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INTRODUCT ION : 

The a im o f  this study was to elucidat e which role 
different collision s ituat ions played in the inflict ion of 
les ions upon persons involv e d  in car accidents  within a well­
d efined hospital district . From the same material we hav e 
tried t o  gather further knowledge about the relativ e importance 
of  variou e prev entive measures . 

rtlETHODS and MATERIALS : 

T he method used by the Odens e  Univ ers ity Hospital for 
registrat ion of traffic a c c idents s ince  February lst 1971 is 
d e s cribed in an othe r paper in this congress  report ( ) .  
The hospital covers a mixed urban and rural district with 
2 3 0 . 000 inhabitants suffering a�out 3000 traffic casualties per 
year . The area covers 1 . 150 km • There is one car per 2 , 8  
inhabitants .  This mat erial will be referred to as the " total 
hospital mat erial" ( THM) . 

Abo ut 4 0% of these accidents are regist ered by the 
police , and in these case s  the police d e s cription of the acc i­
d ent s ituat ion is  transferred t o  the hospital regis tration 
chard . T'his material will be referred t o  as the " police and 
hospital mat erial " ( POHU) . 

In a p eriod o f  15  months ( l . V I . 19 71 - l . IX. 19 7 2 )  the 
mat erial was supplemented by the local div i s ion of the National 
mot orcar inspe ctions ' d es cr ipt ion of private car s  inv olv ed in 
a c c idents , from which casualties were brought to the hospita l. 
The c ombined car inspect ion and hospital material ( CIHM) c om­
pri s e s  243  cars with 3 5 5  casualt ies and a to tal of  6 5 0  l e s ions . 

T he cars were picked out for inspection by the police. 
This select ion might influence the C IHM in the direct ion of  
underrepres enta t ion  of  cars hi t from behind ( " not guil ty"  cars).  
This reservation taken into account , the mat erial can be used 
t o  a limited  degree for c ertain observat ions . 

The study is planned as a c ont inuous survey of the 
t raffic safety in the · d istrict concern e a .  A s  far as  p o s s ible 
it is based upon c oord ination of routine regist ered informa­
tion.  Thus it does  not  allow us t o  go into te chnical details 
regarding car a c c id e nt s o  However , knowledge about the actual 
collision situat ions and the inflicted lesions is neces sary 
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for utilizat ion of  laborat ory experience in the actual traffi c .  
The situat ion descript ion from the police  foll ows the 

d irectiv es from the Danish  C entral Bureau of  Statist ics ( 6 ) . 
The d e s cript ion from the car inspect ion was put on a special 
formula ( figure 1 ) d e s cribing the direction and lo cat ion of  the 
main impact as well as the d egree of  ext ernal and int ernal 
damage t o  the car . The damage was e s t imat e d  as none/slight/o r  
s evere . 

RESULT S :  

Type o f  lesions . 

The t otal hospital material ( T lill ) is comput er oper­
able for the period l . I I . 19 71 - 3 1 . VIII 1972  ( 18 months ) . In 
this period it compr i s e s  1370 o ccupants from private cars suf­
fering a total of 2269  registered lesions , as indicated in 
figure 2 .  T he lesion , which was expected  to result in the most 
ext ended inability was chosen in each pat ient ( 1 320 
patients available for this analysis ) . This method of priority 
is the only one which can be clearly d efine d .  C ons equently 
all following comparisons of lesion severity will be based upon 
materials accord ing to this principl e .  Parallel analys is  have 
been made based upon the t otal number of  les ions inflict e a .  
These analysis s howe d results identical with those obtaine d 
from the mat erials arranged by priority , and consequent ly only 
the latt er will be  pre s ented.  Both analysis show a high inci­
d ence of  head lesions followed by le s ions of  legs , arms and 
ehe s t . There is a slight predominans of le s ions o f  the limbs 
in the priority mat erial in as much as the s e  les ions most 
often result in extended inability. 

The influence of locat ion in the car. 

