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The a c c i dent p a t t ern for the unpr o t e c t e d  r o a d  u s e r s  var i e s  with 
the cons truc t i o n  o f  the t r af f i c  and i t s  dens i t y .  Dens e two ­
whe e l e d  t r a f f i c  i s  char a c t e r i s t i c  for c o unt r i e s  l i ke Denmark and 
Holland , and ther e f o r e  the s e  c ountr i e s  a r e  e s p e c i ally s u i t a b l e  
ar e a s , when i t  come s t o  the s t udy of t he s e  p ar t i c ular a c c i dent s . 

Development and s i z e  o f  pr o b l e m .  

Dur ing the l a s t  15 y e ar s , Denmark h a s  s e e n  a gr adual turn from 
b i c y c l e  a c c idents t o  mo p e d  a c c ident s . Figure 1 .  ( The numb e r s  
d e r ive from t h e  C e ntr al Bur e au o f  Sta t i s t i c s) . However the 
l i ght two -wh e e le r ' s  t o t a l  number o f  a c c idents has been r e l a t i v e l y  
s t able , apar t f r o m  a d i s t in c t i v e  inc r e a s e  i n  t h e  numb er o f  moped 
a c c i dent s in conne c t i o n  with lower ing o f  the permi t t e d  age t o  
r i d e  from 16 t o  15 year s in 1971 ( 6 )  w i t hout p r o p o r t ional d e ­
c r e a s e  i n  t h e  numb e r  o f  b i cy c l e  a c c ident s . 

I t  i s  r e markab le , that the number of d e a t h s  after b i c y c l e  a c c i ­
d e n t s  a s  well a s  after m o p e d  a c c i dents has been almo s t  s t able 
thr o ug h  15 year s . I t  i s  p o s s ible , that the phenomenon c an be 
a s cr i b e d  to a mo d i fi e d  age d i s tr ibution with more young moped 
r i d er s , i n  a s  much a s  the mor t a l i t y  in the young is only ar ound 
1/4 of the mo r t a l i t y  of the old (2 ) .  

Epidemio logi cal pr oblems . 

The p a t t ern o f  l e s ions a t  t r a f f i c  a c c i d e n t s  i s  well known . New 
knowle d g e  can only be e s t a b l i s h e d  by c o mpar ing the p a t t er n  of 
a c c i d e n t s  and le s i ons with c a u s a t i v e  f a c t o r s  ( 3 ) .  A c c idents c an 
b e  r e l a t e d  t o  g eneral human p a t t e r ns o f  b e havi our whi c h  ar e 
s u s c e p t i ble t o  p e d ag o g i c al and l e g i s l a t ive m e a s ur e s . But t r a f f i c  
a c c i d ent s ar e a t  the s ame t ime always l o c a l  phenomenons whi ch 
mus t  b e  s tu d i e d  in r e la t i o n  to the environmental fac t o r s  wher e  
momentary or permanent a c c i dent fac t o r s  may a p p e ar , wh i c h  c an 
only b e  r e c o g n i z e d  by s t able s up e r v i s ion and knowl e d g e  o f  the 
l o c a l i t y .  

The c o - o r dinat e d  analy s i s  o f  a c c i dents i n  the Odens e Unive r s i ty 
H o s p i tal ' s  p o p ulat i on o f  23 0 . 000 w i t h  approxima t e l y  3 . 000 
t r a f f i c  i n j ur i e s  p e r  y e a r  has b e e n  de s cr ib e d  in p r e v i o u s  r e p o r t s  
( 5 ) . C o - o p e r a t ion wi t h  o ther author i t i e s  h a s  through t h e  l a s t  
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five year s  proved to be decis ive i� order to benefit from the 
analyse s . By analys i s  of the epidemiology o:f the unprotected 
road user , there is a parti cular need for co-operation with the 
road author ities  and the police , in order to get information 
about a number of background factor s . 

At c o s t-benefit analyses  one should not normally take exposure  
into account , but this  i s  ne c e s s ary by evaluation of the level 
of risk  in an ar ea of traffi c .  Her e expo sure c an be d e s cr ibed 
as the number of encounters between the examined partie s . Un­
fortunately however thi s phenomenon cannot be measured and con­
s e quently one mus t  normally settle for s imple counting of the 
o ccurrence of parti e s . As a rule only measure��nts of the car 
traffic  is available , and not of the traffic  of the unprotected . 
However an e s timate of  the product of  their activity and fitnes s  
may be reached by s tudying their s ingle acc idents  in that partic­
ular area .  

