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IN ' l 'R(  )DLr ( ' i l ( )N

r \  l l - ! l r -Pcr lo r l r i incc-sn l r r l l - r ro to r ( \c ic  ( I ' lPS! l )  i , \  i l

l ruhr -u 'c rg i r {  r l l ) t t ) r i zc ( l  twr t ' rvhee ler .  no t  c l i rss i l  i cd  i rs

\ r ' i ) r ) le r .  \ vu ig l i i r )g  lds \  lh i ln  l {X)  Kg wh ic l r  i l nd  i s  s t }1"

rsh  r r i c l  re |o t l y r ran l i c I l l \  i l ! ' s rgncd (o  t t i r vc l  ias te I  lhan

l { ) { )  k r r r , t l r r .  lhe  HPSl r4  i s  onc  o l  the  nra jo r  n rodcs
( i l l )ou t  bOr : i  )  ( ) l  Pe fs ( ) r1 r1  t l i l t l spor t  r r r  \ ' l a lays ia . - fh is  i s

l rec i ins t  I l l 'S l \1s  n re  c l rc lp .  i r f fo rdab lc  a r rd  " rc l i i tb lc "

c tlr.t,]Plrrcd 1o ()tltcr tu(!l()r vrhrclet

l ro l  t l re  las t  dcc i rd r '  { i l . sa) .  the  nu t t lber  o l  reg is te rcd

n l ) to r i i .9 ( l  t r r r r -whtc lc rs  (n ro to rcvc les  a l t ( l  scoo lc rs )

i ta :  inc rcasc t l  l r curc r rdous ly  l ro r r )  l i . i ( ) .8 .14  in  1976 iu
.1 . .11S.997 i r r  1997 ( ) l  ih r r .  lbou t  95 !?  a rc  l lPSNls

! f l r * ,  
l9 t ) j  :  1997) .  A long u , i t l r  thc  inc rc i l sc  in

l , r l  l ' s l r L , l  f \  l t r r r , {  r ' , ( L l

r i r .  I  l N r x i n \ 1 . \ t . . r L j ' !  l f  r r r r \ i t r l r  r a p . i r

nut rhcrs ,  e i l :u l r l t ; cs  iunonSst  t l re  l - l l ' ]SNl  rs r ' t s  l ra le

i r rc rcascd d |a ;n r t i c i i l l l .  ParL i i :u la r ' l v  in  t i rc  las t  dec i ide
( l : i g u r e  |  |  ( ) l  t h e  6 . 3 t ) 4  l a l a l i t i o \  i n  1 9 9 7 .  a p ; r r o r i '

rrratcly 55'..4 irrvolVetl f lP.Slvls. Rarirn er ul. t l t)951

havc)  lo ted  th r r t  lhe i r  ovc la l l  ru la t i re  r i sk  o l  herng

k i l l cd  a r rd  ser i ( ) r . rs ly  in j r . r rcd  is  i lbou t  20  t in res  l r igher '

conrparcd to car occupilnts. Tirrs group 01 road users

thelelirrc reprcscnt\ i l i l  inl i)ortrnt [:rr-gcl for rolcl

\ i l tety tcs!:al"ch.
' fh is  

s tuc ly  p l .cser ) ts  i rn  a r l i l l ) s is  o l  the  i r r ju r ies  s r rs -

ta incd  b) '  HPSI \ . {  users  and the  rc la t ionshrp  bc t t ,een

in . ju ry  o r r l co | l rcs  : !nd  ( r ]  t i l e  [ i ( i c ls ' c l r r lac t ( ' r i \ t i c \  (c .g .

i l !a ! ' ,  sex .  r id ing  expcr icnce) .  (  i i )  lhe i r  r \posures  {  t \ /pc

o l  ro ld  t l rve led  or r ,  o t r je r t  s t ruck) .  and i i i i ,  r ' ch ic lc

l i r r to rs  (cng ine  uap i le i ty .  n rodc l  o l '  n ro to rcyc ie )  fcsu l t -

Relative Risk of Fatal Injury in "High-Performance-
Srnall-Motorcycle" Crashes in Malaysia

PANC l1 ) l  I  yEN" ' .  l t .S .  I | \ l ) lN  l . lN{ i \R ' \ r ' ' i  rnd  A.A.  AZHARb' l l

! I i /t tttn!.jt) lu\, 11)v/. ln i i tt l . l lrn J Jurwtn )(\ ' , t

' i l r rs  
s t r rc l l  p r r .sa i l f \  xn  rn l l y r rs  o l  in ju r ics  (sevcrc  rnd  l r l i t l )  su : t i l i n t ( l  h_r , " i r ig i r ; rc r lonr r -

r r r rc r ' - rn r r l l - r rn l r r reyc lc '  r r rc rs  i r r  JV la I i ys i l  u ) { l  cs ta l ] l i s i rcs  thc  re la t ionsh ip  be t rv r 'en  l l ta l i t l '
r r : k  r r r t l  l tu tnan lnc to r i .  c \po lL r rc  rnd  vch ic lc  {uc to rs  fcsu l t rng  l ionr  ruo t r r r ryc lc  c tas l tc r .  F r r rm
the dil lx !:rrhcrcd a strti\trcxl l lrodci hils((l on krgistic regression rnrti leiing tcchrriquc has hecn
t ls le lopcd.  I - ' i ve  v r r r r rb lcs  fo r r r rc l  to  l ra r . :  a  s i in r l ' i can t  in l lucncc  on  l r ta l i l y  r i l k  (p .J ) .05)  were
egr ,  l t t i r l i on  s i tcs .  cngr r re  c lpacr ly .  u l ) . jec t /vc l r i c lc  \ ln rck  i [ r ( l  co l l ] s i { } r l  t ) i l t c \

Ar ' r r r , , r / r '  Hrgh  pcr l in r r r r ruc- .n r r l l -n r ( {o r r ! r l r :  t  I  r t : r l i t1  R isk ;  \ ' l ( [u l r ] fLc  Crss l l ( ' \ i  l .o r r i t rc
N t l r ( r s \ 1 r n l
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i r rg  l r0 rn  HI ' l i l \ ' l  c r l t rhcs .  I  l l e  ( ) t l t c ( ) l l l ( ' ( , l  t l l 0  rese i l l c l l

slrtrLrlt l p|i lrrt. '  .t t) i l \r l i) l  thc !lo!un)ll lell l  1() cdrry oll l

i l ro l ' c  s t r t l c r i r  l ) rog f l l l r l s  to  : . r l l cv ia tc  P lob lc l l l s  l l l l d

eonccr  ns  r r l . r t fL l  l ( l  I  lPS iV l  t rs lge .  l ru r lhc t .  t l t t :

f cs l r i | | th  h t r  l r r l  to  lhc  t ' t l i l b ] i sh l l le r l l  ( ) l  i l  co l l )Prdhdt l -

s i \ ,e  e rash \ \ 'o r lh r t rcss  da t l tb i rsc  1 'o r  ! l l r lays ia .  I1  sh t ru ld

bc  r r r r tec l  th i t t  e t l f f cn l l \  l l l c rc  i s  t lo  \ l l ch  svs ie l r  l s

ar  l r r  I  a l r l i  1or  in1 ' . r r ' r  io l t ( r ( ) l  l l l c l t su fcs .

Nt l j ' l ' t l o l )0 l ,cx ; \ '

l ' l i r c r  o f  S tudv

In  t l r i s  s tuc ly .  t l l ( r  d i l ta  \ \ ' t r c  c t ) l l ce lcd  o l i  a l l  I IPSN{

ur i rs l rc \  th : r l  ( )cuLr r lcd  o l l  a  puL l l i c  lo l l ( l  \ r ' i t l l i n  l l l e

Ka lung.  I lL r l t r  L i t r tg i t t .  C l te r : ts  i t t t c l  K t ta l r  [ . .u t t rpur

rcgions. 
' l 'hcse 

lcgiolls i l le t i le catchulcnt i i t 'cits t l l  t l tc

K l jang and . l l t l l tn  l lan t la r  Po l i c r r '  S ta t ions  lhesc

p{ ) l i ce  s t l l i o l l s  rve tc  sc lce lcd  to  r ( :pTcseo l  the  ua tch-

n jc r ) l  l l re i t  o t  K lanq V l i l l t v  l ' o r  lo  t l te  lb l lou inu  lea-

\ ( )n  s :

l .  fhe  r r tn tu r l  e rash  r i l t c \  lo t  rc r io t ts  an t l  l l ta l  i r t . i r . r -

r i cs  i r re  r i tn led  i r r l r ) t l !  l l l f  l r ig i res t  i r t  }v l l r l i r vs i l r

( P D R N ' l .  l 9 r 7 ) .

