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I NT RO DUCTION 

At presen t ,  t he t hr ee-po i nt saf ety bel ts repre sent t he 
mos t  impor tant g roup o f  rest ra i n t  s y s tem s . Whi l e  the u se o f  
s t a t i c  bel ts s l owl y decrea ses , the a pp l i c a t i o n  of three-po i n t  
automa t i c  bel ts i ncreases more and more . In many cou n t r i es i s  
i t  a l r eady mandatory to wear s af et y  bel ts , a nd i n  some cou n 
tr i e s  th i s  i s  p l a n n ed ( SCHM I DT et a l  1 9 7 5 ) .  

In f ron ta l co l l i s i o n s  m a i n l y  i s  t he h ig h  safety effect of the 
th ree-poi nt s afety bel t unqu e s t i o ned ( SCHMI DT et al 1 9 7 5 , 
HARTEMA NN e t  a l  19 7 7 ,  P roceed ings o f  the V I t h  In terna t i o n a l  
Con ference of the I AATM 1 9 7 7 ) .  

Accord ing to a n ew s tudy o f  the HUK-as so c i a t ion ( 19 7 7 )  i n  3 0  
to 4 0  percen t  o f  a l l acc i d e n t s  i n j u r i es are avo ided when u s i ng 
a safety b el t ;  con s i d erab le i n j ur i e s  are reduced by 50 t o  70 
percen t .  

In 19 76 , when the wear i ng o f  s a fe ty bel ts was manda tory t he 
same number o f  f a t a l l y  i n j ured b e l t  wearers has been d i s sected 
in o ur I ns ti tu te as i n  1 9 7 5 , n ame l y  t hr ee . 

N I E D E R E R  et a l  ( 19 77 )  reported o n  accident s tu d i es i nv o l v i n g  
3 0 4  cars w i t h  4 1 0  person s .  The pas sengers u s ed three-po i n t  
s t a t i c  b el ts ( 55 percent o f  th e cases ) ;  three-po i n t  autom a t i c  
be l t s  ( 29 per cen t of t h e  cases ) a nd shoul der bel t s  ( 16 percen t 
of the c a s es ) .  1 5 3  persons o f  these passeng ers were f at a l l y 
i n j u red ( 3 7 , 3  percen t ) , and 2 5 7  person s were serious l y  i n j ured 
( 6 2 , 7 percen ts ) ( OA I S  2 ) .  

The acci d e n t  anal yses o f  bel t wearers mos t l y  deal wi th comb i n ed 
s t ra i n s  ei ther caused by the be l t  i nf l uence or by impact a g a i n st 
vehi c l e  i n teri or s .  

Bes i d e  the rea l acc iden t i nv e s t i g a t i o n  a l s o  accident s imu l a t io n s  
wi th human cad avers i s  f or t h e  i nves t i ga t i o n  of the s e a t  b e l t  
synd rome of g reat i mportance a s  we l l  a s  to determ i n e  the actual 
in j u ri es c au sed by the be l t .  

By means o f  s l ed devi ces tes ts can be conduc ted under repro
duca b l e  cond i t i on s .  By u s i ng tra n s ducers and h igh s peed cameras 
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evidence can be g a i ned about the l oad and t he i n j ury mec ha n i sm 
of t he human body . 

In t h i s  paper we report abou t the i nf l uence o f  the i mpact v e l o
ci ty i n  regard to the l oad , t he i n j ury ser i o u s n e s s  and the i n
j u ry mecha n i sm o f  assorted cases o f  our tes t i ng materi a l . 

METHO D 

The t e s t s  were conducted on the deceleration s l ed a t  the 
I n st i tute for Leg a l  Med i ci ne of the Un ivers i ty He i d e l berg 
( KALL I E R I S  19 74 ) at impac t ve loci t i e s  of 30 k m / h , 4 0  k m /h , 
and 5 0  km/h . The d ecel er a t i on p u l se form corresponds t o  a 
trapezium ( SC HM I D T  et a l  1 9 75 ) ,  the med ium s l ed d ecel era t i o n  
amou n t ed 1 9 , 0 t o  2 1 , 4  g .  VW- s tandard s e a t s  a s  we l l  as t hree
po in t au toma t i c  bel ts ( FA .  REPA ) had b een u s ed . The ancho rage 
po i n t s  of the b e l t s  d id not correspond to a certain type of 
car bu t l ay w i t h i n  the v ar i a ti o n  range of European cars . 

The impac t veloci ty , the s l ed dece l eration , t he bel t forces 
( i n t he b el t )  a nd in mo st cases t he accelera t i on were measured 
in eac h  case a t  the r i g h t  a nd l ef t  s i d e  of t he head i n  x- and 
z- d irec ti on ( SCHM I DT et al . ,  1 9 78 ) .  

