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A study was undertaken recently for the Federal Offi ce of Road Safety 
in Australia examining occupant safety for passengers of current generation 
automobiles . Hass crash data was analysed and a foll ow-up investigation of 
1 5 0  vehicle crashes was undertaken where at least one of the vehicle' s 
occupants was hospi talised. Side impact crashe� were of particular interest 
here . The types of injuries sustained by these occupants (including points 
of contact within the vehicle) were assessed to provide direction for 
future improvements in occupant protection . Seat belt perforrnance in all 
seating positions was also of interest .  Nhile the limited number of cases 
did not permi t a full and detailed statistical analysis of these data, the 
findings neverth e -l ess show there i s  scope for improvi n g  occupan t 
protection for drivers and passengers of modern passenger cars involved in 
side impact collisions. 

1 .  IN'l'RODOC'l'IOH 

In spite of the considerable attention to vehicle occupant safety 

throughout the world over the last 2 0  years or so ( e . g . ,  design rules for 

vehicles, impact standards and testing, seat belts ,  improved vehicle 

padding, head restraints and door beams ) vehicle occupant casualties are 

still the single largest road safety problem in this country and overseas . 

Roughly two out of three persons killed or injured on the road each year in 

Australia are motor vehicle occupants ( Transport and Communications 1 9 8 8 )  . 

Irnprovements in vehicle crashworthiness historically have tended to 

focus on frontal crashes . This has been a proper approach, given the high 
incidence of this crash configuration and the often high irnpact speeds 

involved in car-to-car frontal crashes . There has also been growing concern 

about the relative lack of protection afforded occupants of vehicles 

involved in side impact collis ions (refer discussion in Fildes and Vulcan 

1 9 8 9 ) . This concern is reflected in recent international activity aimed at 

developing a s ide impact Standard in the USA and in Europe . It i s  timely 
then to review the present level of safety f or occupants of modern 
passenger cars involved in side impact collis ions to see if it is optimal 

in this countr y .  In particular, it would be useful to examine the types of 
injuries and vehicle components involved in these injuries by seating 

position of the occupant to show the scope for future improvements in side 

impact occupant protection . 

2 .  RZSJ:AR.CB S'l'RA'l'KGl' 

In 1 9 8 9 ,  a study was undertaken by the Monash University Accident 

Research Centre for the Federal Office of Road Safety in Australia, aimed 

at examining the current level of occupant protection in this count ry . 
Crash and injury data were collected from two sources . First , the Transport 

Accident Commission (TAC) in Victoria, the state government' s authority 

responsible for injury compensation for all road trauma victims in this 
state, maintain cornprehensive records on vehicle crashes where an occupant 
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was injured. For crashes involving recent ve:-. icles (post - 1 9 8 1  passenger 
cars and their derivative s ) , over 1 8 , 0 0 0  record� were available containing 
details on circumstances of the crash, number Jf occupants invol ved, the 
injuries sustained, medical, hospital, rehabilitation and compensation 
costs . These data provide an overall picture of road trawna in Victoria . 

Second, t o  p rovide addi t i onal det a iled informat ion on occupant 
injuries and vehicle component involvement, a study of vehicle crashes that 
occurred in the Melbourne Metropolitan area and within l . Shr . drive of the 
city centre involving a post- 1 9 8 1  passenger car (or derivative) was 
undertaken . Selection criteria required at least one of the vehicle' s 
occupants to be i n j ured severely enough to require hospit a l i s a t i o n  
( fatalities prior to hospital were generally not included except when there 

was also a hospitalised occupant and those who subsequently died in 
hospital) . Hospital patients were interviewed ( when possible) as soon as 
practical after the crash

· 
and a detailed inspection was undertaken of the 

vehicles involved in the crash . 

3 KBTHOD 

MASS DATA ANALYSIS - Detailed analyses were performed on the mass data 
supplied by the Transport Accident Commission on occupants of post - 1 9 8 1  

vehicles involved i n  road crashes between 1982 and 1 9 8 8 .  Variables included 
the age and sex of the occupant , injuries sustained, severity of injury 
( f a t a l ,  hospitalised,  non-hospit a l i s ed ) , days in hospit a l ,  type of 

collision, vehicle make and year of manufacture, vehicle weight , drive 
configuration, etc . These data were further embellished with additional 
items such as other uninjured occupants ,  seat belt status, speed zone of 
the crash, and vehicle model, although a full analysis of these items is 
not available at this time . 

CRASHBD VBBICLK S'?ODY - Three ma jor trawna hospitals in the Melbourne 
Metropolitan area ( The Alfred, Dandenong & District , and Box Hill Hospital) 
participated in the crashed vehicle study . Whenever a suitable patient was 
admitted to one of these hospitals, a trained nurse researcher vis ited the 
hospital to collect the relevant injury details and interview the pat ient 
whenever possible . Patients not wishing to be involved in the study were 
excluded and confident iality was strictly maintained. A standard patient 
information format was developed containing details on the circurn.stances of 
the crash, the type of vehicle involved, patient injuries, where the 
vehicle was taken ( if known ) , and permission to inspect it . Injury severity 
was assessed from the medical record after the patient had been discharged 
from hospital based on the 1 9 8 5  Abbreviated Injury Scala (AI S )  manual .  Two 
nurse researchers were thoroughly trained in making these assessments and 
were shown to be reliable at this task (Ozanne-Smith 1 9 8 9 )  . 

