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The medical and s c ient i f ic li terature i s  replete with 
numerous case s tudies de aling with individual motorcyc le 
acc idents and the resulti ng inj urie s . The mos t  noteworthy and 
extens ive report to date has been the Hurt s tudy that reported on 
over 9 0 0  individual motorcyc le acc ident s . However , virtua l ly 
none o f  the previous s tudies have looked carefully at the 
mechanism of the inj uries resulting f rom motorcyc le acc idents .  
The present s tudy has carefully analyzed over 1 2 5  motorcyc le 
accidents in which there was an inj ury with an AI S of greater 
than 2 .  Of the se 1 2 5  acc idents , 58 we re se lected and a s t atic 
recons t ruc tion was performed , using exemp lar vehic le s  and 
individua ls to determine the exac t vehicle and occupant 
kinematics that occur red dur ing the acc ident sequence . I t  was 
determined from the s tatic reconstruc tions , that whi le the 
predominate inj ury from the acc idents is to the lower extremity , 
the inj ury is not by de f inition a crushing inj ury , but rather an 
impact inj ury . The leg is impac ted by the oppos ing vehi c le and 
then pushed out of the way . The true crushing inj ury is very 
se ldom seen in motorcyc le acc idents .  The soft ti s sue inj ury 
that occurs and that nec e s s i tates amputation in some cases , is 
the result of subsequent impac ts of the body with the roadway . 

INTRODUCTION 

I n  reviewing the available data concerning inj uries in 
motorcyc le acc ident s , it is quite apparent that the leg region is 
the mos t  frequent ly inj ured region o f  the body ( 1 , 2 ) . Whi le leg 
inj uries se ldom result in a f atality , they remain one of the mo s t  
preva lent types o f  inj ur ies seen in motorcyc ling . Inj uries to 
the head region result in far more catastrophic inj ur ies with 
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more devastat ing results and lang term recovery and/or 
disab i l i ty . Howeve r ,  the use o f  a protective helmet can and wi l l  
s igni f icant ly reduce he ad inj urie s . Other parts of the body can 
also be protected to a limi ted degree by the use of proper 
protect ive c lothing . 

Ta date there has been no we l l  def ined me thod to reduce or 
eliminate the types of leg inj uries that are seen in motorcyc le 
acc idents .  The motorcyc le is an open machine that the r ider s i t s  
astr ide with his /he r  legs along e i ther s ide o f  the engine . I n  
thi s type o f  posture the legs are vulnerable t o  inj ury f rom 
contact with another vehic le or obstac le . Whi le there have been 
attempt s  by s ome and sugge s tions from others ( 3 , 4 , 5 , 6 )  that the 
use of s ome type of s ide protec tion device wou ld e l iminate or 
reduce leg inj uries , to date research in thi s area has not 
suppor ted the concept o f  a leg protection device that would 
eliminate or reduce leg inj uries ( 7 ) . 

The work by Hurt at USC ( 1 ) remains the mo s t  extensive and 
exhau s tive s tudy done of motorcyc le acc idents and the inj ur ies 
that re sul ted from those acc idents .  That s tudy inves t igated and 
s tudied in depth over 9 0 0  motorcyc le acc idents in the Los Ange les 
area . Part o f  the s tudy looked at the ques t i on o f  leg inj uries 
and the pos s ib le role o f  crash bars to protect the leg region . 
They conc luded that the use of a crash bar had no e f fect in 
reduc ing leg inj ur ie s . The ir report showed that the use o f  crash 
bars may have some e f fect in reduc ing the inj ury to the lower 
leg , however it resulted in an increase o f  the inj ury to the 
knee , thigh and hip region of the body . More recent ly , the Hurt 
data has been reexamined with a view to the que s tion of the 
e f fectivene s s  of crash bar s , ( 8 )  and again the data shows no 
reduction in inj uries with the use of crash bar s . 

The present s tudy is an indepth review o f  over 1 2 5  
motorcyc le acc ident s in which there was an inj ury to the lower 
extremity . The inj ur ies ranged from frac ture o f  the metatarsals 
to hip dis locat ions . The ma j or obj ective in thi s s tudy was to 
look a t  the nature o f  the inj ury and the individual acc ident , to 
more c learly understand the mechani sm o f  the inj ury . I n  mos t  
ins tances i n  which there i s  an inj ury t o  the lowe r extremity i n  a 
motorcyc le acc ident , it appears to the attending phys i c i an that 
the inj ury is of a crushing nature . In f act , an examination o f  
the hospi tal records , mos t  notab ly the admi tting repor t , will 
usua l ly s tate something to the e f f ect that thi s is a " . . . .  
crushing inj ury f rom a motorcyc le acc ident . "  I n  reviewing e ach 
part icular acc ident and the inj ur ies that were sus tained in the 
acc ident , it become s quite apparent that few of the leg inj ur ies 
are truly a crushing inj ury . It become s evident that the vas t  
ma j or i ty of the inj ur ies t o  the lower extremi ty are a high 
ve loc i ty impact to the leg region s imilar in many re spect s  to the 
type of leg inj ury seen in pedes trian acc ident s . 
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METHODS 

