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C o m i n g  f r om H e i d e l b e r g  1 c a n s a y  w i t h  p r i d e  t h a t s o m e  o f  t h e  
impor t a n t  i n s i gh t s  i n  t h e  f i e l d  o f  b i omec h a n i c s  c a m e  f rom 
H e i d e l b e r g  a u t h or s .  F rom t h i s  g r o u p  I wou l d  l i k e  to rec a l l  
t h r e e : K a r l H e i n r i c h  ß au e r , the f amou s s urgeon and s c i e n t i s t  
who 60 y e a r s  a g o  a s  h i s  f i r s t  paper pub l i s h e d  an a r t ic l e  c o n 
c er n i n g l i ver r u p t u r e s  a n d  t h e i r  c au s e .  I n  1 9 4 6  h e  w a s  R e c tor 
m ag n i f i c u s  of t h e  U n i v e r s i ty o f  He i d e l b e r g  and l a ter on 
d i rec tor of t h e  D e u t s c h e s  Kreb s f or s c h u n g s ze n trum a n d  s p i r i tu s  
rec tor o f  a r e s e a r c h  1 J n i t  i n  t r a f f i c  acc i d e n t t r aum a t o l o g y  
( h ead w a s  h i s  a s s i s t a n t  P ro f .  Gb g l e r , we l l  k n own f o r  h i s  
r e v i ew a r U. c l e  " K l i n i k , M e c h a n i k  u n d  B i omech a n i k  d e s  U n f a l l s " ,  
196 8 ) . H a n s  S c h a e f e r , a p h y s i o l o g i s t , d i s c o v e r e d  35  y e a r s  a g o  
t h e  m a l n  c a u s e  o f  d e a th a f t er b l a s t  i n j u r y : a r t e r i a l  embo l i sm .  

The f o l l ow l n g  two e x am p l e s  c a n  s e r v A  to i n t roduce rny paper : 
t h e  d y n am i c  i n j u r y  o f  s o f t t i s s u e s  a n d  o r g a n s  may b e  a d e s t r u c 
t i o n  i n  t h e  a r e a  o f  impac t ,  b u t  a l s o c a n  w o r k  t h r o u g h  i n d i r ec t  
c h a n g e s  o f  e s s e n t i a l  o r g a n  f u nc t i o n s :  l o s s  o f  b l ood , l o s s  of 
0 - tr a n s por t by a i r  embo l i sm ,  d i r e c t  c e r e b r a l  d y s f u n c t l on as 
t�e ma i n  c a u s e  of d n a th . A f t e r  a h e a v y  irnpact we s e e  o t h e r  
c au s e s  o f  d e a t h : J. n f e� t l o n , o r g a n  f u n c t i o n  d e f i c i e n c y , s u f fo
c a t i o n , heat e x po s i t i o n , i n to x i c a t i o n  and so o n .  My paper wi l l  
now d e a l  w i t h  d i re c t  i n j u r i e s  to o r g a n s ,  i n f l u e n c e d  by t h e  a g e  
o f  t h e  v i c t i m .  

I n  a g e i n g  b o n e  we are f a m i l i a r  w i t h the phenomena o f  d ec r e a 
s i n g  s t r e s s  a n d  s t r a i n  t o l er a n c e  to a b e n d i n g  f o rc e .  W e  k n o w  
t h a t  o s teoporo s i s  n o t  on l y i n  v e r y  o l d  m e n  bu t a l r e ad y  a t  t h e  
a g e  o f  40 m a k e s  a r e m a r k ab l e  d i f f e r e n c e  i f  compared w i t h  
y o u n g e r  peo p l e .  

