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I nj ur i es to a utomob i l e crash v i ct i m s  are common and cost l y  to soci ety . I n  
order to reduce t he severeness  o f  t he i nj ur i es and to save l i ves , seat be l t  
use has been l eg i s l ated i n  many countri e s .  The effect i veness o f  t he seat 
be l ts i n  reduc i ng i nj ur i es to car occupants has been s hown by many i nvest i 
gators ( 1 , 2 , 3 ,4 ) .  T he protecti ve effects of  seat  be l t s  are undoubtely dependent 
on s uch factors as t he type of accident , t he type of car , t he age of the car 
occupant etc . Studi es on i nj ury patterns i n  those i mmedi ately k i l l ed are 
i mportant for further i mprovement of safety measures . I n  order to get a 
conception  i f  the n umber o f  fata l  casua l t i es can be reduced by i mproved 
emergency med i ca l  care , s t udi es of t hose cases who s urv i ve for some t ime i s  
necessary . 

T he c ho i ce of t he c rash i nJ ury sampl e  for s uch  a s tudy i s  of  cruc i a l  i mpor
tance . Contrary to other i nves t i gat i ons , t h i s  i nvest i gat i on has been based on  
a one year se lect ion  of a l l  fata l  automobi l e  acci dents i n  a country wi th  h i gh 
med i ca l  s tandards . 

�ateri a l  and Methods 

I n  a l l 458 automobi l e  acc i dents wi t h  fata l  outcome occurred i n  Sweden 1 975 . 
I n  these acci dents J 366 persons were i nvo l ved , 560 of  w h i c h  were k i l l e d .  
A person who surv i vesthe acci dent but d i es v-1i th i n 1 year i s  con s i dered ki l l ed .  
I n  the present i nvest i ga t i o n  t he k i l l ed car occupants as  wel l as  the s ur
v i v i ng occupants  are i nc l uded . In a l l of these cases , data have been co l l ected 
from po l i ce reports , autopsy records , case s heets , photographs from t he scene 
of acci dent and t he damaged cars , and from day-to-day reports s uppl i ed by 
t he Swed i s h  Road Traffi c Safety Authori ty .  On l y  1 4  persons ki l l ed i n  automobi l e  
t raff i c  acci dents t h i s  year were not s ubjected t o  autopsy and t he cause of  
death  i n  these cases have been taken  from t he death cert i f i cates . 

S i nce 1 975 seat be l t  use i s  mandatory i n  Sweden for front  seat occupants . 
The seat be l t  use by t he back seat passengers i s  qu i te l ow ,  and i n  order to 
get test  groups of  comparab l e  s i zes o n ly  t he front seat occupants , i . e .  t he 
dri vers and t he fron t  seat  passengers have been i nc l uded i n  t he eva l uation  
of the i njury reduc i ng effect i veness of t he seat  be l ts .  

I n  the analys i s  some cases have been exc l uded : occupants i n  cars underdri v i ng 
l orri es have not been s tudi ed more c l ose ly  and persons t hrown out of the car 
have been a na l ysed as  a s pec i a l  group . 
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The body i nj uri es have been regi stered as to the type ( e g .  aort i c  rupture , 
l ung  contus i on  etc . ) ,  the l ocation  (eg .  head , nec�horax , a bdomen , pe l v i s  
and extremi t i es ) and the severeness .  I n  eva l uat i ng  the severeness t he Abbrev i a
ted I nj ury Sca l e  ( A I S  1 976 rev i s i o n )  has been used . T he A I S  range from 0 to 6 ,  
where 0 i nd i cate no i nj ury and 6 fatal untreata b l e  l e s i ons . 

When for a g i ven person , t he overa l l i nj ury has been eval uated the I nj ury 
Sever i ty Sca l e  ( I SS ) proposed by ßa ker et a l  ( 5 )  has been appl i ed .  The ISS 
i s  the sum of t he squares of  the h i ghest AIS codes i n  each of t he t hree most 
severe ly  i nj ured body reg ions . The persons studi ed may have addi t i onal  l esser 
i nj uri es i n  other body regi ons  but these are not consi dered i n  determi n i ng the 
I S S .  I n  her work Baker recommended t hat i nj u r i es scori ng 6 accordi ng to A IS  
s ho u l d  be  omi tted or va l ued 5 s i nce they were not  consi dered to be  freq uent . 
I n  t he present mater i a l  maximal A IS  rat i ng i s  at hand i n  a consi dera b l e  n umber 
of cases and therefore t he ca l c u l at i on of t he I SS has been based on the ori gi 
na 1 A I S  score . 