This influence can be compared between 5 8 5  driv ers 
and 301 front seat pas s engers from the THM ( safety belt users 
excluded ) . There is  an ins ignificant overrepresentat ion of  
l e s ions o f  the back and pelvic region in  front seat  passengers , 
and o f  ehe st les ions in drivers ( p=o , 08 ) , but no  d ifferens in 
severity of the lesions . The comparab ility of the groups re­
garding type of car , spe e d , e t c .  can not be j udge d .  Back seat 
pas s e ngers have not been included in the analysis as  they 
c ompr i s e  many children.  

The effect o f  safety belt s .  
The use of  safety belts among the casualties i s  

shown i n  table 1 .  The use o f  belts i n  cars i n  the normal 
traffic of the district concerned is roughly calculated  t o  
1 5  - 2 1% bas e d  upon several traffic count ings ( road length and 
traffic intens ity taken into account ) . Belt protection in 
a ctual  coll ision situat ions may however be less  common , in as  
much as  the belt i� used  less  o ften in  t own traffic , and this 
is j us t  where most  c ollisions o c cur. T he dependence on dr ink­
ing habits or other influential factor s  may als o obscure the 
problem. Cases in whi c h  belt protect ion hav e prev ented les ions 



at all will not be  repre sent e d , s o  that any effect found may 
be  regarded as  a minimum effect . 

T he ana t omical d istribut ion o f  the les ions accord ing 
to use of  safety belt is given in table 2.  The table includ e s  
driv ers  as well as  front seat passengers . There is a s ignifi­
cant d ifference in d i stribut ion o f  l e s i ons showing a lower in­
c idence o f  head lesion s  and a relat iv ely higher incid en c e  of  
ehest  les ions in the belt using group ( p=o , 0003 ) .  

The s everity of  l e s ions in regard t o  us e of  belt 
appears from table 3 .  There is a s igni ficant reduction in the 
seriousne ss  of les ions in the belt us ing group ( p=o , 0006 ) . 

The incidence of head lesions  in the group where use 
of belt was unknown was even higher than in the non-us ing 
group . Therefore it is unlikely that this group should includ e 
an ov errepresentation o f  actual belt users . C omparability o f  
the materials with regard t o  car mak e ,  speed , e t c .  is not pos­
s ible.  The belt is  known t o  be used 3-4  t imes more often in 
highway traffic than in urban traffic.  It  is  there fore most 
probable that the belt group includ e s  an ov erreprese ntat ion o f  
high speed accident s .  

Influence o f  collision s ituat ion.  

Figure 3 is based  upon the police and ho spital materi­
al (POHM) . It s hows the d istribut ion o f  lesion sev erity in re­
lat ion to d ifferent c ollision situat ion s . The figure giv es the 
relative relation betwe e n  the various s ituat ions and t he in­
fli c t ion of casualt i e s  upon car occupants . There is no s ignifi­
cant d ifference i n  the s everity of  l e s ions in regard t o  t he 
accident s ituat ion . A s imilar c omparison  was made between 305 
car o ccupan t s  hurt in crossing collisions and 115 hurt in c olli­
s ions on road stretches .  This compari son  did  not show any d i f­
ference either . F inally the distribut ion  o f  lesions in diffe­
rent anatomical regions were compared according to c ollis ion 
s ituations . This analys is ne ither s hows any difference in 
casualties from varying situat ion s .  

The analys is throws lieht o n  the traffi c  hazards in 
the district conc erned . Neither a c c i d e n t s  without casualties  
nor persons involv e d , but not hurt , are  included in  the analy­
s i s .  Therefore the relativ e  danger for the part icipant in 
various a c c ident s ituat ions can not be elucidate d .  This 
ques t ion can only be answered unanimous ly by analysing all 
collis ions without r egard t o  casualt ie s .  Howev er s uc h  informa­
t ion  is  v ery d ifficult t o  obta in. 

