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A c ommon head inj ury in car crash v i c t ims is rupture 
of t he parasagit t a l  b r idging vein s . The s e  rup t ur e s  are not only 
s e en at t he s urface of t he brain , but a l s o  i n  t he depth o f  t he 
c onvo lutions i n  t he gray and t he whi t e  mat t e r . The cause o f  t he s e  
deeper ruptures h a s  b een o b s c ure and has b e e n  de s c r i b ed as g l i 
ding contus ions . In order t o  exp lain t h i s  t y p e  o f  i nj ury the 
dynam i c  p ropert i e s  of the b r i dging veins were inve s t igat e d .  The 
r e s u lt s  indicate t hat the e longat i on c ap a c i t y  of t he ve s s e l s  i s  
s trongly dependent o n  t h e  e longation rat e . Thus , at s t at i c  loa
ding t he elongat i o n  may b e  more t han 1 0 0  % while at e longat ion 
rat e s  at about 5 0 0  s e c - l  t he e l o ngat ion c ap a c i t y  i s  reduced to 
20  % .  The deformat ion o f  t he brain close t o  t he brain s urface 
is c o n s i derab l e ,  when t he h e ad is subj e c t ed t o  angu lar a c c e lera
t i o n  and w i l l  e longate t he bridging veins mo re t han 20 % ,  thus 
c a u s i ng rupt ure . 

INTRODUCTION 

Voigt & Saldeen1 were first to s how that t rauma t i c  
rup t ur e s  o f  bridging v e i n s  o ft e n  are c o i n c ident w i t h  brain s t em 
l e s i on s . Such inj ur i e s  lead t o  immediate or eventual deat h .  
P i ns hap e d  b l e edings i n  t he depth o f  t he parasagi t t a l  brain con
v o l ut ions were d e s c r i b e d  a s  glidi ng contusions b y  Lindenberg2 . 
He d i f ferentiated them from " re a l "  cort i c a l  c o n t u s i ons , whi c h  
are c haract erized b y  a l o c a l  s ub arachnoid haemorrhage together 
with many p inpoint b leedings at t he t op o f  t he c onvolut ions . 
The g l i ding contusions are produced b y  a s t ret c hing o f  t he 
c onne c t ion between t he dura and t he surface o f  t h e  brain 
( b ridging veins , Pac c hi o nian granulat ions ) .  I n  t he aut opsy mat e 
r i a l  from 1 9 7 1  and 1 9 7 2  a t  t he Department o f  Forens i c  Medic ine , 
Lund , 1 5 2  out o f  5 6 3  c a s e s  ( - · 2 7  % )  showed rupt ure o f  t he 
b r i dging veins . In 4 0  % o f  t h e s e  c as e s  there was no fra c t ure o f  
t he skul l . Reconstru c t i o n  o f  t he sequence o f  events i n  t he a c c i 
dent was made i n  many c a s e s  b y  means o f  a s imp l e  dummy . Thus i t  
w a s  p o s s i b l e  t o  correlate t he v i c t im ' s  inj uri e s  fo und a t  aut op s y  
w i t h  t he damage o n  t h e  c ar and develope s ome c on c e p t ion o f  the 
gene s i s  of the i nj urie s .  I t  was found t hat rup t ures o f  t he 
b r i dging veins o c curs when the head i s  s ubj e c t ed t o  angu lar 
a c c e lerat ion of t he magnit ude 1 0 0 0  - 1 0 0 0 0  r ad / s e c 2 . Thi s hap pens 
for e xamp l e  when t he driver ' s  chin hits t he s t e e ring-wheel or t he 
front p a s s enger ' s  fore head hit s the wind-shi e ld . Angular a c c e le 
rat ion durinK wh i p - l ash ( retroflexion o f  t he head as a conseque n ce 
o f  a rear - end c o l l i s ion ) d o e s  not s e em t o  b e  gre at enough t o  
produce rupture . 
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PROBLEM FORMULATION 

The mechanism of t he gliding contusions has not been 
e x p l ained . As conne c t ive t i s s u e  is  formed around t he Pacchionian 
granulat ions with age t he brain surface along t he mant e l edge i n  
t he a d u l t  i s  p rogr e s s ivly prevented from moving re l at i ve t o  t he 
s kul l .  This fibrous anchor c o uld cause greater mo vement i n  t he 
deep l y i ng parenchyma o f  the brain with a c c e l erat ion ( gl i d i ng 
c ontus ions are mo s t  frequent l y  s e e n  in adult s ) .  Lj ung 3 has s hown 
t hat t he brain mat t e r  is d e s t o r t e d  when given an angular a c c e l e 
ration . 

I t  i s  w e l l  known from s t a t i c  t e s t s 4 , t hat human veins 
c an e lo ngat e 1 0 0  % or more . If this value were app l i c ab l e  for 
dynam i c  loading a con siderable b rain dost ortion would have t o  
take p l a c e  b e fore rup t ure o f  b ridging veins could o c c ur .  Ther e 
fore , an inve s t igat ion o f  t h e  dynamic proper t i e s  o f  t he bridging 
veins was n e c e s sary . 