Th e phase of i mpact was l a t er a l l y  ( 1000 p / s ) and f ro n t a l l y  
500 p/ s )  d ocumen ted wi th h ig h-speed cameras .  

An espec i a l l y  d ev e l oped d i s s ec t i o n  t echn i que was appl ied to 
make the d i ag no s i s ( SCHMI DT et al . ,  1 9 78 ) . The i n j uries were 
recorded in s ta nd ardi zed i n j ury s heets and eva l u a ted accord i n g  
t o  t h e  Abbrevi a ted I n j ury S c a l e  ( A I S ) .  

TEST SUBJECTS 

Up to now a t o t a l  of 1 2 7  tes t s  have been conducted i n  
higher d ece l erat ion ranges of 1 7  to 2 5  g . I n  order to bet ter 
compare the t e s t s  i n  regard to the i n f l uence of the co l l i s ion 
v e l o c i ty on l y  t ho s e  cases were s e l ected which were w i t h i n  a 
c l o s e  dec e l er a t i o n  range of 2 , 4g ( 19 - 2 1 , 4g ) .  

Impact v e l oc i ty 3 0k m / h  1 9  tests 
Impac t  ve l o c i t y  40km/h 2 1  tests 
Impact v e l o c i t y  5 0k m / h  2 1  tests 

n = 6 1  t e s ts 

The cad avers s howed no i n j uries ; t he t ime between death and 
test amoun ted 12 to 1 2 0  hours . Body t emperatu res i n  the rect um 
of 6

° 
t o  2 5 °c were meas u red . The age o f  the t es t  sub j ec t s  was 

between 13 and 74 year s . 
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R ES UL TS AND D ISCUSSION 

Figure 1 s hows t he a ge d i s pe r s i o n  o f  the 6 1  test sub j ec t s . 
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F i g . 1 :  Age d i sper si on of al l test s ub j ec t s  ( 6 1  cases ) 

A bo u t  6 5  percent o f  a l l cases are i n  the age range between 
15 a nd 4 5  year s .  The f o l l ow i n g  f i g ur e  2 s hows the age d i s pers i o n  
i n  eac h f o r  t h e  imp a c t  vel oci t i e s  o f  3 0k m/ h ,  4 0km/h and 50km/ h .  
In t h e  range 1 5  to 4 5  years are 4 7  pe rcen t i n  the 3 0  km/h , 7 6  
percent i n  t h e  4 0km/h a n d  7 1  percen t  i n  t he 50km/h g roup . 

The o ld er t es t  sub j ec t s  are over-represented i n  the 30km/h 
group compared to the 5 0km/h group and a r e  a l s o  les ser in the 
40km / h  group . 
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Fig . 2 :  Age d is pe r s i o n  o f  test sub j ec t s  
s or ted b y  col l i s i on v e l o c i t y  

a .  3 0 k m / h  

( 19 cases ) 

b .  40km/h 

( 2 1 ca se s ) 

c .  5 0k m / h  

( 2 1 cases ) 
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HEAD ACCEL E RATION MEASU REME N TS , H IC-VALUE S, HEAD INJU R I E S  

Wi t h ou t t h e  u s e  of a st eeri n g  whee l o r  a d as hboard t here i s  no 
di rect h ea d  contact when co nducting t es ts w i t h  bel ted cadavers 
in d ri ve r  or pas seng er pos i t io n . The measured h ead acce l er a t i o ns 
are i nd ir ec t l y  caused by the e f f ect o f  t h e  s a fety bel t .  

Tab l e  1 s hows t he var i a t i on range , averages a nd s ta nd ard dev i a
t i on s  o f  t h e  mea s ured acc e l er a t i o n s  i n  x - ( averages measured a t  
t h e  r i g h t  and l ef t  s i d e  o f  t he head ) a nd z-d i rection ( al s o  
determ i n ed a s  i n  x -d irec t i on ) a s  wel l as the computed resul tant 
acce lera t i on o f  both d irec t i on s and the H IC .  A l l  mag n i tudes i n 
crea se w i t h  i ncrea s i n g  co l l i si on veloc i t y .  The computed HIC
va l ues l i e between 6 1  and 1008 a nd t herefore i ns ig n i f i can t l y  
exceed the permi t ted H IC-val ue o f  1000 a ccord i ng t o  the US
s t and ard 208 o n l y  in one case ( H I C-v a l u e  1 00 8 ) .  

