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THE CAUSE AND NATURE OF HEAD INJURIES SUSTAINED BY PEDESTRIAN S  

S .  J .  Ashton 

Department Of Transportation and Environmen tal P lanning , 
Unive rs i ty of B irmingham Uni ted Kingdom. 

INTRODUCTION 

A number of s tud i e s  have des cr ib ed pedestrian trauma. l t  is genera l ly agreed 
that the head and the lower l imbs are the b ody areas most frequent ly injured and 
that when a l l  severi t ies o f  inj ury are c onsidered inj uries to the lower l imbs 
are m cs t  frequent ,  b u t  tha t  when only non-minor inj uries are cons idered the head 
is the mo s t  f requent ly inj ured are a .  Tab les 1 ,  2 and 3 show the resu l t s  of a 
number of s tudie s for the inc idence of head and leg inj uries t o  pede strians for 
a l l  severi t ies of injury, for non-minor inj uries and for fa t a l i ties respect ive ly . 
Di fferences b e tween the results  may b e  par t ly due to var i at ions in the defin i t ion 
of injuries and in the s amples used . 

Causes of head inj uries to pedes trians are less we l l  documented . Robertson e t  al 
( 1966)  repo rted that 64 . 6% ( n=48) of a l l  seve r i t ie s  of head injury and 50 .0% 
(n=6) o f  fatal head inj uri e s  were caused by road contact . A s t udy by the T . R. R. L .  
( 19 7 4) found that for non-minor head inj uries 39 . 4% ( n= l04) were caused by c ontact 
w i th the road . lt  was further noted that 3 3 . 9 %  ( n=62) of the head inj uries caused 
by veh i c le con t ac t  came from the windscreen frame . When only fatal i ties  were 
cons idered i t  was · reported that 40 . 0% ( n=35) of a l l  fatal inj uries could b e  
attributed t o  the road o r  t o  b e in g  run over , whi l s t  for veh i c l e  c ontacts 4 7 . 6 %  
( n= 2 1 )  could b e  attributed to c ontact wi th the wind s creen frame o r  f ac i a . 

In thi s  paper c as e s  from an on-going at-the-scene s tudy of pede s trian acc idents 
in the c i ty of B i rmingham w i l l  be used to des cr ib e  the injuries sus tained by 
pede s tr i ans s t ruck by cars . In par ticular the c ause  and severity of head inj uries 
w i l l  be examined . 

THE SAMPLE 

Since N ovember 1 9 7 3  an at-the-s cene inves tigation of pedes t r i an ac cidents has been 
made by the Accident Research Unit of the Dep t .  of  Transportation and Environmental  
P l anning at the Unive rs i ty of  B i rmingham . The methodo logy of this s t udy has b een 
previously des cribed ( Ashton,  Hayes and Mackay 1 9 7 4) . To d ate s tudies of approx. 
280 accidents have been made . The accidents con sidered for analys i s  in thi s  
paper were those in which the veh i c l e  involved was a c ar or car derivat ive, the 
location of the first contact be tween the veh i c le and the pedestr i an was to the 
front or to the s ide of the vehi cle  forward o f  the ' A '  p i l lars , the accident 
inve s tigation had b een comp leted at the t ime of analy s is , and the mechanisms of 
injury could be de termined . This gave 1 7 1  cases for analys is . 

Figure 1 shows the l ocat ion of the first vehic le-pedestrian contact for chi ldren 
and adul t s  in the s amp le;  a chi ld being defined in this study as a person aged 
14 years or under . Tab l e  4 give s the age d i s tr ibution o f  the cas es by s everity 
o f  inj ury sus tained . The inj ury s ever i ty was c l as s i fied us ing a modi f ied vers ion 
of the 1 9 7 4  revis ion of the Abbreviated Inj ury Scale ( AIS)  (S t ates , Huelke and · 

Harne s .  1 9 7 4 ) . Inj uries rated as c r i t ica l ( AIS 05) have been sub d ivided according 
to whe the r or not the pede s t r i an subsequently d ied , the fata l i t i e s  b e ing rated as 
OSF . 

Chi ldren accounted for 4 8 . 0% o f  the cases in the sample and adu l t s � 60 years o ld 
for 20 . 5% of the cases . Nati onal ly in 1 9 7 1  4 6 . 8% of pedestrian casualties  were 
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children and 1 8 . 3% were adu l t s  over 60 years o ld . 

