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ABSTRACT 

Pre l iminary results  f rom a s tudy o f  motorcyc l i s t  casua l t ies ' leg  inj uries are 
repor ted , based on a coopera t i ve s tudy b e tween the Transpor t  and Road Research 
Laboratory (TRRL) and three neighbouring hosp i t al s .  New me thodology was 
developed for t h i s  t ype o f  rese arch wh i ch is f u l l y  described toge ther with  f u l l  
co l l i s ion detai l s . 

The aim was to es tab l ish detai led mechan i sms o f  leg  inj uries for mo torcyc l i s t  
casual t ies admi t ted t o  the three par t i cipat ing hospi tals  a s  in-pat ients with  
lower l imb fractures . The pre l iminary res u l t s  ind i cate that  a h igh proportion 
of the inj u r i es are due to contac t wi th car f ront s tructures as car-t o-mo tor
cyc le accidents are the mos t  common type of col l i s ion . Examinat ion o f  c l o thing,  
par t i cularly t rouse r s ,  has enabled the pre c i s e  locat ion o f  leg  con t a c t  to b e  
estab l i shed· i n  a h i gh propo r t i on o f  cas e s .  T h e  part played by the motorcycle 
s tructure has also been examineci in the s t ud y .  

Prel iminary res u l t s  f rom 47  acc idents are pre sented w i t h  inj ury severi ty and 
locat ion de tai ls and the s tudy is con t i nu i n g .  The f inal results  wi l l  s uppor t  
TRRL ' s  engineering programme o n  lower l i mb protect ion f o r  mo torcycl is ts and 
the me thodology wi l l  be used for o the r mo torcyc l i s t  inj ury s tudi e s . 
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Previous motorcyc l i st accident studies ( 1 , 2 , 3 , 4 ) have ind icated that a h i gh 
proportion o f  inj uries are to the legs . Such injuries frequently l e ad to 
extended hosp i tal s tay with  corresponding bed occupancy and related cos t s ,  and 
some times lead to permanent d i s ab i l i ty .  

In Support of TRRL ' s  research programme on l e g  protect ion for mo torcy c l i s t s , a 
s tudy was s e t  up i n  coope rat ion wi th three hosp i t a l s  local to the Laboratory . 
The aim was to inve s t i gate the de tailed  mechani s m  o f  l e g  injuries sustained i n  
the acci dent and t h i s  paper reports the preliminary findings . 

METHODOLOGY 

Only casual ties  whose leg inj uries  were severe enough to be adnitted to the 
hosp i t a l  wards were included in the s amp le .  Several i n j u r ie s  to one casual ty 
were some t imes observed and some fatal ly inj ured casua l ti e s  were i n c l uded when 
there had been a serious l e g  inj ury in addi t ion to the other inj ur i e s . Of  
par t i c u l ar interes t in  the s tudy were cases where there had been l ower l imb 
frac tures w i th or wi thout soft  t i s sue and/or l i gamen tal  damage . Casua l t ies 
with s l i ght injuries were not inc l uded for prac t ical reason s .  

I n  contrast to previous studies wh ich have l arge l y  depended on retrospe c t i ve 
analysis  of c l inical  and accident in forma t ion , the current s t udy h a s  used 
ref ined inve s t i ga t i ve techni q ue s . The no t i f ication of the accident and 
acquis i t i on o f  c l i n i c a l  informa tion took p lace soon af ter adni ss ion t o  hos-
pi tal , the c l inical  s ta f f  invclved in the s tudy te lephoning TRRL s ta f f  a t  the 
ear l ie s t  opportun i ty when an accident of research interes t had occurred . An 
inj ury profcrma was comp l e ted , not ing a l l  injuries  w i th part i cular empha s i s  on 
surface and ske l e t a l  l e g  inj uries . Any recal l  by the rider of accident 
cir cums tances was a l s o  noted . The casual ty ' s  c lo thing was exanined where 
pos s ib l e  whi ch provided a pro f i tab l e  source of in format ion on body con tacts . 
The motorcyc l e ,  together w i th any other vehi c le involved or s t ruc ture 
cont ac ted , were examined at the ear l i es t  opportun i ty ,  a l l  damage being noted 
and photographs taken . Any l e g  contac t s  on e i ther the motorcyc le or contac ted 
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veh i c l e / s t ruc ture were a l so noted and o ther. evi dence such as p re-ac c i de n t  
veh i c l e  manoeuvres and c o l l i s i on speeds were obtained where pos s ib l e , usua l l y  
from p o l i ce sources . 

RESULTS 

The number of moto rcyc l i s t  casua l t i e s  t reated a t  two of the h o s p i t a l s  involved 
i n  the s tudy have been mon i tored over the p e r iod of the s tudy considered in 
t h i s  prel iminary repo r t . The in forma t i on is  p resented i n  Tab le 1 .  