Thi s s tudy was aimed primar i ly at leg inj ur ie s , and 
therefore the type of acc ident cases we examined only addres sed 
that are a . The number of acc ident cases s tudied was 1 2 7  in which 
there was an inj ury to the lowe r extremi ty . The lower extremity 
was de f ined as any part of the body from the head o f  the femur , 
or hip j oint , to the foot . The vast ma j ority of the inj ur ies 
were to the tibi a / f ibula region , whi ch i s  o f ten descr ibed as the 
lower leg . The next mo s t  o f ten inj ured part of the lower 
extremi ty was the thigh region , in which the inj ury was a 
frac ture o f  the femur . I n j ur ies to the hip and foot were least 
often seen in this s tudy , but again thi s was due to the type of 
acc ident s tudied . 

The s i z e  o f  the motorcyc le ranged f rom 9 0 cc up to the 
large s t  tour ing motorcyc les on the roadway today . The presence 
of crash bars on the acc ident vehic le s  in thi s s ample s i z e  was 
notab ly low , with only f ive cases in which the presence of a 
crash bar was noted . The crash bars that were pres ent were the 
s tandard o f f - the she l f  type or the sma l ler version that are 
cons idered engine guards . 

The speeds f or the motorcyc le in the acc ident scenario 
ranged from zero ( stopped to make a turn ) to a high o f  4 5  mph . 
The mo s t  prevalent speed was in the range of 2 5 - 3 5  mph . Speeds 
of the adverse vehic le ranged from 1 0 - 4 5  mph , with the mo s t  o f ten 
speed at the low end of that range . 

The usual type o f  acc ident seen in thi s s tudy was the 
s i tuation in which the car make s a turn in front of the 
motorcyc l i s t , and s trikes the left s ide of the individual riding 
the motorcyc le . Obvious ly thi s results in an inj ury to the lef t  
s ide o f  the body . There were a limited number o f  cases in which 
there was a s topped motorcyc le that was struck by a moving car . 
Also , there were a limi ted number o f  cases in which the accident 
was a s ingle vehic le acc ident . I n  thi s s i tuation it is usual ly a 
matter o f  the motorcyc l i s t  leaving the roadway and striking an 
obj ect o f f  the roadway . 

I n  s tudying the se acc ident s , the po lice report was obtained 
and reviewed for data concerning the nature of the acc ident , 
inc luding s i z e  of vehic les ; speeds ; direction of travel ; point of 
impact ; point of rest for the vehi c les and occupants ;  and type of 
damage and location . Where po s s ible , photographs o f  the acc ident 
vehicles were s tudied to determine the extent of the damage from 
the acc ident . A comp lete review o f  the medical records was done 
to determine the extent and nature of the inj ury . Thi s  inc luded 
the admi tting report , ope rative report , radiology report , and 
nurs ing notes . I n  mo s t  cases the x-rays were also reviewed . In 
many of the cases a complete examination o f  the motorcyc le was 
done to determine and record the extent of the damage . Thi s was 
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useful in as s i s ting with the understanding o f  the acc ident 
scenario . The type of damage to particular parts o f  the 
motorcyc le would o f ten provide useful data in determining the 
type of acc ident and the direction of the forces in the 
c o l l i s ion . There were a limi ted number of cases in which the 
adverse vehic le was a l s o  avai lable for s tudy and examination . I n  
these s i tuations we were able t o  s tudy and document the extent o f  
the damage t o  the oppos i ng vehic le . Aga i n , thi s provided 
s igni f  icant data as to the type of co l l i s ion that was invo lved as 
we l l  as he lpful data as to the direction of force . 

I n  cases in which one or both vehic le s  were avai lab le for 
inspec tion , they o f ten provided va luable information concerning 
the po ints o f  contact o f  the body and thereby giving us data as 
to the mechanism by which the inj ury was produced . Frequent ly , 
i t  is pos s ible to identify fabric transfer on one o r  both 
vehic le s , location o f  material f rom c lothing , and in s ome 
s i tuations we we re able to identify body impr ints on one or both 
vehic les . The se inc luded dents in the fender and / o r  hood areas 
o f  the oppo s ing vehi c le , or a dent in the s ide of the gas t ank . 