Ano ther e s s ential problem in the s tudy of accidents cons i s t  in 
the ver ification of  whether the areas in which the traffic is 
counted are r epresentative for the normally far larger area i� 
whi ch accident s are r e g i stered . This  is  particularly a problem 
in the city traffic .  In reality this problem cannot be solved . 
However repres entativity can be ver ified if the observat ions 
remain stable even if the mater ial l s  dispersed into smaller 
selections . 

Correlation between car traffic and unprotGcted road user ' s  
c a sualtie s .  

By now the Oaense r e g i s tration has taken place for so lang , that 
it i s  p o s s i ble to c ompare the 2�-hour var iation for c ar traffic 
and collis ions between unprotected and cars for par ti cular roads , 
where traffic counting has taken pla8e , ann whp,rp, many a c cidents 
happen as well . 

Figur e  2 shows this connection for a densely crowded narrow 
�hopping s treet , and figure 3 shows the c onne ction for a large 
exit road which function as a maj or road in some part s  with 
international. traffic .  In both placAs  there seems to be good 
accordance with the traffic intens ity and the frequency of 
acci dent s . 

F.igure l+ - 7 show the s ame conne ction for the whole are a ,  but 
after a dispers ion into four age group s , which might be expected 
internally t o  have r elatively uni form patterns of oehaviour , 
but which  might differ e s sentially from each other . The mater ial 
has also been divided according to type of conflict  into s ingle 
a c c idents and weak/strong , that i s  all unprotected who collide 
wi th cars ( 2 ) .  Mutorcycles might also be repr e s ented as 1 1 s trong 
counterpa.r ts  '' or 1 1weak offer 1 1  - but the mo torcycle a c cidents 
repres ent only a very small par t  0f  the mater i al . 
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Figure 4 shows a very high number of s ingle acc idents for children 
with a very high and five hours long afternoon plateau from 2 p . m .  
t o  7 p . m .  In the collis ion s ituation with cars the plateau i s  
narrowed down t o  a top point a t  5 p . m . , probably a reflect ion o f  
the culmination o f  the car traffic .  It  is  str iking , that the 
children almos t  lack a top point at the t ime , when the s c hool 
traffic is  confronted with the morning rush-hour . 

Figure 5 shows , that the teen-agers have a peculiar s ingle a c c i ­
dent pattern with a graduate increase during the afternoon hour s 
and with culmination at 10 p . m .  The pattern is  found again in 
their collision accidents , where also the character i s t i c  reflec­
tion of  the afternoon rush-hour appear s . 

Figure 6 shows , that the well-known , two -bulged 24-hour distri­
bution i s  found in the 18 - 49 year old  in  s ingle accidents and 
in collis ion situations as wel l .  Specific  for the se ages  i s  a 
high fre quency of no cturnal single accident s . 

Figure 7 shows , that the 24-hour curve for persons over 50 year s 
of age has a rather even cour s e  during the day hour s ,  with a 
moderate 4 p . m . top point in the collis ion s i tuation.  In thi s 
s ituation ther e is  also a top point between 10 a . m .  and 12 a . m . , 
which  is  not explainable r ight off . 

Dis tr ibut ion and s ever i ty of  les ions . 

Figure 8 demonstrates a percentuated distribution of the to tal 
number of les ions in pedes tr ians , cycli s t s  and moped r iders 
respectively . The numbers are g iven as per centage of the patients 
who have the les ions in ques t ion.  Furthermore the appearance 
of character i s t i c  fractures  has been demons trate d .  The figure  
shows the well-known r e gional distribution with the lar g e s t  num­
ber of l e s ions in the head followed by les ions in the legs , arms 
and trunc . The relat ive redistr ibution of  les ions from the head 
towards the legs in moped r iders might be due to the effe ct  of the 
helmet .  This  will be exposed to a closer examination . 

It i s  c lear , that there is  a higher incidence of femoral and 
crural fractur e s  in pede s tr ians that in the two -wheeler s .  
Children and old people are overrepresented in the group of pede­
s tr ians , but correlation between age phenomenons and les ions is 
very complex and depending upon s everal var iables such as  fr i c ­
tion , mas s  tardine s s , speed , place o f  center o f  gravity and 
fragility . 

Furthermore the mater ial has been examined for differ ences in 
the degree of s ever i ty of the les ions , according to the Odense 
method ' s  7-po int s c ale . No difference s  in thi s could be pointed 
out in the various categories of road user s . 
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The purpose of the trans portation of the injured at the time of 
a c cident is of cons iderable interest  for traffic- and c ity plan­
ner s , legi slators and educationi s t s . 