Influence of collision direction.  
This influence can be  j udged from the CIH  material.  
The dis tribut ion of  various c ollision direc t ions and 

the severity o f  l e s i ons inflicted upon  the involved p ersons is  
depicted  in figure 4 .  Head-on and  front corner collisions 
covered 5 1% while 6% of  the casualties were inflicted by left 
s i d e  impacts  and 16% by right side impa c t s .  9% were aquired 
by turning over and 13% by multiple or unclas sified impacts . 
5% were inflicted by impacts in the rear or rear corners . 
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The exc e s s  of  right s i d e  impact s  compared with left 
side  ones is  s i gnificant (p=o , oo l ) . 

The influence of collis ion d irect ion was compared 
betwe en o ccupant s  in cars with frontal impacts  v ersus cars 
with transverse impacts . Safety belt users as well as c ar s  
with none o r  slight ext ernal damage were eliminat ed i n  ord er 
to increase the comparability of  the mat erials.  The r e s ult o f  
the analys is appears from table 4 .  The grad e o f  the l es ions i s  
significantly more s ev ere in the transverse impacts ( p=o , o4 ) . 

The severity of the inflicted les ions were corellated 
with the d egre e  of  internal damage t o  the car. T he l e s i on s  
were s igni ficantly more severe when inflicted i n  cars with 
s evere int ernal damage , compared with cars with none or s light 
int ernal damage ( p=o , 00 2 ) . There was no difference in the ana­
t omical distribution o f  the lesions . The analys is was restric­
ted t o  case s  with s ev ere ext ernal damage t o  the car. 

The influence of  the d istance from the occupant t o  
the impact was inv e s t igated i n  transverse and oblique impact s  
inflicting lesions upon drivers and front seat pass engers ,  in 
cars with severe ext ernal damage ( d isregarding use of bel t ) . 
There was n o  s ignificant difference in the s everity of  l e s ions  
inflicted in  c ollis ions with impacts  in  the three nearest 
s e c t ors ( near side impacts)  compared with those which oc cured 
in the thre e farthest s ectors ( off side  impacts ) . 

A n  att empt was mad e  t o  evaluate the effect o f  the 
safety belt in those s ituations , where maximum ef:ect would 
be  expect e d ,  i . e .  head-on and front c orner impacts with s evere 
ext ernal dam.age to the car. However the number of  belt users 
exposed to this situat ion only amounted to 24  cases , not allow­
ing any statistical analys i s .  

Only 1 3  pat ients were hurt in cars with none or 
slight external damage , indicat ing that the CIH-mat erial may 
represent the most s ev ere part of the total hospital mat eria l .  
A s  ment ioned before , the repr e s entat ion i n  the CIH-material is 
probable in v i ew o f  the method of s e l e c t io n .  Howev er , the 
d istribut ion  of l e s i on s  with regard to anat omical reeion and 
degree of severity d id not differ s ignificantly from the THM 
to the CIID1 although the latte r contained a slightly highe r 
proport ion o f  severe les ions . This als o  hol d s  true regarding 
the incid ence of  le sions in the neck , which was v ery l ow in 
both mat erial s ( T HM  4 , 3% ,  C iill.1 3 , 6%) . 

Discus s i o n :  

T he importan c e  of  energy abs orb ing characterist ics 
of  the frontal and rear part s of  cars , especially in connect ion 
with use of safety belts , has o ft en been demonstrated in labora­
t ory inv e s t igat ions ,  as has the importance of  s olid ity o f  the 
passenger compartment s .  ( 1 ) . Howeve r ,  the exact value of such 
prot ectiv e  measures in the actual traffic is d ifficul t t o  
asses s .  The value might b e  s een from the ind ividual drivers 
p o int of  v iew in the risk load ed s ituat ions to which he expos e s  
hims elf.  His problem is best answered from laboratory s imula­
t ion  of collision  s ituat ions , combined with indiv idua l  risk 



e s t imation . Howev er , t o  set  an order of  priority to collec t iv e  
prot e ctive measures the information  n e e d e d  by the comrnunit ies 
must primarily be bas e d  upon knowl edge of how casualties are 
inflicted in accid ent s in eac h  comrnunity. For this purpose 
ho spital statistics  are abs olutely neces sary ( 2 , l C � , · but they 
must be combined with s ome s ource of informatio n  about a c c i d ent 
circumstanc e s .  Our method of inv est igation allows a more broad 
spe ctered survey of the traffic s ecur ity in the hospital 
d istrict , than c ould be obtained from isolated  s ources of in­
format ion.  