I n  order to get a comprehen s i on of the lmpact energy ,  the acc i dents were stud i ed 
as to t he deformation  of  di fferent zones of t he car ( cf .  f i g .  1 ) .  The car was 
subdi v i ded i nto 8 zones . I n  addi t i o n  the degree of i ntrus i on of t he steeri ng 
wheel  a nd t he deformati on of  the dashboard was recorded , and these i nterior 
parts of the car were i nc l uded as  separate deformati o n  zones . 

The deformati on ( D )  of each zone was scored from 0 to 3 ,  where 0 i nd i cate no 
deformat ion and 3 a ful ly deformed zone . I n  order to get an est imate of t he 
i mpact energy ( I E )  for the d i fferent cars i nvol ved the deformat i o n  score was 
s quared and s ummed up for a l l  deformat i on zones : 

I E=D ( 1 ) �+0 ( 2 ) 2+ . • • •  D ( 1 0 ) 2 

The va l ue of  I E  then refl ects the impact energy and s ho u l d  offer a q ua l i tat ive  
too l for the  se l ect i o n  of  compara b l e  acc i dents . 

I n  order to determi ne actual di fferences i n  the present mater i a l  stat i s ti ca l  
methods were emp l oyed . I n  the tests for s i gn i fi cance the parameters stud i ed 
were a s s umed to be normal  w i t h  an average and a standard dev i at i o n  or  w i t h  a 
frequency .  A two-ta i l test was a l ways performed . 
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F i g  1 .  Defi n i t i on  of  t he deformat ion  zones . 5 -8  i nc l ude hood a nd trunk .  
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ISS  d i stri buti on i n  surv i v i ng and k i l l ed front seat occupants 

F i g g .  2 and 3 presents the d i str i but i on of  the ISS i n  s urvi v i ng and k i l l ed 
dri vers and front seat  passengers . Accord i ng to fi g .  3 t here are some occupants 
w i t h  q u i te l ow I S S .  Some of  t he deceased d i ed from posttraumati c  compl i cati ons 
s uch  as pneumon i a  and p u l monal  fat or  thrombo embo l i sm .  Four persons d i ed from 
drown i ng i n  cars s ubmersed i n  water . I n  1 4  cases no autopsy was performed and 
i n  these cases an  est imate of  t he ISS was made from the death cert i fi cates from 
wh ich  i t  i s  i mpos s i b l e  to obta i n  a comp l ete A I S  scori n g .  
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Fi g 2 and 3 .  ISS  di stri buti on i n  surv i v i n g  ( 2 )  and k i l l ed ( 3 )  occupants 
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An attempt to defi ne a cri t i ca l  ISS l evel  has been made such  t hat there are as 
many deceased persons w i t h  an I SS va l ue be l ow t h i s  l evel  as  t here are s urv i v i ng 
w i t h  an ISS va l ue exceedi ng th i s cri t i ca l  l eve l . T he so ca l cu l ated cri t i cal  
l evel  i s  I SS=25 and i t  corresponds to a n  AIS=5 v a l ue i n  one body reg ion  or to 
A I S=3 and A I S=2 for two body reg ions  respec t i v e l y .  

A rough est imate to correl ate t h i s  i nj ury l evel  to a re l at i ve col l i s i on  s peed 
of the veh i c l e  has been made .  Langwi eder ( 6 )  has presented an i nj ury materi a l  
compri s i ng 2 9 . 000 acci dents : t he severi ty of  the i nj ur i es s uffered by t he 
deceased occupants i n  frontal  co l l i s i ons  has been corre l ated to a n  equ i va l ent 
test s peed . Furthermore a correcti ve  factor for t he equ i va l ent test speed i n  
re l at i o n  to t he re l at i v e  col l i s i on  s peed , i . e .  t he real s peed at t he moment of 
i mpact , i s  presented . The data presented by Langwi eder are compared to t he 
present mater i a l  and ca l c u l at i ons  y i e l d  a re l at i ve co l l i s i on s peed of about 45 
km/h corres pond i n g  to t he above men t i o ned cri t i cal  I SS l eve l . 

