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ABSTRACT 

A s tudy has been made of the extent to w h i c h  b i c y c l e  helmets 
a f f orded prot e c t i on i n  respect o f  the i n c idence and sever i ty 
o f  head i n j ur i e s  i n  3 6  matched p a i r s  o f  c yc l i s t s , where one i n  
e a c h  pa ir h a d  worn a he lmet and the other h a d  not . The p a i r s  
w e r e  matched accord ing t o  t h e  a g e  a n d  s e�� o f  t h e  i n j ured , t h e  
t y p e  a n d  cause o f  the acciden t , t h e  k i nd o f  b i cyc l e  a n d  the road 
cond i t i on s . Head i n j ur i e s  in the he lmet area were l e s s  f r equent 
and l e s s  severe for the cyc l i s t s  who had been wear ing he lmet s .  
The con c l u s ion i s  t h a t  b i c y c l e  he lrnet s ,  �ven s imp l e  ones , could 
be recommended for c yc l i s t s  o f  a l l  categor i e s  a s  they protect 
aga i n s t  head i n j u r i e s , at l e a s t  ag a i n s t  head i n j u r i e s  o f  m i nor 
sever i t y .  

INTRODUCTION 

B i c y c l ing has grown rapidly i n  popu l a r i ty i n  Sweden over the 
l a s t  decade . The annual number of b i c y c l e  acc idents has i n ­
c r e a s e d  accord i n g l y  a n d  c yc l i s t s  now con s t i tu t e  the l a r g e s t  
number o f  i n j ured road u s e r s  in Gothenburg [ 7 ] .  I n  a prev ious 
s tudy it was found that mo s t  o f  the i n j u r i e s  were to the s k u l l  
and f a c e  [ 7 ] . The h i g h  i nc idence o f  head i n j ur i e s  i n  b i c y c l e  
a c c i d e n t s  has f oc u s ed i n t e r e s t  o n  t h e  degree o f  prot e c t i o n  
a f f orded by b i c y c l e  h e l me t s . There i s  a l s o  the que s t i on whether 
ordi nary b i c y c l e  helmets protect as we l l  as motorcyc l e  and moped 
h e l met s .  The aim of t h i s  s tudy was to i nv e s t i g a te the degree o f  
protec t i on g i ven by b i cy c l e  h e l m e t s  i n  urban tra f f i c . T h e  s tudy 
i n c l uded helmets wh i c h  are not espec i a l l y  des igned for cyc l i s ts 
s uc h  a s  i ce-hockey helmets for examp l e , w h i c h  are u s u a l l y  worn 
by c h i l d ren when they are learning to r i de a bicyc l e . 

MATERIAL AND METHOD 

A computer-based s y s tem f o r  the reg i s t r a t i on and a n a l y s i s  o f  
t r a f f i c  acc ident c a s ua l t i e s  has been i n  u s e  i n  Gothenburg , 
Sweden s i nce 1 9 8 3 .  The s y s tem proc e s s  acc ident and envi ronment 
data come f rom p o l i c e  reports and the i n j ury data f rom hos p i t a l  
record s . The data-base contains c a s u a l t y  data from 1 6 5 0  b i cy c l e  
a c c i d e n t s  d u r i n g  1 9 8 3 - 8 4  a n d  comp l ementary acc ident d a t a  f r om 
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those 1 1 0 0  cyc l i s t s  who answered a que s t i onna i r e .  Th i r ty - s i x  of 
the 1 1 0 0  cyc l i s t s  who an swered the que s t i onna i r e s  had been 
wear i n g  a helmet . Each of these t h i r ty - s i :� cyc l i s t s  was matched 
w i t h  another cycl i s t  ( o f the 1 1 0 0  cycl i s t s ) who had not been 
wea r i ng a helmet at the t i me .o f the acc i dent . The . match i ng p a r a ­
meters were : 1 .  The a g e  of the i n j u red ; 2 .  The sex of t h e  
i n jured ; 3 .  T h e  type , mecha n i sm ,and c a u s e  of t h e  acc i de nt ; 4 .  
The type of b i cycle ( s tandard , sports , rac i ng ) ;  5 .  The road 
cond i t ions . 