Once the vehicle was located, a mechanical engineer was dispatched to 
conduct a thorough inspection of it and the other ve h i c l e  involved 
(collis ions involving more than two vehicles were generally avoided as in 

these cases it is often difficult to interpret impact and inj ury source 
information unarnbiguously) . Vehicle damage information collected included 
the damage area, extent of deformation, direction of force (clockface 
damage scale ) , det a i led l i s t s  of components damaged, de s c r ipt ion o f  
component failures, degree of cabin displacement and deformation, degree of 
cabin intrusions, signs of contact between components and occupants,  
apparent use of restraints (head and belts ) ,  and any equipment failures or 
fractures . The engineer had also been t rained in conducting vehicle 

inspec t i o n s  and h i s  inte r - rate r r e l i ab i l i t y  was j udged t o  be well 
correlated with another expert (70' agreement ) . 
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Crash inspection data were compiled us inq the National Accident 
Samplinq Survey (NASS )  forrnat developed for the National Hiqhway Traffic 
Safety Administ ration (NHTSA 1 9 8 9 )  with minor changes to suit local 
conditions .  Change of velocity from the impact (delta-V) was computed using 
the CRASH 3 program (NHTSA 1 9 8 6 )  and all data were coded and analysed on 
the University' s VAX Computer using SPSSX analysis software 

·
(SPSS Inc . 

1 9 8 8 ) . It was only possible to report on the relative occupant safety 
effects within the sample of vehicles crashed and patients inj

.
ured ( i. e . ,  

it was not possible to examine involvernent rates within the population at 

large using these data) . 

' . RBSUL'1'S - MUS DATA 

The main source of interest in the results of this study were from the 
detailed inspection of c rashed vehicles . However, the mass data analysis 
was used to first understand the extent of injury aris ing from vehicle 
crashes that occurred in Victoria between 1 9 8 2  and 1 9 8 8 .  Entry into the TAC 
injury compensation scheme requires that the road t rauma claimant exceeded 
a A$ 317 ( 1 9 8 9  values) threshold of injury treatment and associated costs . 
Table 1 shows that the proportions of the different crash configurations in 
this sample were frontals 4 7 % ,  rear-end crashes 2 3 % ,  s ide impacts 2 5 % ,  and 
roll-overs 5% . For ma jor injury claimants only (that is, those requiring at 
least hospitalisation ) , the equivalent figures were frontals 5 8 % ,  rear-end 
8 % ,  side impact 2 4 % ,  and roll-overs 9 % . Severe injury was over-represented 

in oc cupants i n j u re d  in f ront a l  c r ashes and rollove r s ,  but unde r 
represented in rear-end crash occupants .  

TABU 1 
IMPACT DIRBCTIOH BY OCCCPAH'f INJORY SSVKIUTY 

IMPACT HOSPITALISATION '1'0'fAL MEDICAL TOTAL 
FATAL MAJOR TREATMENT 

DIRECTION >6days <7days INJtJRJ' ONLY INJtJRJ' 

FRONTAL 2 4 5
* 

939
* 

1142
* 

2325
* 

5 5 5 1  7 8 7 6  
( 1 8 6 )  ( 7 3 7 )  ( 933 ) (1 856) ( 6 020)  " '  

REAR IMPACT 7 1 1 5  2 1 6  338 3 6 6 1
* 

3999 
( 9 5 )  ( 3 7 4 )  ( 4 7 3 )  (9,2) ( 3 0 5 7 )  23t 

SIDE IMPACT 1 1 1
* 

4 0 1  4 4 8  960 3204 U6' 
( 9 9 )  ( 3 9 0 )  ( 4 9 3 )  ( 981) ( 3 1 8 3 )  25t 

ROLLO VER 37
* 

129
* 

1 9 8
* 

36'
* 

5 1 4  878 
( 2 1 )  ( 8 2 )  ( 1 0 4 )  (207) ( 6 7 1 )  St 

TOTAL PA'1'ID'1'S ,00 1583 200, 3987 12930 16917 

Cell entries show the number of injured occupants for each level oE injury 
severity and impact direction. Fi'f:1.res in parenthesis are expected values 
based on row and column totals, w i l e  * shows those which are over-
represented (1 0 %  or more above the expected value) . 

Table 2 shows that drivers comprised 63% of all claimants ,  front-left 
passenqers 2 4 % ,  front-centre passengers 0 . 5% ,  rear-outboard passengers 1 0 % ,  
and rear-centre pas sengers 2 . 5% ( it should be noted that vehicles in 
Australia travel on the left-hand side of the road where drivers sit on the 
right and front pas senqers the left side of the vehicle) . For ma jor injury 
claimants ,  5 8 %  were drivers, 2 6 %  front-left, 0 . 5% front-centre, 13% rear
outboard, and 2 . 5% rear-centre passengers . There was a tendency for front

left and rear seat passengers to be over-represented in serious injury . 
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'r.&BLS 2 
OCCtJl'All'f SKATING POSITIOll 8Y DIJtJJa SSYUI'n 

BODY HOSPITALISATION 'rO'l'AL MEDICAL TOTAL 
REGION FATAL MAJOR TREATMENT 
INJURED > 6days <7days INJORY ONLY INJUll 

DRIVERS 2 4 8  9 6 5  1 1 8 5  2398 8713 11111 
( 2 5 2 )  ( 1 0 2 0 )  ( 1 3 2 0 )  (2593) ( 8 5 1 8 )  63t 

FRONT-CENT RE 2 4 7 13 47 60 
( 1 .  5 )  ( 5 .  5 )  ( 7 . 5 )  (14) ( 4 6 )  o . st 

FRONT-LEFT 8 9  433
* 

5 6 6
* 

1oee
* 

3 1 52 4240 
( 9 6 )  ( 3 8 9 )  ( 5 0 4 )  (989) ( 3 2 5 1 )  20 

REAR-OUTBOARD 5 4
* 

1 7 6  2 0 1
* 

511
* 

1381 1892 
( 4 3 )  ( 1 7 4 )  ( 2 2 5 )  (442) ( 1 4 5 0 )  lOt 

REAR-CENTRE 7 4 0
* 

5 6
* 

103
* 

2 1 8  3 21 
( 7 )  ( 3 0 )  ( 3 8 )  (75) ( 2 4 6 )  2 . 5 t 

TOTAL PATillNTS 400 1618 2095 4113 13511 17624 

Cell entries show the number of injured occupants for each level of injury 
severity and seating posi tion . Figures in parenthesis are expected values 
based on row and column totals, while * shows those which are over-
represented (l O i  or more above the expected value) . 