I .  C( i - ( )pcr ' , r t io t )  p r r r t ' i t l cd  b l '  thc  reu i t r t la l  p r - r l i ce  a r t i l

h ( rsp i t i l l  ( iepr r t lner t t r  lac i l i t l t ( cc l  e i l sv  access  l ( )

road c l i l sh  v ic t i r l  ine idc l l s  i t t t t i  t t tec l tc l l  repor ts

-1. (lhar-rete[istics ol- viuit itts nri. ltr lrcyclc crlshcs

rv i th in  thc  s tudy  iuc i l  were  c \scn t ia l l ) ' i dcn t ica l  to

Dro tQrerc lc  c r ls l t c r  in  o f l )e r  l l r cas  in  Ma lavs ia

( l ,DRN4^ I  i l97  ) .
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Satnp le  Se lec t ion

L)a l !  u 'c rc  co l le . tc r l  o r r  i : l r sh  v ic t in rs  ud ln i t ted  l :

i r r  p i t t re  n ls  0 r  r r  l ' :o  I r rL l  c l je r l  as  l r  resu l t  r i l  HJ)SNj

c r i rshcs  in  Hosp i taL  K i r l : r r ru .  l lusp i ra l  L ln ivers i t i

Kc l ) i lnL \ i t i rn  Mn i i . i \  \ i . l  : rn t l  l l osp i l l t l  K r ra l ; r  I  r r r r rpur ,

t rc l \ ' ! ) cn  I  Jar tu r rv  199.S aur l  - l  I  Dece rnbr r  1998 as

u c l l  t l t r r : r r  i r r r r , i r c t l  i l t  l . l l ' S \ ' l  t r a s h e s  r v i t h r n  t l r c

f  i r t c l ln ) f  r1 l  l l f r ' i r \  o l  l  l ) ( .  lu r l  i c ip i t t  I  0 . ! .1  p r  r  I  i r c  s t l l  i ons .

I 'o l i re  Reccr r t l s

ln  \ la l in 's r r .  t r i r l l i c  ace idcn ts  r r rc  rcco tdcd  lu r r i  invcs

t rga te  d  bv  thc  Ror  a l  i \ ' l i i l u1 ,s ia r r  Po l i ce .  When the

po l icc  l t t . :  l l r r r rc  o f  an  n(c ident  invo lv rng  u l  ld iLs l  ( ) l t c

i r t l t r te t l  Pe  rsor t ,  they  w i l l  l .o  o r r  r i te  a r r r l  conrp le tc  a r t

rn rcs t iga l ion  to rn i .  l ' hc re lb rc ,  in  th is  s tud1,  c la tu  co l -

IL r : l ro r r  l ; rs  c iu r ie ( l  ou t  ! )n  x  wcck ly  bas is  bv  re t r i c r , -

i r ru  in t i r r r r r l l i on  ou  prev t )u \  r r tsher  no l r l ied  to  the

l r r r l rec  l i r r  l l r . l l  p l r l i c tJ l i i r  u ,cck  Deta i l s  on  fhc  i r t c i

d ! ' r )1 .  locaL i { ) r )  o i -  D to lo rc \ ,e l r '  iUrc i  0 t l r t ' r  Yc l t rc lcs

i r r ro l rc r l  t t , c rc  co l lec lc r i  r rs rng  I  rpcc ia l l \  c les ignu! i

c r ; i s l r rvor l l r r r rcss  i r r rn t .  CasLr i i l t l  i n i i r rn ta t io r t  s t rch  lLs

n i i i l l r .  , r -Le  l r1 ( l  gc r l r l c f  ! v f tc  l l l cn  u t i l r zec l  t r r  lT i i lL ( : t l  i t t l ( l

r c l r i c l r  l r0s I iL l r l  i l o1 . \  in  ( ) r ( l c ' r  lo  un( jc fs t i [ td  lhc  l ) : t l -
l e r r r  o l  i r t j t r r r t s .

l losp i ta l  l l eeor t l s

In1r r r i t ' s  rcqr r i r i r rc  hosp i l i l l  l i l n r i ss io r r  rvc rc  cu l l ce tu t l

I ) r1 ) \ l ) f r l r \e l \  l ro r l  i r l l  wr r t l r  i r rv0 lVc t l  i t  l l l e  t l t i l 0Ngr -

I ) r ! ' f l  ( r l  in . i t r ! ' r l  pa t ien ls  C)nre  no l i l i cd  o l  i l  n lo t r ) r ! : \ , -

c l i s l  u l r , r  * l i s  s t i l l  i n  t h e  l r o r p i t u l .  t l t e  l c s c i l t c h e f

\ \ r iu id  {c l  l r c r l t i . r r , . r r r  I r ( ) l l t  l } ta '  \ t i l l l  r ) t r rscs  o l  l l ta

\ \ iu ( l  r { )  i l r l c r ' \ iew thc  V ic t i r I r .  Or r  l rc ing l  g r i i l t i c { l  l ) c f
r r t i r : io r t .  Lhc  t tse l r rc l t r ' r  r |ou ld  I r : i l  l h r  \ l c t i l ] ]  f , l l d

t l r ' c r i b t  l l t c  P 1 r 1 1 1 1 r r g  ( ) l  l l t c  \ 1 l l ( l \ ' l n ( l  t c ! l u e \ l  l i ) t  e { ) t l

\ r i l l  l 1 )  l )x r l i . ip i l le  I l  l l l c  \  i c t in t  a_qr tcL l .  thc  rcsearcher

r i D u l t l  r c r b l r l l v  r d r n i r r i s u r  t l r c  q u e s t i o r r n a i r c  i u r < i

re ( ( ) rd  res l ) ( )nscs .  ln l t t ry  i r r lo r t l r t io i l  t r , .as  s t rbse-

r l l ra r ) tJ \ r  ( )b l r i l l c ( l  l ro r i l  h , rsp i la l  I r .por ts ,  u l rc rc  i rJ r l t ro -

pr r :L t t ' .  l ) c ta i l s  o l  uac l r  c : rsu i r l t y ' s  in .yur ies .  p r inc ipa l

d i l rg l r r i . i s  r l l ( l  i r c f , ( l t rn t  pc l iod  r re rc  e \ t r i l c te ( l  tn ( l

rcc ( ) rc le t l  0 r r  ln  in iu r r , t l i r t r  l i r | in  l ) t cpr fcd  i ) f  t l l i s

\ t i l r l y .  In - [ l r i cs  s0s t i t iu fJ  t t ) ,  e iLch  pr t re r r t  rvc re  sc : r l cd

us ing  [ l re  Abbrc \ ia ted  l rUr - r ry  Sca le  (A lS ]  tAA,AN4.

1990) .  l r r  p lcsen l i r ) r  the  ( l i \ t r ibu l i !u  o l  i r r . j r r l ies .  thc

lv lax i r runr  A tS t !1 r \ lS) .  u ,as  use( l  to  t lescr i l re  thc

orera l l  in jL rnr :s .

Deltlr ltecords

Al l  deaths  oucr i f r ins  a l l c r  i t t t f  in ju ry  t iL r r i t i i r  l l )e  s {u( l }

p ! f ;od  !ver r  l ccc : r< ic r l .  l l  l he  pa{ icn l  h ld  ( l i cd  on  l l }e

spot  o r  \ !Ns  hosp i ta l i zec l .  l l r i s  l i s t  tus  cor r rp lcLec l  b r  l r

s fuc lv  r t l  i l l l  l hd  Jcr lh \  re to rc led  r r r  thc  p i r l l i c ip l t rn l

L tospr i ta l  daLu f i l c .

S ta t i s t i ca l  Ana lys is

I ) r t l  wcre  ; rna lyzcd  us ing  t i t c  S ta t i s t i c i i I  l ' ackrgc  f i r r '

t l ru  Soc i r r l  Sc icnces  (S I )SS) .  r r ' l easc  7 .5 .  ln  the  ana iy -

s is .  tno [o fcyc l l s ts  u ,c rc  ass i i t r t cc l  i r t lo  Nvo gr ( ) t r l ) \  o f

reYe l i t r ' :  fa ta l  and r r0 r r - l : r ta i .  
' l  

hcsr  uons t i tu te ( i  ( l i cho t -

i l rnou:  t iepcr r r len t  \ . l f i i rb lcs .  L in iv l r ia te  lna lys is  u 'as

1>cr l i r r r t re r l  in r t ia l l l '  t r r  idc r r t i l_ t , th . :  po leJr i i r l  r i sk  l i l c

Ic ) r \  Lhr t  s isn i l i can t ly  in l lucnce t l r r  lu t l r l i t y  r i sk

r t l rong nr ( ) t i J |cvc l i \ t i  u r l ( l c f  \ ' l r i l ays i i rn  t0 r t t j i l i r ins .  T0

l l r r ' {her  L rndc ls land thc  p lob lcnr .  r  rnu l l i var i l te  n roc le l

t r ' : r s  c lc l rk r l . re r l  us ing  the  l i r l l o rv ing  app lorch .  . \ l l

i i v i i i hh lc  a rd  po lenL ia lN le levant  inc lepcndr 'n t  var i l r

b lc ' :  wcr r r  inc l i r t le t l  i r r  t l r c  in i t ia l  n rode l .  l -hc  \ l cp ! r i sc

l r )g is t i ( :  rc t ress ion  lcchnrquc  uas  usc i l  1o  r ' \ t in l t l c  t l ) r .

odds  f i l t i os  ( ( ) l { ) ,  u t  5 ' ' i ;  l c re l  i i t -  s ig r t i l i cuncc  ns  ; r

c lc le r  r i l r r t i l r t l  o l  l l ) c  \  a r i i l l ] l ( : s  lh i r l  rhor r i r l  b t -  c r l r : i r le |e rJ

lo r  inc lusron :  i l rd  thc  l i r r  u t td  s tcp \ \ r5c  sc l rc t ion

l l t ! : lF I ( r ( l , , \ ' as  i t : c ( i  L r )  dc( tdu  l l t c  r . t | I i r l l l e :  ( l l i l t  uc t (  tu

be inc lL rded t : r  o r t t i l t r : t l  f  ro rn  t f r r  rnodc l  i l l os rncr  a r rd

L c n r e s h o u ' , 1 9 3 9 r .

