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Injuri es resul ting from motorcycl e acci dents have been a matter of con
si derabl e  concern for the past several years . In the early and mi d- l 960 ' s ,  
studi es were conducted ( 1 , 2 ,3 )* whi ch , though provi ding somewhat l ess than a 
sound bas i s  upon whi ch to i n i tiate correcti ve measures , di d point  up what ap
peared to be a major traffi c probl em. However,  references to motorcycl es 
being the 11most deadly veh icl e 11 on the road , as motorcycl i ng i nj uri es being 
of "epi demi c proportions 1 1  refl ected perhaps a certai n degree of s ubjectivi ty 
i n  the i nterpretation of the rather l imi ted stati stics avai l ab l e  at the time . 
Neverthel ess , they brought sharply into focus the need for a more detai l ed 
and comprehensi ve exami nation of what i n  fact i s  a s i gni ficant traffi c probl em .  

Recently i nvesti gati ons have begun to s tudy i n  detai l vari ous acci dent 
mechani sms and i nj ury patterns . Drysdal e et al ( 4 )  have conducted a very 
comprehens i ve study of i nj uries to motorcycl i s ts by drawi ng upon pol i ce and 
hospi tal records and an questi onnai res sent to two thousand motorcyc l i sts . 
H ight ,  S i egel et al ( 5 , 6 )  have conducted s imi l ar studies ( an a smal l er scal e )  
i n  which i nj ury patterns have been rel ated to occupant i mpact characteri s ti cs .  

The object of the present paper i s  to present heretofore unpub l i shed data 
resul ti ng from an i n-depth study of motorcycl e  acci dents i n  Canada ' s  National 
Cap i tal Reg ion (Ottawa-Hul l ,  Vani er) . 

The s tudy, i n i tiated i n  1 973 by the Traffi c I nj ury Research Foundation of 
Canada was a fol l ow-up to an earl i er  s tudy ( 7 )  i n  wh i ch speci al attention was 
to be  pai d  to the effectiveness of contemporary motorcycl e  hel mets and of the 
sui tabi l i ty of the Canadian Standards Associ ation Standard 0230 by whi ch they 
were certi fied ( 8 ,9 ) . The object of the present paper i s  to update the data 
perta ini ng to acci dent mechani sms ( 1 0 )  and to provide basel i ne i nfonnation 
whereby a comparison of veh i cl e  and occupant kinemati cs and i nj ury patterns 
can be made wi th that of H ight,  Siegel et al . ( 5 ,6 ) . 

The methodol ogy uti l i zed i n  the acci dent i nvesti gati ons and i n  data col 
l ection has been outl i ned e lsewhere and wi l l  not be repeated here ( 1 0 ) . I t  
shou ld  b e  poi nted out , though , that a l l  acci dents reported i n  the speci fied 
region during a speci fi c time i nterval (June 1 -September 30) were i nvesti
gated ;  Most of them on-s i te ,  immedi ately after the acci dent .  Acci dents i n
vol ving off-road trave l , mi ni-bi kes and mopeds were excluded from the i nves ti
gation . The i nvesti gat ing uni t  compri sed persons wi th backgrounds i n  veh i c l e  
acci dent investi gat1on , mechani cal and c1 vi l engineeri ng ,  orthopaedi cs , soci o
logy and wi th · experience in  motorcycl e trai n i ng programmes . Al l but one 
*Numbers i n  parentheses i ndi cate references at end of paper. 
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member were motorcycl 1sts ,  wi th varyi ng degrees of experi ence . 

Resul ts 

General : To date a total of 271 acci dents have been i nvesti gated i nvol 
ving 3 14  persons (271 Operators , 43 passengers ) .  

The sex d i stribution of the acci dent vi ctims and the age distri bution of 
the motorcycl e  operators is shown i n  Tabl e  1 and Tabl e  2 respectively . The 
d istribution of the number of seasons ri ding experience accumul ated by the 
operator prior to their  acci dent i s  shown i n  Table  3. These data confi nn that 
the majori ty of motorcycl e acci dent v1 ctims are mal e  ( nearly 90%) , l ess than 
23 years of a�e (approximately 65%) wi th l ess than two seasons of ri ding ex
perience (48% ) . In thi s  l atter regard , i t  was detenn1ned further that of 
those operators wi th l ess than a fu1 1  seasons experience , nearly 80% of these 
had been operati ng a motorcycl e for 1ess than one month . 