'l'ABLa 3 
PROPOR'l'IOH or PRINCIPAL IHJOIU&S BY IHJORY SKVUI'l'Y 

BODY HOSPITALISATION TOTAL MEDICAL TOTAL 
REGION FATAL IGJOR TREATMENT 
INJURED >6days <?days INJtßlY ONLY IN JURY 

HEAD 4 0 %  1 3 %  2 0 %  19t 6 %  9t 
( 4 9 % )  ( 1 4 ' )  ( 1 8 % )  (20t) ( 9 % )  (12t) 

FACE u u 1 5 %  llt 22% 20t 
( 0 % )  ( 3 % )  ( 17 % )  ( 9t) ( 2 2 % )  (19t) 

NECK : Whiplash 0 %  8 %  1 5 %  llt 32% 27t 
( 0 % )  ( 5 % )  ( 1 3 % )  ( 8t) ( 2 5 % )  (20t) 

SP INE : Fracture 4 '  8 %  2 %  St ·u lt 
( 3 % )  ( 3 % )  ( U )  (2t) ( 0 .  3 % )  (lt) 

SHOULDER u 4 '  3 %  3t 2 %  2t 
( 0 % )  ( 6 % )  ( 5 % )  (St) ( 3 % )  (U) 

CHEST 2 4 '  2 1 '  1 9 %  20t 9% 12t 
( 3 5 % )  ( 3 1 % )  ( 2 4 ' )  (28t) ( 1 3 % )  (17t) 

ABDOMEN 6 %  4 '  3 %  4t 4 '  " 
( 3 % )  ( 3 % )  ( 3 % )  (3t) ( 5 % )  (4') 

UPPER LIMB u 6 %  7 %  6t 5 %  St 
( 0 % )  ( 7 % )  ( 6% )  (St) ( 7 % )  (6t) 

LOWER LIMB u 1 6 %  9 %  llt 8 %  9t 
( 0 % )  ( 1 1 ' )  ( 9 % )  ( 8t) ( 1 1 ' )  (llt) 

OTHER/UNKNOWN 2 3 %  1 0 %  6 %  9t 1 1 '  llt 
( 1 0 % )  ( 1 8 % )  ( 6% )  (llt) ( 6 % )  (7t) 

TOTAL CRASDS 422 1696 2162 4280 13907 18187 
(aici. impacta) ( 63) (214) (233) (510) (1469) ( 1 979) 

Cell entries are the percentage of principal injuries (one injury only per 
claimant) to occupants in all crash configurations. Those in parenthesis 
are the proportions of principal injuries from side impacts. 
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The analysis of principal injuries sustained by vehicle occupants (the 
most severe injury ascribed by the TAC) for all crash confiqurations and 
side impacts only is outlined in Table 3 .  MA.m injury cases (where the 
occupant was either hospitalised or killed in the crash) , accounted for 2 4 %  
o f  all crash confiqurations recorded by the TAC, and 2 6\ for side irnpact 
crashes . There was very little difference in the rank order of body regions 
injured between all crash confiqurations and side irnpacts, where rnost 
inj uries occurred in the ehest ,  head, face, lower limb, and the neck . For 
injuries of all severities, whiplash and minor face injuries were the two 
rnost comrnon principal injuries sustained by vehicle occupants .  

5 .  IUl:SOL'r& - CRUDD WllICLS STOI>Y 

It was not possible to say anything about the source of injury frorn 
the rnass data as this information was not available . Hence, the crashed 
vehicle inspection programme was undertaken for ,this purpose . To date, 
inforrnation has been collected on 150 c rashed vehicles involving 1 7 1  
injured occupants .  There were 6 9 \  urban and 3 1 %  rural crashes o f  which 

de t a i l s  are ava i l able on 6 0  s i de irnpact c o l l i s ions . Even with such 
relatively srnall numbers, several important findings were apparent . ' 

'l'ABLS ' 
CllARAC'l'KRIS'l'ICS 01' 'l'D CRUDD WllICLS SAICPL& 

CHARACTERISTIC CRASHED VEHICLE MASS DATA 

1 .  VZLOCI'l'Y CHANGB AT IMPACT 

Mean Delta-V 3 9  . 2 km/h 
Standard Deviation 2 1 . 6krn/h 

2 .  CRASH TYP& 

Frontal 6 0 %  5 8 %  
Side impact 33% 24% 
Rear end 0 %  8 %  
Rollover 7 %  9 %  

3 .  WllICL& TYP&S 

Mini (<750kl0) 5 \  2 %  
Srnall ( 7 5 1 - O O O kgm) 2 6 %  41% 
Compact ( 1 001-1250kgm) 4 1 %  3 8 %  
Interrnediates ( 12 5 1 -lSOOkgm) 2 3 %  1 6 %  
Large (>150 0kgm) 5% 3% 

Mean vehicle weight 1 0 65kgm 1 0 6 9kgm 

4 .  SBA'l'ING POSI'l'IOH 

Driver 6 4 %  5 8 %  
Front-Left 2 5 %  2 6 %  
Rear 1 1 %  1 6 % 

5 .  PA'l'Ilaft S&X 

Males 5 0 %  4 6 %  
Females 5 0 %  5 4 %  

6 .  PA'l'IBNT AGB 

< 17 �ears 8 %  8 %  
1 7  - 5 yrs 2 7 '  21% 
26 - 55 yrs 4 6 \  47% 
56 - 7 5  yrs 1 8 \  2 0 %  
> 7 5  years 1 '  4 %  
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�STICS 0. 'fJIJI � SAllPL& - Table 4 shows the characteristics of 
the total crashed vehicle sample and how it compares with the mass data . 
Generally, the characteristics were quite similar, except the crashed 

vehicle sample had a larqer proportion of side impact collisions and no 
rear end crashes . These differences were larqely the result of differences 

in coding procedures and the fact that multiple collisions were excluded 
from the crashed vehicle study. There was a greater over-involvement of 
younq vehicle occupants in the crashed vehicle sample to the mass data, 
confirming the tendency for these road users to be over-involved in road 
crashes . The ma j ority of occupants in the sample survived their collision 
(only 7% of the patient sample were fatalities) . 