It[,,sr rl.Ts

Anulysis o l ' ( )dds l {a l ios (Ol{}

ln thts lnalysis.  l roth r rder rnd pi lL ion r idcr  i l l l r rnu,
t iorr  nas includet l  lbr  l i r r t l te l  rnal , r ,scs.  In l i ) i l l t i r t ioo () t l

i l  lo ta l  of  - {12 nrr i torc lc l is ts involvccl  in nrolLrrcyclu
er i ls l rcs \ ras ala i lable l i l r  anlr lvr is  durrng thc s l r r t lv



P A N ( ;  | l ) l t  \  l . ' \  r ' r  a /

p ( ' r ' i ( x l .  H o w c \ c r  i t  r ) t L t \ t  b c  r c r l c r n i r e r c d  t h a t  t l l t ) {  ( h e

s i l l r p l c  i s  a l w a \ s  i r \ r i l x l l l c  l i r r  a n : L l y s i s .  I l  v u l u c s  a r c

r r ' t i s \ ing  fo f  a  teu  r . ; r r i lb les  o f  i f  thc \  eannot  bc  xscr : r -

i i t i ne( l .  r t  w i l l  h i l vc  lhc  c f l cc i  o f  rcc lL rerug  the  sar r tp le

s i z r '  i t ! a r  l l t b i e  l i i r  a t r a i r , s r : .

,4g t 'and Oender

T 'he  lge  an( i  gcndcr  r ) !  n lo to lc \c i r  nders  were  ex i ln t -

i r t e t l  t r l  l i s s e s s  l h c r r  c l l c c t s  i n  i l { l L r e n c i n g  l l t r r l i L y  r i s k

( lu tc ( t t ' i re .  ( i cn i i c I  uas  n i ) l  l i )und t0  bc  s ign i l i c ln t  i t t

i r r l l r i cncrng  the  in l r r r r  sever i ty .  A{c  u 'as  en lc la ' ( l  l r s  i l

con t inLrous  ! iu i i rb le .  i lna l  i t  $ ,as  fbund to  in l luunce

ta ta l i t y  l rsk .  
' l ' l re  

o t i r i s  o1-bc i r rg  i l  Ia t i r l  conrp . l rcd  tL r  a

nr )n - l i l l i l l  f i c le r  inc feased rv i th  i | l c rcas i r rg  lgc .  ThL.

o{ l ( l s  o l  expe l i s r }c ing  a  nor l - l ' l t i l l  to  l ' u la l  i t i j L r l v  l i r r  u t

i r t c ten tenr  ln  Dr le  \ !e t r  c l f  l rqc  u .as  | .0? .

T0 lu r the I  i l s \ess  t i rc  e t iec ls  01 'agc ,  i lgc  d is t [ ib t r t ion

wi l ! ;  d iv idcd  rn lo  nvo  r i r t cgor ids  i rs  shown i l r  Tab le  L
'l 'hc 

rxlds ratios l i)r thc calet{)ries rvere cletermined

us in i t  the  ruc  qro l rp  (s40 ) ,c i l rs )  as  re fe rence.  u ,h ic l )

w ls  ass i l ln i l ( l  rn  odds  ra t iO o l  L (X) .  I1  was observe( l

Ih r t  the  i )dds  ra t io \  io r  thc  agr  g r ( )ups  h : td  r r l t  rnc reas-

r lg  t ren( i ,  l v i th  ahout  a  onc- lh i r ( l  i r rc rcase in  odds  ra t io

lirr riders above .10 yeafs of irge.

l A l l l  l - -  l  ( \ l t j '  l { r r t i o s : r n i l  ( 1 5 ' t  ( : ( ) n l l d r i l . e  l r ) l c ! \ r l  ( ( ) i ( . i  C l )  L r y  a g c  o l  n r r l D r c ; - c l i s L s  i o v o l r c d  i l )  l l P S \ , l  c r a s h c s

. \ q (  o !  l l k ! ( r . \  l \ ( u ' l

-  . - . , f f f  -

> .10

Vi l i l i rhle

,\!tc

( ' ( ) [ \ 1 .

I-anl  l r ral  ()R

:0 l 0 i.),3

I  l t ) : 5 J

l  h (  I ( r l L ( r \ r r i l  m { r l ! : l  s . r .  t r . r . c L l , r n  . i r r  r r  r  ! r , i l l r r I r (  U \  ! . r i l a f ] l (

I  ( X )

| ,i!)

95,r  (  l

R"f*

| . r ) 1  L t i o

l s n

l i )

Cr) r  I l i r  rc l t

r )  0 - l  I I

0  l6sh

S .  L : .  S i U

r j l { J  , j  ( r  i r l s . l

L )  2 l i . l  { )  { ) ( i 5 1

Z .  - 0 . l 6 f i { '  -  0  ( } 2 l . i A ! r

(  ) t {  9_i / . ;  ( ' l

Lr) l  I  lJ{-) .- l  1)"1

t 7 .  =  5 . t i 7 r .  d l .  l .  t J  
-  i i  { ) : l - l . i J  L  l i a t r r i i l  r i r i .  o l  r r r r r t r r r t l t i r r i s

/ r / r / /  \  , f r  1 . r i l l

1  -  '  '  4 r " '  / r ' r {  (  '  -  

u , . . , , , , , . ' , ,  t . , , , t

- l r t r t l  
Ol l

_t9( l

1- l

i t 5

i0

t 6 l

21

L ( i { l

l - \ b

R  C l  ( r  a l l r t l

l . l ( )  l  r )  i

( / . =  |  I  r l l .  r l t = 1 .  l ,  =  1 l { ) i i ( ) a j )

l \ l l l  l .  l l l  ( r i i ( l \  I { i r l i ( ) \ x r r d Q \ , . ,

I \ P (  ( ) l  ( ) l t l t \ t  \ t t t t ( l

l ) rssungcr car

( l lh.r  l \1,) lofel  f t

| . r S l ) l  ( , , n r n t r ' r ! i r l  V c h i c l r

Hcrr r  ( iLxrLI \ t l t r r lc
' [ r t c s .  

l - r r r r p  1 r x ; t s .  l ] o l c s

L ) t l i c t  I

ri5
r l
t o

t i

l6

5 l

:5
.l:

|  0{)

t ) . 5 7

: ,t.l

|  9 l

t i i

0 , 1 i

l 1

J 6

l( ,

t 5

( ) .1  l - { )  9?

I  l i - . r . J l

t . t s - . 1 . t 6

{).f$-l oi

0 . : f ) - i ) ' / ( )



I t l  l  \ T l \ / l :  l t l S K  O l -  F A l i \ L  l \ . l t l R \

l ; , t . )  (  ) l l  9 \ t i  ( ' l

I  \ l i t - l t  l !  ( ) ! l i l s  I l . ) t r o 5  a n L l  ' ) i ' , 1  (  i r n l i r l c r r r c c  l r r s r \ ! l  1 9 5 ' i  (  l i

I r r r  t I  i L t l l r s r ! t r  ! \ | t '  r r t  I i l t \ \ l  (  r . r . h ! ' .
r tc l '  c i l ' \  ( . l l . , l ' l  i .  nrotorc\ , ( le\  (11.3 ' i l  ) .  l ight  cort r '

n lcr( ia i  yrh ic lcs t [ -C' \ rs)  (  i , i .5r i l  ) .  hc i rvy conrr i rc lc ia l

r , eh r c l c :  (H (  Vs t  r  l 4  ? ( / r J , 1 r ccs .  l i l n r l )  pos l \  x l ) d  po l r s
( l t i . 5 ( ; t ) .  an t l  o t l t e r :  t 16 ,1 ' , {  I

I r t . l t r r \  scvel i t r  u i rs l ikc l t .  lo  l )c  ! . : r 'e l r tc f  i r t  I - (  V l i r r t l

l lCV  co l l i s r on : .  l o l i ou t t l  hv  t r ce r  J I l d  p ( ) l c \  ( ( ) l l i -

s iLrns,  cor ' t ' tp i t r t : t l  to p i tsstr rgcr  c i t ts .  
' l 'he 

oi l r ls  r i r t io  o l -

l i r lu l  in  jLnics wirs h iF.hcl '  r r r  [ .C]V: .  HCVs. t rccr .  larrp

postr  a i ld polcs col l is ior ts eornJrater l  to col l is i r rn rv iLh

pi lssengcl  c l r {s (  f i lh lc  t l l ) ,  
' l  

h ! '  od( is ( ) l  srrsta i r r i r tg a

l i r t r r l  rn iLrr-y \ { i i is  lw()  t i r t res higher r r t  c t - r l l rs ior t  rv i th

l -CVs arrd I ' lClVs aud ono i ln( l  hr l l  t inrc\  h ighcr iu thc

0rse ol  col l is ion\  wi t l l  t rccs.  Iar t rp posts and polcs.

t/jt i Ct ('ollisiotr 'fSpt

In rsstssing the rn l ' luc i rcc o l  col l i \ iou Iypc\  on i l r ta l i t ,v

l is l , .  the l r tcra l  cr : l i isrc:n w' ls  c lassi l ie<l  as the rc lsr ' -

encc groul l  (Trblc l l '1 .  l j t r r r r  (hrs urra lys is.  i t  could be

see l )  I l )a l  thc r . rdds tat ios ( ) l ' l le  i l ( i -o l r  col l i : iorr  tvPe s ig-

ni l - icant ly  inf luencccl  lhc l i r ta l i ty  l isk.  l l  * .as fcusoni l -

b lc to t rpct t  ths oelc ls l i r r  sustain iug l 'a ta l  rn j r r r ic :  to

be hig l te|  i r r  l i r t  hcud' t ln col l rs io i l  comprrcd to o lhc- l

c t t l l is iorr  t t , ; . rcs.