Table 1 shows all traffi c  injured , regardles s  of ways of transpor­
tation,  who have been treated after ac c idents on the r oad between 
their home and s chool and place of work r e s p e ctively , during work 
or in their leisur e  t ime . The information is  g iven in absolute 
numbers  and in per centages . Furthermore information is given as 
to how many of the patients have been reported by the police to 
the Central Bureau of Stati s t i c s . The low number of reports of  
s chool accident s  ( s ignificantly different from home/place of work ,  
P <  0 , 001 ) can be  explained by the overrepresentation of  cyclis t 
a c c idents , which notoriously are reported only rarely (4 ) .  When 
it come s  to l e i sure t ime acc idents the low frequency of repor ting 
( s ignificantly different from home/place of wor k ,  p (  0 , 00 1 )  c an­
not be explained from the means of trans portation or the d i s tr i ­
but ion o f  age , but mus t  also b e  sought for in other behavioural 
patterns , i . e .  r e l at ively high occurrenc e of intoxicated road 
user s , who deliberately tries to wi thdraw from the police  regi­
stration ( 1 ) .  

Table 2 shows , that the area has a very high o ccurrence of two ­
wheeler ' s  accident s , e s p e c ially dur ing the leisure time . Second 
largest  group is  the c arrider ' s  in�ur i e s , also in leisure t ime . 
In this material the number of s choolroad a c cidents only repre­
sent 4 , 5% of  the total  number of ac cldent s , and far the maj ority 
of  a c c ident s have t aken place during bicycling . 

Table 3 shows what counterpar t s  the injured  has had in connec t ion 
with differ ent errands . The s ingle accidents is  the lar g e s t  
group with 46% while  3 9% have had an automobile as counterpart , 
5% two-wheelers and 4% heavy-goods vehic les . 

As t o  degree of severity the Lwu-wheeler ' �  collis ions wi th cars 
is the mos t  s er ious s afety problem of the are a .  

Geographical distribution of accident s . 

Since September the l s t  1972 an attempt has been made to localize 
the accidents in which  a registered vehi cle has been involved . 
Table 4 shows the s i ze of this mater ial for the unprotected road 
users  as victims . 
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Table 4 .  

jUnprotected/car s ( February lst  1972 - January 3 l s t  1976 ) 

Name o f  street  
! 
i 1 No t No t 
1 Available: available ! Total available/Total % 
! 

Pedestrians 4 9 5  146 641 23 1 1 lcycl i s t s  548 162 
: 

710 i 23 1 !Moped riders 602 237 839 1 28 
1 ! 

The material is programmed in such a way , that it  is  p o s s ible to  
t r A n s cripe the number of casualties o �  each road for s e l e c ted 
group s .  From thes e  trans criptions we have chos en the ten mos t  
heavily loaded roads i n  r egard t o  casualties  in pedestrians , 
cyclists  and moped r ider s .  Th8r e is  good accordance be tween 
the preferred locations of these groups in as much as 17 stree�  
name s cover the 1 1 top ten 1 1  list  for all three  categor ie s .  At 
the same t ime it i s  demons trated , that there are roads where 
only one category of road users have many ac cident s . These  will 
be pointed out to the road technicians in antic ipation o f  a 
closer examination.  

The 17 most  heavily loaded roads have 618 accidents out of  a 
total number of 2190 or 28% . Ther e are about 1340 roads and 
streets  in the are a .  

The concentration of acc ident s for the three categor i e s  appears 
in table 5. 

Table 5. 

1 1 ' 
Total num-lber of 
acc idents 

Pede strians 641 

Cyclists  710 

Moped riders 839  

Of thes e  on 1 ! 
the 1 1 top ten 1 1  1 

( percentage ) j 
1 

1 
2 5  

1 
! 1 

22 1 
23 1 

Number of Mean acc ident 
roads with number per 
accidents road 

175  3 , 7 
---------·····-···· -··-

206 3 , 4 

213 3 , 9  
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Table 5 shows a uniform tendency for the thr e e  groups . 

Thus s e curity-wis e  there s e ems to be a good reason to concentra � e  
the preventive effort i n  the mos t  acc ident loaded plac e s . 

In order to get  a hint as  to whether the carriders have a reali­
s t i c  notion about where the unprotected run the great e s t  r i s k ,  
we asked s ome commercial dr iver s about their idea o f  the level of  
a c c i dents for a number of s treets . They d i s approved four of the 
e ight most  dangerous streets  and characterized those  s treets  as 
1 1 le s s  dangerous 1 1 • Thi s  indicates  a limited value of 1 1 common 
s e ns e "  as we ll as of 1 1local knowledge 11 whi ch i s  not based on 
metho d i c  observations . 

Ac c i dent s i tuations . 