Type and frequency of the i nj ur i es suffered by be l ted and unbel ted car occupants 

The most frequent i nj ur i es s uffered by bel ted and unbel ted car occupants are 
l i sted i n  tab l e  1 ,  wh i ch  a l so accounts for some i nj ur i es wh ich  di ffer i n  fre
quency i n  t he be l ted and unbel ted group .  

B l unt t rauma to  t he head wi th s ku l l fractures and  bra i n  l es i ons i s  we l l  known 
as frequent i n  traffi c casua l t i es .  In t he present materi a l  t here i s  a *** 
s i gn i fi cant d i fference regard i ng t he corti ca l  contus i ons  and a ** s i gn i fi cant 

Frequency Type of 
i nj ury bel ted % unbe l ted % 
Lung contus i on 
6 - 1 0  ri b fractures 
1 - 5 ri b fractures 
L i ver rupture 
Pe l v i c  fracture 
Femur fracture 
Face i nj ur i es ( § )  
Bra i n  cort i c a l  contus i on 
Lung l acerat i on 
Commoti o  cerebri ( § )  
Spl een rupture 
Cross fracture of t he 
base of the s kul l 
Impres s i on fracture of 
t he base of  t he s ku l l  
Aort i c  i stmus rupture 
Heart l acerati on 
D i·s rupti on of many 

_ b�i �g_i 1!9 _V�i ns
.,... 

_ _ _ _ 

. Fracture of  n 1 ac crest � Ma l l eo lar  fracture 

1 6 . 5  27 . 7  
2 3 . 1  26 . 3  
2 1 . 3  2 3 . 6  
1 1 . 5 1 8 . 1  
1 6 . 5  1 8 . 5  
1 4 . 1  1 7 . 2  
1 4 . 5  1 7 . 1  
9 . 0  1 6 . 2  
9 . 9  1 5 . 5 

1 0 . 5  1 3 . 7  
7 . 8  1 3 . 3  

7 . 6  

7 . 0  
7 . 8  
7 . 8  

4 . 2  
Z. o -
5 . 4  

1 3 . 1 

1 2 .  1 
1 1 .  0 
1 0 . 0  

- JL.2 _ 

0 . 9  
2 . 8  

S i gn i fi cance 
l eve l  
*** 

** 

*** 
** 
* 
** 
** 
** 
** 

** 
* 

Table  1 .  Freque n l y  occuring  i n j ur i es i n  s urv 1 v 1 ng and k i l l ed bel ted ( N=503 )  
and unbel ted ( N=565 ) car occupants . ( § )  i ndi cate surv i v i ng occupants on� 
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di fference for vari ous sku l l fractures , bra i n  l acerat i o n , tentori a l  herni at ion  
and  d i s rupt i on  of  many bridgi ng ve ins  as  can  be  seen i n  tab l e 1 .  

Concern i n g  neck i nj uri es s i gn i fi cant * di fference i s  found for total di sconnec
t i o n  of t he occ i put from the at l as , as  wel l as  cerv i ca l  s p i ne fractures i nc l u 
d i ng fractures of  the odontoi d process o f  t he axi s .  Bel ted dr ivers tend to 
s uffer from soft t i s s ue i nj ur i es to t he neck s uch as i nj uri es to the caroti ds 
and t he trachea more often than t he unbe l ted do and th i s d i fference i s  evi dent ly  
caused by the s teeri ng whee l . 

I n  agreement w i t h  general experi ence i nj uri es to the t horax  wi th  ri b fractures 
and contus i ons and l acerat i ons to t he l ungs i s  a very common f i nd i ng . A l t hough 
t he n umber of  r i b  fractures does not d i ffer s i gn i fi cant l y  between the bel ted 
and t he unbel ted group , t here i s  a *** s i gn i fi cant d i fference concern i ng t he 
l ung  contus i ons and on  t he ** l eve l  concern i ng the l ung  l acerat i ons . 

Among other t horax  i nj ur i es t here i s  a s i gn i fi cant d i fference ** found regard i ng 
rupture o f  t he aorta at  t he i stmus as  wel l as i n  the ascend i ng part j ust  above 
the heart . These aort i c  ruptures are i n  many cases attri buted to t he s hovel 
effect as s uggested by Vo i gt ( 7 ) . 

