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A STUDY OF MOTORCYCLIST CASUALTI E S  W I TH PARTICULAR REFERENCE 

TO HEAD I N J U R I E S  

P L Harms 

Transport and Raad Research Laboratory , Crowthorne 

Berkshire , England 

Deta i l s from a samp le o f  fatal and non-fatal motorcyc l i s t  casua l t i e s  are pre
sented us i ng data from several hos p i tals and p o l i c e  d i s tr i c ts . The methodol ogy 
i s  described w i th the fo l lowing data e l ements be ing consi dered : -

I n j ury i n formation w i t h  particu lar re ference to the head , acc i dent d e t a i l s  
i nc l ud i ng probab l e  c o l l i s i on s p e e d  and impact d i r e c t i o n , principal p o i n t s  o f  
contact for both the mac h i n e  a n d  r i der a n d  a l s o  detai l e d  examination o f  the 
hel met warn at the t i me o f  the acc i den t .  

A h i gh proportion o f  the samp l e  WPre i n  the 1 7- 1 9  year age group . O f  the 1 1 6  
casual ties i n  the samp l e , e i ghty-three were ·wearing fu l l -face helmets and the 
remai n ing thirty-three wore open-face or ' j e t ' types . Of par t i c ular i nterest 
was the corre l a t i on b e tween the location o f  helmet impact and the unde r l y i n g  
head inj ury . In the fu l l -face helmet sub-s e t  the majori ty o f  b l ows were to the 
frontal and temporal regions w i th v i rtua l ly none to the h e l me t  crown . . lt was 
particularly noticed that b l ows to the h e l me t  facebar and s i des gave r i s e  to 
s e r i ous and fatal head i n j ur i es often invo l v i ng the base o f  the skul l .  
Fractures to this area were sometimes caused through an indirect b l ow v i a  the 
mandi b l e . 

The open-face helmet provided l i t t l e  fac ial protection and , as the maj ority o f  
impacts were t o  this region o f  the head , they frequently resulted i n  s e r i ous 
and sometimes fatal i n j u r i e s . 

Inj ury severi ty i s  force-re lated but the s tudy suggests that the locat i on o f  
head impact c o u l d  be a k e y  factor . Such forces could n o t  be determ i n e d  from 
the acc i dent data but must be measured from reconstructed impacts under con
trolled cond i t i ons . l t  i s  sugges ted that attention i s  given to c r i t i c a l  
aspects h ighlighted by the s tudy . 

Future work in this area should extend the e x i s t ing s tudy , i n  part i c u l ar to the 
very seri ous head i n j ury casua l t i e s  i n  order to confirm the above f i n d ings . 
The i n j ury /ac c i dent s tudies must be l i nked w i th crash recons truc t i on and helmet 
impact worl� in order to produce re a l i s t i c  head i n j ury cri ter i a  l e v e l s . 
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A STUDY OF MOTORCYC LIST CASUALTIES W I TH PART I C ULAR REFERENCE 

TO HEAD I NJURIES 

I NTRODUCTION 

P L Harms 

Transport and Road Research Laboratory , Crowthorne 

Berksh i re , England 

The study was based on a hos p i ta l  sampl e  of motorcy c l i s t  casua l t i es , drivers 
and p i l l i on passengers , who attended one of five d i fferent hospitals in c l ose 
proxim i ty to TRRL . Fatal i t i es in the same geographi c a l  area were also 
i n c l uded whether a head i n j ury was the cause of death or not . I n  a l l  cases the 
h e l me t  worn at the t i m e  of the acc i dent was retained for exam ination ; this 
i n c l uded noti ng the areas of contac t to the outer she l l , any l i near damage and 
tak i ng photographs . Acc i dent data was noted and probabl e  speeds of impact were 
esti mated from i n formation obtained from p o l i c e  sources . A v i sual exami nation 
o f  the v e h i c l e s  i nvolved was carr i e d  out for the maj o r i ty of the cases together 
with photograp h i c  ev i dence of the damage . The traj ec tory of the r i der together 
w i th the p r imary and secondary poi nts o f  body contact were also deduced where 
poss i b l e . C l i n i c al information on i n j u r i e s  was obtained from hospi tal notes 
and post-mortem reports . 