The i n j u ry data for theese thirty- s ix p a i r s  of cyc l i s t s  were 
obta i ned from the data-base after the matc h i ng procedure . A 
compar i s on was made i n  each pa i r  for � 

1 .  7he number of head i n j ur i e s  i n  the he lmet area . 
2 .  The max i mum A I S - s core of the head i n j u r i e s  i n  the he lmet area . 

The he lmet area was def i ned a s  the ma jor part of the s k u l l  and 
the forehead ( f i g u r e  1 ) .  Standard s ta t i s t i c a l  methods for p a i red 
samp l e s  were used for the test of s i g n i f i c ance . [ 4 ] . 

F i g u r e  1 .  The helmet a r e a  o f  the h e a d . 

RESULTS AND COMMENTS 

The age and sex of the i n j ured and the acc i dent c i rcumstances 
are spec i f i ed in table I .  There were 26 p a i r s  of ma l e  c yc l i s t s  
a n d  1 0  pa i r s  of female c yc l i sts . Almost two t h i rds o f  t h e  i n ­
j ured were under 1 0  years o f  age and only two p a i r s  were over 
3 0  years o l d . 

The .type , l oca l i z a t i o n  and seve r i ty of .the head i n j u r ie s  are 
spec i f i e d  in table I I . The number o f  i n j u r i e s  i n  the h e lmet area 
wa s l ower in 22 p a i r s , equal in 1 0  pa i r s  and h i gher i n  4 pa i r s  
for the helmeted cycl i s ts . The max imum sever i ty ( AI S ) o f  the 
i n j u r i e s  in the he lmet . area was l ower in 2 1  p a i r s , equal i n  9 
p a i r s  and h i gher i n  5 p a i r s  for the h e l meted cycl i s t s . I n  respect 
of the number of head i n j ur i e s  in the he lmet area and the max i mum 
sever i t y  of the head i n j u r i e s  i n  the h e l me t  area , there w a s  a 
s i g n i f  i c a n t  d i f ference between the he lmeted and non-helmeted 
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cyc l i sts with a l ower number of injuries  ( p< 0 , 0 1 ) and a lower 
maximum AIS-score ( p< 0 , 0 1 ) for the helmeted cyc l i sts . The total 
number and the l ocal i s ation of a l l  head injuries  in the helmeted 
and non-helmeted cyc l i sts are shown in f igure 2 .  

Helrneted 

Non-he lrne ted 

Figure 2 .  Head i n j u r i e s  in helrneted and non-helmeted cycl i s t s . 
x indi cates a cerebral concus s ion ; • indi cates a local i z ed 
in jury . 

DISCUSSION 

Mos t  stud ies of bicycle acc idents show a high frequency ( 3 0 - 5 0 % ) 
of head injuries  [ 7 , 8 , 9 , 1 0 ] . In a previ ous study we found that 
the relative inc i dence of head injuries  in inj ured cyc l i st s  in 
Gothenburg was 57% [ 3 ] . The s ame study showed that the relative 
inc i dence o f  head i n j u r i e s  was a lmest 8 0 %  i n  chi ldren of 4-6  
years  o f  age . Most o f  the injuries  were o f  rninor sever ity and 
l i fe-threaten i ng head injuries  ( AI S > 3 )  were noted in only 1 %  in 
th i s  s tudy . Studi e s  on fatal bicycle acc i dents show that almest 
9 0 %  o f  the injured sustained head i n j u r i e s  [ 5 , 8 ] . In a study 
f rom 1 9 7 5  Möl ler showed that more than 1 0 % of in jured cyc l i sts 
wer e  hospi tal i z ed because of cerebral concus s i on [ 1 0 ] .  Sequele 
f rom head i n j u r i e s  in b i cycle accidents should be the study o f  
further analy s i s .  