Regard ing car a c c i d en t s  we found it likely , that 
about 5 0% of all casualties inflicted  upon  car occupants are 
aquired in head-on c ollision s , and also s ignificantly more 
often in right s i d e  impac t s  than in left s id e  impa c t s .  This 
d istribut ion corresponds  with the find ings of  Mackay ( 8 ) in 
an English material , in s pite of  the opposite  d irection of 
t ra ffic in  the inv est igated areas . We can not explain this 
phenomenon , but it might be as cribed to an inborn tend ency t o  
avert t owards  the left . 

The effect of  the safety belt has been well e stab­
l i s hed ( 3 , 4 , 7 ) . The t otal effect can not  be d e s cribed from a 
hospital material , which would d emonstrate the min imurn e ffect  
only. However in  our exper ience even  the  ho spital mat erial  
s hows a s ignificant l ower d egree  of lesions  in  belt  users , as  
well as  a sign ificant r e d istribut ion of  l e sions away from head 
lesions , which with d ue justice are regard e d  as the most  tragic 
ones . The high incidence  of frontal impacts ( 51%) in con j unc­
t i o n  with a 9% inci d ence of turn over , stresses  the extreme im­
portance of  the safety belt in  the prevention of  lesion s .  

T he importance of  s o lid ity o f  the pass enger compart­
ment is apparent fr om the s ign ificantly heavier lesions in  
c onnection with the internal damage t o  the car , d isregarding 
the degre e  of  ext ernal damage .  This observat ion as well , -
bas ed upon  a hospital mat erial , - might be regard e d  as a 
minimum obs ervable e ffe ct . Howev er , our grad ing of ext ernal 
damage d o e s  not unanimously d es cribe the d egree of accellera­
t i o n  in the collis ion. C onsequently ,  for the purp o s e  o f  
j udging the effec t  o f  pass enger compartment s olid ity , an eva­
luat ion based  upon  laboratory evidence combined with actual 
rate o f  occurence o f  transv erse impact s ,  might serve bet ter. 

The d i stribut ion of lesions corres pond with earlier 
invest igation s  ( 2 , 4 , 5 , 6 ) .  Such d e s criptions are of  conclus iv e 
int erest only , when corellated with s ome causal factor or 
preventive measur e .  

Presurning that our material is repres entativ e , the 
analys is shows that  le s i on s  aquired in transv erse impacts  tend 
t o  be  more severe t han tho se aquired  in frontal impacts . The 
d i stance from the oc cupant to the impact howev e r ,  did not in­
fluenc e  t he s everity of the lesions s ignificantly. This is 
not in  ac cordance with B�ckstrBms observat ions regard ing fatal 
impac t s  ( 4 ) . Our analysis  of lesions  inflicted in various 
a c c i d ent s ituations , as described by the police , showed an 
almost i d e ntical patt ern of lesions . A cc ord ingly the s ituat ion 
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d es cr ipt ion does  not seem t o  be e s sential when it comes to c on­
s idering prevent ion of lesion s .  A cc id ent prevent i o n  howev er 
should be based  upon the s ituation d e s cript ion. 

The o ccurence o f  impacts from behind was low as  was 
the o ccurence o f  neck  les ions . This phenomenon can be expe cted 
more oft e n  in  close · town traffi c .  

The result s indicate that protect ive measures against 
les ions in  car 8 Ccid ents should be  given approximately this 
priority: 

SUMMARY : 

frontal • • . . . . • • . . . .  
transverse • • • • • • . • •  
turn over & mult iple 
rear . . . . . . . . . . . . . .  . 