RESULTS 

A total of 1 1 6  casual t i e s , d r i ve r  and p i l l i on passengers , have been reported i n  
t h i s  study . Age d i stribution i s  shown i n  Tab l e  1 and motorcy c l e  engine s i ze 
w i th related fata l i ty invol vement i n  Tab l e  2 .  The types of helrnet worn in the 
acc i dents are gi ven in Tabl e  3 .  

rs ) 

Tab l e  1 .  Age d i s t ribut i o n , drivers ( +  p i l l i on passengers ) 

1 6 17 18 1 9  20 2 1  2 2  2 3  24 2 5  26-30 

�ge 

Severi ty"' 
Fatal i t i e s  4 1 1  9 6 ( 1 )  3 5 ( 3 )  3 4 3 4 4 

> 30 

7 

A l l  
9 ( 1 )  20 ( 2 )  1 9  8 4 ( 1 )  5 ( 4 )  6 ( 1 )  5 3 3 1 7  1 7 ( 1 )  Sever i t i es 

Total 

63 ( 4 )  

106 ( 1 0 )  
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Tab l e  2 .  D i s tr i but ion of �otorcyc l e  engine s i ze and fatal i � i es involved 
( Driver and p i l l ion ) 

Engine s i z e  50 !:> l - 1 2 5  1 26-200 201-400 
( cc )  

Fatal i t i e s  
5 6 1 1  2 5  

( F )  

N .  ( A l l  
1 4  1 3 16 36 

seve r i t ies ) 

F / N  ( % )  ( 36 )  ( 46 )  ( 63 )  ( 69 )  

Tab l e  3 .  Helmet worn at time o f  acc i dent 

> 400 

20 

3 6  

( 56 )  

Helmet typp 
Full -face Open-face 

( FF )  ( OF )  

Polycarbonate 41 31 

Glass re inforced 
42 2 p l a s t i c  ( GRP ) 

Total 83 33 

Total 

67 

1 1 5  

N/A 

E v i dence on helmet d i spos i t ion at the p r e c i s e  moment of impact i s  one of the 
more d i fficul t areas o f  invest igation i n  this type of study . There i s  never 
any way of prec isely determ i n i ng how tight the r i der had p u l l e d  the s trap or 
whether emergency services or others had touched or removed the helme t , a l though 
some evi dence of the l atter subsequently comes to l ight . The p r e c i s e  f i t  o f  the 
helmet on the r i der ' s  head is another unknown factor and secondhand helme ts 
passed on from other r i ders i s  yet another area of concern . Fac tors re lat ing to 
this area of the s tudy are gi ven i n  Table 4 .  The groupings are not necessar i ly 
connected or mutually exc lusive sub-sets . There were occas ions when the strap 

. was done up but the h e l me t  wrenched off during impac t , sometimes after it had 
protected the head i n  the p r i n c i pal impac t .  On other occasi ons the s trap m i ght 
have broken and the h e lMet stayed on the head . 

Tab l e  4 .  Helmet malfunc t i on etc N ( %  of each group ) 

Helmet type 
Not retained Strap / fi x i ng Strap 
i n  acc i dent broken undone 

OF ( N=33 ) 6 ( 18 )  2 ( 6 )  1 ( 3 )  

FF ( N=83 ) 1 2 ( 1 4 )  8 ( 10 )  4 ( 5 )  
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Examination o f  the h e lmets and veh i c les i nvolved i n  the acci dents and relating 
these to acc i dent c i rcumstanc es where app l i c ab l e , gave an i n d i cation o f  the 
o b j e c ts or surfaces impac t i ng the helme t .  The s e  are given i n  Tab l e  5 and refer 
only to the main impact damage . The location of p r i n c ipal damage to the helmet 
i n  the cases where the helmet remai ned on the head i s  given in Tab l e  6 .  

