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I NTRODUCTION 

S i nce the fi rst automob i l e  was made in  the mi ddl e of the n i neteenth century 
i t  has been subject to a conti nuous devel opment . I n  the mi ddl e of the 
twen t i es , cars became more comfortabl e and  efforts were ma de to ma ke the 
exterior  more pl eas i n g  to the eye . Bes i des , new construct ion s  were made from 
techn i cal and functi onal aspects . Duri n g  the l as t  two decades , car production  
has  been focused round safety probl ems and  econom i c  aspects . ( 4 )  

Safety regu l a t i on s  

I n  September 1 966 the Nati onal Traff i c  a n d  Motor Veh i c l e  Safety Act was 
s i gned i n to l aw i n  the U . S . A .  The act spec i f ies  t hat the sec retary of Trans­
porta t i o n  sha l l estab l i sh appropri ate federal  motor veh i c l e  safety standards 
to reduce the number of fata l i ti es and  i nj ur i es resu l t i n g  from traffi c a c c i ­
den ts . 

Over the past twel ve yea rs , the Nationa l  H i ghway Traffi c  Safety Adm i n i strati on 
( NHTSA ) has i s s ued ove r fi fty motor veh i c l e  safety standards . ( 8 )  

Car s i ze 

Due to r i s i n g  fuel cos ts , there i s  a wo rl d-wide tendency to down - s i z e  cars . 
Sma l l cars have l es s  structure , substance , and s i ze to absorb crash energy . 
As a res u l t ,  car  occupants are exposed to more v i o l ence and thereby to a 
h i gher i nj u ry r i s k .  ( 2 ,  5 ,  6 ,  7 )  

The a i m  of t h i s  study has been to eval uate the i nfl uence of car  s i ze ,  yea r  
model , and product ion start o n  i nj u ry frequency and i nj ury panorama . 

MATERIAL AND METHOD 

The mater i a l  con s i sts  of cases of damage w i th c l a i ms for compensat i on on the 
compu l sory th i rd pa rty l i abi l i ty i n su rance .  Dur ing  the stud ied per i o d  
( 1 976-07-01  - - 1 977-06-30 ) 8 0 , 89 1  acci dents occurred that were reported to 
Fo l ksam under tari ff 01 ( pri vate cars for personal use on l y ) . 

The d i stri but ion of the acci dents can be seen from ta b l e  1 .  The number of 
pri vate cars i n s u red with  Fol ksam during the stud ied period can be seen from 
tab l e  2 .  The d i str i but i on of the i nj u red i s  reported i n  f i g u re 1 .  

l�umbers between brac kets refer to references l i sted at the end of the pa per . 
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TAB L E  l The tota l n umber o f  pri vate cars i n vol ved i n  a c c i dents bro ken down 
by type of a c c i de n t .  

C o l l i s i on w i t h  more t h a n  l ve h i c l e  i n vo l ved 7 7 , 2 68 ' 

Other types o f  a c c i dents 3 , 6 23 

TAB L E  2 Number o f  p r i vate cars i n s ured w i t h  Fol k sam d u r i n g  t h e  stud i ed 
per i od ( 1 976-07-01  - - 1 9 7 7 -06-30 ) .  

Number o f  i n s u ra n ces 
u nder a n n u a l  r i s k  

7 1 1 ' 939* 

N umber of a c c i dents 
w i t h  person a l  i n j u r i es ; 
( ta r i ff 0 1 ) 

2 , 2 7 1  

*An n u a l  r i s k  mea n s  t h a t  the d u ra t i on o f  each i nsurance i s  counted a s  part of 
a c a l endar yea r .  E . g .  and i n s urance a c cepted on September l s t and i n  force 
for the rest o f  the yea r w i l l  get an a n n u a l  r i s k  o f  1 / 3 = 0 . 3 3 3 . 

F I GURE 1 The study conta i n s  i n  a l l ,  2 , 2 7 1  a c c i dents wi th p r i v a te cars ( ex c l . 
ta x i s ) .  At t h ese a c c i dents 3 , 353 persons were i nj u red a n d  2 1 7  were 
k i l l e d .  