In  a s tudy o f  b i cycle acc i dents in Stockholm, Sweden , approx i ­
mately  6 0 %  of the head injuries  were local i zed in the helmet 
area [ 8 ] .  Thus , the wea r i ng of a helmet should reduce the number 
and s ever ity of head i n juries  i n  cyc l i s t s . The mandatory use 
of he lmets for dr ivers of mopeds and motorcycles has reduced the 
number of head i n j u r i e s  s igni f i cantly . However , there are some 
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d i f f e r e n c e s  between b i cy c l e  and moped- or motorc y c l e  a c c idents : 
Cyc l i s t s  are more o f ten i n j u red i n  s i n g l e  acc i dents [ 7 ] , the 
speed is probably lower in most b i cy c l e  accidents and the h e l ­
mets u s e d  b y  moped- and moto r c y c l e  d r i ve r s  a r e  stronger a n d  pro­
tect a l a rger area o f  the head . Very few ( 2 - 4 % ) cycl i s t s  i n  
Gothenburg u s e  he lmets [ 6 ] . Mo s t  o f  the he lmeted c yc l i s t s  are 
c h i ldren . We t h i nk that a m a j or i ty of the cyc l i s t s  regard the 
ava i l a b l e  b i c y c l e  helmets a s  uncom fortable and unattra c t i ve . 
There i s  a l s o  some d i s cus s i on a s  t o  j u s t  how w e l l  the helmets 
ava i l a b l e  do protect . Swed i s h  tr a f f i c  s a fety author i t i e s  are not 
mak ing any subs tanc i a l  propaganda for the use o f  b i c y c l e  helmets 
beca u s e  they are w a i t i ng for better ones to be d e s i gned [ 1 1 ) .  

The 1 1 0 0 cyc l i s t s  samp l e  i n  the s tudy i s  the f r a c t i o n  o f  the 
1 6 5 0  i n j u red cyc l i s t s  dur i n g  1 9 8 3 - 8 4 ,  who responded a que s t i on n ­
a i r e . The match i n g  procedure w a s  made o n l y  o n  the 1 1 0 0  sampl e ,  
because there w a s  not acc idental data enough i n  the non-re spon­
dent group . Some of those who did not an swer were probab l y  i n ­
volved i n  a c c i d e n t s  w h i c h  m i ght b e  c l a s s i f  i ed a s  " n ot typ i c a l  
tra f f i c  acc ident s " ,  s uch a s  c h i ldren f a l l i ng o f f  the i r  b i cy c l e s  
when p l a y i ng . There i s  a po s s i b i l i ty that b i cyc l i s t s  w i th s l ight 
i n j u r i e s  were more f r equent i n  the non-respondent than i n  the 
respondent g r oup . I f  t h i s  i s  the c a s e  and i f  such a c c i d e n t s  
would have b e e n  matched i n stead o f  acc i dents w i th more s ev e r e  
head i n j u r i e s  the protec t i ve e f fect o f  t h e  helmets wou l d  have 
been l e s s  obv i ou s . 

I n  g e n e r a l  a " c a s ua l t y  samp l e "  i s  a n  i ncorrect base f o r  c a l c u ­
l a t i n g  t h e  e f  f e c t  o f  a protect ive measure - You m u s t  have a n  
i n j u ry t o  g e t  i n t o  the mater i a l . Howeve r , be i n g  u n a b l e  to 
c o l l e c t  an " ac c ident samp l e " we mu s t  accept t h i s  b i a s  and 
blurr i n g  of the r e s u l t s  in t h i s  s tudy . 

A fact that a l s o  m i ght b l u r r  the r e s u l t  o f  th i s  study i s  that 
the helmeted group ( or the i r  pare n t s ) m i g h t  be more i n c l i ned to 
go and see a doctor . T h i s  m i g h t  i n c lude a number o f  he lmeted 
cyc l i s t s  with negl ectable i n j u r i e s  in the s tudy . Howeve r ,  the 
number and seve r i ty of the i n j u r i e s  to other body reg i on s  were 
the same f or the helmeted and non-he lmeted group and there f ore 
the b l u r r i ng of the r e s u l t s  probab l y  are s ma l l . 

The mecha n i sm and cause o f  acc ident a r e  perhaps not r e l evant a s  
pr imary match i ng c r i t e r i a  b u t  t h o s e  c i rcumstances h a v e  been 
documented in order to g i ve a comp lete p i cture o f  the acc i dent . 
The d i s tance f r om home/ac c i dent p l a c e  to the c a s ua l ty room h a s  
not been stud i ed . Almost a l l  the acc i dents occurred i n  the 
Gothenburg area and the time to get to the hospital i s  short 
( l e s s  than 30 m i nutes ) and probably not of ma j or i mportance i n  
t h i s  study i n  w h i c h  s evere head i n j ur i e s  ( AI S � 3 ) were noted i n  
only one case . 