Mal e  % 
Operators 80 . 5  

Passengers 7 . 0  

Total 87 . 5  

. . . . .  ... 

Fema 1 e 

2 . 5  

1 0 . 0  

1 2 . 5  

. . 

% Total % 
83 

1 7  

1 00 

Tabl e  1 .  Operator - Passenger Sex Di stri bution 

Age < 1 7  
Percent 7 . 8  

No . Seasons 

Percent 

1 8-20 2 1 -23 24-26 27-29 
43 . 0  1 4 . 5  1 7  . 1  5 . 2  

Table  2 .  Operator Age Dis�ri bution 

0-1 1 - 2  2-3 3-4 4-5 

22 26 8 1 1  5 

30 + Unknown 
7 . 4  5 . 0  

5 + Unknown 

1 6  1 2  

Tab le  3 .  Operator Experience Di stribution 

Crash Dynami cs : I n  an attempt to describe the actual crash mechani sms , 
several categories of acci dents have been defi ned. These , a long wi th thei r 
rel ati ve frequency are del i neated i n  Table  4 .  The reader may refer to Ref. 10 
i f  further cl ari fi cation of the vari ous categories i s  necessary. 

The mos t  convnon (23 . 5% )  type of acci dent precrash geometry ( i . e .  cate
gory 1 ,  Tabl e  4) i s  dep1 cted i n  F_i gure 1 .  Beyond a certa i n  poi n t ,  dependi ng 
on the speed of the motorcycl e and the traffi c l ane i t  occupi es , a col l i s ion 
1s immi nent whether the automobi l e  attempts to proceed strai ght across the 
1 ntersect1 on or to turn l eft or ri ght. 
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Category 

1 .  Right Ang le  Intersection 
2 .  Veh ic l e Left Turn in  Path o f  Cyc l e  

3 .  S i deswi pe 
4 .  Dri ft 
5 .  General Loss of Control 
6 .  Loss of Control Due to Forei gn Substance on 
7 .  Rear End Col l i s i on - Motorcycl e  to Vehi c le  
8 .  Head-on Col l 1 s 1 on 
9 .  Str1 king Pedestri an o r  Animal 

1 0 .  Rear End Col l i si on - Veh icl e to Motorcycl e  
1 1 .  M1 scel l aneous 

Roadway 

Table  4 .  Acci dent Categories 

��-�: . .. \ ,  · .· . 
. .. . . . . . . � 
. .. . . 
. ' 

. � . . 
. .  

·� „ • • • • • • • • • 

„ 

Percent 

23 . 5  

1 9 . 0  
1 6 . 5  
8 . 0 
8 . 0  
6 . 5  
5 . 0  
4 . 0  
4 . 0  
3 . 5  
2 . 0  

Figure 1 .  Through lntersecti on Precrash Geometry (Ref. 10) 

The precrash geometry for category 2 ( 1 9%) , i s  shown i n  Figure 2 .  A 
col l i s i on can only occur i f  i n  fact the automob i l e  shown does start to make 
the l eft turn i ndi cated. 

The thi rd most frequent (1 6 . 5% )  crash type (category 3) is depi cted i n  
Fi gure 3 .  Thi s  type of acc 1dent occurred wi th approximately equal frequency 
wi th the automobi l e  turn i ng l eft as shown , or turn i ng . r1 ght wi th the motor
cyc le  on i ts right. The fact that thi s  category occupi es the th i rd posi tion 
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and not the second i s . due (i t i s  bel i eved ) ,  to the fact that the rel ati ve 
vel oci ty of the two vehi c l es i s  consi derab l y  l ower than i n  the former cases 
hence many of thi s type of acci dent are avoi ded as there i s  s uffi cient time 
for e i ther o r  ooth yehi c l e  operators to take correcti ve evas i ve action . 