Front s e a t  p a s s e n gers 
781  i nj u red 

Rea r seat p a s s engers 

31  k i l l ed 
81 2 

�_,,,....-_ 

/1 98 i nj u red 
1 2  k i 1 1  ed 

2 1 0  

J 

---->. 80 i nj ured 
2 k i l l ed 

·�===±�-Ei:.�-�-..s.. - . 82 

D r i v e r s  / ""- Rear s e a t  p a s sengers 
1 , 5 1 8 i nj u re d � � 1 55 i nj u red 

92 k i l l ed 6 k i l l ed 
1 , 6 1 0  1 61 

T h e  f i g u re s hows where the i nj ured persons were s i tt i n g  i n  the c a r  at the 
t i me o f  the a c c i den t .  

Tota l l y  2 , 875 persons were i n j u red o r  k i l l ed i n s i de t h e  c a r . For 1 09 persons 
( 1 06 i nj u red a n d  3 k i l l ed )  the po s i t i on i n  the car i s  u n known . 
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51 5 u n p rotected road u sers ( cyc l i s t s ,  pedestr i a n s ,  e tc . )  were i n j u red a n d  7 1  
were k i l l ed .  I n  th i s  st udy on l y  i nj u red a n d  k i l l ed persons i n s i de the c a r  are 
reported . 

RESULT 

Car we i g ht 

The i nJ ury frequency among d r i vers i s  twi ce as h i g h i n  a car w i t h  a we i g h t  of 
800 kg . compared to a car wei g h i ng 1 , 400 kg . ( ta b l e  3 a n d  f i g u re 2 ) .  

P.ercentage s ha re s  o f  i nj ured d r i vers d i stri bu ted on c a r  we i g ht . 

Figure 2 
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Table 9 .  

Weight i n  kg. II No. of i No. of 1 % share of 
invol ved 1 injured . injured 
v e h i c l e s  drivers : drivers 

- 749 189 8 4 . 2  

750- 849 2 ,  1 32 6 1  2 . 9  

850- 949 9,853 267 ' 2 . 7  

950-1 ,049 1 4 ,  1 95 333 ! 2 . 3  

1 . 050- 1 . 1 49 1 7 ,955 358 2 . 0  

l . l 50-1 . 249 1 1 1 ,332 202 1 . 8 

1 . 250-1 .349 1 5 ,264 2 1 9  1 . 4 

l .  350-1 . 449 5,267 86 l . 6  

1 .  4 50- l ,255 1 7  l . 4 

Unknown 3,449 59 l .  7 

Tota l l y  80,891 l ,610 1 2 . 0  

1 ���+-��+-��+-��-+-��-+-��-+-��-+-��-+--
H4i g h t  

700 • 800 900 1000 1 1 00 1200 1 300 1 400 1 500 
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Year mode l and  product i on s tart 

Car mode l s  have d i fferent product i on starts . A model can be made for many 
years , i . e .  several year model s are prac t i cal l y  i den t i ca l . Th i s  means that 
a row of yea r  model s with the same product i on s tart has the same safety l evel 
apa rt from m inor  mod i f i cations . The i nf l uence of the year model ( the age of  
t he  car ) and t he  product ion  start ( the safety l evel of  the car ) c an  be seen 
from fi gure 3 and tabl es 4 and 5 .  

F IGURE 3 I nj ury frequency among dr i vers for d i fferent year model s and pro­
duc t i on start s .  

% 
- - - ·  Yea r mode 1 

4 �- Product i o n  s tart 

3 

2 

L.......-1-�4--4�-+-�4--+�4-�1---1-�;---1�-t--�+--r�--+- year 7 2  7 3  7 4  7 5  ·76 77 63 64 65 66 67 68 69 70 71 

TABLE 4 Injury frequency among dr ivers corre l a ted to year model . 