Road 

32 

Tab l e  5 .  Object s truck by helmet causing principal damage 

( S l ightly damaged helmets exclude d )  

Road + 
Glass 

Veh . body Deformabl e  Lampost 
Earth 

Wal l /  Kerb 
Other 

veh i c l e  edge pan e l / fence /Tree sol i d  edge 

8 2 8 7 7 5 3 1 5 

Tab l e  6 .  On-he lmet location of principal contact 

"- Location Frontal 

Total 

78 

L or R Centre FACE NK 

Typ� exc l ud i ng S i  des Back Top Totals 
facebar facebar only 0 facebar* 

OF - - 5 1 0  9 3 0 6 33 

FF 6 8 18 - 3 1  1 4  1 6 83 

*Contact to the forehead portion of the helme t .  0 Inc ludes hclme t  not 
retained in acc i den t .  

The d i stribution o f  head i n j ury sever i ty u s i ng the Abbrevi ated Inj ury Scale i s  
s hown i n  Table 7 .  Use has been made o f  autopsy i n formation whe:re avai lab l e .  
However the former may b e  deficient i f  a v i sual assessment o f  brain inj ury only 
i s  g i ven in the post-mortem repor t .  

Tab l e  7 .  Head i n j ury sever i ty related to overal l  s e ver i ty 

Head i n j ury 
s e v e r i ty 

AIS 0 AIS 1 A I S  2 AIS 3 AIS 4 - 6 Totals 
Overall 

sever i ty 

Fatal 3 5 1 1 4  42 66 

Non-fatal 9 1 2  2 1  6 1 49 

Total 1 2  1 7  2 2  20 44 1 1 5  

The locati ons o f  princ i p al helmet contact when the h e lmet was retained i n  the 
a c c i den t ,  are g i ven in Table 8 ( fu l l -face h e l me ts ) and Tab l e  9 ( open-face 
he lmets ) .  
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Tab l e  8 .  Loc ation of p r i n c i p a l  helme t  contact related to head i n j ury seve r i ty 
- ful l - face retained helmets 

Impac t 
location 

L or R Centre 
Frontal 

facebar facebar 
exc l ud i ng S i  des Back Top 

facebar 
Severity 

A l l  fatals 
( HI sever i ty 5 7 1 1  1 3  4 0 

AIS 3-6 ) 

All fata ls 
wi th basal � 

3 5 7 7 4 0 
( HI severity 

AIS 3-6 ) 

A l l  sever i t i e s  
( HI sever i ty 7 8 1 3  2 6  1 1  1 

AIS 1-6 ) 

Table 9 .  Loc ation o f  p r i n c i p a l  helmet/face contact rel ated to 
head inj ury �everi ty - open- face retained hel mets 

Inpact 
location 

Totals 

40 

26 

68 

Helmet FACE 
front only 

Si des Back Top Totals 

Severity 

A l l  fatals 
( HI sever i ty 2 6 5 1 0 14 

AIS 3-6 ) 

A l l  fatals 
w i th basal � 

2 5 2 1 0 10 
( HI severi t.> 

AIS 3-6 ) 

A l l  seve r i t i es 
( HI seve r l ty 2 1 3  6 5 0 26 

AIS 1-6 ) 

DISCUSSION 

Prev i ous s tudies have high l i ghted features of head inj ury and the degree of 
protec t i on requ i red . Much o f  this was summarised w i t h  re ferences i n  the 
Proceed i ngs of a Sympos i um on the State of Art in Head Protec t i o n ( l ) . At 
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that meeting Pedder referred to previ ous f i e l d  acc i dent studies ( 2 , 3 )  and the 
need to prec i s e l y  i de n t i fy the source of the head inj ury . 

Tab l e  1 shows that a h i gh proportion o f  the casual t i e s  are under the age of 2 1  
years which re lates t o  national trends and supports other f i n d i ngs ( 2 , 3 ) . 
The larger s i ze machine i s  over-represented i n  the sampl e  an d ,  al though this 
factor cannot be taken i n  i solation , there i s  an increase i n  the fatal i ty 
i nvolvement for the larger type of machine . The maj o r i ty of the casua l t i e s  i n  
the samp l e  were wear i ng ful l -face he lmets w i th an even d i s tr i bution o n  the 
latter between polycarbonate and GRP . A proportion of both types came off i n  
the acc i dent but , as previously note d ,  the reason for this i s  always d i fficult 
to estab l i s h  and may we l l  require further study us i ng more refined techni q•Jes . 
I t  i s  hoped that improvements to the B r i t i sh Standards test for helmet 
retention i s  reduc i ng the number o f  crash helmets coming off before impacts . 