All o f  the inj uries sustained in the acc ident were recorded 
onto a data sheet and then given an AI S number ( 9 ) . I n  addition 
to the AI S scaling sys tem , we devised our own sys tem for further 
def ining the type of fractures that occurred in the di f f erent 
acc ident s ( tab le 1 ) . Thi s  sys tem allowed us to c la s s ify each 
type o f  fracture as to bone , location o f  frac ture and nature of 
frac ture . 

I n  total 1 2 7  acc idents were s tudied in depth where there was 
an inj ury to the lower extremi ty . In addition to the lower 
extremi ty inj ur ies , a record was also made o f  any other inj uri e s  
that were sustained a s  we l l  in the acc ident . For each o f  the 
accidents a determination was made as to the mechanism by which 
the inj ury occurred . Of part icular i ntere s t  was the nature o f  
the f ractures o f  the lang bone s and the mechani sm by which the 
inj ury occurred . 

Of the 1 2 7  cases s tudied , 5 8  were selected for a s tatic 
recons truc tion o f  the acc ident . I n  the s e  s i tuations we 
used exemplar vehicles which were o f  the s ame make , mode l and 
year as the acc ident vehi c le . We also would use people who were 
o f  the s ame phys ical s i z e  as those invo lved in the acc ident that 
was being s tudied . Us ing the information regarding the damage to 
the vehic le , we could then align the vehic les to de termine the 
angle of the c o l l i s ion . This would be based not only upon the 
damage that resul ted from the acc ident , but in addi tion we a l s o  
cons idered the inj uries that resulted from the acc ident . The 
purpose here was to determine both the vehic le dynamics in the 
c o l l i s ion , and the ride r / occupant kinemat ics . 

36 



RESULTS 

TIBIA : 

I n  Looking at the f ractures o f  the long bone s ( i . e .  tibia 
and femur ) over half of the fractures we re to the tibia , the 
number being 6 3 %  of the total frac tures recorded . The se ranged 
from s imple non-displaced f ractures to compound/comminuted 
frac tures with s ignif icant soft t i s sue invo lvement . In s tudying 
the location o f  the f racture , the ma j ority of the f ractures were 
in the distal third o f  the tibia . Whenever there was a 
comminuted f r ac ture of the middle and distal thirds o f  the tibia , 
there was an associated fracture of the f ibula at the same 
location . Fractures o f  the tibial p lateau were o f ten a s s oc i ated 
with a frac ture of the femoral condyles and s igni f icant 
invo lvement o f  the knee j oint . Fractures at the tibial plateau 
that were displaced pos teriorly of ten invaded the pop liteal 
f o s s a , and the ve s se l s  and nerves with the f o s s a . 

I n  examining the mechani sm o f  inj ury through the use o f  
exemplar vehicles and people , it i s  quite apparent that the 
inj ury to the middle and distal tibia is the result of the leg 
being impacted by the bumper of the adverse vehi c le and then 
pushed in a rearward direction . Thi s  is typical of the s i tuation 
where the automobi le turns in front o f  the motorcyc l is t , and the 
latter then attempts an evasive maneuve r to avoid the co l l i s ion . 
The ang le of c o l l i s ion between the two vehic le i s  usual ly les s  
than 3 0  degree s .  I n  thi s s i tuation the leg is not pushed into 
the s ide of the motorcyc le , but rather rearward along the s ide of 
the motorcyc le . 

I n  s i tuations where frac ture o f  the tibia occur s at the 
tibial plateau or the proximal one- third of the tibia , this i s  
the result o f  the knee and upper tibia making contact with the 
fender region of the oppo s ing vehi c le . Again , the angle between 
the two vehic les i s  less than 3 0  degree s . When the impact to the 
leg is in thi s region of the body , there is o f ten invo lvement of 
the peroneal nerve , which i s  j us t  lateral and inferior to the 
knee . An inj ury to thi s nerve wi l l  af fect the musc les of the 
�nter ior compartment of the lowrer leg and the result is foot 
drop and a numbnes s  to the dor sum of the foot . 

The type of fracture seen i s  usua l ly a transverse or 
comminuted frac ture in which there were many fragments of bone . 
A spiral or obl ique f rac ture is se ldom seen in accidents in which 
there are vehi c le to vehic le c o l l i s ions . We did observe a 
limited number o f  spiral frac tures o f  the tibia , however , these 
were usua l ly s een in s i tuations o f  a s ingle vehi c le acc ident . In 
a s ingle vehi c le acc ident , the rider goe s off the roadway and in 
an attempt to control himse l f  and the vehic le puts his foot down 
and impac ts the ground with suff ic ient force to cause a spiral 
fracture . The mechani sm that results is this type o f  frac ture is 
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a vertic le or axi a l  load as the foot impacts the ground . The 
force is transmitted through the foot and to the distal end o f  
the tibia , of ten result ing in a tri-malleolar frac ture and / o r  a 
spiral fracture o f  the tibial shaft . 