Ruptures of  t he l i ver and t he s p l een occur more frequent l y  i n  the unbel ted 
gro u p .  There i s  a ** s i gni fi cant d i fference and i t  s ho u l d  be emphas i zed t hat  
rupture o f  the  l i ver , often wi th  i ntraabdomi na l  b l eedi ng , i s  s een i n  as much as 
1 8  % of t he unbe l ted . Concern i ng t he dri vers , the steer ing  wheel was t he causa
t i v e  agent i n  head-on col l i s i ons . The front  seat passenger s uffers from l i ver 
rupture i n  ri ght s i de co l l i s i on s .  

Fractures o f  t he pe l v i c  g i rd l e  occur i n  comparably hi gh frequency i n  t he 
bel ted and unbel ted group .  However , a l t hough not very common ,  t here i s  a 
h i gher i nc i dence of  fractures to t he i l i ac crest i n  t he bel ted group .  The 
d i fference i s  s i gn i fi cant on the * l eve l  and can be attri buted to the l ap bel t .  

Concern i ng i nj uri es to t he extremi t i es , i . e .  ma i nl y  d i fferent fractures , t here 
i s ,  a part from fracture of t he femur , a s l i ght overrepresenta t i o n  i n  t he bel ted 
group . A reasonab l e  expl anati on for t h i s  di fference i s  a pendul um effect whi ch  
causes  t he free ly  movab l e  extremi t i es to  move forward and  h i t the i nterior of  
t he car whi l e  t he trunk  i s  restra i ned by  the seat bel ts duri ng  t he crash .  

I nj ury pattern and causes of death i n  de l ayed fata l i t i es 

Out of  t he 560 fata l i ti es i n  t he acci dents , 1 56 ( 2 8% ) survi ved a vary ing  amount 
of t i me .  Of these , 20 cases ( 4% of a l l )  d i ed duri ng t he fi rst hour and 52 cases 
( 9% of a l l )  wi th i n 3 hours . Seventy-ei ght cases ( 1 4% of a l l )  were deceased 
w i t h i n 24 hours and 1 1 4 cases ( 20% of a l l )  w i t h i n  a wee k .  

Forens i c  auto psy reports and hosp i ta l  records offered a pos s i bi l i ty t o  carefu l ly  
penetrate the causes of  death i n  these del ayed 1 56 fata l i ti es .  I n  67  cases ( 1 2% 
of a l l )  t he mai n  cause of death were l acerati ons and contus i ons of  t he bra i n  or 
bra i n  s tem and/or mul t i p l e  d i s ruptions  of  t he parasag itta l  br i dg i ng  vei ns . Many 
of these cases had no cerebral funct i on at the arr i va l  to t he hosp i tal . Lacera
t i ons of t he heart or of  l a rge vesse l s  accounted for 1 5  ( 3% of  a l l )  of the 
casua l ti es .  A del ayed burst i ng of an i ncompl ete rupture of t he aorta was often 

309 



seen  i n  t hese cases . Mu l t i pl e  r i b  fractures wi t h  f l a i l e hest and/or contus i on s  
o r  l acerati ons of  the l ungs and d i aphragm were seen i n  2 3  cases ( 2% o f  a l l ) .  
Because of  the severe pu lmona l i nj ur i es i n  many of  these cases , i t  was impos s i b l e  
t o  mai nta i n  t he l ung  funct i on desp i t e  o f  the fact that they surv i ved for some 
t i me and were g i ven i nten s i ve med i ca l  care . Rupture o f  t he l i ver , s p l een or the 
gut was regarded as the cause of  death i n  1 3  cases ( 2% of a l l ) . Most of these 
had a total or i ncompl ete l acerat ion  of the l i ver . S i x cases ( 1 %  of a l l ) were 
e l derly w i t h  moderate i nj uri es . Comp l i cations  due to s u c h  moderate i nj ur ies , 
e . g .  pneumo n i a  or p u lmonal  embo l i sm ,  were the ma i n  causes of  death i n  1 9  cases 
( 3% of  a l l ) .  N i ne cases ( 2% of a l l ) deve loped a fat or mi crothromboti c  syndrome . 
M i s d i a gnosed ep i dural haemorrage , i so l ated i nj ur i es to the extremi t i e s , pure 
asp i rati on and b urn i nj ur i es d i d  on ly  account for one case each  i n  t h i s  sampl e .  

l t  i s  obvi ous that 72 % of a l l cases k i l l ed i n  t he present mater i a l  were 
beyond a l l medi ca l  care as t hey were i mmedi ately k i l l ed at the scene of t he 
acc i den t .  To j udge whether a n  i mproved acci dent med i c a l  care mi ght have reduced 
t he number of del ayed fatal i t i es i s  of course very di ffi c u l t .  However , a cons i 
derab l e  reduct i o n  seems doubtfu l . 