Tab le 5 shows the severity of inj uries sus tained by chi ldren and adults  in the 
s ampl e  and by ch i ldren and adu l t s  nationally for 19 7 1 .  For the s amp le cases the 
s l ight inj uries are thos e rated AIS 0 1 ,  and the serious inj uries are those rated 
AIS 02 to AIS 05 . A comparis on of the sever i ty of inj ur ies sustained by the 
sample cases and the nat ional data showed that they were s ignifican t ly diffe rent 
(For chi ldren X.�= 16 . 90; for adults  X�= 92 . 43 ;  '"X.� ( 0 . 00 1 )  = 13 . 82) . Both the 
child and adu l t  s amples  are b iased to the severe end of the acc ident spectrum . 
For chi ldren the sample is  under-represented in s l i ght injuries and over
represented in serious inj ur ies , whi ls t for adu l t s  the sample is under-represented 
in s l i ght injuries and over-repre sented in b oth serious and fatal injur ie s . 

OVERALL INJURY SEVERITY AND IMPACT SPEED 

Tab le 6 gives the overall inj ury severity by impact Speed for chi ldren and adu l t s . 

�he speed of the vehicle at impact was assessed by con s idering such factors as 
the length o f  skid mark s , the skid r e s i s tance of the road sur face , the posi t ion 
of the pede strian on the road at impact , s ta tements of the driver and of witnesses 
and typica l  spe eds o f  other vehic les at the acc ident s i te . 

Five people (2 . 9%) received no injury; 6 4  ( 37 . 4%) sustained minor inj uries and 
24 ( 1 4 . 0%) were k i l led . Ten of the fatal ities  died at the s cene , 13 died later 
as a d irect result of the ir inj ur i e s  and one per son d ied from bronchopneumonia a 
month after the acc ident . Twelve of the fatal i t ie s  ( 5 0 . 0%) were people over 6 0  
year s o l d .  

The impact speed distributions for the two groups - chi ldren and adul ts were 
found to be s igni ficantly  d i fferent ( 'X.� =  1 4 . 18 ;  . 02 <  p<. . 01) , the adul t  group 
con taining higher speed accidents than the child group . For chi ldren 15 . 8% o f  
the cases occured a t  l e s s  than 1 0  km/h,  1 3 . 4 % a t  greater than 40 km/h and 3 . 7% at 
greater than 50 km/h . For adu l t s  only 4 . 5 %  occured at less  than 10 km/h,  3 3 . 7 % 
at greater than 40 km/h and 14 . 6% at greater than 5 0  km/h .  

Due t o  these d i fferences in impact speed d i s tr ibut ions it was impo s s ib l e  to compare 
the injury severity distribut i ons for the ch i ld and adu l t  s amp les in toto .  A 
comparison of the inj uries sus tained could be made however for certain speed 
ranges . 

In the 0-20 km/h speed r ange i t  was not p os s ib le to compare the inj ur ie s  due 
to the d i s s imi lar impact speed s .  

In the 2 1-40 km/h speed range there was n o  significan t  di fference b e tween the 
impact speed d�tribut ions for chi ldren and adults  or between the inj uries 
sus tained by chi ldren and adu l t s  when grouped into the two groups AIS � 02 and 
AIS :> 03 . 

In the 4 1+ km/h speed range · there was again no s igni f i cant di fference b e tween 
the impact speed dis tributions for chi ldren and adu l t s  but there was a high ly 
s igni f icant d ifference ( 'X.'2. = 7 . 4 3 ;  . Ol < p< . 001)  b e tween the injuries 
sustained when grouped into the two groups AIS '- 03 and AIS � 0 4 .  One chi ld 
( 8 . 3%) and nineteen adults  ( 6 3 . 3%) sus tained l i fe threatening or fatal 
injur ies ( AIS � 04) . 

lt  wou ld appear the refore that at l ow speeds there is  no difference in the 
severi ty of injur ie s  sus tained by ch i ldren and adu l t s  but at hi gher speeds 
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chi ldren sus tain less  severe inj uries than adul t s .  

LOCATION AND SEVERITY OF INJURIES 

For the purpo ses  of this s tudy head injuries inc luded inj uries to the fac e ,  
inj ur ie s  to the sp ine were inc luded with neck, ehes t  or abdominal inj uries 
depending upon the l ocat ion of the inj ury and pelvic inj uries were included 
wi th lower limb inj uries . 

Tab le s  7 a ,  8a,  9 a  and lüa des cribe the l ocat ion and severi ty of the inj ur ies 
sus tained by chi ldren and adul t s  for fron t a l  impacts and front corner p lus 
s ide impacts . 

