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This paper looks at car occupant injury data collected in Oxfordshire over 
a 24 rnonth period; both injury and non-injury accidents are included in the 
sarnple which is representative of the area in terrns of irnpact type and severity. 
Accidents were reconstructed, where appropriate, with the CRASH 2 prograrn, so 
that the velocity change of each vehicle could be deterrnined, The ernphasis in 
the analysis is on the car interior and how it relates to injury. Cornrnon 
sources of injury are analysed in relation to the body regions affected and the 
types of impact in which they occur, Front and side irnpacts are established 
as priority areas and the distributions of velocity change for these irnpacts 
are analysed in relation to injury severity so that irnplications of providing 
occupant protection at different levels of crash severity can be assessed. 
Finally, anthropornetric durnrny response is cornpared to injury severity for head 
and ehest injuries to restrained occupants in frontal irnpacts. 

DATA SOURCE 

The accident data base used for this analysis covers the county of 
Oxfordshire, an area of 260 , 73 8  hectares with a population of 550,000. lt is 
a representative sarnple of car collisions, representative that is in terrns of 
irnpact type and severi ty ( collisions wi th pedes tri ans, cycles and rnotorcycles 
are excluded). The core of the sarnple consists of accidents investigated 
on-scene with call out by the local Arnbulance Service. These accidents are 
biased towards injury and so to fill the 'no injury' gap we also investigated 
those accidents reported to the Police but not involving Arnbulance call out on 
a 48 hour follow-up basis, To ensure uniform selection, a criterion that the 
vehicles had to be sufficiently darnaged as to require towing frorn the scene 
was adopted, The on-scene and follow-up accidents were then cornbined to provide 
a total sarnple with a representative cross-section of all injury severities. 
A total of 1076 accidents were investigated covering a collection period from 
April 1979 to June 1 9 8 1 .  
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ACCIDENT RECONSTRUCTION 

One of the obj e ctives in l ooking at pri o ri ties for o ccupant protection i s  
to  correl ate inj ury severity with crash severity . F o r  this analys i s  ve l ocity 
change i s  used to me asure crash severity and to ensure that i t  is calculated in 
a uni form and cons i s tent manne r each accident was recons tructe d ,  where pos s ib le , 
wi th the CRASH 2 pro gram (l)>'<. Approximately 53% o f  al l cases were CRASHab le , 
a detailed discus s i on of the reasons fo r no t running CRASH is given in 
re fe rence ( 2 ) .  

INJURY SOURCES FOR INJURIES OF ALL SEVERITIES 

In l ooking at ways to improve crash pro te ction for car occupants i t  i s  
important t o  dis cover the me chani sms whi ch mos t frequently cause inj ury. The 
emph as i s  in this analysis  i s  on the car interior and h ow i t  re l ates to inj .ury . 
As a s t arting point rather than divide inj uries by types o f  impact , the accident 
s ample has been analysed according to the inj ury s ources that produced the 
inj uries . Table Al , in the Appendix , gives the frequency of injury expressed 
as a percentage of al l inj uries , by inj ury s ource cross- tab ulated with b ody 
regions affected for unre s t rained (Table Ala) and res trained (Tab le Alb ) front 
seat occup ants ; these t ab les were gene rate d by including the mos t  se rious 
inj ury to each body region s uch that they represent numbers of inj uries ( rather 
than number of o ccupants ) but incl ude only one inj ury per b ody re gion . These 
fi gures are s ummarised in T ables  1 and 2 which rank the mos t connnon injury s ources 
giving the percent age of total inj ury and of each b ody region affected , 
Tab l e  1 gives figures for unres trained and Tab le 2 res trained o ccupants . It  can 
be argued that in trying to assess priorities for pro te c ti on one should 
analyse the population as a whole . Howeve r legi s l ation i s  s cheduled for 
1982 whi ch makes b e l t  use compulsory in the Uni ted Kingdom, so that anti cipating 
an increase in belt use it is appropri ate to look a t  the figures separately .  

Hos t entries in Table 1 are s e l f  exp l anatory - note howeve r that the term 
' general front' is used to s i gnify a dis tributed contact in whi ch no s ingle 
contact source predominates . The pat tern of inj ury for unre s trained occupants 
shows the head , legs , arms and ehe s t  to be the maj o r  b ody regi ons affected wi th 
the mos t  frequent contacts occurring to the winds creen ,  s teering as semb ly , 
ins t rument panel and general front , Not s urprisingly contacts wi th the front 
interior  of the car are the mos t  frequent , however the s i de interior ranks 
as the fi fth mos t  frequent source of inj ury and ground contact which res ults  
from o ccupant e j e c t i on ranks s ixth . 

For res trained o c cupants the res train t ranks as the most frequent inj ury 
s ource although i t  should be emphas i zed that thi s  results  from a h i gh inci dence 
of minor belt b ruis ing inj uries . Res t raint  use dramatically reduces head 
contact with the windscree n ,  and the s t eering assembly now appears to cause more 
head and face injuries al though the overall frequency o f  s teering assemb ly 
contacts i s  less than for unres trained occupants . Following thi s  trend contacts 
with the ins trument panel , gene ral front and parcel tray are al l reduced such 
that res traint use obvious ly lowers the prob ab i l i ty of contact wi th the front 
inte rior of the car . Other di fferences compared to unrestrained o ccupants 
are that res traint use eliminates ej e ction so that g:round contact di s appears 

* Numbers in parentheses des i gnate references at the end o f  the pape r .  
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Table 1. Rankin g o f  Injury Sources and Body Regions affected 
for unre s t rained front seat occupants - inj uries of  all severi ties  

�n 

W inds creen 
S tee ring assemb ly 
Ins trument p ane l 
General front 
S i de interior 
Ground 
P arcel tray 
Window glass 
Mirror 
Front header 
Knobs /keys e t c  
Non -cont act 
A p i l l ar 

' 
Total N = 1993 

* % of all·injuries 

He ad 

16.00* 

3.16 
0. 80 
3.06 
1.10 
1.95 
0.05 
2.00 
1.91 
2.06 
0.05 

0.90 

33.04 

Neck 

0·.65 
0.25 
0, 10 
o. 20 
0 . 10 
0. 30 

0.40 
o. 30 
0 .10 

1.56 
0.05 

4.01 

Ches t 

0.05 
5.47 
1.51 
0.55 
1.15 
0. 80 
0,05 

9.58 

Abdomen 

0. 75 
0.55 
0.15 
0.65 
0.25 

2 .35 

l : 

. 

