were the l i v e r ,  pancreas, spleen, and in tes t ines .  Based on 

t h i s  information a s e r i e s  of animal abdominal impacts were designed t o  study 

the re la t ionship  between shape and  type of impactor, veloci ty of impact, body 

region impacted and injury l eve l .  

The (Cercopithecus pygeryttirus) vervet monkey was choosen as the primary 

t e s t  animal f o r  t h i s  study. The monkey has been found t o  be a ,very good 

research animal f o r  abdonli nal s tudies because of i t s  great sirni 1 a r i  t i  es t o  
man. The second animal used in t h i s  study was the (Sus scrofa)  mini-pig. - .  
His torso weight can be made comparable t o  man's, thus a1 lov~ing more real i s t i c  

impact forces fo r  scal ing to  man. 

Fif ty-three animal s were exposed t o  control 1 ed abdominal inipacts fo r  

quantative determination of i n p u t  versus occurrence of trauma. Three 

of the most probable causes of abdominal trauma were selected as the 

steering wheel which was represented by a metal p la te  f o r  controlled t e s t  

purposes, the sea t  be1 t v\rl~ich was scaled t o  the general s i ze  of the animals 

-.tested, and various objects  such as the armrest,  gear s h i f t ,  e t c .  represented 

by a round r ig id  impactor. Vervet monkeys were exposed t o  each of these 

impactors and 15 pigs t o  the round impactor. 

5.2 TEST METHODS 

5.2.1 Vervet Monkey Front Abdominal Impacts. The t e s t  animals were housed 

in the Biomedical Laboratory's vivarium of the Highway Safety Research I n s t i t u t e  

f o r  a minimum of two days. During t h i s  time the animals were examined and 

t h e i r  physical condition recorded. This pre-impact physical was then compared 
t o  the post-impact physical a n d  used in evaluating the extent of in jury .  

The animal t o  be tested was anesthetized with 30 mg/kg of ketalar  [dl  

2- (0-chlorepheny1)-2- (methyl amino) cycl ohexanone Hydrochloride]. This drug 



i s  a rapid-act i  ng general anes thet ic  produci n y  an anes thet ic  s t a t e  character-  

ized by profound analges ia ,  normal pharyngeal -laryngeal ref1 exes and normal 

or  s l i g h t l y  enhanced skele ta l  muscle tone. Vith t h i s  drug the  post-impact 

s t a t e  of consciousness can be determined. The good muscle tone provided by 

t h i s  drug made the  t e s t  conditions more r e a l i s t i c  and representat ive of the 
responses of the a l e r t  animal. 

After the animal i s  f u l l y  anesthet ized,  he i s  shaved and targeted f o r  

high speed photographic analys is .  The animal was then taken to  the impact 

room where EKG, r e sp i ra to ry  r a t e  and re f l ex  s t a t e  were recorded. A complete 
s e t  of anthropometric measurements were then made of each t e s t  animal. The 

t e s t  animal was seated on a bench type sea t  and supported by surgical thread 
through the ea r s .  This method of support makes the animal e s sen t i a l ly  a 
f r e e  body. I t  was found t o  provide reproducible r e s u l t s  and eliminated the 

conipl i cated boundry conditions of a sea t  or s l  ing . 
A1 l impacts were car r ied  out  by a pneumatical l y  operated t e s t i n g  machine 

especia l ly  constructed f o r  impact s tudies  (Figure 1 ) .  The machine consis ts  
of an a i r  r e se rvo i r ,  and a ground and honed cylinder with two careful ly  

f i t t e d  p is tons .  One, the  t r ans fe r  p is ton ,  i s  propelled by compressed a i r  

through the  cylinder and t r ans fe r s  i t  rr~omentum t o  the  impact piston.  A 

s t r i k e r  p l a t e ,  attached t o  the impact p is ton ,  t r ave l s  a d is tance  of about four 

inches, when an inversion tube absorbs the  energy of the impact piston and 
ha1 t s  i t s  movement. The stroke of the impactor was control led by i t s  
i n i t i a l  posi i ioning and i t s  ve loci ty  was control led by the  reservoi r  pressure. 
The impactor was instrumented with an accelerometer and an i n e r t i a  compensated 

force transducer.  High speed motion p ic tures  a t  5000 fps were taken f o r  
photographic analys is  (Figure 2 ) .  

5.2.1 .1 Sl ed Test with Lap Be1 t and Air Bag, Four s l  ed t e s t s  were conducted 
using the HSRI small high veloci ty  sled f a c i l i t y .  This f a c i l i t y  i s  capable 
of powering a 25 pound s led  t o  a ve loci ty  of 60 mph.  High speed motion 
p ic tures  (up to  10,000 frames per second) a re  synchronized with the  s l e d ' s  
motion t o  obtain the  t e s t  animal 's  body kinematics. Sled accelerat ion and 
be1 t 1 oads were recorded on an osci 11 oscope (Figure 3 ) .  

The t e s t  animal was bel ted t o  the sled by a one inch nylon sea t  b e l t  

pulled t i g h t  over the Eminentia I l iopect inea  (Figure 4 ) .  The b e l t  was 
varied from t h i s  posi t ion u p  t o  the i l i a c  c r e s t ,  in a s e r i e s  of four sled 
runs. \ 



W i t h  t h e  use o f  l a p  be1 t s  t h e  animal  i s  slammed o n t o  t h e  f l o o r  o r  

some s t o p p i n g  s u r f a c e  i n  f r o n t  o f  h im under t h e  s l e d  d e c e l e r a t i o n .  As a  

r e s u l t  o f  t h i s  secondary c o l l  i s i o n  i n j u r i e s  n o t  a s s o c i a t e d  w i t h  t h e  be1 t s  

have been r e p o r t e d  by r e s e a r c h e r s .  To a v o i d  t h i s  p rob lem a  smal l  p r e i n f l  a t e d  

a i r  bag was p o s i t i o n e d  i n  f r o n t  o f  t h e  t e s t  a n i m a l .  T h i s  a i r  bag was equipped 

w i t h  an  a d j u s t a b l e  p r e s s u r e  r e l i e f  v a l u e  so a  p r e c i s e  r i d e  down o f  t h e  s l e d  

c o u l d  be  o b t a i n e d  ( F i g u r e  5)  a 

5.2 .1 .2  Abdominal Impacts .  The body impacts  were c a r r i e d  o u t  w i t h  

two t y p e s  o f  impac to rs .  The f i r s t  was a  r i g i d  impac to r  we igh ing  

22 pcunds c o n s i s t i n g  o f  t h r e e  d i f f e r e n t  c o n t a c t i n g  s u r f a c e s .  Each 

c o n t a c t i n g  s u r f a c e  was 8 i n c h e s  l o n g  ( t h i s  was t o  i n s u r e  t o t a l  body 

c o n t a c t )  and 1/2,  1  and 2 i nches  i n  w i d t h  r e s p e c t i v e l y  ( F i g u r e  6 ) .  

The second t y p e  i m p a c t o r  c o n s i s t e d  o f  a  be1 t s t r e t c h e d  between two 

s u p p o r t s  ( F i g u r e  7 ) .  Three d i f f e r e n t  s i z e  be1 t s  were used: 1 /2 ,  1  and 2  

i nches  f o r  compar ison w i t h  t h e  r i g i d  impac to r  t e s t s .  

C o n t a c t i n g  f o r c e  and p u l s e  d u r a t i o n  was r e c o r d e d  on an o s c i l l o s c o p e .  

Impac to r  v e l o c i t y  was de te rm ined  f r o m  t h e  h i g h  speed movie a n a l y s i s .  

The an ima ls  were p o s i t i o n e d  t o  l i m i t  t h e  dep th  o f  p e n e t r a t i o n  t o  

a p p r o x i m a t e l y  50% body w i d t h ,  and a o n e - f o o t  t h i c k  s o f t  foam pad was 

a r ranged  t o  p r e v e n t  i n j u r y  a f t e r  impac t .  

There  were t h r e e  impac t  l o c a t i o n s  on t h e  m i d l i n e  o f  t h e  body. The 

f i r s t  was midway between t h e  base o f  x i p h o i d  process  and t h e  t r a n s p y l o r i c  

p l a n e  a p p r o x i m a t e l y  20% down f r o m  t h e  base o f  t h e  x i p h o i d  process  t o  t h e  

i l i a c  c r e s t s .  The second impac t  l o c a t i o n  was midtray between t h e  t r a n s p y l o r i c  

p l a n e  and t h e  t r a n s t u b e r c u l a r  p l a n e  a p p r o x i m a t e l y  53% down f r o m  t h e  base o f  

t h e  x i p h o i d  process  t o  t h e  i l i a c c r e s t s .  The t h i r d  impac t  l o c a t i o n  was 

i n  t h e  t r a n s t u b e r c u l a r  p l a n e  a p p r o x i m a t e l y  81% down f r o m  t h e  base o f  t h e  

x i p h o i d  process  t o  t h e  i l i a c  c r e s t s .  These percentages mark t h e  c e n t e r  

c o n t a c t  p o i n t  f o r  each impac t  t e s t .  

The an imal  was impacted a t  one o f  t h e  predetermined impac t  p o i n t s  and 

t h e  i n j u r y  eva lua ted .  I f  t h e  i n j u r y  was n o t  s e r i o u s ,  t hen  t h e  n e x t  

animal  was impacted a t  t h e  same l o c a t i o n  b u t  a t  a  h i g h e r  v e l o c i t y .  T h i s  

p rocedure  was c o n t i n u e d  f o r  each impac t  l o c a t i o n  and each impac to r  

( F i g u r e  8 and 9 ) .  



5.2.2 Mini-Pig Front Abdominal Impact. The mini-pig f r o n t  abdominal il~ipacts 
were car r ied  out using a s ing le  impactor. This impactor weighed 30 pounds 

and has a 3 inch diameter c i r c u l a r  intpacting surface .  The pigs were 

supported by a rope around the back and under the f ron t  l e g s ,  again making 
the  animal e s s e n t i a l l y  a f r e e  body. The impactors depth of penetration was 

p rese t  a t  approximately 3 inches. 

Three impact locat ions  were located on the r i g h t  and l e f t  midclavicular 

1 i nes .  Each of these impact locat ions were 15%, 30% and 45% respectively 
down from the base of the xiphoid process t o  the i l  iac  c r e s t s .  The same 

instrumentation used in the monkey t e s t  set-up was used in the  mini-pig t e s t .  

5 .2 .3  Biomedical Data Collect ion.  Gross autopsy was conducted in the 

Autopsy Laboratory, especial 1y equipped f o r  d issec t ion .  Autopsies were 
conducted as a blind study, according t o  accepted research procedure, with the 

inves t iga tor  conducting the  gross autopsy having no knowledge of physical 

data on the i n t e n s i t y ,  loca t ion  of impact, o r  circumstances of each - t e s t .  
Careful anatomical d issec t ion  of the head, face  and neck t i s s u e s ,  where 

head impacts occurred allowed d i s c r e t e  iden t i f i ca t ion  of many s i t e s  of 

vascular f a i l u r e .  When gross trauma was found i t  was photograpttically 
recorded using a speci a1 l y  modified Pentax camera with close-up 1 ens ,  

e i t h e r  in s i t u  or as an i so la ted  e n t i t y  t o  provide a permanent record of the 

in ju ry .  Tissues were saved from a l l  major organs f o r  fu r the r  histopathologic 
examination. A typica l  copy of the autopsy report  form used f o r  each 
subjec t  i s  included in Appendix A .  Weights o f  major organs were obtained,  
including the h e a r t ,  b ra in ,  1 ungs , 1 ive r  , spleen , pancreas, adrenal s , and 
kidneys. Each autopsy repor t  incl udes gross and microscopic pathology, 
anthropometry, pre- and post-impact radiographs, color  photographic 

, documentation of d i s sec t ions ,  i n j u r i e s  and the animal t e s t  preparation. 
Isoenzyme determinations in  the  case of la rger  primates were a lso  made. 
Included a re  a l l  background information r e l a t i v e  t o  the history, case,  and 
any medication of  the pa r t i cu la r  subjec t .  

I t  should be noted t h a t  no animal carcass was destroyed post-autopsy 
without making an e f f o r t  t o  more f u l l y  u t i l i z e  the  remains within the  
Medical School community. In t h i s  connection, some 12 departments received 
carcass mater ia ls  which were of d i r e c t  benefi t  t o  other  medical research 
s tud ies  in  progress. Some examples included the  t e s t i s  which were used by 



the  Department of Gynecology and Obstetr ics  f o r  hormone s tud ies ,  thighs by 

the  Department of Surgery f o r  f a sc ia  g r a f t  experiments, and other 'discarded'  

materials  were received by the Human Growth Center, Department of Anatomy, 
Department of Opthamol ogy , Department of Otorhinolaryngology, Department of 

Pathology, Kresge Hearing Research I n s t i t u t e ,  Department of Anthropology, 
University of Michigan Museum, and hands and f e e t  were used f o r  a  study of 
dermatoglyphics by the  School of Pub1 i c  Health inves t iga tors .  Thus, the 
animal subjec ts  were optimally u t i l i z e d  in respect  t o  a l l  animal u t i l i z a t i o n  
codes of e t h i c s .  

Tissue specimens were prepared in the HSRI Histology Laboratory f o r  
microscopic examination. Fixed in  a  solut ion of formal i n ,  the specimens 

were dehydrated with alcohol , cleaned, i n f i l t r a t e d  and f i n a l l y  imbedded 
in pa ra f f in .  The paraf f in  blocks were placed in the  microtome and t i s sues  

were sectioned a t  a  thickness of 5 microns, using an A0 Spencer 820 microtome 
and mounted on a g lass  s l i d e .  Various s t a i n s  were used, b u t  in the case 

of brain t i s s u e  some s l i d e s  f o r  each subjec t  were prepared with Gallocyamin 
s t a i n  f o r  Nissl substance, s ince ea r ly  d issolu t ion  of Nissl substance has been 

found to  occur subsequent t o  nerve ce l l  in jury .  
Microscopic examination and study of the t i s sue  preparations was 

accompl islied with an A0 Spencer Ser ies  10 microscope using 4X, 1 OX and 45X 

objec t ives  with t r inocu la r  body, which permits the use of a  Pentax H / A  

camera f o r  microphotography. Histopathology was evaluated by special i s t s  
from the University School of Medicine. These included Dr, Thomas Johnson, 
Dr. Paul Gikas, Dr. Thomas Sodeman from the Department of Pathology, and 
Dr. Gary Boorman from the Unit f o r  Laboratory Animal Care. As a fu r the r  
check on i n t e r p r e t a t i o n ,  se lec ted  brain t i s sues  were submitted f o r  evaluation 

by two addit ional  pathol ogi s  t s  experienced in infra-human brain pathol ogy, 
Dr. Weatherbee, Chief of the  U.S. Veteran's Hospital Pathology Department 
a t  Ann Arbor, and Dr. G.T. Pr ice ,  pathology consultant .  A d i f ference  in  
bra in '  histopathology observations as we1 1 a s  in te rp re ta t ion  i s  not unusual 

among pathologis ts ,  and the  submission of c r i t i c a l  t i s s u e  specimens t o  more 
than one pathologist  without the knowledge of the o ther  was intended as a  
check to  decrease the chances of missing any per t inent  pathology, a s  well 
as a l e r t  us t o  any spec i f i c  cases where there might be a d i f ference  of opinion 
a s  t o  pathological i n t e r p r e t a t i o n .  A s imi lar  procedure was a lso  followed in  



the f ina l  in te rp re ta t ion  of injury sever i ty  re la ted  t o  both gross and micro- 
scopic f indings,  with separate r a t ings  made by two researchers experienced in 

infra-human primate injury inves t iga t ions .  In terpre ta t ions  and scoring was 
cons is tent ly  within 112 scal ing point ,  giving considerable confidence t o  
our f ina l  scal ing design. The following i s  the 5-point injury sca le  used 
t o  r a t e  the injury of a l l  t e s t  animals, 

1 .  No injury - minor in jury .  
2. Recoverable i n j u r i e s  ( these  may be severe,  b u t  non-dangerous 
t o  l i f e ) .  

3.  Marginal a s  to  whether injury i s  i r r eve r s ib le  ( i  . e . ,  r e su l t s  in 
permanent d i s a b i l i t y  of function or s t r u c t u r e ) .  
4 .  Serious in jury ,  non-reversible, probably not survivable. 
5. Fatal trauma. 

5 .3  RESULTS 

5.3.1 Results of Vervet Monkey Abdoniinal Impacts, The r e s u l t s  of the vervet 

monkey abdominal impact t e s t s  a re  given in Table XII I .  The forcelarea 
column in t h i s  t ab le  was determined by dividing the peak impact force by 

the area of the impactor in contact with the animal. The contacting 
area fo r  the r ig id  impactor was found by multipling the impactor 's width by 

the  diameter of the t e s t  animal a t  the point of impact, b/hile the contacting 

area fo r  the f l e x i b l e  impactor was based on the half circumference of 
\ 

the  t e s t  animal a t  the  contact locat ion .  

The i n j u r i e s  seen in these impact t e s t s  were qui te  s imilar  t o  those 
seen cl inical  l y  in automobile accidents .  

The i n j u r i e s  associated with the r ig id  impactor were qui te  s imi lar  t o  

s teer ing  wheel rim i n j u r i e s .  The 1 iver  , spleen, and pancreas were generally 
involved in t h i s  type of impact (Figure 11) .  

The i n j u r i e s  observed in the f l e x i b l e  impactor experiments viere very 

s imi lar  t o  lap be1 t i n j u r i e s  described in the l i t e r a t u r e .  These in ju r i e s  

were generally t o  the l i v e r ,  stomach, jejunum, and ileum. All of these 
observed in ju r i e s  involved t e a r s  o r  ruptures o f  the  organs involved (Figure 1 2 ) .  

Three impact areas were es tabl i shed.  These were the upper abdomen which 
was centered 20% of the  distance from the base o f  the xiphoid process t o  
the i l i a c  c r e s t s ,  the midabdomen which was centered midway between the 



xiphoid process and the i l i a c  c r e s t s  and the lower abdomen which was centered 
81 % of the d is tance  between the  xiphoid process and the i l i a c  c r e s t s .  

There bias l i t t l e  d i f ference  between the r e s u l t s  obtained with the  f l e x i b l e  

impacts and the r i g i d  ilnpactor. This was probably due t o  the very low 

s t i f f n e s s  of the  abdominal region. The inlpactor s t i f f n e s s  would have to 

be of the same order of magnitude before any s ign i f i can t  influences would 

occur. 
The average pressures varied over a wide range f o r  both locat ion and 

veloci ty .  I t  nust be recognized t h a t  t h i s  was a p i l o t  study of experimental 
abdominal impact and many more species of animals must be studied before 
s u f f i c i e n t  data i s  avail able to  develop sca l ing  re la t ionships  t h a t  would 

allow extrapolat ion t o  man. However the r e s u l t s  indica te  t h a t  the  vervet 

11ionkey (Cercopi thecus wgerythrus  ) can survive ( i n j u r y  1 eve1 of 3)  Ol u n t  
impacts to  the upper abdomen with the various impactors used a t  ve loc i t i e s  u p  
t o  22 m p h ,  while in the midabdomen i t  can survive impacts of t h i s  type of 

approximately 26 mph and in  the  lower abdomen of 34 m p h .  

5 .3.2.  Sled Tests Vervet Monkey. Four s led t e s t s  were performed with the 

animal seated in a scaled chai r  and l ap  be1 t ed ,  Sled pulses ranged from 
20 t o  40 g ' s  with durat ions from 100 t o  120 mil 1 iseconds. The sled pulse 

used had a very ca re fu l ly  arranged square p r o f i l e .  No serious i n j u r i e s  were 
observed. Be1 t load ce l l  indicated peak forces of from 340 t o  490 pounds 

resu l t ing  in average l ap  be1 t bearing pressures of from 68 t o  115 ps i .  

"A1 though plans have been made t o  extend the capacity of t h i s  s l e d ,  a t  the 
time of t h i s  writing the maximum pulse capabi l i ty  was 40 g ' s  f o r  
120 milliseconds. Injury l eve l s  of 1 and 2 were observed indicat ing tha t  
t h i s  primate can withstand a t  l e a s t  t h i s  level of loading provided the head 
i s  we1 1 protected.  

5.3.3 Results of Mini-Pig Abdominal Impacts. The r e s u l t s  of the mini-pig 

impact experiments a re  presented in Table XIV. The force/area column was 
determined as described above. 

The i n j u r i e s  seen in t h i s  study were very local ized .  Cl in ica l ly  these 
i n j u r i e s  resembled i n j u r i e s  received from blunt objec ts  i n  the  c a r ,  f o r  
example, the  gear s h i f t  lever  (Figure 13) .  The mini-pig proved t o  be an 



e x c e l l e n t  animal f o r  t he  s tudy  of l oca l i z ed  b lun t  trauma t o  t he  abdomen. 

The min i -p ig ' s  abdomen i s  anatomical ly  and anthropometrical  l y  q u i t e  sinii l a r  
t o  mans so  t h a t  l i t t l e  i f  any s ca l i ng  cons idera t ions  a r e  r equ i r ed .  The 

l i v e r  was t h e  organ most f r equen t l y  involved (Table XIV).  The l i v e r  could 

be ruptured with blows from t h e  1 1 / 2  r ad ius  impactor app l ied  i n  any of t he  

abdominal reg ions .  The v e l o c i t y  of t he  impactor and t h e  depth of pene t ra t ion  

were t h e  two most c r i t i c a l  inpu t  parameters.  The method of suspension of t he  

aninial s i g n i f i c a n t l y  e f f e c t e d  t he  depth of pene t r a t i on .  More work must 

be performed before  a  co r r e l  a t i o n  of impactor a r e a ,  impactor ve loc i t y  , 
abdominal l oca t i on  and depth of pene t ra t ion  can be accomplished. Prelim- 

i na ry  c o r r e l a t i o n  a n a l y s i s  i n d i c a t e  t h a t  approximately 30 more animal s 
would provide a  s t a t i s t i c a l l y  accep tab le  da ta  base f o r  t he se  c o r r e l a t i o n s .  



