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l ntro d u ction 

Severe i n j u ries to the legs s u stained by motorcyclists 
a re we i l  known a mo n g  tra u m atologists. These i nj u ries often 
lead to l o n g  sta n d i n g  or perm a n e nt i nc a p a citatio n .  Abrati o n s  
a n d  s u p e rficia l  i n j u ries c a n  b e  p revented by protective 
clothi n g  a nd boots. Crushi n g  i n j u ries d u e  to the leg being 
c o m p ressed betwee n  the m otorcycle a nd a so l id  obsta c l e  however, 
need m o re sol id devices if they a re to b e  p revente d .  To e l u c i ­
date the state of affa i rs o f  crash p rotectio n  of m otorcycl ists 
legs,  a n d  to descri b e  the n at u re a n d  size of the p ro b l e m ,  
t h e  fol lowing studies h ave b e e n  ca rried out:  

A. A c o m p re h e n siv study of the l ite ratu re o n  the p rotective 
effects of motorcyc le crash b a rs.  

B.  A study of the fre q u e n cy, natu re and outcome of 
s i g n ific a nt i n j u ries to m otorcycl ist/s l e g s .  

C .  A study o f  t h e  use o f  c r a s h  b a rs a n d  the i n f l u e n ce of 
these ite m s  on the i nj u ry patterns i n  a n  accident 
p o p u l ati o n .  
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A. C O M P R E H EN SIVE LITERATU RE STUDY 

A system atic sea rch for re l evant l itera t u r  w a s  performed 
t h ro u g h  the dato bases of I R D ,  M EDLARS a n d  SAE. The 
selected papers a re refered i n  c h ro n o l og i c a l  o rd e r. 

1 )  Moto rcycle c ra s h  tests 

BOTHWELL ( 1 97 4) reported the res u lts of 7 series of 
M C - co l l is ion tests with a d u m my. In severel of the 
tests the c ra s h  bar  w a s  d efl ected by the d u m m/s leg,  
and it w a s  concluded,  that "conventio n a l  c ra s h  b a rs 
s h o u l d  not be fitted a s  they a re a distinct leg 
fra ct u re h a za rd .  I n  m otorc a r  i m p a cts the leg w o u l d  
u s u a l ly  be better off hitti n g  the s i d e  o f  the c a r  t h a n  
a s m a l l  d i a m eter t u b e .  N o  t u b u l a r  cra s h  b a r  c a n  b e  
envisaged which w o u l d  b e  free o f  t h i s  h a z a rd .  Leg 
protection for m oto rcyclists needs to be developed 
with out  a ny n a ke d  crash b a rs " .  

2) U C S D  Col l is ion study 

H IGHT ET AL ( 1 976) described a study of 1 27 i n j u red 
M C - o c c u p a nts w h e reof 44 were c l a ssified a s  " d eflection 
cases",  that is  c h ru s h ed a g a i n st c a rs .  1 6  % w e re fata l ,  68 % severe. 93 % o f  t h e  deflected cases h a d  l e g  inj u ­
rie s ,  whereof 70  % severe.  The a uthors recomm ended a low 
fra m e  con struction and a crash bar b e h i n d  the passenger 
seat.  

3) C h a racteristics of m otorcyc le a ccidents 

N EWMAN ( 1 976) from the D e p a rtment of M e c h a n i c a l  
Engi n e e ri n g ,  U n iversity o f  Ottawa,  C a n a d a  p u b l ished a 
stu dy on 27 1 M C - a ccidents.  The study c o m p rised both 
i n j u re d  a n d  n o n -inj u red ri ders .  Leg i nj u ries were 
c l a ssified a s  defl ection type inj u ries i n  7 ,  1 % a n d  a s  
d i re ct i m pact i n j u ries i n  6,0 % of t h e  cases.  An 
i m p roved p rotection of a rm s  a n d  legs were rec o m me n d ed 
but  n ot s pecifi e d .  
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4) Accident study a n d  d u m my c rash tests 

KATS U M O R I  TAN EDA ( 1 976) J a p a n  Auto m obi l  Researc h  
I n stitute p u b l ished a ! a rge accident study based 
on accident statistics and experi m ental  studies.  
The accident study was based o n  1 30.725 two­
wheeler a ccidents.  Of these 22.705 were m otor­
cycles a bove 250 c c m .  47 % of a l l  c o l l ision s  
were transvers a l  o r  d iagonal .  47 % o f  the seri o u s  
i n j u ries were local ized t o  the l e g s .  I n  t h e  
experimental  study motorcycles with a n d  without 
protective d evices and eq uipped with h u m a n  d u m mies 
were b ro u g h t  i nto c o l lision with passenger c a rs .  
Based on these e x p e rim ents t h e  a uthor c o n c l uded 
that leg p rotection was possi b le  at col l is ion 
speeds up to 30-40 km/h. At higher c o l l is ion speeds 
injuries to other body regions were do m i n ati n g .  
Side p rotection devices w a s  a n  effective mea s u re 
in  overturn acide nts a n d  i n  p reventin g  g etti ng ru n 
ove r by the col l is ion vehic le.  