Table 6 .  

1 

1 
1 : 

Situation Moped Bicycle 1 Collis ion i s i tuation i ( 0 = victim) ! 1 i ! 1 

1 1 54- ! 79 0 
i 

2 ! 23 ! 11 i -

! 108 3 119 1 t ! 

4- 124- 1 6 5  t 
5 110 80 ! 
6 107 1 1 83 � t 

0 

54- 1 � 7 ! 11 
1 . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . 

591 1 4-37 
· · · · · · · · · · • · · · · · · · · · · · · · ·  

Total no . . . . . . . . . . . . . . . . . . . . . . . . . .  
· · · · · · · · · · · · · · · · · · · · · · · ·  . . . . . . . . . . . . . . . . . . . . . . . . .  ' . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . 

Table 6 shows moped- and bi cycle acc ident s i tuations f�r police 
r e g i s t ered acc idents from September lst 1972 to January 3 lst  1976 
( Dani s h  Central Bure au of Sta� i s t i c s ) .  There  does no t s eem to be 
any difference in their accident patterns . The degree of severity 
of  the les ions ( the 1 - 7 graduation ) has been compared with the 
a c cident s i tuation as well as with the means of transportation.  
The only difference which could be pointed out in the degree of 
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severity was a tende�cy towards a more s evere degree of  injury 
in the bicycle riders than in the moped r ider s , when they are 
hit from behind ( s ituation 1 )  ( O , l >  p > () , 0 5 ) . 

At the moment the bicycle rider ' s  safety in the Odense are a  is  
underg o ing a closer examination.  However the eff ect  of  bicycle 
tracks cannot yet be evaluated with certainty . 

From table 4 i t  appear s ,  that 162 out of 710 ( 23% )  of the 
bicycle acc idents could not be localized . Ther efore the localiza­
tion  of  the remaining accidents has been the object  of a closer 
inves t igation,  par t ly in the police r e g i s ters and par t ly through 
letter inquiry.  The accidents which  were localized in this way 
showed the same geogr aphical distribution as tho s e  primar i ly 
localized , with 70% accor dance on the 1 1 t op ten1 1  list . After this 
only 94 bicyc l i s t  acc idents lack locali zation or 13% of the to tal 
mater ial . 

There is  no reason to as sume , that d i s tr ibution of the lacking 
94 cases  differ geographically from the rest . 

The time of inability as a result of  the bicycle r ider ' s  collis ion 
with cars has been investigated through a letter inquiry in whi ch 
57 answers are available till now . The 57 answers are distribu�ed 
as shown in table 7. 

Table 7 .  

1 
Severi.tv l l - 3 4 ; -

6 
1 ) 1 . 

group 1 ( 0- 14 days ) ( 1 5- 90 days ) ( 91-180 days ) ; ( > 181 days ) 
1 1 1 Number 40 1 5  1 

1 1 
! 1 1 

A fur ther inve stigation into the s o c ial cons equences is  still  
taking place , and the material is  a par t of a larger analys is  
whi ch is  aiming at  converting " s ever ity group " into days of  
inability . 

Summary. Purpo se : Inve s tigation of the unprotected road user ' s 
collis ions with car s .  

From the Odense material ' s  approximately 1 5 . 000 traffic casualties 
registered s ince February the lst 1971 a material has been sele c ­
ted o f  1106 cyclis t s  and 1377 moped r ider s ,  whos e  les ions are 
compared with tho s e  of 981 pedes trians . It was not pos s ible to 
point out any difference between cyclists  and moped r iders with 
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r e g ard to d i s tr ibution of les ions or s everity . Howeve r ,  there 
was an obvious overweight of femoral and crural fractur e s  in pe­
destrians . The 24-hour pattern of  accidents was examined and 
c ompar ed to the car traffic in specif i c  roads and in differ ent 
age groups which s howed certain character i s t i c s . 

From s eptember the lst  1972 information is  available as to the 
errand of the road user at the moment of accident as well as the 
place of a c cident , c ompris ing 710 cyclists  and 589 moped rider s . 
Far the mos t  accidents o ccur during le isure time . From this 
material " top ten" l i s t s  of accident loaded s treets  have been set 
up and c ompared in regard to pedestrians , cycli s t s  and moped 
r ider s .  

It  appe ared , that there was a uniform localization and tendency 
of concentration for the a c c ident s , but there were certain loca­
lities , where only one category of road users collided with cars . 
The accident s ituation and the les ions as a re sult were the same 
for the cyc l i s t s  and the moped r ider s apart from a little more 
severe pattern of les ions in the cycl i s t s  who had been hit from 
behind . 
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