'lyte 
of Lotation

lratu l r ty  r isk in tcnns ol  ucci t lcnt  loc:r t ion, , r ,as c lassi-

l ' ic t l  ls '  jLrr rct iorr"  . r t r t i  " r  ror t  - . jurrct ion" s i  tcs,  .J  l rncl  inr t

iLreic lents.r l r  those rvhie l r  occrrr  wi thrr t  l  i l is t l r r rce ol '

50 nrctr : rs f ronr thc. j r rncl ior t  r r rch as crossroads.

Tl . j i r r tc l ron.  r )und:rh()Lr t  c l ( .  Ni ln ' . tunctr( tn l rcc i r lcu(s.
( )n lh( '  o lhcf  hurLl .  r r rc r lef ined : rs hrrr  i r t l  occLrrrer l  50

n r r t L l \  l r \ \ i l y  f r o r i r  t hc  j L r r t c t i on .  Th i s  du l i n i t i on  t r l s

only r iscd lo l  thc rn i t ia l  catcgor iz l t iorr  of  lcr i r lcnt
Ior 'a l i0n.  t \  conrpnr i )on t r l  eoi l isror ts Jt  r tOi l^ . iur lc t i r l r ' l

: i t u s  r v i l h  co l l i s i r r r r s  l t  i u r l c t i on  s i t es  (T : r b l c  V )

ler ,culcd thr t  the odds ol 'crpel icncin l l  1 'atu l  in jur ics
\ \ c r1 '  r t hu l l l  t  ne  i t r t t l  h l i l i  l i r l l e s  ! r \ ' i l t cL  . r l  r r o t r . i L r r t c l i t ' r r

s i tc ;  cor t tparct l  to. lunct ion s i tcs.

Nlula ivar i r te : \  nah's is

To l l i thef  unal lz-e the ( l l t r . r .  i l  n lu l t i \ r r i r r tc  rur l t lc l  r r i l r

t ievr : l r4 let l  us i r rg uncoodi t ior t i t l  l r 'g is t iu rcgrr"ssiorr

lnodels tRothnrdn.  l t )86).  f lo l l i r ruous c j l ta srrch us

\ t ' J t  l , , t , i t
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Enginc (;apatily

- lab le  
l l  sho i r r  lhc  l i r ta l i t v  l i sk  rccord ing  lL r  c r rg inc

urp iLe i t l .  
- l ' hc  

io l i s t i t  regrcss iu t t  Inode l  w iL \  ( l c \ ,c l -

( )nL ' r l  \ \ t l l )  l l t r  cn ! i l r c  uaJrac i l - i  i i s  iL  c i l l c11or ica l  vx r i r -

L r lc  u i th  l c lc rcncc  t { )  tho  \n ta l le \ t  cng inc  c i lpuc i l }

l ] { ) t l [ )  (<  I5 { ]  ce) .  
' l ' h rs  

i s  bcc i ruse  lhc  n l i l j o f i t \  ( i ) \ ( r '

901 . r  1  o l  t l t f  n l i ) l ( r rc \c lcb  i r r  l v l l l : i 1 ' s ra  h i r l  a  e r rg i r rc

L i i s l r l r t r : n r c n t  o l  l e s s  l l l r n  i 5 { )  c c  L r i g i n e  r l r l l c i t y  o i

I l r e  n r o t ( ) r e \ r l e  n ' l r s  l i r u n d  i \ )  i n l L L r e n c a  i a t i r l r t y  n r k .

r i i t l r  r t r o 1 0 r t . r e l r s l s  r r ( l l n g  l a | g e I  b i k c s  b r i r r r :  l r t  g r t r t r l c r

l l r t r r l r l t  r  i ' L  ! r ) r n J ) . r ' c i i  t ! )  l h ( l \ r '  o n  s r r r : r l l s l  l r r L e s

7-1, p t o.l l  c h i t l  c /( )b.jt c t,\r rut I

I r r - j r - r | . i r ' :  i l e  : t i rn ! ' l r t c r l  l l v  i r  c l } t r rgc  l | t  vc l0c i tv  (Ar  io i

r  r c l t i e l e  t l t t r i r t , . l , r  u r a s l t  P l r a s c .  l l o r y c V c r -  A i  i s  i n  L L r | n

( lc ' l ) c i l ( [0 ]  u l ) ( , r )  l i ) { ]  ( r r i rsh  l } } ) r .  : r r rd  cLr l l i s ion  oh j rc l

t K i r l l b c r g  u n d  L L r t r r r u .  1 9 9 6 ) .  F o r  t l r i s  s l u d ) -  t h c  A l

coLr ld  r ro t  hc  asccr ta r r tc ' r l .  I ' h is  i s  i rcc l tLsc  t l te  rnc t i cu-

l r l r \  r l l L l i r  to l lec t ro l t  i r {  the  )c f l r f  o l  thc  l t ce i r l cn t  r r ,h ie l t

r r  i l l  ; t ss isL  l t  f te ( r j t s l f l r c l inu  l i r r '  r cc i t i c r t t  i r le  l lLck i r r . . : .

\ s  t l r c  \ r  cou l ( i  i l o t  bc  usccr r i l i r red .  thc  la t i t l i t , " -  r i sk

l I r ( , i l ! ]  n )o t ( ) fc ,Vc l rs ts  l | l t :  t in l l  as rcsso t l  0 rco fd lng  t (J

( h r  ( ) [ ) l c c l  \ t t r e k  x r l r l  e o l l i s r l n  i , v p c ' i n  r r i o t o l e y t l c '

( t l t \ l l f \ .  J - l l c  o l l j ce ts  s t t t r rk  \ \ re ra  ! r r ) t tpe( l  t t s  l )xsscn
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T i rb l c  V l l  r hou ' :  t h r . ' c s t i n r . l l 0 ( i  c r l e l f i c i cn l s  r i nd

o i l ( l s  m t i os  c l i  t l r e  n l r l l i v i u i a te  l n i l l ) , s i s  t h i i l  p r cd i c t

l l t r i l r l - r '  r ' isk l lc to ls.  i \  t r r lu l  o l '  t l re r ' . t t  i i tb les r ' r 'c tc

l i r L rn r l  l r . r  s rgn i l ' i c ; r r r t l f  i n l l uence  t he  f a i i r l r t y  l i s k

I1r<{) .05 t  L l f  n lotorc lc le c l i ts l ies.  Howevet,  get t t lc t  
" r ' l ts

no r  t i r i r l d  t o  be  s i gn i l i can t  i n  i n i ' l u cnc ing  l ' l t a l i t y  r i s k .

Rcsul ts i r r  thc rnul t ivar i l t r  anulysis r .vcrc obscrvcd to

l ) c  cons i \ t L ' n t  r v i t h  t l r r  r c s r r l l s  i n  l hc  una l vs i s  o l  odds

r i l t  ios i .

DISC[JSSIO}i

Ale has t re crr  a rvc l l - rccognizud r isk [ ' i rc t t l r  lb l  r t totor-

c \ e  l c  c r l shcs  o l  u l l  s cven t i es .  Th i s  i s  i n  l i n c  w i t h  ev i -

dcncc t l rat  l i r ta l i ty  r isk i r tcrcases nr  o lder i iges fbr  lata l

t r ' : r s i r c s .  [ J roug l r t o r r  { l g l iB )  i n  h i s  s l r r dy  t ound  t h i t t  t l t e

lu lc o l '  i r r . jur t '  c lash i r r , r r lvernen( declcnsecl  in (hosc

aurd ovcr '  50 rvhi le the ni te of  tata l  creshus incrcascd.