5) Motorcycle safety symposi u m  

The conc lus ions from this symposi u m ,  h e l d  by the 
Austra l i a n  Road Researc h  Board was p u bl ished by 
CHAPMAN N ( 1 976) .  l t  was c o n c l uded that:  
"The whole design,  strength of and fix i n g s  of c ra s h  
bars a ppear t o  be deficient.  They c a n  b e  reg a rded a s  
tota l ly in effective except perh a p s  i n  very mi ld  s l ides 
wh ere their role i s  somewhat benefici a l .  For effective 
leg p rotecti o n  c ra s h ba rs s h o u l d :  
- be stre n g  e n o u g h  to withsta nd s i d e  i m pact a t  50 km/h by a m otor vehicle;  
- have atta c h m ent to the m otorcycle f ra m e  which prevent 

the bars bei n g  p u shed or bend out  of position with 
respect to the motorcyc l e  fra m e  in s ide- or a ng l e  
i m p a ct at 50 km/h . 

- Have a contour which i s  a)  widest at the u p p e r  e n d ,  
b )  h a s  t h e  u pper corner w e i l  a bove t h e  center of g ravity 
of the m otorcyc le/rider system ,  c )  provides ra pid 
decel lerati o n  of the m otorcycle i f  i t  f a l l s  a n d  s l ides 
on the c ra s h  b a rs, and 

- have e ne rgy a bsorbing, i m pact- atte n u ati n g  padding to m i ­
nimize l e g  i n j u ry a n d  torso pitch i n g  when t h e  rider  o r  
passen g e r  m oves foreward o r  rea rwa rd off t h e  motorcycle".  

Air bags were tested i n  frontal col l is ions,  wh ere they were 
effective. Their effectiveness in  sid e - o r  rea r  e n d  
col l is ions c o u l d  not b e  eva l u ated. 
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6) Development of side impact protection for an EMS 
(referred from abstract ) 

BARTOL AND LIVERS ( 1 976) recommended: 
" lnte9ra l side protection structure capable of protecting 
the nder"s legs from direct as wei l  as obl ique side 
impacts. The structure was a welded double- loop frame 
constructed of seamless aisi 4 1 3 0 tubing". 

7) Motorcycle accident cause factors a nd indentification of 
countermeasures. 

HURT ( 1 979) from University of Southern Ca lifornia reported 
an  on-spot ana lysis of 900 MC-accidents and a study of 
3 .600 police reports on MC-accidents. The injuries to the legs 
were compared with regard to use of crash bars. Riders with 
crash bars suatained fewer a nkle , but not fewer injuries 
to other parts of the le9 than riders without crash bars. 
The bars were of very d ifferent construction and solidity. 
Both positive effects a nd deficiencis were found by light as 
we i l  as by solid bars. Consequently it  was found that no advan­
tage was obvious from use  of  crash bars which help some, 
but a lso hu rt some, and the over-al l  effect was no advantage. 
Large, heavy motorcycles with broad motors yield good leg 
protection. 

8) A su rvey of motorcycle accidents 

WATSON ( 1 973) AN D WH ITAKER ( 1 976, 1 980) from TRLL, England 
have reported an  ana lysis of a total of 425 MC-accidents 
with 450 inju red persons. 1 /4 of the injuries were caused 
by the leg being crushed between the MC and another obstacle. 
33 motorcycles were fitted with crash bars and these cases 
neither the severity nor the frequency of injuries were 
different from other cases. In  the lotest paper it was stated 
that wei l  designed crash bars shou ld serve two purposes: 
"firstly, they must prevent crushing of the leg in the ini-
tia l  impact, and secondly, they must prevent legs from 
hitting hard objects near the motordcycle later in the crash.  
Present crash bars do not appear to fulfi l l  th is second 
function". Experimental research resu lts from the TRRL do not 
appear to have been published yet. 