The head and the lower l imbs were the body areas mos t frequent ly injure d ;  
7 7 . 2 % o f  the chi ldren and 82 . 8% of the adu lts inj ured sustained a head inj ury , 
and 6 9 . 6 %  of the ch i ldren and 8 7 . 4 %  of the adu l t s  sustained a lower l imb 
inj ury . 

When only non-minor inj uries were cons idered it  was found that 69 . 2% of 
the chi ld ren and 76 . 2% of the adul t s  sust ained a head injury, and 38 . 5% 
of the chi ldren and 6 8 . 3% of the adu l t s  s us tained a l ower l imb inj ury . 

Twenty-five ( 9 2 . 6%) of the pede str ians sus tain ing cr i t ical  or fat a l  inj uries 
(AIS 05 and 06) sustained head inj uries . 

. HEAD INJURIES 

T ab le s  7 b ,  8b , 9b and lOb des cr ibe the sever i ty of head inj ur ie s  by impact 
speed for a l l  con t acts , road con tac t s  and vehicle contac ts . 

A c ompar i s on o f  the severity o f  head inj urie s svs tained by chi ldren and adu l ts 
showed that in the 2 1-40 km/h speed range there was no s igni fican t d i fference 
in the sever i ty of inj uries sustained ; 1 3 . 1% (n = 46)  of chi ldren and 1 1 . 6 % 
(n = 43) of adu l t s  sus tained head inj uries o f  sever ity AIS � 03 . In the 
41+ km/h speed r an ge there was a s igni fican t d i f ference in the severity of head 
injuries sus tained ; 9 . 1% ( n= l l) of chi ldren and 6 6 . 6% (n=30) of adu lts s us tained 
head inj uries of severi ty AIS � 03 . < X'l. =  8 . 5 ;  . 01 ..(  p <  . 00 1) 

I t  appears that the reas on for adul t s  sust aining more severe injuries than 
chi ldren at h i gh impact speeds is due to the adults  sust aining more severe head 
inj uries than chi ldren . 

ASSESSMENT OF CAUSE OF HEAD INJURY 

The determination o f  the cause o f  head inJury in pedes tr i an accidents is 
comp l i cated due to the fac t  that the head could have contacted either or both 
the veh i c l e  and the ground . However careful at-the-s cene accident inve s t i g
ation c an normally provide suffi c ient information for the cause of injury to 
be determined . 

Examinat ion of the veh i c l e  indi cated whe ther or not ther e had been a head 
contact on the veh i c l e . The contacts seen var ied from a clean ing of the 
surface dirt  to phy s i cal indentation of the s truc ture . Occas iona l ly hair and / or 
t is sue was found , particu l ar ly when there had b een a serious head inj ury . 

A detailed examination of the road sur face was made and pos i t ive ident i f i cation 
of a head to ground c ontact was some times made by the pre s ence of hair , tis sue 
or bone on the r oad sur face .  

The nature of the wound i ts e l f  o f ten gave an indi cat ion of the cause . 
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Some s i tuat ions c lear ly identify the cause of the inj ury . Where there had 
been no head con t act on the vehicle  but a head injury had been sus tained the 
c ause was prob ab ly ground contact . Conversely where a vehicle  head con tact 
had been ident ified but no head inj ury had been sustained i t  could be 
po s i t ive ly s aid that tha t contact was not inj ur i ous . 

CAUSE OF HEAD INJURIES 

Minor head injur ies were found to be more frequently caused by road contac t  
than vehi c le contac t ,  7 0 . 0% (n=40) o f  the minor injuries sus tained b y  chi l dren 
and 66 . 7 % (n=42) of the minor inj uries sus tained by adults came from contact 
with the road surface . Minor inj uries accounted for 7 1 . 8% (n=39 ) of the road 
induced and 42 . 9 %  (n=28) of the vehi c le induced injuries sust ained by 
chi ldren, 56 . 0% (n=50) of the r oad induced and 35 . 0% (n=40) of the veh i c le 
induced inj uries sustained by adul ts . 

