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The theme for the Second International Congress on Automotive Safety i n  Ju ly,  
1 973 was Motorcycle Safety ( l ) .  A number of papers were presented there , wi th further 
motorcyc le  papers being presented at the AAAM meetings; yet the mechanism and 
frequency of i n jury seem l i ttle changed during the last three years . The sad expendi ture 
of our young males is not l imited to the Uni.ted $totes; similar problems and accident 
statistics are to be found in both Austra l ia (2 and 3) and England (4); in fact, less than 
7% of motorcyc l e  fata l ities involved femal es, and over 700/c:, of the fata l ities were 
caused by heod injuries . In over two-thirds of the accidents, the motorcycle  col l ided 
with another vehic le,  and in over 500/o , the other vehicle was assessed to be more 
responsible for the col l ision . 

DESCRIPTION OF THE UCSD C O L L I S I O N  STUDY 

There were 1 27 motorcyc le occupants, of which 27 were passengers (Figure l ) .  
Two motorcyc 1 es carried three occupants eac h .  One operator stayed on his motorcycle 
after e jecti ng his passenge r .  Not every specific in jury is l isted in this study . l nstead, 
each body region was given an overa l l  rating . Certa i n  body regions were grouped 
together; e . g . ,  the bra i n ,  face and head . ln j ured occupants were classified according 
to the American Medical Assoc iation Abbreviated l n j ury Seele (AIS) . 

MOTORCYCLE OCCUPANT COLLIS ION C LASSIF ICATI O N  

Non-ejected Occupants were those who, after the impact, came to rest in  the 
impact o rea neor their  motorcyc les .  They were not ejected i n  their original d irection 
of travel ,  but tended to remai n  within ten to fifteen feet of the impact ereo . The 
maj or i ty of these col l isions were motorcycle fronta l impacts, usua l ly i nto the sides of 
the cars, and some i nto the front or rear of an oppos i ng vehic l e .  (Figures 2 and 3 . ) 

Ejected Occupants were those wl:io were thrown from their motorcyc les i n  their 
pre-crash d i rection dur:ing the col l ision . Genera l ly ,  these occupants were oi rborne 
for more thon ten fee t .  Most of these cases involved motorcycles that struck the sides 
of cars . A l though the occupant was ejected, the motorcycles came to rest in  the 
vicinity of the impact areo . 

Deflected Occu�nts were those whose paths were changed from their original 
d irection during the cOfision . These i nc l uded coses of cars striking the sides of the 
motorcycles, os wel l as glonc i ng impacts by the motorcyc le w i th the front or reor 
corner or bumper of cars . Usua l l y ,  the motorcyc les, as wei l  as the occupants, were 
deflected and came to rest some distance both from the point of impact and from the 
poi nt of rest of the car . 
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I N J URY SEVER ITY 

Non-ejected Occupants . Eighty-three percent received severe to fata l in juries . 
This c lassification genera l  ly sustai ned the most extensive i n jury pattern, which inc l uded 
severe to fata l l esions to at least two body regions, and nearly 200/o susta i ned more than 
one fata l lesion . Depending on the amount of pitching, the occupant wi l l  strike the 
vehi c l e  w i th h is  knees and then w i th his head . His  upper torso wi I I  usual ly contact the 
upper surface last . The car1s ra i n  gutter was frequently impacted by the head . (Fig . 4) . 

Ejected Occupants . E ighty percent of these occupants received severe to fatal 
i n j uries, of wh ich 22% susta ined fata l in juries . The type of e jection i nc l uded occupants 
who struck the front or rear mudguards of cars and were ejected over the bonnets or boots . 
The overa l l  inj ury severity appeared dependent on whether the occupants struck the 
ground in it ia l l y  with their heads or their feet . There was a defi n i te body rotation or 
somersault  dur i ng this a irborne phase . A passenger would 1 1ramp11 over the now loaded 
body of the operator and was often e jected a l onger distance . Other operators lost 
control on sl ippery roads and the motorcycles were overturned . When the head was not 
i njured, these occupants genera l ly received moderate or i ess in juries, consisting of 
abrasions and road bums . 

Deflected Occupants . Eighty-four percent received severe to fata l in juries, of 
which 1 6% had fata l lesions . The deflected occupant usua l ly underwent non-symmetrical 
body impacts, and frequently susta i ned a severe leg injury as the operator attempted to 
ovoid but struck the car with a glanc i ng blow ,  crush ing or partia l ly traumatica l ly 
amputating his  leg as the retarding force was transm itted . Head injuries general ly 
appeared to be less . 