TABLE X111. 

T E S T  D A T A  

A. Flex ib le  L*X 1/2' 

( v c m r )  

M 8(10Y 1)IPACT VELOCITY PEAK COYTACT FORCEfAREA IRACT SCALING . K l w T  ( k s )  -* (El FORCE (LBS.) (L8ISP. I N . )  OURdTION lNOEX 
(& a* 

Upper Abdmen 
Upper Abdomen 
Upper Abdomen 
Mid Abdonen 
Mid Aldomen 
Lower Abdomen 
L w r  Abdomen 

376 
LODt 
406 
204 
380 
266 
430 

223.2 
LOO t 
262 
225.6 
268 
236 
340 

5 .o 
LOO 
6.6 
4.8 
4.4 
6.0 
5.6 

I. f l e x i b l e  6 1  1' 71-z7 ab 3.8 Upwr  Abdonen 20.7 260 71 .8 10.4 
I 71-25 ab 3.2 Upper Abdomen 22.9 

2 
( V e n d  304 88.8 8.4 

I 
71-28ab 1.9 Mid Abdomen 24.0 254 101.2 10.0 

2 
71-25 ab 2.3 Lcwtr Abdmn 22.8 364 172 8.6 1 2 

1 C. F lexfble CX 2. 71-29 d 3.7 Upper Abdmnen 17.9 186 

(Vewet) 7 1 4  ab 3.4 Upwr Abdomen 25.6 354 
I 21-30 ab 3.5 ffld&domen 20.0 166 
1 71-33 ab 1.9 Mid Abdomen 24.2 220 45.6 5.6 

21-32 ab 3.4 
4 

I Lower Abdomen 26.8 354 67.6 9.4 1 

/ 0. Rig id  8.1 112. 71-06 ab 3.1 Upper Abdomen 27.5 450 260.0 9.4 
I 71-07 r b  3.8 mid Abdmn 25.4 320 206.0 10.6 

3 
(v-1 1 71-05 r b  3.6 L w e r  Abdomen 32.5 282 200.0 6.4 

2 

71-36 d 3.3 
1 

Lcwer Abdomen 34.8 525 W . 0  7.6 3 

1 E. Rigid VX 1' 71-18 r b  3.4 W e r  Abdomen 20.5 170 53.4 11.6 
I 71-15 &b 2.7 Upper Abdomen 21.8 133 42.5 7.2 2 

3 
( V w 4  

I 
21-13 ab 4.3 Upper Abdomen 22.0 MO 81 .O 11.4 3 
n - 1 4  4.3 n i d  Abdoren 18.8 116 40.6 7.6 

I 71-12 ab 3.6 Mtd Abdwen 28.2 431 133.0 11.2 4 
1 

21-11 rb 3.8 h e r  Abdomen 27.0 . 506 176.0 11.2 1 - 

71-10 ab 5.2 $per Ahdonen 25.0 225 
71-16 ab 3.6 Mid A b d 0 ~ n  19.6 280 
71-09rb 4.6 ffld Abdomen 28.3 413 
21-08 ab 3.3 Lower Abdomen 27.4 489 
71-35 r b  3.6 L a n r  Abdomen 35.1 450 

6. Rigld 1-1/2. Pddius 
(Mini-Pig) 

71-46 ab 
71-38 ab 
71-51 Ib 
71-48 ab 
71-47 rb 
n-u rb 
71-53 ~b 
n - 4 1  r b  

lWer Rt. Abdomen 23.8 
Upper Rt. Abdaen 29.2 
Rid Rt. Ahdoren 20.5 
Mid Rt. Abodnen 23.4 
Uld Rt. Abdoren 27.6 
Mld Rt. Abdomen 30.0 
Lmfer Rt. Abdomen 31.0 
L w e r  Rt. Abdmn 32.0 

650 
600 
600 
LOO 
100 
550 
850 
7W 

71-45 ab 48 !$per Lf. Abdmn 24.3 600 
7 1 - 3  ab 51 W e r  L f .  Abdomen 37.8 650 
71-40 r b  47 Uld Lf. Abdomen 23.7 600 
71-50 r b  45 Mid Lf. &domen 30.8 650 
n - 4 9  ab 5.9 Lower ~ f .  Abdomen 28.6  LOO^ n-M i b  43 L w r  L f .  Abodmin 31.2 425 
71-52 d 51 L w r  lf. Abdoren 32.4 950 

92.0 
85.0 
85.0 
LODt 
99.2 
77.8 

120.0 
99.3 

H. Seat B e l t  Sled 71-01 1.3 Lap 37.0 480 113.2 
71-03 s 

100.0 
4.6 44.5 4gO 115.6 

1 
(kwet) UP 104.0 71-02 s 4.3 Lap 49.3 472 111.8 106.0 

1 

n-a, s 4.5 Lap 48.5 340 68. 120.0 2 
1 

I. Rig id  1 - l l F  Raeius 71-43 t b  3.5 Upper Pbodnen 28.6 250 35.3 8.0 3 
*I-112' Pd 71-37 ab 2.6 Mid Abdmn 24.4 150 21.2 10.0 2 

( m t l  

*WCt l oc r t lon :  vewet  - 201 (high): 532 (mid); 81: (low), down the midl lne from the base of xiohold process t o  the i l i a c  crests, Mini-  
Pig - 2-112' r i g h t  o r  l e f t  o f  the midllne; 3. 6 o r  9 inches below the bdse o f  tho x ipho~d process. 

nI*lur~ scale 1 t o  5: 1 - no in ju ry  t o  minor; 2 = recoverable; 3 - marginal recovery; 4 . severe; 5 . letha l .  

+less o f  Ltr 



TAOLE I I Y  

I N J U R Y  P A T T E R N S  F R O M  T E S T S  

RAI FORCEIAREA SCALING, HCHJRRHff iE RESPIRATION SPECIFIC ORGANS 
"0. ILBSISQ. IN.) (CC) I)IDEl* , WITH 1N5EXg - , ,,,,lbla 6" X 112' 71-22 ab 223.2 3 50 2 L i v e r  - 3 

(vorvet) 
71-19 ab LOO t 2 0 N.A.* L iver  - 2, lung - 2, duod. 
71-20 ab 262. 2 100 N.A.'* L iver  - 2 
71-25 ab 225.6 3 20 3 Spleen - 2 
71-21 ab 268. 3 M 2 Spleen - 3 
71-24 ab 236. 1 0 2 1 
71-34 ab 340. 3 0 1 Ileum - 3 - - , -ll+t tble 6' x 1' 71-27 ab 71.8 2 0 1 Pancreas - 1, stomach - 2 

(yewet1 
71-26 ab 88.8 2 3 0  N.A." L iver  - 2. pancreas - 2, 

lc~nnr - 2 . - . . , - - 
71-28 ab 101.2 2 0 N.A.' Lungs - 3, spleen - 1, 

s t i - ~ a c h  - 1 
71-25 ab 172. ' 1 0 2 1 - . ~ l t ~ l b l e  6 ' X 2 *  71-29 ab 27.4 1 0 1 R. kidney - 1 

(Vewet) 
71-31 ab 50.4 4 20 1 L i v e r  - 4, pancreas - 1 
71-30 ab 26 4 1 0 1 L. kidney - 1 
71-33 ab 45.6 4 50 N.A.** L iver  - 4, henturn - 2 
71-32 ab 67.6 1 0 1 Soleen - 1. L. k:dnev - 1 

:. RigM 8. X 1/2' 71-06 ah 260.0 0 30 2 Pancreas - 4 ,  l i v e r  - 1, 

( v m e t )  stomach - 4 
71-07 ab 206.0 2 1 3 In tes t ine  - 1. colon - 1 
71-05 ab 200.0 1 5 1 In tes t ine  - 2 
71-36 6b 400.0 3 20 3 0. Colon - 3 

i .  ~ l g t d  8. 1' 71-18 ab 53.4 3 30 1 L iver  - 3 
(V twet )  

71-15 ab 42.5 2 20 2 L l v e r  - 1 
71-13 ab 81 .O 3 30 1 Pancreas - 4, l i v e r  - 2 
71-14 r b  40.6 1 0 2 Pancreas - 1 
71-12 ab 133.0 4 100 2 Pancreas - 3. l i v e r  - 1. 

spleen - 4 
71-11 ab 176.0 1 10 1 In tes t ine  - 1 

:. Rlqid R' X 2' 71-17 ab 29.8 3 M 2 L i v e r  - 3, colon - 1, 
(Yewet) in tes t ine  - 71-10 ab 29.0 4 100 3 L i v e r  - 4 

71-16 ab 44.8 1 0 1 L i v e r  - 1 
71-09 ah 61.5 3 30 3 Pancreas - 4, spleen - 3 
71-08 ab 93.5 1 1 1 In tes t ine  - 1, colon - 1 
71-35 r b  88.0 4 10 N.A." 0, Colon - 4, lungs - 3 

;. Riptd 1-112' Radius 71-46 ab 92.0 1 0 W.A.** 1 
(Nini-Plg) 71-38 ab 85.0 2 10 N.A." L i v e r  - 1. lung  - 4 

71-51 ab 85.0 3 WO - 1GW N.A.* L i v e r  - 3 
71-48 ab LOO + 1 0 N.A." 1 
71-17 ab 99.2 5 ~ M )  N.A." L i v e r  - 5 
71-42 ab 77.8 2 200 H A . *  L i v e r  - 2 
71 -53 ah 120.0 3 1000 - ISW N.A." L fver  - 3 
71-41 ab 99.3 3 500 N.A.** L iver  - 2, r i b s  - 2 
71 4 5  ab e5.0 2 2 M  - MO !i.A.* L iver  - 4, lung - 3 
71-39 ab 92.0 2 0 N.A.* Lung - 4 
71-40 ab 85.0 5 N.A.' L iver  - 5 TWO - two 
71-50 ab 120.0 4 1WO - 2004 N.A.* L iver  - 3, spleen - 4, 

lung - 1 
71-49 ab LOO t 2 1 W  - 200 N.A.* Dnentum - 2 
71-44 rb 60.2 1 10 N.A.* Lung - 1 
71-52 ab 124.0 3 1WO - 15W N.A." L iver  - 3 

'. k a t  B e l t  - Sled 71-01 s 113.2 1 1 N.A.' In tes t ine  - 1 

(Vetvet) 71-03 S 115.6 1 1 1 1 
71-02 S 111.8 1 1 IX 1 - 7 1 4  1 68. 2 2 3 I n t e s t i n e  - 2 

1. ntpid 1.112. 71-43 ab 35.3 3 50 - 75 1 L i v e r  - 4,  omentum - 1, 
+I-112' Pad pancreas - 1 

(Yarvet) 71-37 ah 21.2 2 20 1 Liver - I, spleen - 3, 
pancreas - 1 

*lnjuv Scale 1 t o  5: 1 = no in ju ry  P minor; 2 . recoverable; 3 * marglnal recovery; 4 = severe; 5 ' letha l .  
'St avat lable 
'bl) of hta 



TAIlLE X V .  

P O S T  M O R T L H  E X d l i l N A T l O  N D A T A  

SCALING 
I ~ D E X  NO. -- AUTOPSY RESULTS 

F t f t y  cc blood i n  the abdominal region; moderate 
lacera t ion  o f  several  lobes of the l i v e r ;  no 
change i n  lung compllance. 

71-19 ab Upper Abdancn LOO 7 l!d blood i n  the abdomlnal cav i t y ;  minor lacera t im 
t o  the pos te r io r  surface o f  the l i v e r ;  minor 
contuston o f  the duodenum; moderate gross 
pulmonary hemorrhage. 

71-20 Ib Upper A b d m n  262. 

21-21 ab md A W n  225.6 

Cne hundred cc blood I n  the abdominal cavi ty;  
moderate lacera t ton  of the i n f e r i o r  edges o f  
the l t v e r ;  lung ue igh t  21.5 gms. 

Twenty cc blood I n  the abdominal cavi ty;  
l acera t ton  o f  the spleen; moderate gross lung 
congestion and hemorrhage; lung weight 20 qms; 
lung compliance decrease 88: (severe). 

Th i r t y  cc blood I n  the abdominal region; 
crushed and transected spleen; 58% lunq conpl i -  
ance decrease; lung weight 12.5 g. 

n - 2 4  lb Lover Abdomen 236. B evidence of any i n j u r y  except fo r  minor 
evidence o f  the  lung congestion - 2 central  
hemrrhagic areas; lung weight 20 gms; canpl i -  
ance decrease 60%. 

71-34 Ib L a e r  A b d m n  340. 

71-27 ab L p p r  Wonm 71.8 

Blow out perforat ion of the  t l e m ,  1 cm diameter; 
contuston of the ileum. 

Very l i t t l e  evidence of i n j u r y ;  minor contusion 
t o  an te r io r  wa l l  o f  the body of the stomach; 
very n lnor  evidence o f  hemorrhage from the 
risk o f  the pancreas; no change i n  lung 
c m p l  lance. 

n - 2 6  ab Upper ~ b d a r m  83.8 Th i r t y  cc blood i n  the  abdominal cav i t y ;  
lacerat ions of the r i g h t  and l e f t  lobes of the 
l i v e r  both on the a n t e r i o r  and postertor 
surfaces; minor evidence of hworrhages from 
the head of the pancreas; gross lung congestion; 
lung weight 30.5 gms. 

Uid M m e n  No blood I n  the  abdominal cav l t v :  minor lacera t im 
o f  the  t i p  of the spleen; minor contuslon to  
thr ventral  %dl1 o f  the bod, o i  :he s:omin, 
severe gross pu lmnary  hemorrhagic congestion; 
lung weight 31.5 gms i n d ~ c a t i v e  o f  severe 
congestion. 

Ilo evidence of any I n j u r y  except f o r  a minor 
abrasion On the surface o f  the abdomen and a 
721 lung ccmpliance decrease. 

C. f l ex ib le  5' X 2. 
(Vene t )  

71-29 r b  Upper A b d m n  27.4 

71-31 Ib Uppcr Abdomn 50.4 

No blood i n  the abdominal region: very n lnor  
contusion t o  the medial surface o f  the r i g h t  
kidney. 

Twenty cc blood i n  the abdominal region: 
w l t i p l e  severe lacerat ions o f  the I  i v e r  
especial ly of the a n t e r i o r  surface; rmderate 
evtdence of hemorrhage from the head of the 
pancreas; no lung changes. 

71-30 r b  Mid A b d m n  

71-33 J l i d  M o m n  

T k  only evfdence o f  i n j u r y  was tha t  o f  minor 
contusion of the  l e f t  kidney. 

f i f t y  cc blood I n  the  abdominal cavi ty;  very 
Severe  acer rations of the l e f t  lobe o f  the 
l i v e r  on bath an te r io r  and pos te r io r  Surfaces; 
severe brutse on the a n t e r i o r  aodominal wall ; 
severe hemrrhaqe from the mentum; gross 
pulmnary congestion. 

n-n r b  LW A b d w n  Very l t t t l e  evldence o f  any i n j u r y .  Minor 
tea r  a t  the t i p  of the spleen; minor contuston 
to the l e f t  kidney; mirror hermrrhage o f  the 
osentum; no lung changes. 

71-06 r b  @per Abdoaen 260.0 

71-07 r b  Uid Abdomen 206.0 

71-05 r b  L a e r  r b d m n  MO.0 

D. Rlg td  B. X 112' 

( V w e t )  

Th l r t y  cc o f  b lood I n  the abdominal region; 1 cm 
mund b l a  ou t  per fo ra t ion  i n  ti le cardia of the 
strmach; severe contusion and lacera t ion  of the 
pancreas; mlnor lacera t ion  o f  the l i v e r  and splem 
CMnpltance decrease of 361 j u s t  a f t e r  the tes t .  

One cc blwd I n  the  abdomlnal reqlon, mlnor 
contusion to  ~ w l l  I n t e r t i n e  and i t s  mesentery. 
contur iof l  t o  aiccndlnq colon (dorsal  s ldc);  luAq 
compliance decrease o f  39:; very oilnor evidcnce 
o f  pros3 lung conqostlon, 

Five cc blood i n  the abdoninal reqlon: minor 
contucfon to  much o f  the s o ~ i i l  and Idroc i n t e r -  
t tnp.  :mil! lacera t ion  In  the *dl1 of the 
duodenum. 



lRACT FORCIIAREA 
LOCATION -- (LB ISQ,  IN , )  

SCALING 
INDEX NO. 

3 

AUTOPSY RESULTS 

hrenty cc blood i n  t he  abdomtnal cavity,; two 
s p v l l  pe r fo ra t i ons  I n  the descending colon; 
m i m r  hemorrhage f rom the mcsenter lc  vessels; 
4s decrease i n  lung cmp l i ance ;  mlnor p u l m n a r y  
edema. 

T h i r t y  cc b lood i n  t he  abdominal cav i t y ;  
axtensive l ace ra t l on  o f  t he  l i v e r ;  no change I n  
l ung  compllance; l ung  u e ~ g h t  17 gms. 

n-is Twenty cc b lood i n  t he  abdominal region;  minor 
l a c e r a t l o n  of the l i v e r ;  very minor pancreat ic  
hemorrhage; lung c m p l i a n c e  decrease o f  28:; 
l ung  weight normal - 16 gms. 

I h i r t y  cc b lood I n  t he  abdominal cav i t y ;  revere 
l ace ra t i on  o r  rup tu re  of the  pancreas, numerous 
minor l ace ra t i ons  i n  the l t v e r ;  minor mesenteric 
h w r r h a g e ;  l ung  compliance decrease. 121, lung 
weight  27 g i n d i c a t i v e  of some congestion. 

H td  h d m n  40.6 

* 
Very l i t t l e  evidence of any i n j u r y .  Mlnor 
pancreat ic  hemorrhage; l ung  compliance decrease 
of 36%; lung weight  15.5 gas. 

F i f t y  t o  100 cc b losd  I n  t he  abdominal cav i t y ;  
near t ransect ion of  spleen; deep l a c e r a t i o n  t o  
t h e  head and t a l i  of the pancreas; minor l ace r -  
a t i o n  o f  l i v e r ,  20: decrease i n  lung compliance; 
l u n g  weight 28.5 gm i n d i c a t t v e  o f  congestion. 

L a r  Abdomen 176.0 Ten cc b l w d  i n  t h e  abdominal c a v i t y ;  minor 
h r r h a g e  t o  the inesentery o f  t he  small i n t e s -  
t i n e  and descending colon and minor contusion 
to the jejunum. No o the r  evtdence o f  i n j u r y .  

F. n i g i d  I* x 2- n-17 ~b 
( Y e n e t )  

Upper Women 29.8 T h i r t y  cc b lood i n  t h e  abdomtnal cav i t y ;  
U tCns Ive  l a c e r a t l o n  of t he  l i v e r ;  minor con- 
t u s i o n  t o  the dwdenw;  l u n g  compllance decrease 
of  34%. 

n-to a Upper kdomen 29.0 . h e  hundred cc b lood  i n  t h e  abdominal regiun;  
Severely crushed r i g h t  l obe  of the l i v e r ;  minor 
contusion t o  t he  l e f t  kidney: lunq compliance 
decreased by 58:; pe tech ia l  hmorrhaqe of t he  
lunqS; lung weight  30.3 g i n d i c a t i v e  o! 
considerable congestion. 

I(o evidence o f  i n j u r y  except f o r  a l ung  COmplf- 
rnce  decrease of 151. 

H id  Cbdaen U.8 

Htd  h i a n e n  61.5 T h i r t y  cc b lood i n  abdominal reglon;  massive 
b leeding fm the  spleen and p a w e a s ;  severe 
l ace ra t l on  of t h e  spleen; p a r t i a l  t r ansec t i on  
of the pancreas; 45% decrease i n  lung compliance 
lung weight 24.59 i n d i c a t i v e  o f  congestion. 

One cc blood i n  abdominal region;  very minor 
contusion to t he  I n t e s t i n e  and colon, no lung 
canpliance change. 

Ten c c  b l w d  i n  t h e  abdmina l  cav i t y ;  l a r g e  t e a r  
i n  t he  descending colon; numerous mesentertc 
hertatanas; lungs very edematous and hemr rhag ic .  

Upper R t .  Abdomen 92.0 

Upper Rt. Abdomn 85.0 

Ilo evidence o f  any i n j u r y .  6. Rig id  1-l/2. Radius 71-46 ab 

(Mini -p ig)  n-38 rb Appruxi rwtely 10 cc b lood I n  t he  abdominal cav i t y .  
r small mund contused o r  Duncture wound t o  the - - - . . . - -. . - - - - - 
l w e r  r i g h t  ven t ra l  lobes o f  t h e  l l v e r ,  very 
severe marked pulmonary embolism, edema, 
hemrrhagic conso l i da t i on  and patchy a te lec tas i s ;  
lung we f i h t  387 gns. 

l i v e  hundred t o  one thousand cc b lood I n  the 
abdminal  cav i t y ;  severe l ace ra t i ons  t o  t he  
l i v e r ;  pos te r i o r  sur face,  l e f t  lobc,  and 
quadrate lobe and espec ta l l y  between the l e f t  
and quadrate lobes. 

k evidence o f  any i n j u r y .  

F ive hundred cc b lood I n  the abdominal cav i t y :  
very severe l ace ra t i on  between the  r i g h t  and l e f t  
lobes o f  the I l v e r ,  the lobes we-e almost t o r n  
apart; M other evidence of  I n j u r y  except 
p a r t i a l  consolidation o f  a small cen t ra l  lobe o f  
the lungs, lung weight  378 gms. 