A s l i d e  w i t h  our r e s u l t s f rom 2 1 2  c ad aver t e s t s  a n d  s i mu l a 
t i o n s o f  f r o n t a l  i m pac t s h ows you t h e  d i s tr i b u t i o n  o f  i n j u r i e s .  
R ib c a g e  f r a c t u r e s  a r e  t h e  mo s t  i m po r t a n t  b u t  n um e r i c a l l y  i n  
second p l ace . We n e ar l y  a l wa y s  f o u n d  m u sc l e - t e a r s  ( 8 3 , 1  % )  -
I am r e f e r r i n g  n ow to d a mage to s o f t t i s s u e s  - then con t u s i o n s  
a n d  l ac e r a t i o n s  o f  t h e  an ter ior ab d om i n a l  w a l l fo l l ow w i th 
6 3 , 7  % ,  l i g am e n t s  o f  t h e  verteb r a e  61 , 3  % ,  i n terve r tebr a l  
d i sc s  60 , 8  % .  Acco r d i n g  to the A I S  t h e s e  i n j u r i e s  are f o r  t h e  
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mo s t  p a r t  m i nor a n d  wou l d  be r ated a s  3 .  More severe i n j ur i e s  
a r e  p l ex u s  brach i a l i s  l acera t i o n s  ( 10 , 4  % ) , me senteric or per i 
tonea l  tears ( 8  % ) , l i ver ruptures ( 7 , 5  % ) , l un g  con tu s i o n s  
( 3 , 8  % ) , g u t  per f o r a t i o n s  ( 3 , 3  % ) , g rou ped u nder 1 0  % .  l lnder 
3 % k id n ey s ,  s p l een , great v e s s e l s ;  under 1 % hear t ,  pancreas , 
u r i nary b l adder a n d  suprare n a l  g l a n d s  ( Gg . Schm i d t e t  a l . ,  1919 ) .  

The age i s  the l ea d i ng fac tor i n f l uenc i n g  sever i ty and number 
of i n j ur ie s .  We c an l e a r n  from these te s t s ,  t h a t  a tol erance 
l im i t ,  expr e s s ed in acc e l e r a t ion v a l u e s  be tween 10 and 25 g i s  
c l o s e l y  dependent o n  the sub j ec t s  ag e .  2 5  g i s  a l im i t  for the 
ehes t of a youn g  man ( c a .  20 year s o ld ) ,  su s t a i n i ng an impact 
t h rough fron t a l  c r a s h  and r e s t r a i n ed by a three po i n t  bel t 
( 45 km/h ) .  The t o l erance l im i t i s  o n l y  10 g when a 4 5  years o l d  
i n d i v iduum i s  exposed t o  t h e  same l oa d i n g  cond i ti on s .  

I n  compa r i s o n  t h e  e h e s t  can s u s t a i n  s i g n i f i can t l y  h i gher l oa d s  
than t h e  sof t i n te r n a l  org an s ,  who s e  abi l i ty t o  w i t h s t and 
t r auma i s  dependent on the i n tegri t y  of the thorax . O nce the 
s t ab i l i t y i s  l o s t  the res i s tance of the sof t i n te r n a l  o r g a n s  i s  
m i n i ma l . I n  our s tu d i e s  we were ab l e  to d e termine the r e l a t ion
ship between age and t rauma and ob served the f o l l owing : 

The r i b  cage o f  a sma l l  ch i l d  h a s  a very h i g h  e l a s t i c i t y  b u t  
l im i ted s t ab i l i ty .  Deform a t i o n s  i n  x-d irect ion c a n  reach 10 cm 
w i thou t f r ac tur i ng r i b s .  Four to f iv e  cen timeters deforma t i on 
are indeed s u f f  i c i e n t  to d e s troy the r i b  cage of a n  o l der 
person of c a .  60 year s .  In both c as e s  the i n n e r  orga n s  are 
u n pro tected a g a i n s t  pre s sure and d i s l oc a t i o n . 