5 0% 
20% 
20% 
10% 

The lesions inflicted upon 1370 oc cupants in  privat e 
cars are analy s e d .  There was no  ma j or influence upon lesions  
ac cord ing t o  locat ion in the car. Safety belt users aquired 
s ignificantly less  s evere les ions than non-users . In 5 9 6  
cases the accid ent s ituat ion was obtained from the police 
record s .  T he les ions d id not vary s ignificantly what anatomio­
al location was concerne d  accord ing t o  varying accid en t  s itua­
tion s .  Des cription of the damage o n  the car i n  which the 
lesions were inflicted was ava ilable for 3 5 5  casualt i e s .  This 
mat erial showed an excess number o f  frontal impa ct s .  Relative­
ly more s ev ere l e s ions were aquired in transverse impa c t s , 
although the type of lesions were the same. Right s i d e  impac t s  
were s ignificantly more common than left s ide impac t s .  The 
d egree  of int ernal dama ge to the car had s ignificant influence  
upon les ion s everity , while the di stance from the o c cupant t o  
the point o f  impac t  d id not hav e maj or influence . 

In cooperat ion with police a s s istent C .  Thaarup and car 
inspectors M. Dald orph and K. Mosebo .  

C omput er analys is by P .  Lagoni .  
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Figur e 2 .  

1Jisfri6uf/on of lhe Lesions offer Ploce in fhe Cor.s . 
Tolol /1afer/a/ (wtlhouf f'rior/l!I o f  lnjur/es ) .  
2 269 Lesions on f370 Polienfs. 

728 Drivt!r5 

wifh f224 l.t!st'ons 

359 Tronfseo(opass. 

wt'fh '28 Lt!sion5 

283 Bockseofposs. 

wt'fh 4 f ?  l.es1'ons 

Head • 80, D 1. , _____ Neck +.s 1. , ____ Rrms ��--- rhoro11 29.Z % ''· 7 1. 2.6 1. -.\--1.t----- Hal>•Urin. • Z.Z 1. ---- Pelvis 
o---- L•gs 

1----- Heocl 
------- Neclc >----- Rrms 
_,._+---- rhoro11 -+-tt---- Baclt 
...__,.,_ ___ HBD •Urrn„ 

�--- Alvis 
,_ ___ i.1!9S 

}----- Neoei , _____ Neck 
>----- Rrm1 --11-'t---- Thoro/t -+-tt---- 8oclr -1-1c1----- RBO•Uri11. • 

\.-"t--- �/v is 
---- Legs 

z.+ 1. 
3Z,6 1. 

83,11 :;. 
'·· 1. 

zs,o 1. 
l+.7 1. 
'·' "' 
" 1. 
1(,7 r. 

35, 0 1. 

73.f :: 
2.1 7. 

U. 7 Y. 
lf. 7 Y. 
f(I,/ 1. 

2.5 1. 
2.6 i. 

249 ;, 

2 0 7 



F i r-ure 3 .  

1. 

2. 

J. 

5. 

'· 
? 

0 

The Severil!J of lhe Lesions in Relohon fo lhe froffico/ Sifualion 

jusf 6efore an lmpocf. 

Tofo/ Police. reporfed ,+/oferia/. 6S6 Cor Occuponf.s. 

.Su.specl-ed .Slighf Sl igM 
No lnobil. lnobi!t'l!I 

/. /. <Z w••*• " 
- - ff.5 43.4 Z4.9 

- - 8. � +t. 3  32., 

_ ... ?.4 .Sf.8 .u.2 

- r  ,,8 so.t, Z4.2 

t- '-2 4'Z.O 24.f 

(f fO.O 4io.o �().() 

- co:;i  ?.f "'· ' 2$.() 

Sin9/e Z.9 0.0 2,4.4 

Hedium 
lnohilil-!I 
Z ·  l!J w•el<• " 

f!J. ()  

'·' 

14'.8 

11,.5 

22.0 

"·' 

fZ.11 

18.9 

Hea"lf, 
/na6i if!I 
3·• ffM.6. 

Z.11 

.. , 

() 

(.!J 

2.? 

