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PREFACE 

He l me t s  r e m a i n  t h e p r i m a r y  p r o t e c t i ve d e v i ce ava i l a b le to mo torcy c l is ts.  

The i r  ef f e c t i veness i n  reducing t he i n c i dence and s e ve r i ty of  head inj u r i e s  

h a s  b e e n  c l e a r l y  de m o n s t r a t e d  i n  a nu m b e r o f  f i e l d  a c c i d e n e  s e u d i e s .  

I n c r e a s i ng a t t e n t i o n i s  n o w  be i ng g i v e n  e o  t h e p o t e n t i a l  a n d  d e s i gn o f  

o e h e r  p r o t e c e i v e d e v i c e s : 

p rotect i ve c lot h i n g .  

I n  p a r t i c u l a r ,  l e g  s h i e l d s  o r  g u a r d s  a n d  

T h i s  p a p e r  i s  a r e v i e w  and evalua t ion of  e he deve lopment a n d  cur r e n e  s t atus 

o f  s u c h  p r o t e c t i ve f e a t u r e s .  S p e c i a l  a t e e n t i o n  i s  g i v e n  t o  e h e 

d i f f i cu l t i e s  o f  i n t e r p o lat ing exi s t ing mo e o r cy c le accidene  da e a  f or the 

deve lop ment and evaluat i on o f  such features. 

INTRODUCTION 

T he exc i t e me n t  o f  mo t o rcy c l ing and t he avai l a b i l i ty o f  re l a t i ve ly low cos t ,  

h i g h ly r e s p o n s i ve m a c h i n e s ,  h a v e  m a d e  m o t o r c y c l e s  a p o p u l a r  f o r m  o f  

t r a n s p o r t  t h r o u g h o u e  t h e w o r l d ,  e s p e c i a l l y f o r  y o u n g  m a l e s .  T h e  u s e  o f  

mo t o rcy c les as a f o r m  o f  e rans p o r t is  howeve r ,  tarnis hed by t he associated 

h i g h a c c i d e n t  r a t e  ( 1 ) . T h e i r  use  ( t y p i c a l l y by i n e x p e r i e n c e d  y o u n g  

r i d e r s ) i s  co m p o u n d e d  by  t h e vu l ne r a b i l i t y o f  t h e e x p o s e d  r i d e r  and t h e 

h igh inj u ry p r o ba b i l i ty. 

Ac c i d e n t  f i gu r e s  s h o w  t h a t  p e r  k i l o m e e e r  d r i v e n ,  mo t o r c y c l e r i d e r s  a r e  

b e t w e e n  1 0  t o  2 0  t i m e s  m o r e  l i k e l y  t o  be  i n v o l v e d  i n  i n j u r y -p r o d u c i ng 

a c c i d e n t s  t han car occupants.  

F undam e n t a l  to  t he deve l opment o f  i nj ury p ro t e c e ive devi ces is the need to 

und e rs tand t he na ture of  t he p ro b l e m. This i n c ludes e he charac e e r i s t ics of 

t he mo t o r cy c l e  acc i dent , the locat ion and seve r i t y  o f  inj uries and under 

w hat  c i r cums tances which inj u r i es occur.  A numbe r o f  mo t o r cycle  accident 

s tudies have been conducted w h i c h  p rovide daea  on t he s e  ma t t ers ( 2 -9 ). A 
summary o f  t he i r  ma in E i ndings f o l low s. 

ACC IDENT TYPES 

M o t o r cy c l e  accidents f a l l  i n t o  ewo ma i n  catego r i e s :  co l l is ions w i t h  ano e he r  

veh i c le ( mu lt i-ve h i c le acciden e s )  a n d  a c c i dents  i nvo l v i ng n o  o e her moving 

v e h l c l e  ( s i n g l e - v e h i c le a c c i de n e s ). 
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T h e  mo s t  f r e q ue n t l y  o c c u r r i n g  mu l t i - v e h i c l e i n v o l v e s  t h e f r o n t  o f  t h e 

mo t o r cy c l e  s t r ik ing t he f ront , s i de or  rear of ano t h e r  vehi c l e. T he o t he r  

v e h i c l e  m o s t  c o m m o n l y p a s s i n g  ac r o s s t h e p a t h  o f  t he a p p r o a c h i n g  

m o t orcyc le. U pon i m pac t ,  t he r id e r  cont inues to move f o rward t o  be p i t c he d  

i n t o  o r  o v e r t h e o p p o s i n g  v e h i c l e .  O e p e n d i n g  o n  t h e c o l l i s i o n  

c o n f i g u r a t i o n ,  t he r i d e r  m ay be e j e c t e d  o v e r  t h e h o o d  o r  t h e t r u n k  o f  t h e 

au t o mo b i l e ,  or the r i der may s t r ike t he s ide o f  t he au t o mo b i le w i t h  t he i r  

upper t o rs o  and head. 

L a t e r a l i mp a c t s  w he r e by t h e s i d e  o f  t h e m o t o r cy c l e  i s  s t r u c k  by a n o t h e r  

v e h i c l e a r e  t he s e c o n d  m o s t  c o m m o n  t y p e  o f  mu l t i -v e h i c l e a c c i d e n t .  T h e  

r i de r ' s  leg i s  o f ten s t ruck by the imp ac t ing v e h i c le . 

T he t hi r d  maj or  t y pe of  mu l t i -ve h i c le accide n ts are g lancing or  s ide-s w i p e  

co l l i s ions be t ween t h e  mo torcy c le and ano t her  veh i c le. In  these  acciden t s , 

t h e  r i d e r ' s l e g s  w i l l t y p i c a l l y b e  i n j u r e d  a n  i m p a c t  w i t h  t he o t he r  

v e h i c l e .  D e p e n d i ng on t he p r e c i s e  co l l i s ion conf igura t i on t he r i d e r  may 

again be d e f lected onto t he automo b i l e .  

I n  a l l  c a s e s , f o l l o w i n g  t h e i n i t i a l  i mp a c t ,  t h e  r i d e r  w i l l  f a l l  t o  t he 

ground w he re he / s he may sus tain f u r t he r  inj u r ies.  