I N J URED BODY R E G I O N S  A N D  OCCUPANT C LASSIF ICATI O N  

Most occupants received i n j uries to more than one body region, severa l to most 
body regions . The tota l percentage of occupants having a body region in jured in  each 
classification is l isted, and subdivided i nto severe to fata l ,  and minor to moderate 
in jury levels . (Fig . 5 ) .  

The non-ejected occupants sustai ned the h ighest number of head in jury i nvolve
ment, 92%, of which 53% were severe to fata l . The ejected occupant susta i ned a 
sl ightly l ower head involvement because occasiona l l y  his  feet took the i nitial tanding 
impact before he rol led a long the ground . However, i t  should be noted that both for 
non-ejected and e jected occupants, when there is head inj ury, serious head in juries 
occur at 58% for both groups . The head involvement with deflected occupants is much 
lower . Some of the 28% of non-ejected occupants who r.eceived fata l head in j uries and 
susta ined c l osed b l unt head in jury without sku l l  fracture , died due to diffuse bra i n  
contusion and swe l l i ng .  

Arm in juries were involved i n  about 47% of the non-ejected and ejected occupants, 
and about 1 5% were severe or worse . Their arm in jury impacts aga inst the car or pave
ment were about the sam e .  Only 2% of the deflected occupants had serious arm i n j uries . 

Thirty-one percent of the non-ejected occupants had severe or worse thoracic 
in j uries; both the ejected and deflected occupants had lower invol vements due to less 
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d i rect trauma to this reg ion . In a frontal impact the non-ejected 's knees and head strike 
the vehicle first, then the ehest is loaded . No heart damage was noted in  this c l inical 
study, but consideration has to be given to the young age of the motorcyc l ists . Only 
one person was over 45 years of age . There was one fatal aortic laceration . 

l t  is interesting to note that the leg invol vement causing serious in juries with the 
ejected occupants was 37%, compared to 33% for the non-ejected . This further 
supports the contention that some of the ejected occupants in itial ly impacted the 
ground with their  feet. Furthermore, where there is leg injury, serious in juries occur 
at the rate of 5 1 %  for the ejected, compared with 400/o for the non-ejected . H owever, 
the highest level of 93% was associated with deflected occupants, of which 700/o 
received severe l eg in juries . These involved m u ltiple factures of the femur, tibia and 
Fibu l a ,  as wel l  as partia l ly and traumatica l ly amputated legs . Some of the worse 
i n j uries were associated w i th operators who were leaning their bikes, attempting to 
turn and ovoid the front or rear of a car .  They impacted the vehicle  's corner and then 
were cut by the edge of the mudguard or bumper . The deflected occupants were sub
jected to lateral forces which tend to rip or tear the lower leg, involving commi nuted 
fractures and l oss of soft tissue, frequently requ iring both bone and skin grafting . 
Genera l ly, when l eg in juries were severe, a permanent degree of disabi l i ty was present . 
Considerable convalescence and medical management was requ ired . 

The highest abdomen involvement, 3 1 % ,  occurred to the non-ejected group, of 
which 23% received severe_ in juries . The mechanism of these injuries was due to the 
d i rect fronta l impact . Some of the occupants had survivable l iver lacerations; one 
had bladder contusions, secondary to a pe lvic fracture . 

Motorcyc le  Spi l l s .  There were 1 2  operators whose motorcycl es struck potholes or 
kerbs, or became dynamica l l y  unstable . The occupants were propel l ed from their 
motorcycles and were c lassified in  the E jected group . In this group, only 400/o susta i ned 
severe head i n j uries because the operator susta ins a l ower vertical velocity and 
subsequent deceleration du ring high speed spi l l s .  The human body appears to be 
suffic iently res i l ient to s l ide and ro l l  wi thout l i fe-threatening in jury,  if  the head can 
be protected .  

--

Head Protection . Twenty-three percent were using helmets . (F i g .  6) . Almost 
a l l  of the helmets conformed to the American National Insti tute Z90. 1 . 1 966 Standard .  
Twenty percent i n  this study had thei r  helmets 1 1fa i l 11 during the accident . I n  four of 
the cases the strap or strap connector fa i led and the occupant l ost his helmet . In one 
case the helmet was later found in pieces . I n  another case the plastic visor broke and 
jagged edges severely lacerated the victim about his eyes . Darkened plastic visors can 
a lso prec ipitate acc idents . One operator fa i led to see road signs at night and ran off 
the road . 