. . . .... . 

1 
Fi gure 2 .  Veh i c l e  B Left Turn Precrash Geometry ( Ref. 1 0 )  

.„ . „ 

, ! . . . . -

1 

1 

Fi gure 3 .  Left Si deswipe P recrash Geometry (Ref. 1 0 }  
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lt i s  s i gn i fi cant to note that the three major categori es ( 59% of al l 
acci dent typesl  al l i nvol ve another veh i cl e  (usual ly  an automobi l e ) . The 
number of acci dents for which an automobi l e  was i nvol ved const1 tutes approxi 
mately 72% of al l accidents . In these cases , the operator of the automob i l e  
was judged to be primari l y  responsi b l e  for the acc1dent i n  63% of the cases .  
The operator of the motorcycl e  was pr1mar1 1y at fau l t  in  20% of these cases 
and for the remaining 1 7% ,  both veh i c l e  operators were judged to be at fau l t. 
In the case of s i ngle veh ic le  acc1 dents ( i . e .  categori es 4 , 5 ,6  and 7 )  the 
respons i bi l i ty rested primari ly w1 th the motorcycl e  operator i n  about 50% of 
the cases . Other factors (e . g .  mechan i cal fai l ure , fau l ty traffic control s ,  
poor road cond1t ions ) were the reasons for the remain ing s i ngl e veh ic l e  
acci dents . 

Acci dent Causes : In addi tion to merely ass i gning b l ame as above , at each 
acci dent s1te the investi gators attempted to determi ne the pri mary cause ( s )  
for that parti cul ar accfdent. I t  must be recogn i zed that to do so i s . somewhat 
subjecti ve and indeed i n  most cases a number of 11reasons 11 for a parti cul ar 
acci dent may have exi sted. Notwi thstandi ng these di ff1 cul ties , Tab l e  5 sum
marizes 11why11 these acci dents happened . In addition to the above , there were 

Cause Percent or Cases 
1 .  Inattention an part of automob i l e  operator (Vehi cle B )  52 

2 .  Vehi cl e B fai l ure to yiel d ri ght of  way 50 

3 .  Motorcycl i s t ' s  l ack of antici pation 46 

4 .  Carel ess dr1 v1ng ( 1 ncl udi ng excess i ve speed )of Vehi cle B 43 

5 .  Excess i ve motorcycl e speed 35 
6 .  Motorcycl i s t ' s  l ack of experi ence and/or trai ning 29 

7 .  Poor road condi tions 21 

8. Poor j udgement on part cf Operator B 1 8  

9 .  Reckl ess or improper operation c f  motorcycl e 1 0  

1 0 .  Presence cf  a thi rd veh i c l e  8 

1 1 .  Intox1 cation or use of drugs by motorcyc l i s t  7 

1 2 .  Motorcycl e mechani cal probl ems 7 

1 3 .  Motorcycl i s t ' s  i nattenti on ( 11 daydreami ng 11 )  6 

1 4 .  Motorcycle fol l owing traffi c too closely 6 

Tabl e  5 .  Acci dent Causes 

a l imi ted number of cases where the i nexperience of the automob i l e  dri ver was 
the pri mary reason for the acci dent,  one case of the cycl i st fal l i ng asl eep 
on h i s  machi ne and at l east one case of del i berate h i t  and run by an automo
b i l e .  

The wide vari ety and mul tipl i ci ty of reasons for these types of acci dents 
i l l ustrates that s impl e corrective measures wi l l  not be readi ly ava i l ab l e .  
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Summari z ing the seven . most frequent causes i n  Tab l e  5 ,  one woul d  concl ude that 
the majori ty of motorcycl e  acci dents are due to carel ess operation of an auto
moo 1 1 e  coup l ed wi th · the motorcyc l i s � s  l ack of r1 d i ng experience and h i s  i na
b 1 1 1 ty to ant1c1pate or react to a col l i s ion hazard. ·Munroe (l l )  had sum
marized the s 1 tuat1on rather succinctly (tll.o_ugh perhaps i n  an oversimpl if ied 
manner) When he 1 nd1 cated that the two greatest threats a motorcycl i st faces 
are "the car dr1 ver and h i s  own 1 ncompetence " .  Excess i ve (though usua l ly 
l egal} s peed of both vehi cles and poor road cond1 t1 ons are also major contri 
butory factors . The exces s i ve use of al cohol and/or drugs by the motorcycle 
operator was found to be a factor in only 7 . 2% of the cases 1 nvesti gated. 

