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PURPOSE 

Automobi le acc iden ts  o f t e n  produce t h o r a c i c  impacts severe enough 

t o  cause 1  i f e - t h r e a t e n i n g  trauma t o  t h e  l a r g e  vessels o f  t h e  vascu la r  

system, such as t h e  aor ta .  A r e d u c t i o n  o f  these traumas m i g h t  be 

ach ieved i f  t h e  i n j u r y  mechanisms i n v o l v e d  c o u l d  be v e r i f i e d ,  The 

numerous i n j u r y  mechanism hypotheses t h a t  have been proposed 1  ack sub- 

s t a n t i v e  evidence f rom impact  observa t ion ,  However, an improved h igh -  

speed c i n e r a d i o g r a p h i c  system r e c e n t l y  developed a t  HSRI ( 1  ) *  de- 

s igned  t o  r e c o r d  biomechanical  impacts a t  1000 frames p e r  second and 

o f f e r s  an i m p o r t a n t  approach t o  i n j u r y  mechanism i n v e s t i g a t i o n ,  

The t e c h n i c a l  ques t ions  addressed by t h i s  p i  1  o t  s tudy  i n c l  ude: 

1 .  I s  i t  f e a s i b l e  t o  mod i f y  t h e  HSRI high-speed c i n e r a d i o g r a p h i c  

system f o r  l o o k i n g  a t  smal l  m a m a l i a n  thoraxes and t o  o b t a i n  h igh -  

speed movies o f  impacts t o  New Zealand w h i t e  r a b b i t  thoraxes which 

produce severe a o r t i c  trauma? 

2. Based on t h e  impact  movies and autopsy r e s u l t s ,  i s  i t  f e a s i b l e  

t o  s t u d y  t h e  mechanisms of  a o r t i c  trauma u s i n g  t h e  HSRI system? 

3. What recommendations i s  i t  p o s s i b l e  t o  make r e g a r d i n g  f u t u r e  

i n v e s t i g a t i o n s  o f  t h i s  n a t u r e ?  

The purpose of t h i s  r e p o r t  i s  t o  d e s c r i b e  t h e  methodology used t o  

eva l  ua te  the  HSRI high-speed c i  ne rad iog raph i  c  system, t o  p resen t  t e s t  

r e s u l t s  obta ined,  t o  d i scuss  t h e  r e s u l t s ,  t o  s u m a r i  ze what i s  learned,  

and t o  make recommendations concern ing t h e  sys tem i n any f u t u r e  s t u d i e s .  

CONCLUSIONS 

1 ) .  The HSRI high-speed c i n e r a d i o g r a p h i c  system can be, and i s  now, 

m o d i f i e d  f o r  use w i t h  smal l  mammal i an tho raxes ,  

2 ) .  High-speed c i  ne rad iog raph i  c  movies ( 1  000 f p s )  have been ob ta ined  

o f  impacts t o  anes the t i zed  :iew Zealand w h i t e  r a b b i t  thoraxes where t h e  

a o r t i c  t e a r  i n j u r y  1  eve1 was approached. 

*Numbers i n  parentheses i n d i c a t e  re ferences.  



3 ) .  The a o r t i c  i n j u r y  l e v e l  was found t o  be a  f o r c e  i n  t h e  range o f  

300 t o  400 Newtons f o r  New Zealand w h i t e  r a b b i t s .  

4 ) .  The high-speed x - r a y  movies o f  t h e  impacts  show t h e  s k e l e t a l  

sys tern, d i  aphragm, and 1  i v e r  we1 1. The h e a r t - 1  ung complex i s  

d e t e c t a b l e  as a  shadowy area i f  no c o n t r a s t  medium i s  used. 

5 ) .  Based on t h i s  p i l o t  s t u d y ,  t h e  HSRI  h igh-speed c i n e r a d i o g r a p h i c  

system i s  a  f e a s i b l e  method o f  i n v e s t i g a t i n g  i n t r a - t h o r a c i c  i n -  

j u r y  mechanisms i f  f u r t h e r  developmental  work i s  pursued. 



1 INTRODUCTION 

Impact trauma t o  the vascular system within the human thorax i s  
often 1 i fe-threateni ng and, therefore, i s  the subject of considerable 
study and hypothesi zing re1 at ive t o  possible injury mechanisms. Lack- 
i n g ,  however, are impact trauma observati ons adequate for  val i dation of 
a composite injury mechanism theory. The recently developed HSRI high- 
speed ci neradi ographi c sys tem i s  designed to  aid investigations of bio- 
mechanical impacts and required eval uation for  use in observi ng impact 
trauma to animal models w i t h  suff ic ient  detail t o  provide aor t ic  in- 
jury mechanism evidence. This eval uation consti tutes a pi l o t  study for  
aor t ic  injury mechanism investigation using the system. 

I n  this  pi l o t  study, high-speed cineradiographic movies were 
taken of several anesthetized rabbit thoraxes being impacted with 
forces that  produce severe intrathoracic trauma such as aort ic  tears ,  
crushed l ivers ,  and hemothoraxes. The rabbits were autopsied and the 
observed injuries noted in relation t o  what can be seen in the movies. 
The x-ray sys tern parameters of voltage, current, time, f i  1 t ra t ion ,  
target placement and pulsing were exami ned a1 ong  w i t h  the necessi ty 
and possibi l i t ies  of radiopaque targeting ( 2 ) .  