L ife-thre atening or fatal inj ur ies ( AIS � 04) were found to b e  more frequent ly 
caused by head contact with the veh i c l e ,  7 5 . 0 %  (n=4) of thes e  injuries 
sus tained by chi ldren and 59 . 1 % (n=22)  sus tained by adults  b e ing caused by 
vehicle  con tac t .  L i fe-threatening or fatal inj ur i e s  accounted for 2 . 5 %  
(n=39) o f  the road induced and 10 . 7 % (n=28) o f  the vehicle induced injuries 
sustained by chi ldren, and 18 . 0% (n=50) of the road induced and 3 2 . 5 % (n=40) 
of the vehi cle induced inj ur ies susta ined by adu l t s . 

ROAD HEAD CONTACTS 

A comparison o f  the sever i ty of head inj ur ies sustained by chi ldren and adults  
from con t act with  the road showed that in the 2 1-40 km/h speed range there was 
no di fference in the sever ity of the inj ur ie s .  Above 41 km/h there was a 
higher incidence of severe head inj ury in adu l t s  from contact w i th the road ; 
no chi ldren sustained a head injury o f  sever i t y  AIS � 03 whi l s t  seven ( 2 3 . 3%) 
of adults  sus ta ined head inj uries of sever ity AIS � 03 .  

VEHICLE HEAD CONTACTS 

In frontal  impacts  no head contacts were seen at impact speeds less than 
20 km/h . ( Tab les 7 c ,  8 c ,  9 c  and lOc ! )  

For ch i ldren head contacts oc curred in 60 . 0% (n=l5) of the c ases in the 2 1-30 
km/h speed r ange , 8 1 . 8% (n= l l )  in the 3 1 -40 km/h range and in 100% (n=lO) of 
the cases at impact speeds ab ove 4 1  km/h . A s imi lar pat tern was seen for 
adu l t s ,  the incidence of head contact b e ing 6 1 . 1% (n=l8) in the 2 1-30 km/h 
group, 85 . 7% (n=l4) in the 3 1 -40 km/h group and 100% (n=l2)  for impacts 
above 50 km/h . In the 4 1-50 km/h g roup the incidence of head injury was 
69 . 2 %  (n= l 3 ) , this l ower f i gure being due to the pr esence of cases where due 
to the veh i c le s ize there was a shoulder c on ta c t  on the l e ad ing edge of the 
roof and no veh i c le head contac t .  

In the front c orne r and s ide front impacts there was one case ( 12 . 5%) of head 
contact in the 1 1-20 km/h speed r ange ,  this being to a chi l d .  The inc idence 
of head contact was not s e en to be s peed dependent as with frontal  impac t s ,  
there be ing a 27 . 3% (n= l l )  incidence in the 2 1-30 km/h group and 22 . 2 %  (n= 9 )  
i n  the 3 1-40 km/h group for chi ldren . For adu l ts the incidence figures were 
20% (n=5) in the 2 1-30 km/h group, 33 . 3% (n=6) in the 3 1 -40 km/h group and 
25% (n=4) in the 4 1-50 km/h group . 
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LOCATION AND SEVERITY OF VEHICLE HEAD CONTACTS 

For chi ldren the bonnet was the vehic le s t ructure most frequent ly con t ac ted 
by the head ; 20 ( 5 7 . 1 %) of the head contacts be ing on the b onn e t ,  4 ( 1 1 . 4 %) 
on both the windscreen frame and the s c u t t le and 3 ( 8 . 6% )  on the windscreen 
gla s s . 

A contact  on the windscreen frame was defined as a con t ac t  on either of the 
' A '  p i l l ars , the leading edge of the roo f ,  or to the she e t  metal fold to the 
rear of the s cut t le to which the windscreen is attached . A windscreen con t act 
was de fined as a con t act on the windscreen only . lf  there had b een a contact 
on the ' A '  p i l lar and s creen i t  would have been class i fied as a frame contac t .  
The scuttle  was defined as the sheet me tal  between the rear edge of the bonnet 
and the wind s creen, excluding that de fined as frame but including air intake 
gri l l s  when app li cab le .  

Three children sus tained l i fe-threatening or f ata l injuries from head impac t s  
on the veh i c l e , 2 of  thes e  were caused by contacts with the windscreen frame 
and one from c ontact with the s cu t t l e . 

Th irteen ( 65 . 0%) of the head imp ac t s  on the bonnet resulted in n o  injury or 
minor inj u ry .  Al l the c ontacts on the windscreen and one ( 25 . 0%) of the 
scuttle  c on t ac t s  resulted in no inj ury or minor inj ury . 

With adu l t s  the winds creen frame was the vehic l e  s tructure mos t frequent l y  
con t acted by the head ; 35 . 4% (n=48) of the head contacts being on the 
wind s creen frame, 29 . 2% on the b onn e t ,  2 0 . 8% on the wind s creen glass and 8 . 3% 
on the s cu t t l e . 