Arms 

2.01 
2.21 
1.25 
2.26 
1.96 
0. 85 
0,05 
0,60 

0.15 

0.25 

11.59 

Legs 

1.30 
6.92 
1.66 
0.95 
0.75 
4.26 

1. 86 

1 · •·. ·� , 1 
0.05 

17. 75 

1 

Total 

18. 71 
13.14 
l l , 13 

7.88 
5.91 
4.90 
4.41 
3.00 
2.21 
2 .16, 
2.06 

; t .56 
1.25 

78.34 

Table  2. Ranking of Inj ury Sources and Body Regions affe cted 
for. r.es trained f ront s e at o ccupants - injuries of all severi tie� 

1 '- \ 

. , 

. ,, 

l ' . .  

( '' 1 

" . i. 

l� nJ ury • · . Regicin He ad Ne ck• Chest Abdomen lArms Le'gs1'' · Tot'al , .  

Source . 1 

' '  ! 

Res traint 
Stee ring ass emb ly 
Ins t'Jfument Panel 
Non-contact 1 

Winds creen . .  r 

General front 
Si de inte rior 
Window glass 
Parcel t"11ay' 
Foot controls 
Roof ' 

Othe r occupants 
A p i l l ar ; 

.. 

Total N = 950 

1 ' ' 

. .  

• 1 ; 
: „ ') 1 

. 

' 

1 

' . 

* % 6f  a ll inj uries 

0 .11* 0.42 
6.21 0.42 
1 . 16 1 0 .32 

8.11 
4.42 0.32 
1.68 o.u 
0. 84 o. n 
2. 74 · „o. n 

. 

1.26 > .  . 

0. 84 0.21 
1. o.s 

> ( 1 

20.31 10 .13 

. ' ! 

' 1 

14.63 J 4·�96 j •, 2 •121 b� 21 21:7'9 

1.89 0 .11 1. 37 l ,6B' j li'.68 1 

0. 32 0.11 
1 
0. 6'3 •i f 6.631 9.16 

' " 

.:·1 l 

' 1 0.'21 1 
8. 32'' 

.' 1!4 7 . 6 � 21 

0 .11 . .  0, l l  1�4Y 2 .21 · 
t 5'.68 

0.95 ' 0�42 2.42 0 � 74 5.47 

0 . 11 0. 84 0.11 3. 89" 
1 1 2.21 2.21:' 

J 2.00 2·.dö 
1 ·0 �21 

.. . . 
1. 4 �·" ) • ,> 

' ' 0�21 J 1 1. 26 
0.21 1. 2'6! . 

J J 1 'I 

' ' 

18,01 4.96 11.25 15. 79 .80·.4Ör' '1 
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and non-contact inj uries ( almost exclusively to the neck) are more frequent. 

Having estab l ished the common s ources of inj ury the next step in de fining 
a strategy for crash protection is  to look at the types of  impact in whi ch they 
occur . Table 3 gives the common inj ury s ources by type of impact for 
unre strained front s e at o ccupants . lt i s  clear from the four most frequent 
sources of inj ury that head-on impacts predominate . Not surpris ingly s i de 
interior and window glass contacts generally result from s i de impact and ground 
contact from rollover accidents where the l ikel ihood of ejection i s  high .  
Non-contact inj uries whi ch predominate ly involve the neck most frequently occur 
in rear end impacts, 

T ab le 4 gives the corresponding fi gures o f  common injury sources by type 
of impact for restrained front seat occupants , The pattern i s  simi l ar to that 
for unres trained occupan ts ; frontal impacts are the predominant cause of inj ury 
except for s ide interior and window glass contacts which res ult from s i de 
impact, Also although a s i gni fi cant number o f  non-contact inj uries o ccur in 
rear impacts for restrained occupants they appear most frequently in frontal 
impacts ; these inj uries are in general minor and almost exclus ively to the 
ne ck . 

INJURY SOURCES FOR INJURIES OF SEVERITY AIS 3 OR GREATER 

In looking at inj uries from the point o f  view of improving protection it 
i s  diffi cult to know how to optimi ze the e f fe cts of  b oth frequency and severity . 
One approach (3) is to wei ght inj uries according to cost and us e the res ulting 
distribution of wei ghted inj uries , however th is has the l imitation that the 
di stributions of minor and serious inj uries cannot be compared directly, A 
more basic  approach , used here , i s  to analyse the distributions separate ly. 

T able 5 gives the ranking of injury s ources for unrestrained front seat 
occupants for injuries of  severity AIS 3 or gre ater , together with the percen
tage of serious inj ury they represent and the b ody regions involve d .  Comparing 
this with Table 1 for unrestrained occupants the predominant inj ury sources 
remain although their order is revised.  Thus i f  the emphas i s  i s  on reducing 
serious injury the priority areas are the instrument panel and steering 
assemb ly in front i mpacts , s ide interior in s i de impacts and reduction in ground 
contacts res ulting from e j e ction in ro llovers . For restrained oc cupants (Table 6 )  
although the ir ranking i s  revi sed the predominant injury sources for serious 
inj ury are the s ame as those for al l inj uries with the exception of non-contact 
inj uries which drop out and A pillar inj uries which assume the h i gher rank of 
s i xth rather than thirteenth . Comparison with unrestrained occupants shows 
that restraint use e liminates ground contacts by preventing ejection and also 
reduces contact with the front interior s in ce the percentages of serious inj ury 
from both instrument panel and steering assembly contacts are reduce d ,  The 
l atter reduction has the effect of e levating the s i de interior to rank highest 
in terms of producing serious inj ury with the restraint system its e l f  ranking 
second . Thus for restrained occupants priority areas for reducing serious 
inj ury are s i de interior contacts from s i de impact and restraint system , 
instrument pane l , general front and steering assembly contacts in frontal 
impacts. Note also that the predominant body areas affected are the ehes t ,  
head, abdomen and legs unlike unrestrained occup ants where head injury i s  more 
prominent. 