Two hundred cc b lood I n  the abdminal  Cavl ty ;  
mlnor lacerat ions t o  the i ~ v c r .  an te r i o r  r t q h t  
lobe and w s t c r l o r  r i q h t  lob? ddl,]cmt to the 
gal lb ladder,  no o the r  evidcnce of  I n j u r y .  

h e  thwsand t o  ISM1 cc  blood I n  the abdominal 
reqlon. vary $evorr  l . rr~~rJ""" t o  l l l c  l i v c r .  
pa : te~ to r  o f  'I'l'lt labe and q u a d v ~ t o  
lobe. 

~d ~ t ,  Ahdmen LOB 

Htd  Rt. AhdOWn 99.2 

#Id Rt. bbdonen 77.8 

L m r  Rt. Abdomn 120.0 



TABLE IV Continued 

RV( N INPACT FORCIIARTA SCALING 
wo. KAjjfl ( L O  I N  -0.. 

71-41 ab L w e r  Rt. b h d m n  99.3 3 

AUTOPSY RESULTS 

Flve hundred cc blood i n  the abdomlnal cavt ty,  
minor lacerat ions to  the l l v e r  on tho pos te r ro r  
quadrate lobe; 3 broken r l b s ,  no other evidence 
o f  i n ju ry .  Org,~n. weights: lungs - 634 g. 
spleen - 142 g. r. kldney - 135 g. pancreas . 62 g, 
heart  - 242 g. l i v e r  - 1240 g. 

71-45 r b  Upper Lf. A b d m n  85.0 2 Two hundred to  3CO cc blood I n  the abdaninal 
region; moderate lacera t ion  on the l i v e r  on the 
postertor s ide between the l e f t  and ouddrate 
lobes; minor evidence of edema and consol idat ion 
o f  the lungs. (Note: death by pneumothorax may 
have msked any possible lung changes). Organ 
weights: heart  - 325 q, r. lung - 385 g, 1. l u n g -  
235 g, r. kidney - 145 g, 1. kidney - 135 g, 
pancreas - 35 g, and l i v e r  - 1815 g. 

U p p r  L f .  Abdomn 92.0 No blood i n  the abdominal cavt ty;  only evidence 
of I n j u r y  was tha t  t o  the lungs whlch included 
severe gross hmorrhaqe, severe embolization, 
edema, lung weight. 513 gms ind rca t i ve  of edema. 

Severe hemrrhage i n  the abdominal reglon, 
1OOO - ZOM cc of blood; very severe lacerat ions 
o f  t h e  l i v e r  especial ly on the pos te r io r  medial 
l e f t  lobe and quadrate lobe i n  the p y l o r l c  
#ma; l u g s  n o m l  . 
One t o  b o  thousand cc blood i n  the abdomtnal 
cav i t y ;  severely lacerated spleen; severe 
lacerat tons to the l t v e r ,  pos te r io r  surface o f  
the l e f t  and quadrate lobe; minor pulnonary 
edw. 

One t o  bro hundred cc blood f n  the abdonrnal 
cavi ty;  h w r r h a g e  from the greater omenturn. 

Mid L f .  Abdomen 85.0 

f f ld L f .  kdonen 120.0 

L c m r  Lf. Abdwn LOO+ 

Larer Lf. A b d m n  60.2 Ten cc blood t n b e  abdominal reqton; very minor 
evidence o f  hemorrhage i n  the lungs; (Note: death 
by pneumothorax may have masked any possible 
lung  changes). 

L w r  Lf. Abdomn 134.0 

L?? 113.2 

One thousand t o  1503 cc blood I n  the abdominal 
region; very severe lacera t ion  t o  the l i v e r .  
an te r io r  surface o f  r i g h t  lobe. 

w. Seat Llt - Sled 
(Vrrnt) 

V r y  rizr In ju ry :  -0 b l c l d  il the ?bdo-'la1 
reglon; s l l g h t  o i sco lo ranon  along lower l e f t  
lobe and I n f e r i o r  lobes of l i v e r ;  s l r g h t  
contusion to upper descending colon. 

Very m l m r  external  brulscs were the only 
evidence of any i n j u r y .  

113 evidence o f  any pathology except for  mtnor 
bruises t o  the external  abdomnal wa l l  
a p p r e n t l y  due 0 the seat b e l t .  

Two cc blood f n  the abdominal region, contuslon 
t o  the  ascending colon; s l i g h t  hemrrhage from 
the msente r i c  vessels; p a r t i a l  l acera t ion  of 
the  duodenun w i th  contents s t i l l  contained; 
lung cmpl iance decrease of 4 4 5 m e d l a t e l y  
a f te r  the tes t ;  minor petechial  henorrhage :ust 
b e l w  where the seat b e l t  was posi t ioned 
dur ing the t e s t .  

F t f t y  to 75 cc blood i n  the abdominal cavt ty;  
severe lacerat ions o f  the l i v e r ,  pos te r io r  
surface o f  r i g h t  and l e f t  lobes; hEMrrhlge 
frm the greater onenturn; minor contusion t o  the 
duodenum; ninor hemorrhage from the pancreas; 
lungs grossly normal. 

:. Plgld 1-112. Radius 
+ 1-112' Pad 
( v e m t )  

Twenty cc blood i n  the abdominal cav i t y ;  
m j o r  tear i n  the spleen, l e f t  kidney contunon 
and subcapsular hemorrhage; hemorrhage fmm 
the t a t 1  of the pancreas; contusion on the 
pos te r io r  wal l  of the stomch-cardia; no 
evtdence o f  gross lung damage, 

' OSr O f  Data 
I 



A. f l e x i b l e  6' X 112" 
(Wewe t )  

6. H 9 i d  1-112. Radius 
(Hn i -P ig )  

H. h a t  B e l t  - S led  
( V m e t )  

1, Rigid 1-112' Radius 
*1-112* Pad 

( Y e w e t )  

RUN 
No. - 

TMLI XVI. 

N A L  T E S T  

Female 
Pa le  
Female 
Pa le  
Female 
Pa le  
Pa le  

Pa le  
Female 
Female 
Pa le  

R l e  
Male 
Pa le  
F w l e  
Pa le  

F w l e  
Pa le  
Female 
Pa le  

Pa le  
Fema 1 e 
Pa le  
F w l e  
Female 
Female 

F m l e  
Pa le  
Pa le  
Male 
F w l a  
h l e  

Hale 
Yale 
Ha le  
Pa le  
Vale 
Pa le  
Vale 
Pale 
Pa le  
Male 
m l e  
Male 
Ha le  
Pa le  
#I e 

t b l a  
R l e  
Ha le  
Pa le  

F a a  1 c 
F e ~ l e  

D A T A  

I )  
I CHANGE 

0 
t25  
.21 

0 
-20 
*25 
-33 

+20 
t 20 
-1 7 
4 0  

-17 
0 

t 2 5  
* I 7  
-20 

*33 
-33 
-25 
0 

-25 
0 

-33 
*to 

0 
-1 7 

-31 
0 
0 

-50 
0 
0 

0 
N.A." 
t 5 0  

hf * *  
-20 

0 
0 

-60 
*33 

+I33 
+66 

- 0  
0 
0 

-25 
-20 
+33 

0 

0 
-3.3 

RESPIRATORY 
BEFORE - 

20 
I 0  
16 

N.A." 
22 

24 
N.A." 
20 
21 

N.A.* 
N.A." 
N.A."' 
N.A."' 
N.A.* 
N.A.* 
N.A." 
N.A." 
N.A,** 
N.A." 
N.A." 
N.A.'* 
H.A." 
N.A..' 
N.A..' 

20 
34 
36 
40 

20 
31 

RATE ' 

AF TE R - 
20 
36 
N.A." 
34 
N.A." 
28 
18 

26 
28 
16  
24 

32 
32 
20 
24 
28 

20 
28 
24 
20 

48 
20 
1 8  

N.A." 
30 

N.A.* 

M 
22 
28 
1 9  
40 
24 

N.A.* 
N.A.* 
H.A.* 
N.A.* 
LA . *  
N.A.- 
N.A.* 
N.A.* 
N.A.". 
N.A." 
N.A." 
N.A." 
N.A.** 
N.A.* 
N.A.* 

28 
48  

N.A.* 
N.A." 

N.A." 
N.A." 

IMPACTOR PENETRATION 
:NCHES - 1. 

















F I G U R E  8. TYPICAL S E T - U P  F O R  TEST 
WITH RIGID IMPACTOR 



F I G U R E  9. TYPICAL SET-UP F O R  TEST 
WITH F L E X I B L E  IMPACTOR 



F I C U  R E  10. TYPICAL MINI-PIG IMPACT SET-UP 









6 .0  A MATHEMATICAL MODEL FOR ABDOMINAL IMPACT 
by A1 i Engin 

6.1 INTRODUCTION 

The s u b j e c t  mat te r  of t h i s  i nves t i ga t i on  i s  t h e  dynamic analyses  of f l u i d -  

f i l l e d  s h e l l s  of r evo lu t i on ,  void of a l l  bending r i g i d i t y  and sub jec ted  t o  

general axisym~netr ic  loads  of cons iderab le  magnitude. A1 though 1 i nea r  she1 1 

theory can only be used within  a 1 imited range of load ing ,  f o r  most p r ac t i c a l  

app l i c a t i ons  i t  provides us with numerical values  which a r e  i n  good agreement 

with the experimental r e s u l t s .  The s i t u a t i o n ,  however, i s  q u i t e  d i f f e r e n t  i f  

one d e s i r e s  t o  mode1 the abdominal region of t he  human body. In o rder  f o r  the  

model t o  r ep r e sen t  t h e  abdomen with some closeness  t o  r e a l i t y  i t  should allow 

not only l a r g e  displacements and r o t a t i o n s  but a l s o  l a r g e  e l a s t i c  s t r a i n s .  

Hence, a non l inear  formulat ion of f l  u i d - f i l  l ed  s h e l l s  of r evo lu t i on ,  which a1 lows 

l a r g e  displacements a s  well a s  l a r g e  s t r a i n s ,  i s  very d e s i r a b l e  and i t  wi l l  be 

t he  sub j ec t  of t h i s  paper. 

As f a r  a s  t h i s  au thor  knows, a t r ea tment  of l a r g e  displacements and l a r g e  

s t r a i n s  theory of  f l u i d - f i l l e d  s h e l l s  of revo lu t ion  does not e x i s t  i n  the  l i t e r -  

a t u r e  of t h e o r e t i c a l  mechanics. Most of t he  previous work has been on t h e  s t a t i c  

' ana lyses  of shee t s  and s h e l l s .  Bromberg and Stoker  (1945) f i r s t  introduced a 

paper dea l ing  with the  problem of nonl inear  theory of curved e l a s t i c  shee t s .  

Very ex tens ive  t rea tment  of t he  nonl inear  f i e l d  theory of the  coninuum mechanics 

was presented by Truesdel l  and No1 1 (1965) in  t he  t h i r d  volume of t he  Encyclo- 

pedia of Physics (Handbuch de r  Pliysi k ) .  Books by Eringen (1962) a n d  Green and 

Adkins (1968) provide good re fe rence  ma te r i a l .  Some of the  more recen t  papers 

on the  l a r g e  deformation of shee t s  and s h e l l s  a r e  by Sanders and Liepins (1963) ,  

Naghdi and Nordgren ( 1  963) ,  Sanders (1  963) and Yang (1  967).  

In t h i s  paper t h e  fundamentals of l a r g e  displacements and l a r g e  s t r a i n s  

theory of f l u i d - f i l l e d  s h e l l s  of revo lu t ion  w i l l  be discussed in  some d e t a i l .  



A t  the beginning, t o  fami l iar ize  the  reader with the shel l  theory, we present a 

very brief  preliminary part  and introduce the equations of motion of an a rb i t r a ry  

s h e l l .  From these general equations, the equations of motion f o r  membrane she l l s  

of revolution a re  obtained. Later on, with the aid of geometrical r e l a t ions ,  the 

equations of motion f o r  membrane s h e l l s  of revolution a re  obtained fo r  large dis-  

placements and large  s t r a i n s .  The shel l  material i s  assumed to  be e l a s t i c ,  iso- 

t rop ic ,  and incompressible and i t s  s t r e s s - s t r a i n  behavior i s  expressed by means 

of a s t r a i n  energy function,  W, which can represent highly nonlinear behavior of 

the  biological t i s sues .  The properties of f lu id  are  taken t o  be i so t rop ic ,  in- 

compressible and viscous. The equations of motion a re  c a s t  into nine nonlinear 

pa r t i a l  d i f f e r e n t i a l  equations in nine unknowns fo r  axisymmetric forced osc i l l a -  

t ions  of the  fluid-she1 1 system. The theory presented here can b e  u;ed f o r  both 

global and local model ing of the abdominal injury.  With global modeling we a re  

refer r ing  t o  the behavior of the abdominal region as a whole uni t  with i t s  so l id  

and hollow viscus and a re  representing i t  with f l u i d - f i l l e d  membrane. This model 

will  be useful in describing intra-abdominal pressures as  well as s t r e s ses  gener- 

ated in the abdominal wall due to  a lap-type sea t  be l t  in the event of a vehicle 
, 

decelerat ion of high magnitude. With local modeling we are  refer r ing  to  the be- 

havior of a spec i f i c  organ such as in tes t ines .  For example, during an external 

loading to  the abdomen, a f lu id-  o r  food-fi l led segment of i n t e s t i n e  can be kinked 

a t  two places or  kinked a t  one place and have a closure by trauma a t  a second 

place, a s i tua t ion  which makes the in tes t ine  qui te  vulnerable to  a bursting type 

of injury i f  some local t ransverse force ac ts  on the segment. In t h i s  case a l so  

the  magnitudes of i n t ra l  uminal pressure and membrane s t r e s ses  play an important 

ro1 e .  



6 . 2  FORMULATION O F  THE PROBLEM 

The equations of motion of a thin shell  can be derived by means of Ha~nil ton ' s  

pr inciple  as i t  was done by some authors in the past .  Before we present these 

equations l e t  us indicate sone of the quanti t ies appearing in these equations. 

Let a, and a, be the curvil inear coordinates f o r  the shell  surface* and R 1  and 

R, be the corresponding radi i  of curvature. On t h i s  surface the d i f fe ren t ia l  

length of an a r c ,  ds ,  i s  given by: 

2 1 / 2  ds = [A;(da1), + 2A2da da + Ai(da2) ] 
3 1 2  

where A:, A: and A: a re  cal led the f i r s t  order fundamental quant i t ies  since E q .  

( 1 )  i s  known t o  be the f i r s t  fundamental form of the surface. 

For thin e l a s t i c  she l l s ,  s ince the s t r a i n s  and the s t resses  have-been shopin 

to  be l inear ly  d is t r ibuted across the thickness of the s h e l l ,  i t  i s  convenient 

t o  introduce the following s t r e s s  resu l t an t s ,  Nl, N,, N,,, Q, and Q, along w i t h  

the moment resul tants  M:, M,, M,, which are  a l l  defined per unit  arc length of 

the reference surface; usually the reference surface i s  taken to  be the midsurface 

of the shell  ( f o r  def in i t ion of these s t r e s s  and moment resul tants  see e .g .  Flugge 

(1 962)  ) . 
All the forces acting on the surface of the shell  can be combined in a vector 

form as :  
- 
q(al , a 2 , t )  = q l  (a1 , a 2 , t ) t l  + q2(a1 , ~ ~ , t ) e ~  - qn(a l  , a2 , t ) f i  ( 2 )  

where q,, q, and q n  a re  the sca la r  components of the to ta l  surface force along 

a1 3 "2 and the shell  normal ; 11, 2, and ?I are  the uni t  vectors along the corres- 

ponding coordinates and t i s  time. 

*Every surface in the rectangular coordinate system (x ,  y ,  z )  can be written as 

a function of the two parameters al and a, as follows: 
1 

x = f l ( o l , a 2 )  Y = f2(a1  , a2 )  > = f 3 ( a 1  , a2)  

where f , ,  f ,  and f, are  single-valued and continuous functions. 



After the  above preliminaries we can now introduce the following equations 

of motion f o r  an a r b i t r a r y  th in  s h e l l :  

pihere p i s  shel l  mass dens i ty ,  h i s  the shel l  thickness and  ul, u , ,  u ,  a r e  
S 

midsurfaie displacement components along a , ,  U, and n .  The l a s t  equation i s  

iden t i ca l ly  s e t i s f i e d  f o r  th in  s h e l l s  s ince  N,, = N,] and M12 = M 2 ,  f o r  these 

s i le l l s .  Note tha t  the symmetry of the  s t r e s s  tensor ( i . e ,  r i j  = r .  . )  does no t  
J 1 

necessari ly imply the  above equa l i t i e s .  

Since our main concern here i s  the theore t ica l  modeling of abdominal injury 

we a r e  i n te i -es  ted in membrane equations of f l  u id- f i l  led she1 1s of rev01 ut ion.  

- - For the membrane theory M1 = M2 - M 1 2  - M2]  = 0 ,  a n d  Eqs. (6 ) - (8 )  will  a l so  

y ie ld  Q, = Q 2  = 0 and  N12 = N,l. The f i r s t  fundamental form o f  the midsurface 

of sne l l s  of revolution i s  given as 



Hence, Al = R1 = r A = r s i n @ ,  R2 = - r e ,  a l  - 4, a2 = 8 and f o r  a  su r f ace  of 
9' 2 0 

d 
r e v o l u t i o n ,  the  Gauss condi t ion  takes  t he  form Ricos+ = -(R s i n $ ) .  For a  s h e l l  

d @  

of r evo lu t i on  r and re  a r e  a l s o  independent of e .  The equat ions  of motion f o r  
Q 

membrane s h e l l s  of r evo lu t i on  can e a s i l y  be obtained from Eqs. ( 3 ) - ( 5 )  using t he  

parameters t h a t  we have i d e n t i f i e d  above. Thus, Eqs. ( 3 ) - ( 5 )  reduce t o  

Eqs. ( 10 ) - (12 )  a r e  l i n e a r  p a r t i a l  d i f f e r e n t i a l  equat ions  and they a r e  good f o r  

descr ib ing  small o sc i l l a . t i ons  of membrane. For l a r g e  deformat ions ,  the  equat ions  

of  motion nave t o  be w r i t t e n  f o r  the  deformed s h e l l  element. The fol lowing devel-  

opment i s  s i m i l a r  t o  t h a t  of Reissner (1949) up t o  E q .  (19)  a f t e r  which we s h a l l  

proceed in a  d i f f e r e n t  d i r e c t i o n .  We s h a l l  a l s o  r e s t r i c t  ourse lves  t o  symmetrically 

loaded s h e l l s  of r evo lu t i on .  Ins tead of using e and 0 a s  coo rd ina t e s ,  l e t  us use 

0 and 5 f o r  t he  parametr ic  r ep r e sen t a t i on  of t h e  s h e l l  midsurface.  

Geometrical Re la t ions  - I 

Let r = r ( 5 )  and z  = z ( 5 )  be the  parametr ic  r ep r e sen t a t i on  of t he  midsurface 

a t  a given t ime, t ,  where 5 i s  a  parameter on t h e  su r f ace  and r and z a r e  the  

r a d i a l  and ax i a l  coord ina tes  of a  po in t  on t he  su r f ace .  I t  can be shown t h a t  

t h e  f i r s t  fundamental form of  such a  su r f ace  i s  

( d d 2  = a2(dg)2  + r 2 ( d e ) 2  



dr dz  u where a2 = (aE) + (E) , r$ = T ( = r S ) ,  Po = - and  + i s  the angle formed by 
- sin$ 
d S 

the normal of the shell midsurface a n d  the vert ical  axis (axis  of revolution). 

The location of an arbi t rary  p o i n t  in the shell  space can be described by 

the following position vector: 

R = r (s ) i i r  + z ( ~ ) i  t (14) 

where e r ,  k and fi are  unit vectors shown in Fig.14 and i denotes the distance of 

the point from the midsurface. The coordinates ( , e , i  define a system of orthogonal 

curvil inear coordinates in the shell space. For th i s  coordinate system i t  i s  easy 

t o  show tha t  the magnitude of a d i f fe ren t ia l  l ine  element i s  obtained from 

= a2(1  + ~ / r + ) ~ ( d g ) ~  + r 2 ( 1  + i / ~ ~ ) ~ ( d e ) ~  + ( d ~ ) ~  (15) 

where r and  r e  are  the principal radii  of curvature of the  midsurface of the + 
shell  and the i r  values a re  given a f t e r  E q .  (13).  Let E q .  (15)  represent the di f -  

ferent ia l  l ine  element a f t e r  deformation; the same element before deformation i s  

given by 

( d o 2  = 1 + r  ) 2 ( d g ) 2  + rg(1 + i / r e  ) 2 ( d 8 ) 2  + ( d ~ ) ~  
$0 0 

(16) 

Hence, the zero subscripted variables refer  t o  the original (undeformed) config- 

uration of the she l l .  

Analysis of Strain and Equations of Motion fo r  the Shell 

The original and  the l a t e r  configurations of the shell  are related by 

r(il,t) = rO(C.) + u ( s , ~ ) ,  ~ ( 5 , t )  = z O ( t )  + w ( s , ~ ) ,  $(C.,t! = mo(t) - ~ ( 5 , t )  (17) 

where u ( 5 , t )  a n d  w(~ , t )  are  respectively the radial and axial displacements a n d  

6 i s  the rotat ion of a  tangent t o  a  meridian a t  a  given material point. With the 

usual assumptions of the thin shell theory, i . e .  deformations due t o  transverse 

shear s t r e s s  and transverse normal s t ress  are neglected compared with the defor- 

mations due t o  the remaining s t resses ,  from the comparison of Eqs. (15) and (16)  

one can obtain the following s t ra ins :  



Latitude circle 
(parallel) 

Figure 14 Geometry of a shell of revolution showing various coordinates. 