Thirteen adu l t s  sust ained l i fe -threatening or fatal he ad inj uries from contact 
with the vehic l e ;  11 ( 8 4 . 6 %) of the se inj uries came from contact with the 
wind screen frame, one from con tact with the b onnet and one from cont act with 
the scut t l e . Life-threatening or fata l inj uries accoun ted for 6 4 . 7 %  (n= l 7 )  
o f  the c on tacts on the wind screen frame . 

No inj ury or minor inj ury resulted from 1 1  ( 7 8 . 6%) of the bonne t contac t s ,  
3 ( 1 7 . 6%) o f  the winds creen frame con t ac t s ,  5 ( 50 . 0% )  of the windscreen 
g l as s  contacts and one ( 2 5 . 0%) o f  the s cut t le contac t s .  

D ISCUSS ION 

The r e s u l t s  of this s tudy sugge s t  that at high impact speeds chi ldren sus tain 
less  ser ious injuries than adu l t s  and that this is mainly due to children 
rece ivin g less  s erious head injur ie s .  

Cons ideration o f  the causes o f  these head inj ur ies sugge s t s  that chi ldren are 
receiving less severe head inj uries than adu l t s  from both the ground and vehicle 
conta ct s .  

The low incidence o f  severe head injuries to child ren from vehicle con tact 
appears mainly due to the fact that the windscreen frame i s  rare ly contacted . 

KÜhnel ( 1 9 7 4 )  has sugges ted that the l ower the ini tial point of vehicle 
contact on the pedestr ian the greater the pedes trian � s  angul ar rotation and the 
higher they are thrown into the a i r .  This cou ld be one o f  the fact ors 
c ontributing to chi ldren sustaining less  severe head . inj urie s  than adults  from 
the grcunrl . The higher leading edge of the bonnet height to pedestrian height 
ratio för children results  in l ower angular · rotation ' and lower throw height and 
thus in l e s s  severe ground c on t ac t s . 
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The d i fference in inj ury experience be tween chi l dren and adults  may b e  only 
par t ly exp l ained by vehicle  and pede s t r i an geometry .  Other considerations 
such as the smal l er mass of chi ldren and pos s ib le d if ferences in injury 
to lerance could con t r ibute to these findings . 

One aspect of the influence of geometr i c a l  cons ideration on head impac ts is  
i l lus trated by cons idering the effect of the heigh t  o f  the leading edge of 
the bonnet and the pedestrian ' s  height on head contacts on the vehic l e .  

Tab le 1 1  shows the inc idence o f  vehicle  head contact in the speed range 
2 1-3 0 km/h by the r at i o  of leading edge o f  bonnet height to pedestrian heigh t ,  
for fr ontal  impac t .  The incidence o f  vehic le head contacts was found to 
decrease with increas ing bonnet height/ pede s tr i an heigh t  ratio from 7 7 . 8% 
( n= l l )  when the ratio is  0 . 3 1  - 0 . 40 to 50% (n=4) when the ratio i s  0 . 7 1  - 0 . 80 .  

CONCLUS IONS 

For pedes t r i ans s truck by cars the fol lowing conc lus ions are made : 

- chi ldren sust ain less  severe injur ies  than adu l t s  at h i gh impact Speeds 
and this is  ma inly due to their sust aining less severe head injuries . 

for b oth chil dren and adu lts the head i s  the b ody area sus taining 
l i fe-threatening or fatal inj ur ie s .  

- l i fe-thre atening or fatal head inj ur ies are more of ten caused by 
vehicle c ontact than road contact . 

- the winds creen frame is  respons ible for most o f  the li fe-threatening 
or fatal head injuries caused by veh icle  contact . 