Imp. Ve l .  
H I C  He ad res . acce l .  He ad a c c e l .  X Head a c c e l .  z 

-

km/h ( g '  S )  ( g ' S )  ( g  ' s l  

M i n .  M a x .  Mean S td . De v .  Min. Max. Mean Std . De v .  Min . M a x .  Mean S td . De v .  Min . Max. Mean S td . De v .  

i O  6 1  2 6 9  1 5 3  5 9  1 8  6 4  1 2  1 0  1 1  4 7  20 9 1 7  4 6  2 8  8 

� o  1 5 0  9 0 4  4 0 9  2 3 1  3 3  7 1  5 2  12 1 4  5 3  3 3  1 3  3 1  6 6  49 i 2 

5 0  4 0 6  1 0 0 8  6 5 9  1 7 3  5 4  8 5  7 0  1 0  1 7  6 1  4 1  1 1 4 7  8 2  6 4  l !  

Tab l e  1 :  Head acc� l er a t i o n  val ues and H IC val ues a t  col l i s i on 
v e l o c i t i e s  of 3 0km/h , 4 0k m / h  and S Ok m/ h .  

Morpho l og i c a l  prova b l e  bra i n  i n j ur i es were not macroscop i ca l l y  
ob s e rved . 

I n  o n e  c a s e  i t  was observed that the p a r i e t a l  and occ i p i t al 
bridg i ng vei n s  were torn off a t  the right a nd l ef t  side when 
j o i n i ng t he s in u s  s ag i tal i s  s u perior . The fron tal br i d g i ng 
vei n s , however , have bee n  preserved . I n  ot her cases t h ere was 
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a n  occ a s s i o n a l  s u s p i c ion of ar t i f i c i a l  damages caused by t he 
di s s ec t i on t ec h n ique cou l d  not be excluded wi th t he requi red 
secur i  ty . 

RELATION O F  THE S HO ULDER BELT FORCE TO THE BODY MASS 

The rel a t io n  between the max imum o f  the shou l d er bel t force 
and the body mass at the three col l i s i on v e l oc i t i e s  is shown 
in F i g ur e  3 .  The shoul der b e l t  f o rce maximum i n  each case i s  
reached when the s l ed has a l ready com e  to a s to p .  The r egress i o n  
s t r a i g h t  l i n e  a n d  t h e  stand a rd error o f  es t im a t i o n  i s  s t ated 
for th e respec t i ve v e l oc i t y .  As a l ready men t i oned i n  former 
pa pe r s  ( KALLI E RI S  a nd MATTER N  1 9 74 , S CHMIDT et al 1 9 7 5 ) i n
cr ea ses t he s hou l der b el t f orce w i t h  the bod y  mass . 

shoulder belt torce CkN > 

10 • •  30 km/h 

• • 40  „ 

• • SO " 
9 

8 

7 

6 

3 

2 ------------.---,.----r---�----,.---� body mass,kg 

30 40 so 60 70 80 90 100 110 

F i g . 3 :  Re l at io n  of shou l d er bel t force w i t h  the body mass f or 
the c o l l i s i on vel oc i t i e s  3 0  k m /h , 40km/h and 50km/h , 
decel erat i o n  r ange 1 9- 2 1 , 4g 
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We physical l y  expec t that w i t h  s i m i l ar body masses a l s o  simi l ar 
s h ou l d er b e l t forces w i l l be mea sured at a con s t a n t  s l ed d ec e l e
rat i on ( he re 1 9 , 0 to 2 1 , 4g )  independent o f  the co l l i s io n  ve l o
ci ty ( Newton ' s  B as ic L aw o f  Mec h a n i cs F = m • a ) . Accord ing to t h i s  
pres en tation however , t h e  regre s s ion s tr a i g h t  l i n es o f  the 
30km/h a nd 4 0k m / h  col l i s io n s  run abou t para l l el , whereby t he 
level of t h e  4 0km/h s tr a i g ht l in e  l i es at about 7 70 N  h i g her than 
t h e  one of t h e  30 k m/ h  group . On the contrary , t he reg ress ion 
s t r a i g ht l i n e  of t h e  SOkm / h  group has a s t eeper cours e ,  where
by i n  higher bod y masses essent i a l l y  h ig her shou l d er be l t  forces 
are reached , whi le i n  lower body mas s es t he s ta nd ard errors of 
e s t imation over l ap i n  a l l  t hree regress ion straight l i nes . 