As a final note the comparison of inj ury sources for all inj uries and for 
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Tab l e  3 .  Inj ury Source by Type of Impact 
- unres t rained front s e a t  occupants 

Injury 
Impact 

Source pe 

Winds creen 
Steering as semb ly 
Ins trument panel 
General front 
Si de interior 
Ground 
P arcel tray 
Window glass 
l'li rror 
Front header 
Knobs /keys e t c  
Non -contact 
A pil lar 

Total N = 1993  

Head-on 

1 5  . 1  O* 
1 1 . 09 

8 . 6 3  
6 . 0 7  
1 . 15 
0 .  30 
3 . 56 
0 . 15 
1 . 5 6  
2 .06 
1 .  8 1  
0 . 6 5  
1 . 05 

5 3 . 1 8  

Si  de 

0 . 80 
1 . 00 
1 . 2 5  
0 . 55 
3 . 7 1 
1 . 2 0  
0 .  3() 
2 .01 
0 . 40 
0 .05 
0 . 15 
0 . 15 
0 . 15 

1 1 .  72 
. - ·  

Rollover Si deswipe 

1 .  35 1 .  25  
0 . 60 0 . 45 
0 . 6 5  0 .  30 
0 . 40 0 . 85 
0 . 75 0 . 20 
3 . 26 0 . 15 
0 . 15 0 . 20 
0 . 5 5  0 . 05 
0 . 15 0 . 10 
0 . 05 o.oo 
0 . 0  0 . 05 
0 . 2 5  0 . 1 5  
0 . 05 0 . 05 

8 . 2 1  3 . 80 

Rear Total 

0 . 10 1 8 . 6 0  
0 . 10 1 3 . 24 
0 . 20 1 1 .03 

7 . 87 
0 . 10 5 . 91 

4 . 9 1  
0 . 10 4 .  31 
0 , 25 3 . 01 

2 . 2 1 
2 . 16 

0 . 15 2 . 16 
o. 70 1 . 90 

1 . 30 

1 .  70 7 8 . fi l  
--

* % of a l l  injuries - these figures correspond to those in T able  1 ,  the same 
body regions are used so that the total number of injuries remains the same . 

Inj ury Imp act 

Source 

Res train t  
S teering assembly 
Ins trument panel 
Non-con t ac t 
Winds creen 
General front 
Si de in teri or 

Window g l as s  
P arcel t r ay 
Foo t controls 
Roof 
Other ccupants 
A p i l l ar 

Total N = 950 

Table 4 .  Inj ury Source by Type of Impact 
- res trained front seat occupants 

pe He ad-on Si de Rollover Si deswipe 

1 7 . 05�< 1 .  79 0 . 9 5  1 . 5 8  
9 .05 1 . 4  7 0 . 74 0 . 32 
6 . 6 3  0 . 9 5  0 . 5 3  0 . 42 
4 . 84 0 . 9 5  0 . 42 0 . 5 3  
4 . 74 0 . 32 0 . 74 0 . 32 
4 . 9 5  0 . 2 1  0 . 32 
0 . 9 5  3 . 4 7 0 . 84 
0 . 9 5  1 . 6 8  0 . 6 3  0 . 6 3  
1 .  79 0 . 1 1 0 . 2 1  
0 . 95 0 . 42 0 . 4 2  0 . 21 
0 . 1 1 0 . 21 0 . 32 0 . 9 5  
0 .  74 0 . 5 3  
1 . 05 0 . 21 

5 3 .  80 1 2 . 2 1 5 .  70 5 . 49 

Rear To tal 

0 . 4 2  2 1 .  79 
0 . 11 1 1 .  69 
0 . 6 3  9 . 16 
2 . 42 9 . 16 
0 . 1 1  6 . 2 3 
0 . 2 1  5 . 69 
0 . 2 1  5 . 4 7  

3 .  89 
0 . 11 2 . 22 

2 .00 
1 . 5 9  
1 .  2 7 
1 .  26  

4 . 22 8 1 .  4 2  

* % of all injuries - these figures correspond to those i n  T able  2 ,  the 
s ame body regions are used so that the total number o f  inj uries remains 
the s ame. 
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Tab le 5. Ranking of Injury Sources for serious injuries 
(AIS� 3) and body regions affected for unres trained fron t 
seat occupan ts � Body 1 Head 

J.L•��:�ces �n 

Ins trument panel 
Steering as sembly 
Side interior 
Ground 

·General front 
Exterior surface 
Windscreen 
P arcel tray 
Intruding object 

Total N = 229 

0 . 4 4)\ 

1. 75 
2 .  1 8  
5 . 24 
1 .  75 
3 . 49 
3 . 49 

0. 87 

1 9 .  2 1  

* % of �1 1 serious inj uries 

1 
Neck Che s t  

0 . 44 
0 . 44 
0 . 87 
0 . 44 
0 . 44 

2 . 63 

3 . 9 3 
8 . 30 
4 . 37 
3 . 06 
0 . 87 
0. 44 

0 . 44 

2 1 . 4 1  

Abdomen 

3 . 06 
3 . 49 
2 . 6 8 
]. 3 1  
0 . 44 
0 . 44 

0 . 87 

1 2 . 23 

Arms 

3 . 06 
]. 3 1  
2 . 62 

]. 3 1  

0 . 44 

0 . 4 4  

9 .  18 

Legs 

7 . 42 
0 . 44 
1 .  75 
0 . 87 
0 . 44 
0 . 44 

3 . 9 3  
0 . 87 

1 6 .  1 6  

1 
! Total 

1 7 .  9 1  
1 5 . 29 
1 3 . 98 
1 0 . 92 
5 . 6 8  
5 . 25 
4 . 37 
3 . 9 3 
3 . 49 