The following discussion of the methodology 1 i s t s  the objectives 
of the t e s t  procedure, describes the drop tower t e s t  f ixture  and x-ray 
system, gives the animal protocol used, and detai ls  the t e s t  procedure. 
The results discussion explains what data were taken, how they were 
analyzed, and presents a table of instrumentation data,  a table of 
autopsy findings , and a recreated segment of the high-speed x-ray 
movie. The discussion also summarizes findings about the feasi bil i ty 
of aor t ic  i n jury mechanism investigation using the HSRI sys tern and 
recommendations regarding further simi 1 a r  use of the system. 



2. Method01 ogy 

2.1 T e s t  O b j e c t i v e s  - The o b j e c t i v e s  of t h e  t e s t  procedure were as 

f o l  1  ows : 

2.1 .I Impact  t h e  t h o r a x  o f  an a n e s t h e t i z e d  New Zealand w h i t e  rab -  

b i t  m i d s a g i t t a l l y  between the  manubrium and x i p h o i d  w i t h  a  range o f  

forces s u f f i c i e n t  t o  cause severe i n t r a t h o r a c i c  trauma such as a o r t i c  

r u p t u r e s  and crushed 1  i vers  . 
2.1.2 I n s t r u m e n t  t h e  i m p a c t i n g  mass t o  o b t a i n  t h e  a p p l i e d  f o r c e ,  

a c c e l e r a t i o n ,  v e l o c i t y ,  and d u r a t i o n  o f  impact .  

2.1.3 O b t a i n  h igh-speed c i n e r a d i o g r a p h i c  movies ( a p p r o x i m a t e l y  

1000 fps)  o f  t h e  impact  w i t h  t h e  HSRI system. 

2.1.4 Measure the  c h e s t  d e f l e c t i o n  w i t h  x - r a y  t a r g e t i n g  o r  o t h e r -  

w ise .  

2.1.5 Autopsy t h e  t raumat i zed  r a b b i t  a t  t h e  c u l m i n a t i o n  o f  each 

t e s t  and r e c o r d  observed i n j u r i e s .  

2.1.6 Review t h e  i n s t r u m e n t a t i o n  r e s u l t s ,  x - r a y  movies and autopsy 

f i n d i n g s .  R e i t e r a t e  w i  t h  feedback. 

2.2 Equipment 

2.2.1 Drop Tower Impact  F i x t u r e  - As no t e s t  f i x t u r e  e x i s t e d  a t  

HSRI f o r  c o n t r o l l e d  impact  o f  sma l l  mammal thoraxes w i t h  an appro- 

p r i a t e  r e s u l t i n g  i n j u r y  l e v e l ,  t h e  des ign,  f a b r i c a t i o n ,  assembly and 

t e s t i n g  o f  a  drop tower impact  f i x t u r e  was necessary.  The drop 

tower  c o n s i s t s  o f  b a s i c a l l y  f o u r  s u b s t r u c t u r e s :  u p r i g h t  s t r u c t u r a l  

square tube  s tock ,  c y l  i n d r i c a l  r a i  1, impac to r ,  and r a b b i t  s u p p o r t i n g  

s t a t i o n  as shown i n  F i g u r e  1 .  The u p r i g h t  s t r u c t u r a l  square tube 

s t o c k  i s  38.1 mm square and has a  cont inuous l e n g t h  o f  4.57m f rom a  

p e r p e n d i c u l a r  base t o  b r a c k e t s  b o l t e d  t o  t h e  c e i l i n g  beams. A t  mid- 

l e n g t h ,  two h o r i z o n t a l  s t a b i l i z i n g  s t r u t s  were b o l t e d  between t h e  

u p r i g h t  and t h e  w a l l .  The c y l i n d r i c a l  r a i l  c o n s i s t s  o f  c y l i n d r i c a l  

s t e e l  s t o c k  b o l t e d  t o  aluminum "T" s t c c k  which i s ,  i n  t u r n ,  b o l t e d  

t o  t h e  u p r i g h t .  The c y l i n d r i c a l  s t o c k  i s  38.1 mm i n  d iamete r .  The 

impac to r  i s  a  127 mm-long, 76 mm-diameter t h i n - w a l  l e d  aluminum tube 





Figure 2. Impactor Details 



which has had i t s  s i d e  l o n g i t u d i n a l l y  cu t ,  f l a r e d  o u t  and welded t o  

a  76 mm O.D., 38.1 mm I .D. bea r i ng  race  as shown i n  F i gu re  2.  The 

e n t i  r e  impactor  has a  mass o f  1.15 kg and an a c r y l i c  p l a s t i c  face o f  

87.1 mm diameter,  The r a b b i t  suppo r t i ng  s t a t i o n  i s  a 0.46 m square 

o f  ang le  i r o n  ( f i t t e d  w i t h  12.7 mm plywood) welded t o  a  s l i d e  f i t  

p iece  o f  square tube s tock  b o l t e d  t o  t he  up r i gh t .  The s t a t i o n  i s  

f u r t h e r  supported by two angle i r o n  s t r u t s  welded a t  45' between t h e  

s t a t i o n  and another  p iece  o f  s l i d e  f i t  tube s tock  (See Appendix A) .  

The accelerometer ins t rumented impactor  i s  r a i s e d  t o  t he  de- 

s i r e d  h e i g h t  and re leased  by a  so leno id .  A smal l  b racke t  w i t h  two 

magnetic p ick -up  probes l o c a t e d  on i t  one i n c h  a p a r t  i s  a t tached  t o  

the  r a i l  so t h a t  t h e  impac to r  causes t h e  magnetic probes t o  produce 

sp ikes on t he  tape record .  V e l o c i t y  i s  l a t e r  determined us i ng  the  

tape reco rd  t ime h i s t o r y ,  A  metal  s top  i s  a t tached  t o  t he  bot tom 

end o f  t h e  r a i  1 and i s  padded as des i r ed  t o  c o n t r o l  t h e  dece le ra t i on  

pu lse.  