Llnrgg t l ! ) i i1 ;  a l -so fuunt l  t l t i t t  o l r . let  uge cr t tegot- ics h i t t l

thc h ighcst  lc lat ivc r isk o l  l r ta l r t l ' .  
- l 'he 

resrr l t  t . r f  thc

ana l ys i s  o l ' u : r r  i n  t h i s  s t L rd r ,  i s  a l so  cons i s l r r l t  \ \ ' i t i l

I ) r ' r - \ ' i ( ) u \  \ t i r r l i c : i  ( l J r i ) u . ch ton .  1988 t  B r rLgg ,  19 t3  |  ) .

rvht ' r ' r -  l i r r  urcrei rse i r r  i rgc r ' . 'as str ( ) l rg ly as:ocralcd u ' i t l t

l t i r  i n c l c l r s c  i r r  l ' a t l i i t v  r - i sh .

l  l t i r lcr  cr .  \ornc rr : : \c i l rchcrs have shcrrvn th i t t  thc

l i r I  o i - rn. i i r r -1,  eraslr  dcctc l tscs rv i th inct 'e l ,s ing age

( l i r l . l t r r  r r r r r l  Locku,oocl .  l ! )90:  Ktaus ct  t . t ! . .  l9L)2;

I l au r r r t h  L t  r r l . ,  l \ ) ( ) ' 7 :  V IL r i l i n .  1997 ) .  l t  i s  i n rpu r t an l  t o

no t ( '  t i r i l t  t l t e se  s t t r t l i e s  i nc l uded  a l l  n t r n t l r  sp i l l s  as

* ' e  l l .  \ s  sL r ch .  f av l o rau r l  l . o ck r voo r l  ( 1q90 )  cxc l ud r : c l

l r t t l l i t i c s  i r r  t l r c i r  s t ud r ' .  I { o r i t v c f .  t he  p resen t  s t u (1 r -

eorr : i r l t lec l  thosc i r r . jur ics l r . :sul t ing in hospi ta l  ldnt is-

s i on ,  l r  I t l r u [ 1 i s  r r : su l t i r r g  l l ' o r l r  r r n ) , i n j u r - - t ' .  i t nd  n ro to r ' -

t Jd l i s l s  r , vh0  i r ac l  r l i c t l  r >n  t hc  spo t  as  r L  t esu l t  o i

l i l ( l l0 fc) 'ck '  c | l tshes.

l ' r ' t r . io tLs stut i ics havc Iotrnd l  posi t i t ,e cor le lat ion

bct l r ,ccn gcudcr a l rd luta l i t5,  r isk (Fl \ . . lns.  199| :  I lcgg

c t  r r l . .  l t ) 9 - l t  [ . ang le i ' < ' t  i r l . .  l 9 t ) . 1 ) .  Ma l c  l i du l s  * ' c r c

iouncl  to he i l l  greatcf  i i r ta l i ty  r isk than lcrnalc r ic lcrs;

l ro i ' ,  e r ,ar .  th is st r r i l l ,  suggesrs no er  idcncc ol  an-r '  asso-

c i r . r t i ( ) r l  [ )c l \ \ ,ccr l  gcnt lcr  tnd l isk.  ] 'h is  rvus as cxpcctcd

s i r r ec  t l r c  r l r a j o r i t y  ( o re r ' 90 t / r )  o f  ou r  casu l l t i r i s  wc ro

uralcs,  , \s  onl l  r r  vc11,  sr t ra l l  propol l iorr  of  our sanrple

r . r r r : l l l r . l . ( l  l e r t t : t l e  : r t h j r ' r l - .  u ( ,  s l r ( , i l g  l , s s r r t i < t l i t r t t

r . ror : lc l  thL:r 'c l i r rc hr . :  l innr t l  hutwcun gel tdcl  iutd l i i t i r l i tv

r i s  k .

The lc lat io l rship betrvcen l 'u la i i ty  r isk at tc l  c t rg i t tc

capaci t l ,  (c .c | l t lng)  of  the motot 'cycle has hcctr  rvc l l

debated.  Resul ts o l ' th is study showcd a gcncral ly  pos-

i t ivc associat ion t rLrL\ \ 'oen cnginc capaci ly  iutd luta l i ty

rotcs.  
' fh is 

is  i r r  l inc rv i rh thc l inc l i r rgs by FILr l t  r t  r r1.

(  198  1 ) .  Jonah  u  u l .  ( . l t )B l  ) .  Pcddc r  c t  a / .  (  1990 )  a t t d

I 'ay lo l  and Lor;kwoccl  (  1990).  Thclc l i r rc t l lore

cletrL i lcd rcsculch is  q,arranlcd to l i r r t l rcr  untJctstant l

the necd l 'ur  sa{cty lcatLl rcs of  l lPSN'I ,  as thoy i tppr: i t r

to t re int 'e l io l  in design conrpat 'c t l  wi th thc st i in t lard

largcr lbr 'c igr t  b ikes.

In asscssi lg thu i r r l ' lueucc of '  col l is ion types on

f i r t r l i ty .  thc I inr i i r rgs gcr tcr 'a l l1,  s l tor .v that  r t totofcv-

c l is ts i r fc  at  grenter  tata l i ty  r isk in moto[cycle-Heavy

Corrurc lc i i t l  Vehic le (utc-HCV) or  n lotorc) ,c le- l . rght

C lomnre rc i a l  Veh i c l e  ( n r c -1 . . . ( lV )  co l l i s i ons . ' l ' h i s  i s  i n

l ine iv i th the f indir rgs oi '  Molran et  u l .  |  198.1)  a:rd

Waf z ct  u l .  (  1990) wlro shrtwcd Lhat nt t ) tor-

i zec l - two -u ' hee le r  l i de r s  a re  n ro re  l i ke l 1 ' t o  sus ta i n

l l t i r l  i r r jur ics r .vhcn inrol i 'ec i  iu r : r 'ashes rv i th l ight  ant l

hr :avv vchic lcs such as busr 's  arrd t rucks.  Stucl ies t l tat

cx i . rnr incd thc c l ' fccts o l  vehicLc s ize rr tc i  n l i rss rat io

( [ :vans.  1993: lJuzcrrr iLn ct  a l . .  1998; Thr. rnr ts rnr l

l ; r 'anrpton.  1999) can probably c. \p la in t r ,hy such co. l -

l is ions (nrc-HCVs and rnc-LCVs) arc n lorL '  scvcrc.  In

an inrpact  rv i th a l lClV or  LCV, the grei l tcr  n iass oi

thesr vchic les cornparecl  to that  n l  a nrotorc!c le pr-o-

c iuces an aclvelse nrass r i l t io  ef iect  on thc t r t t r l r l lcyclc.

Thus.  tho l ightcr  ncight  o1 HPSNI lvould lead l ( - )  i ln

increasc in lata l i ty  r isk courparcd tcr  LCVs and HCVs.

I l r t l re lnr t r rc,  thc h ighcr st i f fncss ol ' I . lCVs rr td l -C\ is

is  re lat ivel \ ,  unyic ld inu.  und rux casi ly  dcf t i r rn:r l r lc .

and afe of  a fe lat ively "opcn" physir :a l  l i r r rn t l ran thc

ntotorcyclc (Scoot et  a/ . .  l9( i5) ,  r , r , ,h ich may lcat l  to un

ir rc idcncc ol  under ' - r 'un when a col l is ion occuls (Rar l in

Urnar.  1996).  Besrdes.  l . ( lVs and l ' lCVs arc thc

g roups  o i ' r , eh i c l c s  r v i t h  l c l a t i v c l y  h i gh  l evc l s  o1

aggressi i  i ty  l i r r  thc i r  lcr ,c l  o l  crashworth iness (Ci l ru-

eron c/  n/ . ,  19991 cornparcd to r rut torcycles.  L lencc-.

nrotorcvcl is ts usu:r l i -y  cnd up rv i th scvcrc i r t jur ics ru

such  co l l i s i ons .

C)n thc ot l lcr  hancl .  nrotorcycl is ts col l id ing rv i th

l r -ees.  lanrp 1r0sts arrd p() lcs $cre lbund to h lve a re l l t -
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t ivc. ly  h igher fetr l i t l  r j . l i  cot lpurcd to p i rssengcr ! : i l fs .

Tl t r :  rs  becatrse lhc ( )h. iLrcts st ruck arc r rsrra l l -y  r t i rnow

lnt j  t l :c  c\  r -nts tcn( l  1o l )0 t1or. l -cne fg) ,  absot t r ing

i n l l ) . r c t \  (Ahu rne i i r l i .  199 .11 .  t - i po r r  co l l i s i on .  t hc

tuf) lorc\ 'eLc nnt l  rnolor-e\c l is ts abscrrb t r l r lost  a l l  the

iutp i ret ing rncrgy.  lvhich i l r  (u i l l  tesul t  in 1rr 'eutcr
i n l u r y '  s c r  c r i t y .