When d i scu s s i ng t he quest i o n  how such a s urpr i si ng resu l t  is 
reached one h as t o  real i z e  that t he height of the shou lder bel t 
force is d e t ermi ned by a decel era t i o n  whi ch i s  not o n l y  com
posed of t he s l ed d ecel er a t i o n  ( here 1 9  to 2 1 , 4g ) ,  but i s  a l s o  
i n f l uenced b y  t h e  exten s i bi l i ty o f  t h e  be l t  and t he thorax 
f l ex ib i l i t y .  I f  the s l ed d ec e l er a t i o n s  a nd t he exten s i o n  
ch aracter i s t ics o f  t he be l t  cou ld be regarded t o  be con s tant , 
on e has t o  prove i f  the e l a s t i c a l  rea c t i o n s  of the thorax are 
chang ing , i f  therefore t he t ho rax wi l l  be s t i f f er w i t h  increa
s i ng col l i s ion v e l oc i t y .  I f  t h i s  i s  the cas e ,  the i ncreas e of 
the shou l der-bel t-force-�ime-curve shou l d  i ncrease wi th i n
creas i ng co l l i s i on vel oc i t y .  Therefore we h ave exam i n ed t he 
course o f  t h e  force-time-curve from t h i s  po i n t  o f  v i ew .  

In a l l  three col l i s ion v e l o c i t ies t he ascen d i ng t ime was 
de termi ned i n  the range of 10 to 90 percent of the maximum 
hei g h t  of t h e  shoul der bel t  force . W i t h  i n creas ing co l l i s ion 
vel oc i t y  a l so an i ncrease of the ascend i ng t ime was observed , 
simi l ar the t ot a l  impress ion per i od o f  the force . On t he other 
ha nd , the average f or ce s l op e  was s im i l ar a t  a l l  t hree velo
ci t i e s . Thi s cou l d  mean , when incre a s i ng the col l i s ion vel o
ci ty f rom 3 0k m / h  to S O k m / h  there is no s t i f fer react ion of the 
thorax . 

On ly f rom t h i s  con s i de ra t io n  no d i f ferent e l as t i c i ty behav ior 
of t he t ho rax can be d er ived from the various col l i s i on velo
ci t i es . 

Des p i t e  o f  i t  shows t he med ical ev a l u a t i on a d i f ferent reaction 
of t h e  t horax : in d ependence to t he col l i sion v e l o c i t i e s  
di f f erent r i b  f ra c t ure frequenc i e s  were f ound , whi ch wi l l  b e  
d i scus sed as f o l l o ws . 

Th e occu rrence o f  a cer t a i n  number of r i b  f ractures in connec
tion w i t h  a s t er num f racture res u l ts i n  a break -down of the 
or i g i n al e l a s t i c i t y  behav ior . A f t er t h i s  i nciden t ,  the dorsal 
s k e l eton p a r t s  o f  the thorax as wel l as t he thorax- and upper 
abdom i n a l  org a n s  m u s t  be of s ig n i f i cance for t he further force
time-cou rs e .  
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R ELATION BETWEEN NUMBE R OF R I B  F RACTUR E S  A N D  THE AGE 

Rib f ractures are the most s er ious k i nd o f  i n j ur i e s  occurri ng 
at a l l  t hree vel oc i t ie s  i n  the a bove men t ioned dec e l er a t io n  
rang e .  Mos t r i b  f ractures are d ir ec t l y  c au sed b y  t h e  i n f l uence 
of the be l t  underneath the beari n g  s ur f a c e  area o r  add i ti o n a l l y  
i n d i rect l y  away o f  i t  a s  i ncom p l et e  bending f ractures o r  real 
bend i ng f ractures . In older persons the b el t width i s  i nd i cated 
by t h e  width o f  the f r ac ture f ragmen t s  ( KALLI E R I S  and MATTERN 
19 74 ) .  As a lready men t i o n ed i n  former pub l i ca t i o n s  ( SCHMI DT et 
al 1 9 7 4 , 1 9 7 5 ) i nc re a s ed the number of r i b  f ractures accord i ng 
to t h e  age . F igure 4 s howed the rel a t i on between the number o f  
r i b  f ractures to the �ge a t  three d i f ferent col l i s ion vel oci t i e s  
bu t the same s l ed d ecel eration rang e . Whi le the r egress ion 
s t r a i g h t  l i n es o f  the 40km/h and 50 k m / h  g roups are c l o se to
gether , the one of the 30 km/h l ie s  s i g n i f ican t l y  b e l ow .  