Wi th  t he  t e s t  i n i t i a t i o n ,  the  so leno id  re leases t he  impactor  

which s l i d e s  down t he  r a i  1  and impacts the  r e s t r a i n e d  r a b b i t .  The 

f i r s t  magnetic v e l o c i t y  probe a l s o  t r i g g e r s  t he  high-speed c i ne -  

r ad iog raph i c  sys tem. The r a b b i t  h e i g h t  and impac to r  s t op  padding 

c o n t r o l  t he  ches t  d e f l  ec t i on .  

See t e s t  set-up i l l u s t r a t i o n s  i n  Appendix A. 



2.2.2 The HSRI H i  gh-Speed C i  n e r a d i o g r a p h i  c  Sys tern 

T h i s  system c o n s i s t s  o f  a  Photoson ics  1B high-speed,  16-mm 

m o t i  o n - p i c t u r e  camera which  views a  2 - i  nch d iamete r  o u t p u t  phos- 

phor  o f  a  h i  gh-gai  n ,  f ou r -s tage ,  m a g n e t i c a l l y  focussed image i n -  

t e n s i f i e r  tube,  ga ted  on and o f f  synchronous ly  w i t h  s h u t t e r  pu l ses  

from t h e  m o t i o n - p i c t u r e  camera. A  l e n s  o p t i c a l l y  coup les  t h e  i n p u t  

photocathode o f  t h e  image i n t e n s i f i e r  t ube  t o  x - r a y  images produced 

on a  f l u o r e s c e n t  sc reen  b y  a  smoothed d i r e c t - c u r r e n t  x - ray  g e n e r a t o r .  

Smoothing o f  t h e  f u l l - w a v e  r e c t i f i e d  x - ray  o u t p u t  i s  accompl ished by  

p l a c i n g  a  p a i r  o f  h i g h - v o l  t age  c a p a c i t o r s  i n  p a r a l l e l  w i t h  t h e  x - r a y  

tube.  The degree o f  r i p p l e ,  o r  unsmoothness, o f  t h e  x - r a y  o u t p u t  i s  

d i r e c t l y  p r o p o r t i o n a l  t o  x - r a y  tube  c u r r e n t  and i n v e r s e l y  p r o p o r t i o n -  

a l  t o  anode p o t e n t i a l .  A t  b e s t ,  r i p p l e  i n  t h i s  system i s  a p p r o x i -  

m a t e l y  8% o f  peak o u t p u t .  I n  a p p l i c a t i o n s  wh ich  r e q u i r e  r a t h e r  l ow  

k i l o v o l  tage,  p a r t i c u l a r l y  when no c o n t r a s t  medium i s  used, such as 

i n  t h i s  exper iment ,  r i p p l e  can become as l a r g e  as 30%. R i p p l e  f re -  

quency occurs  a t  t h e  same f requency as f u l l - w a v e  r e c t i f i c a t i o n ,  

120 Hz, so o v e r  a  p e r i o d  o f  8 m i l l i s e c o n d s ,  o r  one c y c l e ,  d e n s i t y  

v a r i a t i o n  on r e s u l t i n g  e i g h t  frames o f  mo t ion  p i c t u r e  f i l m  can be 

as l a r g e  as 50%. However, even w i t h  t h i s  d e n s i t y  v a r i a t i o n  on t h e  

f i l m ,  i t  i s  s t i l l  p o s s i b l e  t o  d i s c e r n  changes i n  c o n t r a s t  boundar ies  

caused b y  t h e  impac t  event ,  and t h i s  was done i n  t h i s  exper iment .  

An i m p o r t a n t  f e a t u r e  o f  t h i s  system i s  i t s  c a p a b i l i t y  o f  v a r i a -  

t i o n  o f  screen s i z e  i n  t h e  x - r a y  f i e l d  because t h e  screen i s  imaged 

b y  a  l e n s  o n t o  t h e  image tube .  T h i s  i s  s i m i l a r  t o  a  zoom-type o p t i -  

c a l  system, a1 though a s u i t a b l e  s i n g l e  zoom l e n s  i s  n o t  y e t  a v a i l a b l e  

f o r  t h i s  system. I n  t h i s  exper iment  a  c lose-up l e n s  was a t t a c h e d  t o  

t h e  image i n t e n s i f i e r  o b j e c t i v e  l e n s  t o  g i v e  a 4- inch d iamete r  f i e l d  

i n  wh ich  t o  rad iog raph  a  sma l l  mammalian h e a r t ,  a o r t i c  a r c h ,  and o t h e r  

c lose -by  anatomica l  s t r u c t u r e s  o f  i n t e r e s t ,  
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F igure  3. Schematic Diagram o f  t h e  High-speed Cineradiographic  System. 



2.3 Animal Protocol 
2.3.1 Animal Type: New Zealand white rabbi ts ,  weighing 2 t o  3-6 kg,  

were used i n  t h i s  study. 

2.3.2 Housing: All rabbits  were stored a t  the AAALAC accredited 

HSRI animal f a c i l i t y .  