9) Protective devices for motorcycles 

1 98 1  -82, according to HÄGGKVIST The National Swedish Road 
and Traffic Research I nstitute is developin<J a protective device 
which is supposed to fit a l l  motorcyclists independent of hight. 
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lt has leg guards that fold backwa rds with the d river's 
lower part af the leg when struck, and attachments that 
break at certain stresses. Energy absorbing materials 
a re used in the construction.  

8. CLIN ICAL STUDY OF THE NATURE AND OUTCOME OF MC-RIDER'S 
LEG INJURIES 

Material 

Over a 3-year period the accident registration at the 
Odense University Hospital covering a popu lation of 
230.000 inhabitants identified 42 cases of leg in)uries 
in motorcycle riders. All 42 cases met the fol lowtng cri-
teria: admittance to hospital stay with leg injury as  the 
most severe injury sustained. This number corresponds to 
1 0% of a l l  MC-rider casua lties seen in the emergency room 
during the same period of time. In  a l l  cases the leg lesion 
was the on ly lesion causing extensive problems, except in 
two cases, - one with a severe lesion in the g roin,  and one 
where there were severe lesions in  both wrist regions. The 
case records were examined by a specialist in ortopeadic 
sur�ery for selecting the most serious injury and for pre­
dict ing the length of incapacitation and the degree of per­
manent disablement. The length of incapacitation was tn most 
cases verified by returning to work or reaching a permanent 
state of condition. In  a few cases the duration of incapaci­
tation is estimated. The degree of permanent incapacitation  
is  estimated on the basis of  sta ndard tables from the Natio­
nal  Hea lth Authorities. 

Results 

In  the 3-year period from October 9, 1 979 to October 8, 1 982 
42 patients were admitted to hospital stay because of signi­
ficant leg injuries (7 fema le, 35 male). 

Tablg 11  Thg incidgncg o f  hosp i ta l  admi ttancg and SQVQrQ lgg 
injurigs. 

1979 1980 1981 1982 

Numbgr of injurgd motorcycl ists 
SQQn in the casua l ty room 103 

Hergof admi tted to hosp i ta l  stay 
bgcausg of sevgrg lgg injuries 1 4  

127 

9 

133 1 1 7  

1 6  1 4  
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30 of the injured were drivers, and 1 2  were passengers. 

Figurg 11 

Distribution oF agg in motorcycl ists w i th sQVQrQ lgg 
injurigs (mgdian agg 21 ygars) . 

Numbar oF 

7 
6 
5 
4 
3 
2 
1 

COSQS 

X 
X X 
X X 
X X X 
X X X X X X X 

X X X X X X X X X X X 
X X X X X X X X X X X X X X XX 

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40-50 
agg. ygars 

The median age was 2 1  years. 3 persons were under the mini­
mum legal age ( 1 8 years),  - al l  of these were passengers. 

CounterpaG:s and accident circumstances 

In 25 cases the counterparts were motorized vehicles (here­
of 3 lorries) .  Sixteen cases may biomechanica l ly be clas­
sified as single accidents (2 of the 1 6  col l ided with road 
obstacles, 2 with weak counterparts, the remaining 1 2  pre­
sumably were sliding accidents; : I n  one case the counter­
part was unknown. In a few cases it was stated that the leg 
had been crushed, but otherwise the records contain no 
anamnestic information on the trauma mechanism. 

Location and nature of injuries 

The location of the most severe injury is shown rn table 2. 

Tabla 21 Location cf most savara lasion 

Thigh 

1 0  

Knee 

6 

Lower lag 

16  

Foot 

1 0  
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All thigh lesions and a lmest a l l  lower leg lesions com ­
prised fractu res of the long bones. The knee lesions 
varied from fracture of patella to severe ligamentous 
injuries. In  most foot injuries there were severe soft 
tissue damage. Most lower leg lesions were open tibial 
fractures with extensive soft tissue damage. The femora l  
fractures varied from spira l  fractures as  seen by indirect 
trauma to open transverse fractu res a nd some cases with 
extensive bone destruction and injury to nerves and ves­
sels. 

Table 3 shows the distribution of the duration of inca­
pacitation according to region of leg injured. 

Tablg 31 Mgan duration c f  i ncapac i tation and prgvalgncg 
cf pgrmangnt di sabl gmgnt according to rggion 
cf leg i njurad. 

R E G 1 0 N 1 N J U R E 0 

Thigh Kngg Lowgr lgg Foot 

Mgdian duration 
cf i ncapac i ta t i ons 6 4 9 2 
Cmonths) 

Praval gncg cf 
pgrmanent 
d i sab l gmgnt 20% 33% 44% 40% 

There is a slight tendency to higher preva lence of perma­
nent disablement in more dista l ly lozalized injuries. 