3 d+o a - a, + - F) 
6 = 

4 5 dm, 
a O ( l  + - c) 

a 0 

Due to  thinness of the shel l  the  terms with r in the denominator of the s t r a i n  

expressions can be neglected. The resul t ing  quant i t ies  can now be wri t ten as 

We can a l so  define the membrane s t r a i n s  ir! the following way d i r e c t l y  

from F i g .  2: 

From E q .  (20)  r = r o ( l  + E ~ )  

r d$ = r dgo(l + E ) Q $0 4 
We shal l  use E q .  (21b) in r e l a t ing  the der iva t ives  with respe-ct t o  4 and $,: 

Furthermore we have the f o l l  owing re1 a t i  ons f o r  the s t r e s s  r e su l t an t s  , N + o ,  Nee, 
of the  undeformed shel l  and the s t r e s s  r e s u l t a n t s ,  N N o ,  of the deformed s h e l l :  

9'  



Figure 15 Side view of an element of shell in undeformed and in 
deformed state.  



In E q .  (23a) i n e r t i a  e f fec t s  a r e  neglected since they a.1-c secci-!cl order co;.!,;:(i17ed 

t o  the  s t r e s s  r e s u l t a n t s .  For axisymmetric loading tbs e q u a t i c : ; ~  o f  motion (10)- 

(12) take the folloiliing form: 
aN 1 A ,  cot4 a 7 u  - 1 

r a4 - (N4 - N o )  + q m  = ~~h-;~- 
@ 

Since the shape of the  deformed shell a t  a given t i n e  i s  n ~ t  kr3\1,11 ji^i a d v ; , ? ~ ~ ,  

i t  i s  necessary to  express a l l  the quant i t ies  o c c u r r i t i ~  i n  Eq:. (243,) . a n d  jlf"i-) 

in terms of those measured on the  undefo!-n.~d she1 1. F8in t h i s  F:? !-:;i,e u s c  r ~ f  Eqs. 

(21a)-(23b).  Before we do t h i s  l e t  us wri te  2 differeri t  form ;( Lqs. (21, ; )  ?):A 

(24b) by writing the dynamic equilibrium of forces psravilel to  t l :2  axis  O F  th:; 

she l l  and in the d i rec t ion  of the radius ,  r o :  

a  a 2 w  -(N r s i n $ )  + (q,cos; + q s i n 4 ) r r  = r r  p h- a @  4 m 0: Q1 s ; t 2  

where r = ro + u = r e s in$ .  We can now express Eqs. (25a) and (25i.) in terris of 

undeformed variables : 

From E q .  (25a) 

(26a  ) 

Similarly from Eq.  (25b) 



Geometrical Relations - I 1  

With the help of Fig.15 we can write the following geometrical relations: 

dr, = r d + , c o ~ ~ ~  ( 2 7 a )  
$0 

dz, = r d+,sin$, 
$0 

( 2 7 b )  

dz = r d+sinm = r dmo(l + 6 )sin$ 
4 6 

( 2 7 d )  
9 o 

dz From Eq. (27d) - - 
d$o 

- r6 (1 + E )sin+ 
o 6 ( 2 8 a )  

Next let us differentiate Eq. (21a) with respect to 4, and use Eqs. ( Z i a )  and 

(27c) in the differentiated expression to obtain the following re1 ation 

\Stress-Strain Relations for the She1 1 

Due to the highly nonl inear behavior of the biological tissues t h e  

linear Hook's Law is not applicable for the analysis. We will use the concept 

of strain energy function, W, in describing the material behavior of the shell. 

Furthermore the material is assumed to be elastic, isotropic and incompressible. 

The strain energy function, W, is a function o f  the three strain invariants 11,  

I29 
IS which are defined by: 

1, = 1: + A; + 1: 

= 1212 + A212 t 1:~: 
I2 1 2 2 3 (29  

= 1 2 1 2 ~ 2  
I3 1 2 3  



where h l ,  A,, h g  a r e  the s t re tch- ra t ios  along the three principal directions [e .g .  

see Green and Adkins (1960)l.  

For an incompressible material s t r a i n  invariants  become 

1, = A: + h g  t A $  = 1: + A: + h - 2 h - 2  
1 2  

I2 = h i 2  4- h i 2  4- h i 2  = h i 2  t h i 2  + ),:A: 
= ~ 2 ~ 2 ~ 2  = 1 

I3 1 2 3  

The biaxial s t a t e  of s t r e s s  i s  given by 

where t ,  and t2 are  the physical components of s t ress  referred t o  the deformed 

s t a t e .  In our pa r t i cu la r  formulation of the shell  problem l1 E = 1 + E, and 

h A 
4 

Since we are  using variables measured in the undeformed s t a t e ,  

the s t r e s s  resu l t an t  s t re tch- ra t io  re la t ion fo r  the shell can no\v be written as 

For W any su i t ab le  form can be chosen; fo r  example, Aubert (1955) has chosen an 

exponential form fo r  the load-extension re la t ion of the sartorious muscle. Here, 

we can a lso  accept an exponential form of bJ fo r  the abdominal wall: 

where c1 and c, a re  two parametric constants. Another useful form of W for  in- 

compressible material i s :  



Treloar  (1958) has given a power s e r i e s  expansion of E q ,  (33b) in the following 

double s e r i e s  form: 

Recently, Hoppmann a n d  Wan (1970) represented the s t r a i n  energy function in a 

Taylor 's  s e r i e s  as  follows: 

where the terms A l n  and A,n represent  the  usual par t ia l  der iva t ives  in a Taylor 's  

expansion, evaluated a t  I ,  equal 3 a n d  I, equal 3. Inc identa l ly ,  b o t h  representa- 

t ions  given by Eqs. (33c) and (33d) a re  equivalent.  

Equation of blotion f o r  Fluid 

For an incompressible viscous f l u i d  the Navier-Stokes equations a n d  the  

equation of continuity in the case of axisyn~metric motion in cyl indr ica l  co- 

ordinates [e .  g .  s ee  Landau-Lifshi t z  (1959)l a re :  

where v r  a n d  v Z  a r e  the f l u i d  ve loc i t i e s  in the r a n d  z d i rec t ions ,  p f  i s  the 

f lu id  dens i ty ,  v = i-- i s  the kinenlatic v i scos i ty  a n d  p i s  dynamic f l u i d  pressure. 
f 

Boundary Conditions Between Fluid and She1 1 

Whether the f l u i d  i s  viscous or n o t ,  the  kinematical condition t h a t  the  nor- 

mal veloci ty of the  f l u i d  in contact  with the shel l  must be equal t o  the normal 

veloci ty of the  s h e l l ,  should be s a t i s f i e d .  If the  f l u i d  i s  viscous ( i . e ,  v # 0)  



than the continuity of tangential veloci t ies  i s  a lso  required. Thus there i s  no 

r e l a t i ve  motion between the shell  and the f lu id  when they are  in contact w i t h  

each other.  This condition can be s ta ted  in vectorial form on the boundary as 

fol 1 ows : 
-+ -b vs - Vf = 0 

The two scalar  components of E q .  (35) along r  and z directions are:  

Before we continue fu r the r ,  note tha t  s ince the displacement of shell  in r  
a 2 u ,  a21 - direction i s  given by u = r - r, - = ro("  - I ) ,  - a t 2  ' o a t 2  . Similarly,  

- - -  a2w - a 2 z  hence the boundary conditions between the f lu id  and sheil  become 
a t 2  a t 2 '  

In l i g h t  of the above change of variables,  the equations of motion, Eqs. (26a) 

and (26b) , of the s  he1 1 become: 

where fo r  a  given shell  r, and r  are known functions and q, and q are  t and Q 
$0 Q 

dependent scalar  components of the external force on the she l l .  Eqs. (28a) and 

(28b) become 



Eqs. (32) ,  ( 3 4 ) ,  (38) and (39) a re  nine par t ia l  d i f fe ren t ia l  equations for  

the nine unknowns, N 
4,' *e, , A ,  A @ ,  4 ,  w ,  v r ,  v, and p; hence, in principle the 

formulation of the problem has been completed. 

If des i red,  the above formulation can be extended to  include another f lu id -  

f i l l e d  shell  of revolution having a common symmetry axis with the outside she l l .  

Of course, t h i s  addition will complicate the problem extremely since nine more 

par t ia l  d i f fe ren t ia l  equations very similar  t o  those given by Eqs. ( 3 2 ) ,  (34) ,  

(38) and (39)  will be added to  the original s e t ,  bringing the to ta l  number of 

unknowns to  eighteen. 

The applicat ion of the present formulation of the f l u id - f i l l ed  shel ls  of 

rev01 ution t o  a  spec i f i c  geometry and the solution of the resul t ing equations 

wi 11 cons t i tu te  future investigations in the area of abdominal in jury model ing. 
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6 .4  NOMENCLATURE 

A:,A;,A: The f i r s t  order fundamental quant i t ies  

I , ,  I , , I ,  S t ra in  invar iants  

M1 ,M, ,MI, Moment r e su l t an t s  

N ,  ,N, ,N,, St ress  r e su l t an t s  

N ~ o ' N e o  
S t ress  r e su l t an t s  refer red  t o  the undeformed shell  

N + , N ,  S t ress  r e su l t an t s  refer red  t o  the deformed shell  

Q, ,Q2 S t ress  r e su l t an t s  i n  the transverse d i rec t ion  

R I  ,R2 Radii of curvature 

W St ra in  energy function f o r  the shel l  material 

h Shell thickness 

, Unit vectors fo r  the ( x , y , z )  coordinate system 

p Dynamic f l u i d  pressure 

q ,  ,q2 ,qn Scalar  components of the to ta l  surface force along a ,  ,a, and the  shel l  

normal, respectively 

r,,r re s i n +  , resinm respectively 
0 0 

re0 5, Radii of curvature f o r  the  undeformed shell  

r r Radii of curvature f o r  the deformed shel l  
0 '  O 

t Time 

t, , t 2  The physical components of s t r e s s  refer red  to  the deformed s t a t e  

%, $1, ,h Unit vectors along a ,  ,a2 and the shel l  normal, respectively 

u, ,u,,u, Displacement components of the shel l  midsurface along a, ,a2 and the  

shel l  nor~nal , respectively 



u , ~  Displacement components of the shel l  midsurface along the axial  ( z )  

and the radial  ( r )  d i r ec t ions ,  respectively 

'r y v z  
The f lu id  ve loc i t i e s  in the radial  ( r )  and axial ( z )  d i r ec t ions ,  

respectively 

(x,y ,z)  Cartesian coordinate system 

4 2  
Curvi 1 i  near coordinates f o r  the shel 1 surface 

B The ro ta t ion  of a  tangent t o  a  meridian a t  a  given material point 

E Q ' E ~  
The membrane s t r a i n s  in + and e d i r ec t ions ,  respectively 

0 ,  Circumferetltial angle and the angle formed by the normal of the shel l  

surface and the axis  of revolut ion,  respectively 

x ,A ,A l'hz s t re tc l i - ra t ios  in the three  principal d i rec t ions  
1 2 7 .  

A ,A The s t r e t c h - r a t i o s  in the d i rec t ions  of 6 and Q ,  respectively 
4 4 

p Dynamic v iscos i ty  f o r  the f lu id  

v b / p f ,  kinematic v iscos i ty  f o r  the f l u i d  

p f  'Os Densities of f l u i d  and s h e l l ,  respectively 

( ( , e  ,i) Orthogonal curvil  inear  coordinates f o r  the shel 1 element 



7 .0  RECOMMENDATIONS AND CONCLUSION 

This study of abdominal injury indicates t h a t  most of the internal  

organs can eas i ly  be injured by blows t o  the  abdomen. The 1 ethal force 

levels  a r e  low. I n  the  mini-pig a force of 8 x body weight applied over 

a 7 square inch area in the abdominal region generally ruptured the 1 i v e r .  

I t  i s  recognized therefore  t h a t  the abdomen i s  extremely vulnerable t o  
blunt trauma and g rea t  care should be taken in  the design of automotive 

vehicle i n t e r i o r  t o  insure t h a t  the abdomen i s  n o t  impacted by the s teer ing  

wheel or other  protruding levers and knobs. Careful ins t ruc t ion  regarding 

the proper use of sea t  be1 t s  to  avoid loading the abdomen should be issued.  

The experimental s tudies described in t h i s  report  a re  prel iminary and 

l imited in scope. However they c lea r ly  show t h a t  abdominal in ju r i e s  can 

be produced in experimental animals t h a t  a re  amazingly s imi lar  t o  those 

experienced by humans in automotive vehicle accidents .  More work must be 

performed before su i t ab le  corre la t ion  and scal ing re la t ionships  can be 

aevel oped t o  adequately describe human abdominal impact to1 erance on a 
quan t i t a t ive  bas i s .  

The mathematical analysis  described in t h i s  repor t  wil l  provide a 

bas is  for fu r the r  modeling e f f o r t s  a n d  demonstrate the f e a s i b i l i t y  of t h i s  

approach. 

In terms of e f f e c t i v e  emergency treatment in response t o  abdominal 

trauma an understanding of the  mechanism of injury i s  of the g rea tes t  

importance, f o r  only through a knowledge of the forces applied in each indi-  

vidual case i s  the proper management of t h a t  pa t i en t  possible.  A few 

minutes a t  the  very onset devoted t o  learning the  d e t a i l s  of the  accident 

a re  almost indispensable. Careful a t t en t ion  t o  the locat ion of contusions 

and lacera t ions  a b o u t  the  abdomen may be the key t o  acquiring an understanding 

of the d i rec t ion  and in tens i ty  of the forces applied and thru t h a t  an 

immediate diagnosis of the  organs involved and  the level of in ju ry .  
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APPENDIX B 

REPRESENTAT I VE DATA SHEETS 



IMPACT TOLERANCE 
Contract  FH-11-7608 

SUl,l?lARY SHEET 

Run Number 

Animal, spec i e s  and sex 

Area and Type of Impact 

Veloci ty  Impact 

Animal Total  Body Weight  

Area of Impactor 

Type o f  Impactor 

Location of  Impact 

Vervet Adult Ma1 e 

Upper f r o n t a l  thorax-abdomen 

22 .o  mph 

8 .0  i n .  Z 

8" X 1 " r i g i d  impactor - 

Impact Duration 11 .4  msec - 
Peak Contact  Force 300. l b s .  

Force/Area 81 ,O  1 bs / in2  

I~npul se Does n o t  apply 1 b-sec.  

Depth o f  Pene t ra t ion  2.29 inches  54.3  % 
Camera Frami ng Speed 5050. Franieslsec . 
Bl ow-Up Factor 4 , 65  in/Van, i n .  

Qua l i t y  of Movie Good 

Animal Arr ival  : Feb. 15 ,  1971 Impact: Feb. 23, 1971 

Termination : Feb. 23, 1971 

Evidence of  In ju ry  Post-impact:  - NO obvious -- s iqns  of i n j u r y .  



22.  Loss o f  Consciousness No loss  min. 

23. Heart-Beat Rate Pre-i nlpact 90 beats/mi n .  
Pos t-impact 6 0 . bea ts/nii n , 

24,  RespCratory Rate Pre-impact 2 0 breathslmi n , 
Pos t-impact 18 breathslmin. 

25. Reflex S t a t e  (pup i l l a ry ,  eye l id ,  ear  pinch, e t c . )  
Pre-impact All pres2nt - slow - 
Post-impact No corneal - a l l  e l se  

26, Behavior Pre-impact Appears normal 
Post-impact Appears slowed down 

27, Anesthetic Used Ketamine (1,M.) Amount 23.5 mglkg  . 

Approx. T i m e L a s t I n j e c t i o n G i v e n  N . A w *  

Approx. Time Impact N . A . *  

Condition of Animal - Moderately drugged  

28. X-rays Pre-impact None 
Post-impact None 

29. Blood Samples: M.A.* 

SGOT 

SGPT 

LDH 

Pre Post - 1 Day 2 Days Other 

I n t .  Units 
\ I n t .  Units 

I n t .  Units 

A1 KP ' t a s e  I n t .  Units 

CP K I n t .  Units 
30. Skull Cleaned and Stored No 
31. EKG Pre-impact Yes 

Post~impact  Yes 

*Not avai lable  



32. Autopsy Comments : 30 cc blood in the abdominal cavi ty ;  
\ severe lacera t ion  o r  rupture of the pancreas; numerous minor 

lacera t ions  in the  1 i v e r ;  minor mesenteric hemorrhage; lung 
compliance decrease,  12%;  lung weight 27 g indica t ive  o f  some 
congestion. 

Histopathology : None 

33. Scal ing Index Number: 3 



IMPACT TOLERANCE 
Contract  FH-11-7608 

SUMMARY SHEET 

Run Number 

Animal, spec i e s  and sex  

Area and Type of Impact 

Ye1 oci t y  Impact 

Animal Total  Body Weight 

Area of Impactor 

Type of Impactor 

Location o f  Impact 

Vervet Adult Female 

Upper f r o n t a l  t ho rac i  c-abdom. 

1 " X 6"  f l e x i b l e  impactor - 

9 .  Impact Duration 8 , 4  msec 

10.  Peak Contact  Force 3 04 I b s .  
11.  Force/Area 8 Q  1 bs / i  n 2  
1 2 .  Impulse Does n o t  apply 1 b-sec 

13 .  Depth of Pene t r a t i on  0.89 inches  26.0" % 

14 .  Camera Framing Speed 4240. Frames/sec 

1 5 .  Blow-up Factor  2.78 i n;lVan, i n . 
1 6 .  Q u a l i t y  of Rovie Good 

17. Animal Arr iva l  : February 18, 1971 Impact: March 24, 1971 

Termi na t ion  : March 24, 1971 

18.  Evidence of I n j u r y  Post-Impact:  No obvious s i g n s  of i n j u r y  

*cal cul a ted  val ues 



Loss of Consciousness N o l o s s  ---.. - 17.i 11 . 
Heart-Beat Rate Pre-impact 150 beats/min. 

Post-impact 1 go-- boa ts/mi n . 
Respiratory Rate Pre-impact 32 - - brez -~ tt;s/min, 

Pos t-impact 2 8 -- bresths/mi n . 
Reflex s t a t e  (pup i l l a ry ,  eye1 i d ,  ear  pinch, e t c . )  

Pre-impact A1 1 ap~9? , r s  norixal - 

Post-impact A1 1 prcsc i~ t  a n d  nci._ii:31 
Behavior Pre-impact Appears r,ornial 

Post-impact No appzi"ent c h a n g y  - 

Anesthetic Used Ketamine ( I  . M e )  A m o u n t  31 - 3  n i g /  kg 

Approx, Time Last Inject ion Given N.A.* 
Approx. Time Impact N.A.* -- 

Condition of Animal Moderatel.\/ d r u q s x ,  - 

X-rays Pre-impact None 

Post-impact None -. 

Blood Samples : N . A . *  - -- 

Pre - Post 1 Day 2 Days Other 
SGOT I n t .  llt?i t s  

SGPT I n t .  Units 
LDH I n t .  Units 

AIKP ' t a se  - I n t .  Units 
CP K I n t .  Units 
Sku1 1 Cleaned and Stored N o 
E K G  Pre-impact Yes 

Pos t-impact Yes - 

*Not ava i l ab le  



32. Autopsy Cotnments: 30 cc  f r e e  b l o o d  ----- i n  abdoi:;en. 

L a c e r a t i o n s  l e f t  a n d  right lohcs o f  t h e  l j v e r ,  a n t e r i o r  and -- ------ 

- p o s t e r i o r .  P a n c r e a s  - -  some hcii.!oriihage near h e a l .  - -- -. 

- ---- 

- No d u o d e n a l  - - co lon  t e a r s .  - - -- 

- - -- 

Lungs - rncdera te  gross  congest  i o n  wt. 3 0 . 5  g. ------ -- 

Autopsied -- s a w  day a s  impac t .  
.--- - 

Hi s t o p a t h o l o g y  : --- None - 

33. Scz l  i n g  Index t+un:ber: 2 -.- 



IMPACT TOLERANCE 
Cont rac t  FH-11-7608 

SUMMARY SHEET 

1 .  Run  Number 71-47 ab 
2 .  Animal, spec i e s  and sex Mini -Pig Adult Ma1 e 

3. Area and Type of Impact Mid f r o n t a l  abd. 6 "  r i q h t  s i d e  

4 .  Ve loc i ty  Impact 27.6 mp h 

5 .  Animal Total  Body Weight 128 1 bs 

Area of Impactor 7.06 i n z  
Type of Impactor 1-1 /211 r ad iu s  c i r c u l a r  r i g i d  i w t o r  

Location of  Impact - - 
"7 / 

6" from xiphium r i g h t  s i d e  

Impact Duration 17 .5  ms ec  

Peak Contact Force 700 - 1 bs .  

Force/Area 99.2 ~ b s / i n . ~  

Impulse Does no t  apply 1 bs-sec .  

Depth of Pene t r a t i on  5 .3  ' inches  44.1 % 

Camera Fraini ng Speed 5000 Frames/sec. 
Bl ow-Up Fac tor  3.01 - in/Van, i n .  

Qua1 i t y  of Movie Good 

Animal Arr iva l  May 13, 1971 Impact May 13,  1917 

Termination May 13 ,  1971 
18.  Evidence o f  I n j u r y  Post-impact Nc o M o u s  s i gns  of  i n j u r y .  



2 2 ,  Loss of Consciousness No loss  min. 

Heart-Beat Rate Pre-impact 120 beatslmin. 

Post-impact 21 0 beatslmi n . 
Respiratory Rate Pre-impact Not recorded breathslmi n . 