80 . 82 

Table 6, Ranking of Inj ury Sources for serious inj uries 
(AIS � 3 )  and body regions affected for restrained front 
seat o ccupants 

Side interior 
Res train t 
Ins trument p anel 
General fron t 
Steering assembly 
A pi l l ar 
Windscreen 
Floor 
Roof s i de rails  

Total N = 76  

Head 1 Neck 1 Chest Abdomen 

1 .  32* 1 .  32 

1 .  32 
1 .  32 
1 .  32 
5 . 26 
1 . 32 2 . 6 3  

2 .  6 3  1 .  32 

3 . 95 
6 . 5 8  
2 . 63 
1 .  32 
6 . 5 8 

1 4 . 49 5 . 2 7 2 1 . 06 

2 . 6 3 
6 . 5 8 
1 .  32 
!. 32 

1 1 . 85 

* % of all serious injuries 

6 

Arms Legs i Total 

3.95 

1 .  32  
2 . 6 3 

1 .  32 

3 . 95 
3 . 9 5  

3 . 95 

7 .  90 1 3 . 17 

1 4 . 4 8 
1 3 .  1 6  1 1 0 . 5 3  
1 0 . 5 3  
7 . 89 
5 . 26 
3 . 95 
3 . 95 
3 . 95 

7 3 .  70 



serious injuries s uggests  sirnilar areas for crash pro tection al though the 
ranking of the cornponents is s l i gh tly di fferent . Accordingly i f  one were to 
apply a wei gh ting to inj ury s everity according to cos t one woul d expect the 
priori ties to b� sirnilar to those already proposed . 

CRASH SEVERITY DISTRIBUTIONS 

Having e s t ab l i shed that priority areas for crash protect ion are in front 
and side irnpacts the next s tep is to look at the distribu t i on of crash severity 
in these irnp act s .  Because the ac·cident data base i s  a representative sample 
o f  car co l l i s ions , it  i s  rneaningful t o  present d i s tributions of  impact sever i ty . 
Table 7 gives d i s tributions o f  velocity change for front and s ide impact s .  For 
fron tal impacts the mean velocity change was 1 3 . 6  mph and 9 5 . 6  % of all  impacts 
occurred at a veloc.i ty change of less than 30 mph .  For s ide impacts the mean 
veloci ty change is 1 4 . 5  mph and 9 2 . 4% of a l l  impacts occurred at less  than 
30 mph . Thi s  s lightly higher mean velocity change occurs because the distri
bution of frontal impacts includes the s triking cars from rear impact s ,  which 
have low values o f  veloci ty change , so that their inclusion depresses the 
mean of the overall  d i s tribution . A l though these d i s tributions provide an 
indicati on as to the speeds that should be adopted for crash testing , to pro
vide a complete picture we require to know the level of inj ury severity assoc
i ated with 

·
particular velocity changes .  

Table 7 .  D i s tribu t ions of Velocity Change for 
Front and S ide Impacts 

Front Si de 

/J.V mph N % N % 

1-5 54 10 . 6  10 7 . 6  
6-10 142 2 7 . 8 40 30. 3  

1 1- 15 149 29 . 2  35 26 . 5  
16-20 7 3  14 . 3  20 1 5 . 2  
21- 25 39 7 . 6  1 3  9 . 8  
26-30 3 1  6 . 1 4 3 . 0  
3 1 .  40 1 4  2 . 7  6 4 . 5  
4 1-50 7 1 . 4 3 2 . 3  
50+ 1 0 . 2  1 0 . 8  

510  100 . 0  132 100 . 0  

Not 
CRASHed 259 33 . 7  7 1  35 . 0  

Mean /J.V 1 3 . 6  mph 1 4 .5 mph 

INJURY SEVERITY VERSUS CRASH SEVERITY FOR FRONTAL IMPACTS 

Since the velocity change has been calcu lated for each vehicle a velocity 
change can be associated with each inj ury; i f  each inj ury i s  scored on AIS 
then a pattern o f  AIS versus /J.V can be constructed.  lt i s  important to note 
that AIS is a d i s crete ordinal variable such that it is  incorrect to assume any
thing about the interval between specific values . Thus i t  i s  inc6rrect to com
pute mean AIS versus /J.V . However,s ince /J.V i s  a continuous variable mean !J.V's can be 
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calculated for e ach AIS leve l ,  Accordingly mean öV ' s  were cal cul a ted for each 
MAI S level for f ront seat occupants involved in frontal impacts and these are 
given in Tab le 8 .  Mean öV ' s  have also been cal cul ated separately for drivers 
and front seat  p as s engers . 

The effectiveness o f  seatbel ts is cle arly demons trated in th at the mean 
öV ' s  for b e l ted o ccupants are considerably higher at every leve l  of severity; 
thi s  means that for a given leve l  of inj ury the res t rained o ccupant can tolerate 
a higher öV , for example the mean öV for injuries o f  AIS 3 o r  greater is 2 8 . 3  mph 
comp ared to 2 3 . 6  mph i f  unrestrained, 

Comparing unres trained drivers and front seat  p as s engers the l atter have 
a lower mean öV at every level o f  severity . This can be e xp l ained by the ride 
down that the driver derives from the s teering assemb ly .  Interes tingly this 
bene f i t  for the driver disappears at lower severi ties when b o th o ccupants are 
res trained be cause there appears to be no difference in the mean öV's , at the 
AIS 1 and 2 levels  of severity , for restrained drivers and front seat pas s enge rs. 
However ,  for injuries of sever i ty AIS 3 o r  greater the mean öV for front seat 
passengers i s  h i gher ( 3 1 . 5  mph) than for drivers ( 2 7 . 1  mph) which suggests  
tha t  res traint sys tem effe ctivenes s  i s  compromised by  the presence of the 
s teering as semb ly .  