In most of the cases the r i der ' s  h e lmeted head strucV. the road , which i s  an 
uny i e l ding surfac e .  Contact w i th d i fferent veh i c l e  structures also featured 
h i ghly as col l i s ions were p r inc ipal ly w i th other vehicles , usual l y  saloon c ars . 
Despite the prote c t i on o f  the he lmet , a high proportion of fata l i t i e s  involved 
a fatal head i n j ury . I t  i s  interesting to note that princ i p al points o f  con
tac t f a l l  w i th i n  a band extendi ng from one s i d e  of the helme t ,  across the front 
to the other s i de . Very few contacts were to the back of the helmet and there 
is only one contact recorded to the helmet top . A l though the l atter was a 
fatal cas e , i t  was concluded that the head i n j ury component of this fatal i ty 
was negl i g i b l e .  

I n  the case of the full-face h e lmets , al though there was protection for most 
of the hea4 , serious and fatal head i n j ur i e s  s t i l l  occurred .  Inj ury i s  force
r e l ated but the study suggests that the location of head impac t is also a key 
fac tor . I t  was part icu larly not i c e d  that impacts to the helmet facebar and 
s i de s  ( pr i nc i p a l l y  the temple area ) gave r i s e  to s er i ous and fatal head 
i n j u r i e s , often involving the base of the skul l .  Fractures to this area were 
sometimes caused by an indi rect b l ow v i a  the man d ib l e .  

Al though the sub-set was smal l e r , data for the open-face helmet showed a 
s i m i lar trend . D i rect b lows to the unprotected face gave r i s e  to both s er i ous 
and fatal i n j u r i e s , the latter invariably invo l v i ng extens i ve sku l l  fractures .  

CONCLU D I NG REMARKS 

Al though the motorcy c l e  h e l met continues to g i ve protec t i o n ,  the fol l o w i ng 
points were highlighted by the current study : 

The maj o r i ty of head contacts leading to s e r i ous i n j ury were to 
uny i e l di ng surfaces and structures and therefore the helmet has 
to p l ay the major part in head protec tion . 

The maj o r i ty o f  impacts were to the front and s i des s o  helmets 
should be impact-tested to those zones . I t  also shows that the 
open-face he lmets give m i n i mal protection in the maj o r i ty of 
frontal impacts . 

A l though impact sever i ty i s  fore-r e l ate d ,  the study suggests that 
the locatio� and direction of force is also a key factor . The 
actual forces g i v ing r i s e  to head i n j ury w i l l  have to be e s t i mated 
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from r e c onstruc t e d  impacts s i m i l ar to the real ac c i dents i nv e s t igat e d .  

However i t  i s  sugge s t e d  that spec i a l  a t t e n t i o n  i s  g i v e n  t o  prote c t i ng 

t h e  v u l n e r ab l e  areas i n d i c ated above . I t  i s  a l s o  suggested that a 

s u i tab l e  head form be d e v e l o p e d  for test purposes whose s tructure i s  

more analogous t o  the human skul l w i th part i c u l ar reference to the 

s k u l l  base . 

The ab i l i ty to exam i n e  a l l  the c i rcumstances o f  the ac c i dent and 

i n j ury in some d e t a i l ,  b r i nging a l l  e l ements together t o  form the 

t o t a l  p i c ture has been i de n ti fi e d .  I t  i s  hoped that t h i s  paper 

has gone a l i t t l e  further a long the path t o  improve our k n o w l e dge . 

Future work i s  p l anned to extend the e x i s t i ng s tudy , i n  p a r t i c u l ar 

the very s e r i o us head i nj ury casual t i e s  i n  order to c o n f i rm the 

above f i n d i ngs . The i n j ury/ac c i dent s tu d i e s  w i l l  be l i nk e d  w i t h  

c r a s h  reconstruc t i o n  and h e l m e t  i m p a c t  work i n  o r d e r  t o  produce 

r e a l i s t ic head i n j ury c r i te r i a  l e ve l s . 
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