Post-impact . Not recorded breathslmi n . 
Reflex S ta te  (pupil l a r y ,  eye1 i d ,  ear  pinch, e t c . )  

Premimpact None 
Post-impact None 

26. Behavior Pre-impact \ Appears normal 
\ ' 

Postcimpact Can not '  be determined 
2 7 .  Anesthetic Used Sernyhn ( I  . M a )  Na Pento ( I  .M.) Amount >30 m g / k g  

Approx, Time Last Inject ion Given , N . A . *  

Aprrox, Time Impact N . A . *  
Condition of Animal Mod - deeply drugged ' 

28. X-rays Pre-impact None 
Post-impact None - - 

29. Blood Sanipl es N.A.* 

Pre - - Post 1 Day. 
S GOT - - 
S GPT - 
LDH , , - - 
AIKP'tase - - - 
C P K  , + - - 

2 Days Other 

- I n t ,  Units 

- I n t .  Units 

- I n t .  Units 

- I n t .  Units 

- I n t ,  Units 

N 0 30. Skull Cleaned and Stored , , , , 

31. Ekg Pre-impact ? -  . Yes - .  

Post-impact , , . Yes , . - ,  

*Not avai 1 ab1 e 



32. Autopsy Comments: Five hundred -- cc blood in the abdominal cav i ty ;  

very severe lacera t ions  between the r i g h t  a n d  l e f t  lobes of the 

l i v e r ,  the lobes were almost torn a p a r t ;  no other evibence of 

injury except pa r t i a l  consol idat ion of a small central  lobe of 

the  1 ungs , 1 u n g  weight 378 gms . 

H i  stopathology: None 

33. Scal  ing Index Nurnber ; 5 



IMPACT TOLERANCE 
Contract  FH-11-7608 

SUMMARY SHEET 

1 ,  R u n  Number 

2 .  Animal, spec i e s  and sex 

3. Area and Type of Impact 

4 ,  Velocity Impact 

5 ,  Animal Total Body Weight 

6 .  Area of Irnpactor 

7 .  Type of  Impactor 

8 .  Location of  Impact 

9 ,  Impact Duration 

10 ,  Peak Contact Force 

1 Force/Area 

Mini-Pig Adult Male 

Mid f ron t a l  abd. 6" l e f t  s i d e  

1-1 12" radius  c i r c u l a r  r i s i d  impactor 

6" from xiphium l e f t  s i d e  

12.  Impulse Does not apply 1 b-sec 

13,  Depth of Pene t ra t ion  

14 ,  Camera Framing Speed 

15.  Blow-Up Factor 

4.98 inches 38.6 % 
5000 Frameslsec. 

3 ,05  in/Van.in.  

16 .  Qula i ty  of Movie Good 

17.  Animal Ar r i va l :  May 18 ,  1971 Impact; May 18 ,  1971 

Termination: May 1 8 ,  1971 

18. Evidence of  In ju ry  Post-impact No obvious s igns  of  i n j u r y .  



Loss of Consciousness No l o s s  mi n ,  
Heart-Beat Rate Pre-impact 9 0 beats/mi n .  

Respiratory Rate Pre-impac t Not recorded breaths/mi n . 
Post-impact Not recorded brea ths/mi n . 

Reflex S ta te  (Pup i l l a ry ,  eye1 i d ,  ea r  pinch, e t c  .) 

Pre-impact 
Post-impact 

Behavior Pre-impact 

None 

None 

Appears Normal 

Post-impact Cannot determine 
Sernylan ( I  .PI. ) Pento (I .FI. ) Amount >30 m& Anesthetic Used , 

Approx. Time Last Inject ion Given NaA.* 

Approx. Time Impact N.A.* 

Condition of Animal , Moderate - deeply drugged 

X-rays Pre-impact None 

Blood Sarnpl es : - 14 , A .j; , . % 

Pre - Post - 1 Day 2 Days Other 

SGOT , . - v 7 - I n t ,  Units 

SGPT 
v - - - I n t .  Units 

L DH - - - - In t .  Units 
AIKP ' t a s e  - - CC- - - I n t ,  Units 
C P K  - - - - I n t .  Units 
Skull cleaned and stored N o \ '. I 

€ K G  Pre-impact Yes 

Post-impact Yes 

*Not avai 1 able 



Autopsy Comments : One t o  two thousand cc blood in the abdominal 
cavi ty ;  severely lacerated spleen;  severe 1 acerat ions t o  the  
l i v e r ,  pos te r io r  surface of the l e f t  and quadrate lobe; minor 
pulmonary edema. 

Histopathology : None 

33. Scaling Index Number: 4 



IMPACT T O L E R A N C E  
Contract FH-11-7608 

SUMMARY SHEET 

1 .  Run Number 

2 .  Animal, species  and sex 

3 ,  Area and Type of Impact 
4 .  Sled Velocity 

5.  Animal Total Body Weight 

6 ,  Area of Impactor 

7 .  Type of Impactor 

8 .  Location of Impact 

71-04 s led  

Vervet Adult Male 

Seat be1 ted - Ai r b a g  small s led  

9 .9  - 1 bs. 
None i n 2  

Seat  be1 t - high and snug 

No actual  impact 

Impact Duration 
Peak Be1 t fo rce  

Fom/ Area 
Sled Accelerat ion 

120 msec 
340 l b s .  

6 8 1 bslit-12 

Peak 36 Ave, 20 G's 

Depth of Penetrat ion .Does not  apply inches % 

Camera Frami ng Speed 5000 Franies/sec. 

Blow-up Factor 8 .7  in/ l lan. in .  

Qua1 i t y  of Movie Good 
Animal Arrival Feb. 3 ,  1971 Impact: Feb. 15 ,  1971 

Termi nation Feb. 15 ,  1971 

Evidence of Injury Post-impact Tail  broken. No o the r  obvious 

in ju ry .  



Loss of Consciousness Unconsci_o_qs - s tu t~n t~ i -P-1  -- . - -. t r i i  - - n , 
Heart-Beat Rate Pre-impact 1 20 btlats ._ L / i l i i  -- n . 

Post-impact -.- 120 b.g~-sl!~~n. 

Respiratory Rate Pre-impact 4 0 - brn;t!~slfi:in. - - -- -. - - 

Pos t-impact Not recorded b r e ~ t i ~ s l m j t i .  . . -. .- - - - -. - 
Reflex S t a t e  (pup i l l a ry ,  eye1 i d ,  ea r  pinch, e t c  , )  

Pre-impact All normal - ---..--- 

Pos t-impact a f t e r  1 m i  - n ,  a1 1 noi+i,i:il - -- 
Behavior Pre-impact Appears normal - -- - -- 

Post-impact - Can not hc de termin~d ---- 

Anesthetic Used Ketamine ( I  .M . )  - Amount ------- 2 2 , 2  nl,g! kg 

Approx. Time Last In jec t ion  Given N.A.* 

Approx, Time Impact N . A . "  --- 

Condition of Animal Moderately .- d r u g g e d  --- 

X-rays Pre-impact None 
Pos t-impact None -- 

Bl ood Sampl es : N . A . *  --- 

Pre - - Post 1 Day 2 Days Other 

SGOT - - - I n t .  Units 

SGPT - - - I n t .  Units 

LDH - - - I n t .  Units 

A1 KP ' t a se  - - - I n t .  Llni t s  

C P K  - - - I n t .  Units 
Skul l  cleaned and stored N o 

E K G  Pre-impact yes 
r . .  -- 

Post-impact Yes 
r - ,  -- 

*Not avai 1 a b l e  



32.  A~!;~.ipsy Coiri;.?:! t s  : T\;o c c  blood i n  t h e  ahdonl inal reg ion ;  - - ---- - - .- - - 
contli~ioi.i to the a ~ c e v d 7 n g  ~ 0 1 0 i l .  s1  i qh t  hr-mrrhage from 

------.-.---- --Ad -- 

the i~i .s~i; . t ,~ric vess?ls ; p a r t i  a1 1 acerat-ion of the d u ~ d e n u m  - - - - -- - - .- . .-. - - - - - - . - - --- 
vi i  t h  ~ ~ ~ t e n t s  s t i 7  1 con ta ined ;  1 ung corn11 iance decrease  o f  -- - - - - -. - - - -- - - -- 
44% ii;..:.,eij a t e l y  I) Fi-er the  t e s t ;  minor pe tech ia l  hemorrhage .- - - - -- . . . - - - - -- - - - ---- - 
j u s i  t??r::,: vrherc ! i 1 8 :  s c a t  be? t \!:as posi t ioned dur ' ing  the  

pp .--- - .---- 

t e s t .  - -. ---- - - - -- - - 



APPENDIX C 

CASES OF ABDOMINAL INJURY FROM REVIEW OF THE LITERATURE 



A. Lap Be1 t 
I 

CAUSE OF INJURY A G E  SEX WT. PERTINENT DATA AEDO!.:ItlAL !!<JL:i?IfS PEPOKYED . P . E F f R t l l i E  

1. Seac Ee l t  - co l l ided  a t  40-50 mph i n t o  34 M 21 0 
trdck going 10-15 nph 

2. Seat  Bel t  - a i r c r a f t  accident  - crashed 55 M 
i n t o  ground- severe  b lunt  abdominal trauma 

3. S e a t  S e l t  - head on c o l l i s i o n  - both ca r s  32 M 120 - 

i n p c t i n g  a t  35 mph - dr ive r  

Large adhesion of the  tenninal  ileum Kulowski 8 R 0 5 t  
t o  r i g h t  brin: of pelvis  1355 (579).? 

Five sepa ra te  perfora t ions  of t h e  Boni l la  & Bowers 
jejunum - p e r i t o n i t i s  - severe  muscle 1960 (641, 
damage - l a r g e  i n f a r c t  replac ing 1/2  
of rt .  l i v e r  lobe - p t .  d ied  

Ruptured pancreas and duodenum G a r r e t t  & Braunstei-n t 
1962 (253) 2:- 

4. Seat Be l t  - r o l l  a t  55 mph - f r o n t  r i g h t  60 M 1 80 Contusion o f  bladder  and kidney - seve re  G a r r e t t  & Braunstein 
passenger abdominal wall hematoma and seve re  1962 (253), - 

contusions of both inguinal  regions , 

6. Seat  Bel t  - f r o n t  r t .  passenger - auto- 25 F 
mobile accident  - b e l t  high on abdonen 

7. S s a i  Be l t  - s t ruck  another au to  broad- 62 F 146 
s i d s  a t  25 n ~ s h  - f r o n t  r i g h t  pJssenger 

Mul t ip le  f a c i a l  Pe r fo ra t ion  o f  jejunum - p e r i t o n i t i s  
f r a c t u r e s  

8. S f a t  2s: t  - ( l a p )  - c a r  s t ruck  
+ .~!cphone - - pole i n  l e f t  f r o n t  a t  65 mph M 152 

Lowe,- abdominal pain and tenderness - 
microscopic henatur i  a 

S .  Scat  Ee l r  - ( l a p )  - 60-70 m?h i n t o  2 6 F 
asGrr.ent - thro;.:n forward and t o  t h e  - - 
r i g h t  - f r o n t  r t .  pzssenger -- - - - - 

10. Seat  Be?t - l a p  b e l t  - a i rp lane  crash  31 M 
:.liddl2 rt. s e a t  - Army Caribou 

11. Sea t  Be i t  - l a p  Lelt - a i rp lane  crash  25 M 
rt. r e a r  s e a t  - Arry Caribou 

12. Sezt Cel t  - l ap  b e l t  - a'rplane crash  3 1 M 
r',. r e a r  szat, - Ar:cy CiiribOu 

Severely ruptured spleen 

Blow ou t  pe r fo ra t ion  of t h e  small 
bowel i n  t h e  upper je junal  region - 
mid-abdominal wall  contusion 

Gar re t t  L Braunstei  n 
1962 (250),:-. 

Aiken, D.W. 
1963 ((7) 

C o c ~ e  & Meyer 
1963 . (115) 

Ventral hernia  - ecchymosis of  abdominal Hurwitt  8 S i l v e r  
wall 1965 (322.) : 

-.A . --. . .  - 
A two f t .  segment of terminal ileum . Fish & Wright 
was avulsed from i t s  mesentery and 1965 : (221) 
bleeding - heri~atoma of 1 . t r ansve r se  
mcsacolon - ca?su la r  t e a r  of spleen - 
abdonli nal b ru i ses  

Proximal i l eu2  was p a r t i  a1 l y  t r ansec ted  F:'sh & Wright 
and the  ad jacen t  boxel contused - . 1965 (221): 
abdoni nal wall contusions 

Lacerated proximal ileum - l a r g e  mesenteric Fish 8 L'rigbt 
t e s r  - s e a t  b e l t  contusions 1965 (2211 

13. S e ~ t  2 e i t  - l a p  bc!: - ~ t r > l ~ > c c  crash - . 25 I4 Lsrge s c y z n t  of s n s l l  i n t e s t i n e  and a F i z h  & k'ri~!lt 
rt. rear  : e ; t  - Arry b r i t o u  secjrncnt of s;c-oid cc!cn were avulsed 1365 (?21), 

E: 
frc.7 t h e i r  mczcatery - p;rirocetl 

1 
hcfisrrhage 7 f d t a l  

, - W - * ~ - ~ * . o ? - - - - ~ - ~ , -  r R - - m m ~ - ~ i - u y r - z ~ 7 ~ ~ ~ . ~ p p ~ ~ n p c ~  ..F,r-3m-T-"r., w'"y",vv+x- 

i 
f 

r*- ' .-y-W- 



14. Seat  Bcl t - l a p  b e l t  - l oose ly  fas tened - 48 F 
r e a r  passenger 

15. Scar Cc!t - l a p  b s l t  - l oose ly  fas tened 56 F 
r e l r  passenger 

15.  5,?: t - - la3 b e l r  - f r o n t  r t .  
;asscn.:sr - autoxobiie accident  
az i n t ~ r s e c t i o n  

17. S ~ i t  Csl t - c5 ~::h i n to  rearend of 
i ~ 3 ~ ? 2 6  cz r  - d r i v ~ r  

is. - e x  59!t - trav311:ng a t  20 eph - 
s t ruck  i n  r t .  f r o n t  by anothvr 
auto  a t  50 rnph - f r o n t  r t .  passenger 

19. Seat  E e l t  - s l i d  sideways i n t o  f i r e -  
plug - F. R. passenger 

20. Se2t  S e i t  - head on i n t o  t r e e  a t  
5C 13ph (+) - r e z r  l e f t  passenger 

21. Seat  Be l t  - Lap Bel t  - r e a r  s e a t  
gassenger - b e l t  loosely a t tached - 
tnro,.!~ forVqa-d a t  ?,pact 

22. Secz Ee l t  - Lap Bel t  - Skid a t  
35 mph in to  pole - thrown l a t e r a l l y  
a s a i n s t  door - d r i v e r  

Cardiac a r r e s t  

Fracture  of L2 

'r 
I . ; Laceration of jejunum - mu1 t i  p le  1acera:ions Gerr i t sen .  Frobese 

of small bowcl n?csentcric ~ t t a c h m n t s .  - and k z z i  . 1966 
r ~ 

? 

t raumat ic  an:putation of lower ha l f  of {255) - )  ! 
lor*!cr cmcntun . I 

Largc 1  acera t ions  of the  mesenter ic  Gerri t s e n ,  Frchese.  
at t~chc-sisr , t  of ti:e scizll bor~cl - and Pezzi  , 1966 

1 

l ace ra t ions .  of t h e  ileum and cecum - (255) : i 

t e a r  of se rosa  of sjgmoid colon - 
contusions of  abdolzcn - 3000 c c  blood 
i n  abdo:r,i'nal cav i ty  - .  
Transverse abdc!:i nal s e a t  be1 t b ru i se  - Herhsxan ii. 
avulsed small b w e l  mesentery - s u p e r i o r  1966 \<332)! 
mesenteric a r t e r y  bleeding - hemcrrhage - 
p t .  died 

2 cm per fo ra t ion  on t h ~  a n t i x e s e n t e r i c  Williams, Lfes &,, 

bordcr of t k 2  nid-ileum k a l e ,  i966  ( 7 2 8 ) .  ' 

Contusion of a n t e r i o r  abdominal wall - Williams, Lies  C 
r ec tus  rcuscle t r ansec ted  - heillatoma of Hzle. 1966 (72,gln;) 
a n t e r i o r  r ec tus  sheath - mid por t ion 
o f  ortentur, aa!nputated from i t s  attachemnt 
t o  t h ?  t r ansve r se  colon - hematosa i n  
mesentery o f  sm. b o ~ ~ e l  - rt .  colon contused 
w j t h  3 cn t e a r  i n  se rosa  

Transverse t e a r  a t  t he  junct ion of  t h e  Williams Lies  & Hale 
2nd and 3rd por t ions  of t h e  duodenum 1966 p -II?8) 
involving 2/3 of c i  rcumferance 

6  cm. t e a r  i n  t h e  mesentery of  t h e  W;llian:s. Lfes  
mid-ileum - s i m i l a r  t e a r  i n  t h e  and tiale 1966 
mesosigmoid - sigmoid contused with . (-728) 2 

subserosal  hemorrhage 

Ccmpressi on f r a c t u r e  Evulsion of mesentery and small bowel Wood. M .  
of two lumbar vor tebrae  of t h e  ileum -. p t  r died 1966 ;( j'4,3_) 

Linear t e a r  of  t h e  mesosigmoid extending Blumenberg R.M. 
t o  i t s  roo t  - avuls ion of the  masentery 1967 ~(!4) 
of a fou r  inch segment o f  redundant sigmoid 

23. Seat  B e l t  - L2p Z e l t  - f r o n t  passengzr - 23 F Compression f r a c t u r e  Sea t  b e l t  b ru i se  - per fo ra t ion  of  t h e  a n t i -  Haddad & Zickel > 

h i g h  s???d P6esl-on c o l l i s i o n  with parked of Lg mesenteric border of t h e  jejunum' 1967 :J263) . . i 

ve;et-51 e t ruck & 
\ 

23. S e a t  Eelt - LJ; 6 e l t  - her  c a r  s t ruck  i n  26 F Large hernia  containing colon and small Lenire,  e t  a l .  
i. 

r e c r  - belt locsely fastened - f r o n t  i n t e s t i n e  i n  t h e  r t .  s j d e  of aSc!omsn - 
r~ q5t pds%enscr ecchycos i i  and contusion o f  abdonin~l 

'9E7 , (387) / 
wall ---- *-r----~rrnr-r".o-r--- r t - a * - - : : - - - - ~ ~ : - ~ ~ ~ , w - . m " - 2 1 1 T . ~ -  ,m~-v-wpTITm..T.vp --.- *.--- .-.---r~.-.-.-y------=-- 
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58. Seat  Bel t  - R. R .  passenger - 13 F Tearing of a n t e r i o r  abdominal muscles - Huelke & Chewtling 
f r o n t  end c o l l i s i o n  severa l  t e a r s  of t h e  i n t e s t i n a l  wa l l s  - , 1969 (313)' 

s e a t  b e l t  b ru i ses  
i 
f 
i-. 