S i ngle v e h i c le accidents are c ha rac teri z ed by the rider los i ng con t r o l  of  

h i s / he r  m o t o r cy c le a n d  f a l l i n g  f r o m  t he m a c h i n e ;  r i d e r  a n d  m o t o r c y c l e 

( t y p i ca l ly independe nt ly )  s li d i n g  to  a s t op. I mpac ts w i t h  obj e c t s  i n  t he 

r i d e r ' s  p a t h  w i l l t u r n  t he a c c i d e n t  i n t o  an  i nj u r y - p r o du c i ng e v e n t .  I n  

s o me cas e s ,  t he rider may s t i l l  be seated on the mac h i ne w hen i t  s t r ikes a 

f i x e d / r i g i d  o b j e c t . l t  i s  n o t e - w o r t hy t h a t  a l a r g e  p e r c e n t a g e  o f  t h e s e 

a c c i de n t s  are not  inc luded in o f f i c i a l  p o l i ce-based s t a t i s t i cs ( 1 ) . 

PATTERNS OF INJURIES 

T he i nj u r i e s  s u f  f e r e d  b y  t h e  r i d e r  o b v i o u s l y  d e p e n d  o n  t h e s e ve r i t y a n d  

t y p e o f  c o l l i s i o n  a n d  t he r i d e r ' s  t r a j e c t o r y .  A n  o v e r v i e w  o f  t he n a t u r e  

and s eve r i ty o f  i nj u r ies sus t a i ned by he l m e � e d  r iders  s how t h e  f o llow ing : 

In m i no r  acciden t s ,  t he r i de r ' s  inj u r i es are t y p i ca l ly conf ined t o  su rf ace 

ab ras ions and lace rat ions to  the legs and body . 

I n  m o d e r a t e  t o  s e v e r e a c c i d e n t s , f r a c t u r e s  t o  t h e  a r m s a n d  l e g s 

p r e d o m i n a t e . M u l t i p le a n d c o m p o u n d  f r a c t u r e s  w i t h  s e v e r e s o f t  t i s s u e  

da mage charac t c r i z e  t he more s evere i mp a c t s .  The seve r i ty o f  l e g  inj u r i e s  

s u s t a i n e d  i n  mo t o r c y c l e a c c i d e n t s , t h e e x c e s s i v e bo ne a n d  s o f t t i s s ue 

d a m a ge a g g r a v a t e d  by c o n t a m i n a t i o n ,  i s  w e l l  es t a b l i s he d  ( l U - 1 3 ) . S u c h  

i nj u r i es are charact eri zed by long t e r m  t r ea t me n t  and r e ha b i l i t at i o n ,  of t en 

w i t h  poor end resu l t s. 
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F a t a l a c c i d e n t s  a r e  t y p i f i e d  b y  mu l t i p l e s e r i o u s  i n j u r i e s  f r e q u e n t l y i n  

more than one body reg iofu 

INJURY PROTECTIVE DEVICES 

T he a m e l i o r a t i o n  o f  m o t o r c y c l e  a c c i d e n t  i n j u r i e s  h a s  b e e n  a t t e m p t e d v i a  

p r o t e c t i ve s y s t ems a t t ached t o  t he r i d e r  and mo torcyc le. Cons i de r at ion has 

a l s o  b e e n  g i v e n  t o  t he d e s i g n  o f  mo t o r  v e h i c l e s and r o a d  e n v i r o n m e n t  t o  

reduce t he i n c i dence and seve r i ty of  i nj u ry pr oduc ing i mpac t s. T h i s  paper 

is con f ined t o  cons i d e r i ng those p ro t ec t i ve fea tures w h i c h  f o r m  p a r t  o f  the 

mo t o r cy c le / r i d e r  un i t. 

Any p r o t e c t i v e d e v i c e  m u s t n o t o n l y  be t e c h n i c a l l y f e a s i b le , i t  m u s t be 

accep t a b le t o  t he consumer and cos t  ef  f e c t ive. Fur t he r m o r e ,  it  cannot be 

deve loped in i s o lat ion. A p r o t e c t i ve device may be deve loped to add r e s s  a 

s p e ci f i c  p ro b le m ,  bu t u l t i ma t e l y  i t  w i l l  be involved i n  a v a r i ety  of  c ras h 

c o n f i g u r a t i o n s .  T o  t h i s  e n d , t h e  d e v e l o p m e n t  and e v a l u a t i o n  o f  i n j u r y  

p r e v e n t i ve d e v i c e s  d e p e n d s  h e a v i l y o n  t h e a v a i l a b i l i ty o f  d e t a i l e d  a n d  

re l i a b le da ta f r o m  real accidents  repres e n t a t ive o f  t he gene r a l  popu lat i o n  

o f  m o t o r cy c le acciden ts  ( 1 4  ). 

The t w o  p r i mary es t a b l i s hed sources of d a t a ,  po l ice and med i c a l  records , 

t y p i cally p ro v i de d e t a i ls on only one a s p e c t  o f  the acciden t / i nj u ry event.  

l n-de p t h  f i e ld accident i nves t igat i ons  f a c i l i t a t e  a be t t e r  unde rs t andi ng of  

t he c o l l i s i o n s e q u e n c e . T h e s e  i nv o l v e a d e t a i l e d  e x a m i n a t i o n of  t he 

accident  s cene , invo lved veh i c le s , the riders and t he i r  inj u ri es. In t h i s  

w ay t he r i de r s '  move men t s ,  co ntacts  a n d  associated inj u r i e s , a n d  ehe u s e  o r  

p o t e n t ia l  o f  d i f f e rent p r o t e c t i ve d e v i ces may b e  exa mined. 

A nu m be r  of  i n-d e p t h  mo t o r cyc le accident  s t ud i es have been conduc t e d ,  many 

to e xa m i ne t h e  e f f e c t i v e n e s s  o f  s p e c i f i c i n j u r y  p r e v e n t i v e  d e v i c e s .  

P e r t i ne n t  s tud i es are rev i e w e d  be l o w .  