30 

25 

20 

15 

10 

5 

0 

number of rib fractures 

* • 30 km/h 
• •  40 " 

• •  50 " 

Fig . 4 :  Rel at i on of number o f  r i b  frac ture s w i th t he age a t  
co l l i s ion vel oc i t i e s  o f  30km/h , 40km/h and 5 0km/h , 
decel eration r an g e  19- 2 1 , 4g 
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Thi s i s  part i cu l a r l y  relevant because the 30km/h s howed the 
a l ready men t i on ed over-represe n t a t i o n  o f  ol der test sub j ect s .  
From the con s iderabl e d i st ance o f  t h e  30km/h group ' s  regre s s i on 
straight l i n e  to t he ones of the 40km/h and 5 0  km/h g roup i t  can 
be derived t h a t  between the col l i s i on v e l oc i ty 30km/h and 40km/h 
the t ho rax i s  exposed t o  such a s tr a i n  that i t s  e l a s t i ca l  s truc
tu re break s d own . Th i s  caused an erra t i c  i ncrease of r i b  frac
ture s ; however , w i t h  further i ncreas ing col l i s i on v e l o c i t i e s  no 
proportional i ncrease of the number of r i b  f ractures t ook pl ace . 

LO CALI SATION AND F REQUENCY O F  RI B F RACTU RES 

Accord ing to t h e  use of the shou l d er bel t i n  driver or pas senger 
pos i t io n  the t horax h a l ves are d i f fere n t l y  s t rai ned and so 
determ i n es the l oca l i s at ion of rib fractures . 

The loca l i sa t ion and f requ ency o f  rib fractures i n  t h e  30km / h , 
40km/h and 5 0km/h groups are expres s ed i n  percen tage i n  Figure 5 .  

The 30km/h g ro up c o n t a i ned 10 tests i n  d r i ver pos i t i on ( the 
rema inder was in pas s enger pos i t ion a nd t herefore not con
s i dered in the f i gur e ) .  Of t he 10 t e s t s  there were 3 cases 
wi thout rib fractures . The 4 0km/h g roup com pr i s ed 2 1  t e s ts in 
pa sseng er pos i t i on o n l y  and t h ree sub j ects had no rib f rac tures . 
Th e 5 0  km/h a l so i n c l uded 2 1  tes t s  i n  d r i ver pos i t i on having 
four cases wi thout rib f ractures . 

In the 3 0k m / h  group f ract ures of t h e  s econd a nd t he t h i rd r i b  
o f  t h e  l e f t  t horax h a l f  were reg i s t e red i n  5 a nd 6 percent of 
the cases respec t i ve l y ; correspond i n g  to 15 a nd 1 4  percen t in 
the 50km/h grou p .  I n  pas s en ger pos i t ion the s ame ribs a t  the 
r i g h t  thorax h a l f  are represen ted by 10 and 9 percen t .  In the 
30km/h and 50km/h group the r ig ht t horax h a l f  in driver pos i t ion 
s h owed an i rreg u l a r  p i c tu re of f ractured r ib s .  Whi le t he 5 0km/h 
grou p i n d i c at ed a s im i l ar p i c ture between the second and 
seventh rib at the r ig h t  s i de ( frac ture frequency of t he res
pective rib 9-12 percen t ) . The 3 0 k m / h  g roup reached a max imum at 
th e f i f th r ib w i t h  12 percen t ,  wh i l e the o t h ers ( 2 nd to 7th r i b ) 
l i e  between 4 a nd 8 percent . 

In t he 4 0k m / h group ( pa ss e nger p os i t i o n ) mo s t  rib fractures oc
curred in t h e  l e f t  m i d d l e  thorax reg io n . I n  the 3 0k m / h  and 
40km /h tes t s  t h e  l oca l i s a t i on of r i b  f ractures essent i a l l y  f o l lo
wed the bel t pat h . The unc haracter i s t i c a l  f racture d is pers ion 
in t he 50km/h te s t s  can be expl aned by the occurrence , i nd irect 
r i b  f ractures ou t s i d e  of the bel t pat h .  
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SOFT T I S SU E  AND O RGAN I NJU R I E S  

Tab l e  2 s hows the d ependence o f  the i n j ur y  f requ e nc y  f rom the 
co l l i s i on veloci t i es . N earl y i n  a l l  i n j ur i e s  ment i o n ed an i n
crea s e  i s  d eterm i n ed i n  regard to the i r  f requency with t h e  
co l l i s ion v e l oci ty . More s er ious i n j ur i e s  are sel dom . I n  t h i s  
co n n ec t i on o ne c a n  ref er to tra n s f i x i ng s  o f  t h e  pl eura ,  which 
n a tu ra l l y  a l so i nc lu d e  t he d anger o f  l u ng pun cture . These i n
j u r i es , wh ich are o n l y  cau sed t hrough r i b  f ractures were f ir st 
seen i n  the 40km /h and 5 0  km/h g roups i f  t he thorax s tructure 
i s  d es troyed and a more f requent d i s p l acement of f racture end s  
occurred . 

impact ve l oc i ty ( km /h ) 