T h i s  i s  i n  accord w i th those repo r t s  on l u n g  con t u s io n s  
d e r i ved from c l i n ic a l  ob serva t i on s :  Amo n g  1 5 5  p a t i e n t s  w i th 
l un g - thorax i n j ur i e s  I r l ich a n d  Sch u l te ( 19 79 )  found 19 suffer i n g  
from i s o l ated l un g  contu s io n s , w i th a n  average age of 20 year s .  
P a t i e n t s  w i th comb ined in j u r i e s  ( n  = 1 3 6 )  h ad a n  average age 
of 42 year s !  N o n pe n e t r a t i n g  i n j ur i e s  are proposed . S k i n  is in 
most cases u n l acera ted , wi t h  o n l y  s u per f ic i a l  tears or b r u i 
s i ng . 

The b iomech a n i c a l  proper t i e s  of the r i b  cage are of dec i s i ve 
impor t ,  when dama g i n g  f ac tors of t h e  l u n g s  a n d  of the heart 
and a l so o f  the med i a s t i n a l  org a n s  are con s i dered . In th i s  
case we a l so mu s t  regard the a g e i n g  o f  l u n g t i s s u e ,  which i s  of 
cour s e  a fac tor of on l y  mi nor impor t a nc e .  

The re l a t i o n s h i p  b e tween volume r e s i s t ance break i n g  and v i t a l  
capac i ty ( I s l am e t  a l . ,  1 9 78 ) s hows c l ose corr e l a t i on w i th a g e .  
Th i s  i s  cau sed no t on l y  b y  the s t i f fe n i n g  o f  age i n g  l u n g  
t i s sue bu t m o r e  by r e s t r i c t i ng the j o i n t  movemen t s  of t h e  r ib s ,  
resu l t i n g  tog e ther i n  sen i l e  emph y s e m a .  Other patho logic f i n
d i ng s  of i n tr a thorac ic organs such a s  p l e u r a l  f ibro s i s ,  l u n g  
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i nd u r a t i o n  and s o  on h ave an add i t i o n a l  b u t  o n l y  secondary 
i n f l u e nc e ; patho l og i c a l  cond i t i on s ,  who s e  d i agnos i s  i s  to a 
g r e a t  e x t e n t  dependen t on the exper ience and s tand po i n t  o f  the 
i nves t i gator a n d  for which prac t ic ab l e  rneans o f  expr e s s io n  i n  
q u a n t i ta t ive terrns are l ac k i n g .  

The trau m a t i c  heart d amage , cau sed b y  non pen e t r a t i n g  dynarnic 
impac t ,  i s  co n s l dered as r e su l t i n g  frorn very short impu l ses 
a g a i n s t  the s ternum . As e x p l o s i o n  pre s s u r e  peak can h ave a 
d i s turb i n g  e f fec t on heart c ircu l a t ion w i th e n l argeme n t  o f  
venous ve s se l s  a n d  c on s tr i c ti o n  o f  t h e  coronary a r te r i e s  
( Rö s s l e  ( 1 9 4 2 , 1 9 4 3 ) ; R ö s s l e  and B e n z i nger ( 19 4 2 ) ; S c h aefer 
( 19 44 ) ) - s im i l ar f i n d in g s  were made a f ter b l u n t  mech a n i c a l  
impac t .  L a t e r  o n  f ib r o t i c  p l aques i n  t h e  myocard a r e  found i f  
t h e  i n j ur y  i s  survived . 

A s  a con sequence o f  thc s t a t i s t i c a l l y  demon s tr a ted c u rnu l a t i o n  
o f  patho l og i c a l  f i nd i n g s  d u r i n g  l i f e  we sho u l d  ex pec t a grea ter 
v u l n e r ab i l i t y  of the h e a r t  and in a s i rn i l ar man ner o f  o ther 
i n ner o r g a n s  i n  the e l d e r l y .  The newe s t  review a r t i c l e  we h ave , 
b r i n g s  n o t h i n g  abo u t  age dependence o f  b l u n t  t r au m a t ic hear t 
a n d  aor t a  d amages ( G remrnel e t  a l . ,  1 9 79 ) . 