Category Body A IS-rati ng  Dl. I S3 

reg i on 0 2 3 4 5 6 Total N 

I 44 3 25  5 5 7 1 4  1 03 44 . 24 
unbe l ted I I  94 0 0 0 7 1 1 1 03 7 . 66 
front I I I  52 0 5 1 5  5 1 1  1 5  1 03 5 2 . 2 3  
seat I V  68 0 0 2 1 2  20 1 1 03 34 . 35 
pas senger V 86 0 . 1 1 6  0 0 0 1 03 4 . 2 7  

V I  6 7  0 35 1 0 0 0 1 03 2 . 98 

I 87 3 24 4 5 7 1 6  1 46 33 . 93 
be l ted I I  1 34 0 0 0 9 1 2 1 46 7 . 76 
front I I I  78  0 1 6  2 1  8 1 0  1 3  1 46 36 . 06 
seat I V  1 1 2 0 2 4 1 3  1 5  0 1 46 1 9 . 39 
pas senger V 1 23 0 2 2 1  0 0 0 1 46 3 . 99 

V I  99 1 44 1 1 0 0 1 46 3 . 04 

I 90 5 23 1 2  6 1 6  2 9  1 85 4 9 . 63 
I I  1 76 0 0 0 9 0 0 1 85 3 .  1 1  

unbel ted I I I  89 0 9 1 7  1 2  1 9  39 1 85 65 . 39 
dri ver I V  1 2 1 0 1 1 26 33 3 1 85 34 . 98 

V 1 58 0 0 27 0 0 0 1 85 3 . 94 
V I  1 1 1  0 72 2 0 0 0 1 85 3 . 40 

I 1 44 1 7  56 5 6 28  4 1  297  44 . 92 
I I  276 0 0 0 1 8  0 3 297 6 . 06 

be l ted I I I  1 56 0 3 1  35 1 5  28  32 297 42 . 30 
dri ver I V  222 0 4 7 3 1  33 0 297 21 . 3 1  

V 249 0 2 46 0 0 0 2 97 4 . 23 
V I  1 87 1 1 06 2 1 0 0 297 3 . 26 

Tab l e  2 .  A IS  c l as s i fi ed i nj ur i es for each body segment i n  front seat occu-
pants . I :  head , I I :  nec k ,  I I I : thora x ,  I V :  abdomen , V : pe l v i s ,  V I :  extremi t i es . 
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AIS  rati ng of body i nj ur i es i n  dri vers and front seat pas sengers 

In order to get a comprehens i on of  t he i nj u r i es c l as s i f i ed accord i n g  to AI S ,  
tab l e  2 i l l ustrates t he hi ghest AIS  for each body segmen t .  For compari son a n  
average i nj ury seve3i ty v a l ue has been eval uated for each body segment by us i ng 
the expre s s i on J:A I S  /N , a method wh ich  a l sohas  been empl oyed by Wal fi s h et a l  
( 8 ) . By u s i ng th i s parameter the head , thorax and abdomen exhi b i t  t he most 
severe i nj ur i es as can be expected ; - the va l ues be i ng hi gher for t he unbel ted 
occupants . Furthermore , t he dri vers tend to score h i gher va l ues . Thi s fact i s  
pronounced concern i ng t he head i nj ur i es i n  t he be l ted group and concern i n g  t he 
t horax  i nj ur i es i n  t he bel ted as  we l l  as  i n  t he unbel ted group . These expected 
fi ndi ngs , a l so reported by Harri s et a l  ( 9 ) , Shanks et al � a . o . , s how that 
t he s teeri ng whee l and the dashboard account for severe i nj ur i e s  i n  be l ted as 
wel l as i n  unbel ted front  seat  occupants , i e .  seat be l ts cannot restra i n  s uffi 
c i ent ly from contact w i th t he i nteri or  of  t he car . 