MAI S  

1 
2 

�3 

Table  8 .  Mean Velocity Change (mph) for each 
MAIS Level - Frontal Impacts 

Front Seat Occupants 

Unres trained Res trained 

öV 

1 1 . 8 
1 3 . 1 
2 3 . 6  

Drivers 

N 

1 88 
99 
49 

öV 

1 3 . 9  
1 8 .  9 
2 8 . 3 

Front Seat 

N 

101 
28 
19  

Passengers 

MAIS Unres trained Res trained Unres trained Res trained 

1 
2 

�3 

öV 

1 2,0 
1 3 .  6 
24 . 9  

N 

1 34 
66  
31 

-öV 

13 . 6  
1 9 . 3  
2 7 . 2  

Head Inj uries in Frontal Impacts 

N 

72 
20 
1 4  

- -öV N öV N 

1 1 . 2  54  1 4 . 6  29 
1 2 . 2  3 3  18 , l  8 
2 1 . 4  1 8  3 1 . 5  5 

The analy s i s  o f  injuries by source and b ody region showed th at the mos t  
p revalent inj uries, parti cularly from the point o f  view o f  severi ty , were t o  the 
head and ches t ,  Accordingly , to explore these inj ury mechanisms furthe r ,  head 
and ehe s t  injuries have been analysed as a function o f  velocity change, 

Table  9 give s mean velo city change versus head injury seve rity for drivers 
and front seat p assenger�. As a general observation the mean öV ' s  appear to be 
higher for a given level o f  inj ury severity than the overall inj ury öV ' s  of  
Table 7, 
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Comparing drive rs and front seat pas sengers , unre s t rained , the mean öV's 
for AIS 1 and 2 leve l i nj uri es are s imi l ar although for AIS � 3 the mean 6V 
for p assengers is  lower than for drivers. Th is s ugge s ts that unres trained 
drivers de rive a ride down bene f i t  from the s teering assembly in te rms of risk 
of head inj ury , For res t rained occupants the pat tern is reve rsed front seat 
passengers have a h igher mean 6V for AIS � 3 inj uries than drive rs although 
there i s  l i ttle  d i f ference at the lower severi ty leve l s . Thi s  s ugges ts that 
s e at belts  are more e f fe ctive for· front seat p as s engers than drivers at hi�er 
severit ies , b ecause the absence of the steering wheel and assemb ly allows the 
res trained p as s enger t o  move forward wi thout contact . 

AIS 

1 
2 

�3 

Tab le 9 .  Mean Velocity Ch ange (mph ) for e ach AIS Level -
Head Inj uries - Fron tal Impacts 

Front Seat O ccupants 

AIS 

1 
2 

�J 

Unre s trained 
-

6V 

1 1 , 8  
1 7 . 4  
23 . 5  

N 

105 
85 
14 

Drivers 

Unre s t rained Res t rained 
-

6V N 6V N 

1 1 , 8  6 8  17 . 3  20 
17 . 5  5 9  22 . 6  21 
31 . 2  6 35 . 0  2 

Res trained 

-
6V 

1 7 . 3  
22 . 2  
3 7 . 5  

Front Seat 

Unres t rained 

6V N 

1 1 . 4  37 
1 8 . 9  26 
1 8.8 8 

N 

25 
28 

5 

Passengers 

Re s t rained 
-

6V N 

1 7 . 5  5 
21 . l  7 
39 . 2  3 

Chest Inju ries in Frontal Impacts 

Tab l e  10 gives mean veloc i ty change versus ehe s t  inj ury seve r i ty for 
frontal impacts. The overall figures for front seat o ccupants show l i ttle  
difference in the mean 6V ' s  i rrespective of b e lt use . Howeve r ,  thi s  must be due 
to the overriding influence of driver effe cts b e cause the numb e r  of front seat 
passengers in the s amp le i s  cons i derab ly smal l e r .  For drivers there appears to 
be l i t tle diffe rence in mean 6V ' s  i rrespective of b e l t  use , however by compari
son,  unb e l ted front seat  passengers suffer inj ury at a lower mean 6V for every 
leve l  of seve r i ty whi ch tends t o  rei terate the bene f i t  of the s teering 
assembly for the driver. Bel ted front seat passengers have higher mean öV's 
than the i r  unb e lted counterparts and at h igher severi t ies ( AIS � 3) appear to 
derive a b e l t  bene f it not seen by drivers . 
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AIS 

1 
2 

.'.:3 

Table 10 . Mean Ve locity Change (mph) for e ach AIS Level -
Che s t  Injuries - Fron tal Impacts 

Front Seat Occupants 

AI S Unre s t rained Res trained 
- -/W N t::.V N 

1 1 6 . 5  76 16 . 7 74 
2 16 . 7  4 15.0 2 

.'.:3 2 7 . 7  1 7  32 . 3  8 

Drivers Front Seat P assengers 

Unre s t rained Res trained Unre s t rained Res trained 
- -t::.V N t::.V N t::.V N t::.V N 

1 8 . 1  6 3  1 6.9 5 2  1 4 . 4  1 3  16 . 8  22  
12 . 5  3 1 5 . 0  2 1 2 . 5  1 
32 . 6  1 1  29.2 5 19.2 6 3 7 . 5  3 