59. Seat  Be l t  - Driver - Headon i n t o  16 M S e a t  b e l t  no t  Abdominal wall abras ions  Hue1 ke & Chewning 
x-waj s ign - sp in -h i t  o the r  s i g n  t i g h t  1969 (;318) ) 1 
scrp?or\ benind rt. door. 

f 
i 

60. Seat  Be l t  - R. Left  passenger - 16 F 
Headon i n t o  x-way sign - sp in  - 
h i t  o the r  s ign support  behind rt. door 

Vertebra f r a c t u r e  Abrasions of abdominal wall Huelke & Chewning 
1969 (318) ) 

17 61. Seat  E e l t  - f r o n t  passenger - M S e a t  b e l t  snug Abdominal wall abras ions  Huelke & Chewning I 
heaaon i n t o  x-way sign - sp in  - 1969 (91s)  ) 
h i t  o the r  s ign support  behind rt. door F' 

t 
. " 

62. S e a t  Be l t  - R. R .  passenger - 1 8  M Invasion i n t o  h i s  Ruptured spleen - l a c e r a t i o n  of Huelke & Chewning 
hsad on i n t o  x-way s ign - s p i n  - s i d e  o f  c a r  peritoneum and j e juna l  mesentery 1969 (31s )  ! 1 
h < t  c t h e r  s ign support  behind rt .  door i: 

63. Seat  S 2 l t  - R. M. passenger - head 17 F 
an i n t o  X-kiay s i ~ r ;  - spin  - h i t  
o the r  s ign support  bsnind r t .  door 

64: Seat  Bel t  - l2p b e l t  - Driver - 3 2 M 
~ u t c n ~ o b i l e  accident  - car  
c~r;i?l e t e l y  demo1 ished 

65. Seat Ez l t  - Lap Be l t  - f r o n t  s e a t  18  M 
passe!iSer - a u t o m b i l e  accident  - 
b e l t  f i t  t i g h t  - 70 mph im2act - 
c a r  demo1 ished 

66. Sea t  Be l t  - Lzp Bel t  - Driver - 22 
a,.- 

M 
,~oc:akf7e accident - 70 mph i r p a c t  - 

c a r  cccol ished 

Laceration o f  spleen - mu1 t i p l e  
l a c e r a t i o n s  of  l i v e r  - abras ions  of 
abdoixinal wall 

Huelke 8 Chewning 
1969 (318) - 1  

Compression Pe r fo ra t ion  of ileum - small n e s e n t e r i c  k c l e o d  & Elicholscn - 
f r a c t u r e  of L3 r e n t  - seromuscclar t e a r s  of t h e  1969 1409). 

s aa l  1  bowel and s  i gmoi d  

Abdominal wall contusions - ~ e r f o r a t i o n  . Kacleod & Nicholson 
on the  ar , t iniesenteric su r face  of t h e  i s69  ( G F F ) . : )  
mid-jejunum 

Abdominal wail contusions - r e n t  i n  Mac1 eod & Iti chsl  son 
c;ssenter;/ of proximal and d i s t a l  ileum - 1969 (43q)-;;;.) . 
d i s t a l  i i e u n  c~; i?p?i . te ly  t r ansec ted  - . I  

heinatcza ir, roor  of mesentery 

67. S e a t  Bel t  - Lap Be1 t - f r o n t  s e a t  40. F 110 Fractcres  of Tear of jejuncrn - occzls ion of in f ra rena l  RySak & Thonford 
passezger - s t ruck  head on by t r ansve r se  process a o r t a  - mu!tiple zbsczsses  - small 1969 ,(574)g 
another  vehic le  - 45 ~sph L1 -LC - f r ac tu r s s  of  amount of r e t r ~ p e r i  toneal  hfmatcma 

spinous process Lq 
a n d  L j  

5s. Seat  6 f l t  - Lap S e l t  - snugly 5 2 F 
fasrened - F. R .  passenger - 
20-40 nph head cn i n t o  another  c a r  
t r z v e l l i n g  30-40 mph 

Anter ior  f r a c t u r e  Ecchynotic b a d  across  a n t e r i o r  abdominal S t e c k l e r ,  R.M.,  e t  21. 
d i s l o c z t i o n  cf L2 wall 1969 C(_6$!,3 
on L3 
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4 132. ?.utoncbi!e eccident  - d r i v e r  - h i t  4 6 M , Perfora t ion on ant imes?nter ic  su r face  Percy, E .  C. 1970 , 
8 c i i , -?n t  r ~ ~ a i n l q r _ r  w i l l 1  nn Y-I.ISY - nf the ~ ! E L I ! I !  - !aceratinn 2nd con- (527 ) .2:g : zh!-2;:n f o r ~ a r d  ags i f i s t  s t e e r i n g  tus ion a t  roo t  of proxinial bowel . 

i : 3 ~ ~ 1  r e sen ie ry  

7 -, ' 2 3 .  Autoxobiin accident  - throun f o r c i -  25 M 
bly aga ins t  t h e  s t e e r i n g  wheel 

4 

Comir.on b i l e  duct  coclpletely t r ansec ted  Rydell ,  W .  B. 1970-,, 
a t  duodenum - gastroduodenal a r t e r y  c(575).  j ' 

t r ansec ted  - two m a l l  non-bl eedi ng 
non-capsulzr t e a r s  i n  t h e  l i v e r  

i ?3: .  '.utc.nobi?e zccidnct - s t r c c k  r e a r  of 72 F 
, z:,=r;-.ar 2 i j t 0  on x-:.lay - s t e e r i n g  

whsai trauma t o  abdcxen 

Ruptured b:adder - t raumat ic  rupture  Walt & Sr i fka  1970 
of diaphraga (-707 : 

6 135. A~tsrxobile accident  - s t e e r i n g  wheel 34 M 
in ju ry  t o  epigastrium 

i 

Blowout l a c e r a t i o n  of  t h e  g a l l  bladder . Walt & Grifka 1970 
(701 ); ) 

j 136. Tractor  accident  - pinnod a g a i n s t  3  5  M 
s t e e r i n s  wheel with abdomen 

Fracture  L2 Pancreas edematous and hemorrhagic - 
small t e a r  of 1 i v e r  

P h i l l i p s  & Seybold \ 
194i3 (536) "1 

f 137. Autoinobi 1  e accident - s t e e r i n g  wheel 25 M 
i n ju ry  t o  abdonen 

s 1 138. Autonobile accident  - passenger - 23 M 

ii thrown i n t o  s t ee r ing  wheel 

R e t r o p e r i t o n ~ a l  pe r fo ra t ion  of  3rd 
por t ion  of t h e  duodenum 

Williarrr;on, N . L .  1961 
(735); - .  

Romney. D. 1962 (5651:> . - I  ':.- .- J ' Perfora t ion on t h e  ant imesenter ic  border 
of the  jejunum 

f 139. Actonobile accident  - d r i v e r  - 3 3 M 
ran i n t o  t r e e  ( f ronra l  impact ) - 
forced aga ins t  s t e e r j n g  wheel 

Halkier ,  E. 1963 { 
(231) -' 

Multiple r i b  
f r a c t u r e s  

micor rupture  of  rt. dome of  l i v e r  - g a l l -  
bladder corn?letely to rn  from i t s  bed - 
p t .  d ied  

140. Autonobile accident  - d r i v e r  - 44 M 
f ron ta l  c o l l i s i o n  with bus - 
forced aga ins t  s t e e r i n g  wheel 

Rib f r a c t u r e s  - 
ca rd iac  a r r e s t  

Gallbladder cornpieteiy to rn  from i t s  bed - 
small t e a r  of  l e f t  1  i v e r  lobe  - severed 
c y s t i c  a r t e r y  - hemorrhage - rup tu re  
of  t r ansve r se  mesacol on - 1 arcje hematoma. 
r t .  kidney - p t .  died 

Halkier.  E. 1963 i - 7  . * . 
(281): ' . '  

141. Autczobile accident  - 
s t e e r i n g  wheel in ju ry  t o  rt. 
abdozen 

Gangrene of small bowel - abscess Ke l l e r  & Menqoli 1964 
(35;); 

142. Autorrcbile accident  - s t e e r i n g  27 M 
wheel i n j ~ r y  t o  abdoman 

McCort, J.J. 1964 ' c ( i l i $  

(434) 

KcCort. J .J .  1964 (?24) , 
$\- , - . 1 

Rupture o f  3rd por t ion of duodenum - 
re t roper :  toneal  eniphysema 

Perfora ted  jejunum - 1 acera ted  mesentsry 'i 143. Axtombile accident - s t ruck  6 5 M 
2 i n  nidabdcmen by s t e e r i n g  

wheel 
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14. Pzdestrian - r u n  over by c a r  - 16 M 
crush in ju ry  t o  abdoxen 

15. Pedestrian - s t ruck by c a r  - r e a r  6 M 
wheel passed over ches t  and 
abdomen 

:6. Pedestrian - s t ruck by automobile - 8 F 
c a r  passed over her abdomen and 
ches t  

17. Wheels of t ruck passed over abdomen 8 M 

18. Pedestrian - s t ruck  by a u t o m ~ b i l e  35 M 

19. Pedestrian - s t ruck by automobile 67 M 

20. Run  over by c a r t  - wheels passed 14 M 
over thoracico-abdoiiii nal region 

21. Pedesrrian - run over by a  c a r  12 M 

22 .  Pedestrian - auto passed over p t .  4 2 M 
and p i f i ~ ; ~ d  him a ~ ~ i n s t  vrall 

23. Pedestrian - s t ruck  by automobile 28 M 

24. P e k s t r i a n  - s t ruck by automobile while 61 M 
c r s s i n g  = t r e e  t 

Fractured pe lv i s  

Multiple r i b  
f r a c t u r e s  

P t .  comatose - 
pneumoni a  

Severe shock 

Severe shock 

Tear in  l e f t  diaphragm - stortach Evans & Sinpson 
herniated - r e t rope r i  Coneal henatoma - 195~1  (210) -1) 
p t .  died 

Traumatic hemorrhagic pancreat is  Wright, L. T. e t  a1 
1950 (749) !':) 

Contusions of abdomen - r en t  i n  diaphragm Car te r ,  B.  N .  e t  a1 
w i t h  hernia t ion of colon,  small i n t e s t i n e .  1951 6103)' 
l e f t  l i v e r  lobe ,  stomach and spleen i n t o  
thorax 

Ecchymosis over area  of l e f t  i l i a c  sp ine  - Car te r .  B. N. e t  a1 
l a r g e  r en t  i n  diaphragm with he rn ia t ion  of  1951 ((>co)) 
stomach, sp leen ,  omenturn, t r ansve r se  colon 
and small i n t e s t i n e  - subserosal .  
henorrhage i n  small i n t e s t i n s  and i t s  
meszntery 

Large perfora t ion of  duodcnum - d i f f u s e  Jacobson & Carter  
pcri  toni  t i s  - ccntusion of t r ansve r se  . 1 9  (328)')  
colon,  l i v e r .  r t .  kidney - 3,100 c c  f l u i d  - 
p t .  died 11 days P.O. 

Contusion of r t .  lower abdominal wall - Jacobson & Carter  
rupture  of under1 yi  ng terminal i lecm. - 1957 ( i 2 8 ) ;  
p t .  died 

Comp!ete severance of spleen - abundant Larghero & Giur ia  
per i toneal  hen:orrhage - 1951 ( 3 3 2 )  -) 
Rupturz of the  spieen - rupture  of t h e  L a r ~ h e r o  & S i u r i a  
kidney -  oder rate r e t r o p e r i t o n ~ s l  heca- 1951 (382);;) . .  , , 

toma - hcxatona of t h e  t r ansve r se  mesa- 
colon 

Largc r en t  i n  stomach wall - gas t roco l i c  E s t e s ,  W. L .  e t  a!, 
o~i:enti,m to rn  f r c e  from stomach - p t .  d ied  1952 , -29~) . j  1 

? ,  

!4esentcric ihronS3sis with gangrene of >fcCune, W .  S. e t  a1 i 
the  i l e a 3  - p t .  died 1952 (435):'; 

Cangreroi~s and ruptured ~~~~~~~~y of  F!cCune, U. S.  c t  a1 
1952 ( A - ~ ) :  .-) jejun~;:n - ini;uinal hernia  - p t .  died 2 3 

Lmer  ha l f  o r  l e f t  kidney s v d l  sed  O r k j n ,  L. P.. 
1952 .(s:.$;. 

! 
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. . 
5 3 .  P d e s t r i a n  - h i t  in abdomen by c a r  5 F Lacerati on of spleen Hal ter  & Gross 1957 : ' ( ~ 2 3 )  ; 

57. ?edcst r ian - s t ruck by r o l l i n g  4 F 
autonobile 

E 2 .  Pfdsst r ian - s t ruck by fender o f  9 M 
novicg astonobile 

83. Pedestrian - s t ruck by automobile from 7 
l e f t  

84. Pedestrian - ' s t ruck by c a r  5 M 

85. Pedestrian - s t ruck by truck 3 M 

86. Pedestrian - s t ruck by autoncbi le  8 F 

87. Pedcstrian - strtick by automobile 3-1/2 M 

23. Pedestrian - h i t  by truck 2 M 

89. Struck by c a r  while s l i d i n g  10 M 

Lef t  r i b  f rac -  
t u r e s  (5,6,7) 

Laceration of 1 i v e r  and spleen - ' Halter  & Gross 1957 ~ ( 2 3 5 : )  

Laceration of spleen Hal ter  & Gross 1957 ! ( 2 ~ 5 ) )  

Transverse 1 acerat ion of spleen Hal ter  & Gross 1957 t ( 2 E 5 )  ; 

Nult iple  l ace ra t ions  of spleen which was .Hal ter  & Gross 1957 :(235)) 
allnost torn  frcni i t s  pedicle - l a rge  
re t roper i  toneal hematonla over pancreas 
and r t .  renal fossa  - 4500 cc f r e e  blood. 

Transverse l ace ra t ion  of spleen Hal ter  & Gross 1957 <(285)! 

Fractured and gangrenous kidney Hal tsr & Gross 1957 ( ( 2&5 )1  

Avulsion of r t .  cclon w i t h  complete Hal ter  & Gross 1957 ~ ( 2 8 2 1 )  
mobilization - th ree  l ace ra t ions  of 
colon 

Three l ace ra t ions  of l i v e r  - contused Hal ter  & Gross 1957 j(265)' 
kidney 

Rupture of pancreas - l a rge  re t ro -  
'7 

Hannon & Sprafka 1957 ( ( 2 a ~ ) j  
peritoneal cys t  

90. Pedestrian - s t ruck by automobile 60 F Severe head in ju ry  - Ruptured diaphragm w i t h  hernia t ion of  Perry,  T. e t  a1 1957 &33?) 
mul t ip le  i n j u r i e s  stomach i n t o  ches t  - perforat ion of 

stomach 

91. Pedestrian - stabbed by ornament 17 M 
on f r o n t  of c a r  

92. Pedestrian - s t ruck by t ruck 2 M 

93. Pedestrian - run over by c a r  20 

Fractured pelvis  

Lacerated spleen,  stomach, pancreas - Root & Christensen 1957((-5622 
died 3 hours P.O. 

Abrasion l e f t  s i d e  - l ace ra t ion  of Becker. 'rl. T. 1958 ($4): j 
diaphragm - hernia t ion of  stomach, 
spleen and colon 

Ste l  l a t e  l ace ra t ion  of  diaphragm - Carlson, R. F. e t  a1 
t ransect ion of ileum 

'l 
1958 ( 9 8 ) )  

94. Pedestrian - s t ruck by automobile 68 F Rib f r a c t u r e s  (9-11) Torn diaphragm - fundus of stomach Sutherland. H. D. 1958 i (668) j  
herniated - pt .  died 

95. Run across midriff  by slow- 
moving truck Tezr i n  rt. diaphragm (20 cm.) - l i v e r .  Sutherland, !i. 0. 1958 ;!E@) 

cmentum, r ransverse  colon and small 
bowel herniated 





u 
CI 
'i- 

m 
E 3 
3 
U C  ' 
"JOC, 
rJC- L 
U  0 
U a) 

E r 
0 aJ* 
L  v) '+. L h  

aJ 0 
C >  v) 
0 LO v) aJ 
r- C .,- -0 
o m m a  
U L O V  

4 2 9  L 
t: m  

OaJO 
c L ?  

O @-C rJ 
'U 4 J . r  .,-+ L  
LOO1 OJ 

C, . rJ In L 
4 2 -  3 rn 
L U  0 
U C U  

QJ .r N .r 
L E L C  
' U, 0 
@ aJ r r  
r r s  rn 0 
W @ P I U  

a 
a L 
Ea)  F 
O U  m 
* r d  E 
I .r 
E 
0 1 

X 

x 0 
L  

E a 
I m 

nl E 
aJcu .r 
F r o  m 
o a . ~  IA.,-- 
u m a  c r  

.r- 0 L  
L7Y . .,-a, 
CI CJ w - c  
> T J n  a 
,P- C L  ,-- 
- r o  I O P ~  

't- e  
'(- 5. L .,-- 
0 OJ .3J a) 3 
> C  0.m 

CT-73 C  
0 7. .r r- .? 

' r -  -2 P- 

Q S  51 
n l C J  E 
L dJ V W E  
J J Z L  3 
LJ@ oa, 
rs C) h  no Z K  

L ?1 
CLl 
U .  
L C ,  
o a 
a 
U 
.r a 
L  .r 
a s  
42 L 
r aJ 
a s  
w 
a- 
~m 

C 
a, .F- 

s 3 
tJ m 

C 
V- .r 
0 

I 
r: 
0 E 
'r 1 
4-J 0 
m y  
L  .r 
aJ 
U  aJ 
a l.2 
-19 

. - 
0 aJ U 'i- 

c e -  C L  c c h  
m r J 0  m m  m s  
L C C  
tJ 'r ,r 
v) 'U Y 
aJ K . r  
v m ~  
rU .LJ +J 

a L o w  

!I r - 
fU (.I 
1 1  #.< 
ti, .. 
11. '5 



- 
0) 
rZ 

M 
u -1 
C 
m r 9  
r (0  
C c n  
O F  
.c 
7 

3 
z 
4 

C l 
0 

2 :, 
a m  
ul LZ 
L 

U * 
aro 
L E 
3 CJ 
+'17 
a 
3 -  
L 13 

a, 
1 c 

0 
E C, 
G7.r- 
ru s 
5- CJ 
c a. 
a o 
6 L 

.r- C, 
TI a, 

L 
73 TI 
G J I U  
L 
3 L G  
i-, 0 
a > .  
3 .r +J 
a- a 

W C, 
r- v) 

a, 
n-c 
0 U 
E 
0 0, 
C, C 
3 .r 
N a 

m 
h 0, n 

u 
Y o )  
U ul 
2 2 
L 5 
+J U 
V) 

C, 
I C 
N 

r~ 
a m 
,r C 
L L 
C, 0 
,A 0 
a,-u r 
n 0 3 
W O O  
a r  3 





LL. 

'> 

O i'J '+. L,, , J  
'to LC- 
0 I ' J ~ J J I  

C r - r r , r J  
r21 0 21 ', "J 
s. .? -3 I L J  '- 
3 LO 0 
+, 3 ?- ri ,-. 

U 
': 

0. bJ ..I $ ! > 
3 c i. '.r -: -3. 

L 0 0 .,, ' , 
v >. ,, 'r- 

I ./- , ... o r - "  
, 7-  c U) --. ' 

Cl r: ' 0 
0 2 ,> L- ; - .r- 

c- ': <. > ,,-> 8: > 
c> 01 
(I T 'I- " 'i. I... 
,-J <2 c, F. , J 
0 .13  : : J  E: 

~ - 1  i' .I I .,- 
0 - 0  ? - , 

42 <, ':.. < ,  L :- 
LL, , ,  

L C r - i  - , .  
O O . - U - !  . . 

(7 8 ;  - 
?J 'JI 1 c- L? . ,- !.. L '.; 5. . .\- 
3 a ,,-. '. \: 

I - )  c.:, , . - ' a 1  
U , .  ' 1 - 7  
,!J -0 4, .', : L 
r- 5. 5- ., ., -$ 

L r? , -  4., .-: 1 - 

+I 
E r. 
0 
s 'l- +- o 

I r 
a 

i', . . " 
: 1 CJ 

,r  7 3 
r o u 
r n u  



3 3 3 3  
Y Y Y Y  
u u w u  
0  0 .  Z E 2 2  

b) 
cn u 
a a 
I: .r 
L U 
L 
0  s 
c 

1 
I 

2 2 3 
2 '3 
'3 s  
s .r 
.r 

L  
L a, 
aJ u 
> U 
.r m  
C P 

n 
rn 
K u 
m a  s 

aJ (0 
C .r 
o w  C 
@J 0 
F .  P- 

hC, 0  
c n n  u 

m a &  
1s L 
U W  u 
'7 aJ 111 
7 0 5I.r 
. r+J*U 
n m 
Em?- 
I s  +J 
N l a  

V- 
OaJE I 
L 3 

.C, c m 
+J aJE 
L  E m  0 
0 0 0  

w * 3 r <  
C'CU E 
t' u 

L Q J C  
0  6-c 
9 a*, 
t ' m  

C 'to 
o w o c  
r 3 0 
wl Crwlcr 
m  .? c, ., 
L F  L. L 
on m CJ 
a o a a  

IC, 
V) 

E '2 
n c c  E 
fd C J  fJ * w 
51 or- 
U P  ..- 
rJ 'Z 
.C 'C r 
u m 

-u 9 
7 J  0 wl 
a +J .r 
L m u  
3 -7 

C, C s 
0. L L 
3 0 0  
are 

C aJ 
0 U1 
.r L 
4J CJ 
CJ r- 
C 
3 1 

' r>  

+ J 4 2  
r.J 2 a 

C) +J 
c u  n 
N O E  
C J  2 CJ 
k-UC 

TI -0 
aJ ..- aJ 

.r 
V- 't .,- .? 
U U 
aJ (U 
U. a 
m a  m m  
C E  C E  
3 3  3 3  

a m 
I I L  t L  

u C, 
C C C 

r J r  aP- 
IU .r ,i( .r a .C 

L L C  L C  
tJ &J ,r W .r 
V) u i E  w l E  
aJ C J O  Q J O  
73 U U  u-0 
w o n  a n  
CL a m  a m  



r -  . .-. 
Y .  i c - l  
'J' r. 
0 hl 
hi- - L..! 

..-, - 
9 
I- 

V' 
V 
, . .' 

U) <TI 
.r- 1 0  
2 01 

27- 
YJ 

LL. 

0 

a, 
Y 
r- 
t.J 
2 
IC 

rn cn 
U) (0 

L r - m  
mr- nsr-- 

.r m 
m r.: I 
vl 0 
m u , -  r 
E n3 -3 0 

E .'- F- 

1 I: O U O  .r- U 

C V- 
.r- r- L T1 
0 .3 a C 
> 01 a ~3 
c 3 

U O m L  
m o  c., 

't- 
o 

L 
ffl 
> 
.C 
r- 

't- 
0 

C 
0 .,- 
iJ 
u 
rli 
ul 
t: 
TI V) 
5. rJ 
+J CJ 

't- 
0 

L (3.- 
V- 'I- 0 
0 1 0  

m 
t: a L C 
0 m n l o  
.r ,? U I -  -0 
.PC ;J 4J @J 
,TI C (3 v- 
L L r -  L W  
ffl or- u, 
U E t 3 U .  
m o ~  ( v o  
-152 V1,- a 

ffl 
P 

a 

cn 
.C 
> 
r-- 
ffl 
a 

o w  
C ffl 

.I- .r 
JZ L 
vl 3 
3 '3 
L C  
U .r 

2: z 

G-l b i h hl G-l U3 r 'if 
1.1 rf h (U r r l D  

I - -  't- 0 
.r U E 
a m 0 
o o o  

3 E " m 
4 CO 
3 c h 
m C O J  n 

C1 

.,- .P- I"- 

. .  n .n 
0 13 

: ;; i- 
> 0  0 

+ '  +J i-) 
J 3 3 
ri rs i'l 



C&SE OF INJLIEI ACE SF:{ KT. "iZTI>:E:;T CATA P:! FIG:.:: rj,:!L :i!:i;??!iS REFSzTeij n:-! ;-.. -. -.- 
- - - -- --. -- -- - . - . -- - - - - -- . .. \ '- L - ..- -. - - - 

:..- -- ! - -  . 
I ..$.,,,2r~d p 2 1 i r i 5  ~:~,.ci'S?;:Tj7 c-7 I ~ f i  rc:::.::,n j7y-c \tcin - 

c,3,,~r~ ;. 7 ,L, T , * -  .!y >'I::: 'ed Iff'. c%%t.r.n;li 
i l i a c  vcln - inclssivc hcniorrhage - 
p t .  died 

195. Pedestrian - s t ruck  by aa tonobi le  

156. Pedestrian - s t ruck  by a c a r  

K3ssfve s t e l l a t e  l ace ra t ion  of' r t .  
1 i v e r  lobe 

?~dri63!l  & Grave r  . 
1559 1(5;9): : 

Larg? s t e l  l a t e  f r a c t u r e  of l e f t  1 i v e r  
lobe - avu'sion c f  rt .  g a s t r i c  a r t e r y  - 
se rosa l  t e a r  of t h e  t r ansve r se  colcn 

197. Standing aga ins t  wall - s t r u c k  by 
bicycle  Perfora t ion of  midportion of  jejunum Dickinson, S.J.  e t  a1 . , 

1970 ( j q + ) ' - !  .' 