SID& DG'ACT VBBICL& IN'l'&Glll'f'Y - Table 5 lists the rank ordering of 
component intrusions into the front and rear seat occupant areas for the 
sample of side impact crashes, where intrusion is defined in relation to 
the space inside the vehicle likely to be occupied by passengers and 
normally free of mechanical structure s .  Most notably, front compartment 
intrusions were considerably more comrnon than rear compartment intrusions 

for this population of crashes ( 5 .  5 cf . 1 .  5 intrusions per crash) . For 
front intrusions, the door panel was the most common area of deformation or 
intru.sion, occurring in 4 7 %  of all crashes . Steering as.semblies were the 
next rnost frequent intrusion ( 3 1 % ) , followed by the A-pillar (27 % ) , B
pillar (27 ' ) , lower side panel ( 2 5% ) , roof side rail ( 2 1 % ) , roof ( 1 4 % ) , 
console ( 8 % ) , floor pan ( 6 % ) , and front seat ( 6 % ) . 

'rABL& 5 
RAN1t OltDD.ING or VBBICL& DAICl.G& IN'l'ROSIOHS l'ROH SIDB 
IMPACTS BY l'l\ON'1' .um BAR SU.TING AR&AS (52 vehiclee) 

FRONT COMPARTMENT INTRUSIONS REAR COMPARTMENT INTRUSIONS 

ITEM 

Door panel 
Steering a.s.sy 
A-pillar 
B-pillar 
Side panel 
Roof side rail 
Roof 
Console 
Floor pan 
Front seat 
Toe pan 
Instrument panel 
W' screen & frame 
W' screen header 
C-pillar 
Ot he r  

Totals 

FREQ . 

4 7  
1 6  
1 4  
1 4  
1 3  
1 1  

7 
4 
3 
3 
2 
2 
2 
2 
1 
3 

1 42 

( % )  

( 9 0 % )  
( 3 1 ' )  
( 2 7 % )  
( 2 7 % )  
( 2 5 % )  
( 2 1 % )  
( 1 4 % )  
( 8 % )  
( 6 % )  
( 6 % )  
( 4 ' )  
( 4 ' )  
( 4 % )  
( 4 ' )  
( 2 % )  
( 6 % )  

( 5 4 6 % )  

ITEM 

Door panel 
Front .seat 
B-pillar 
Side panel 
Roof side rail 
Roof 
Window f rame 
W' screen header 
Floor pan 
Other 

FREQ . 

3 0  
1 1  

9 
9 
7 
6 
2 
l 
l 
2 

7 9  

STEERING ASSY MOYEMEHTS BY PißECTION OF DISPLAGEMENT 
Lateral 
Longitudinal 
Vertical 

7 
3 
6 

( 1 4 % )  
( 6 % )  
( 12 % )  

( % )  

( 5 8 % )  
( 2 1 % )  
( 1 7 % )  
( l  7 % )  
( 1 4 % )  
( 12 % )  
( 4 % )  
( 2 % )  
( 2 % )  
( 4 ' )  

( 1 5 2 % )  

Steering assembly intrusions in the top part of the Table refer to cases 
where there was movement in either a l ongi t udinal, lateral, or verti cal 
plane (movements in more than one plane were only scored as a sin�le 
movemen t ) . The breakdown of intrusions into the total numbers of individual 
plane movements for all crashes is detailed in the l ower part of the Table .  
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Steering assembly intrusions often comprised multiple intrusions into 
the driver' s occupant space, predominantly involving lateral ( 1 4 % )  and 
vertical ( 12 % )  displacements .  Rear compartment intrusions mainly comprise 
structural deformations to the rear door panel ( 5 8 \ ) , front seat ( 2 1 % ) , 
B-pillar (17 % ) ,  2-door s ide panel ( 17 \ ) , roof rail ( 1 4 % ) , and roof ( 1 2 % ) . 
Importantly, front seat ( rearward) deformations or intrusions did account 
for a sizable 2 1 %  of all intrusions into the rear seat occupant space . 

SIDK IMPACT B&LT WZARIHG - 90% of all injured occupants invol�ed in side 
impact crashes wore seat belts at the time of their collision (the overall 
f igure for the total ctashed vehicle sample was only 7 9 % ) . This is similar 
to on-road wearing rates for Victoria (Vic Roads 1 9 9 0 )  perhaps reflecting 
the absence of protective value for seat belts in s ide impact s .  Almost all 
belts inspected were ret ractable and there were no f a i l ures of the 
restraint system observed . Seat belt wearing behaviour was accurately 
reported by 8 7 %  of the occupants interviewed. Of those who gave a different 
version to that observed during the inspection, almost all claimed to be 
wearing belts when, in fact, there was no physical evidence of this . 

INJUJUZS ' SOORCB or CON'fACT - As noted earlier, this follow-up study was 

particularly useful in being able to ascribe injury causation from within 
the vehicle . S ide impact collis ions were shown to be of s i zable magnitude 

in this crashed vehicle sample ( 3 3 % )  and in the population at large ( 2 4 % )  . 
This section, therefore, will concentrate on injuries and contact sources 

resulting from this crash eonfiguration . Other publieations have described 
the results of the injury and souree contact analysis for other crash 
configurations (Fildes , Vulcan & Lenard 1 9 9 0 ) . 

Body Raqiona Injured - The NASS oeeupant injury elassifieation scheme 
ineludes 2 0  separate body region injury eode s . To simplify presentation of 
the results (especially given the small patient nwnbers) these were 
subsequent ly re-eoded into 7 body region eategories for analys i s ,  namely 
head, faee, ehest, abdomen ,  upper extremity, lower extremity, and spine . Of 
particular interest, the abdomen included injuries to the pelvis while 
the lower limb ineluded all _ injuries f rom the hip to the toes . 