Permanent disablement 

In  1 5  cases permanent disablement was stated or estimated 
on the basis of the degree of the injuries. Disablement 
was judged solely on the physical ha ndicap on the legs not 
regarding concomitant injuries to other or9ans, social or oc­
cupationa l  factors. The findings a re given in  Table 3 and in 
Figu re 3. A little more than 1 /3 of the leg injuries leading 
to hospital admittance in  motorcycle riders were thus esti­
mated as leading to some degree of permanent disab lement 
ra nging from 5 to 50%. 
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Numbgr of 
COSQS 

s 
4 X 
3 X X X 

On the basis of the character of the injuries they could, 
with a high degree of certaintx, be classified as crush 
injuries in about half of a l l  thrgh and knee cases, and 
in a lmest a l l  cases of injuries to lower leg and foot. 
There were very few cases of tangential character. 

Length of stay .in hospital 

The length of stay after primary admittance to hospital 
varied from a few days to more than 5 months, - mean 
stay 38 days. The mean stay for al l  patients in the 
traumatological department is 7,2 days, - so in spite 
of young age popu lation, the MC-injured has a mean stay 
5 times as long as the general mean stay for patients in 
this department. 

Duration of incapacitation 

The duration of incapacitation is destributed as shown in 
Figure 2.  

Fi gura 21 

Di stribution of durat i on of i ncapacitation • pariod from 
tha t i ma of acci dant unt i l  rastitution of occupational 
abi l i ty or unt i l  a pgrmangnt cond i t i on is rgachgd < da­
monstratgd in tha F i rst casg. - judggd by a spgc i a l ist 
in tha lattgr case) . 

X X 
X X X 
X X X X X 

4 X X X X X X X X X X X 
1 X X X X X X X X X X X X X X X X X 

1 2 3 4 S 6 7 8 9 1 0  1 1  1 2  13 1 4  1 5  1 6  17 1 8---24--27--36 Ouration of 
incapacitation 
Months 

Thg mgdian duration of i ncapaci tation was 7 months. 

236 



F i gurs 3: D i stribut i on cf psrcsntags cf d i sab l smsnt i n  1 5  
psrmansnt l y  d i sabl sd. 

Numbsr cf 

6 
5 
4 
3 
2 
1 

CCSQS 

X 
X 
X 

X 
X 
X 
X 
X X 
X X X X X X 

5 1 0  1 5  20 25 30 35 40 45 50 Psrcsntags cf d i sab l smsnt 

C.  THE ACCIDENT STU DY 

In the period following the study period of part I I ,  namely 
August 1 st 1 982 to Ju li 3 1 ; 1 983 1 25 motorcycle riders and  
passengers were seen in the emergency room, Odense University 
Hospital .  There were 6 fatalities. A questionnaire was send 
to the remaining 1 1 9 survivors, of whom 1 09 (9 1 ,6%) answer­
ed questions concerning the accident, the rider and the mo­
torcycle. The 1 25 patients a ltogether sustained a total of 
256 injuries. Of these injuries 58,2% were minor (AIS 1 ) , 
25,4% moderate (AIS 2) and 1 6,4% severe, serious or criti-
cal (AIS > 3).  Among the 1 25 accident victims a total of 
9 1  had leg injuries with a percentage AIS distribution as 
i l lustrated in 

Tab l s  4 :  Psrcsntags A I S  d i stributi on cf l eg i njur i ss i n  9 1  
motorcyc l s  acci dsnt v i c t i ms. 

A I S  1 :  64. 8% 
A I S  2: 1 5. 4% 
A I S  3: 18. 7% 
A I S  4: 1 .  1 %  
A I S>5: 0 % 

Altogether 62 fractures were registered corresponding 
to 40% of a l l  injuries. Twentythree of these fractures 
were localized to the legs. Of these 5 were femoral 
fractures , 1 0  fractu res of lower leg and 5 fractures 
localized to the onkle and foot. 
The composition of the accident involved motorcycles 
according to motor size is shown in Table 5. 
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Tab l e  5s Percentage d i stribution of acc i dent i nvo l ved 
motorcycles accord i ng to cyl i nder vol ume. 

0-4 1 0  4 1 1 -550 551 -650 651 -750 >750 unknown 

39% 1 3 %  7% 22% 1 5% 4% 

Crash bars were f i tted to 24 motorcycles. A I S  i njury ra­
t i ng of the l eg i njuries rel atgd to crash bar i s  i l l ustra­
tgd i n  Tab l g  6. which only compr i sg the dri vgrs. 