198. Pedestrian - s t ruck  on l e f t  s i d e  
by c a r  ' 

Per fo ra t ion  of  jejunum Dickinson, S. J .  e t  a1 
1970 (. i44) 2 

199. Pedestrian - ran i n t o  road - 
knocked down by c a r  Segment of  jejunum intussuscepted and 

edema tous 

2CO. Pedestrian - s t ruck  by a bus Mu1 t i p l e  p e l v i c  Large r e t rope r i tonea l  hematoma - se rosa l  
f r a c t u r e s  t e a r s  of bowel 

Nunes, G.  e t  a1 1 9 7 0 -  ' " , 
(454 

201. Pedestrian - s t ruck  by c a r  Ruptured spleen - l e f t  r e t r o p e r i  toneal  
hematoma involving t h e  l e f t  kidney 

ADDENDUM 

202. Pedestrian - s t ruck  by t ruck  Transverse t e a r  (3/4 c i  rcum.) of upper Lawson. R.S. 1940 (3 .: $ 
jejunum (384) 

Retroperi  toneal  hematoma S a l l i c k ,  M.A. 194: f' 7 7 - 1  
(577)LL '  '1 203. Pedestrian - s t ruck  by t ruck  Fractured l e f t  

r i b s  (10-12) - 
f r a c t u r e d  pe lv i s  

Ruptured spleen - l a c e r a t i o n  of t a i l  Kelly,  E . C .  1933 / -  :--() 
of pancreas - p t .  d ied  (353) ' . ' 

Rupture of 2nd por t ion of duodenum Sarnoff & Oremland 
1943 (584) :! 

P04. Pedestrian - h i t  by t ruck 
on l e f t  s i d e  of abdomen 

205. Pedestrian - ran i n t o  t a i l b o a r d  
of parked t ruck with g rea t  f o r c e  

Transverse rup tu re  of spleen Waugh & P r i o r  
1943 (7121:j 

Lef t  r i b  f r a c t u r e  
(10-12) 

206. Pedestrian - while walking 
across  s t r e e t  - s t ruck  on l e f t  
s i d e  by automobi 1 e 

Pe r fo ra t i cn  of stomach - contusion of Bunch, J.R. 19:4 (j7~);: 
t h e  l a r g e  and m a l l  bowel - hematomata 
of t h e  mesentery and omentum 

207. Pedestrian - h i t  by automobile. - 
wheel passed over body 
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11. A.utorabile accident - Broadside ( r t . )  36 M Abrasion o f  rt .  a n t e r i o r  f l ank  of t h e  D.O.T. 600 071 
I i n t o  parked ca r  a t  30-40 mph - abdomen PB 193755 1970 {!761. 
f d r i v e r  - s t ruck  windshield and 

received i n j u r i e s  from instrument 
) 

? 
panel 

B .  Armrest - Door Impact 

k ~ t o m o b i l e  acc,ident - passenger - 
c o l l i s i o n  with another veh ic l e  - 
thrcwn aga ins t  d3or of c a r  

Autcfi?obile sccic'ent - d r i v e r  - 
s t ruck  l e f t  s i d e  aga jns t  door 

Autoxobiie acci2ent - f r o n t  s e a t  
p:ssenc_;i.r (next  t o  driv?:-j - s t ruck  
brczdr  i 2 2  by ar,ot!icr v ~ h i c :  2 - 
a2:o ITCI:C-,E~ on casseri3i-:-'s s i d e  

A:rojn25ile 2cc:dent - s t r c c k  i n  rt.  
f l a n k  by a r n r e s t  

Atitz!:cSile accident - t t r c c k  j n  l e f t  
- - 3 .  , , by 6r:resc. 

... , - - , . - , , - . .  - 7 : -  " i !  L C .  - , I I,.,?' 
. , Cr,-.. r ;,-LC; - ,-;<:.,r . -,. , - -  . .  a -, ; t.7 ; ~ ] - o n ~  

d;z!-) by i C Z 6  !~:,:~;t.?,;~ a t  33-i:0 r;rph - 
25-22 i n .  9iln.-ti-:ticn - ?t-?vc_.r 
;. : ~ c t t c !  as l i r?s t  d-a r  at13 I-7r?.O!< arm 
?-c-'. t 

', i . - , - ~ r  .-? i s  .y? i i r . r  - i~>;-:,-d ~ ? > ' n s x  F -  "., 8 " - .  
220~-  r,-;.xt t o  i , n i ch  !le -as s: t t i n g  

i!uta;~obil e accident - s t ruck  broad- 
s < ? ?  ' y  C2I1,  t h f Z  s ~ ! ^ z c ~  3 : ; C . i I l  by 
1 - , , _ . 3 ,  _-.. - thrc,?:n z , ; ~ i ~ s t  i c f t  ! n t e r i o r  - 
I .  
..I L C  CfiTG*,.: ~i  <!;t - 2 ~ ;  VL!. 

Ssat Zcl t  - a x t o  s l i d i n g  l o l c r z l l y  
a t  45 n?h iepscted on r t .  broadside 
50-60 nph - dr ive r  - thrcwn t o  
r i s"  iispzcted center  arm r e s t  

Ecchyrnotic henorrhagic and gangrenic McCune, W .  S .  e t  a1 
i n t e s t i ~ e  - mesentery of t h e  small 1952 (~35r.') 
bowel heniorrhagic with thrombosis - 
p t .  died 

Deep l a c e r a t i o n  of spleen Wyinan. A. C. 1954 4751) j )  

Multiple l e f t  r i b  Ruptured bladder  - fragmentation o f  Rea, D. 1963 (,5(1(529) 
f r a c t u r e s  - pe lv ic  spleen 
f r a c t u r e  

Cross hexamr ia  of the  r t .  f l ank  - Tanskey, e t  a1 1965 $%j) 1.-'\ 
en1 a r g e d ,  darnaged r t  . kidney 

Gross hematuri3 - l ~ f t  colon displcced Tcmskey, er, z! 1555 ( 6 2 6 )  ., 
~!!cr!lallg - cz,:??ate )-liptare of ?eft . J 
k f d ~ z y  - r c t r c ; s r j  tcnc:! h?-srrk;2e 

.: - <  - .. . 
Laceration of t c e  g a ? l  b ladcer  S c h ~ c h t i r ,  5. C.1-1e9 <,-;-yi ; 

Elunt  fo rce  t o  2spcvred 1 i v f r  , sol  sen ,  gal 1 b1 zdder - - D.O.T. HS GCS I G E  
abdomen I?JSS: VE hcl;.!?, c r i  t 3 n e ~ x  - niui t'?! 2 Case N 3 .  6914 1573 C(,,::?Y 

c ~ * ~ , i ~ : l  ons o f  !:~-~sfnrcri c s t r i l c t c res  
ant: bo~:e!s = f a t a l  

Nu l t ip l e  i n j u r i e s  - Laczrations of t h e  l i v e r ,  sp le sn  and r t .  O.O.T. HS 5CO C58 
b ra in  kidney - f a t a l  P6 150 742 7970 (( 1713);; 





i 3.  Automobile accident - d r i v e r  - s t ruck  20 M 
i concre te  bridge abutment 
i 

Transverse t e a r  on p o s t e r i o r  su r face  Newell, R. B. e t  a l ,  
of 2nd por t ion of duodenum 1951 :l483)' j 

/ 4. Autorrobile accident - s t ruck  by 
I 

2 5  M 
I t r a i n  

Mu1 t i p l e  f r a c t u r e s  Lacerated bleeding spleen - ruptured Ada;ns & I.2usselmzn 
diaphragm with p a r t i a l  he rn ia t ion  of  1954 i f 3>  
stomach 

1 5. ~utom'cbi le  accident - ran i n t o  
abandoned automobile - F. R. 

I passenger 

Mu1 t i p l e  1  i v e r  l a c e r a t i o n s  - hemorrhage Stone.  F. A. e t  a1 , - -\  

1965 :1657) ;) 

6 .  Autonobile zccident - c a r  s t ruck  
by m o t h e r  auto  - f r o n t  passenger 

Contusion and hemorrh2ge of  abdcxinal Gatewood & Russum 
wall - r t .  r s c t u s  muscle to rn  ac ross  t h e  1956 (_251):> 
per i toneal  cav i ty  - 12 i n .  l a c e r a t i o n  along 
t h e  ~nesentery of terminal ileum - 
henlorrhagi c  appendi x 

7. Au~omobile accident - went ou t  of 
control  a t  h i g h  speed - passenger 

Cardiac a r r e s t  Ruptured l e f t  diaphragm w i t h  major por t ion  Desforges,. G. e t  a1 
of stornach i n  ches t  - p t .  died 1957 ( 1 4 1 ) :  

8. Autolsobile accident  - c a r  h i t  by 
t r a i n  

73 M Rib f r a c t u r e s  - Ruptured l e f t  dizphragm - ruptured spleen Grage,T. B. e t  a1 
comatose - shock hernia ted  stomach, sp leen ,  onentcm - 1959 ( 2 6 7 ) . 1  

p t .  d ied  

i 9; Auconlobile accident  - c a r  over- 
! 2 1  M 

tcrned 
Contusion of r t .  kidney - r e t r o -  
peri t on fa l  hemorrhage 

Kzs t l ,  ;J. H. 1959 (;347),-25 

Kast l .  C1. H. 1953 (i317) 1 Extensive r e t r o p e r i  t ~ n e a l  hema-coma 
involving t h e  l e f t  .kidney 

' 10. C.~tc:fizt; 1 e  acci  d e n t -  -;:o c a r  70 M 
c c l l i s i s n  - each c z r  t r a d e l i n g  
a t  ( 5  zph) 

i 11. Au~ozcb; le  zccident  - c a r  s t ruck  1 8  M 
te:epiicr,c pole a t  90 mp!; 

Shaf tan ,  G.  W .  1960 i<532).i Cerebral contusions - Abdominal abras ions  - p t .  d ied  
subdural hematon:a - 
pulmonary hc::iatorna 

, 12.  Autcrcbi ls  accident - pzccsnger 4 2  F 
! ;n truck - uhrcr<r: ioniard  one 

s t r s c k  in  mid-atdcc!t?i! by 9 2 a r s h i f t  

Large t ransv'erse t e a r  on t h e  a n t i -  
n s s c n t e r i c  bor3er of  t h e  jejunum 

Thorlakson, R.  E .  
1550 ( 6 9 1 )  : 

: 13. Ad;i:~?b~!e accidz!~t  - passenger - 2 1  F 
I ~::2:-ts c e r  s ; :?ddzd  and turnc-d 

C ? C r 

Con?plcte v e r t i c a l  s p l i t  cf t h e  pancreas Eracey, D. 14. i s 6 1  (.OS;,' 

C y s t i c  hernztaaa beti;ecn spleen cn:! 
stoi:?cch 

7,. . . . ,. ,'.. ^.-" , - i a d .  f idbd . , - -  ~ ~ ~ i i ~ f l t  - F .R .  
n:;;<,* 

30 F _.,- - ; $ ~ r . .  .: -~.-.- "., 2 cetr;eer: 
c:- s .  ,, -. :'- z;-,? .j.Lpz>-i 3 ;  ! 



A u t o ~ o b i l e  accident - speeding 
c a r  i n t o  t r ee -  d r i v e r  

Hernoperitoneum - ruptured spleen - Van Magoner 
l ace ra t ed  diaphragm - p t .  d ied  1961 (696). ; 

Pancrca-t ic f i s t u l a  - extens ive  r e t r o -  Greig & Rea 1962 (.269) ';) 
p f r i  toneal blood - sniall t c a r  i n  l e s s e r  
or::entcm - sr1:;111 t e a r s  i n  t h e  se rosa  of  
a n t e r i o r  s t~rnach wall and the  duodena.- 
je junal  f l exure  
Rupture of t h i r d  por t ion  of  duodenum ' Gould & Thorworth 

1963 :(255) ,! 

A ~ t m ~ b j l e  accident - d r i v e r  - 
head cn co!lision with 
t n c t h z r  auto 

Automobile accident - d r i v e r  - 
head on i n t o  telephone pole 

Laceration on t h e  poster01 z t e r a l  wall Hogue & Munnell 1963 (313.). ! 
of  gal 1 bladder - genera l ized b i l e  \ . i 

p e r i t o n i t i s  

Truck accident  - s t ruck  br idge  
abutxent - d r i v e r  

Mesentery hemorrhagic - annular  Altner.  P. C. 1964 f(113) 
cons t ruc t ive  l e s i o n  on descending 'colon 

Auton:obile accident  - r o l l  - p t .  h i t  
roof of  c a r  and came down on back 
s e a t  

Rib f r a c t u r e  Extensive adhesions encroaching t h e  Al tne r ,  P. C. 1964 ((13') 
small i n t e s t i n e  and omentum - p e r i c o l i c  
hematoma 

Autc%cSile accident  - c a r  s t r u c k  
from behind by truck 

Xstcasbi le  accident  - c a r  over- 
tur r .ed - f r o n t  s e a t  passenser 

1300 ml . blood f  rom 2 ruptures  of  r t  . 1 i ve r  
lobe - k i l l e d  a t  impact Hellstrom, G. 1966 ( t 2 O C j  

Ruptures o f  1 i v e r  and spleen Hellstrom. 6. 1966 ((303)' Autozobile accident - c a r  over- 
turned - d r i v e r  

Autorcbile accident  - thrown onto 
thz  f13or cf th2 auto 

Widespread hepatol bl astoma M i l l e r ,  R. C. e: a1 
1966 ! ( 4 5 4 ) :  

A ~ t c x o b f l e  accident  - d r i v e r  - sk id  
on water pudale - ran head on 
i n t c  znothsr  auto 

R t .  r i b  f r a c t u r e s  Contusions of  r t .  kidney and l i v e r  Yap, E. T. 19CE 1[ $752) 
(7-9) - cerebra l  
concussion 

Spleen ruptured i n  f ~ u r  places 
\ 

Yap, E .  T. 1966 ( (752))  Automobile a c c i d a t  - d r i v e r  - h i t  
a t r s c k  - l o s t  ccnt rol  of c a r  

Laceration of  dome of r t .  l i v e r  l c b e  - . Gundersen & Green 
hemobi 1 i  a  1957 72-76-)'-) 

Autczabile accid2nt - c a r  h i t  a  
t r s e  - sev21-e crushing i n j u r y  
t o  upper abdoztn 

; c ,  

Fractures of  l e f t  Laceration i n  dome of l e f t  diaphrzgm - Asbury, G.F. 
p o s t e r i o r  r i b s  he rn ia t ion  of spleen - ruptured spleen 1968 (24);) 

Autcmzbile accf dent - head on i n t o  
ariotner vshic le  - d r i v e r  

Auccssbi!e accident - d r i v e r  - 
c a r  s t ruck  a bridge 

Fractured r i b s  Rupture of r i g h t  diaphragm - hern ia t ion  Epstein & Lerpke 
of  l i v e r ,  colon,  s x a l l  bowel and g a l l  1965 {zq3) 1: 
bladder  i n t o  thorax - p t .  died 
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/ YI. NOTORCYCLE ACCIDENTS - Contld 

i 0. Unspecified B l u n t  Abdominal Trauma 

1 1.  Hotorcycle accident 
i 

Fractured pe lv i s  

1 2. t.!otorcycle accident  34 . 
3 .  Xotorcycle accident  - unspecified 17 

i b lun t  a 5 l m i n a l  t r a ~ m a  

1 4 .  Gox3rcycle accident - unspeci f ied  19 
I bl unt abdominal trauma , 
j 5. Kotorcycle accident  - unspeci f ied  2 2 
! b lun t  abdoninal trauma 

5 .  ?b tc rcyc le  accident 

j 

! 7. 14oto rcycle  accident 
i 

8. Motorcycle accident 

J 
9.  Votcrcycl e accident 

I 
! 
i 10. !,lotorcyc?e accident 

11. llo ccrcycle zcciden; - unspecified 
b1 unt atd2c;;na.l trau;:~a 

- A  , /. ;,<a SOrc:,C! e r L ~  - r - i62rit - unspecified 
:I? ,L.,-; c:.!:,~; r i l  tr<is-,m 

14.  ?,:ct3rcycle acc-id--nr, - unspecified 
5! u::t LI:Lc;.~.:~: t r z ~ x a  

Mu1 t i p l e  head 
i n j u r i e s  

Puncture wound of 
l e f t  uFper abdomen 

Kul t i  pl e pel v i c  
f  racturc-s 

Fractured pe lv i s  

Fi-ictured pe lv i s  

Tesr~s 5 n j ~ ' r c d  

T e s t i s  i n ju red  

f ' r ~ c i ~ l r ?  !.: 

Extraperi  toneal  r e n t  o f  t h e  b ladder  

Ruptured spleen - p t .  died 

Ruptured spleen - hemorrhage 

Clarke,  R. 1954 [ ; (109) 
- > 

Tagar t ,  R.  B. 1955 ;1(670) 

Ruptured spleen - hemorrhage , Tagar t ,  R. B. 1955 i(670); 
. . 

\ 
Ruptured spleen - hemorrhage Tagart .  R. B. 1955 ( (676 )  ; 

Perfora t ion of jejunum 

Rupture of spleen - ruptured . l e f t  
kidney - p t .  d ied  

Lacerati  on of spleen - spa1 1 pzrfora-  . 
t i o n  of stomach (both dus perhaps t o  
penet rz t ing  WGU") - avuls ion of 
e n t i r e  small bowel mesentery - p t .  
died 

Ruptured l e f t  diaphragm - small bowel, 
s t o ~ a c h  and co!on hernia ted  - p t .  died 

Ru3tured l e f t  dizphrzgm - m a l l  bowel 
ar,d c ~ l  on hernia ted  

Rmt  i n  l e f t  diaphragm - boblel 
hernia ted  

Eiaddcr i n j u r y  (unspec i f i ed )  

Stonach rupture  

Geohegan & Brush 
1956 13233)  

Ave~iJook & Pearson \ 
1959 ((27-1) 

Grage, T. 9. e t  a1 
1959 t!46?)7 '5 

Grage, T. 0. e t  21 
1959 <267 j -i 





VII. EJECTICN 
I 

E . 
1 C.AUSE OF INJURY AGE SEX WT. PERTINENT DATA ABDOMIKAL INJURIES REPORTED REFERENCE 
j , 
; 1. Fell out  of a truck 21 M Laceration of lung Rupture of  jejunum p t .  died Kelly. E. C. 1943 [--(353) 
d 

f 2. AutomoSile accident - thrown from 64 M Fractured r i b s  and Two small pe r fo ra t ions  i n  t h e  ileum - F i c a r r a ,  B.J. 194.1 i - ( 2 1 a )  
! au tc  bronchopneumonia gcneral ized p e r i t o n i t i s  - p t .  d ied  

1 3 .  Truck accident - dr ive r  throkin from M 
caS - s t ruck  abdomen aga ins t  

1 telephone pole 
i 

Perfora t ion o f  jejunum - mu1 t i p l e  s t e l l  a t e  Hicken & Car lqu i s t  (335) 
l ace ra t ions  of  t h e  t a i l  of  t h e  pancreas - 1944 (' ; 
p t .  d ied  

? j 4. Autombi le  accident  - d r i v e r  - 32 M Fractured pel v i  s Perfora t ion of  the  jejunum 
t ruck overturned - thrown o u t  * 

Poer,  D. H .  1946 L:-.!530) 

j 5. i u t o ~ o b i l e  accident  - thrown from 1 8  M 
4 t ruck - body wrapped around wooden ' pas t  ! 