PROTECTIVE APPAREL 

T h e h e l m e t  i s  t h e m o s t  v a l u a b l e p r o t e c t i v e  a p p a r e l  a v a i l a b l e t o  

motorcy c l i s ts.  � eyond i mproved integral  f a c i a l  p r o t e c t i o n ,  cu r re n t  he l me t  

d e s i g n s  a f f o r d ne a r  m a x i m u m  h e a d  p r o t e c t i o n  w i t h i n  t h e  c o n s t r a i n t s  o f  

conte mpo rary r i de r accep t a bi l i ty and co m f o r t. The benef i ts o f  he l m e t s  a re 

w e l l  documented ( 1 5- 1 7 ) . 

T h e p o t e n t i a l  o f  p r o t e c t i v e w e a r  f o r  o t h e r  p a r t s  o f  t he b o d y  i s  l e s s  

c learly def ined . 
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Hu r t ,  e t  a l ,  conducted a d e t a i led examina t .ion of  the i n j u r i es sus t ained by 

he l me t ed and unhe l m e t ed mo t o r cy c le ride rs f r o m  the re s u l t s  of 900 on-s cene 

i n-dep t h  accident inves t igat ions ( 1 6 ) .  They conc luded t ha t  heavy ga r m e n t s  

o f  t h i ck c l o t h  o r  l e a t h e r a f f o r d e d  t he r i d e r  s o m e p r o t e c t i o n  a g a i ns t 

a b r a s i v e i n j u r y .  H e a v y -d u t y  f o o t w e a r  s h o w ed a p r o t e c t i v e r o l e a t  t h e  

moderate  and m i no r  inj ury leve l. O t her resear che rs i nc luding S c hu l ler  ( 1 8 )  

and Ald man e t  a l  ( 1 9 ) have repor ted s i mi lar re s u l t s .  

I n  a s tudy o f  1 24 mo t o r cyc le riders  t reated f o r  i nj u r i es bet ween 1 9 7 2  an d 

1 9 7 4  F e l d k a m p  a n d  J u n g h a n n s  ( L ü )  r e p o r t e d  t h a t  c o m p o u n d  f r a c t u r e s  w e r e  

s u s t a i n e d  b y  u n p r o t e c t e d  r i d e r s  t h r e e  t i m e s  mo r e  E r e q u e n t l y  t ha n  r i d e r s  

w i t h  p ro t ec t i ve c l o t hes.  T h i s  E in d i ng ,  how e ve r ,  has n o t  been con f i r med by 

o t h e r  accident s tudies. 

A l d man e t  a l  rep o r t ed on t he deve l o p ment and l a boratory  evalua t i on of  a new 

mo t o r cy c le saf e ty s u i t  ( 2 1 ). The su i t ,  w h i c h  was i n t roduced in S weden i n  

1 9 8 3 ,  is made f ro m  lea t he r  w i t h  p o lyure t hane E oa m  i n  the  a rea o f  the knees , 

e l bo w s  and s hou lde r s. I n  an analy s is o f  ini t i a l  accident  d a t a ,  Aldman e t  

a l  c o m p a r e d  t h e  n u m b e r  o f  f r a c t u r e s  s u s t a i n e d  by  r i d e r s w ea r i n g  a n d  no t 

w e a r i ng t he s a f e t y s u i t . O n l y  2 ( 1 2 % )  o f  t h e  1 7  f r a c t u r e s  s u s t a i ne d  b y  

s u i t ed r iders w e re located a t  areas p ro t e c ted b y  the ene rgy abs o r b i ng f o a m  

i n  the s u i t. In compa r i s o n ,  26 ( 5 4 % )  of  the 48  E ractures  s u s t a i ne d  by t h e  

r i d e r s  wear ing o t h e r  types o f  c l o t h i ng were conce n t rated i n  t h e s e  regions.  

T hey conf i r m  that lea ther  c lo t h i ng reduces t he risk of  s u r f ace a b r as i on s  

a n d  lace ra t i ons d i mi n i s hing t he r i s k  o f  w ounds by at leas t 50%. Furt he r ,  

they es t i mate that leather c lo t hi ng reduces the r i sk o f  wound c o n t a m i na t i o n  

b y  a t  l e a s t 5 0 % . 

I n  c o n c l u s i o n , p r o t e c t i v e c l o t h i n g , s p e c i f i c a l l y  l e a t h e r ,  r e d u c e s  t h e  

l i k e l i h o o d  o f  a b r as i o n s a n d  l a c e r a t i o n s .  l t  f u r t h e r  a f f o r d s  s o m e 

p r o t e c t i o n  a g a i n s t co n t a m i n a t i o n  o f  t h e s e  a n d  mo r e  s e r i o u s  w ou n d s ;  a 

cons i d e r a b le bene f i t  i n  the ma nage ment of  long bone E ractur es. 

MOTORCYCLE DES IGN 

Des ign conce p ts f o r  p ro t e c t ive E eatu res E i t t ed to t he mo t o rcycle co v e r  a 

b r o a d  r a n g e  o f  i d e a s .  I n  o n e  o f  t h e rno re e x t r e m e e x a rn p l e s , t h e r i d e r  i s  

res t ra i ned o n  a rno to rcycle f i t t ed w i t h  ro l l  cages and f a i rings ( 2 2 ). The 

i n t r i n s i c  f o r m  of the mo t o r cy c l e  is los t. As i de E ro rn  the p r o b le m  of u s e r  

a c c e p t a b i l i t y  i t  i s  u n l i k e l y  t h a t  s u c h  a p r o t e c t i v e s u r r o u n d i n g  a n d  

r e s t r a i n t s y s t e m  w o u l d  be  an  e f  E e c t i v e i nj u ry r e d u c i ng d e v i c e  i n  a l l  

a c c i d e n t  conf igu rat ions. 