THE RESEARCH ON WHICH THIS PAPER IS BASED IS B E ING DONE UNDER CONTRACT TO THE 
TRANSPIJRT Al'lD ROAD RESEARCH LABORATORY .· ANY VIEWS EXPRE SSED IN THE PAPER ARE 
NOT NECESSARILY THOSE OF THE TRAN SPORT AND ROAD RESEARCH LABORATORY O R  ANY 
OTHER PART OF THE DEPARTMENT OF THE ENVI RONMENT . 
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TA§IJ;; l INCIDENCE OF HEAD AND LE G INJURIE S - ALL SEVE RITIES OF INJURY 

STUDY n % HEAD % LEGS 

H a l l  and Fis her (19  72)  442 1 50 86 

Jarnieson e t  a l .  ( 19 7 1) 5 1  65  7 1  R 7 3  L 

Robertson e t  a l .  ( 1966)  63  7 6  8 7  

S tÜrtz e t  a l .  ( 19 7  4) 66 85 7 7  

TABLE 2 INCIDENCE OF HEAD AND LEG INJURIES - EXCLUDING MINOR INJURIES 

STUDY n % HEAD % LEGS 

Gögler ( 1962)  1 149 6 7  3 8  

J amies on and Tai t ( 19 66) 243 6 7  50 

T . R. R . L .  ( 19 74)  1 49 70 

TABLE 3 INCIDENCE OF NON-MINOR HEAD AND LE G INJURIE S - FATALITIES 

STUDY n % HEAD % LEG 

Sevi tt 

S o lheirn 

( 19 68) 

( 1964)  

1 2 5  

168  

232 

63  

72  

6 1  

85 

75 

48 - frac tures only 

Huelke and Davis ( 19 6 9 )  

J amies on and Tai t ( 19 66) 

Hall  and Fisher ( 19 7 2 )  

86 

287 

33  

5 8  

55 

9 1  

F IGURE 1 LOCATION OF FIRST CONTACT BETWEEN PEDESTRIAN AND VEHICLE 

a) Ch i ldren 0 - 14 years 

6 i  4 
. . . . .  „ . . . .  \ 

10: ::: ]O 5 3{�t[ 1 1  � 8 

TOTAL 8 2  

b )  Adu l ts 1 5  + years 

8 0 s s{ffE 1a:: 1 1  2 

TOTAL 

:oo 
89 



- 1 08-

TABLE 4 OVE'RALL IN JURY SEVERITY BY AGE OF PEDESTR[AN 

AIS AGE OF PEDESTRIAN 
0-4 5-9 10-14 15-19 20-29 30-39 40-49 50-59 60-69 70-79 80+ TOTAL 

06 1 2 1 2 2 2 10 
05F 1 1 1 3 2 1 2 2 13  
05 1 1 1 1 1 5 
04 1 1 
03 1 8 5 3 2 2 2 3 5 3 2 36 
02 2 10 9 5 1 1 3 2 4 37 
01 6 24 10 3 5 3 5 2 2 3 1 6 4  
00 1 2 1 1 5 

10 44 2 8  12 12 8 12 10 12 1 6  7 1 7 1  

NOTE I n  Tab le 4 and i n  Tab le 6 the critical inj ury c l as s  (AIS 05) has been 
subdivided accord ing to whether or not the pedes trian f inally d ied ; the 
fatali ties b e ing c las s i f ied as 05F 

TABLE 5 COMPARISON OF SEVERITY OF INJURIES - THE SAMPLE AND NATIONAL DATA 1 9 7 1  

a) CHILDREN b )  ADULTS 

IN JURY SEVERITY IN JURY SEVERITY 
SLIGHT SERIOUS FATAL SLIGHT SERIOUS FATAL 

THE SAMPLE 50 . 6% 48 . 1% 1 . 3% THE SAMPLE 2 7 . 6% 4 7 . 1% 25 . 3% 

NATIONAL DATA 7 0 . 8% 2 7 . 4% 1 .  7 %  NATIONAL DATA 6 4 . 3% 30 . 5 %  5 . 2% 

NOTE In T ab l es 4 ,  6 ,  7 ,  8, 9 ,  10 inj ury sever ity has been c l as s i f ied using the 
1974 revi s ion of the Abbreviated Inj ury S cale (AI S )  and impact speed has 
been c las s i fied in 10 km/h incremen ts ; c lass 1 b eing impact Speeds 
0-1 0  km/h , c las s 2 being 1 1-20 km/h ,  c las s 3 b e in g  2 1-30 km/h and so on 
up t o  c l ass 7 which includes a l l  impact speeds above 61 km/h.  