The c l i n i c a l  eva l u a t i o n  i s  n o t  a l ways correc t a n d  pos trnor tem 
a n a l y s i s  i s  n o t  a l ways fool proo f . The wide s pread i n c idence o f  
card iova s cu l ar d i se a s e s  expl a i n s  t h e  i n c l i n a ti o n  o f  med i c a l  
experts t o  dec l are a n y  degener a t i o n  o f  ve s s e l s  o r  m u s c u l ar 
t i ssue a s  n o n t r aum a t i c .  Trauma t i c  r e s i d u e s  o therwi s e  found 
a f ter c a r d i ac arrest in sudden death c a s e s  are c o n s idered 
n o n f a ta l . 

Grou ndwork i n  the b iomec h a n i c s  o f  s o f t  ti ssues and i n ternal 
organs repre s e n t s  a broad f i e l d  requ i r i ng i n te n s i f i c a ti o n  o f  
research e f f o r t s  i n  t h e  n e a r  f u ture . I nve s t i g a t i o n s  on t h e  
l i ver , s p leen and the k id ne y s  were conduc ted by F azek a s  e t  a l . 
( 1 9 7 1 ,  19 7 2 ) .  Th i s  h u n q R r i a n  foren s i c  patholog i s t  performed 
e x t e n s ive measurem� n t s  on f r e s l1 l y  prepared cadaver org a n s  
a f ter hav i ng f i r s t  done work d e � l i n g  w i th th e b iornec h a n i c  
proper t i e s  o f  sk i n .  

S t a t i c  l oa d i n g  o f  i so l a ted l i ver s l ed t o  rupture after a 
d e form a t i o n  d i s tance of 2 , 2 6  + 0 , 5 9  c m ,  mean pressure was 
1 68 , 5 + 6 3 , 8  kp ( n  = 4 2 ) . For - the s p l ee n  he showed 4 4 , 0  + 
2 1 , 61 Kp ,  d e forrna t i o n  d i s tance was here 1 , 0  ± 0 , 4  cm . The 
g iven numb e r s  were reached a f ter the f i r s t  tear s through c ap
s u l e  and t i s s u e .  

Mu l t i pl e  ruptures re s u l ted w i th a l oad o f  3 19 , 8 1 + 90 , 8 1 k p  
( l iver ) a n d  3 , 3 8 + 0 , 1 8 c m  d e forrnat i o n . 
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A s  opposed to the c a l c u l ated va l ue s  he found m i nor pressure 
l im i ts for e l d e r l y  persons wi th l iver f ib ro s i s , however the 
k id neys h a v i n g  degene r a t i ve changes were more res i s t an t !  

Our own ex per i e nce i s : the f ibrotic l iver c a n  s u s t a i n  more 
pressure per u n i t  area than the h e a l thy o n e .  I t  f o l l ows t h a t  
degener a t ive l i ver f ib ro s i s  some t i mes i s  concom i t a n t  w i t h  
e l a s t ic i ty d e f i c i enc y .  K . H . B auer ( 19 19 ) subd ivided four k i n d s  
o f  l iver rupture : 

1 )  subc a p s u l ar b l ee d i n g s  
2 )  t i s s u e  tears ( s i n g l e  o r  mu l ti p l e )  
3 )  t o t a l  rupture 
4 )  cen tral ru p ture 

The c e n t r a l  l iver rupture ( Wi lm s , 1 901 ) may be of spec i a l  
c l i n ic a l i n te r e s t  because of l ate d i a g no s i s  and l if e  threa te
n i n g  l a t e  seque l ae ,  such as ab sce s s .  