I n  our s t udy i t  was not known w h i c h  k i nd o f  b i cy c l e  h e l me t  w a s  
worn i n  a l l  cas e s . Mos t  o f  t h e  c h i l d r e n  w e r e  wear i n g  i ce -hockey 
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helmets and the adu l t s  had used d i f f erent types of spec i a l l y  de­
s i g ned b i cyc l e  h e l me t s . The mat c h i ng degree was not compl e t e  in 
a l l  c a s e s  as i t  i s d i f f i c u l t  to f i nd two i d e n t i c a l  a c c i d en t s . 
The ma i n  matc h i ng c r i t e r i a  should be the type of acc ident and 
whether there was any impact to the head or not . In some c a s e s  
t h e r e  i s  probab l y  a d i s c r epancy i n  t h i s  respect but , neverthe­
l e s s , the r e s u l t s  o f  the s tudy c l e a r l y  show a d i f f e r en c e  between 
the number of i n j ur i e s  in the he lmet area when he lmets were worn 
and when they were not ( f igure 2 ) . Mos� ( 7 7 % )  of the i n j u r i e s  i n  
the former c a s e  were m i n o r  ( AI S = 1 ) .  Thus the e f f icacy o f  a b i ­
c y c l e  h e l me t  or even a n  i c e-hockey he lmet a s  protection ag a i n s t  
h e a d  i n j u r i e s  i s  oov i ous , a t  l e a s t  f o r  minor i n j u r i e s . 

O n l y  one s e r i ou s  ( AI S > 2 )  head i n j u r y  was noted i n  th i s  s tudy . 
The c yc l i s t i n  t h i s  case was a non-he lmeted woman i nvol ved i n  a 
col l i s i on with a c a r . The matched c yc l i s t  i n  t h i s  p a i r  had been 
wea r i n g  a helmet and there was no head i n j ury , but a s  it is not 
c e rt a i n  that there was any head impact in t h i s  case , it rema ins 
to be proved how we l l  a he lmet protects aga i n s t  ser ious head 
i n j u r i e s . 

CONCLU S I ONS 

The r e s u l t  of th i s  s tudy shows that ord i n a r y  b i c y c l e  helmets as 
we l l  a s  s imple i ce -hockey helmets protect a g a i n s t  head i n j ur i e s , 
or a t  l ea s t  aga i n s t  i n j ur i e s  of m i nor sever ity . I n  common w i th 
s e v e r a l  other i nv e s t i g ator s [ 8 , 9 , 1 0 ]  we wou l d  s trong l y  recommend 
a more w i despread use of b i cy c l e  h e l met s . We a l so t h i n k  that i t  
i s  better to u s e  some k i nd o f  h e l me t  rather than n o  he lmet at 
a l l . 

I n  our o p i n i on , there are several impor tant reasons why c h i ldren 
should wear h e l me t s : We know that the fr equency of head i n j u r i e s  
i s  v e r y  h i g h  i n  t h e  agegroup 4-6 yea r s .  Furthermore ,  i f  c h i ldren 
a lways get a he lmet when they learn to r i de a b i cyc l e , they w i l l  
pr obab l y  accept i t  a s  a matter o f  cou r s e  and i n  t h i s  way ; there 
may g r adua l l y  be i n s t i l l ed a more pos i t ive atti tude to the 
wea r i ng o f  b i c y c l e  he lmet s . 
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l AB L E  A C C J O[ N l  C I RCUMS l A N C E S  

P a i r  H e l m. S e x  A g e  
n o  

A c c i d e n t  
t y p e  

C a u s e  o f  s i n g l c  a c c i d e n l s  o r  
d i r e c t i on o f  i m p a c t  i n  c o l l i s i o n s  

B i c y c l e  
t y p e  

R o a d  
c o nd i t i o n 

y e s  M 
n o  M 

2 y e s  M 
n o  M 

3 y e s  M 
n o  M 

4 y e s  M 

n o  M 

5 y e s  M 
n o  M 

6 y e s  r 
n o  r 

7 y e s  r 
no r 

8 y e s  M 

n o  M 

9 y e s  r 

n o  r 

1 0  y e s  M 
n o  M 

1 1  y e s  M 
no M 

1 2  y e s  M 
n o  M 

1 3  y e s  M 
n o  M 

1 4  y e s  M 
n o  M 

1 5  y e s  r 
n o  r 

1 6  y e s  M 
n o  M 

1 7  y e s  M 
n o  M 

5 
5 

s i ng l e  
s i ng l e  

l o s s  o f  c o n t r o J  wh i l e  p J a y i n g  
l o s s  o f  c o n t r o l  w h i le p l a y i ng 