Fi g .  4 i l l ust rates the frequency of mi l d  ( A I S= 1 -2 ) , moderate ( A I S=3-4 ) and 
severe or  fatal  ( AI S=5-6 )  for t he body segments head , t horax and abdomen respec
t i v e l y .  A l so  i n  t h i s representat i on t he h i gher frequency for severe i nj uri es i s  
ev i dent . Severe thorax  and abdom i na l  i nj ur i es are s i gn i f icant ly  l ower ( ** 
l evel ) i n  t he bel ted group . 

Seat be l t  use versus age 

The seat  be l t  use as  a funct i on of  age i s  presented i n  f i g 5 .  The mater i a l  has 
been s ubdi v i ded i nto t hree groups of  t he same s i z e  regard i ng t he n umber of 
persons .  S i xty-one per cent of t he fron t  seat occupants use seat be l ts and 
women more often than men ( 64% and 5 9% respect i ve ly ) . Thi s  d i fference i s  not 
s i gn i fi cant . There i s  however a marked corre l a t i on between seat  be l t  use and 
age .  Group I ( 45 . 7% seat  be l t  use ) d i ffers s i gn i fi cant ly  from the average 
l evel , and so does group I I I  ( 70 . 8% seat be l t  u se ) . l t  s ho u l d  be noted that 9 
persons under 1 5  are i nc l uded i n  group I ,  and therefore were not under the seat 
bel t l aw .  Anyhow , s i gn i fi cant d i fference i s  mai nta i ned when t hese persons are 
exc l uded . 

Heod Thorax Abdomen 
100% 

so 

F i g  4 .  Frequency of  mi l d ,  
moderate and severe or fatal  
A IS  scored i nj ur i es to head , 
thorax and abdomen 

unbe l ted : l eft stack 
b e l ted : r i ght s tack 

SEVERE OR FATAL lN.IURY 
AIS • 5 • e 

MODERATE INJURY 
AIS • J - 4  

MINOR INJURY AIS • 1 • 2 

NO INJURY AIS • 0 
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Average ISS  for bel ted and unbel ted front seat occupants versus age 

lt i s  a wel l known fact that b i o l o g i ca l  mater i a l  l oses strength  w i t h  age . Baker 
et al ( 1 0 ) has s hown a pos i t i v e  corre l at i o n  between ISS and age .  T h i s  i s  read i ly  
i l l ustrated i n  the  present materi a l  too , cf tab le  3 and  fi g 5 b ,  where the 
average I SS i s  presented as a funct i on of age for t he bel ted and unbel ted front 
seat occupants . Concern i ng the protecti ve effects of t he seat be lts  t here i s  a 
s i gn i fi cant reduct ion  of the ISS , on  t he ** l evel  i n  group I I  and on t he * 
l evel  i n  group I I I ,  whi l e  no s i gn i fi cant d i fference can be detected i n  group I .  

For the bel ted as wel l as for t he unbel ted front  seat occupants t here i s  a 
pos i ti v e  corre l at i on between the ISS  and the age . Concern i ng t he seat bel t  
users t he I SS i s  s i gn i fi cant ly  l ower for group I and I I  compared to group I I I  
and for the unbel ted there i s  a s i gn i f i cant di fference for group I compared to 
group I I  and I I I .  The I SS versus  age corre l at ion  i s  further confi rmed by the 
fact that group I i s  i nvol ved i n  more v i o l ent acci dents meas ured by the i mpact 
energy parameter used . The car damage i s  s i gn i f i cant ly  h i gher ( ** l evel ) i n  
group I compared to group I I ,  c f .  tab l e  3 .  

Age group 

I 
I I  

1 1 1  

Average 
bel ted 
N= 443 

1 8 .  5 
2 1 . 3  
2 9 . 9  

ISS Average 
unbel ted car  damage 
N= 288 N= 7 3 1  

2 3 . 3  22 . 5  
36 . 7  1 7 . 8  
37 . 6  2 1 . 8  

Tab l e  3 .  Average I SS and average ca� damage for be l ted and unbel ted 
front seat occupants corre l ated to age . I :  age < 25 years , I I :  25 years 
< age < 50 years , I I I :  age >50 years . 
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F i g  5 a ,  b .  a ) seat be l t  use correl ated to age i n  front seat occupants ; 
b) average ISS  and average car  damage for be l ted and unbel ted front seat 
occupants correl ated to age . I :  age < 25  years , I I :  25  years < age < 50 years , 
I I I :  age > 50  years . 
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I SS and i mpact di rect i on 