Forty-three percent of the occupants not wearing a helmet sustained severe to 
fatal head i n j uries . Of the persons whose helmets were intact after the col l ision, only 
1 1 % received severe to serious head in jury . These occurred during h igh speed impacts. 
Several of the helmeted occ upants susta ined moderate concussion, but no evidence of 
skul 1 fracture . 

G enita l i a  lnjury. There were six ma le  occupants who susta i ned injuries to the 
perineum, scrotum, test icles or penis . A l l  were operating the motorcycles and were 

67 



involved i n  E jected and Non-ejected c o l l  isions . Three were carrying passengers, 
which may have i ncreased the chance of this type of i n j ury . Three different manu
facturers' motorcycles were i nvolved . The width and height of the tank relative to 
the seat affected the inj ury pattern . Particularly important were the fi l ler cap l ocation 
and the front fork instrument cl uster . 

C o l l ision Location . In  the 93 c o l l isi ons involving a motorcyc l e  and another 
vehic le,  69'/o were at intersections in which 67% involved the other vehic le  turning 
left across the path of the approaching motorcyc l e .  The majority of the vehic le  drivers 
i nterviewed seid that they looked but did not see the motorcycl e  unt i l  impact, or 
just before impact . Due to the severity of the in juries to the motorcyc l ists, they were 
not i nterviewed at the scene, but subsequently some c la imed not to have had sufficient 
time to brake, whi lst others c la imed to have used only the rear brake . 

When the distance between the point of rest and point of impact, length of skid
marks, etc . were eval uated, many of the motorcycles were estimated to have been 
travel 1 i ng wel l  in excess of the posted speed . This has a triply detrimental effect on 
impact speed , Besides the i nitial  pre-bra k i ng speed being higher, the speed reduction 
at this h igher speed range over a given braking distance is diminished, and the reaction 
distance is  increased, thereby reduci ng the braki ng distance ava i lable . 

SUMMARY 

Field  studies of motorcycle  acc idents provide the only method to obtain  base l i ne 
in jury data, and to set up rea l istic parameters for future control led c o l l isions . This 
c l i nica l , in-depth study reveals  definite predictable inj ury patterns associated with 
occupant k i nematic motion and helmet use . Although l im i ted i n  number, certain  
conc l usions are indicated by this study of in j ury production . (5) .  

Ejected occupants can susta in  the same level of head in j ury as the non-ejected 
occupant, but less frequently, due to striking the pavement with another portion of the 
body fi rst . Non-ejected occupants wi l l  often susta in  two or more fata l l esions from 
very high deceleration encountered by direct fronta l body contact with the sides of 
vehic les , Impacts to the front, side front, side rear of a car general l y  e ject occupants 
over the bonnet or trunk . Deflected occupants e ither have a leg crushed or torn as the 
motorcycl e  is sl ightly retarded by the col l ision as it passed by the front or rear of the 
car. This in jury mechanism can a lso occur during a sideswipe col l ision o They 
experience the worst leg inj uries, but the head and upper torso are not inj ured as 
frequently or as severe ly  . 

The non-he l meted occupants wh o experienced severe to fata l inj uries were four 
times as many as helmeted occupants . Nearly 60% of the accidents were caused by cars 
tur n i ng i nto the path of a motorcyc l e . However, there is a tendency for motorcyc l e  
operators t o  react lote t o  emergency situations; in  part, this could be due to wind 
aga inst unprotected eyes at speeds of 30 to 40 mph . In  a few cases the operator 
de l iberate ly  11 ia id  down the bike 1 1 ;  in other cases the s l iding bike deposited the 
operator on the pavement . The occupant, astride the s l iding bike and impacting the 
l ower portion of the fender or bumper, did not mitigate the in juries. One in eight 
persons had no l icence to operate a motorcyc le and ha l f  of these had no l icence at a l l .  
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A number of gas tanks were bowed in by the inside of the thigh during side impacts; 
however, genita l ia in j uries were associated with fronta l impacts . I n  the majority of 
col l isions, fuel was spi l led from the gas tanks . One of these cyc les caught fire . 

RECOMMENDAT IONS 

Safety for motorcycl ists, except for helmets, has been sadly  unexplored . There 
have been no siglilificant improvements si nce the early days of the bel t-driven motor
cycle . These recommendations are bosed on the specific in jury patterns and acc ident 
causation found in the different types of col l isions . 