Occulant Ki nemati cs : Hi ght, S iegel , et al . ( 5 , 6 )  have studied data on 
over 125 njury collisions and have d1vi ded the occupant ki nemati cs i nto 
three primary cl ass i fi cations ; non-ejected , ejected and defl ected occupants . 
Thei r studies do not ,  however, take 1 nto account non-1 njury producing acci
dents nor do  they i ndi cate the various proporti ons of  each of the aboye c las
s 1 fi cat1ons .  In add1 t1on , the present study 1 nd1 cates that the ir  class i fi ca
ti on i s  somewhat too b road and as such does not g1ve a compl ete representati on 
of the occupant k1 nemati cs . The . resu l ts of the present study are gi ven i n  
Tabl e  6 .  The defl ection and ejection mechani sms are as described by Hight ,  

Occupant Impact Type Percentage of Occupants 

( 1 ) Defl ecti on 30 
( 2 )  Ejection 27 
( 3 ) Di rect Impact 1 8  
( 4 )  Groundi ng Forced 6 

I ntenti onal 1 
( 5 )  Ejection fol l owed by di rect i mpact 5 
( 6 )  Defl ection fol l owed by di rect impact 4 

( 7 }  Abandonment 3 
( 8 )  Comb i nati ons of above 3 
( 9 )  No i mpact 3 

Tab l e  6 .  Occupant Ki nematics 

Si egel et a l . Di rect i mpact refers to the case i n  whi8h the occupant stri kes 
the i mpacti ng object i n  an essenti al ly normal ( i . e .  75 - 105°) fashion . Most 
often , impact was wi th another veh i cle i n  wh i ch the occupants and veh i cl es 
came to rest near the i mpact s i te .  However ,  occupants are known to have made 
di rect impact wi th trees , s i gnposts , guard-rai l s ,  etc. The cl ass i fi cation 
forced groundi ng describes the s i tuation whereby the motorcycl e  i s  uni nten
tional l y  l ai d  down at speed due to l ass  of control b rought. about by , for 
exampl e ,  l oose gravel , wet road , oi l s l i ck ,  etc . , i ntentional ground in�, on 
the other hand ,  refers to dellberate "broads l  i di ng" a1med at averting impact 
or amel i orati ng i nj uries . Aoandonment refers to the del i berate act' of 
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11bai l i ng out11 wtten col l i s i on i s  immi nent. Thi s usua l ly i nvol ves j umpi ng up 
and off the motorcycl e  i n  an attempt to avo i d  col l i s i on with the i mpacting 
object. · 

The fact that defl ect1on appears as the most common occupant impact type 
i s  that i t  most frequently occurs i n  each of the three major acci dent types 
(Tabl e  4) . Eject1on can occur duri ng acc1 dent types 1 , 2 , 7 ,8 and possib ly 1 0 .  
l t  sel dom occurs i n  the thi rd largest category ( i . e .  s 1 desw1 pe) and as such 
appears somewhat l ess frequently than the defl ection mechani sm. Di rect 
i mpact, though the th1 rd most frequent 1 mpact type ( 1 8% ) , i s  wel l beh i nd the 
former two .  The reason for thi s  i s  that thi s  type of i mpact wi l l  occur only 
under somewhat spec1 a1 c1 rcumstances .  l t  sel dom occurs i n  the case of s i de
sw1 pe and only occurs i n  the fi rst two categor1es i f ,  in the case of col l i s i on 
with a passenger car, i mpact 1 s  near the center of the vehi cle or i f  col l i s ion 
i s  wi th a tal l  veh 1 c l e  ( van or truck ) .  The remain ing  1 mpact types , though 
1 nd 1 vi dual ly  not very frequent,  do col l ecti vely consti tute one quarter of a l l  
concei vab l e  types o f  occupant i mpacts . 