INJURY SEVERI1Y VERSUS CRASH SEVERI1Y FOR SIDE IMPACTS 

Table 11 gives mean velocity change for each MAIS level of seve r i ty for 
unrestrained and restrained occupants involved in s ide impac t s .  Note that 
occupants seated on the s t ruck side have been separated from those seated 
opposi te .  Looking at unres t rained occupants for a given MAIS leve l those 
seated on the s t ruck s ide are injured at a lower mean t::.V than thos e  seated 
oppo s i te . Thi s  i s  because the occupant seated opposi t e  wi l l  travel across the 
passenge r compartment before striking the s ide of the car and the vehicle's 
velocity wi l l  have been reduced accordingly so that a given injury severity 
wi ll  occur at a higher measured t::.V .  A s imilar trend holds for restrained occu
p ants however this effect resul ts from the rest rained occupants seated oppos i t e  
to the side s t ruck being held i n  posit ion and deriving some ride down bene f i t  
f rom the vehicle . S imilarly b y  comparison with unres t rained occupants seated 
oppos ite , re s trained occupants show a higher mean t::.V for each level of  severity 
which confirms that there i s  a definite bene f i t  f rom belt use for occupants 
seated away from the s t ruck side of the vehic l e .  Interes tingly enough even for 
occupan t s  on the s t ruck s ide the mean t::.V ' s  are higher wi th belt use par t icular
ly at the lower injury seve r i ties . Th is confirms ear l ie r  work (4) which sugg
e s ted that in impacts where s igni f icant intrus ion did not occur occupants 
seated on the s t ruck s ide derived a benefit  from belt  use .  

AIS 

1 
2 

�3 

1 0  

Table 1 1 . Mean Ve locity Change (mph ) for each MAIS Level - s i de impacts 

Occupants on Side S truck Occupants Opposite to Side Struck 

Unres trained Res trained Unres trained Res t rained 
- - -

t::.V N t::.V N t::.V N t::.V N 

9 . 2  2 3  13.0 15 12 . 2  1 8  1 4 . 6  1 7  
10 . 5  10 20 . 0  1 3  1 7  .1 4 22 . 5  2 

}1 7 . 4  } 1 8 . 6  }19 . 8  }25 . 5  
2 3 . 7 10 1 7  . 5  6 25 . 8  5 2 7 . 5  3 



CORRELATION OF INJURY SEVERITY WITH ANTHROPOMETRIC DUMMY RESPONSE 

Since a velocity change can be as s ociated with e ach inj ury s cored on AIS , 
then providing a rel ationshi p  between anthropometric dunnny response and vel ocity 
change can be estab l i shed, the anthropometric dunnny response app rop riate to 
e ach AIS level can be cal cu l ated .  Fi gure Ja gives a s chemati c diagram of AIS 
versus 6V showing the di stribution of 6V's as s o ci ated with each AIS level. The 
next s tage is to trans l ate the 6V distributions to dunnny response distributions 
using a response curve s uch as that shown in fi gure lb . Obviously i f  the res
ponse were l inear then a direct convers i on of means would be pos s ib le but 
as s uming a non-l i ne ar rel ation transfo rmation h as to be done p ri or to 
computing the means . That i s  for e ach data point the ve locity change i s  trans

formed to the appropriate dummy response using the Severi,ty Index ( S I )  =f (6V) 
relation and mean dummy response then computed from the res_ul ting d is.tt"ibution. 

F i g. 1 a 
6 ..... 
5 -

AIS 4 - .j. 
3 - + 

·2 - + 
1 ,__ + + 

+ +++ 
+ ++++ 

+ +- + + + + 
+ + +- + + 

+ + + -t- + 
-t- + ++ + + 

!). V 

F i g. 1 b 
+ 

+ 

S I 
SI= f(f).V) 

.-...... . 

!).V 

Head Injury C r iterion (HIC) - Restrained Occupants in Frontal Impacts 

/ 

Table 9 gave mean 6V ' s  versus AIS for head injuries in frontal impacts . 
The next s tep i s  to relate this d istribut ion to an appropriate dummy response 
curve . For head response the commonly used parameter i s  Head Injury Criterion 
(HIC ) . The Transport and Road Research Laboratory ( 5 )  generated a HIC versus 
6V curve using a s led with decelerat ion pulses  chosen to be representative of 
typical frontal impacts for European cars . The experimental set up was such 
that the anthropometri c  dummy was restrained with a 3-point belt and no head 
contact occurred.  The i r  HIC  versus 6V relationship follows a power function 
of the form HIC = 0 . 0319  6V2•853 Then this function was used to transform the 
6V's to HIC ' s and a l low mean HIC's to be computed for each AIS level. Tab le 12 
gives the mean HIC values for head injuries of severity AIS 1 , 2  and 3 ,  the 
s t andard deviation for each d i stribution is also given . By way of comparison 
mean HIC's were also calculated using the HIC versus 6V curve constructed by 
Langwe ider (6) whi ch approximates to the power func t ion HIC = 0 . 1764  6V2·359 . 
lt can be seen that the effect on AIS leve l 3 ,  the onset of serious inj ury, is  
minima l .  

Table 1 2 . Mean HIC versus AIS - Res trained Front Seat Occupants 

HIC/6V Func tion 

AIS 

1 
2 
3 

0 • 0 319 6 V 2 • 86 3 

He an St dev 

181 1 88 
423 494 
869 5 6 8  

0 . 1 764 6V2 . 369 

Me an St dev 

209 1 87 
420 413  
809 439 

1 1  



l t  shoul d be noted that one can argue such an analys i s  lacks validity 
because the HIC vs 6V relationships are derived without head contact whereas 
our data shows tha t ,  even for restrained occupant s ,  a l l  head injuries had s ome 
degree o f  contact recorded. However ,  in the ab sence o f  a more suitab le para
meter to measure head severity the ana lysis has been included on the basis that 
the resul ts are us eful indicators . Interestingly the mean HIC o f  870 estimated 
for serious injury (AIS3) suggests that some degree of head contact reduces the 
tolerance level from the quoted s tandard of 1000 ( 7 ) . 