Sc' rc | r l r ,  r ) l  i r  er i ls l )  r lc l rur ic ls  ot l  t l l i '  v ! "1()r ' ly  chlrDgc
( r \ r  I  i Ln ( l  t he  <1 r ' i v i ng  \ l ) ec r l  ( ) l  a  vc l r i r ' l c  c l u r i r r g  a  uo l l i -

s ior t .  The le l i l l i l )n bct \ \ r ( :n dr iv i t t l :  spt 'cc l  i t r t t l  , \ r '  rs

i t t l l i lc i lec i . l  b) ,ct lsh ty 'pc.  ant l  t l lLss t l l  t l te vt :h iCle nt t t l

co l l i s r o r r  oh jec t .  Fo r  i ns { ; u r ce .  i n  a  l r c rL r l - on  c t i l l i s i o r r .

l l t r '  i r r c l t i r s c  i r r  . \ l  e  . l r  t l c  s cv t l l t l  t i n res  h  j ghc t ' t h t t n  l l l c

increuse in dr iv i r rg spe ct l  (Kal iber ' t :  and l . , r . runra.

i  996).  rcsui t ing rn .q leater ' {he f i r f l r l i ty  r isk l i r r  a r rur l t r r -

c l c l i s t .  
' l l i i s  

i s  bccause  du r i ng  a  heac l - on  uo l l i s i on

* i l h  ano thc r  vch i c l t r .  t l r c ' r r r l e r  who  i s  l c ss  p r ( ) t c c t c r l

lnt l  $ i t le ly  s\J-rose(1.  \ r ' i l l  nr( ) \ /e l r r rw' l t r r i  i r5 l l t ( :  l t t ( ) ior-

e \c lc bc-1r . i r r  lo r lecelcf t tc ,  hcncc loading t l re stnrc lu|e

o1 t i rc  o i :grLrr ter t t  v t 'h ic le i rncl  lcat i inr l  t r )  s( : \ , r lc  i r r . j r r r res.

N4o luo i c r .  t i r c  l i r t du tg  1 t . on r  t h i s  s t u t l \  uus  cu r r s i s t s r r cc

r v i t h  t l r c  l i n t l i ng  hy ,  Peek , ' \ s i r  an . l  K l u i r s  (  l 9 c )6 )  u l r r r

rcptr l tec l  th l r t  r r r lcrs in l rcat l -or t  c f ) l l is i ! )n\  \ \ 'crc to l lxve

signi l ic t r r l t l l ,  l . t is l tcst  ar  crasc IS.S scole.  l t ig l rcst  rvcr

i . rge i lur l lber  01 i r r . jur  i t 's  Pcr-  r idc.r  : rnd u,ere nrrr lc  l ikc i l ,

Lo  he  f l i t r l l v  i n j r r r cd  co r r r pa rcd  t o  o l i t e r  c l ash  l y l t c s .
' l ' l t is  

is  br . :e; l rsr :  r ' rc lcrr  in heacl- r t r t  l ) totc)rc) ,c le col l is ion

were nl ( ) re l i ! . r r lv  tc  bc spccdirrg t l l r r  r i r lers in iur

i tp l i toachinr . :  ILrrn col l isron.  Tl tus r .noto|cycl is ts usu-

I t l l r  ; r t r l  L rp  , r  i t l r  . .  r  r ' r c '  r r l r r l i c s .

R i t l e r s  i r r r r r l r . c t i  i t r  r r i i r r - j unc t i on  c l l r sh  s i t c s  r vc r c

l i r L t r r d  Lo  h i r r , '  t r e r r t r r  l . r l l i l i t _ r  r i s k  l h i r r r  t l r osc  l r t . j unu -

l i L r r r  s i t c :  T l r r s  c r i r r l r l  l r c  ( l uL r  t o  v r l t i e l es  t l i i l e l l i ng  a t

l r iqher spct 'c ls  lT nr :n- . jurrct iorr  s i tcrr .  ( j r r  t l rc  othcr

I r l nd -  r ' ch r t l es  a r t :  r t o i n t t r l i v  c xp t c l cc l  t o  l t . t ve  l o r t e r

spee t i  n r r r r cn re r r t s  w l r i i t '  l r ppn rach in l  r r r  pL r l l i ng  o t r t

i i r r r l  j t t r tet iorr  r i t r 's .  l l i r r i r . l th t ' /  t t l .  ( l r997) r ' r : l . lor tet l

t h r t L  r i t l c r s  \ uc r c  l l l o re  consc ioL rs  whe  r r  app roach i r t g
junct ion s i tcs.  t ts  they rvoulc l  l rxrk a l l  atoond i ln( l  l lo

prcpalcr i  Lt . r  l r r lkc.  l ;ur lhcrrnore.  thcy i l ]so l i rund that

incrpe r i t : t tcc: t l  t lc iets rvs lc nrorc l ikc ly to s lctw dt . rwtr

r v l i i l c  ; Lpp louc l i i ng  i r  - i u r i c t i o r r  s i t c .  l : n r r r r  t hese  r r bse r ' -

r  l l i r ins.  i t  t . r r r  t . r r .  in le r rct l  th i i r  lorr ,e r  l ra le l l inp sPceds

t l ig l r l  rcr lucc t l l t '  ln l l fY q! ' \ ,cr i l , \ ,  ruf l -urccl  hv nto lo lcr ' -

r l  i s l s , . l t n ' i  l t : t  l r  r : r i r s l t .

CC}N(]I,TJSIONS

Il rscd on lh is lcscarc l t .  the I t l l lo t r  i t tg cortc lusions carr

nc ufit\{rn:

lJ  Motrrrc-yclc r ' iders ot  o lc ler  uec e rpcr iencc

grci l tcr  iat r l i tv  r isk as u rr :s i r l t  0 l  urotorcycle

crrsh(:s.  For nrotolc) ,e l is ts agcd abrrvq {0 veals.

t l le  cs lJnr; r l ( ' ( l  txJcls r ' ; r l ios nctc abotr t  5(J ' . i  l r iehr : r

than t l rosc rr , l r t t  r .vele J{)  vculs o l  lcss.

1)  Ct i l l is ions Lrel rveen r lotorcycles and LClVs.

I - ICVs. t l t 'cs.  lanrp pcists ant l  ; ro lcs arc s\pccted lo

culr l ,  h ighcr l 'a t l i i ty  r isks tornl r l le t l  Iu t l rosc iv i t l r

o t l r e r  ve l r i c l c s /ob  j c c t : .

3)  Mlot t r rcycl is ts i r r  l i 'ontul  col l is ion u ' i th opponcrt t

r ,chi { i lcs/ob, iccts qrxpef ipnco( l  srentcr  lata l i t l '  r ' isk

as l lontal  eol i is ion lc ' i td ing to h ighcr-  Ay r luc to re l -

i r t i  v l :  spcci js  belr . l ,een col  I  is ion opp()ntul .

- ] )N lo to r i : r , c l r s t s  o l  l a r sc r  t - r i k cs  a r . ' n ro r {  l i l \ r l \  t ( )

su\ l i l i l l  scvclc i r r .1r : r ' i t rs  l ' r  o l l r  l i l ( ) tor 'c) ,c le c lashe s.

5 r  N l r r l r r | c r c l t  L t . L l l l u \  i r t  i u r l ! l i ( l r 1  s i l u :  r r i r c

obsc rve t l  t o  expc l i uncc  I owc l  l ' a t a l i t i ' r ' i s k  u , r t h

odr ls nr t r t )s o l  0.b- i  (9.5 ' . , i  ( l l  = 0. .51 0.31) c i :nt-

l j , l t c t l  t , t  ( l l r r \ c  . l l  t t o t t  . i t t t t e l i r r n  r i t t ' s .

Acknou'ledgne nts

Wcr  c r t cnd  o l r r  t ha r t ks  t o  a l l  s t a l l  o l "  Ku j ; r ug  (HK l .

K r , r a l a  Lu r r t p t r l  lHK l . t  . r nd  ( ,K l v l  ( I I L IKNJ )  l r osp i l . r l s

r . r , l to rvere ol  g lcat  l rc lp t l r r r ing the t lat l  cul lcet io l r

phi lse .  In p i r t icr i lar .  a speci ; r l  thnnl is  to Dr.  7-nidah [ rL.

l { uss r j n  ( f o l r ne l  l ) i r c c to r .  I lK l .  D t .  l . j r r  Kua r r  Joo

( l ) i rcctor '  I  I l (L)  und his crr l lcagucs.  Dr.  T.  N' l lh i rc le i  arr

l n t l  L ' l s .  S l r r r r r r s i r r l r .  
- l ' l r c  

uu tho l s  w i sh  t ( )  c xp f c \ s  t hu r r

g l u t r t u ( l c  t o  D r ' .  r \ ha rne r l : r l i  M . l i .  l i - o rn  B i r r l r ngh : rn r

LJnivcrst tv l i r r  in  h is r ,a lurble hclp rnd advicc,  i tnc l  i r r 'c

inclebre<[  lo a l l  [ l ro pul icc o l l icers f iorr  both l ( l j l r tg

iur( l  J i l lan l l ln t lar"  Poi icr  Stat i t rns r r , ' l tosr '  ; rss istunr 'c

cont i lhutc( i  to\v i t |ds thc]  success of  th i \  s t r . r ( l ) .