2.3.3 Care: All rabbits  were handled and cared f o r  in a manner com- - 
mensurate w i t h  the guidelines s e t  by the  U of M Animal Use Committee 
and the AAALAC . 
2.3.4 Anesthesia: Sodi um pentobarbi to1 (30 mg/kg) was administered 

by trained personnel e i t he r  by I . V .  o r  I .P. methods. The appropriate 
depth of anesthesia was maintained throughout the t es t ing  period. 
2.3.5 Surgery: Surgery was limited t o  one attempt a t  inse r t ing  a 
radiopaque supply catheter  in to  the r igh t  axi 1 l a ry  a r t e ry .  
2.3.6 Euthanasia: After each t e s t ,  the animal was euthanized w i t h  

an overdose of sodi um pentobarbi to1 . 

2.4 Test Procedure 
2.4.1 Day before: Focus x-ray system, weigh rabb i t ,  s t a r t  f as t ing  
rabb i t ,  and confirm surgery procedure. 
2.4.2 Obtain rabbit :  Remove a previously fasted rabbi t  ( 1 2  t o  18 
hours) from i t s  cage t o  the surgical  preparation area. 
2.4.3 Anesthetize rabbi t :  Administer an in ject ion of sodium pento- 
ba rb i to l ,  30 mg/kg, using a ca theter  in the ea r  vein o r  I . P .  (which- 
ever i s  necessary). 
2.4.4 Check out impact system: While the rabbi t  i s  achieving an 
appropriate depth of anesthesia,  verify t ha t  the recording equip- 
ment and x-ray system are  s t ab l e ,  the high-speed movie camera i s  
loaded and functioning properly, the impactor re1 ease mechanism, 
velocity probes and accelerometer are  functioning properly. 
2.4.5 Prepare rabbi t :  Attach any x-ray targeting and i n  one case 
invest igate  surgical procedures f o r  inse r t ing  a ca theter  i n to  the 
r igh t  axil  lary  a r t e ry  as a means of contras t  medi um introduction.  
2.4.6 Position rabbi t :  Transport rabbi t  from surgical f a c i l i t i e s  
to  the t e s t  f i x tu r e  and res t ra in  rabbi t  in proper t e s t  posi t ion.  
Record pert inent  positioning dimensions. 



2.4.7 Final check: Verify that  a l l  equipment and personnel are 
ready. Final zero. 
2.4.8 Impact the rabbit: In i t i a t e  t e s t  and note any problems. 
2 .4 .9  Examine rabbit: Check the rabbi t ' s  respiration, heart beat, 
post- t e s t  posi t ion, appearance, and pal pate for gross injur ies .  
2.4.10 Euthanize rabbit: Administer an overdose of sodi urn pento- 
barbi to1  intravenously or by direct  injection into the heart 
muscle, Verify termination. 
2.4.11 Autopsy rabbi t: Careful ly autopsy each impacted rabbi t 
and record injur ies .  Give special attention to  the aorta,  thoracic 
wall, pulmonary ar te r ies ,  and 1 i ver. 
2.4.12 - Film: Examine the processed high-speed movies for evaluation 
of method and system. 



TEST RESULTS 

3.1 Data Obta ined.  B a s i c  da ta  were o b t a i n e d  f o r  each t e s t  as pre-  

sen ted  i n  Tab le  2  and Appendix A, 

3.1 .I A c c e l e r a t i o n  of t h e  i m p a c t o r  was taken  by  a  S e t r a  11 1  

u n i a x i a l  acce le romete r  a t t a c h e d  t o  t h e  r e a r  s u r f a c e  o f  t h e  im- 

p a c t o r  f a c e  p l a t e .  

3.1.2 V e l o c i t y  a t  a  known d i s t a n c e  f r o m  the  s t o p  p l a t e  was 

taken  w i t h  two magnet ic  p i c k - u p  probes one i n c h  a p a r t .  

3.1.3 A  high-speed c i n e r a d i o g r a p h i c  mov ie  (-1000 fps)  was 

taken  w i t h  t h e  HSRI system and a  Photoson ics  1-B high-speed 

movie camera, 

3.1.4 R a b b i t  p o s i t i o n  r e l a t i v e  t o  t h e  i m p a c t o r  s t o p  was 

recorded.  

3.1.5 Autopsy f i n d i n g s  were reco rded  f o r  each r a b b i t  and a r e  

p resen ted  i n  Tab le  2. A s e t  o f  35mm c o l o r  s l i d e s  accompanies 

t h i s  r e p o r t .  These s l i d e s  show i n j u r i e s  observed i n  t h e  f i r s t  

and second impacted r a b b i  t s  . 

3.2 Data A n a l y s i s  T h i s  s e c t i o n  p resen ts  how each t y p e  o f  d a t a  was 

ana lyzed.  

3.2.1 I n s t r u m e n t a t i o n  R e s u l t s  A  1  i s t  o f  t h e  c a l c u l a t e d  r e s u l t s  

and how they  were c a l c u l a t e d  f o l l o w s :  

3.2.1 .I V e l o c i t y  c a l c u l a t e d  f o r  impac t :  

V p  = average v e l o c i t y  a t  

probes 

P 
= d i s t a n c e  between 

probes (2.54 cm) 

AT = t i m e  between v e l o c i t y  
P  

probe sp ikes  on tape 



3.2.1.2 Impact  d u r a t i o n  BCS*: 

Ti = (Vi - Ve)/A 

Vi = v e l o c i t y  a t  s t a r t  o f  

impac t  

g  = a c c e l e r a t i o n  o f  g r a v i t y  

Tv = t i m e  between l a s t  v e l o c i t y  

probe s t r i k e  and b e g i n n i n g  

o f  d e c e l e r a t i o n  

Ve = v e l o c i t y  a t  end o f  i m p a c t  

buf before s t q ~  contact 

A  = assumed average dece le ra -  

t i o n  o f  i m p a c t  

Di = d i s t a n c e  between f i r s t  rab-  

b i t  t h o r a x  c o n t a c t  and 

s t o p  c o n t a c t  (Append ix  A) 

Ti = d u r a t i o n  o f  impac t  BCS 

*BCS = b e f o r e  c o n t a c t i n g  s t o p  

I f  t h e  assumed v a l u e  o f  A  produced improbab le  va lues o f  Ve ,  t h e  v a l u e  

was i t e r a t e d  upon. 