3 0  4 0  5 0  

Shoulder sk i n  6 9  7 2  9 5  

Suprac l a v i c u l a r  reg i o n  1 5  3 8  50 

P l eura - 24 1 5  

Lu ng puncture - 5 5 

Lung root - - 5 

He a r t  au r i c l e  - 5 -

Abdom i n a l  s k i n  7 9  86 7 5  

L i  ver - 10 10 

Spleen - 5 -

P a n c reas - 5 -

K i d n ey - 5 5 

I n ters t i n e  - 10 10 

Mesen t ary - 5 2 5  

Abdom i n a l  ves se l s  - - 10 

Ur i nary b l a d d er - - 5 

n = 19 n = 2 1  n = 2 1  

Tab l e  2 :  D i s p er s ion of s o f t  t i s sue a nd org a n  
i n j u r i e s  i n  percentage at co l l i s i on 
ve l o c i t i e s  of 3 0k m/ h ,  40km/h a nd 
50km/h 

2 0 5  



Very of ten are a l s o  mesen tary con t u s i o n s  i n  the SOkm/h group , 
caus ed by the i n f l u ence of the l a p  bel t  to the abdomen duri ng 
submar i n i n g . N ea r l y  regu l a r  f i n d i n g s  are abra s i o n s  and con tu si on s  
of t h e  s ho u l de r  s k i n  a t  the u pper anc horage poi n t  s i d e ,  a s  we l l  
as mos t l y s ymme t r i c a l  pel v i s  sk in a bras ion s . The i nt en s i ty o f  
i n j u r i e s  o f  the ex t r a- thoracic s o f t  t i s su es i n  the l at eral neck 
triangl e below t he beari ng surface area of the b el t s i g n i f icant
ly i ncreases with the vel o c i t y ; c o n tu s i o n s  o f  the l a teral mus
cu l ar sys tem o f  the neck a nd the p l exus brachi al i s , in SOkm/h 
al so l ac er a t i o n s  o f  the b l ood ves s e l s  a re t he resul t ,  espec i a l l y  
i f  the c l a v i c l e  i s  broken . 

S P IN AL COLUMN I N JU RI ES 

The spi na l  columns were exami ned by a s peci a l  d i s se c t i on tech
niqu e  ( HE ES S  1 9 77 , SCHMI DT et al . 1 9 78 ) . S p i n a l  co l umn i n j uries 
seem t o  be l ong to t he reg u l a r  f i n d i ng s , whereby t wo i n j ury main 
po i n t s  cou ld be defi ned . One i s  the tra n s i t ion o f  t h e  cerv ical 
vertebra c o lumn to t he thora c i c  vertebra col umn , the o t her is 
the reg ion of the tho ra c i c  l um bar trans i t ion . In the 30km/h group 
the frequency of t he tes t s u b j ects in d r i ver- and p a s s enger 
po s i tion was about equ a l  so t he quest io n  of a s i d e- ty p i c a l  i n
j u ry pat tern o f  the s p i n a l  col um n  cou l d  be exami ned . I n  both 
seat ing pos i t i on s  a t hroughout s i mi l ar i n j u ry p a t tern cou l d  be 
observed ; which is obvi ou s l y  caused t hrough the ven t r a l  f l e xion . 
Accord i ng to t he bel t pos i t ion t he r es u l tant torsion of the test 
body right or left a round the s p i n a l  col um n  axi s o n l y  p l ays a 
secondary part i n  regard to t he i n j u r y  d i s persion . 

Character i s t i c a l  s pi n al col um n  f i nd i n g s  caused by the bel t 
strai n are l acerat ions o f  the l igamenta f l ava , dorsal l acer a t ions 
of i n t ervertebra l d i s cs and ven tral compres sion f ractures o f  the 
vertebral b od ie s .  They are t he expre s s i on of the ventral fle xion 
as a l r eady me n t i on ed , the k i nemat i c  of it h a s  been d ocumen ted in 
high s peed f i l ms . Between torso and spi n a l  c o l umn bend ing ang l e s  
o f  6 2- 12 5  d eg rees were measured . 

I f  one compares the frequency o f  the i n j uries i nd i ca t ed as typi 
cal i n  the three v e l o c i t y  g roups a n  i ncrease o f  i n j uries in the 
cerv i cal-thoracic t ra n s i t ion b et ween the 3 0km/h and 4 0km/h g roup 
can be proved ( Tab . 3 ) .  O ppos i te t o  it t he SOkm/h group shows 
in a l l  s i ng l e  i n j uries a s i g n i f i c an t l y  smal ler f requency . The 
reasons f or t h i s  behavior con t rary to expec t a t i o n s  are not quite 
so l ved yet . W i t ho u t  doubt a l s o  here the l es ser age average in 
the SOkm/h group p l ays a n  import a n t  p ar t ; becau se o f  the b i g  
d i f f er ence in t he i n j ury f requ en c i es one c a n  s uppo se t h a t  othe r  
factors o f  t h e  k in em a t i c  and d y n am i c  add i t ional l y  i nf l uence this 
behav i o r . Add i t ional ana l yses a re i n  work for f in a l  c l a r i f icat ion. 