Table 6 shows that rear seat passengers recorded the highest average 
nwnber of body regions injured for all severities and erash types at 4 . 2  
per patient, compared to 4 . 1  for drivers and 3 . 0  for front seat oeeupants .  
Moreover, rear passengers reeorded s lightly more severe injuries (AIS>2 ) 
per patient ( 1 . 2 ) , in eontrast to drivers ( 1 . 1 ) and front-left passengers 
( 0 . 9 ) . For all injuries to driyers, the most frequent body regions injured 
in side impaets were abdomen ( 9 0 % ) , ehest ( 7 0 % ) , head ( 63 % ) , and upper 
extremity ( 6 3% ) . For severe injuries only to drivers (AIS>2 ) , the most 
frequent body regions injured were ehest ( 4 7 % ) , abdomen ( 3 0 % ) , head ( 1 7 % ) , 
and lower extremity ( 10 % ) . There were no severe injuries to the spine for 
these occupants .  

For front-left passengers, the most f requent injuries were in the 
ehest ( 7 1 % ) , head ( 65 % ) , abdomen ( 65 % ) , faee ( 3 5 % ) , and lower extremity 
(35 % ) , while for severe injuries, the most f requent injuries were the ehest 
( 3 5% ) , abdomen ( 3 5 % ) , and head ( 1 2 % ) . There were no severe injuries to the 
faee or lower extremities of the front-left seat passengers . For rear seat 
passengen, the most f requent body regions in jured eomprised the ehest 
(77 % ) , faee ( 6 9 % ) , upper extremity ( 6 9 % ) , abdomen ( 62 % ) , and head ( 5 4 % ) , 

while for severe injuries only, the order of most frequent body region 
in jured was the ehest ( 4 6 % ) , abdomen ( 3 8 \ ) , head ( 3 1 \ ) , and upper extremity 

( 8 % ) . There were no severe face, lower extremities , or spine injuries in 

this seating position . 
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'fULS ' 
Ba>Y R&GIOlf DIJtJRm BY 8D.lfDIG POSllfIOH roa OCCCPAH'1'8 

DIVOLWD IN 8IPI IHPAC'f COLLI8IC:.8 

BODY REGION DRIVERS (n•30 )· FRONT LEFT (n•l7) REAR (n•l3) 
INJURED ALL (AIS>2 ) ALL (AIS>2 ) ALL (AIS>2) 

He ad 63% ( 1 7 ' )  65% ( 1 2 % )  5 4 '  ( 3 1 ' )  
Face 4 0 %  ( 3 % )  3 5 %  ( 0 % )  6 9 '  ( 0 % )  
Chest 7 0 %  ( 4 7 % )  7 1 '  ( 35 % )  7 7 %  ( 4 6 % )  
Abdomen 90% ( 3 0 % )  65% ( 3 5 % )  62% ( 3 8 % )  
Upper ext remity 6 3 %  ( 7 % )  2 4 '  ( 6 % )  6 9 '  ( 8 % )  
Lower extremity 40% ( 1 0 % )  35% ( 0 % )  4 6 %  ( 0 % )  
Spine 3 0 %  ( 0 % )  6 %  ( 6 % )  3 8 %  ( 0 % )  

Average/Patient 4 . 0  ( 1 . 1 )  3 . 0  ( 0 . 9) 4 . 2  (1 . 2 )  

Figures for ALL INJURIES show the percentage of patients who had a t  least l 
injury in that particular body regi on (of any level of severi ty) . Figures 
in parenthesis show the percentages for severe injuries only (AIS>2) . 
Averages per patient are the mean nwnber of total and the mean nwnber of 
severe body regi ons injured recorded per patient . 

Vehicle Contacta - The NASS injury source classif ication further allows for 
scoring 82 specific vehicle components as points of contact . Again, to 
simplify presentation of the results for this limited nwnber of cases, 
these were collapsed into 13 vehicle reqions, comprisinq windscreen and 
heade r ,  stee ring wheel , stee r ing c o l umn , instrument pane l ,  console , 
pillars, s ide glaz ing ( window and door frame ) , interior surface ( roof, s ide 
rail and door panel) ,  seats, seat belts, other occupants,  floor, and 
other/unknown . Steering column included pedal contacts ,  floor consisted of 

floor and toe pan in the front, instrument panel comprised both upper and 
lower sections, while s ide glazing combined contacts to the glass as well 
as the door frame . Table 7 shows the points of contact by seating position 
for all and severe injuries . 

'fULI 7 
POIN'.1:8 or COH'rAC'f BY 8D'fDIG P08IlfIOH roa OCCCPAH't8 

DIVOLWD IN lml DCPAC'r COLLI8IOlf8 

POINTS OF DRIVERS (n•30 )  FRONT LEFT (n•l7) REAR (n• 1 3 )  
CONTACT ALL (AIS>2 ) ALL (AI S>2 ) ALL (AIS>2) 

W' screen & header 0 %  0 % )  6 %  6 % )  0 %  0 % )  
Steering wheel 1 7 '  0 % )  0 %  0 % )  0 %  0 % )  
Steering column 3 %  0 % )  0 %  0 % )  0 %  0 % )  
Instrument panel 3 3 %  7 % )  1 8 %  6 % )  0 %  0 % )  
Console 1 3 %  0 % )  0 %  0 % )  0 %  0 % )  
Pillars 7 '  7 % )  2 4 '  6 % )  9 %  9 % )  
S ide Glazing 1 0 %  ( 0 % )  1 8 %  ( 0 % )  1 8 %  ( 9 % )  
Interior surfaces 67% ( 5 7'1 )  8 2 %  ( 47 ' )  6 4 %  ( 3 6 % )  
Seats 7 %  ( 0 \ )  0 %  ( 0 \ )  1 8 %  ( 0 % )  
Seat belts 5 0 %  ( 7 % )  47' ( 0 % )  1 8 %  ( 0 % )  
Other occupants 1 0 %  ( 7 % )  0 %  ( 0 % )  9 %  ( 0 % )  
Floor & toe pan 7 '  ( 3 % )  0 %  ( 0 % )  9 %  ( 0 % )  