3.2.1.3 Average a c c e l e r a t i o n  BCS: The a c c e l e r a t i o n  t r a c e  was exam- 

i n e d  o v e r  t h e  Ti impac t  d u r a t i o n  and an average v a l u e  determined.  

3.2.1.4 Peak a c c e l e r a t i o n  BCS : The a c c e l e r a t i o n  t r a c e  i s  examined 

f o r  t h e  peak v a l u e  d u r i n g  t h e  Ti i m p a c t  p e r i o d .  

3.2.1.5 Average f o r c e  BCS: The average f o r c e  i s  t h e  de te rm ined  

average a c c e l e r a t i o n  BCS mu1 ti p l  i ed by t h e  i m p a c t o r  mass. 

3.2.1.6 Peak f o r c e  BCS: The peak f o r c e  i s  t h e  de te rm ined  peak 

a c c e l e r a t i o n  BCS mu1 t i p 1  i e d  by  t h e  i m p a c t o r  mass. 

3 .2 .1 .7  Impac t  d u r a t i o n  t o t a l  : The a c c e l e r a t i o n  t r a c e  i s  examined 

f o r  b e g i n n i n g  o f  rebound. 



3.2.1.8 Thorax d e f l e c t i o n  BCS: The t h o r a x  d e f l e c t i o n  BCS i s  de- 

te rm ined  b e f o r e  t h e  t e s t  b y  t h e  p o s i t i o n  of t h e  r a b b i t  r e l a t i v e  t o  

t h e  impac to r  s t o p .  

3.2.1.9 Thorax d e f l e c t i o n  t o t a l  : The t o t a l  t h o r a x  d e f l e c t i o n  i s  

t h e  sum o f  t h e  d e f l e c t i o n  BCS and t h e  d e f l e c t i o n  a l l o w e d  by  compression 

o f  t h e  padd ing on t h e  i m p a c t o r  s top.  The compression of  t h e  padd ing 

i s  determined b y  pos t - t e s  t c a l c u l a t i o n s  u s i n g  l o a d  d e f l e c t i o n  curves 

f o r  t h e  paddi  ng m a t e r i a l s  ( 3 ) ,  

3.2.1.10 Percen t  t h o r a x  d e f l e c t i o n :  Pe rcen t  t h o r a x  d e f l e c t i o n  i s  

de f i ned  as t h e  t h o r a x  d e f l e c t i o n  t o t a l  d i v i d e d  b y  t h e  p r e - t e s t  mea- 

su red  t h o r a x  depth  and mu1 t i p l i e d  b y  100%. 

3.2.2 Autopsy Resul t s :  C a r e f u l  au topsy o f  each impacted r a b b i  t 

t h o r a x  and abdomen was per formed irnmedi a t e l y  a f t e r  eu thanas ia .  Par-  

t i c u l a r  a t t e n t i o n  was g i v e n  t o  t h e  a o r t a ,  A f t e r  examin ing t h e  t o t a l  

i n j u r y  summary f o r  each r a b b i t ,  t h e  r e s u l t  was c l a s s i f i e d  w i t h  a  system 

s i m i l a r  t o  t h e  American A s s o c i a t i o n  f o r  Automot ive M e d i c i n e ' s  Abbrev ia-  

t e d  I n j u r y  S c a l e  (AIS)  ( 4 ) .  Represen ta t i ve  i m p o r t a n t  s l i d e s  were taken.  

3.2.3 High-speed Cinerad iographs:  Seeing d e t a i l s  o f  t h e  impac t  i n  a  

h igh-speed c i n e r a d i o g r a p h  i s  o f t e n  d i f f i c u l t  f o r  t h e  t r a i n e d  eye as 

we1 1  as t h e  u n t r a i n e d  eye. Fo r  t h i s  reason,  a  method o f  r e c r e a t i n g  t h e  

movie u s i n g  i n k  drawings was per formed i n  t h i s  p i l o t  s t u d y .  S e l e c t e d  

frames were p r o j e c t e d  on w h i t e  paper;  t r a c i n g s  were made o f  what  c o u l d  

be seen o f  t h e  r a b b i t  t h o r a x  as i t  was deformed, and then  f i n a l i z e d  i n  

a  sequence o f  i n k  drawings.  Rabbi t anatomy t e x t s  (5 ) , ( 6 )  were used 

as guides.  T h i s  i s  an i n h e r e n t l y  s u b j e c t i v e  procedure;  t h e r e f o r e ,  e f -  

f o r t  was made t o  p r e v e n t  overzea lous a d d i t i o n s .  The a c t u a l  movie ac- 

companies t h i  s  r e p o r t .  