TABLE 

�lo torcycl i s t  casual  t i e s  a t  tending two d i s  t r i c t  hospi t a l s  
:"1arch - De cember 1 9 8 3  

Total Admi t ted 
Number 

1'1 /C casual t i e s  In-pat i e n t s  for l e g  
samp l e  

a t tending inj ury 
in 

6 1 2  1 38 6 7  5 0  
. 

( In c l udes 2 fatal i t ies wi th leg inj ur i e s . Same l e g  
injuries  were minor wi th o n l y  24  hours l e n g t h  o f  s tay ) 

l t  can be seen that  not  a l l  casua l t ies admi t ted w i th l e g  inj uries were 
inc luded in the samp l e .  Th i s  is due to a vari e ty of reas ons i n c l uding abs ences 
of the s t a f f  invo lved i n  the s tudy , casual t i e s  not mee t ing the c r i teri a ,  
c l i n i c a l  priori t i es overriding other factors e t c .  The above f i gures a l s o  
inc lude two fata l i t i es a l t hough these were n o t  gen e r a l l y  include d .  

Ful l  i n fo rma t i on has been obtained for 50 casua l t i es from 4 7  acciden t s . The 
age d i s t r ibution is s hown in Tabl e  2 and the r i de r /p i l l ion d i s t ri b u t ion in 
Tab le 3 .  

TABLE 2 
Age d i s t ribution 

Age 1 6  1 7  1 8  1 9  2 0  2 1  22  2 3  24  2 5  26-30 > 30 NK To t a l  
(year s )  

N 7 6 6 6 4 0 1 2 1 1 5 4 7 50  

TABLE 3 

Ride r /P i l l ion d i s t ribution 

Rider P i l l ion 

4 5  5 

The d i s t r ibution o f  acc iden t s  in re lat ion to speed l im i t s  i s  given in Tab l e  4 
and the co l l i s i on l ocat ion related to j un c tions i n  Tab le 5 .  
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TABLE 4 
Urban/Rural d i s t ribution 

Speed l im i .t  .!S q O  mi l e / h  > 4 0  mi l e /h>': ( 4 0  mi l e /h = 6 4  km/h ) 

N 2 6  2 1  * in c l ud in g  motorways 

TABLE 5 
Co l l i s i on l o c a t i on 

Jun c t i o n / r ' bout Non-j unc t i on 

2 8  1 9  

Engine s 1 ze d i s t r ibut ion i s  gi ven in Table 6 .  

TABLE 6 
( Capac i t i e s  in c c )  

s o  Moped 
S tep thru 5 1 - 1 2 5 1 2 6-200 200'-400 400 T o t a l  

( a l l  capac i t i e s )  

6 5 1 3  5 1 0  8 4 7  

The veh i c l e / o b j e c t  s t ruck by or vehi c l e  s t r i k i n g  t he mo torcyc l e  in the accident  
is  given i n  Tab le 7 .  

TABLE 7 
Impact con f i gura t i ons 

S aloon car HGV/LGV/PSV S o l i d  obj e c t  Road surface 

M/C s t ruck 2 5  5 1 4 
M/C s t ruck by 1 1  1 - -

T o t a l  3 6  6 1 4 

The d i rec tion of  i n i t i a l  impact to  the mot o rcyc l e  is s hown in F i gure 1 .  
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!�-�·----
D i re c  t ion o f  i n i t i a l  impac t  

0 

Loca t i on of principal l e g  con t a c t s  are shown in Tab l e  8 .  I n  some c a s e s  the 
l e g  was t rapped but  i n  o thers the principal  inj ury was caused by sole cont a c t  
to a s t ruc ture , e i ther on the mo torcycle o r  s t ruc t ure contac ted . ' Fl a t  pane l s '  
i n c l ude car wings and door pan� l s .  

TABLE 8 

S t ructure involved in p r i n c i pa l  leg inj ury 

"" Other F l a t  Re i n forced Veh i c l e  Gri l l /  So l i d  Raad 
1 

Sole  
s t ruc ture pane l pan e l  Bumper obj e c t  sur f ace 

1 Tot a l  
corner cont a c t  

M/C� 1 

On 
1 
1 

Tank 3 2 1 
5 - - - - -

1 
Hand le bar - - l 2 - - 1 6 9 

Crashbars 
1 

1 1 - - - - - -
1 

Fairing - - - - - - 1 1 1 

Engine b lock 2 1 2 - - - - - -
1 

Gearbox e tc 3 - 1 3 - - 1 - 7 

Frame - - 3 2 1 5 - - -
1 

Other - - 4 - - 1 1 - 5 - - - - - - - - - - - - - - - - - - - - - - - - - - - -
So l e con t a c t  8 1 1 6 1 3 1 9  