5 c o l l . b i c y c l e  h i l  f r om t h e  l e f t  
5 c o l l . b i c y c l e  h i t  f r o m  t h e  r i gh t  

5 c o l l . b i c y c l e  h i t  f r o m  t h e  b a c k  
5 c o l l . b i c y c l e  h i t  f r o m  t h e  b a c k  

5 4  s i n g l e  

5 4  s i ng l e  

m e c h a n i c a l  fa i l u r e ,  b l o c k e d  
w h e e l  
m e c h a n i c a l  fa i l u r e ,  b l o c k e d  
w k e e l  

1 4  c o l l . b i c y c l e  f r o n t a l  c o l l i s i o n  
1 4  c o l l . b i c y c l e  f r o n t a l  c o l l i s i o n  

6 
5 

5 
5 

s i n g l e  
s i ng l e  

s i n g l e  
s i n g l e  

1 3  c o l l . c a r  

l o ss o f  c on t r o l  
l o s s  o f  c on t r o l  

l o s s  o f  c on t r o l  w h i l e  p l a y i n g 
l os s  o f  c on t r o l  wh i l e  p l a y i n g  

h i t  f r om t h e  r i g h t  b y  w i ng o f  
t h e  c a r  

s t a n d a r d  
s t a n d a r d  

a s p h a l t  
a s p h a l l  

s t a n d a r d  a s p h a J t  
s t a n d a r d  a s p h a l t  

s t a n d a r d  a s p h a l t  
s t a n d a r d  a s p ha l t 

r a c i n g  

r a c i ng 

r a c i n g  
r a c i n g  

a s ph a l t  

a s ph a l t  

a s p h a l t  
a s p h a l t 

s t a n d a r d  g r a v e l  
s t a n d a r d  g r a v e l  

s t a n d a r d  a s ph a l t  
s t a n d a r d  a s ph a l t  

s p o r t s  a s ph a l t  

1 3  c o l l . c a r  h i t  f r o m  t h e  r i gh t  b y  f r o n t  o r· r a c i n g  
t h e  c a r  

a s p h a l t  

3 0  c o l l . c a r  

3 0  c o l l . c a r  

h i t  f r o m  t h e  l e f t  b y  t h e  s i d e  
o f  t he c a r  
h i t  f r o m  t h e  r i g h t  b y  f r o n t  
w i ng a n d  s i de o f  t h e c a r  

1 3  c o l l . b i c y c l e  f r o n t a l  c o l l i s i on 
1 3  c o l l . b i c y c l e  f r o n t a l  c o l l i s i o n  

1 3  c o l l . b i c y c l e  f r on t a l  c o l l i s i on 
1 3  c o l l . b i c y c l e  f r o n t a l  c o l l i s i o n 

1 3  c o l l . b i c y c l e  f r on t a l  c o l l i s i on 
1 4  c o l l . b i c y c l e  f r on t a l  c o l l i s i on 

24 c o J l . b i c y c l e  f r o n t a l  c o l l i s i on 
2 5  c o l l  . b i c y c J e  f r o n t a l  c o .l l i s i o n 

1 9  c o l l . b i c y c l e  r a n  i n t o  t h e  bbck o f  a b i c y c l e  
2 0  c o l l . b i c y c l e  f r o n t a l  c o l l i s i o n 

6 c o l l . b i c y c l e  f r on t a l  c o l J i s i o n 
6 c o J l . b i c y c l e  h i t  f r o m  l h e  r i gh l  