T he i nf l uence of  t he i mpact d i rection  has been stud i ed for the dri ver and t he 
front  seat passen ger separate l y .  Four  mai n i mpact d i recti ons have been used : 
head-on , ri ght and l eft s i de ,  and ro l l  over . Impacts from beh i nd  are few and 
have not been stud i ed . A ro l l  over acci dent i s  cons i dered as  soon as the car 
has ro l l ed on t he s i de or top , i rres pecti ve  of  any i n i t i a l  c l oc kwi se di rect i o n .  
T he frequency of  the i mpact di recti ons i n  t he acci dents studi ed are ev i dent 
from fi g 6 .  

The average I SS i s  presented i n  tab l e  4 .  From t he f i gures i t  i s  ev i dent t hat 
seat be l t  use reduce the i nj ury sever i ty .  I n  head-on co l l i s i ons t here i s  a 
s i gn i fi cant d i fference for the dri ver and the passenge r .  I n  head-on co l l i s i ons 
t he average i nj ury severi ty for bel ted dri vers i s  somewhat h i gher compared to 
t hat for be l ted front seat  passengers . T h i s  d i fference s ho u l d  be attri buted to 
t he s teer i ng co l umn . 

I n  s i de i mpacts s i gn i fi cant d i fference i s  found concern i ng reducti on of i nj uri es 
to t he oppos i te s i de occupant . No negat i ve effects of seat be l ts coul d be found 
i n  s i de i mpact co l l i s i ons . These res u l ts are i n  good agreement w i t h  those of  
Danner ( 1 1 ) , who  has  s tud i ed the i njury character i s t i cs of bel ted occupants i n  
s i de co 1 1  i s i ons . 

@ 
impact d irect ion 

numbor of cors 

® 

F i g  6 .  Frequency of acc i dent impact d i recti on 
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Dri ver 
Impact bel ted unbe l ted S i gn i fi cance 
d i recti on Number I SS  Number I SS l eve  1 

1 1  ' 1 2  ' 1 1 68 22 . 0  93 2 9 . 5  * 

2 '  3 ,  4 45 1 9 .  1 22 25 . 5  * 

8 ,  9 ' 1 0 47 4 4 .  1 25 5 1 . 8  
ro l l  over 34 2 1 . 4  44 32 . 1 

Front seat pass enger 

1 1 ,  1 2 ,  1 80 1 6 . 8  52 2 9 . 9  * *  

2 '  3 ,  4 2 9  42 . 7  1 3  53 . 8  
8 ,  9 ,  1 0 22 1 4 .  1 1 2  30 . 3  * 

ro l l  over 1 5  2 1 . 3  25 1 1 .  9 

Tab le  4 .  Average ISS i n  bel ted and  unbe l ted dri vers and front seat  
pas sengers correl ated to  acc i dent i mpact di rect i on . 

I SS correl ated to rel at i ve acci dent i mpact energy for dr i vers and front seat 
passengers 

Bartz et a l  ( 1 2 ) have corre l ated t he co l l i s i on s peed and the sever i ty of 
occupant i njury .  For t h i s  p urpose they recomend that  preference s hou l d  be 
g i ven to the I SS system of grad i ng i nj ur i es when c l as s i fyi ng t he severi ty of 
an acc i dent . The co l l i s i on s peed i s  s u i ta b l e  when i mpact energy i s  to be 
c a l cu l ated . However ,  i n  our c as e ,  as i n  many others , i t  i s  i mposs i bl e  to 
est imate the co l l i s i on s peed . T h i s  i s  why t he deformat i o n  of the cars i nvo l ved 
has been c hoosen for the ca l c u l a t i on of a rel at i ve i mpact energy ( I E ) . F i g .  7 
presents the d i stri but i on of  the rel at i ve i mpact energy i n  the acci dents 
stud i ed .  