Tab l g  6s A I S  d i stri but i on of l eg i njur i gs i n  relation to 
crash bar f i tted/not f i tted 

A I S  1 

Crash bar 
f i  ttgd 1 1  

Crash bar 
not f i tted 3 1  

A I S  2 

l 

7 

l 24 

1 0  62 

Among those injured on motorcycles fitted with crash bars 
on ly one had a fracture located on the distal part of the 
femur. In  contrast al l  other fractures mentioned above, 
located to the lower l imb, were sustained by motorcycle 
riders a na lysis we have not made distinction between so­
ca l led engine case savers ond other kinds of crash bars. 
Tab le 6 demonstrotes a higher rote of more severe leg inju­
ries sustained by riders on motorcycles without crosh bars 
compared to riders on motorcycles fitted with crosh bors.How­
ever it might wei l  be that crash bars more often were mounted 
on heavy motorcycles with broad motors. A transverse measure 
of the motors on the motorcycles involved, were not directly 
avai lable. The materia l  of accident involved motorcycles 
were instead broken down into two groups according to cy­
linder volume below and above 750 ccm, both in the crash bar 
group and in  the group without crash bars .  This break down 
showed an overrepresentation of large motorcycles of or 
above 750 ccm among those fitted with crash bars. (Tab le 7) .  

Tab l e  7s 

Crash bars f i ttGd 
Crash bars not f i ttGd 

S i ze of motorcyc l Q  
< 750 ccm >750 ccm 

39% 
69% 

64% 
3 1 %  
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Discussion 

Severe leg in Junes sustained by motorcycle riders has 
been recognized as a major health problem for years. Life 
threatening injuries in motorcycle accidents a re mostly 
localized to the brain, the abdomen and the thorax. Tragic 
permanent disablement often stems from severe brain injury, 
spina l  inju ry or injury to the brachia l  p lexus. The possi-
bi lity for effective protection of- the b rain, head and face 
by crash helmets is wel l established a lthough further per­
fection in construction of the helmets should be poss1ble. 
Skin and hand lesions can be prevented effectively by pro­
tective clothing,  whi le protective measures against lesions 
to the bel ly and the spinal cord seem difficult to construct 
and implement. 
The need for effective leg protection for motorcyclists has  
been recognized in most countries, and a long row of  acci­
dent studies and laboratory tests have been carried out.  
lt is unanimously stated that the most severe leg lesions 
derive from the legs being crushed between the motorcycle 
and some rigid obstacle. However, su rprisingly little is 
known about the exact character of these obstacles, whether 
the motorcyclists d rive into the side of a car, is hit by 
the front of the car or thrown away hitting corners with his 
le�s. Much information from actua l  accident reconstruction 
sti l l  seems to be lacking. 
Laboratory studies, in  most cases, lead to optimistic con­
clusions as to the possibility of yielding considerab ly bet-
ter protection to motorcyclists, - not by screwed on crash 
bars but by integral frame constructions.  The specific geo­
metry and mechanical features of such constructions, which 
give optimal  p rotection to both d river and passenger in  most 
col lision situations however, has not been agreed upon yet. 
Standardization work on these items seems a long way off 
and the motorcycle producers do not seem to consider the 
secondary safety of their products. As long as motorcycles 
are accepted as a mean transportation in every day traffic, 
such safety considerations must be intencified. The present 
study conf1rms the h igh rate of severe leg injuries seen in  
motorcycle riders. Besides, i t  descripes the outcome of  such 
injuries in more detail, demonstrating the length of stay in  
hospital, the distribution of  duration of  incapacitation and  
the rate and  degree of  permanent disablement. 
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l t  is obvious from this analysis that leg injuries sus­
tained in motorcycle accidents is a heavy load on hospital 
services and on the surviving victims al l  the time that the 
length of incapacitation was 7 months and permanent dis­
ablement was found in about 1 /3 of al l cases. 
Contrary to most other studies our accident study revealed 
a distinct underrepresentation of severe leg injuries in 
riders of motorcycles which had been fitted with crash bars. 
This finding might be explained by a higher percentage of 
large motorcycles with broad motors which also in earlier 
studies have proved to give good leg protection. 
Clinical evidence of the problem is overwhelming. labora­
tory test results are promising, bu t  i n  depth accident stu­
dies as a guide for laboratory work is sti l l  insufficient 
and the use of laboratory results seem negligible. 
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