4 8  c o l l . m oped f r on t a l  c o l l i s i o n 
47 c o l l . b i c y c l e  f r o n t a l  c o l J i s J o n 

r a c i n g  

r a c i n g  

r a c i n g 
r a c i n g  

r a c i n g 
s p o r t s  

r a c i n g  
r a c i n g  

r a c i ng 
r ac i ng 

r a c j ng 
r a c i n g  

s t. a n d a r d  
s t a n d a r d  

r a c i n g  
s po r l s  

9 
8 

s i n g l c  
s i n g l e  

l o s s  o f  r o n l r o l ,  t o o  h i gh s p e e d  s po r t s  
l o o  h i gh s p e e d  s po r t. s  
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a s ph a .l t  

a s p h a l l 

a s p ha l l  
a s p h a l t 

a s p h a l t  
a s p h a l t  

a s p h a l t. 
a s p h a l t 

a s p ha J t 
a s p h <i l t. 

a s p h n J l  
a s plr n l  l 

a s pha l 1 
a s ph a l l. 

a s p h a l  1 
a s plw ] I 

a s p h a  1 1  
a s p h n l t. 



T A ß l [  l A C C I D E N T  C I RCUHS T AN C E S  

P a i r  H e l m. Sex A g e  
n o  

1 8  y e s  H 
n o  H 

1 9  y e s  M 
n o  M 

20 y e s  f 
n o  r 

2 1  y e s  M 

n o  M 

2 2  y e s  M 
n o  M 

2 3  y e s  r 
n o  r 

24 y e s  H 
n o  M 

2 5  y e s  H 
no H 

26 y e s  H 
n o  M 

2 7  y e s  H 
n o  H 

28 y e s  r 
n o  r 

29 y e s  H 
n o  H 

3 0  y e s  H 
n o  H 

3 1  y e s  r 
n o  r 

32 y e s  r 
n o  r 

3 3  y e s  r 
n o  r 

34 y e s  H 
n o  H 

35 y e s  H 
n o  H 

36 y e s  H 
n o  H 

1 5  
1 4  

1 5  
1 4  

7 
7 

9 

1 0  

6 
6 

4 
4 

4 
4 

5 
5 

4 
5 

5 
5 

4 
4 

s 
5 

5 
s 

5 
4 

7 
6 

5 
5 

4 
4 

1 7  
1 7  

2 5  
2 5  

A c c i de n t  
t y p e  

s i ng l e  
s i n g l e  

s i n g l e  
s i n g l e  

s i ng l e  
s i n g l e  

s i n g l e  

s i n g l e  

s i ng l e  
s i n g l e  

s i n g l e  
s i n g l e  

s i n g l e  
s i n g l e  

s i ng l e  
s i n g l e  

s i n g l e  
s i ngl e 

s i n g l e  
s i n g l e  

s i n g l e  
s i n g l e  

s i n g l e  
s i n g l e  

s i n g l e  
s i n g l e  

s i n g l e 
s i n g l e  

s i n g l e  
s i ng l e  

s i n g l e  
s i n g l c  

s i n g l c  
s i n g l e 

s i n g l e  
s i n g l c  

s i n g l e  
n i n g l c  

C a u s e  o f  s i ng l e  a c c i d e n t s  o r  
d i r e c t i on o f  i m p a c t  i n  c o l l i s i o n s  

t o o  h i gh speed 
too h i gh speed 

ran i n t o  a p o s t  
mech a n i c a l  fa i l u r e - s u d d e n  s t o p  

l os s  o f  c o n t r o l  wh i l e  p l a y i ng 
l o s s  o f  c o n t r o l  w h i l e  p l a y i ng 

r a n  i n t o  t h e  bumper o f  a 
p a r ked c a r  
r a n  i n t o  a h i g h  k e r b s t on e  

J o s s  o f  c on t r o l  wh i l e  p l a y i ng 
l os s  o f  c on t r o l  wh i l e  p l a y i n g  

l o s s  o f  c on t r o l  wh i l e  p l a y i n g  
l o s s  o f  c o n t r o l , t o o  h i g h  speed 

too h i gh speed w h i l e  l e a r n i ng 
l o s s  o f  c o n t r o l  wh i l e  p l a y i n g  

t o o  h i gh speed 
too h i gh speed 

l o s s  of c on t ro l ,  too h i gh speed 
ran i n t o  a s t o n e  o n  t he r o a d  

l os s  o f  c o n t r o l  wh i l e  p l a y i ng 
l os s  o f  c o n t r o l  wh i l e  p l a y i ng 