To t a l  1 8  1 1 0  1 3  1 4 8 55  

2 4 7  



TABLE 9 

Approxima t e  t o t a l  co l l i s ion speed d i s t r ib u t ion 
(based on w i tn e s se s ' /drivers ' e s t imates ) 

Speed <20 2 1 -3 0  3 1 -40 4 1 -50 >50 NK 
mi l e s/h 

N 3 1 1  1 6  8 5 4 

To t a l  

4 7  

The total  number o f  s igni f ic an t  l e g  inj ur i e s  sus t a i ned b y  the casual t i e s  i s  
sh own i n  F i gure 2 .  The Abb reviated Inj ury Scale has been used as an indicator 
o f  severi ty for each leg region (as  shown ) . Therefore a right femur fracture 
and a l e f t  knee l aceration on one casua l t y  would be shown as two s eparate 
inj u r i e s  and indicated accordingly on the appropriate d iagrams . Minor l es ions 
have not been i n c l uded and t he maj o r i t y  of AIS 1 inj uries were lacerations . 
Tibial and fibula fractures occurring together have been recorded as one inj ury 
and lacerat ions at  a fracture s i te h ave not been recorded or coded s epar a t e ly . 
Pelvic  g i r d l e  inj uries  h ave been e xc l uded from t h e  samp l e .  

0 

2 

3 

0 

F i g .  2 

Number of s igni f i cant inj uri e s  per l eg regi on acco rd i ng to severity 

AIS 1 

1 
0 1 0  
- + -

2 

1 1 

1 
1 1 - - - + - - -
1 
1 1 3 1 5 

- - - + - - -

1 
1 
1 

2 6 

A I S  2 

1 1 1 2 
- + -

1 
1 

1 
1 1 13 1 

- - - -t - - --

1 
1 

6 1 0 
- - - + - - --

1 
1 
1 

6 7 

1 
1 1 

- - - - - 1- - - - -

1 
5 1 1 

8 

- - - -

5 

0 

AIS 3 
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DISCUSSION 

I t  i s  observed tha t ,  o f  the  total number o f  i n-pa t i en t s , 49 per cent  were 
admi t ted wi th l e g  i nj u r i e s  of wh ich a substan t i a l  propo r t ion were i n c l uded in 
the samp l e . I n j u r i e s  t o  the l at ter group varied from deep l acera t i on s  to 
compound /comrninuted frac tures requi ring maj or s urgery and extended in-p a t i e n t  
care f o l l owed b y  a t tendance a t  out-pat ient  c l i n i c s . In keening w i t h  nat ional 
trends and s imi l a r  s t udie s ,  a h i gh percentage i n  the samp l e  were under 2 1  
years o f  age . The predominance o f  rider  i n j u r i e s  compared to those sus tained 
by p i l l ion passengers obviou s l y  r e f l e c t s  t h e  fact  that the maj o r i ty were solo 
r iders . Howeve r ,  when p i l l ion passengers . we r e  presen t ,  there was a s ugges t ion 
that their added body we ight  contributed to the severi ty of rider  inj ur i e s  i n  
fron tal co l l i s ions b u t  more d a t a  are requi red f o r  a more pos i t ive corre l a t ion . 

Tab l e s  4 and 5 r e l a t ing to the loca t i ons o f  t he accidents sugge s t  that  t h e s e  
d o  n o t  di ffer s i gn i f i can t l y  from nat ional d a t a .  The maj ori ty o f  urban a c c i 
d e n t s  involved a j un c t ion and , al though some non-urban accidents i n  t h e  samp l e  
also  involved j unc t ions , speed p l ayed a part  i n  accidents i n  t h e s e  areas . 
Larger engine capac i t y  mach ines feat ured s ign i f i c an t ly and a h i gh propor t ion 
o f  all  ac c i dents  invo lved co l l i s ions w i th s a l oon cars , part ic u l a r l y  a t  
j un c t ions . As s hown in F i gu re 1 ,  the maj ori ty o f  the impacts  were t o  t h e  
f ro n t  and near s i de o f  t h e  mo torcyc l e  wh i c h  c on f i rms previous f i n di n gs ( 2 ) . 

A l t hough the present s ample s i ze i s  too sma l l  t o  draw any d e t a i l ed con c l u s i ons , 
a h igh p roport ion o f  the leg injuries  involved impacts  w i t h  car doors and 
wings wh ich , being f l a t  and s l ight l y  de formab le d i d  n o t  produce open or 
commi nuted frac t ure s . However the grid/bumper area and front wing corners  
tended t o  produre more severe lower inj uries part i cularly i f  t h e  i n i t ia l  
impact o f  the motorcyc le produced me t a l  tear ing wi th corresponding sharp 
edge s . In many cases t he inj ury was caused by a s o l e  contact  to a mo torcycle 
or  car component ; t rapping also  occurred be tween the mot orcyc le and veh i c l e  
contacted . l t  was also  obse rved that  buck l i ng o f  the mot orcyc l e  p e t ro l  tank 
occurred in a propo r t i on of cases i nd i ca t i n g  that there may be p o t en t i al for 
ene rgy absorp t ion by this  component . 