Average/patieAt 2 . 9 (0 . 9)  2 . „  (0 . 8) 1 . 6  ( 0 . 7 ) 

Figures for ALL CONTACTS show the percentage of patients who bad at least l 
contact injury of any severi ty. Figures in parenthesis show the percentages 
for severe injuries only (AIS>2) , whil e  averages per patient show the mean 
number of contacts per patient for all and severe injuries only. 
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For all oeeupant injuries and eollision types, the most frequent 
points of eontaet for driyers were the interior surfaee ( 67 % ) , seat belts 
(50 % ) , instrwnent panel (33 % ) , steerinq wheel ( 1 7 ' ) , s ide glazinq ( 1 0 % ) , 

and other oeeupants ( 1 0 % ) . For severe driver injuries, the most frequent 
point of eontaet was the interior surfaee ( 5 7 % )  . The most frequent points 

of eontaet for front-left passengers ineluded interior surfaees ( 8 2 % ) ,  seat 
belts ( 4 7 % ) , pillars ( 2 4 % ) , instrument panel ( 1 8 % ) , and s ide qlaz ing ( 1 8 % ) , 

while severe injury eontaets for these oeeupants were again essentially 
eonfined to eontaet with interior surfaees (47 % ) . For rear seat passengers, 
the frequent eontaet points eomprised interior surfaees ( 6 4 % ) , seats ( 1 8 % ) , 
seat belts ( 1 8 % ) , and the s ide glazing ( 1 8 % ) . The only noteworthy severe 
rear seat injury eontaet was interior surfaees ( 3 6 % )  . 

InjuJ:Y ' Soure• Interactiona -It should be noted that when eomparing 
body reqions inj ured with their points of eontaet, multiple injuries and/ or 
eontaet sourees were allowed for eaeh patient when there were unique 
eombinations ( i  . e . ,  2 head injuries, one from the steering wheel and 
another from the dashboard) , but only the most severe injury/souree contact 
was allowed for similar eombinations ( i . e . ,  2 head injuries to a patient 
from the steering wheel) . This was to ensure that all unique body regions 
injured or points of eontaet were ineluded in the analys is . 

Drivers- Table 8 shows the injury/souree eontact pereentaqes per patient 
(for all injuries and for severe injuries (AIS>2) only) for the 30 drivers 

hospitalised from s ide impaet erashes . The most noteworthy all severity 
injury/source eombinations were : 

. abdomens with interior surfaees ( 5 0 % ) , 
abdomens with seat belts ( 4 7 % ) , 
ehest with interior surfaees ( 4 0 % ) , 
upper extremity with interior surfaces ( 3 3% ) , 
lower extremity with inst rument panel (23 % ) , 

. spine with interior surfaees ( 2 0 % ) , 
ehest with seat belt ( 2 0 % ) , and 

. upper extremity with seat belt ( 2 0 % )  • 

For severe injuries only to drivers, the most noteworthy injury/souree 
eombinations eomprised: 

. ehest with interior surfaees ( 3 3 % ) , 

. abdomens with interior surfaees ( 2 3 % ) , 

. head with pillar ( 7 % ) , 
upper extremity with interior surfaee ( 7 % ) , and 

• ehest with other oecupant ( 7 % )  . 

Front-Left Passengers - Table 9 shows the injuries and points of eontaet 
for the 1 6  hospitalised front-left seat passenqers for all injuries and for 
severe injuries only. For injuries of all severities , the most noteworthy 
injury/souree eombinations were : 

abdomen with interior surfaees ( 5 0 % ) , 
ehest with interior surfaees ( 5 0 % ) , 
ehest with seat belt ( 3 8 % ) , 
lower extremity with interior surfaee ( 3 1 % ) ,  and 
abdomen with seat belt ( 2 5 % ) . 

For severe injuries only to front-left passengers, there were only 2 
noteworthy injury/ source combinations, namely ehest with interior surface 

(25 % ) , and abdomen with interior surfaee ( 2 5% ) . 
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WS/HEADER 

STEER WHEEL 

STEER COLUMN 

INSTRU. PANEL 

CONSOLE 

PILLARS 

SIDE OLAZE 

INTERIOR SURF 

SEATS 

BELTS 

OTH.OCCU. 

FLOOR 

OTH.UNK. 

TOTAL 

TABLE I 
BODY REGION INJURIES BY POINT OF CONTACT FOR 

30 DRIVERS INJURED FROM SIDE IMPACT COLUSIONS. 

HEAD FACE CHEST ABDOMEN UPPEXT LOWEREXT 

0% 0% 0% 0% 0% 0% 
(0%) (0%) (0%) (0%) (0%) (0%) 

3% 3% 3% 7% 7% 0% 
(0%) (0%) (0%) (0%) (0%) (0%) 

0% 0% 0% 0% 0% 3% 
(0%) (0%) (0%) (0%) (0%) (0%) 

0% 0% 0% 7% 7% 23% 
(0%) (0%) (0%) (3%) (0%) (3%) 

0% 0% 0% 13% 0% 0% 
(0%) (0%) (0%) (0%) (0%) (0%) 

7% 7% 0% 0% 0% 0% 
(7%) (0%) (0%) (0%) (0%) (0%) 

10% 7% 0% 0% 7% 0% 
(0%) (0%) (0%) (0%) (0%) (0%) 

13% 3% 40% 50% 33% 13% 
(3%) (0%) (33%) (23%) (7%) (3%) 

7% 0% 3% 0% 0% 0% 
(0%) (0%) (0%) (0%) (0%) (0%) 

0% 0% 20% 47% 20% 0% 
(0%) (0%) (3%) (3%) (0%) (0%) 