1 .  A space-frame concept with a deflecting rai 1 would protect the legs of 
deflected occupants . The rai l  should not be wider at the bottom than at seat leve l . A 
further side rai l  shou ld  be attached behind the rear seat, above the motorcyc le ' s  centre 
of gravity, to prevent the motorcyc le from loading or resting on the rider if the machine 
becomes overturned . 

2 .  At night, a single motorcyc le  headl ight is often misinterpreted by the car 
driver as a bockground 1 ight . A double headl ight system with at least an 1 8  cm . 
(7 inches headl ight diameter) space between them might be suffic ient to a lert the car 
driver of an approaching motorcyc l e .  

3 .  The gas tank/seat junction should be smooth and without a hump . The gas 
tank fi l ler cap should be non-injury-produc ing and should not open during impact, 
spil l i ng fuel on riders who subsequently can receive second- and third-degree bums . 
The steering head and instrument c luster should be mounted l ower than is the current 
practice . Th is would reduce some of the genita l ia injuries associated with ejected and 
non-ejected occupants . Non-leak gas tank valves and fi l ler caps would reduce gas 
spi l lage and fires . 

4 .  The init ia l  impact height on the motorcycle is ha lf the wheel diameter for 
fronta l col l isions . This does not a l low the motorcycle to be used effectively i n  re
stra in ing the occupant . Impact forces acting on the front of the bike tend to somersau l t  
i t .  (F i g .  7) . A l ight-weight, energy-absorbing structure fixed to the forks, but located 
directly above the front whee l ,  could house the headlight and a i r  bog, and l im i t  the 
Forward impoct pitch . The a i r  bog concept would have worked very we i t  on non
ejected occuponts . C urrently the air  bog would be of less benefit to the passenger who 
tends to ramp up the back of the operator . E jected operators would be partly restra ined 
by the a i r  bog . 

5 .  Motorcyc les with l im i ted Forward pitch could employ a knee energy-
absorbing device to l im i t  Forward motion . The operator who initia l l y  sl ides Forward in a 
seated position during fronta l impacts would be partly restra ined . 

6 .  R iders should be encouraged to wear approved helme.ts, suitable gl oves, 
goggles, c l othing and boots , as wel l  as a l ight-weight f l uorescent jacket, to inc rease 
their visibi 1 i ty to the motorist . In  the daytime they should  use di pped headl ights . 

7 .  I n  contro l l ed situations, the motorcyc le is manoeuvrable, but i n  unexpected 
panic situations, the average motorcyc l ist cannot swerve his motorcyc le  as fast as an 
equal ly competent automobi le driver, due to the d istance travel led before the motor-
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cycle is leaning over sufficiently to make a tight turn . Many motorcycl ists were scared 
of using the front brake for fear of going over the top of the handlebars or locking the 
front wheel . F ront disc brakes have helped give more fee l ,  but even now the fear per
sists . Un l ike a car, it is essential to k�ep the front wheel rol l ing to maintai n  stabi l i ty; 
hence an efficient anti-skid system for the front wheel ,  with suitable driver education, 
would reduce impact speeds and inj uries . Defensive riding, with earl ier reaction by 
the motorcyc l ists, would a lso reduce acc ident severity . The education shoul d  a l so 
inc lude practical demonstrations that motorcyc les being braked can stop sooner than 
those that s l ide after being la id down . 

8 .  Heimets should be made l ighter, more comfortable, and designed for 
better ventilation and hearing . l t  appears that the head impact force is not the same in 
a l l  d i rections . Further c l inical studies are requi red to establ ish more appropriate he lmet 
parameters, optimum design and testing . 

9 .  lf the fronts of cars are made more contoured to reduce pedestrian inj uries, 
this wou ld a l so help to reduce injuries to deflected occupants . 

l 0 .  Lorries should have under-run guards a l ong the sides as we l 1 as on the rear,  
to prevent motorcycle under-ride, with the rider's upper torso being exposed to an 
abrupt ha l t  by the side of the veh i c l e .  
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• 

COLL IS ION DATA 

UCSD-TRG MOTORCYCLE STUDY 

1 00 Operators 
27 Passengers 
25 Motorcyc les with passengers 

1 26 ln jured, inc luding fata l ities 
3 1  Fata l i ties 

F igure 1 . 