I n  a s i m i l ar manner the b l u n t  trauma o f  the thorax wh ich g ives 
r i s e  to l u n g  con t u s ion has many c l i n i c a l  a s pe c t s  res pec t i v e l y  
con sequenc e s : 

1 )  a l veo l ar d arnage and focal b l ee d i n g s  
2 )  edema of the l u ng 

a s  a con sequence of 1 )  and 2 ) : 
decre a s i n g  oxygen s a tu r a t ion o f  t h e  b l ood 

3 )  shu n t ,  s�cret e n r i chmen t ,  a te l ec t a s i s  
4 )  i n fec t i on 

I t  i s  easy to unders tand why o l d  per sons are more prone to 
a f i n a l  d ang erou s and l e t h a l  s t a t e .  

S o f t  org a n s  are very sen s i t i ve to b l u n t  impac t .  Energy absor
b i ng f actors wh ich pro b-�c t these impor t a n t  par t s  of the body 
are the surround i ng s t r u c tu r e s  and t i ssues : sku l l ,  r ib cage , 
m u sc l e s ,  f a t  and connect ive t i s sue , sk i n ,  c l o th e s .  The more 
f a t  l ayer s l y i n 0  b E' tw0e n  t l i P  J i ver and the area of impac t ,  the 
greater i s  the t o l erance l im i t  aga i n s t  b l u n t  impac t .  I n  the 
s ame manner h e a r t  anct l u n g s  are b e t t er pro tected by a th ick 
musc l e  and f a t  l ayer . 

As you can see the r e l a t ive s i g n i f i c ance g i ven to various 
r i s k s  ( " R i s ik o f ak toren " )  f rom the po i n t  of v i ew o f  b iomecha
n i c s  i s  o f te n  r ad i c a l l y  d i f feren t from the emph a s i s  g i ven 
f rom the s tandpo i n t of card iovascu l ar d i seases . 

C er eb r a l  d arnage s .  

Though o u r  k nowl edge o f  the phys io l ogy , path o l ogy and even the 
b i omec h a n i c s  of the h r a i n  is in some areas con s iderab l e  the 
age f ac tor has recei ved l i t t l e  n t t e n t ion . 
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A d i f feren t p i c ture ari ses from the re l at i o n s h i p  o f  s k u l l  to 
b r a i n  in a g e i n g . The sk u l l  exh ib i t s  on l y  l im i ted growth d u r i n g  
t h e  second h a l f  o f  adu l t  l i f e .  Os teoc l a s t i c  f u n c t i on o f  the 
dura mater g i ve s  way to the sk u l l con ten t s .  On the other hand 
a trophy o f  the b r a i n  i s  not uncommon i n  the l a s t  decenn i a .  As 
a resu l t  we see more cereb r o s pi n a l  f l u i d  surrou n d i n g  the b r a i n  
and a l so pro tec t i n g  i t .  Changes in t h e  mech a n i c a l  prope r t i e s  
o f  b r a i n  t i s s ue i s  n o t  s i g n i f  i c a n t  du r ing the l i f e . 

A m a j o r  var i ab l e  i n f l u 8 n c i ng i n j ury invol ves the ab i l i ty of t h e  
s ku l l to d i s s i pa te energ y .  I t s deform a t i o n  p l ay s  a r o l e  in 
prod u c i ng cond i t i o n s  such as con tre coup or c ou p ,  con t u s i o n s  
a n d  concu s s i o n . 

Typ i c a l  age depend i n g  i n j u r i e s  are :  
1 )  t r aum a t i c  edema i n  c h i l d hood 
2 )  c o n tre coup in ad u l t  s t age s ( We l te ,  1948 ) 
3 )  ep�dur a l  hema toma i n  ado l e s c e n t s  and e l d e r l y  persons 

ad 1 )  
Edema wi t h o u t  sku l l  frac tures a r i s e s  a f ter a n  impac t becau se 
of growing b r a i n in connec t i o n  wi th poor fibre s tr u c ture 
w i t h i n  a t h i n  and deformab l e  sk u l l .  Smooth mernbranes are r i c h  
i n  f l u id .  