Whenever there i s  a s igni f icant frac ture invo lving the lower 
leg , with both the tibia and f ibula invo lved , there i s  a l s o  s o f t  
t i s sue damage t o  the under lying tis sue . Thi s  can be o f  
particular concern when the blood ves s e l s  a r e  damaged , and there 
is a lass o f  adequate blood supp ly . The main cause o f  the 
amputations is an inadequate blood supp ly to the t i s sue distal to 
the po i nt of inj ury . 

FEMUR : 

The inc idence o f  f ractures to the femur were approximately 
half the number of t ibi a l  frac tures . The s e  usual ly occurred in 
the distal third o f  the f emur , and were transverse frac ture with 
l i ttle or no soft t i s sue invo lvement . The limi ted number of 
fractures at the head o f  the femur usua l ly were associated with 
soft t i s sue inj ury , and dis location of the head o f  the femur . 
Another problem seen with f r ac tures of the head of the femur , was 
also a fracture o f  the acetabulum . 

The f racture o f  the distal third o f  the f emur is alme s t  
always the result o f  a n  indirect impac t ,  rather than a direct 
impact as is seen in the tibial f ractures .  The static 
recons truc t ion showed that as the knee goes into the f ender or 
gr i l l  o f  the adverse vehi c le , the force is then transmitted a long 
the lang axi s  of the femur . Whi le the di s ta l  port ion of the 
femur is strenger than the shaf t , the f orce is transmitted from 
the area o f  the femoral condyles to the shaft o f  the bone . The 
frac ture then occurs at a point di s tal to the actual s ite o f  
impact , and wi l l  usua l ly be between the middle and distal third 
o f  the bone . 

Frac tures of the proxima l third o f  the f emur are usua l ly the 
result of impact to the ground , and not f rom a direct impact with 
the oppos i ng vehic le . I n  our s tudy the limi ted number o f  cases 
where there was a f racture of the proxima l third , it was 
de termined for each of thes e  that it was the result of an impact 
to the ground . When the neck of the femur is fractured , thi s i s  
the result o f  the di s tal end o f  the femur being impacted , and 
then pushed rearward as the knee is he ld by the oppos ing vehi c le . 
Thi s  i s  o f  ten seen in acc idents where the knee goes into the 
comp l i ant fender area o f  the car and is he ld there as the rider 
then s l ides forward . 

Femoral frac tures s e ldom have soft t i s sue invo lvement , and 
are usua l ly transverse in nature . The lack o f  soft t i s sue inj ury 
is due to the anatomy of the thigh region . The femur is 
surrounded by large groups of mus c les . The notable exception 
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is the acc ident where the neck i s  frac ture and pushed rearward , 
and darnages the musc les , nerves and ve s s e l s  in the area . 

ANKLE & FOOT : 

I nj ur ies to the ankle and foot region are the result of the 
f oot be ing caught by the bumper and pushed rearward . We o f ten 
see the s i tuation where the foot is caught by the under s ide of 
the bumper , and results in f r ac tures to the tarsal and 
metatar s a l s . Thes e  types of impac t s  can also have i nvo lvement of 
the blood ve s s e l s  as they are c lo s e  to the surf ace o f  the s ki n  in 
thi s region , and thus are vulnerable to trauma in thi s area . 
Impact s  to the foot/ ankle can and wi l l  o f ten result in 
dis locat ions o f  the ankle . 

PATELLA :  

The inc idence o f  frac ture t o  he pate l la i s  quite low . I n  
the present s tudy we recorded only 8 cases where there was a 
frac ture o f  the pate l l a . Thi s  frac ture is usual ly see where 
there is a s igni f icant invo lvement the di stal f emur and the 
femoral condyle s . When there is an explosive frac ture of the 
distal portion of the femur , it i s  indicative o f  a high impact , 
and there w i l l  be an associated frac ture o f  the pate lla . 
However , from the reconstructions performed that demons trate a 
loading o f  the knee region , with a f r ac ture o f  the distal femur , 
there is rare ly a f r acture o f  the pate l la at the sarne time . 