OCCUPANT K INEMATIC CLASSIF ICAT ION 

UCSD-TRG MOTORCYCLE STUDY 

N on-ejected 
E jected 
Deflected 

Number 

36 
46 
44 

Percent 

29 
36 
35 

1 26 1 00% 

F igure 2 .  
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1 NJ URY SEVER I TY 

36 Non-ejected 
46 Ejected 
44 Def lected 

OCCUPA N T  KINEMATIC CLA SSIFICA TION 
NON EJECrF:O 

EJECTEO 

OEFLECTEO 
/ 

F igure 3 .  

I NJ URY SEVERITY FOR NON-EJ ECTED, 
EJ ECTED AND DEFLECTED OCCUPANTS 

UCSD-TRG MOTORCYCLE STUDY 

Fatal 

00 0 1  02 03 04 05 06 07 

6 ( 7 7 2 7 2 
9 ( 1 2  1 1  4 7 1 
6 ( 1 6  1 2  2 7 

* Percentages reflect the numbers i n  brackets . 

F igure 4 .  

• 

08 09 Percent * 

4 1 ) (83 %) 
2) (80 % )  
) (84% ) 
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PERCENTAGE OF BOOY REGIONS INJUREO 

NON- EJEC TEO 

A R M S  1 
4 7 'Yo  ( 1 1 /3 6 )  

A B D O M EN
. 

1 
3 1 "· (.2}j_!L_J 

LU M B A R  R E G I O N  

8 ,.. ( 3 /5 

P E LV I C  G I R D L E  

1 7 'Yo  ( 1 1 /6) 

L E G S  

8 3 ,.. (33 /50) 

W H O L E  B O D Y  

3 9 'Yo  ( 0 / 3 9 )  

* 

ucso - TRG MO TORCYCLE sruor 
EJECTEO 

T H0R A X  

3 5 o/o  _(ö_/ 1 5 )  

A R M S  

4 6 o/o  1 5 /3 1 )  

A B D O M E N  

1 5 ,.. ( 8 /7 ) 

L U M B A R  R E G I O N  

7 ,.. ( 0 / 7 )  

P E L V I C  G I R D L E  

2 0 o/o  ( 1 3 / 7 )  

L E G S  

7 2  o/o (:37 /35 ) 

W H O L E  B O D Y  

4 6 o/o ( 0 / 4 6 )  

* TOTAL I N J U R Y  'Y. (S E V E R E  T O  FATAL I N J U R Y  "Y. / 
M 1 N 0  R A N  0 M 0 0. 1 N J U R  Y "Y. ) 

Figure 5 .  

HEAD I NJURY SEVER ITY 

UCS D-TRG MOTORCYCLE STUDY 

* 

OEFLEC TEO 

H E A D ,  FA C E ,  B R A I N  

6 8 "· ( 1 8 / 50) 

N E C K ,  S H O U L D E R  

1 8 ,.. ( 5 / 1 3 ) 

T H O R A X  

34 % ( 1 1  /23) 

A R M S  

3 6  o/o ( 2 / 34) 

A B D O M E N  

9 ,.. ( 2 / 7 )  

L U M B A R  R E G I O N  

14  "· ( 5 / 9 )  

P E LV I C  G I R D L E  

7 ,.. ( 2 / 5 )  

9 3  "· (1:�/23) LE G S� 
W H O L E  B O D Y  

4 1 'Yo ( 0 /4 1 

Fata l 
I N J URY SEVER ITY 00 01 02 03 04 05 06 Percent * 

l 03 No he lmet 1 5  1 1  33 ( 1 2  7 7 1 8) (43 %) 
1 9  Heimet 1 0  4 3 ( l l ) ( 1 1 %) 
5 Fa i led helmet l ( l l 2) (80% ) 

*Percentages reflect the numbers i n  brackets . 

F igure 6 .  

* 
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COMPA RISON OF VEHICL E COLL ISION RO TA TIONAL DYNA M I CS 

_
_ J@ 

Severity 
Code 

00 
01 
02 
03 
04 
05 
06 
07 

08 
09 

1 - -� 
--� 

F igure 7 .  

AMERICAN MED ICAL ASSOC IAT ION 
ABBREVIATED INJ URY SCALE 

Severity 
Categ� 

None 
M inor 
Non-dangerous, moderate 
Non-dangerous, severe 
Dangerous, serious 
Dangerous, crit ical 
Fata l lesions in  one region 

�1 

Fatal lesions i n  one region, severe in one 
region 

Fata l  lesions in two regions 
Fatal les ions in three or more regions 

F igure 8 .  
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