C e r t a i n  f e a t u r e s  o f  t h e  r e c r e a t e d  movie sequence r e p r e s e n t  i m -  

p o r t a n t  f e a t u r e s  o f  t h e  a c t u a l  movie. F i r s t ,  l i n e s  on t h e  sequence 

r e p r e s e n t  ma jo r  d e n s i t y  v a r i a t i o n s  such as a  r i b  o r  l i v e r  o r  h e a r t -  

1  ung complex. Second, t h e  absence o f  t h e  r i b s  and s p i n e  i n  l a t e r  r e -  

bound frames i n d i c a t e s  t h a t  so much c o n t r a s t  was l o s t  t h a t  t h e  p i e c e  



could no longer be detected. This loss of contrast i s  the resul t  of 
the increased x-ray absorbti on path 1 ength during impact compression. 
Finally, as indicated in the f i r s t  frame, the organ motions and de- 
formations of the 1 i ver-di aphragm, s ternum, r ibs ,  heart-1 u n g  compl ex, 
and thalmus region appear as changes in the shape and location of the 
o u t 1  i nes . 

3.3 - Data The instrumentation, autopsy, and movie data follow. 



3.3.1 Tab le  1  - Impact  I n s t r u m e n t a t i o n  R e s u l t s  

*BCS E B e f o r e  C o n t a c t i n g  Stop 

Vi z V e l o c i t y  a t  c o n t a c t  o f  r a b b i t  t h o r a x  

Ve r V e l o c i t y  j u s t  p r i o r  t o  c o n t a c t i n g  s t o p  

NA - Mot A p p l i c a b l e  

t 5 F i l m  a n a l y s i s  determined 

776003 
I( T e s t  1 776001 776002 Number 

Vel o c i  ty 
C a l c u l a t e d  
For  impact(!) 

Vi = 6 . 8 & 2 %  

V e  - - Bottomed Out 

7lGOC4 / 

Average 
Force BCS* 
( N )  

Vi - 6 .6252% 

Ve = 5.6052% 

F 
Vi ' 6 . 7 5 2 %  

V = 5.4t2% e  

56325% 

Vi =6 .84?2% 

Ve = 6.0752% 

37725% 21 7+5% 1 25325% 

1 



3.3.2 Table 2 - Autopsy Findings 

Test 
No. 

776001 

776002 

776003 

776004 

Area 

Ribs 

Lungs 
Pericardium 

Aorta 

Liver 

Other 
Estimated 
A1 S 

Ribs 

Lungs 

Pericardi urn 
Aorta 

Estimated 
A1 S 

Ribs 

Lungs 
Estimated 
A1 S 

Ribs 

Lungs 
Other 
Estimated 
A1  S 

Damage 

Right 1 t o  6 fractured near sternum; Left 4 t o  8 
fractured near spine; Hemorrhage a t  fractures. 
Hemothorax (20-25 cc) ;  Right & Lung hematomas. 
Ruptured and torn near fractured ribs z t  spine. 
Punctured mildly by fractured ribs a t  spine, 
Tear on dorsal inter ior  of aorta between l e f t  
subclavian and carotid a r te r ies .  
Hematoma, crush of ventral surface of l e f t  lobule 
and near gal 1 bladder. 
Right ventricle tearing with hemorrhaging. 
6 

Right 3 to 7 and Left 3 to 8 fractured a t  inter-  
costal junction. 
Large contusion on ventral surfaces of a l l  lobes. 
Large hemorrhage of ruptured R i g h t  pulmonary 
artery.  
Hemorrhaged around dorsal areas. 
Ci rcumferenci a1 tear  of posterior wall of aorta 
across from 1 e f t  subclavian; l e f t  subclavian torn 
circumferencial ly and 1 ongi  tudinal ly near juncti o r  
t o  aorta, 
6 

Right 2 to  6 ,  Left 2 t o  6 fractured with hemor- 
rhaging on Right 2 ,  5 & 6 ,  Left 3 t o  6 .  
Spotty hematoma on ventral surface of a l l  lobes. 
3 or 4 

Right 2 t o  8,  Left 2 t o  5 fractured near sternum, 
Right 2 to 6 ,  Left 2 to  6 fractured near spine, 
hemorrhagi ng a t  each fracture, 
Spotty hematoma on ventral lobe surfaces. 
Hypothalmus vessel s - small spotty hemorrhaging 
4 



3.3.3 Figure 4 - Recreated Motion Picture Sequence 



4 ,  SUMMARY 

4.1 What Was Done 

4.1.1 One r a b b i t  served t o  check o u t  t h e  r a b b i t  hand1 i n g  and 

p o s i t i o n i n g  , and was te rmina ted .  

4.1.2 One r a b b i t  served t o  e s t a b l i s h  t h e  p roper  x- ray system 

parameters and was terminated.  

4.1.3 Rabb i t  t e s t  77G001 was a ve ry  severe impact, No x-ray 

movies were ob ta i ned  because o f  t r i g g e r i n g  problems. 

4.1.4 Rabb i t  t e s t  776002 was a severe impact .  X-ray movies 

were obta ined,  b u t  extreme r i p p l e  problems and a nega t i ve  proces- 

s i n g  p rov i ded  unacceptable f i l m .  Rabb i t  e x p i r e d  15 minutes p r i o r  

t o  t e s t .  

4.1.5 Rabb i t  t e s t  776003 was an impact  which d i d  n o t  produce 

a o r t i c  trauma. X-ray system func t i oned  p r o p e r l y ,  b u t  t h e  h igh-  

speed movie camera d i d  n o t  f u n c t i o n .  

4.1.6 Rabb i t  t e s t  77G004 was an impact  which d i d  n o t  produce 

a o r t i c  trauma. Good x- ray movies were ob ta ined  o f  t h e  impact .  

4.2 F ind ings  

4 -2 .1  The HSRI high-speed c i ne rad iog raph i c  system i s  capable  

o f  o b t a i n i n g  1000 f p s  movies o f  impacts t o  smal l  mammalian 

thoraxes. 