O t h e r  i d e a s  i n c l u d e  t h e  f i t t i n g  o f  a e h e s t  p a d  r e s t r a i n t .  The e h e s t p a d  

y i e lds a t  a p re-s et  leve l the reby s l ow ing the rider  and p reventing co m p l e t e 

r i d e r e j e c t i o n  i n  E r on t a l  i m p a c t s  ( 2 3 ) . T h i s  c o n c e p t  has  s i n c e  be e n  
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e x c ha n g e d  f o r  a n  a i r b ag f r o n t a l i mp a c t  s y s t e m. T h e  a i r  ba g i n f l a t e s o n  

i m pact near the ce n t e r  of  t he hand lebar mou n t i ng. The w o rk remains in  t he 

e xp e r i mental  s tage as part  o f  a f rontal  i mpac t res t ra i nt s y s tem deve lop ment  

for  motorcyc le r i de rs be i ng deve loped at t he T rans p o r t  and Road Research 

L a b o r a t o r y  (24) .  

A l t hough ini t ia l  tes t res u l t s  u t i l i z ing t he ehes t pad  s ho w ed the  s y s t e m  i s  

e f f e c t i ve i n  redu c i ng t he i mpact energy o f  t he rider  i n  f ro n t a l  co l l i s ions , 

t he cons equences o f  res t ra i n i ng a r i d e r  a t  the p o i n t  o f  i mpact  needs to be 

examined mo re f u l l y .  

LEG PROTECTION 

I n  r e c e n t  y e a r s  t he p o t e n t i a l  b e ne f i t s o f  l e g  p r o t e c t i v e d e v i c e s  h a s  

recei ved i ncreas i ng a t tent io n .  

I n  t he U S C  s tudy of  900 m o t o r cy cl e  accident s ,  Oue l l e t  et  al ( 2 5 )  concluded 

that cont e m p o ra ry mo t o r cyc le crash ba rs of  t u bu l a r  s t e e l  appear to reduce 

t h e i n j u r i e s  t o  t h e  a n k l e  a n d f o o t  r e g i o n ,  b u t  t h a t  t h i s  e f f e c t  i s  o f f s e t  

by increas ing d e b i l i t a t i ng i nj u r ies to o t he r regions o f  t he e x t r e mi t ies.  

I n  a s a mp le of  hos p i t al pat ient s ,  Ros s  ( 1 1 )  repo r t ed f e w e r  leg inj u ri e s  to 

mo torcy c l i s t s  on machines f i t t e d  w i th crash bar s ,  howeve r t he r e  appears to  

have been li t t le con t r o l  on  t he s e ve r i t y  or co l l i s ion conf i gura t i on. 

E a r l y w o rk i n  t he d e v e l o p m e n t  o f  a l t e r n a t i v e l e g  p r o t e c t i v e d e v i c e s  w a s 

c o n d u c t e d  by  8 o t h w e l l ( 2 6 ) ,  a n d  8 a r t o l  a n d  L i v e r s  ( 2 7 ) . M o r e  r e c e n t l y , 

research e f f  o r t s  have concent rated on the deve lopment and evalua t i on of leg 

p r o t e c t i ve d e v .i c e s  s p e c i f i c a l l y to p r e s e r v e  t he r i d e r s ' l e g  s p a c e  and to 

reduce ini t i a l  i mpact  ene rgy. 

Tadokoro et al ( 2 8 )  des c r i be t he eva luat ion of  a Cru s ha b le Leg P r o t e c t o r ,  

C L P .  T h e  C L P  c o n s i s t s  o f  a r i g i d  u n d e r s t r u c t u r e m a d e  o f  s t e e l  t u b i n g ,  

c o v e r e d  b y  and e ne r g y  a b s o r b i n g c o m p o n e n t  o f  a l u m i nu m  h o n e y c o m b  a n d  

u r e t h a n e  f o a m .  U s i n g  a Hy b r i d  I I  d u m m y  f i t t e d  w i t h b r e a k a b l e  b a k e l i t e  

u p  p e r  a n d  l o w e  r l e g  " b o n e s " ,  eo l l i s  i o n  t es t s  were conduc ted re p res ent ing 

a n g l e d ,  b r o a d s i de and o f f s e t  c o l l i s i o n s  w i t h a c a r .  T h e y c o n c l u d e  t h a t  

w hi ls t the CLP i s  e f f ec t i ve i n  prese rving leg s pace and t he r e by reduci ng 

t he l ik e l i ho o d  o f  l o w e r  l e g  i n j u r i e s ,  t h ey e xp r e s s  c o n c e r n  t ha t  t h e C L P  

t e n d s  t o  m o v e  t h e s i t e  o f  t h e  i n j u r y i n t o  t h e  u p p e r  l e g  a n d  h i p  r e g i o n. 

F u r t he r mo r e ,  tl1ey report  that ini t i a l  resu l t s  ind icate that the mo t o r cy c l e  

r i d e r  t y p i ca l ly exp e r i enced a highe r  ej e c t i on v e lo c i t y  w hen the mo t o r cy c le 

was f i t t ed w i t h t he CLP. 

47 



Pre l i m i nary res u l ts o f  E u l l  s ca le cra s h  tes t ing conduc ted at TRRL as par t  

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

f i n d i n g s  o f  T a d o k o r o  ( 2 9 , 3 0 ) .  l n  a d e s c r i p t i o n  o f  t h e r e s u l t s  o f  i m p a c t  

t e s t s  w i t h a nd w i t h o u t  t h e i r  p r o t o t y p e  e n e r gy a b s o r b i n g l e g  p r o t e c t i v e  

f a i r i n g ,  C hi n  e t  a l  r e p o r t  t ha t  t he f a i ri n g  reduced t he ene rgy input  i n t o  

t he l e g  app reciab ly. T h e y  used a n  OPAT dummy f i t t ed w i ch damage i nd i c a t i ng 

l e g s  m a d e  o f  a l u m i n u m  h o n e y c o m b  g l u e d  t o  f l a t  p l a t e s .  T h e y  be l i e v e  t h e 

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

increas i ng t he r i s k  o f  o t he r  types o f  inj u r i es.  