' 
Year model 1 1 

lnjury No. of vehicles 1 No. of injured 
i n v o l v e d  d r i  vers frcql"!ncy 

1 % 3  3 , 637 1 1 2  3 . 1  

1964 2 , 392 58 2 . 4  

1%5 3 ' 7 1 8  1 1 2  3 . 0  

1�66 4 , 009 102 2 . 5  
1%7 3,630 80 2 . 2  
1968 4 , 569 1 1 5  2 . 5  

1969 6 , 431  1 1 5  1 . 8 

1970 6 , 205 1 3 2 2 .  1 

1 9 7 1  6 , 031  1 2 1  2 . 0  

1972 6 , 1 4 1  1 1 4  1 ' 7  
1 9 7 3 7 , 582 125 1 . 6 

1974 7,228 1 1 2  1 .  5 

1 97 5  1 0 ,252 1 79 1 .  7 

1976 5 , 37 9  9 1  1 .  7 

1 9 7 7  2 , 1 76 4 1  1 . 9  

Unknown 9 1 1  1 

Tota 1 l y  80,891 1 , 6 1 0  1 . 99 
1 _J 
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There i s  a c l ear tendency show i n g  t h a t  t h e  i n J u ry frequency decreases t h e  
newer t h e  c a r .  T h e  tendency i s  t h e  same f o r  the produ c t i o n  start , but t h e  
f i g u res a re somewhat i n homogenous due t o  the f a c t  t h a t  some years t h e r e  a re 
few car mod e l s wi t h  new prod u ct i on start s . Howe ver , a deep a na l ys i s  h a s  s h own 
t h a t  the produ c t i o n  start has a greater i nfl u ence on the c a r  s a fety t h a n  t h e  
y e a r  mode l . 

I nj u ry pano rama 

I n j u red d r i vers i n  sma l l cars have more i nj u r i es i n  a l l body reg i on s  a pa r t  
from t h e  face . I nj u r i es to t h e  face a r e  o ften c a u s e d  b y  t h e  steer i n g wheel 
a n d  i n  most cars the d i stan ce to the s teeri ng wheel i s  t h e  same i rrespec t i ve 
o f  t h e  s i z e of the c a r .  ( 1 ,  3 )  I nj u r i es to t h e  rest of t h e  body are d u e  to the 
fact that t h e  i n t e r i o r  of the car i s  c l oser to the body i n  a sma l l car , 
res u l t i n g i n  a v i o l en t  contact w i t h  the body i n  c a s e  of a n  a c c i dent . 
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F I GURE 4 I n j u ry pano rama among d r i vers . A compa ri son between sma l l a n d  b i g  
cars . 

Sma 1 1  car 
N = 28,392 

General 0. 1 3  % 

Si g ca r 
N = 51 ,604 

0 . 22 % 

0. 32 % 

The i n fl uence of e n g i n e  mo u n t i n g  a n d  type o f  dri ve 

The cars i n  the s t u dy are d i v i ded i n to t h r ee g roups accord i n g to en g i ne 
moun t i n g  a n d  type of d r i v e .  I n  tab l es 6 - 8 t h e  i nj u ry frequency among dri ­
vers i s  s hown for cars w i t h  fro n t  e n g i n e  moun t i n g  a n d  fro nt o r  rear dri ve a n d  
w i t h  rea r e n g i n e  mou n t i n g  a n d  r e a r  d r i v e .  

TABLE 6 I n j u ry frequency among d r i vers rel ated to eng i n e  mo un t i n g / d r i ve a n d  
prod u c t i o n s ta rt .  C a r  w e i g ht bel ow l , 1 00 kg . 

l n j u ry frequency among dri vers 
Production Front engine ! Front engine J Rear engine 

1 start mount ing/ mounting/ 1 mounting/ 
rear d r i ve front drive i rear d r i v e  

1 
1 9 60-1 966 3 . 0  % 2 . 8  % 1 3 . 8  % 

1 9 6 7 - 1 97 1  2 . 2  % 1 .  9 % 2 . 0  % 

1 972- 2 . 3  % 1 .  7 % i 1 
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TAB L E  7 

Production 
start 

1 960-1966 

1 96 7 - 1 9 7 1  

1 972-

TABLE 8 

1 
1 Car wei ghl:l 

l 
1 
1 - 849 

850-1049 

1 050-1449 

I nj u ry freq uency among d r i vers rel ated to en g i n e moun t i n g / d r i ve a n d  
prod u c t i o n  s t a r t . C a r  we i g h t  1 , 1 00 kg . a n d  over . 

!nj ury frequency among drivers 
Front engine 1 Front eng i n e  1 Rear engine 
mountirig/ mou n t i n g/ · mounting/ 
rear d r i ve . front d r i ve rear drive 

2 . 2  % 

l .  5 % 

1 . 4 % 

1 1 .8 % 
1 . 8 % 

2 . 6  % 

I nj ury frequency among d r i vers re l a ted to e n g i ne moun t i n g / d r i v e  a n d  
c a r  we i g h t .  