Che s t  Severity - Res t rained Occupants in Frontal Impacts 

A similar pro cedure was adopted to corre late ehe s t  injury wi th the Che s t  
Severity Index (CSI) . I n  the same series o f  tests used for head response TRRL 
meas ured peak spine de ce leration as an indicator o f  ehe s t  severity and arrived 
at a Severity Index versus 6V relation which approximates to a power fun ction 
o f  the form CSI = 0 . 1332 6V2 . 1 805 , Tab le 10 gave mean 6V ' s  versus AIS for 
ehes t inj uries i n  frontal impacts .  Then trans forming the dis t ributi ons of 6V 
for each AIS level to dis tributions of Severity Index and computing the means 
gives the f i gures in Tab l e  1 3 .  By way of comparison mean CSI ' s  were also 
calculated using the CSI versus 6V curve eons truete d  by Langweide r (6 ) ,  

Tab le 13 , Mean CSI versus AIS - Res trained Front Seat Occupants 

CSI /6V Function 0 . 1 332 6V2 , 1 805 0 . 00204 6V3 . 31 1 8  

AIS Mean St dev He an S t  dev 

1 82 94  51  89 
2 109 6 7  6 1  5 2  
3 2 5 1  1 5 5  2 1 5  200 

whieh approximates to the powe r funetion CSI = 0 . 00204 6V3 . 31 1 8 , it ean be 
seen that this eurve p re di cts s l i ghtly lower mean severity indices . 

CONCLUSIONS 

Common Sourees of Serious Injury 

For unres trained occupants the mos t  frequent sources of serious injury 
(AIS � . 3) ranked : 

( i )  the instrument panel i nvolving the legs and ehes t in fronta l impaets.  
(ii) the s teering ass embly involving the ehest  and abdomen in frontal 

impacts . 
( i i i )  the s ide interior involving the ehes t and abdornen in side i�paets . 

(iv) the ground involving the head and ehes t  in rol lovers . 
(v)  the ' general fron t '  involving the head in frontal irnpae ts . 

The windscreen (head) and paree l tray ( legs ) were also  frequent sourees of inJ ury 
but were also  of lower s everity . 

1 2  



For res t rained occupants the mos t  f requent s ources of seri ous inJury 
(AI S 3 3) ranked :  

( i )  the s ide interior involving the ehes t ,  arms and abdomen, in s i de 
impac ts . 

( i i )  the restraint involving the ehe s t  and abdomen in frontal impacts . 
( i i i )  the irn:trument panel involving tbe legs and ches t in frontal impac ts . 

( iv)  the general front' involving the legs and arms in frontal impacts . 
(v) the s teering assembly involving the ehe s t  in frontal impacts . 

Res traint use el iminated ground contacts by preventing ej ection and also reduced 
contact wi th the front interior of the vehi cle . 

Crash Severity 

For frontal impacts the mean ve l oci ty ch ange was 1 3 . 6  mph with 95 ,6 %  o f  
a l l  impacts occurring be low 30 mph . 

For side impacts the mean ve loci ty change was 1 4 .  5 mph wi th 92 . 4 %  of  al l 
impacts below 30 mph . 

Injury Severity Versus Crash Severity 

( a) Frontal Impacts 

Restrained occupants had me an 6V ' s  sub s tantially h i gher than unre s t r ained 
o ccupants; for injuries of AIS � 3 the mean 6V for res t rained occupants was 
2 8 . 3 mph compared to 2 3 . 6  mph i f  unre s t raine d ,  

Unre s trained front seat p as s engers had a l ower mean 6V than drivers at 
each leve l of severi ty, sugge s t ing that drivers derive s ome benefit  of ride 
down from the s teering assemb ly e . g .  for inj uries o f  AIS � 3 the mean 6V for 
front seat pas sengers was 2 1. 4  mph compared to 24.9 mph for drivers . 

For res trained occupants there was l i t tle diffe rence in mean 6V ' s  be tween 
front seat  p as s engers and drivers at l owe r severi ties , al though front seat 
p as s engers h ad a h i ghe r mean 6V for AIS � 3 injuries .  

The pattern for head injuries was s imi lar to that for all injuries . 
Unre s t rained drivers h ad a higher mean 6V ( fo r  injuries o f  AIS � 3) than 
unres trained front seat pas sengers due to a ride down bene fit  from the s teering 
ass emb ly. However ,  al though the mean 6V ' s  for res trained drivers were h i gher 
than if unres trained the mean 6V for AIS � 3 inj uri es was lower than that for 
fron t seat p assenger s ugges ting that interaction with the s teering as semb ly 
compromises b e l t  e ffect iveness .  

Ches t  injuries showed a s imi l ar trend . The mean 6V ' s  for unres trained 
drivers were higher than for unre s t rained pas sengers but simi l ar to those for 
rest raine d drivers , Res trained front seat p as sengers h ad higher 6V ' s  than 
res trained drive rs . 

( b )  S i de Impacts 

For unres trained occup ants those seated on the s t ruck s i de were inj ured 
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at a lower mean ßV than those seated opposite, irrespective of belt use. There 
was a definite belt ef fect for occupants seated on the opposite side in that 
their mean ßV's were higher with belt use. There was s ome indication of a belt 
effect at low severities (AIS 1 and 2) for occupants on the struck side. 

Injury Severity Versus Anthropometrie Dummy Response 

Experimentally established functions of dummy response versus velocity 
change were used to trans form distributions of velocity change to distributions 
of durruny response for given AIS levels of injury s everity. The resulting 
distributions were then used to compute mean dummy response for each AIS injury 
level. 

For head injury to restrained front seat occupants in frontal impacts HIC 
was used to measure dummy response; a mean HIC value o f  870 was predicted for 
injuries of s everity AIS 3. 