Occueant I njuri es : A classification of the i njuries sustai ned by the 
3 14  11vict1 ms" has shown that l ess than one hal f (46%) of the occupants re
cei ved no· or mi nor i njury . One quarter of the occupants sustai ned i njury i n  
the seri ous to fatal range 8% of which were fatal ( i . e .  2% of total ) .  lt  i s  
perhaps s ign if icant to note here that there i s  probably a si gni ficant number 
of si ngl e vehi c l e  accidents wh ich by vi rtue of so be i ng and resul ti ng i n  no 
(or very l i ttle)  i njury were never brought ·to the attention of the pol i ce ,  
hospital s o r  the i nvesti gation team, i n  spi te of what may have been s ign i fi 
cant property damage . Wi thi n the context of the defi ni tion of a traffi c ac
c ident, this fact coul d substanti a l ly  reduce the overal l i njury and fatal i ty 
rates for motorcyc les .  The extent to which th i s  i s  true cannot,  of course ,  
be  determi ned , but  there is  no  doubt that more than the 271 acci dents i nves
ti gated ( i . e .  reported and/or i njury produci ng) occurred during the study 
period i n  thi s  parti cul ar region . 

For those occupants ( 54%) who did sustai n more than mi nor sprai ns , abra
s i ons and contusi ons , the anatomi cal distri bution of these i njuries i s  s hown 
i n  col umn 1 of Tab l e  7 .  The most frequently injured body regions are the up
per and l ower extremi ties ( 23% and 31 % respecti vely) . Injur1es to the head 
are the thi rd most frequent ( 1 4% ) . 

In  Ontario ,  the mandatory use of hel mets has been i n  effect s i nce 1 968 
and s i nce 1 973 i n  Quebec. Consequently ,  the vast majori ty of the acci dent 
vi ctims ( over 98%) were wearing a certi fied motorcycl e hel met at the time of 
thei r acci dent .  To exam1 ne the effect of th i s  on the overal l i njury d istribu
ti on , it is i nstructi ve to compare the resul ts of Ref. 6 ( for the non-hel meted 
occupants ) with that of the present study. The data of Tab l e  7 i l l ustrates 
how the use of helmets 11red istri butes 11 the i njuri es amongst those who are 
i nj ured . If  one were to compare only· ·col umns 1 and 2 of Tab l e  7 ,  one might 
deduce that tho_ugh hel mets reduce head i njury by a factor of more than two 
( 33/ 1 4) , neck and shoul der i nj ur1 es i ncrease by nearly threefol d .  Th i s  wou ld  
l ead to the erroneous concl us ion that the use of helmets substanti al ly i n
creases the probab i l i ty of neck ( and shoul der) i njuri es .  The same i ncorrect 
l ogic woul d al so l ead one to concl ude that the use of helmets i ncreases l eg 
and back 1 njur1 es .  In  order to make a val i d  compari son , one must compare the 

256 



Body Region 

Head ,  Face , Brain 
Neck , Shoul der 
Thorax 
Upper Extremi ties 
Abdomen 
L umbar Reg ion 
Pel vi c Gi rdle 
Lower Extremi ties 

I njured Helmeted 
Occupants U . of 0 .  
Present Study 

(1) 
Percent 

1 4  
1 1  
8 

23 
2 
9 
2 

3 1  . 

Injured Non-Hel meted 
Occupants 
USC-TRG Study (6) 

(2) 
Percent 

33 
4 

1 1  
1 4  
3 
5 
3 

27 

Tab l e  7 .  Injury Region Di stribution 

i nj u ry di stributions for a l l  the acci dent vi ctims , not just those who were 
i njured . In Ref .  6 ,  al l the cases studied were i njury acci dents . In the 
present study , only 54% of the occupants rece i ved i njuri es greater than 
mi nor .  There has i n  fact been no  s ubstanti a1 evi dence from thi s study that 
helmets cause other inj uri es . 