R t .  l i v e r  lope  almost conple te ly  severed - Devine & B u n ~ e l l  
hemorrhage 1949 q; :(I421 

6. Automcbile accident  - body pinned 52 M Fractured r i b  Rupture c f  jejunum - rupture  of s n a l l  Jacobson & Car te r  
i a ~ a i n s t  curb a r t e r y  - he~crrrhago - p i .  died 1951 ; (??8), 

7. A ~ t o - c b i l e  accident  - t hmb~n  from h i s  1 8  M Le f t  r i b  f r a c t u r e s  Linear contusion narks across  upper Rini ,  J .  M. 1952 i 7 (558) 
! c a r  and rcn over by another auto  (7-9.) abdomen - extens ive  f a t  necros is  of 

1 pancrsas - i z c e r a t s d  sp?een - perfora ted  

1 
g a l l  bladder; p t .  died 

1 8.  Automobile accident  - thrown from c a r  28 M 
I 

f 9. Sleigb, accident - thro1:rn frcm s l e i g h  14 M 
s t r i k i n g  l s f t  s i d e  

i 73. Au;ocoY)iie x c i d e n t  - d r i v e r  - colli- 27 M 
I s i cn  - s t r c c k  l e f t  c h a t  (abdoaon) 
I a.;?jnst s t c ~ r i ~ g  wheel - thrcwn 
* odt of  c a r  

P a r t i a l  gangrene of  terminal ileum, cecum Johnston,  L.  8. 1954 <f 3 3 6 )  
and f i r s t  por t jon  of ascending colon - 
e a r l y  p e r i t o n i t i s  

Mu! t i  pl e 1 a c e r a t i  cns of  the  spleen - Wyman, A. C. 1954 ( ,(751) 
massive henorrnage 

Spleen ruptured i n t o  t h r e e  s e p a r a t e  idynan, A. C. 1954 ; . (73;) 
pieces 

J 
11. Ejcctcd frsm r e a r  of  pick-up t r ack  11 F Hzart and brafn Focsl hemrrhages  of  the  spleen - p t .  K.uloki~l<i, J .  1955 ,: ( 2 7 8 )  

i da:i:zge di cd 
3 
, 7 -  

i L .  E j ~ c t e d  cr  c s l l i s i o n  ixpac t  acd 3 F K u l t i p l e  injuries  Ruptured spleen - p t .  died Kulowski , J.  1555 , ( 3 7 6 )  
riln cver  



i 13. :.sto::~~iile accident - thrarrn out  of 

i . 3 - Let? i.;hcn i t  r sn  i n t o  some boxes a t  
s i d e  of road 

Severe cofi tusion of *bdomen - contusion Lloyd, F. A. 1955 ( : (339) 
q f  rt .  kidney 

] 14. Throvtn from truck while inebr i a t ed  
I 

Pancreati  t i s  Kinnaird, D.  W .  
1956 ( >i7!/(367) 

Comp: e t e  t r a n s e c t i o n  ( l a c e r a t i o n )  of NacAuley, C. 1956 (:.I .(SC6) 
t h e  spleen 

15. i z l l  ( a f t e r  juzping) from roving 
t r cck  

i 
! 16. Automcbi!e accident - r e a r  passenger - 
I thrown t o  t h e  pavement from t h e  c a r  

a f t e r  a col l i s5on 

Long t r ansve r se  r e n t  i n  t h e  3rd & 4 th  Rurphy & Minckl e r  
por t ion  of  t h e  duodenum (2/3 c i  rcum. ) -  1956 <.!,-!473) 
t r ansve r se  ozsocolon hematoina with 
ex t ravasa t ion  o f  t h e  blood i n t o  t h e  
mesentery 

Lacera t i  on of  spleen Pontius.  G. V. e t  a1 
1956 ( ~ ( 5 4 2 )  

17. Thrown from platform of a s t r e e t c a r  - 
s t ruck  l e f t  c h a t  and abdornen 

13. Automobile accident  - thrown from c a r  Ruptured diaphragm with i n t r a t h o r a c i c  
stomach 

Desforges, G. e t  al ,  
1957 j :' ' (  l:4l ) 

Pat ton,  T. B. 1 9 5 7 ,  f ( 5 1 5 )  
,_ 

19. Fall from bzc!: of truck - s t ruck  
epi cjastr ic area 

Extraperi  toneal  ecchynosi s - 
submucosal henlorrhage of duodenum 

Williams. E. R. 1957({7g7); 20. Automobile accident  - e j e c t e d  from 
c a r  - s t ruck abdonen aga ins t  
telephone pole 

20 M Rib sepa ra t ions  - 
r i b  f r a c t u r e  

Two rup tu res  of  jejunum - , t e a r  i n  
mesentery of jejunum - l a r g e  hematoma 
of  l e s s e r  oinenturn and stomach 

Downs. J .  W .  1958 (1-.(!.87) 21. A u ~ o c G ~ : ~ ~  acc idznt  - thrown from 
automobile 

32 F Pulmonary edema 

81 M 

20 M 

Lacerated spleen - massive hemorrhage - 
p t .  died 

22. Automobile accident  - ran i n t o  stump - 
thrown ou t  of the  autonlobile - d r i v e r  

Complete severance of  t h e  3rd  p a r t  of  
duodenum - p t .  a ied  

F ie ld ,  R. J. e t  a1 
1 9 5 9 c  (220)' 

Thompson, J. 1960 Cis- (679) 23.  A u t o ~ o b i l e  accident  - thrown with 
consi d2rable violence c u t  of  t h e  
vi.hici2 

Large subphrenic abscess ( e x t r a  hepa t i c  
b i l  i a r y  t r a c t )  

In fa rca t ion  o f  l e f t  kidney Lichtenheld.  
e t  a1 

24. Automobile accident  - thrown o u t  
of vehic le  

20 M Fractured L1 -L4 

25. Automobile accident  - thrown from 
conver t ib le  when i t  r o l l  ed over 

2 1 M Shock - ca rd iac  
a r r e s t  

Severe ly  l ace ra t ed  spleen and 1 i v e r  - 
avulsed vena cava - massive hemorrhage - 
p t .  d ied  

Shuck & Trump 
1961 (. + : .; (612) 

Lacerations of 1 i v e r  - avuls ion o f  t h e  
hepa t i c  v ~ i n s  o f f  t h e  vena cava - massive 
hemorrhage - avascular  l e f t  l i v e r  lobe  - 
p t .  d ied  

Shuck & Trump 
1961 [ !: 11) (612)  

26. Truck accident  - pinned under cab of 
t h r e e  ton t ruck 

1 7  M Shock - ca rd iac  
a r r e s t  
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27. Crushed between two aytomobi les 

28. Crushed by milk truck 

29. Crushed between truck and 
1 oadi ng platform 

30. Severe crushing in jury  t o  upper 
abdcrcfn and lower ches t  

31. Crushed by clam dumper 

32. Crdskcd bztwczn truck and 
po::ar pole 

3 3 .  Crashed betdeen P.<io buffers  

35. Fell  acrs;s ta i lboard  of t ruck  - 
c13se?;! i n ju ry  t o  duodencr,] 

Ruptured l e f t  diaphragm Curr ie ,  R.A. e t  a1 
1964 ( ! (132)  

Tear i n  l e f t  diaphragm - hern ia t ion  Pyers,  N.A. 1964 LC i. (474) 
of  stolnach, t r ansve r se  colon,  g r e a t e r  
onlaturn and small bcwcl 

Almost co:nplete rup tu r s  of  4th por t ion  . Cegie l sk i ,  M. 1965 ( (102) 
of duode~brn - t o rn  s p l e n i c  pedic le  - 
l a c e r a t i c n  of  t h e  r o c t  of t h e  mesentery 
w i t h  henlorrhage - seronusculsr  l a c s r a t i o n  
of s n t e r i o r  g a s t r i c  wall 

Dev, t a l i z i n g  tracma t o  periphery o f  rt. L i t t l e ,  J.M. 1965 ! : (397) 
l i v e r  lobe - b i l e  c y s t  

Generalized panc rea t i c  trauma - not . Stur in .  H.S. 1965 i ~ ( ~ 6 4 )  
s u f f i c i e n t  t o  r equ i re  surgery  ' 

T r ~ r . s c c t < o n  o f  pancreas - s p l c n i c  vcin Earne t t ,  W.C. st a1 
scvcrcd 1966 1 : ( 5 7 )  

L a r g e  hc:r:orrhag;. frorn l i v e r  ru;sture - .  He?lstrom, G. 1966, ( 3 0 0 )  
l ace ra t ion  of  j n f c r i o r  vend cava - 
p t .  died 

Ln,zrztiu? o f  d u i i d ~ n ~ 1 . 1  st Jcnct?on of Thevathzsan, C.G.  1966 (5751 
2:?d arid 3 r d  p a r t s  - 1 argc- r e t r o p e r i  - 
tcr,c;<7 I:C:..LI:;I:;. arsc:!d duodc;-~~~.n - f a t  nec ras i s  
al-c,!dp,j z.;c:<!:~.<i:>~ CL;:E 







1 17. Autonobile  a c c i d e n t  - passenger  M 
! 

H c ~ o p e r i  toneurn due t o  t o r n  mesen te ry  
o f  t h e  small  bowel - p t .  d i e d  

Van Wagoner 1961 ' (696)  

Automobile a c c i d e n t  - p a s s e n g e r  Mathieson,  A . J .  1962(~27),,  Concussion R t .  Kidney g r o s s l y  r u p t u r e d  w i t h  
p r o f u s e  b l e e d i n g  - g r o s s  heniatur ia  

Automobile a c c i d e n t  - s e a t  n e x t  t o  
d r i v e r ,  

Large r e t r o p e r i  tonea l  hematoma o v e r  
pancreas  and mesen te ry  o f  t r a n s v e r s e  
c o l o n  - r e n t  i n  3 r d  p a r t  o f  duodenum - 
contused  pancreas  - i l e u m  contused  

Cleve lcnd  8 Waddell 
1963  (113) 

Autorrobile a c c i d e n t  - d r i v e r  F r a c t u r e d  l e f t  r i b s  
(4-10)  - cont.usion 
h e a r t  - f r ~ c t u r e d  
p e l v i s  

Ruptured l e f t  a i a p h r a g n  - r u p t u r e d  
s p l e e n  h e r n i a t e d  i n t o  c h e s t  

Lucido & Wall 1963'iSO4) 

Autoaobi le  a c c i d e n t  - f r o n t  passenger  H e l l s t r a m ,  G. 1966!(3~0) 

He?] s t \ - c z ,  G. 1955 ( 332 ;  

l ! c .~ss  L C r < i ?  icg 1?69:''(7?5) 

P t .  had a o r t i c  
r u p t u r e  

200 ml. blood from crushed  r t .  l o b e  of 
l i v e r  - p t .  d i e d  

A o r t i c  r u p t u r e  L i v e -  c n l  s p ? e n i c  ru;;tiire - d i e d  a t  
.i:!';;.cT 

,4~:;,;0i i ; e  ~:ci : : ; ' ,~t  - ::. ;a,- 
accidsn: - u:ispcicif;cd ! ~ l l ; ~ i t  
aD6oi:ii n z l  t r a u m  - d r i v e r  

I ,,--,,-..,, . - . . 
Ccrci:r:l ccn- L - , , - ,  , bL,,  l ~ c <  I i - : ; - ,~~~~.-~ p:  -. - : ? JU?UZ - 
CUSS1 On ~ ~ ~ ~ l ~ ; , :  2 5 7  i n  E : - , ~  ; ; ~ ~ ~ ! , ; ~ ; ~ j /  

2. r? .utonsSiie  iccid,-r.c - d r i v s r  - 
i f o r c e d  o f f  t h e  roac! 
r 

3 .  ,Au',:!,:,li?e d c c i d c n t  - f i ~ r ?  p.J=ons 
sz!-ss;;s k i l l e d  jr. ller ci;? 

t!c;nc:-:-nzgi c cyst cf  ti-ic sp! esn S a l y e r ,  SaB~'j/el-, F o r s s e  
1951 : . ( 5 7 8 )  . 

S z c k e r ,  K.T. 1958 (iG) 
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Automobil2 a c c i d e n t  - u n s p e c i f i e d  
bi un t  abdominal trauma 

Automobile a c c i d e n t  - u n s p e c i f i e d  
b l u n t  abdominal trauma 

Automobile a c c i d e n t  - u n s p e c i f i e d  
b l u n t  a ~ d o m i  nal  trauma 

Autcnobi 1 e a c c i d e n t  - u n s p e c i f i e d  
b l u n t  abdominal trauma 

A u t o ~ o b i  l e  a c c i d e n t  - u n s p e c i f i e d  
bl u n t  abdominal trauma 

A u t o m b i l e  a c c i d e n t  - u n s p e c i f i e d  
b:unt abdominal trauma - m u l t i p l e  
d e a t h  a c c i d e n t  

Autoaobi lc  a c c i d e n t  - u n s p e c i f i e d  
bl  ~ n t  aSdcniina1 trauma 

f\utoi:;cSi:e a c c i d e n t  - u n s p e c i f i e d  
bl " n t  abdsntinal t r a u a a  

T e a r  o f  d i ~ p h r a g m  

M u l t i p l e  f r a c t u r e s  - L a c e r a t i o n s  on under  s u r f a c e  o f  l i v e r  
v e r t e b r a l  and th rough  t h e  s p l e e n  - hemorrhage 

K u l t i p l e  r i b  Sp leen  a v u l s e d  from i t s  p e d i c l e  - 
f r a c t u r e s  - c e r e b r a l  l a r g e  l a c e r a t i o n s  c v e r  dome o f  l i v e r  - 
concuss ion  hemorrhage 

F r a c t u r e  o f  f o u r  Small i n t e s t i n e  (gangrenous)  h e r n i a t e d  
r i b s  th rough  t e a r  i n  omentum 

Rib f r a c t u r e s  L a c e r a t i o n  o f  l e f t  diaphragm - . 
(7-1 1 ) h e r n i a t i o n  o f  stomach 

T e a r  i n  l e f t  diaphragm - h e r n i a t i o n  
o f  stomach and l e f t  l i v e r  l o b e  

j 86. Automobile a c c i d e n t  - u n s p e c i f i e d  56 F 
1 bl tint abdoniinal trauma 

1 87. i u t o n c b i  l c  a c c i d e n t  - unsl iacif ;ed 4 5 F 
tl:<-:r ?Ldc:iinal trau:irl - (10 y e a r s  

i 
'I ?rev; c x l y )  
I 

L a c e r a t i o n  o f  l e f t  diaphragm 

L e f t  l u n g  c o l l a p s e  Tcar i n  l e f t  d i a p h r a g a  - r u p t u r e d  
gangrenous stociach h e r n i a t e d  

T e a r  i n  l e f t  diaphragm - stomach,  
s p l 2 e n  h e r n i a t e d  - rupcured  s p l e e n  

L a c e r a t i o n s  o f  r t .  diaphragm - 
h e r n i  h t i o n  o f  1 i v e r  

C a r l s o n ,  R.I. e t  a l . ,  
1958  (.' ,} ( 9 8 )  

Downs. J.W. 19581 17-1187) 

Downs. J.W. 1 9 5 8 k .  ' (187)  

Mock, C.J. & Mock 
1958 ( ' 1  - j'458) 

S u t h e r l a n d ,  H .D. 1958(:(568) 

S u t h e r l a n d ,  H.D.  1958  ( 668 )  

S u t h e r l a n d ,  ti .D. 19581 ( 6 5 8 )  

S u t h e r l a n d .  H.C.  1953  ,1658) 

S u t h e r l a n d .  H.D.  1958 '  (6631 

S u t h e r l a n d ,  3.D. 1953  . (5 .63)  

23. A r t o z o b ? l e  a c c i d e n t  - c . s p r c i f i e 0  60 !4 F r a c t u r e  o f  5 t h  and Ruptured s p j e f n  - p t .  d i 2 d  Averbook 2 ? e a r s o n  
b l u n t  abdominal trauma d i s p l a c e m e n t  of  6 t h  1959; 1- j (27) 

c e r v i c a l  v e r t e b r a e  

29. A L X Z X ~ ;  1e  a c c i e e n t  - u n s p c i i f i e d  17  F L a c e r a t i o n  o f  s p i e e n  - a b d c z i n a l  Averbook 8 Pearson 
"1 cnz abdoxi nal traun;a heniorrhzge - p t .  d i e d  1559 - ; (27;  

! 

0 Automobile a c c i d e n t  - u n s p e c i f i e d  24  F 

j b l u n t  abdominal trauma 

i 

L e f t  r i b  f r a c t u r e s  Mu1 t i p l e  1 a c e r a t i o n s  o f '  s p l e e n  - 
(7.8)  - c a r d i a c  l a r g e  volume o f  blood - mass iva  
a r r e s t  r e t r o p e r i t o n e a l  hcmatoma - p t .  d i e d  

Avsrbook & Pearson  
1959, ,:-; ( 2 7 )  

, 
91. Autczosi!e a c c i d c n t  - u n s p e c i f i e d  3 4 F L c f t  r i b  f r a c t u r e s  L a c e r a t f d  s p l e e n  - p t .  d i e d  Avsrbcok E P??rson 

bl  c n t  abdoni na i  t r a u x a  (5-9) - f r a c t u r e  1539 - : (27) 
o f  L1 

1 92. Automobile a c c i d e n t  - u n s p e c i f i e d  
b l u n t  abdominal trauma 

Shock and m u l t i p l e  L a c e r a t i o n  o f  diaphragm w i t h  h e r n i a i S o n  Bogedain & C a r p a t h i o s  
r i b  f r a c t u r e s  1959 .: ; ( 5 8 )  



; 93. Autoaobi le  z c c i d e n t  - u n s p e c i f i e d  

i b l u n t  abdominal trauma 

1 
; 94. Autcmobile a c c i d e n t  - u n s p e c i f i e d  
i 
i b l u n t  a jdominal  trauma 

L a c e r a t i o n  of  l e f t  diaphragm - r u p t u r e d  Grage. T.E. e t  a1 . . 
s p l e e n  - s e v e r a l  smal l  l a c e r a t i o n s  of  t h e  1959 ( ; i.; (257) 
l i v e r  - l a r g e  s u b s e r o s a l  henor rhage  o f  
gal  1  b l a d d e r  - h e r n i a t i o n  o f  stomach,  c o l o n  
and s p l e e n  

F r a c t u r e d  pubis  Rupture o f  r t .  dizphragm Grage, T.B. e t  a l . ,  
1959 ,  a :,?;(267) 

1 95. AutonoSile a c c i d e n t  - u n s p e c i f i e d  

i b l u n t  abdcz ina l  t r a u x a  

f 96. Atitonzbile a c c i d e n t  - c n s p e c i f i e d  
bl c n t  ;Sdom nal t r z u , ~ a  

i 
5 7 .  F;toi-chi:e a c c i < e n t  - u n s p e c i f i e d  

! kl u n t  abdo!:,intl ti-auirfs. 

S e v e r e  c e r e b r a l  
concuss ion  - f r a c -  
t u r e d  p e l v i s  

Ruptured l e f t  diaphragm - stomach Grage,  T.E. e t  a l . .  
h e r n i a t e d  1959 a .;; : (267)  

Ruptured l e f t  diaphragm - r u p t u r e d  S r a g e ,  T.B. e t  a l . ,  
s p l  een 1959 ;. . (267)  

F r a c t u r e d  r i b s  

F r a c t u r e d  p e l v i s  Rupturcd l e f t  d iaphr igm - h e r n i a t e d  Grage, T.E. cz a!., 
sto.:i-cil 1959 . ,..- (257)  

/ 98. .4~lton1oSil e  a c c i d e n t  - u n s p e c i f i e d  
1 bl  ~ q t  i b d o ~ i n a l  trauc:a 

F r a c t u r e d  p e l v i s  Ruztured 1  s f t  d i aphragm - h s r n i a t e a  Grage, T.B. e t  a l . ,  
stci:l;rcii, sma? 1  b o ~ ~ e j  and co lon  1959 . ' (2671 

R:::>Lured i c f t  c':: ;:l;i;ragin - h c r n i a t c d  E r a g s ,  T.6. f c  G I . ,  
5 i . ~ : : : ~ ~ i i ,  co lo r . .  1  ;ver- 1C.53 (25?j - ,  

T ,? , , ~ 3 .  <2tgiy3bi?z ~ c s ~ c ~ , ~ ; ~  - ur,jbeci f i c d  

i 51 u n t  tiL.Cor;.~ nal trau:,:a 
Fractarcd , . i t s  - 
f r a c t u r e d  pel v i  s  

.?;?iGrcd r t .  d j  4p..i-;s:r; 4,~:- - ~ t o ; ~ i ~ ~ h  a n d  G r a ~ s ,  T .B .  c t  a:. , 
oii!cctu!;; he rn ia - ted  . 1959 ,, -- :, (267)  

P e l v i c  f r a c t a r e  Kd-t~ir-eil ! c f t  diaphl -~gm - h e r n i a t i o n  Grzge, T.B. o t  a l . ,  
of  s7;or::2ch - pt. d i e d  !959 .- , 1 2 3 7 )  

i ? G 2 .  ;.~i;c.;:i;S:? e accid.:nt - s n s p e c i f i e d  

I S ;  un t abdcxi pal t r a u a a  
Cerebra l  concuss ion  R u p t u r e d  : e f t  diaphragm - lacerated &rag?, 7.8. et a1 ., 

s p l e e n  - stoit:ach and c o l o n  h e r n i a t e d  ' 1959 Y 7  j (267)  

1 103. Autosobi le  a c c i d e n t  - u n s p e c i f i e d  

f b? u n t  zSdor!~i n a l  t r a u n a  
Cerebra l  concuss ion  Ruptured I e T t  d i a p h r a g n  - h ~ r n i i i t e d  Grage, T.S. et 21 . .  

ston:ach, s x a l l  So:lrei and c o l o n  j959 .. . ( 2 6 7 )  
1 

1.34. A~zc:ahj l e  a c c i d z n t  - u n s p e c i f i e d  

i bl , dnz abdczi  na? t raur6a  

/ 103.  Automobile a c c i d e n t  - u n s p e c i f i e d  

j bl  c n t  abdoninal  trauma 

' 106.  $.ctc::,sSile a c c i d e n t  - u n s p e c i f i e d  

! b i  v , , r r  a &  a5dcmi nirl trauita 

M u l t i p l f  r i b  
f r a c t u r e s  - comatose- 
shock 

Ruptured l e f t  d i a p h r a g x  - r u p t u r e d  s p l e e n  - Grage, T.B. e t  z ?  ., 
p t .  d i e d  ?959 , \. , :( 267) 

L a c e r a t i o n  o f  lower  p o l e  o f  l e f t  k idney  - K a s t l ,  W . H .  1955 [,-> ( 3 3 7 )  
r e t r o p e r i  t o n e a l  henlatoma 

Complete t r a n s v e r s e  s e v e r a n c e  a t  neck o f  Let ton  S. Wilscn 1959,'(325) 
pzncreas  

Ruptured s p l  een - s p l e n i c  hematoma - Requzrth. 2 .  1953. . I 5521  107. Automobile a c c i d e n t  - u n s p e c i f i e d  
b l u n t  abdorni nal  trauma 

i 
F r a c t u r e d  r i b s  
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13. Trcclt accident - ove r  
turned - passenger 

; 1 1 .  2 r r c s  so-cart i n t o  rear of 
+ t r g c k  - b s z ~ o r  s t ruck  u p p s r  
i 

j z5docrn 

, Abdominal asc i tes  and pancreatic Parrish, R.A.  e t  a1 
psrudocyst 196a . (512) 

Coxplete severance of left liver lobe French, W.E. 1970[>(22$3) 