TABLE 6 OVERALL INJURY SEVERITY BY IMPACT SPEED 

a) CHILDREN b) ADULTS 

AI S IMPACT SPEED AIS IMPACT SPEED 
1 2 3 4 5 6 7 ALL 1 2 3 4 5 6 7 ALL 

06 0 06 4 5 1 10 
05F 1 1 05F l 2 2 4 3 1 2  
05 2 l 3 05 1 1 2 
04 0 04 l 1 
03 3 6 4 1 14 03 2 4 10 5 1 22  
02 1 2 7 8 2 l 2 1  02 l 2 6 4 2 1 16  
01  9 10 1 6  3 2 40 01 l 7 1 1  3 2 24 
00 3 3 00 1 1 2 

13  1 2  26 20 8 2 l 82  4 1 2  2 3  20 1 7  1 1  2 89 
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TABLE 7 INJURIE S SUSTAINED BY CHILDREN IN FRONTAL IMPACTS 

a) LOCATION AND SE VE RI TY OF INJURIE S 

LOCATION SEVE RITY � s  
00 0 1  02 03 04 05 06 

HEAD 12  2 4  13  2 
NECK 5 1  
CHEST 48 3 
ABDOMEN 4 3  7 1 
UPPER LIMBS 36 12 3 
LOWER LIMBS 1 1  2 8  4 8 5 1  Cases 

b )  SEVERITY OF HEAD INJURIES BY IMPACT SPEED 

ALL CONTACTS ROAD CONTACTS VEHICLE CONTACTS 

AIS IMPACT SPEED AIS IMPACT SPEED AIS . IMPACT SfEED 
1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 

06 06 06 
05 05 05 
04 04 04 
03 1 1 03 1 03 1 
02 4 4 4 1 02 2 2 02 2 2 4 1 
01  3 5 7 4 4 1 01 3 5 3 3 4 01 4 4 2 1 
00 3 4 3 2 00 3 4 10 5 4 1 1 00 2 3 2 

6 9 15 1 1  8 1 1 6 9 15 1 1  8 1 1 0 0 9 9 8 1 1 

c)  LOCATION OF HEAD CONTACT ON VEHICLE 

IMPACT SPEED INJURY SEVERITY AIS 
1 2 3 4 5 6 7 00 01 02 03 04 05 06 

WING 3 1 1 1 1 
WING MIRROR 0 
B ONNET 20 8 6 4 1 1 7 6 6 1 
SCUTTLE 3 1 2 1 2 
WINDSCREEN FRAME - BOTTOM 0 
' A '  PILLARS 0 
WINDSCREEN FRAME - TOP 0 
WINDSCREEN GLASS 3 2 1 3 
ROOF 0 

0 0 9 9 8 1 1 7 1 1  9 1 0 0 0 
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TABLE 8 INJURIES SUSTAINED BY CHILDREN IN FRONT CORNE R AND S IDE FRONT IMPACTS 

a) LOCATION AND SEVERITY OF INJURIES 

LOCAT ION SEVERITY AIS 

00 0 1  02 03 04 OS 06 

HEAD 6 10  7 l 4 
NECK 2 8  
CHE ST 2 6  2 
ABDOMEN 2 6  2 
UPPER LIMBS 2 1  7 
LOWER LIMBS 13 12 3 28  Cases 

b )  SEVERITY OF HEAD INJURIES BY IMPACT SPEED 

ALL CONTACTS ROAD CONTACTS VEHICLE CONTACTS 

AIS IMPACT SPEED AIS IMPACT SPEED AIS IMPACT SPEED 

1 2 3 4 s 6 7 1 2 3 4 s 6 7 1 2 3 4 s 6 7 

06 06 06 

OS 3 1 OS 1 OS 2 1 

04 04 04 
03 1 03 1 03 
02 2 3 2 02 1 1 2 02 1 2 
01  3 1 s 1 01  3 1 4 2 01  1 
00 1 3 2 00 1 1 6 3 1 00 

4 3 1 1  9 0 1 0 4 3 1 1  9 0 1 0 0 1 3 2 0 1 0 

c) LOCATION OF HEAD CONTACT ON VEHICLE 

IMPACT SPEED INJURY SEVERITY AIS 

1 2 3 4 s 6 7 00 0 1  02 03  04 OS 06 

WING 1 1 1 
WING MIRROR 1 1 1 

BONNET 0 

SCUTTLE 1 1 1 
WINDSCREEN FRAME - B OTTOM 0 
' A '  PILLARS 4 1 1 1 1 2 2 
WiNDSCREEN FRAME - TOP 0 
WINDSCREEN GLASS 0 
ROOF 0 