Chin and Macau l ay sugges t t hat  d i f f e rences i n  ehe des i gn of  leg p r o t e c t or s ,  

t h e n a t u r e  o f  e h e c r a s h t e s t s  a n d  c e r t a i n  d i s c r e p a n c i e s i n  t h e 

i n t e r p r e t a t i on o f  t he d a t a  p r e s e n t e d  b y  T a d o k o r o ,  co n t r i b u t e  t o  t h e 

d i f f e rent  resu l t s . 

BIRMINGHAM HOTORCYCLE ACCIDENT STUDY 

I n  1 9 7 7  a mo t o r cycle  accident s tudy was i n i t ia t e d  at the Accident Res ea r c h  

U n i t ,  B i r m i n g h a m , E n g l a n d .  T h r o u g h  i n -de p t h  a c c i d e n t  i n v e s t i g a t i o n  

p r o c e d u r e s , da t a  w a s  co l l e c t e d  o n  a s a m p l e o f  L 0 4  f a t a l l y i n j u r e d  

mo t o r cy c le r i de rs and l U U  s e r ious ly i nj u red r iders.  T he f inal p a r t  o f  t h i s  

p a p e r  e x a m i n e s  t he r e s u l t s  o f  t h i s  s t u d y , s p e c i f i c a l l y i n  t e r ms o f  e h e  

e f f e c t i veness and potent i a l  o f  t he p r o t e c t i ve devi ces cons idered abo v e .  

THE FATALITIES 

T h e f a t a l  a c c i d e n t s  w e r e  c h a r a c t e r i z e d by s e r ious i nj u r i e s  f requen t ly i n  

mo re t han one body regi o n. T he ext reme ly v i o lent nature o f  e he a c c i d e n t s  

i s  r e f l e c t e d  i n  t h e h i g h  i n c i d e n c e  o f  s e v e r e  h e a d  i n j u r i e s s u s t a i n e d  b y  

r i de rs w hose he l me t s  remai ned i n  p lace. Only t h ree r i de r s  w e r e  no t w e a r i n g  

h e l me t s  a t  t h e  t i m e  o f  e h e  a c c i d e n t  b u t  a t  l e a s t 6 3  o f  2 0 1 r i d e r s  l o s t 

t he i r  he lmets  at s o me s t age du r i ng t he acc i dent.  Even s o ,  in  t h i s  s a mp le 

o f  h i g h e n e r g y  co l l i s i o n s , t h e  t o t a l  l o a d s  w e r e  f r e q ue n t l y bey o n d  e h e 

p r o t e c t i ve c a p a b i l i t i e s o f  t h e  he l m e t s .  F a t a l  i n j u r i e s  t o  e he e h e s t  a n d  

a b d o m e n  w e r e  t h e ne x t  mo s t  f r e q u e n t .  L e g  f r a c t u r e s  w e r e  s u s t a i ne d  b y  

34.5 % o f  e he casua l t i es.  I n  2 9 .9% o f  t hese  cases t here  were mu l t ip le long 

b o n e  f r a c t u re s  in t h e s a me l e g . F a t  e m b o l i s m  f o l l o w i n g  leg f r a c t u r e  

r e s u l ted i n  e he death o f  4 r i d e r s. 

T h e r e w e r e  1 0 8  ( 5 6 . 3 % )  mu l t i -v e h i c l e a c c i de n t s .  U i r e c t  i mp a c t s  be tw een 

e he f ront of e he upr ight mo t o r cy c l e ,  and t he o t h e r  veh i c le occu r r e d  in  5 8  

c a s e s .  N o t  s u r p r i s i n g l y , i n  t h e s i n g l e  v e h i c l e a c c i d e n t  s a m p le o f  

E a t a l i t i e s , co l l i s i o n s w i t h r i g i d  a n d  u n f o r g i v i n g o f f - r o a d  o b j e c t s  

p r e d o m i n a t e d .  A la m p  p o s t ,  t e l e p h o n e  p o le  o r  t r e e  w a s  i d e n t i f i e d  a s  e h e  

mai n  i mpact f o r  2 9  r i der s. 
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B e y o n d  b a n n i n g mo t o r cy c l e s , i t  i s  d i f f i cu l t  t o  f o r e s e e  any s i n g l e  

p r o te c t i ve f e ature w h i c h  m ight have had a s i gni f i cant e f  f e c t  on mo s t  o f  t he 

f a t a l  mo t o r c y c l e  a c c i d e n t s .  E v e n  s o ,  c o n s i d e r a t i o n  c a n  b e  g i v e n  t o  t h e 

p o t e n t i a l  value of f ro n t a l  and leg p r o t e c t ive dev i c e s. 

l t  i s  es t i ma t ed that the TRRL ehes t pad o r  a i r  bag wou ld have been dep loyed 

on m o t o r cy c l e s  i n v o l v e d  i n  58 ( 3 0 . 2 % )  o f  t h e f a t a l  a c c i d e n t s .  T h e s e  a r e  

a c c i d e n t s  w h e r e  u p r i g h t  mo t o r c y c l e s  w e r e  i nv o l ved i n  f r ontal  co l l i s i o ns 

Yl i t h  o t he r  vehic les o r  s o l i d  obj e c t s ,  and t he r i de r s '  d i re c t i o n  o f  t rave l 

lay be tw e e n  1 1  and l o 'c lock. How eve r ,  i t  s e e ms p r o ba bl e  that the i nvo lved 

c los ing s peed o f  t he i mpact i n  many of  these f a t a l  accidents  may be beyond 

t he l ikely des ign l i m i t s  o f  the TRRL p r o t o t y pe res t ra i n t  s y s t e m. 