ReJ erences

A \ \ o u i r l i o r  l ( n  t h L -  i \ ( i r ; r n a a D ) r n t  { } l  A u l { ) r n ( r U r e  \ l r r i r c r i l u

t , \ A A \ . 1 r .  1  l ( ) r ( ) l  l h c  A b b f r \ i r l r d  L l . l u f - \  \ ( i r l ( ' :  l ( l ' ) 1 )  I t . ' . i '
c i o n ,  [ ) c s  l ' l ; r i n c : .  l l  6 ( ] t l l t .  t ' S r \

i \ h i r r r e ( l r i r .  \ 1  H  L  l t ) 1 . ) . 1 t  ( . l t r t t t i r ' ! t  l t l t l t  , r l  . \ l t l i  l ' i  / , r  / r .  , \ r ,  r .

r L , r r t r ,  P l t [ )  ] h t s i r .  A c r i r l c r r t s  R e : c r l c l r  ( r ' n r r r  S c h i l u l  o l

i \ h n r  l i r t l u r  i r r g  r r t t i l  l \ k c l r i r i t i t r l  l r t t l : r t r : t ' r t l t .  l : t l t l r r s t r r r .  L l i t

r n r t t g h r n r .  l J  l i  l T T .



r { F . t  . \ l l \  I  R t \ t (  r ) l  t  \ 1 . \ 1 .  t \ r t  I ( Y

B r r r .  L ) . J  .  | . r r r g l c t .  J  l . ) . .  ; r n r l  I { r ' t i l c r .  . \ . 1 .  (  l 9 ( r - 1 ) .  i \ ' 1 ( n r ) r c \ c i t
( -  [ i \ l i c \  i i l  \ r r r  z ' . c r t ] a r t r l  I l c s u l l i r r ; :  r r i  l ) c a t h  r n r l  i l r , : i r i t r l i r r

l i { r l  I  l f r l t ( ) \ l u l l r ( ' r  \ l u t l t i r r l s  t r l i  O \ ' r r l i t \ \ ' .  , . \ r  t  i l .  . \ u t t l .  , \ n l

/ ' r ' r  .  V o l  l ( r .  N r r .  ?  p  1 5 7 - - 1 6 , 1  l l l s r r i r - r  S c i e r r c e  L t d .  U S A .

I t  . r g g .  B . \ \ '  L  I  l ' l l t  I  i  R r s k  ( r l  - \ . ( : i ( l c r t  l n \ { } l \ , c n r r r ) 1  l i r  M o t , , r c } -

, l r r t s .  / l r r r r l  . f r r l c l r  / l r ' r u r r r r l t  r t r r i l  l ' r r r r t t r ' t .  l ) r r t g ! : f  p l l  l -

l l r

i l r i r u g h l o r r .  - l  t  l r ) X B t  I ' l r c  R r : i i r l i l t r  l l c l u c t i l  l { o l D r c l , c l u  S r z r .  l n t i
' \ . c r , [ ' n t  f l r ' L .  l i ( s c ; I c l r  R ! ' l ) ( ] 1 1  l ( ) 9 .  T r i l ' r s D o r l  r r r r r l  l { r : i L d

l l r \ L i ! r ( l l  l - ; r b r r f ; r t { r r , \ ' .  D c p l r t n e I t  ( ) l ' f t a n s l ] ( ) f 1 .  C r o r , r t t i L r t t r L r ,

t K .

l J L r , , c l r r n ,  [ )  ( - ]  V  r L r t r .  D . ( . .  I  r i r s u r r l .  P .  (  l 9 q t )  ( . i a r  O t c u p r n t

S a l i ' t y  i r r  F r o r t t l l  ( t r s l r u :  r \  P , r r r r n c l e r  S t u d l  c r i  ! t l l c i c

N l i r r \ .  l i l i l ) i c t  S p r : c r 1 .  a r t d  l : t h c r c n l  V c h i r : l i :  P t o h : c l t o r .  ; 1 {  (  i ( 1 .

. . l r r r r /  . l r r r ' I ' r z r  .  \ i r l . l O  N o . ( r .  p 7 l 3 - 7 ? 2 .

L , J n r ( 1 r ) r , ,  N I  .  N i - ' \ ! \ l c i d .  S . .  r n r l  C l r r u .  \ | . L .  ( l ( ) ( / ( ) l  R n t l , r !  t l r c

Agitrc*r l i l l  { } l  1\u\ l r i i l r i r l  [ 'J\sen$cr Vchiclcr l i r rvart ls Olhcr

\rrhrcl f  OccLrprr l is i ld l .npf{r tcctcd l lorr l  [ ] r rrs.  ( ' rut l t  l ) r t ' -

r ( ! t l i ( J n  l r i l  I r t p t t  ( r t t t t t , t l .  \ t t l u n r c  I  [ \ s u t  2 .  p l ] t J - 1 . 1 ? .
( i r r r i r r r  r r r c l  l J t c a c h  5 r : r c t r r t '  P u b l i s h c r r .

! r i r r r s .  l .  ( 1 9 9 - l l  [ ) r i y c r  l r r j u r l ,  a n d  F a t a l i t y  R i s k  i n  T w o  t a r
( - r $ l r ! ' (  V r : r \ u \  l t l a s s  R r t i o n  l r t l c r r e c l  i I ' i r r r  N c n , t o r r i r n

N l r , r ' h ; r n i r ' .  . 1 7 t 1 '  , l t t t t i r t t l  P r u c t , c t l t r t t t .  , , \ r s r t c  i i t t i , t r  l ' r t r  f l u

l i / r i ; r r r  t  r r r r r r l  t i  . . \ u t t r t t o t i v a ,  l l t ! i t i t t t ,  p  i  l  - t  1 1 7 .  S r r l  r \ n t r L

I t o . ' f c t . r -

! - l . r , . r L r r l l t .  N .  S u i ( h .  1 1 . . .  B r r r r n . ' r i ,  l . l r ' t t l  l . ' r o r l i .  \  ( l 9 9 l t  ( ' i r r c

t ,  t ) i l i t 1 t !  . \ ' ! i l J . ,  < t l  l , l t , t L , t t t l c  ( - ) z r r i r r .  r \ 1 o i l . r s l r  t . r r i r c r s i t l

. , \ ( f t d ( i l l '  l { c \ e x r ( l l  C ' ( : n l r c .  D r l i l r l r n g n l  ( ) l ' i i i u l \ l ) \ ) r t  n I r l

R c r i r r n r r l  l ) c r c l t ' p n 1 l r t .  
' f l r r  

I r ' r l c n l  O l l i c u  o i  l . l o r r i i  S a i r ' t 1 .

l_ i r i ) l ) r l  r . r

l l i r r m t ' r .  l )  \ \ ' . .  a r r d  L c r l c s l r o r \ .  S .  (  l , j l i ' l t  . \ p l l i c L l  L e ! i . \ t t t  R t N r ( \

, r o r r .  A  W r l c r r  l n t c r r c i e r r c c  P r r h i i c r r l i o t t .  J o h n  W i l c ;  &  S o n .

\ r ' r r  \  r r l k

l { L r r t .  l l . l l .  ( ] u r { i c ( . . 1  \  .  i r r r r l  l ' l r r r r r .  l ) . R  ( l 9 S I  r  N I r r t ( r r r y L l ! ' . ^ c c i -

d ! i ) l  ( i l L l s c  F r c t o r s  l n ( l  l i l ! : n t r ] i c l r l r r t t  o l  ( : r ) u l t l c f t n ( i l \ ! f c s

V o l r t D t r :  I  T u c i r r r i c r l  I l e p ' r r i .  R ! ' ! r ) r l  l i ) r :  [ : . S .  D c l r r t r r c i l t  o l

l  r r r . l r r t r t i L r r t .  \ r r l i ( ) l x l  l  l t , t l t \ \ ' r !  T l r , l l t  S r i c l !  A ( l n t i n i \ l f i l -

l i o l r ,  \ \  r s l l i l g t r l n .  l ) . C .

l r r n r r h .  l J . , \  .  l ) i r \ s r : [ .  N . ! : . .  i r n t ]  l l r r s S .  1 3 . W . l r .  (  l l ) i i l  ]  P f c . l i c l i n g

r \ . ! r d r ' r l  l r ! o l r e [ 1 c i l  u r t h  t l ] c  l v l $ o r c ) u l c  ( J p c r i i t o r  S l , i l l

i ( \ r .  1 { L r  . i r r , ; / . , (  / ) r l r .  l . i . p  l { ) / - i l 3

1 . .  L l l b c r s .  \ i l ) . ,  r r r i  I  r r o r r r a ,  J .  t  l t . l 9 6 t  S p c c c l  K i 1 l .  C ) f  L ) i ) . \  t t  r n ( l
\ \ ' l i r  r .  l ' r ; ,  c t J t u , r ! :  , t i  t i t ,  ( . t t t . l t r r t t t  t :  l l o i t d  S u l i , t r  i t t  l - t r t t l t L ' .

5 r ' 1 1 t '  r l r ( ' r  ( )  l l .  l ( i t ) 6 .  \ o .  r A  l ) r r r l  l .  l l l l - l 5 t l .  l : i r n t i n g -

l r r n r .  t  l . K

h r r t t r .  . l  l - .  . \ r : u l c t r , r n .  ( -  1 . .  l l e - r n r r r r .  P .  Z i r d . , r .  I ' . 1 - . .  S u n .  C i .
I  l i l r l l i  [ ] c  i t u r ' r ' \  o ,  I ' l l r l  r t I d  S u \ r ' t f  l I l I r \  \ l o l r r r L : v c l e
(  r : r ' l ) L ' .  . l l e o r t i r r r L  t o  \ ! ' l r i i l r  [ ) . ' : r r r r  l ) p t .  t ] . r l r ! . r r r r j r r  I ( ) . 9 i .