GELL 

COUNTS 
200 

1 80 

1 60 

1 1.0 

1 20 

100 

80 

60 

1.0 

20 

0 

0 

F i g  7 .  Di stri but ion  of car damage . N=625 
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I n  f i g .  8 t he vari at ion  of  t he ISS i n  re l at i on to the i mpact energy i s  presen
ted for bel ted and unbel ted dri vers and  front  seat passengers . A g l i di ng 
a verage has  been used to smoothen t he ISS gra p h .  I n  addi t i o n  t he n umber of  
bel ted and  unbel ted front seat  occupants i n  rel a t i o n  to  t he i mpact energy i s  
i nd i cated too . 

NUMBER ISS 
OF 
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F i g  8 .  ISS  i n  be l ted and unbel ted front seat occupants correl ated to rel at i ve 
1 mpact energy . 
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F i g 9 .  ISS  i n  front seat occupants ( bel ted and unbel ted ) confi ned i n  t he car or 
ejected , corre l ated to re l at i ve i mpact energy .  
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For impact energy v a l ues be l ow 1 1  un its  t here i s  a ** s i gn i fi cant d i fference 
between the i nj uri es i n  the unbel ted and t he bel ted gro u p .  The average d i ffe
rence i s  about 1 0  I SS uni ts whi c h  correspo nds to an A I S  va l ue of t hree i . e .  a 
severe , not l i fe t hreaten i ng i nj ury i n  one body regi on , e . g .  s p i na l  i nj ury 
i nv o l v i ng C-4  and bel ow , l ung  contus i on ,  abdom i n a l  or organ contus i o n ,  commi 
n uted and/or open fractures of  l ong bones , pe l v i c  fractures etc . or  to a n  A IS  
va l ue of  two i n  t hree d i fferent body regi ons . For h i gh energy acc i dents the 
di fference of t he I SS scored i nj ur i es suffered by bel ted and unbel ted front 
seat occupants tend to d im i n i s h  as can  be expected . As t he deformati o n  of the 
car gradua l l y  becomes greater , t he protect i ve effects of  the seatbe l t  wi l l  not 
l onger be at hand . 

Eject i o n  from t he car a nd t he benefi t of  t he seat be lts  to prevent eject i o n  
h a s  been di scussed by many a uthors . I n  fi g .  9 t he s ame I SS impact energy 
re l at i o n  as  t he one used above i s  presented , but th i s t i me for front  seat 
occupants confi ned i n  t he car ( be l ted and  unbe l ted ) i n  compari son to occupants 
ejected from the car dur ing  the acc i dent . It i s ,  of course , d i ff i cu l t to 
compare t he pattern of i nj ury i n  a group  of ejected persons wi t h  a group of 
persons confi ned i n  t he car , as t he 1 1en v i ronmental 11 factors a re not compara b l e .  
However , by u s i ng the present representat ion  i t  i s  poss i bl e  to study the 
d i fference i n  i nj ury severi ty for a person confi ned and  a person ej ected . I n  
t he present materi a l  near ly  a l l  of  t hose ej ected d i d  not wear seat be lts . 
Ejecti o n  a l most a lways i nvol ves fata l  i nj ur i es . From fi g .  9 i t  i s  ev i dent t hat 
a consi dera b l e  reduct i on i n  i n j ur i es can be expected i f  the occupants a re 
confi ned i n  t he c a r .  Thus , one of t he most i mportant effects of seat be l t  use 
is  t he prevent i on  from eject i o n .  

Conc l us i ons 

Resu l ts of t h i s  i nvest i ga t i o n  i nd i cate that : 

Fata l i t i es i n  acc i dents occur i n  s p i te  of and not because of  seat be l t  use . 
Seat be l t  use reduce the l i ke l i hood of severe i nj ur i es to occupants for most 
types of occupant or crash  c i rcumstances . 

I t  i s  much better to rema i n  i n  t he car duri ng t he crash  than  to be thrown out . 
Notwi thstandi ng seat be l t  use prevens eject i on , th i s i s  true whether seat bel ts 
are used or not . 

Steeri ng co l umns and  das hboards rema i n a t hreat to l i ves . Sku l l and  bra i n  
i nj ur i es are not s u bstant i a l l y  reduced wi t h  seat be l t  use i n  front seat occu
pants . 

Seat be l ts reduce severe and moderate i nj ur i es to a greater extent than t hey 
save l i ves . 

I nj ury sever i ty i s  strongly dependent of age . 

l t  i s  doubtfu l whether improved emergency med i c a l  care can  cons i dera b l y  reduce 
t he n umber of fatal i t i es .  
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