ad 2 )  
Fröffi ado l e scen t age w i th a rnax i mum b r a i n  wei g h t  ( du e  to the 
con t i n u i n g  evo l u ti o n  we can now see b r a i n s  we i g h i ng 1800 g a n d  
more ! )  u n t i l  30 years t h e  pos s ib i l i ty o f  c o n tre c o u p  i s  the 
greates t .  F rom 30 to 60 the b r a i n  c o n t i n ou s l y  u ndergoes change 
a s  part o f  the a g e i n g  proc e s s . C o u p l ed a t  f i r s t  w i th a cer t a i n  
l o s s  i n  w e i g h t ,  then i n  t h e  per iod be tween t h e  ages o f  6 0  - 90 , 
the t i s sue c h a n g e s  l e ad to a s i g n i f ic a n t  a t r o p h y .  The rnore 
f lu i d  i s  around the b r a i n  the be t ter c or t i c a l  t i s s u e  i s  protec
ted ag a i n s t  neg a t i ve pre s sure-i nduced l ac e r a t i o n s . N ever we 
f i nd c o n tre coup in cor t i c a l  areas l y i n g  under f lu i d  l ayer s .  

a d  3 )  
The epidur a l  herna toma a s  a consequ ence o f  rupture o f  the 
a r ter i a  rnen i ng i c a  med i a  ( or s im i l ar ar tery ) exh ib i t s  the 
s trenges t age-dependence : I t  occur s  o n l y  duri ng l i f e  per iods 
i n  wh ich dura and sku l l  are a t t ached . These i n j ur i e s  occur a s  
a r e su l t  o f  f r ac ture to a bone w h i c h  i s  c r o s sed by the arter y .  
C h i l dren h ave a n  o s teop l a s t ic dura m a t e r , o l d  peopl e  a n  o s teo
c l a s t i c  one . I n  b o th c a s e s  a con sequence i s  the a t tachment o f  
t h e  f ibrous t i s sue h arbour i n g  the ar tery . 

Qu a l i ty and exten t o f  i n j u r i e s  rnu s t  b e  seen in a threefo l d  
manner : 
1 )  energy d i s s p a t i o n  
2 )  d i re c t i o n  o f  irnpac t 
3 )  age and c on s t i tu t ion of the v i c t i rn  
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Among 5 3  subdur a l  hem a tomas 3 7  pa t i e n t s  were o l der than 50 
year s .  K r a u l and ( 19 6 1 )  i nd ic a t e s  the g reater r i g id i ty o f  
vesse l s  and the h i gher b l ood pressure a s  po s s ib l e  cau s e .  
Lausberg ( 19 7 7 )  counted u p  t o  14 year s 1 2 9  i m pr e s s ive fractures,  
be tween 1 5  and 4 9  years 2 1 2 ,  but o n l y  32 above 50 year s .  

Therefore i t  i s  o f  great in tere s t  for fu ture s tu d i e s  in b io
mechan i c s  to an a l y s e  n o t  o n l y  f orces and k i n ema t i c s  b u t  a l so 
a n thropome t r i c  and s t ructural proper t i e s  o f  the human bei n g s .  

Summary 

We now are f am i l i a r  w i th the age depend i ng c h an g e s  o f  bones 
l ea d i n g  to some b i omec h a n i c a l  or pa thome c h a n i c a l  ( Ku l owsk i ,  
1960 ) i mp l i c a ti o n s . Abou t sof t  t i s s ue , e s pec i a l l y  the very 
impor t a n t  o r g a n s , we have n o t  yet enough d a t a .  D u r i n g  l i fe 
not o n l y  the s i ng l e  organ but more the m a s s  r e l a t ion of the 
surround i n g  and pro tec t i n g  l ayers v a r y .  S ome i n f l uence fac tors 
ar i s i n g  f rom age d e penden t prope r t i e s  o f  hea l thy and s ick 
o r g a n s  are d i sc u s sed , b u t  o n l y  f r ag m e n t s  I cou l d  presen t .  
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