Further categori zati on of these i njuri es i n to the more frequent occupant 
impact types has been conducted and is summari zed i n- Tabl e  8 i n  terms of the 
mos t  frequently i njured areas . 

I mpact Type Injured Regi on Percent 

Ejection Legs 7 . 5  
Arms 5 . 2  
He ad 3 . 4  

Defl ection Legs 7 . 1  
Arms 3 . 4  
He ad 2 . 6  

Di rect Impact Legs 6 . 0  
Arms 6 . 0  
He ad 3 . 4  

Grounding Arms 3 . 4  
Legs 2 . 6  
Shoul ders L9 

Tabl e  8 .  Injury Di stri bution for Various Impact Types . 
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ln spi te of the . red i stributi on of i nj uries bro_ught about by the use of 
hel mets , th..e extremi ties and ttte head remai n i_ng the ·.most frequently i njured 
areas i n  th.e three primary impact modes . On ly ·  i n. groundi ng da head i njuries 
drop to an i ns i gn i fi cant l evel .  It i s  i nteresting to observe that though 
di rect impact i s  the : l east frequent of the three primary i mpact types , 
i nj uries to the anns , l egs and head are on the same sca l e  as wi th the more 
common impact types. On the other hand , though defl ecti on i s the mos t conrnon 
impact type , i njuries to the arms and head are of l esser s i gn i fi cance than for 
di rect 1mpact or ejection . There are ,  however ,  fewer l eg i nj uries ( 7 . 1 % )  than 
i n  the case of ejection ( 7 . 5%)  even though the l atter occurs l ess often than 
the former. 

One cou l d  take thi s  rati ona l e  a s tep further by cons i deri ng the contri bu
tion of each type of impact to the vari ous i nj ured regi ons . One wou l d  con
cl ude , for examp l e ,  that injury to the upper extremi ti es i s  of the h i ghest 
probab1 1 i ty in grounding .  (The 7% of the vi ctims who suffered thi s  type of 
impact accounted for 3 . 4% of the i njuri es to thi s  region . )  Injuri es to the 
l ower extremi ties due to defl ection i s  only about hal f as probab l e .  ( The 30% 
of the vi ctims who were defl ected accounted for 7 . 1 %  of the l eg i nj uries . )  
Such a breakdown appears to have meri t from the standpo int  of what evas i ve 
action shou l d  be taken i n  an acci dent and the trends i nd i cated above warrant 
consi deration .  Such detai l ed refinement, however, i s  not real ly  poss i b l e  wi th 
the l imi ted amount of data on hand . As more cases are col l ected and studied,  
the statistical  s i gni fi cance of these types of observations may eventual ly be 
establ i shed . 

Sunrnary and Recommendations 

An i n-depth analys i s  of 271 motorcycl e  accidents i n  Canada ' s  Nati onal 
Capi tal Reg ion has been conducted . Vi ctims are genera l l y  young , mal e  opera
tors wi th very l imi ted r id ing experi ence . Acci dents occur most frequently 
at i ntersections and i nvol ve another vehicl e ,  the operator of which i s  most 
often at fau l t .  For a l l accident types , improper automobi l e  operation,  exces
s i ve speed of both veh ic l es and poor trai ni ng or experience of the motor
cycl i st  are the primary causes of acci dents . The most frequent impact types 
i n  descend i ng order are : defl ecti on,  ejection,  direct impact and groundi ng . 
The most common i njuries are to the l ower and upper extremi ties . Injuries to 
the head for thi s  l argely helmeted popu lation consti tute 1 4% of a l l i njuries . 
Based upon thi s study, the motorcycl e  acci dent i nj ury si tuation can best be 
improved by the i ntroducti on of: 

!a )  More and more effecti ve motorcycl e  trai n i ng programmes .  
b
c
) Setter traffic control especi al ly  at i ntersections . 
) I ncreased v i s i bi l i ty of the cyc l i st  and an improved awareness by 

automobi l e  operators of the presence of motorcycl es on publ i c  roads . 
(d )  Improved arm and l eg protection . 
(e )  More effecti ve helmets . 
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