Inj ury frequency among drivers 
Front en9ine Front engine Rear engine 
mounting/ moun t i n g /  rnounting/ 
rear drive front d r i ve rear drive 

3 . 5  % 

2 . 5  % 

l .  7 % 

2 . 6  % 
2 . 2  % 

1 . 8 % 

1 

4 . 8  % 

3 . 3  % 

2 . 4  % 

1 450- 1 . 4  % 

Amo n g  cars wei g h i n g  l e s s  than 1 , 1 00 kg . the i n j u ry frequency among d r i vers i s  
t h e  l owest for cars w i t h  fro n t  e n g i ne moun t i n g  a n d  front d r i ve . For c a r s  over 
l , 1 00 k g  the cars w i t h  front en g i ne mou nt i n g  and rea r d r i ve have the l owest 
i nj u ry frequency . 

I nj u ry sever i ty corre l ated to c a r  we i g h t , year mode l , a n d  prod u c t i on s t a r t  

B i g  n e w  c a r s  have t h e  l owest i nj u ry r i s k  f o r  a l l s e ve r i ty grades ( �  l , 1 00 k g . ,  
yea r  mod e l  � 72 , produ c t i o n  s ta r t  � 72 and � 67 respec t i v el y ) . Sma l l o l d c a r s  
h a v e  the h i g h e s t  i nj ury r i s k  f o r  a l l sever i ty grades (<  l , 1 00 kg . ,  y e a r  model 
< 72 and < 67  respec t i ve l y ) . The tnj u ry r i s k  fo r sma l l new c a rs a l mo s t  reach 
the s a fety l evel  o f  b i g  o l d  c a rs . 

TAB L E  9 R i s k  fi g u re s  

Sma 1 1  o l d ca r < l , l 00 k g .  yea r mode l < 1 972 
Sma 1 1  new c a r  < l , l 00 k g . year model ;;;.. 1 972 
B i g  ol d car � l , l 00 k g . year model < 1 972 
B i g  new car � 1 , 1 00 kg . yea r mode l � 1 972 
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I s s 1 1 - 3 1 4 - 1 0  1 1 1  - Ki 1 1  ed 

1 1 B i g  new cars 1 00 1 1 00 i 1 00 1 00 
1 

1 
B i g  o l d  cars 1 27 1 28 ; 1 50 1 4 3  

! 1 
T i Sma l l  new cars 1 2 2  1 23 1 1 50 185 

1 T 1 1 Sma 1 1  o l d ca rs 1 80 
1 

288 1 2 1 2  285 

TABLE 1 0  R i s k  fi gures 

Sma l l  o l d c a r  < l ,  1 00 k g . produ c t i o n  start < 1 972 
Sma 1 1  new c a r  < l ' l  00 k g .  product i o n  s t a rt � 1 972 
B i g  o l d  c a r  >,:- l ' l  00 k g .  produ c t i o n  s t a rt < 1 972 
B i g  new car >,:- l ' l  00 k g . produ c t i on s t a rt ?- 1 972 

l ! I s s 
1 i l - 3 1 4 - 1 0  1 1 1  - K i l l  ed 
1 

1 1 1 1 B i g  new cars 1 00 100 100 1 00 1 
1 

1 ! 
1 B i g  o l d  cars j 1 21 1 3 1  ! 1 0 5  1 8 0  

1 ! 1 l Sma 1 1  new cars j 1 2 1  1 1 2 1  1 2 6  220 1 i 
Sma l l  o l d  cars 1 l ! 

1 1 81 223 1 78 380 
1 1 ' 

TABLE 1 1  R i  s k  f i g u re s  

Sma 1 1  o l d  car < l ' 1 00 k g .  p roduct i o n  s t a  rt < 1 967 
Sma 1 1  new c a r  < l ' l  00 k g .  produ c t i on s ta rt � 1 967 
B i g  o l d  car >,:- l ' l  00 k g .  pro d u ct i o n  start < 1 967 
B i g  new c a r  >,:- l ' l  00 k g .  product i o n s tart >,:- 1 967 

1 1 I s s 
i 1 - 3 1 4 - 1 0  i 1 1  - Ki 1 1  ed 

i 1 B i g  new cars 100 1 00 1 100 1 00 
1 

1 
1 B i g  o l d  cars 1 3 5  1 3 7  1 200 1 1 2  
' 