. /  7 , i , / l i  , \ [ . 1 .  ] ( ) : 5  l . l

1 . , : r S l . \ .  J  l ) . .  I l c i ! .  I r . l .  r r r r l  R c r ( ' c f ,  A . l .  t l 9 ! ) - l ) .  \ ' | 1 ) i { ) r c ) c l r

L r ; r : l t c :  f { c s r  l t i n g  r r r  D c r t h  a l r l  l l o s l r t i r l r s i r t i o n  I l  
- l l a l i i . '

(  r . r ' l t . . . . l r t t r r '  \ r r r r /  , \ r r /  / 1 t , r  -  \ i r l .  l ( r .  N r r  I  p  l ( ) i  I  l l .

F i : c r  r c r  S a r t ' l t c e  l . l d  L ' S , { .

l \ ' l o l r i r r t .  l J ,  K o t l t i r ' : r l .  K . l ) .  \ l i . r r .  i t  K . .  r n d  i . l ; r r . r r l r .  i \  K .  ( 1 9 1 { ' l r

H r ' l r t u t  r t r t i  l l t a d  l l i u r r '  r l t t t l r  , r l  C t l t s l r  l ! r \ o l \ f d  i \ ' l i i ( o t e ) '

t l i . ; t r  1 n  l ) r l l r r .  I ' p t r ' t r l i n \ t  l t t t t u t t t t i u t l , t l  l l l ( O l l l , t t t f t ' t t t t , L

on t lu,  Bi t t t t : t luntt i l \  t , l  l t i l l i lk t \ .  I -h Sjcplculher.  p6- j-7t i .

DELl. l .  I  hr '  ) idLherirrr( ls,

t r 4 r r l l i u ,  B l .  ( l ( . , ( ) j l  l { t k  l : u c t i t r . i i r  t l l o t r t n . r c l t  l r t . t t r t t .  r h c  r o l t  r t l

de<' .  .q(t t l . ' t .  t . \ ! ) ( : t i (u!  ( .  t t t I in l i l : !  t ! )11 rr /rrr l t r , / .  l l l t [ ) .  l 'hesir ,

L  J n i v e r : i i t !  o , , \ \ r u k l r u r ( 1 .  I  q 9 7 .  I

P i r k l c r .  - l  8 . ,  ! c \ ! n r l r .  . 1 . . \  .  r n d  . V l . r r L a y .  C . \ ' 1 .  i  l ( ) ! ) { ) }  l l r c  R o l t  o }

I r )  d c l ) l h  ! l o l o r i \ c l c  , \ l c i r l c n t  S t u d i c s  i r  t t r e  l t u i l u c t i r r t  r r l

{ecir lert t  Tr i r t t rni t .  l ) r , t r ' r t ' r l i r t r : t ,  l9()0 lnt(nRl i /Dtol  lR( ' ' ( ) lJ l

Cit t t l tn,r t tL r t t  I fu I l iut tL ' t l t t )ut ' r  r) l  l t i l l t ( )1. ' t r .  ScPL l2 l . l .

B l r r t - L t o n .  (  F r a r r t c  l .

P e e k  A r r .  C . .  r n r l  K n i r r s .  J . 1 , .  ( 1 1 9 6 1  I r l u i c r  S u \ l r i i l d d  b )  N l o l o r -

t y c l c  l l i ( l e r s  i n  i h e  A p p n r a c l r i r l p ' l i r r n  C r a s l r  C ( ) r ) l i g u r i l L i r ! r .

r \ t c i < l  , \ n u l  , l t t t l  I ' r " t . .  \ t r i  l E .  N o  5 .  p 5 0 l  - i ( r 9 .  l i l s e r r u r

Scicncc Ltd.

R a d i r r  U n r a r ,  R . S . .  \ , l a c k i r y .  C i . N 1 . .  r r r d  l l i l l , 8 . 1 . .  ( 1 9 9 5 )  f ' r e l i r ) r -

t i l r , \  Anrly\rs !) t '  \ , l i ) toru.\ 'u lc / \ccidci l ls Slr \)r{  lL ' i l ) r  l t rprct  0l

t l r r  R u r t r i f l g  l l c a L l l r g i r t :  C a m p r i g r t  a r i l  R c g u h t i o r .  . h t u n u l  , t f
' f r t  

t . lJ i  t  M t :r l i  c i  n c.  \ 'b l .  211. p l  7-21{.  U ni ted Kirrgdorr.

l l a d i n  L i r r r a r .  R . S .  i 1 9 9 6 )  1 t ' r r l a t t  l ) i r g r t r t t l i r ' . 5 \ ' . r l d ' l / r  \ t t t l t  S l t t r t i l

l le l t r t t t rL lo lv l t ) t . t t r \ ' t  l (  ALr ' idt 'nt t  t t  , \ht lursi t t ,  Phl) .  Tl tcrts.

r \ c c i d c n t  l t c s u a r c l i  L l n i ( .  L . n i ! r r s i t a -  o l  l l i r i l i n g h u r .  l J i r n l i n i

hnnl.  l . l  n i ted Kingcionr

I iot f i r )r i rn.  K.J.  (  lqSf- '  j  14uhtt t  l : . i ' idrrrr t l  / . r4r ' .  l - i t t lc l l r rrwr rnt j
( ' r rrrrpar iy.  Ll()s len. T()r  ui l t r ) .

R o v i r l  i \ ' l r L l r l s i r  P o l i c u  l P D I l l r l t .  ( l t l q ' l )  J k r / / r / r ( t ? /  l l L p r t r r  l l t a t l

r \ t t i l a t l . r  t r l r t l t t y r i t i  i 9 9 . 1 ,  l l n l - l r e  B t i t t t c h .  B u L t t  r \ n t . r t t .

K L r r l i r  L t t m p r r r .

l i r i r r i  \ 4 a l r v s i a  t \ r l i e e  i P D l { l l } .  1  1 9 9 7 }  - \ t r i t r s r a r r l  R t l x t r r  l l , t t . t t l
( ' n t s l t ,  i v l r t l t n s i t t :  l 9 r ) 7 .  l t t l l t t  I l r i r n c h .  [ ] u k i t  A r n a r t .  K L r r l r

L u r n p u r .

S c ( ) t t .  , { . W . .  A h l i r r e d n l i .  l \ { . 1 1 . .  G i l l a r r r .  1 . J . ,  \ l a c l t _ v .  N l .  ( l t l 9 5 i "

( ' r r  ud Trucl  (  ol l is i rrrs Rcvi\ i1c(1. f ' rcscrrtcd i t l  l t )<)- ;  ln!r l

r t r t i t t rul  l l l (  ( )Dl Ctnl trrut t  r{r  thc IJroIr( 'c l ) l l r icr  ol  i r t ip irut .

S c p t .  l , l  1 5 .  1 9 9 5 .  p , t 6 i  . l ? ' 1 .  B r u n [ c u ' .  S r v i t u t r l l n r i .

l a v l o r  \ 1 . C ,  l n r l  I  o c h u , o L r t i ,  ( . l t .  t  l 9 g ( ) )  i j i r c l o r s  . \ l l c c l r n g  t h c

A ( e i ( i e r 1 t  l . i i l l . i l i t ) '  o i  N J o l i t r l  - \  r l i \ l \  -  i \ l u l t i v a r i r t r ' , \ r a l l s i r  r r l

S u r r c r  D r t r ,  I l e s c r r c h  R r r D r r r t  l 7 o , ' l | i r n s f o f l  i r [ d  I t r r : i r l

R c s c r r c h  I  a h u t a t i : 1 1 ,  l ) c p r r t r n c l t t  o l  l ' r i l n s l r o r l .  ( l ) $ l l r ( t r l r u ,

L K .
l h o r n i r \ .  [ ' . .  i l 0 J  i ] t n r p r o i l .  l i .  ( l t r t / ( J J  l - a r l c  r r n i l  S r r r r r l l  ( ' r u s  r n

I ' l t : r l - u o r l d  ( l r i l \ h e \  P x i l c f i l \  o l  l l s c .  C o l l i s i o r  t \ | c \  i l n r l

l r r  juq Oulcorrus. -11' t l  ,1t1nwtl  [ 'nt t  c<t l i t ty. t ,  , , \ :sot i t t iot t  l r r
! l t t  , \ L l n t t t ,  t , t t t t t r t  i l l  , \ t r i r t t r t i t i t t  : \ I c , c l t t i n t ,  p  l 0 l  I  l $ ,  1 3 a r e c -

l o t t l .  S p r t t t

\ \ ia lz-.  l r . l  1. .  5truh. C .  l launnnrr.  l l . .  r rrr l  \ , l i r r t -r ,  \ \ I  (  L9()( i )  al{) l l is ior i

o l  l  l e i l \ ' \ '  T r u c k s  l g r t i r r s l  ( ' a t s .  l r r o  W l r c c l c r s  i l D d  l ) c ( l L s l n l n .

l ) tot  r* l i t tqt ;  J9r0 l rrr t i ldt i t rkt l  IR( ' l )bI  (1Jt l i ' t I  u&' t r t  I  lu

lJ tont u l  ru t  t  i  t . t  o. l  l  t i t l ;<rr  ts,  Scpl l  1- 1 4. Llron- l .y rrrr .  {  l iunf r  ) .