I n  t h e B i r m i n g h a m  f a t a l  a c c i d e n t  s a m p l e ,  l e g  f a i r i n g s ,  m a d e  o f  e i t h e r  

" f i b r e g l a s s "  o r  a p l a s t i c m a t e r i a l  w e r e f i t t e d  t o  o n l y  1 4  ( 7 . J % )  

m o t o r c y c l e s .  T h e r e  w e r e 3 5  ( 1 8 . 2 % )  m o t o r c y c l e s  f i t t e d  Yl i t h l e g  

" p r o t e c t i v e "  b a r s  o f  t u bu l a r  s t e e l. l t  w a s d i f f i cu l t  t o  e s t a b l i s h  t h e  

p re c i s e  ro le o f  t hese devi ce s ,  but t he i r  p r o te c t ive e f f e c t i veness i n  t he s e  

s e v e r  e i mp a c t s  see med to b e  ins i gn i f i cant. I n  n o  case w as i t  es t a b l i s hed 

t h a t  a r i d e r ' s leg had be e n  t r a p p e d  b e t w e e n  t h e p r o t e c t i v e ba r and t h e 

mac h i ne .  

l t  w a s c o ns i d e r e d  t h a t  i n  6 7  ( 3 7 . 0 % )  o f  t he f a t a l  a c c i d e n t s , e n e r g y  

abs o r b i ng leg p r o t e c t i on may have p r o t e c t e d  the r i d e r s  f ro m  p o te n t i a l  leg 

i nj u ri e s .  This i s  no t ge r mane here , how e ve r ,  as mos t of these riders died 

f r o m  f a t a l  i n j u r i e s  to o t he r  b o dy r e g i o n s .  The r e s u l t s  d o  i n d i c a t e  t h a t  

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

l ik e ly to p r o ve bene f i c i al i n  many m o t o r cy c le accidents  of  les s e r  s e ve r i ty .  

T he i r e f f e c t  o n  the t raj e c t o r y  o f  the r i d e r  and the incidence and s e ve r i t y 

o f  o t he r i nj u r i es i s ,  o f  cou rs e ,  unc lear . 

THE SERIOUSLY INJURED RIDERS 

A samp le o f  s e r ious ly inj u re d  mo torcycle  r i de r s  were rando mly sele c t ed f ro m  

accident  v i c t i ms w ho recei ved t re a t me n t  a t  hos p i tals  w i t h i n  the rural  and 

u r b a n  s t udy a r e a s .  I n  a l l ,  9 6  a c c i d e n t s  i n v o l v i n g  l üü s e r i o u s l y  i nj u r e d  

r i d e r s  Yl e re s tudied i n-de p t �  

T h e  d e f i n i t i o n  o f  s e r i o u s  w a s a d o p t e d f r o m  t h a t  u s e d  i n  na t i o n a l r o a d  

acc ident s t a t i s t i c s , v i z . 

"a person  who i s  de tai ned i n  ho s p i t a l  o r  w i t h  f ra c t u res , 

c o n c u s s i o n ,  i n t e r n a l  i n j u r i e s ,  c r u s h i n g s ,  s e v e re c u t s  

and lace rat ions , severe gene ra l s hock requ i r ing med i cal 
t reatme n t . "  
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T he acc i dent s a mp le aga i n  r e f le c t ed t he mo t o r cy c le acci den� popu lat ion w i c h  

7 9 %  o f  t he r i de r s  aged 1 6-24  years and only 6 f e ma le r i de r s ,  3 o f  w ho m  w e r e  

p a s s e n g e r s .  A l l ,  b u t t w o o f  t h e r i d e r s  w e r e  h e l m e t e d .  T h e 

representat iveness o f  t he s a mp le w as exa m i ned by compar i ng t he m  w i c h  t he 

t o tal  popula t i o n  of  s e r i ous ly inj ured mo t o r cy c l i s t s  i n  t he s tudy area. The 

ge ne ra l  charac t e r i s t i cs of  e he riders were s i m i lar i n  t e r ms o f  ag e ,  sex and 

r i d e r  t yp e. 

ACCIDENT TYPE FOR SERIOUS ACCIDENT SAM.PL.E COMPARED TO NATIONAL DATA 

S ingle-Vehicle 

Mul t i -V e h i c le 

IN-DEPTH STUDl'. 

ACC IDENT SAMP LE ( N= 9 6 ) 

N % 

3 5  

6 1  

3 6 . 5  

6 3 . 5  

POLICE S ERIOUS ACC IDENT 

SAMPLE ( N=3 7 1 )  

N 

1 0 2  

2 6 9  

% 

2 7 . 5  

7 2 . 5  

T h e  i nj u r y  p a t t e r n o f  t h e  1 0 0  s e r i o u s ly i n j u r e d  r i de r s  s h o w  t h a t  l e g  

inj u ri e s  p redom i na t e  w i ch  ha l f  o f  e he riders  s u s t a i ning leg inj u r i es r a t e d  

A I S  >2.  T he ne x t  mos t  f requent ly inj u red body regions w e re t o  the h e a d  and 

a r m s. All i nj u r i es w e re rated f o llow i ng t he 1 9 80 Ab breviated l nj ury S ca l e  

( 3 1 ) .  

Head* 

Face 

Neck 

Arms 

C he s t  

Abdomen 

Pelvis  

Legs 

RIDERS WITH INJURIES AIS )2 
SAM.PLE OF SERIOUSLY INJURED CASUALTIES ( N= lOO ) 

S INGLE-VEHICLE MULT l-VEH ICLE 

( N=3 5 )  ( N=6 5 )  
N % N % 

l U  2 8 . b  24 36 . ':!  
2 5 . 7  3 4 . 6  

l 2 . 9  2 3 .  1 

1 5  4 2 . ':! 1 8  2 7 . 7  

3 8 . 3  3 4 . 6  

4 1 1 . 4 2 3 . 1 

l 2 . 9  4 6 . 2 

1 3  3 7 . l  3 7  S Y . 9 

TOTAL 

( N= l üü ) 

3 4  

5 

3 

3 3  

6 

6 
5 

50 

* T he h i g h  i n c i d e n c e  o f  h e a d  i n j u r i e s  A I S  �2 i s  p a r t i a l l y a f e a t u r e o f  

t he 1 9 8 0  A I S  c o d i n g  s y s t e m  m o r e  t h a n  a t r u e  i n d i c a t i o n  o f  s e v e r e  h e a d  

i n j u r i e s .  I n  3 0  o f  t h e 3 4  c a s e s  t h e  c o d e d  i n j u r y w a s  bas e d  u p o n  l e v e l  

o f  c o n s c i o u s n e s s  f r o m  i n i t i a l  o b s e r v a t i o n.  2 1  o f  t h e s e  ca s u a l t i e s  

des c r i bed as s u f f e r i ng amnes ia (no  reco l le c t i o n  o f  cras h)  o r  repo r t i ng 

lo s s  o f  c o n s c i. o u s n e s s w e r e  r a t e d a n  A I S  2 .  T y p i c a l l y t h i s  i s  no t s u b 

s t an t iated by d iagnos t i c  ins t rumen t a t i o n  • 
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LEG INJURIES IN SERIOUS ACCIDENT SAMPLE 