For ehest inJury to restrained front seat occupants in frontal impacts 
CSI was used to measure dummy response; a mean CSI value of 250 was predicted 
for injuries o f  s everity AIS 3. 
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APPENDIX 

Table A l a, Percentage dis tribut ion of inj uries according to 
inJury s ource and body regi on - unrestrained, front seat occupants 

Body Region 
Inj u ry Source Total Headic Neck Ches t Abdomen Arms 

Winds creen 1 8 . 7 1  1 6 . 00 0 . 6 5  0 . 05  2 . 0 1  
Steering asse�bly 1 3 . 1 4  3 . 16 0 . 25 5 . 4 7  0 . 75 2 . 2 1  
Ins t rument panel 1 1 . 1 3  0 .  30 0 . 10 1 . 5 1  0 . 5 5  1 .  25 
General front 7 . 88 3 . 06 0 . 20 0 . 55 0 . 15 2 . 26 
Pa.rcel tray 4 . 41 0 . 05 () . 0 5  0 . 05 
Knobs /keys etc 2 . 06 0 . 05 0 . 15 
Front header 2 . 16 2 . 06 0 . 10 IMi rror 2 . 21 1 . 91 0 .  30 
A p i llar 1 .  25 0 . 90 0 . 05  0 . 25 
Foot controls 1 . 15 
Add-on equipment 0 . 25 
Roof 0 . 9 5  0 .  80 0 . 10 0 . 05 
Floor 0 . 45 0 . 05 
Other front obj ects 0 . 05 0 . 05 

Si de interi or/ 
Si de general 5 . 9 1  1 . 10 0 . 10 1 . 15 0 . 6 5 1 . 96  
Si de arm res t 0 . 50 0 . 15 0 . 10 0 . 10 0 . 05 

Window gl ass 3 . 00 2 . 00 0 , 40 0 . 60 
Window frame 0 . 6 5  0 . 50 0 . 1 5 
B pill ar 0 . 40 0 . 25 () . 10 0 . 05 
Roof s i de rai l s  0 . 50 0 . 50 
Gear lever 0 . 15 0 . 1 5  

Other occupants 1 . 15 0 . 45 0 . 05 o. 35 0 . 20 0 . 10 
Intruding objects 0 . 60 0 . 20 0 .05 0 . 05 0 . 10 0 . 05 
Exteri or surface 1 . 00 0 . 60 0 . 10 0 . 10 0 . 05  0 . 10 
Ground 4 . 90 1 . 95 0 . 30 0 .  80 0 . 25 0 .  85 
Non- con t act 1 . 9 1  0 . 35 1 . 56 
Other miscellaneous 0 . 60 0 .  20 0 . 10 0 . 10 0 . 10 
Unknown 1 2 . 83 4 . 4 1  0 . 25 ! .  20 0 . 45 4 . 0 1  

-- --

Total 1 00 . 00 4 1 .  50  4 . 66 1 1 .  48 3 . 35 1 6 . 45 
(N = 199 3) 

* includes face 

Legs 

1 .  30 
6 . 9 2 
1 . 66 
4 . 26 
1 .  86 

0 . 05 
1 . 15 
0 . 25 

0 . 40 

0 . 95 
0 . 10 

0 . 15 
0 . 05 
0 . 75 

0 . 10 
2 . 5 1  

--

2 2 . 46 

1 5  



T able A l b ,  Percent age d i s t ribution o f  injuries according to 
inJ ury s ource and body region - res trained f ront seat occupan ts 

Body Regi on 
Inj ury Source Total He ad'" Neck Ches t Abdomen Arms 

Windscreen 6 . 2 1 4 . 42 0 . 32 1 .  47  
Steering assembly 1 1 . 69 6 . 21 () . 4 3 1 .  89 0 . 11 1 .  37  
Ins trument panel 9 . 1 7  1 . 1 6 0 . 32 0 .  32 0 . 1 1  0 . 6 3  
General front 5 . 69 1 .  68  0 . 11 0 . 1 1 0 . 1 1  1 . 4 7  
P arcel tray ?. • 2 1  
Knobs /keys etc 0 . 9 5  
Fron t header 0 . 9 5  0 . 5 3  0 . 42 
Mi rror 0 . 6 3  0 . 4 2  0 . 2 1 
A p i l l ar 1 .  26 1 . 05 0 . 2 1 
Foot controls 2 . 00 
Add-on e·quipment 0 . 32 
Roo f  1 .  47  1 .  26 0 . 2 1 
F l o o r  0 .  84 
Other front · obj ects 0 . 2 1 

Si de in terior/ 
Si de gc�neral 5 . 48 0 .  84 0 . 1 1  0 . 9 5  0 , 4 2  2 . 42 
Si de arm r:es t 0 .  32 

Window glass 3 . 9 1  2 .  74 0 . 11  () . 11 0 . 84 
Window frame o . n  0 . 1 1 0 . 1 1 

B pi l  l ar o. 32 0 . 1 1  0 .  1.1 
Roof s ide rai l s  1 . 05 0 . 95 0 . 1 1  
Gear level / tunnel 0 . 32 

Other occupants 1 . 26 o. 84 0 . 2 1 0 . 21 
Int ruding oo j ects 
Exterior surface 0 . 43 0 .  32 n . 1 1 
Res traint 2 1 . 79 0 . 1 1  0 . 42 1 4 . 6 3  4 . 2 1 2 . 2 1 
Ground 0 . 4 4  0 . 1 1  0 . 1 1  
Non-contact 9 . 16 0 .  84 8 . 1 1  0 . 2 1  
Other misce l l aneous 1 . 5 9  0 . 5 3  0 . 32 0 . 1 1 0 . 2 1  
Unknown 10 . 1 1 3 . 6 8  0 . 2 1 0 . 9 5 0 . 32 3 . 16 

--

Total 100 . 00 2 8 . 00 1 1 . 20 1 9 .  39 5 .  39 1 5 . 05 
(N = 950) 

'" incl udes face 

1 6  

Legs 

1 . 6 8  
6 . 6 3  
2 . 2 1 
2 . 21 
0 . 95  

2 . 00 
0 . 32 

o. 84 
0 . 2 1  

0 . 74 
n . 32 
0 . 1 1  

0 .  32 

0 . 2 1 
0 . 1 1  

0 . 42 
1 .  79 

2 1 . 07 