A l s o  no g radual i n crease of the i n j ury f requency i n  the thoracic 
lumbar tran s i t i on ( Tab . 3 )  wi th t he c o l l i s i on v e l o c i t y  can be 

2 0 6  



Imp . Veloc . Mus c l es L igamenta I n t ervert . Corpu s 

km/h f l ava d i scs vertebrae 

3 0  

40 

5 0  

30 

40 

5 0  

3 7  3 2  3 9  

4 2  5 0  3 3  

21 18 2 8  

4 2  0 3 9  

28 6 0  3 9  

3 0  4 0  2 2  

Tab l e  3 :  D i s pe r s i o n  o f  sel ec ted s p i n a l  col umn 
i n j u r i e s  i n  percen tage 

• 
LI 

3 5  0 .r:. c „ 0 
4 5  

1 ..,.j . „ 
u .... .... Cl) 

20 > c 
LI 1t1 QJ LI 
u „ 

• 
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2 7  E 0 ::3 ..,.j 1-4 „ 
46 

1 ..,.j 
• Cl) 

LI C 
0 ld 

2 7  .r:. LI 
„ „ 

recog n i zed . Les s d i s t i n c t  than i n  the cerv i c a l - thoraci c transi
t i on a l so h er e  i n  t h e  50km/h grou p  a comparab l e  sma l l er i n j ury 
degree was observed . 

OA I S -COL LI S I O N  VELOCITY 

None of t he 61 c ad av er s  rem a i n ed u n i n j u red ; o ne can deri ve 
from Tab le 4 t h a t  a s ig n i f i can t l y sma l l e r  t o t a l  i n j ury grade 

0 A I s 

Imp .  v e l . 0 1 2 3 4 5 

3 0  k m /h 1 0 0  % 0 0 10 74 16 0 

4 0  km/h 1 0 0  % 0 0 9 4 8  3 3  10 

5 0 k m/h 100 % 0 5 1 5  4 5  1 5  2 0  

Tab l e  4 :  D i s pers ion o f  t h e  O A I S  i n  perce n t ag e  a t  co l l i s i on 
v e l o c i t i e s  o f  3 0km/h , 40km/ h a nd 50km/h 

6 

0 

0 

0 

2 0 7  



o ccurred i n  t h e  3 0km/h group t ha n  i n  t he 40km/h and 50km/h 
grou ps . Es peci a l l y  in t h i s  group i n  no c a s e  i n j u r i e s  of O A I S  5 
were f ou nd , however , i n j uries of t h i s  h ighest i n j ury g rade 
in our cadaver t es ts were obs erved by 10 perce n t  i n  the 4 0k m / h  
group and b y  2 0  percen t i n  t he 5 0k m / h  group . I n  l ower i n j ury 
grades t he d ependency o f  the ve l oc i t y  to t he i n j ur y  frequency 
i s  not c l ear i n  each case i n  the 3 0k m / h  and 40km/h groups . The 
les s e r  frequ ency of in j ur i es i n  O A I S  2 ,  3 and 4 i n  t h e  50 km/h 
group can be probab l y  exp l a i n ed w i t h  the s peci a l  age compo s i t i on : 
t h i s  g roup a s  al ready men t i oned h ad the l owes t age average wi th 
30 years . 

SUMMA RY 

In t h i s paper we report about t he res u l ts o f  fron t a l  c o l l i s i on 
te s t s  wi th bel ted cad aver s s imul a t ed on a d ec e l er a t i o n  s l ed a t  
co l l i s i on vel oc i t ies o f  30km/ h ,  4 0k m / h  and 5 0k m/ h .  I n  order to 
be t t er com pare the var ious c o l l i s i on vel oc i t i e s  6 1  t e s t s  i n  t h e  
decel era t io n  r ange o f  19- 2 1 , 4g were s el ected ou t of 1 2 7  tests 
in h ig her decel erat ion r anges ( 1 7-2 5 g ) .  About 6 5  percen t of the 
cases were in t he age range of 15  to 4 5  year s .  The H IC-val ues 
amou n t ed 6 1  to 1008 and i ncreased wi t h  i ncreas ing c o l l i s i on 
ve loc i t y .  Morphol og i ca l  provabl e  bra i n  i n j ur i es were not ob
served . The s houl der bel t forces i ncreased a ccord i ng to the body 
mass , and there is an i nc re a s e  of t h e  number of r ib f ractures 
by i nc reas i ng age . In near l y  a l l  s o f t  ti s s ue and org an i n j uries 
an i nc re as e of the f requency accord i ng t o  the col l i s i on vel o
ci ty was noted . The s p i n a l  s o l umn i n j ur i e s  s howed two mai n 
po i n t s , one at the cerv i c a l -thoracic t ra ns i t ion a nd the o t h er a t  
t h e  thora c i c - l umbar tran s i t i on . A n  i ncrease of i n j ur i e s  of the 
30km /h group t o  the 4 0  km/h group cou l d  b e  observed ; however none 
in t h e  50km/h grou p .  The t o t a l  i n j ury degrees were between 1 a nd 
5 of t h e  A I S . S ig n i f i ca n t l y  sma l l er total i n j ur y  degrees occurred 
in t h e  3 0k m / h  group than i n  t h e  4 0k m / h  and 50km/h groups . 