4.2.2 The ob ta i nab le  movies, w i t h o u t  c o n t r a s t  medium, show t h e  

s k e l e t a l  system, diaphragm and 1 i v e r  q u i t e  w e l l .  The image o f  

t h e  hea r t - l ung  complex i s  an area whose boundar ies have suf- 

f i c i e n t  c o n t r a s t  t o  p e r m i t  d e t e c t i o n .  

4.2.3 Organ movement shows up w e l l  b u t  techniques o f  c o n t r a s t  

medium i n j e c t i o n  and x- ray t a r g e t i n g  need t o  be developed and 

r e f  i ned . 
4.2.4 The r a b b i t ' s  smal l  s i z e  makes surgery  and organ ob- 

s e r v a t i o n  d i f f i c u l t .  

4.2.5 A f o r c e  l e v e l  o f  300 t o  400 N i s  capable o f  produc ing 

a o r t i c  t ea r s ,  pulmonary a r t e r y  r up tu res  and crushed 1 i v e r s  i n  



r a b b i t s  impacted as desc r ibed  i n  t h i s  paper, 

4.2.6 The x- ray  a b s o r p t i o n  p a t h  l e n g t h  inc reases  w i t h  impac t  com- 

p ress ion .  A  method o f  compensating f o r  t h i s  " b l a c k i n g - o u t "  of  t h e  

image needs development. 

4 . 2 - 7  I t  seems f e a s i b l e  t o  use t h e  HSRI x - ray  system t o  s t u d y  

a o r t i c  trauma mechanisms. 

4.3 Recommendations 

4.3.1 C o n t r a s t  medium i n t r o d u c t i o n  and t a r g e t i n g  techn iques 

need t o  be developed i f  t h e  mot ion  o f  t h e  h e a r t  i s  t o  be 

observed. 

4.3.2 A l l ow  f o r  t h e  compression o f  t h e  t i s s u e  by u t i l i z i n g  

maximum k i  l o v o l  tages and a p p r o p r i a t e  f i l t r a t i o n .  

4.3.3 An i n c r e a s e  i n  t h e  s u b j e c t  s i z e  would be h e l p f u l .  
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Appendix A 

T e s t  Data  



Test No, 77G001 

Test Description: Achieved a Icm l e f t  of midsagittal impact a t  

approximately the seventh intercostal junction where the impactor 

bottomed o u t  on the spine. Drop height was 2.44 meters, and the 

metal stop had a 0.5 cm ensol i t e  pad o n  i t o  



? E -  
t ' v  
'r aJ 
v b n  
o m  0 - 0 . L  

a w n  
>w 



Test No. 776002 

Tes t  g e s c r i p t i o n :  Achieved m i  dsagi  t t a l  impact a t  approx imate ly  

f o u r t h  i n t e r c o s t a l  j u n c t i o n .  Drop h e i g h t  was approx imate ly  2.44 

meters, and t h e  metal  s t op  had a  0.5 cm e n s o l i  t e  pad on i t .  

Rabb i t  e x p i r e d  15  minutes be fo re  t h e  impact.  





T e s t  No, 776003 

Test Description: Achieved mi dsagi t t a l  impact a t  approximately 

sixth intercostal junction. Drop height was approximately 2 -44 
- -- -- - 

meters, and the metal stop had a 0 .5  cm ensoli t e  pad and a styro- 

foam piece covering i t .  Lead targets marked the sternum and 

spi ne . 





T e s t  No, 77G004 

T e s t  D e s c r i p t i o n :  Ach ieved 1.5 cm r i g h t  o f  midsag i  t t a l  impac t  a t  

approx ima te ly  t h e  s i x t h  i n t e r c o s t a l  j u n c t i o n .  Drop h e i g h t  was 2.44 

meters and t h e  meta l  s t o p  had a  0.5 cm enso l  i t e  pad and a  2.54 cm- 

t h i c k  s t y r o f o a m  p i e c e  c o v e r i n g  it, Lead t a r g e t s  marked t h e  sternum 

and sp ine.  
- 







Appendix B 

Animal P r o t o c o l  

Deta i  1s 



General Motors Corpora t ion  
Animal Research Commi t t c e  

Form No. 7 5 / 2  

1. TITLE OF PROJECT: 

r 

P i l o t  Study - Mechanisms o f  A o r t i c  Trauma 

P r o j e c t  Per iod :  From June 1977 TO September 1977 

A p p l i c a n t  I n s t i t u t i o n :  U n i v e r s i t y  o f  Michigan 

Organi z a t i o n a l  U n i t  o r  Department B i~mechan i cs  Dept , Highway 

Sa fe t y  Research I n s t i t u t e ,  U n i v e r s i t y  o f  Michigan 

Address where research w i l l  be performed ( s t r e e t ,  c i t y ,  s t a t e ,  z i p )  

Huron Parkway and Baxter  Roads, Ann Arbor,  M I  48109 

P r i n c i p a l  I n v e s t i g a t o r  (Name, p ro fess i ona l  degrees, j o b  t i t l e )  

D. C.  Viano, Ph.D., J .  W. Me lv in ,  Ph.D. a n d M a r v i n  K i rsch ,  M.D. 

(Pos ta l  address & te lephone number) U n i v e r s i t y  of Michigan, Ann 

Arbor.  Mich isan,  HSRI, 48109, (313 )  763-3462. 

Person d i r e c t l y  i n  charge o f  animal ca re  (Name, p ro fess iona l  degrees, 
j o b  t i t l e  - i f  same as P.I.,  so s t a t e )  R, Stalnaker, p h . ~ .  