T h e  l o c a t i o n  and s e v e r i t y o f  t he l e g  i n j u r i e s  s u s t a i n e d  b y  t h e s e r i o u s l y  

i n j u r e d  mo t o r cy c l i s t s  w a s  ex a m i n e d  f o r s ingle vehi c l e  and mu l t i-v e h i c l e  

acciden t s .  

I n j u r i e s  t o  t h e f o o t  a n d  a n k l e  a p p e a r  t o be  a m o r e  co m m o n  p r o b l e m  d u r i n g 

s i ng l e  v e h i c l e  a c c i d e n t s .  W h e r e a s , m o t o r cy c l i s t s  i n  m u l t i -v e h i c l e 

a c c i d e n t s  s u s t a i n  m o r e  f r e q u e n t  a n d  m o r e  s e v e r e  i n j u r i e s t o  t h e t h i g h s , 

knees and l o w e r  l eg s. I n  t hese  accident s ,  w i t hou t excep t i o n ,  a l l  maj o r  leg 

inj u r i e s  res u l ted f rom i mp a c t  w i t h  the s t r iking vehi c l e. This da ta wou ld  

support  t he current e m p has i s  on evaluat ing t he po tent i a l  o f  l e g  p r o t e c t ive 

devi ces in mu l t i-v e h i c l e  cras h t e s t s . 

DISTRIBUTION OF LEG INJURIES AIS )2 FOR SERIOUSLY INJURED RIDERS 

BY ACC IDENT TYPE 

S I NGLE-VEl HCLE MU L T I-VEH I CL E  

N % N % 

T h i g h  3 8 . 6  1 4  2 1 .  5 

Knee 2 . 9  1 1  l b . 9  

Lower Leg 4 1 1 . 4 20 30 . 8  
Ank le & Foot 5 1 4 . 3  2 3 . 1  

DISTRIBUTION AND SEVERITY OF PELV IC AND LEG INJURIES FOR SERIOUSLY 

INJURED RlDERS BY ACCIDENT TYPE 

S lNGLE-V E H I C L E  ( N = 3 5 ) MU LT I-V E H l C LE ( N= b 5 ) 

AIS AIS 

l 2 3 2 J 

P e l v i s  0 l ü ü l 3 

Thigh S u r f ace l 3 l U  l U  
Ske l e t a l  u ü 2 ü 0 l J  

Knee S u r f ace 8 l 1 7  y 
Ske l etal ü l ü u 5 ü 

Low e r  S u r f  ace 2 3 1 1  1 5  

Leg Ske l e t a l  0 3 l 0 6 1 2  

Int e rna l 0 0 0 0 l 2 

Ank le S u r f ace 4 3 1 2  2 

& Foot  S k e le t a l  0 2 2 l l l 

5 1  



ROLE OF LEG PROTECT IVE DEV ICES 

The ro le of any leg p ro t ec t i ve devices f i t ted to the a c c i dent mo t o r cy c l e s  

was evaluated o n  an ind i vidua l c a s e  bas i s. Leg f a i r ings were f i t t ed to 1 5  

m o t o r c y c l e s ,  i n  7 c a s e s  t h e s e  w e r e f u l l  l e g  f a i r i ng s , i n  t h e  r e m a i n i n g 8 
c a s e s  t he y  w e r e  l e g  s h i e l d s .  I n  on l y  3 c a s e s  w a s t he f a i r i n g c o ns i d e r e d  

b e ne f i c i a l ,  i n  e a c h  c a s e p r o t e c t i n g  t h e  r i d e r  d u r i n g i n i t i a l  g r o u n d  

con t ac t .  

S o  c a l l e d  " l e g  g u a r d s "  w e r e  f i t t e d  t o  7 mo t o r cy c l e s , i n  on l y  1 c a s e  t o  

b o t h  t he f r o n t  a n d  r e a r  o f  t he m o t o r c y c l e .  N o  p r o t e c t i ve v a l u e  w a s 

e s t a b l i s hed f o r  these leg gua rds.  N ine engine ( 'cras h' ) ba rs  were f i t ted. 

In o n l y  1 c a s e  m ay i t  h a v e  h a d  a p r o t e c t i v e r o l e ,  by p r e v e n t i n g t h e 

mot o r cy c l e  f ro m  f a l l ing on the r i d e r ' s  low er leg dur i ng a mo to rcy c le drop.  

P r e s e n t c r a s h t e s t w o r k  i n  t he e v a l u a t i o n of  e n e r gy -a bs o r b i n g  l e g  

p r o t e c t i ve d e v i c e s , s u c h  a s  a i r b a g s , c o n c e n t r a t e s  o n  t h e i r  r e s p o n s e  i n  

mu l t i -v e h i c le c o l l i s i o n s ; t he f r o n t  o f  a n  up r i g h t  m o t o r cy c l e  t y p i c a l ly 

s t r i k i n g  t h e f r on t o r  s i d e  o f  a c a r .  An e x a m i n a t i o n o f  l e g  i n j u r i e s  

sus t ai ne d  by r i de rs in r e a l  acciden t s  was und e r t aken by ext ract ing t ho s e  

c a s e s  w h e r e  an u p r i g h t  mo t o r c y c l e  i m p a c t e d  a ca r o r  l i g h t  v a n  w i t h  a 

d i r e c t i on o f  t r a v e l  f o r  t he r i d e r  o f  1 1 ,  1 2  o r  1 o ' c l o ck.  T h e r e  w e r e  4 0  

s u c h  c o l l i s i o n s .  A b r e a kd o w n  o f  t h e i r  l e g  i n j u r i e s i s  p r e s e n t e d  i n  t h e  

f o l low ing t a b le. 