METHODS AND MATERIALS . 

An experimental s e tup was constru c t e d , s e e  fig . l and 
fig . 2 .  Under t en s i l e  load i ng , s u c h  dynamic propert i e s  as e longa
t i o n  c ap a c i t y  and ult imate s t r e s s  were s t udied at c o n s t ant e lon
gat i o n  rat e s . 

The t e s t  d e v i c e  ( fig . 1 )  con s i s t s  o f  a c y linder ( 1 )  
which can b e  a c c elerated with c ompre s s e d  air i n  a t ub e . I t s  
kine t i c  e ne rgy i s  transfered t o  another c y linder ( 2 ) ,  which t hen 
i s  given an i ns t ant v e l o c i t y . The speed is meas ured b y  means o f  
two leads ( 3 )  moun t e d  at right angel t o  the d i r e c t ion o f  move
ment and at a fixed di s t an c e .  The leads are used a s  switenes in 
an e l e c t r i c a l  c ircuit . The c y l i nder ( 2 )  b re aks off t he l e ads and 
the time interval b e tween t h e  b re akes is measured . The bridging 
veins t o be t e s t e d  are mo unt e d  b e t ween t he t wo c l ip s  ( 4 ) ,  and 
t he t e n s i l e  force i s  r e c orded b y  means o f  a p i e z o e l e c t r i c  for c e  
t ransducer ( 5 ) . O f  course t he c y linder ( 2 )  l o s e s  s p e e d  b e cause 
of fri c t i o n  fo r c e s  i n  t h e  b earings ( 6 )  and t e n s i on i n  the ve i n ,  
b u t  when rup t ur e  o c curs t he reduc t ion i s  l e s s  t han 4 % and i s  
t here fore negle c t e d .  A n  o u t l ine of the comp l e t e  s e t up i s  s hown 
in fig . 2 .  

CALCULAT I O N S . 

a )  �l�n�a!i�n_r�t � ( i ) .  
The t ime ( t )  between t he brake s o f  t he leads u s e d  a s  

p o s i t i o n  s w i t ches i s  rec orded o n  a n  o s c i l l o s c op e . I f  t he leads 
are fixed at a d i s t an c e  ( s )  the mean spead of the c y l inder ( 2 )  
i s  

The e lo ngat ion rat e  ( i ) i s  t hen define d  as 

- s V =-r-
• V E = lo 



where 1 i s  t he length o f  the bridging vein b e tween t he two c l ip s . 0 

The force ( F )  i s  s hown a s  a d e f l e c t ion on t he o s c i llo
s c ope . The s t r e s s  i s  defined as F CT = � 
whe re A i s  t h e  c r o s s  s e c t i onal are a . A i s  c a l c ulated from the 
fro z e n  right angle s e c t ions of b r idging veins , whi c h  are photo
grap hed with a m i c r o s c o p e  c amera . 

t. i s  de fined as 

where t s is the t ime t o  rupt ure . 

D I SCUSS ION OF THE RESULT S . 

The r e s u l t s  are presented in fig . 3 and fig . 4 .  The 
e longat ion c ap a c i t y  is markedly reduced when t he e longat ion rat e 
i s  increas e d . For e xamp l e , when & has a value o f  5 0 0  s e c - 1  or 
more , t he e l o ngat i o n  is reduced to about 20 % .  Lj ung has experi
men t a l ly shown t he d i s p l a c ement p a t t e rn of brain mat t er when 
s ubj e c t e d  t o  angular a c c e lerat io n ,  fig . 5 .  The maximal s hear 
s t r e s s e s  oc cur near the brain surfac e ,  and can be 4 5  degre e s  at 
a p eripheral s p e e d  of 4 m / s .  The bridging veins c an be s up p o s e d  
t o  fol low the b r a i n  mat t e r  p a s s ively 5 and w i l l  t h u s  e l o ngat e  as 
the brain i s  de forme d . Fig . 6 indicat e s  t hat a b ridging vein 
e longat ed 2 0  % has only deviated about 34 degree s .  A 4 5  degree 
deviation would c o rre s pond to 4 1 % e longat ion . Fig . 4 shows the 
s t r e s s  versus t ime to rupture . The r e s u l t  is in agreement w i t h  
t he b ehaviour o f  o t her mat e r i a l s  a t  dynamic loading . 

C O N C LUSIONS . 

Rup tures o f  bridging veins within the brain mat t e r  near 
t he mant e l  edge , i . e .  g l i ding c ontus ions , c an o c cur i n  c lo s e d  
brain inj ur i e s  a s--a-cons equenc e o f  angu lar a c c e leration . When 
s ubj e c t e d  t o  angular a c c e l erat ion the brain w i l l  be d i s torted due 
to s he aring forc e s . This de forma t ion is p ronoun c e d  near t he brain 
surface , caus ing t he b ridging v e i ns to e l o ngat e to values e x c e e 
ding t h e i r  dynamic t o l e ranc e . The needed angular a c c e l e rat ion 
can e a s i l y  b e  a c hi e ve d  during automo b i le c o l l i s i ons . 
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