DISCUSSION 

I n  reviewing 1 2 5  motorcyc le acc idents in which there was a 
leg inj ury , it i s  quite apparent that the mos t  f requently inj ured 
area of the leg is the region of the lower leg , with a f r ac ture 
of the tibia and f ibula . Whenever there was a cornrninution of the 
bone with s o f t  t i s sue inj ury of the under lying t i s s ue , the 
medical report would descr ibe thi s as a crushing type of inj ury . 
Whi le the inj ury may give thi s appearance to the attending 
phys ic ian , it become s obvious when a careful analys i s  o f  the 
acc ident is made , that se ldom i s  the inj ury mechanism a crushing 
inj ury . Using exemp lar vehicles and people , and the information 
avai lable concerning the speeds , and damage to the vehi c les , we 
were ab le to recons t ruct 6 3  o f  the acc ident s . I n  a l l  but three 
of our cases thi s analys is showed the inj ury to be an impact type 
of inj ury , not unl i ke the s i tuation where the pede s t r i an is 
impacted by an automob i le . The leg i s  not crushed between the 
oppos ing vehic les , but rather is pushed rearward along the s ide 
of the vehi c le . 
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Much o f  the s o f t  t i s sue inj ury i s  the 
sharp bone fragments caus ing lacerations 
ves s e l s . Once the bone s have been broken by 
bumper or fender o f  the car , the struc tur al 
is then lost and as the leg i moved the 
cause additional inj ury . Thi s type o f  
ins ide out , rather f rom the outs ide i n .  

direct result o f  the 
of the musc le s  and 
the impact of the 
integri ty of the leg 
sharp bone f r agments 

inj ury come s f rom the 

The mechanism of femoral f ractures that occur in the 
motorcyc le acc ident is dif ferent f rom that seen in the automobile 
acc ident . The work o f  Nahum ( 1 0 )  reports on the inc idence and 
type of lower extremity inj uries that occur in automobi le 
acc idents . The report o f  States ( 1 1 )  c learly shows the mechani sm 
by which a posterior hip dis loca tion occurs in an automobile 
acc ident . However ,  in the motorcyc le acc ident , rather than a 
hip dis location , the more frequent frac ture i s  a transverse 
f racture o f  the distal thi rd o f  the femur . The reason for this 
c an be attr ibuted to the seated pos ture . In the automobi le , the 
occupant usua l ly s i t s  with the knees forward and c lose togethe r . 
However , the motorcyc le rider s i t s  with his legs astri de o f  the 
gas tank and therefore are at approximat e ly 4 5  degree angle . I f  
there i s  a pas senger behind the rider , there legs are a t  even a 
greater angle . I n  thi s pos i t ion , the head o f  the f emur i s  
rotated deep into the acetabulum and i s  he ld f i rmly . I n  the 
normal s i tting pos ture as seen in an automobile , the head is not 
as deep into the acetabulum , and upon impact , the head is driven 
pos teriorly and can o f ten result in a frac ture to the rim of the 
acetabulum . 

I n  reviewing 1 2 7  motorcyc le acc idents in whi ch there was an 
inj ury to the lower extremity the mechani sm by which the se 
inj uries occur is a high ve loc ity impact ,  s imi lar to that seen in 
pede strian acc idents .  Static recons truc t ion of the accident 
c learly showed that the leg is not crushed between the two 
vehi c le s , but rather i t  impacted and then pushed rearward a long 
the s ide of the motorcyc le . In looking at the types of leg 
inj uries that result f rom motorcyc le acc ident s , the type of 
inj ury is very s imi lar top that seen in pede s tr i an acc idents . 
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TABLE - 1 

UofL FRACTURE CLAS S I FI CATION 

ARM FOREARM FEMUR 
1 2 3 

PROXIMAL MIDSHAFT 
1 2 

A .  S IMPLE FRACTURES 
Al SPIRAL 

B .  WEDGE OR P I ECE 
Bl SPIRAL WEDGE 

TIBIA SP INE 
4 5 

ANKLE 
DI STAL 9 1  

3 

SHAFT FRACTURES 

A2 OBLI QUE 

. 1  PROXI MAL 

. 2  MIDSHAFT 

. 3  DI STAL 

B2 BENDING P I ECE 

. 1  PROXIMAL 

. 2  MIDSHAFT 

. 3  DI STAL 

C .  BITS & BROKEN P I ECES 
Cl SEGMENTED FX . C2 BROKEN P I ECE 

. 1  PROXIMAL 

. 2  MIDSHAFT 

. 3  DI STAL 
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PELVI S HAND 
6 7 

CLAVI CLE OTHER 
9 2A 1 0  

S CAPULA PATELLA 
9 2B 9 2 C  

A 3  TRANSVERSE 

B 3  2 O R  3 P I ECES 

C3 FREE PI ECES 