l o s s  o f  c o n t r o l ,  t o o  h i g h  s p e e d  
l os s  o f  c o n t r o l  wh i l e  l e a r n i n g  

r a n  i n t o  a s t o n e  o n  t he r o a d  
r a n  i n t o  a k e r b s t one 

s l i pp e r i ng g r a v e l  o n  the r o a d  
r a n  i n t o  a h o l e  i n  t he r o a d  

l o s s  o f  c on t r o l  w h i l e  p l a y i n g  
r a n  i n t o  a d u s t b i n  

r a n  i n t o  a p o s t  
J o s s  o f  c o n t r o l  w h i l e  p l a y i ng 

t o o  h i gh speed 
too h i g h  speed 
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l o s s  o f  c o n t r o l , t o o  h i g h  s p e e d  
b l o c k c d  w h e e l  

t o o  h i g h  s p e c d  
t n o  h .i q h s p r. c d  

2 5 5  

B i c y c l e  R o a d  
t y p e  c o nd i t i ons 

r a c i ng 
r a c i n g  

r a c i n g  
s p o r t s  

a sp h a l t  
g r a v e l  

a sp h a l t  
a sp h a l t  
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s t a n d a r d  g r a ve l  

s t an d a r d  a s ph a l t  

s p o r t s  a s p h a l t  

s t an d a r d  a s ph a l t  
s t a n d a r d  a s ph a l t  

s t an d a r d  a s ph a l t  
s t a n d a r d  a s p h a l t  

s t an d a r d  a s ph a l t  
s t an d a r d  a s p h a l t  

s t an d a r d  a s ph a l t  
s t a n d a r d  a s p h a l t  

s t an d a r d  g r a v e l  
s t a n d a r d  g r a v e l  

s t a n d a r d  a s p h a l t  
s t an d a r d  a sp h a l t  

s t a n d a r d  a sp h a l t  
s t an d a r d  a s p h a l t 

s t an d a r d  a s p h a l l  
s t a n d a r d  a s ph a l t 

s t a n d a r d  a s ph a l t  
s l a n d a r d  a s p h a .l t  

s t a n d a r d  a s ph a l t  
s t a n d a r d  a s ph a l t  
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s t a n d a r d  a s p h a l t 
s t a n d a r d  a sp h a l t  

s t a n d a r d  g r a v e .l 
s t a n d a r d  a s p ha .l t 

s l a n d n r d  a s p h a l t  
s t a n d a r d a s p h a l l  

r a c i n9 
r a c i n q 

a s p h a l t  
a s p h a l t  
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1 ,  
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1 
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A l S  
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1 
i 
! 

1 ,  1 

! 
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1 ,  1 

1 

_ _ _ _J 



! A ß l (  1 J T Y P ( '  L O C A f J ON ANO SEVCR l l Y  or Hlf llEAO INJIJR l [ S  ANO CONCOHI l AN l  I N.JIJH I L S .  
( l n j u r l e s  l o  l h e  helmet area are undc r l incd ) .  

P a i r  no H e i m e t  T y p e  o f  i n j u r y  

1 Y e s  

1 j 
c o n l u s 1 o n 

Nu 

c e ri·IJ r a l  c n n c u s s i o n 

Y e s  
I • 

cP r e b r a l r:OO('llHS i o n  

1 t<o l a r-P r a l 1 u n 

' c c;  
, ., 

1 i1C"C' f ;J  l. i Oll 

No 

·-

1 
\ e s  

1 6  
l a c P r et l  1 o n  

N o  

� c "  
1 i 

l n r P r a l 1 o n  

� 
No 

1 \ e s  
J fl 

1 A c e r:1 l. 1 o n  

l\o 

' e s  

l q  
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1 � C G  
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- · ----------·---· - · 
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: �  >--

C C'  I r- b r :-1 1  c o n c u � ; · ;  i o n  

N o �� 
� 

1 o c a r n l  1 o n  
Y e n  

" ' - , 
1 J a r: � r A t  1 o n 

i 1 N o  

l a c e r a t  1 o n  Y e n 

::? .:.  

1 
c c r f' b r n l  c o n r u :o t: i o n  

N o  r o n t u !i i u n 

-

Seve r i l y  
A I S  

1 

l 

2 

1 

�------

1 

1 

1 
1 

1 

1 
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1 
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1 
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