LEG INJURIES SUSTAINED BY MOTORCYCLISTS IN 1 1 ,  12 OR l O ' CLOCK IMPACTS 

WITH CARS AND LIGHT VANS ( N=40 ) 

Pe l v i s  

Thigh 

Kne e 

Lower  

Leg 

Ank l e  

& Foot 

Surf ace 

Ske letal 

S u r f ace 

Ske letal 

S u r f ace 

Ske letal 

Surf  ace 

Ske letal  

0 

6 
u 

1 2  

u 

6 
0 

9 
l 
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AIS 

2 

5 

u 

8 

4 

l l 
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DISCUSS ION 

I n- d e p t h  a c c i d e n t  s t ud i e s  o f  r e a l  mo t o r c y c l e  a c c i d e n t s  h a s  e n h a n c e d  o u r  

u n d e r s t a n d i n g  o f  t he na t u r e a n d  s ou r c e o f  m o t o r cy c l i n g i nj u r i e s .  T h e  

r e s u l t s  o f  such work have iden t i f ied s p ec i f i c  p r o b l e m  areas f or r e me d i a l  

des ign w o r k ,  mos t no t a b ly leg inj u r i e s. 

The l ikely ef f e c t i venes s of  p ro t ec t i ve devices  and t he i r  i n f luence on t he 

t r a j e c t o ry o f  t he r i d e r  i s  l e s s  r e a d i l y a s c e r t a i ne d  f r o m  f i e l d a c c i d e n t  

d a t a. The evalua t ion o f  p rote c t i ve des ign f ea t u res  res t s  heavi ly on cras h 

t e s t  w o rk.  

To d a t e ,  t h i s  w o r k h a s  b e e n r e s t r i c t e d b y  t h e u s e  of  a n t h r o p o m e t r i c t e s t 

dumm i es des i g ned o r i g i na l ly f o r  an evaluat i o n  o f  car occupant p r o t e c t i o n. 

T he res p on s e  o f  t he s e  tes t du m m i e s  may no t be a p p ro p r i a t e  w here t he p r e c i s e  

r e s p o n s e  o f  t he l e g  t o  i m p a c t  a n d  t h e t r aj e c t o ry o f  t he d u m my i s  s o  

i m p o r t a n t .  A s  d i s c u s s e d  e a r l i e r  s o m e a t t e m p t s  t o  o v e r c o m e  t he s e  

s h o r t c o m i n g s  h a v e  b e e n  m a d e  b y  t he f i t t i n g  o f  a n  a l u m i n u m  h o n ey c o m b  o r  

b a k e l i t e  d u m m y l e g ,  ho w e v e r  t h e r e t e n t i o n  o f  a r e l a t i v e l y n o n - c o m p l i a n t  

t e s t  d u m my m a k e s  t he r e p r e s e n t a t i v e n e s s o f  t h e f u l l  d u m my r e s p o n s e  

ques t i ona b le . 

l t  i s  c l e a r ly e v i d e n t  f r o m  t h e p r e s e n t s t u d y  t h a t  g r e a t e r  c o n s i d e r a t i o n  

m u s t b e  g i v e n  t o  t he d e v e l o p m e n t  o f  t e s t d e v i c e s  t h a t  c a n  a s s u r e  bo t h  

b i o me c h a n i c a l l y f a i t h f u l  k i n e m a t i c  r e s p o n s e  w h i l e a t  t he s a me t i me 

p r o v i d i n g a m e a n s  t o  m o n i t o r  f o r  t he v a r i e t y  o f  s k e le t a l  a n d  s o f t  t i s s u e  

i nj u r i e s that occur t o  d i f f erent  pa r t s  o f  t he low e r  ex t re mi t i es.  

SUMMARY AND CONCLUS IONS 

1 .  C u r r e n t  d e s i gn s  o f  l e g  p r o t e c t i v e d e v i c e s  a f f o r d  l i t t le o r  n o  

p rote c t i on .  

2 .  T he mu l t i p l i c i t y  and s e ve r i t y o f  t he inj u r ies s u f f e red by a samp le of  

2 0 4  f a t a l ly i n j u r e d  mo t o r cy c l i s t s  s u g g e s t s  p r o t e c t i v e f e a t u r e s  

r e s t r i c t e d  t o  i n d i v i d ua l b o d y  r e g i o n s , e g  l e g s , w o u ld be o f  l i t t l e 

benef i t .  

3 .  A s t u d y  o f  1 0 0  s e r i o u s ly i n j u r e d  m o t o r c y c l i s t s co n f i r m s  t h e  h i g h  

i n c i d e n c e  o f  s e v e re l e g  i n j u r i e s  s u s t a i ne d  b y  t h i s g r o u p  o f  r o a d  

u s e rs . 

4 .  Low e r  leg ,  ank le and f o o t  inj u r i e s  w e re mos t  co mmon among r i ders in 

s i ngle vehic le accide n t s. lnj u r ies to the t hi g h ,  knee and lowe r leg 

w e re mos t  f req uent ly sus t a i ned by riders i n  mu l t i-ve h i c le accidents.  
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S .  In a l l ,  40%  of the r i d e r s  were  inj u red in co l l i s ions that  ap p roxi m a t e  

t h o s e  co mmon ly s i mu la t ed i n  c ras h tes t w o rk to evaluate leg p r ote c t i ve 

d e v i ces . 

6 .  P r o t e c t i ve f e a t u res  w h i c h  a t t enua te t he ene rgy of  t he i mpact be t w een 

t he r i d e r ' s l e g s  a n d  t h e s t r i k i n g  v e h i c l e w o u l d  a p p e a r to  be  

b e n e f i c i a l . The  e f f e c t  of  s u c h  d e v i c e s  o n  the  r i d e r s ' t r a j e c t o r y  i s  

d i f f i cu lt to es t a b l i s h  f r om f i e l d  d a t a. 
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