The assessmen t o f  �o l l i s ion speeds i s  always d i f f i cul t i n  motorcyc l e  acc ident  
s tudies and ' t h i s  p a r t irular  s tudy was no exce p t ion . The observat ions o f  
wi tnesses and riders are o f ten the only source as there i s  a damage thresho l d  
f o r  accident-involved mo torcyc les  beyond w h i c h  impac t damage i s  n o  langer an 
ind i ca t o r .  However the re s u l t s  i ndicate  that over 60 per cent o f  the s e vere 
leg injuries  were sus t ai ned a t  e s t imated col l i s ion speeds of under 40 mi l e s /h 
( 6 4  km/h ) . 

The s i te s  of i n j u r i e s  corr e l ated w i t h  impact s i te s ( Fi gures 1 and 2 ) , wi t h  the 
AIS 1 inj uries being evenly d i s tributed be tween upper and lower l e g  regi ons . 
Inj uries occurring above the knee have a h i gher l e v e l  of seve r i ty than those 
be low wi th over 75 per cen t fal l ing into the AI S 3 category . Some femo r a l  
fractures entai l a long period i n  b e d  on t r a c t ion ( 3  mont h s  or lange r ) . Thi s  
period o f  inrrnob i l i sa t ion can be shortened b y  maj or surgery but not a l l  
fractures are amenab l e  t o  such t reatmen t .  There was a more even inj ury 
d i s t r ibution in the l ower l egs , both b e tween AIS 2 and 3 s e ve r i ty l e ve l s  
be tween l e f t  and r i gh t  l egs . 

A h igh proport ion o f  t ib i a l / fibula inj ur i e s  occurred a t  the AIS 2 / 3  l e ve l s  
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and th i s  o f ten r e l a t e s  to the mechanism o f  inj ured re f e rred to e ar l i e r , name l y ,  
trapping and crushing be twet--n uneven and j agged surfac e s . Wound contamination 
is  l ik e l y  to occur wi th these pa r t i cu l a r  inj uries due to e i ther torn c l o th i n g ,  
paint , o i l  or  any combinat i ons o f  these contaminant s .  Tbere i s  risk  o f  
infective and other comp l i c: a t ions of lower l e g  injurie s , particularly w i t h  open 
or commi nuted f racture s ,  leading to e x tended treatment and pro l onged recovery . 

CONCLUSIONS 

The s e  prel iminary find ings have s tarted t o  show t rends concerning the veh i c l e  
components involved in l e g  impac t s . C l in i c i a l  d e t a i l s  have been confined to 
the seve r i ty and s i te s  of inj ury . The f o l lowing factors are indicated frcm the 
initial  dat a :  

Inj uries re s u l t ing from col l is ions with cars ( the maj ority s i tuat ion) involved 
deformab l e  pane l s  (wings and doo r s )  and l e s s  deformab l e  st ructures such as wing 
corner s ,  radiato r s , gri l l s  and bumpe rs . The l a t t er were incl ined to produce 
sharp edges giving r i s e  to severe l acerat ions at the fracture s it e  in mos t  
cas e s . The s t ructures on the motorcyc l e  pr in c ipal ly caus ing i n j u ry are the 
handlebars in fron t a l  impacts and the gearbox area for side impacts . l t  
fol l ows that any l e g  p rotect ion on the motorcyc l e  must b e  o f  such a des ign to 
protect  the l e g  from contact wi th these s tructures and a l s o  prevent c rushing in 
the lower l eg / an k l e  are a .  Th i s  body region appears to be par t i cu l ar l y  
vulne rab l e .  Some form of restraint sys tem i s  requ i red to prevent t h e  rider 
going forward and s triking his upp e r  leg on the unders i de of the h andlebars 
caus ing femoral fractures by the cont inuing forward movement of the trunk . A 
form of res traint may be necessary for the p i l l ion passenger as added weight in 
a frontal  c o l l i s i on may increase the seve r i ty o f  the driver ' s  injuri e s .  

The st udy i s  cont inuing with a more v i gorous analysis  when there i s  a larger 
data bas e .  C l in i c a l  observati on s  o f  surgical treatment ,  length o f  hosp i t a l  
s tay and asses sment o f  the degree o f  any physical  d i sab i l i t y  w i l l  b e  presented 
in due cour s e . 
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