7% 7% 10% 7% 3% 0% 
(3%) (3%) (7%) (0%) (0%) (0%) 

0% 0% 0% 0% 0% 7% 
(0%) (0%) (0%) (0%) (0%) (3%) 

23% 23% 3% 10% 23% 3% 
(0%) (0%) (3%) (0%) (0%) (0%) 

70% 50% 80% 140% 100% 50% 
(13%) (3%) (47%) (30%) (7%) (10%) 

SPINE 

0% 
(0%) 

0% 
(0%) 

0% 
(0%) 

0% 
(0%) 

0% 
(0%) 

0% 
(0-.4) 
0% 

(0%) 

20% 
(0%) 

0% 
(0%) 

0% 
(0%) 

0% 
(�) 
0% 

(0%) 

10% 
(0%) 

30'% 
(0%) 

The flgures on the top row show the perc.ntage of total patlent1 who 1u1talned 1 partlcular ln)ury 

TOTAL 

0% 
(0%) 

23% 
(0%) 

3% 
(0%) 

37% 
(7%) 
13% 
(0%) 

13% 
(7%) 
23% 
(0%) 

173% 
(70%) 

10% 
(0%) 

87% 
(7%) 
33% 

(13%) 

7% 
(3%) 

97% 
(3%) 

520% 
(110%) 

by source comblnatlon for ln)urle1 of 111 Mvtrltle1. Tho• In parenth11ll 1how the ln)ury by aource rltH 
for severe (AIS > 2) ln)urle1 only. 
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TABLE 9 
BODY REGION INJURIES BY POINT OF CONTACT FOR 

17 FRONT LEFT PASSENGERS INJURED FROM SIDE IMPACT COLUSIONS. 

HEAD FACE CHEST ABDOMEN UPPEXT LOWEREXl SPINE TOTAL 

WS/HEADER 6% 6% 0% 0% 0% 0% 0% 12% 
(6%) (0%) (0%) (0%) (0%) (0%) (0%) (6%) 

STEER WHEEL °"' °"' 0% 0% 0% °"' °"' 0% 
(00.4) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

STEER COLUMN °"' 0% 0% 0% 0% 0% 0% 0% 
(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

INSTRU. PANEL 0% 0% 8% 0% 0% 18% 0% 24% 
(0%) (0%) (8%) (0%) (0%) (0%) (0%) (8%) 

CONSOLE 0% 0% 0% 0% 0% 0% 0% 0% 
(0%) (0%) (0%) (0%) (�) (0%) (0%) (0%) 

PILLARS 12% 6% 8% 0% 8% 0% 0% 29% 
(6%) (0%) (0%) (0%) (0%) (0%) (0%) (6%) 

SIDE GLAZE 18% 12% 0% 0% 0% 0% 0% 29% 
(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

INTERIOR SURF °"' 6% 53% 53% 18% 29% 6% 165% 
(0%) (0%) (29%) (29%) (8%) (0%) (6%) (71%) 

SEATS 0% 0% 0% 0% 0% 0% 0% 0% 
(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

BELTS 0% 0% 35% 24% 0% °"' 0% 59% 
(00.4) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

OTH.OCCU. 0% 0% 0% 0% 0% 0% 0% 0% 
(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

FLOOR 0% 0% 0% 0% 0% 0% 0% 0% 
(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

OTH.UNK. 29% 12% 18% 12% 6% 0% °"' 76% 
(0%) (0%) (12%) (6%) (0%) (0%) (0%) (18%) 

TOTAL 65% 41% 118% 88% 29% 47% 6% 394% 

(12%) (0%) (47%) (35%) (8%) (0%) (8%) (106%) 

The flgure1 on tht top row 1how the percentage of the total patltnta who 1u1talntd 1 partlcular lnjury 
by source comblnatlon for lnjurlt1 of all 11verttln. ThoM In parenthttll 1how tht lnjury by aource rattl 
for severe (AIS > 2) lnjurle1 only. 
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Rear Seat Passengen - Table 10 shows the injury/souree eombinations for 
the 11 hospitalised rear seat passengers (all and severe injuries ) where 
the 3 most noteworthy ineluded : 

ehest with interior surfaee ( 4 6 \ ) , 
abdomen with interior surfaee ( 3 6 \ ) , and 
upper extremity with interior surfaee ( 3 6 \ )  . 

For severe injuries, the most noteworthy injury/ souree eombinations were : 

ehest with interior surfaees (27 % ) , 
abdomens with interior surfaees ( 1 8 % ) , 

. head with pillar ( 9 \ ) , and 

. head with side glaz inq ( 9 % ) . 

As the seat belt wearing rates were espeeially high amongst these inj ured 
oeeupants ,  there was little to be gained in analysing the injuries and 
points of eontaet by belt wearers and non-wearers . 

Near and rar Colliaiona - The final analysis undertaken was an attempt to 
examine whether injuries and points of eontaet were different for oeeupants 

seated on the impaeted s ide (NEAR) as opposed to the opposite side (FAR) . 
Previous evidenee suggested that there would be substantial differenees 
here (Dalmotas 1 9 8 3 ;  Otte et al 1 9 8 4 ;  Rouhana and Foster 1 9 8 5 )  . It was only 
possible to examine near and far differenees for drivers, given the small 
number of eases eurrently available and the relative laek of f ront-left and 
rear passengers hospitalised after far-side impaet erashes (2 : 17 and 1 : 1 1 
respectively) . 

Table 1 1  shows that for the 1 9  drivers involved in � side impaet 
crashes, the most frequent injuries (all severit ies )  occurred in the 

abdomen ( 1 42 % ) , upper extremity ( 1 0 5% ) , ehest ( 8 4 % ) , head ( 6 8 % ) , and lower 
extremity ( 6 0 % ) . Common points of eontaet ineluded interior surfaees 
( 2 42 % ) , seat belts ( 4 7 % ) , side glaz ing ( 3 7 % ) , steering wheel ( 2 6 % ) , and 
instrument panel ( 2 6 % ) . The noteworthy injury/souree eontaets were : 

abdomens with interior surfaces ( 7 4 % ) , 
ehest with interior surfaces ( 6 0 % ) , 
upper extremity with interior surfaces ( 47 % ) , 
abdomens with seat belts ( 32 % ) , 
spine with interior surfaces ( 2 6 % ) , and 
lower extremity with interior surfaees ( 2 1 % )  . 