() 

S. f  

Z.9 

Heav!I Hoin Cau.st! lnabt'li� of Deafh 
� ' "'"·•· � n 

() 0 

0 '·' 

3.7 () 

2.9 0.9 

f.$ f.J 

J.J () 

2.S 2.5 

f.I, 2.1 

To fa/ 
�umb4r 

� olCo�fl-oll/'111.• 

f()() '-9 

f()IJ ,, 

f()() Z7 
' 

f()() f()J 

f()() '45 

fOO 30 

'"" 39 

fOO f$? 

F i gure 4 .  

The Severd!J of fhe Lesions compared wilh fhe lJirecfion ol lhe Co//ision 

355 pf.s . •  f93 .Orivt!r.S 
8 3 Tronfseofpo.s.s. 
79 Bock.sealpa.s.s . 

' �· 
( Car /nspecfion !1alert'al ) .  

in lkldifion l 3f pl-s.I t'n Rol/-over Rcct'o'enfs ond � 1n rnulfiple ono' un30/ved 
Rcciden f.s . 

( D j <Ot=: ===:::==��.. �-1�„ " 

� 5/ighl Lt!sions . 
...,,·;houl /no6d1f!J 

H�d„urn Le.sions 
/no6illl!f -< 3 /oflh. s. 

H4ov!/. i.t!s1'ons 
/no6dil!f ,,. 3 ,.,lh.s. 

/'1a1'n Ca'1.Je 
of .Dllafh 



Table 1.  

Use  of safety belts ( based upon 1087 injured front 
seat car o c c upant s ) . ( T HM) 

driv ers front seat 
pass engers 

Belt used 60  ( 9 , 1%) 25  ( 7 , 3%) 
Belt not used 600 ( 9 0 , 9%)  316 ( 9 2 , 7%) 

Unknown 68  ( 9 ' 3%) 18 ( 5 , 0%) 

T otal 728 3 5 9  

T he percentage s  are calculated  from the total number 
in the unknown e;roup , and from the number of eluci­
dat ed cas e s  in the other groups . 
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Table 2 .  

The .regional d istribut ion  of  the les ions upon front 
seat car occupants  in relat ion t o  use of ·safety belt s .  
(THM) . 

Region + Belt Belt 

He ad 30 493 

Ne ck 2 2 7 

Back 2 20 

Thorax 21 6 4  

· Abdomen & 
urinary Rys t em 2 8 

Pelv is 1 20 

Arms 12 144 

Legs 13 110 

T otal 83 886 



T a b l e  3 .  

T he s ev erity o f  l e s i o ns i n  front s e a t  ca r o c cupant s 
in r e l at ion t o  thc use o f  safety b e lt e ( T HM) . 

Sus p e c t e d  

Lieht - n o  inabj l i t y 

Light - ina b i l i t y  
l e s s  than 2 w e e k s  

M e d ium - inab i l i ty 
2 - 13 w e e k s  

Heavy - ina b i l i t y  
3 - 6 months 

Heavy - inab i l i t y  
more t ha n  6 months 

Ma in cause o f  d ea t h  

T o t a l  

+ B e l t  

7 

4 5  

19 

8 

3 

0 

l 

83 

B e l t  

5 7 

413  

2 3 3  

146 

2 2  

8 

7 

886 

2 1 1 



Table 4 .  

T h e  s e v erity o f  l e s ions infl i c t e d  upon o c cupan t s  in 
cars with s e v ere ext e r na l  damage ( s e a t  be l t  us e r s  
e x c lud c: d )  a c c ording t o  d ir e c t ion of impa c t . ( C IHM) . 

None or sl ight l e s ions 
without inab i l i t y  

S l ißht l e s i o n s , 
ina b � l i ty l e s s  than 2 w e e k s  

M e d ium l e o i on s , 
inab i l ity 2 - 1 3  weeks 

Heavy l e s i o n s , 
inab i l i t y  m o r e  t han 3 months . 

Frontal 
impact 

66  

4 1  

25  

I n c l u s iv e d e a t h  11  

T ransv e r s e  
impact 

18 

13 

19 

7 