1 1 Sma l l  new cars 1 1 3 1  1 1 9  180 1 2 5  

i i 1 1 1 1 1 Sma l l  o l d  cars 1 1 85 237 ! 240 275 
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The i n fl uence o f  s peed 

B i g  cars are i n  t h i s  study more often i n vol ved i n  acci dents on roads w i t h  a 
s peed l i m i t  exceed i ng 50 km/ h .  H i g her speed means i ncreased v i o l ence to the 
body in case of an acci dent . Thus b i g  cars in t h i s  s tudy have been exposed 
to h i g her retardation compared to sma l l  cars but neverthel ess both i nj u ry 
frequency and  i nj u ry severi ty are l ower i n  b i g  cars . 

The i nf l uence of sea t bel t usage 

Many studies have s hown the pos i ti ve effect of seat  be l t  usage . In  Sweden t he 
usage rate i s  80 - 85 % among front sea t occupan ts .  One group w i t h  a l ow bel t 
usage rate i s  young peop l e ( 1 8  - 24 yea rs o l d )  who a l so used b i g  o l d  cars to 
a h i gher degree . I f  1 8  - 24 year o l d  dri vers are exc l uded from the study , 
there wi l l  be the same tendency a s  to i nj u ry frequency and i nj ury severi ty 
as descri bed a bove . 

D I SCUSSION 

Due to r i s i ng fuel pri ces , the produc t i o n  of sma l l  cars have i n c reased a l l 
o ver  the worl d .  Sma l l  cars g i ve more severe i nj u r i es than b i g  cars . There i s ,  
howeve r ,  an amb i t i on among car  manufacturers to make safer cars . ( 2 ,  5 ,  6 ,  7 )  

I n  March 1 982 , US Depa rtmen t of Transportat ion presen ted a report that showed 
s i g n i fi cant safety benef i ts i n  terms of reduced fata l i t i es and  i nj ur i es due 
to the i n troduct ion  of safety regul a t i on s  in  the U . S . A .  Duri ng 1 966 - 1 981  
a reduct ion of 83 , 000 fata l i t i es was ca l cu l a ted for traff i c  v i ct i ms .  ( 8 )  

Th i s  s tudy shows that sma l l  cars have a h i gher i nj u ry frequency than b i g  cars , 
but  the d i fference decreases when a sma l l  new car  i s  compared to a b i g  o l d  
one .  As t o  yea r mo del and produc t i o n  start , i t  i s  e v i dent that the l a tter 
has more i nf l uence on i nj u ry frequency . Product ion  start mea n s a fu ndamen tal  
change of the con s truct ion  of  a car  and  most changes a re i n tended to i ncrease 
the safety l evel . bi fferent year mode l s wi t h  the  same producti·on start have 
o n l y  mi nor changes .  These changes have l es s  i nfl uence on car safety than the 
fundamenta l  ones  for d i fferent  product i on s tarts . 

CONCLUSIONS 

l .  Sma l l cars have a h i gher i n j u ry frequency than b i g  cars . 

2 .  Sma l l cars have a h i gher i nj u ry sever i ty compared t o  b i g  cars . 

3 .  Dri vers i n  sma l l cars have more i nj u r i es i n  a l l body reg i ons except the 
face . Face i nj u r i es are often cau sed by the steeri n g  wheel . An improve­
ment of the s teer i n g wheel constru c t i on i s  des i rab l e .  

4 .  The d i fference i n  i nj u ry severi ty and i n j u ry frequency i s  l evel l ed out  
for new cars . The efforts to ma ke the i n terior of the  car  safer have 
been successfu l . 

5 .  Many d i fferent th i ngs i n fl uence the des i gn of a car . I n  the l a st decade 
car wei ght  has been a matter of concern due to r i s i n g  fuel p r i ces . It i s  
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v i ta l  to fol l ow up  important  changes i n  di fferen t car  model s in  real 
traffi c acc i dents . lt i s  a l so i mportant to study a l l  traffi c acci dents 
both wi th and  wi thout bod i l y  i nj u r i e s  to be abl e to j udge the safety 
l evel of  a car .  An i n s u ra nce mate r i a l  g i ves th i s  opportun i ty .  
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