0 1 3 2 0 1 0 0 1 3 0 0 3 0 
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TABLE 9 INJURIES SUSTAINED BY ADULTS IN FRONTAL IMPACTS 

a) LOCAT ION AND SEVERITY OF INJURIES 

LOCATION SEVERITY AIS 
00 01 02 03 04 05 06 

HEAD 1 1  2 1  1 2  3 1 1 1  7 
NECK 6 2  1 2 1 
CHE ST 49 10 3 2 2 
ABDOMEN 53 5 1 3 2 2 
UPPER LIMBS 38 22  7 3 
LOWER LIMBS 8 32 9 2 7  66 Cases 

b) SEVERITY OF HEAD INJURIES BY IMPACT SPEED 

ALL CONTACTS ROAD CONTACTS VEHICLE CONTACTS 

AIS IMPACT SPEED AIS IMPACT SPEED AIS IMPACT SPEED 
1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 

06 3 4 06 2 06 1 4 
OS 1 2 2 5 1 05 1 2 2 05 . 2 3 1 
04 1 04 04 1 
03 1 2 03 1 1 03 1 
02 3 6 2 1 02 1 1 1 02 2 6 1 2 
01 6 7 3 4 1 01 6 5 2 6 3 1 0 1  5 2 4 1 1 
00 2 6 3 00 2 10 1 1  3 4 1 00 4 3 

1 8 1 8  14 1 3  10 2 1 8 1 8  1 4  13 10 2 0 0 11  12 9 10 2 

c)  LOCATION OF HEAD CONTACT ON VEHICLE 

IMPACT SPEED INJURY SEVERITY AIS 
1 2 3 4 5 6 7 00 0 1  02 03 04 05 06 

WING 1 1 1 
WING MIRROR 0 
BONNET 14 7 4 3 6 4 2 1 1 
SCUTTLE 3 2 1 1 2 
WINDS CREEN FRAME - BOTTOM 5 1 1 2 1 1 1 2 1 
'·A '  P ILLARS 4 1 3 2 2 
WINDSCREEN FRAME - TOP 7 1 3 1 2 2 2 1 2 
WINDSCREEN GLAS S 10 2 2 3 2 1 5 5 
ROOF 0 

0 0 1 1  12 9 10 2 7 13  1 1  1 1 6 5 
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TABLE 10 INJURIES SUSTAINED BY ADULT S IN F RONT CORNER AND SIDE IMPACTS 

a) LOCATION AND SEVERITY OF INJURIE S 

LOCAT ION SEVERITY AIS 
00 01 02 03 04 05 06 

HEAD 4 5 7 2 2 1 
NECK 20 1 
CHEST 17 1 1 1 1 
ABDOMEN 19 1 1 
UPPER LIMBS 5 1 2  3 1 
LOWER LIMBS 3 1 1  7 2 1  Cases  

b )  SEVERITY OF HEAD INJURIE S BY IMPACT SPEED 

ALL CONTACTS ROAD CONTACT S VEHICLE CONTACT S 

AIS IMPACT SPEED AI S IMPACT SPEED AIS IMPACT SPEED 
l 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 

06 l 06 1 06 
05 l 1 OS 1 OS 1 
04 04 04 
03 1 l 03 l 03 1 
02 l 3 3 02 1 3 3 02 
01 2 2 l 01 2 2 l 01 l 
00 2 l l 00 2 1 l 2 00 l 

2 3 5 6 4 l 0 2 3 5 6 4 1 0 0 0 1 2 1 0 0 

c) LOCATION OF HEAD CONTACT ON VEHICLE 

IMPACT SPEED INJURY SEVERITY AIS 
1 2 3 4 5 6 7 00 0 1  02 03 04 05 06 

WIN G 1 1 1 
WING MIRROR 0 
BONNET 1 1 1 
SCUTTLE 1 1 1 
WINDSCREEN FRAME - BOTTOM 0 
' A ' PILLARS 0 

WINDSCREEN FRAME - TOP 0 
WINDSCREEN GLASS 0 
ROOF 1 1 1 

0 0 1 2 1 0 0 1 1 0 l 0 1 0 
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TABLE 1 1  VEHICLE HEAD CONTACT IN SPEED RANGE 2 1  - 30 KM/H BY RATIO OF HEIGHT 
OF LEADING EDGE OF B ONNET TO HE IGHT OF PEDE STRIAN 

He ad Con tact 

No Head Contact 

REFERENCES 

RATIO OF B ONNET HEIGHT TO PEDESTRIAN HE IGHT 
. 31- . 40 . 4 1- . 50 . 5 1- . 60 . 6 1- . 70 . 7 1- . 8ö 

7 

2 

7 

3 

2 

1 

2 

2 

2 

2 
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