(Biomechanics) HSRI 

(Pos ta l  address & te lephone number) same as above 

Spec ia l  q u a l i f i c a t i o n s  i n  l a b o r a t o r y  animal ca re  of person named i n  
Item 13 years  o f  exper ience w i t h  Laboratory  animal care.  

Weekly hours p resen t  i n  l o c a t i o n  named under j tem 3 f u l l  t ime  

Animal ca re  s t a f f  and qual  i f i c a t i o n s  : Thomas Tann, Research 

A s s i s t a n t  11. Has  worked w i t h  the  animals f o r  two years.  

If you employ a c o n s u l t i n g  v e t e r i n a r i a n ,  g i v e  name and qual  i f 1  ca t i ons  

Howard G.  Rush, D . V . M . ,  I n s t r u c t o r  i n  Labora to ry  Aniriial Medic ine,  
D i  p l  ori~a t e  , Ariler i c ~ n  Col 1 e g g  

Ex ten t  o f  a v a i l a b i  1 i t y  under consul  t i n g  agreement on c a l l  



9. Spec ies  and s t r a i n ( s )  i n v o l v e d  i n  t h i s  e x p e r i m e n t  R a b b i t  

( O r y c t o l a g u s  c u n i c u l  u s )  New Zeal and Wh i te  

T o t a l  No. o f  an ima ls  t o  be purchased 25 Age 4-8 mths.  Sex - Mixed 

Maximum w e i g h t  o f  an imal  2  t o  3.6 Kg 

I d e n t i f y  vendor  ( f i r m  name, a d d r e s s )  Langshaw Farms, Route No. 1  

Box 256, Augusta,  M I  49012 

10. Does y o u r  i n s t i t u t i o n  have an an imal  c a r e  commi t tee? 

YES NO 
I s  y o u r  i n s t i t u t i o n  approved by t h e  American A s s o c i a t i o n  f o r  A c c r e d i t -  
a t i o n  o f  L a b o r a t o r y  Animal  Care (AAALAC)? 

N o t  a p p l i e d  
YES 1 7 1  NOIi I f  no: A p p l i e d  and pend ing  

Appl  i e d  and r e j e c t e d  

*If e i t h e r  o f  t h e s e  boxes a r e  checked,  s t a t e  reason  

11. Animal  h o u s i n p  No. o f  rooms 2 

S i z e  ( s q . f t . )  of  each: 

802 f t .  

F l o o r  s u r f a c e s  Sea led c o n c r e t e  

Wa l l  s u r f a c e s  Sea led c i n d e r  b l o c k s  

- - - - 
Window area D i r e c t i o n  

Heat  t h e r m o s t a t i c a l l y  c o n t r o l l e d  

A i  r cond i  t i  oned 

12. S i z e  o f  cages 16"w x  23"d x  13 "H i  No, per cage 1 

No. cages p e r  r a c k  12 No. o f  r a c k s  p e r  room 1 

Max. No. o f  an ima ls  a t  any one t i m e  12 

13. D e s c r i b e  feed ing ,  w a t e r i n g ,  and s a n i  t a t i c n  schedu les  ( i n c l u d i n g  weekend 
c a r e ,  if any)  T e k l a d  Rabb i t  Rat ion  fed ad l i b ;  w a t e r  ad l i b  ( b o t t l e s  

f i l l e d  d a i l y .  2 b o t t l e s / c a s e ;  c l e a n  b o t t l e s  w e e k l y )  pans p u l l e d  and 

l i t t e r  chanqcd 3 t o  3 t imes  Der week, Caoes washed once p e r  week. 
D r .  R .  i. S t a l n a k e r  w i l l  f e e d  ~ n i m a l s  on weekends. 
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14. Describe experimental procedures involving the animals (quarantine,  
hand1 ing , surgery,  postoperative ca r e ,  euthanasia,  assurance of death) 

See attached animal protocol 

15. Describe a l l  medication planned in the experiment (prophylact ic ,  
therapeut ic ,  analgesic,  anes the t i c ) .  S t a t e  mode o f  adminis t ra t ion,  
dosage, and schedule 

Anesthetic: Probarbitol (Na pentobarbi t a l  , 40 mg/Kg, IV) 
- - - - - - - - -- -- - 

Euthanasia sol probarbi to1 (1 10 mg/Kg, I V )  

I f  necessary and applicable procaine pen i c i l l i n  G IM (45,000 u/Kg da i l y )  

f o r  ten days as treatment f o r  Pasteurell  osi s .  

16. I f  the experiment involves s t r e s s  o r  pain t o  the animal, explain. 

No, animal under anes thet ic  f o r  e n t i r e  period. 
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S l i d e  Cata log 

S l i d e  No.1 - Thorax s u r f a c e  wi th  skin and muscles r e f l e c t e d .  T e s t  

77G001 

S l i d e  No.2 - Traumatized c o n t e n t s  of r i g h t  p l e u r a l  c a v i t y .  T e s t  

776001 

S l i d e  No.3 - Hematoma, c rush  o f  l i v e r .  T e s t  776001 

S l i d e  No.4 - Hematoma and hemorrhaging a long  l e f t  s i d e  o f  s p i n e .  

T e s t  776001 

S l i d e  No.5 - Hematoma on s u r f a c e  of descending a o r t a ,  T e s t  776001 

Sl i d e  No.6 - Punctures o f  a o r t a  by f r a c t u r e d  r i b s .  T e s t  776001 

S l i d e  No.7 - Large con tus ion  on lung. T e s t  776002 

Sl i d e  No.8 - Tears  in  a o r t a  and s u b c l a v i a n  a r t e r y .  T e s t  776002 