ACKNOWLE DG EM ENTS 

Our work i s  spon sored in part by FAT ( Forschu ng sv erei n i gung 
Au tomo b i l tech n i k  e . v . , Frank furt , \•Jest Germany ) a nd CCMC 
( C ommi tee of Common Ma rk e t  Au t omob i l e  Con s tructors ) ,  w i t h  
tech n i ca l  as s i s tance b y  t h e  Volk swagenwerk AG , f or wh i ch we 
are gratef u l . 

REFERENCES 

F ak te n  zu U n f a l l geschehen und Fahrzeug s i cherhe i t  HUK-Verband 
1 9 7 7 .  

HARTEMAN N ,  F . ,  THOMAS C . , H E N R Y  C . ,  FORET-BRUNO , I -Y . ,  FAVE RJON · 
G . , TA RR i t: RE C . ,  GOT C .  and P ATEL A . :  " Be l  t ed or No t Bel ted : The 
On ly D i f ference Between Two Mat ched Sam p l es of 2 0 0 Car Occupa n t s "  
Proc eed . o f  t h e  2 1  t h  S t app Car Crash Con f .  1 9 7 7  

2 0 8  



HEESS G . : "Wirbe l s äu l enverl e t zungen menschl i cher Leichen bei 
s i mu l iert en F ro n t al aufpra l l en "  med . D is s .  Heidelberg 19 7 7 .  

KALL I E R I S  D . : " E i n e  Fal l g ewicht sbesch l eun igungs a n l age zur S imul a
ti on v on Auf pral l u nf ä l l en ,  P r i n z ip u nd Arbei t s we i s e "  z .  Rechts
med i zi n .  2 5 ,  1 9 74 . 

KALL I E R I S  D .  and MATTE RN , R . :  " Shou l d er-Bel t-Forces and Thorax 
In j ur i e s "  P roceed . of t he I RCOB I  Con f .  Lyon 1 9 74 . 

N I E DERER P . ,  WALZ F . ,  and ZOLLI NGER U . :  " Adverse Effects of Seat 
Be l t s  a nd Cau se s  o f  Bel t Fai lures in S evere Car Acc i d e n ts i n  
Swi t zer l a nd Dur i n g  1 9 7 6 11 P roceed . o f  the 2 1th S t ap p  Car Crash 
Con f .  1 9 7 7 .  

Proceed ings o f  the s i x t h  I n t er na t i on a l  Conference o f  t he I nter
na t i o n a l  Assoc i a tion f or Acc id e n t  and Traff i c  Med ic i n e  
Me l bour n e  1 9 7 7 . 

SCHMI DT Gg . ,  KALLI E R I S  D . ,  BARZ J .  and MATTE RN , R . :  Res u l ts of 
49 Cadaver Tes ts S imu l a t i ng Frontal Col l i s ion of Fron t  Seat 
Passenger s "  P roceed . of the 1 8 t h  S t ap p  Car Crash Con f .  1 9 74 . 

SCHMI DT, Gg . ,  KALLI E R I S  D . , BARZ J . ,  MATTE RN R .  a nd KLA I BE R  J . : 
" N eck and Thora x Tol er ance Level s o f  Bel t-Protected Occupants 
i n  Head-On Col l i s i on s "  P roceed . of the 19th S tapp Car Crash 
Co n f . 1 9 7 5 .  

SCHMI DT Gg . ,  KALLI E R IS D . , BARZ J . , MATTE RN R .  und S CHULZ F . :  
"Bel as tbar k e i tsgrenze und Ver l e t zu ng smechan i k  des angegur teten 
Fahrzeug i n s a s s e n "  FAT Schri f t e n re ih e  Nr . 6 1 9 7 8  

2 0 9  