For severe injuries (AIS>2) to drivers in near-side impaets, the most 
notable body regions inj ured were the ehest ( 5 3 % ) , abdomen ( 3 7 % ) , head 
( 1 1 % ) , and lower extremity ( 1 1\ ) . There were no ma j or injuries reeorded for 

the faee or spine amongst these occupants .  The only points of contact were 
interior surfaces - roofs and doors ( 9 5\ ) , pillars ( 1 1 \ ) , and floor ( 5 % ) . 
The 3 most noteworthy injury/source contacts were : 

ehest with interior surfaees ( 47 % ) , 
abdomens with interior surfaces ( 3 7 % ) , and 
head with pillar ( 1 1 % )  . 

Table 12 shows the injury/source analysis for the 1 1  drivers involved 
in side impacts when seated on the far side. There was no marked difference 
in the frequeney of body regions injured over that for near side drivers . 
However, the relative frequency of the points of contact was different, 
including seat belts ( 1 5 5% ) , other occupants ( 9 1 % ) , interior surfaees 
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TABLE 10 
BODY REGION INJURIES BY POINT OF CONTACT FOR 

11 REAR SEA T PASSENOERS INJURED FROM SIDE IMPACT COWSIONS. 

HEAD FACE CHEST ABDOMEN UPPEXT LOWEREXl SPINE TOTAL 

WS/HEADER 0% 0% 0% 0% 0% 0% 0% 0% 
(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

STEER WHEEL 0% 0% 0% 0% 0% 0% 0% 0% 
(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

STEER COLUMN 0% 0% 0% 0% 0% 0% 0% 0% (OOk) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

INSTRU. PANEL 0% 0% 0% 0% 0% 0% 0% 0% 
(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

CONSOLE OOk 0% 0% 0% 0% 0% 0% 0% 
(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

PILLARS 9% 9% 0% 0% 0% 0% 0% 18% 
(9%) (0%) (0%) (0%) (0%) (0%) (0%) (9%) 

SIDE GLAZE 18% 18% 0% 0% 0% 0% 0% 36% 

(9%) (0%) (0%) (0%) (0%) (0%) (0%) (9"') 
INTERIOR SURF 0% 18% 45% 38% 38% 18% 9% 164% 

(0%) (0%) (27%) (18%) (0%) (0%) (0%) (45%) 

SEATS 0% 0% 0% 0% 0% 18% 0% 18% 
(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

BELTS 0% 0% 9"' 0% 9% 0% 0% 18% 
(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

OTH.OCCU. 0% 0% 0% 0% 0% 0% 0% 0% 
(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

FLOOR 0% 0% 0% 0% 0% 9% 0% 9% 
(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

OTH.UNK. 18% 18% 18% 18% 18% 18% 18% 127% 

(0%) (0%) (9"') (9"') (9%) (0%) (0%) (27%) 
TOTAL 45% 64% 73% 55% 64% 64% 27% 391% 

(18%) (0%) (38%) (27%) (9%) (0%) (0%) (91%) 

The flgures on the top row show the percentlge of the total patlentl who 1u1talned a partlcular ln)ury 
by source comblnatlon for ln)urtet of all aeverttlM. ThoM In parenthMll ahow the ln)ury by aource ratM 
for severe (AIS > 2) lnJurles onty. 
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TABLE 11  
BODY REGION INJURIES BY POINT OF CONTACT FOR 

19 DRIVERS INJURED FROM "NEAR" SIDE IMPACT COWSIONS. 

HEAD FACE CHEST ABDOMEN UPPEXT LOWEREXT SPINE TOTAL 

WS/HEADER 0% 0% 0% 0% 0% 0% 0% 0% 
(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

STEER WHEEL 0% 0% 5% 11% 11% 0% 0% 26% 
(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

STEER COLUMN 0% 0% 0% 0% 0% 5% 0% 5% 
(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

INSTRU. PANEL 0% 0% 0% 5% 5% 16% 0% 26% 
(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

CONSOLE °"' 0% °"' 11% 0% 0% 0% 11% 
(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

PILLARS 11% 11•4 0% 0% 0% 0% 0% 21% 
(11%) (0%) (0%) (0%) (0%) (0%) (0%) (11%) 

SIOE GLAZE 16% 11% 0% 0% 11% 0% 0% 37% 
(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

INTERIOR SURF 16% 0% 58% 74% 47% 21% 28% 242% 
(0%) (0%) (47%) (37%) (5%) (5%) (0%) (95%) 

SEATS 5% 0% 5% 0% 0% 0% 0% 11% 

(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

BELTS 0% 0% 11% 32% 5% 0% 0% 47% 
(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

OTH.OCCU. 0% 0% 0% °"' °"' 0% °"' °"' 

(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

FLOOR 0% 0% °"' °"' °"' 11% 0% 11% 

(0%) (0%) (0%) (0%) (0%) (5%) (0%) (5%) 

OTH.UNK. 21% 21% 5% 11% 28% 5% 0% 89% 

(0%) (0%) (5%) (0%) (0%) (0%) (0%) (5%) 

TOTAL 68% 42% 84% 142% 105% 58% 28% 526% 

(11%) (0%) (53%) (37%) (5%) (11%) (0%) (116%) 

The flgures on the top row 1how th• percentage of th• total patJenta who aultalned a partlcular ln)ury 
by source comblnatlon for lnJurles of all MverttlH. Those In parenthesls show the lnJury by eource ratH 
for severe (AIS > 2) lnjurlH only. 
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TABLE 12 
BODY REGION INJURIES BY POINT OF CONTACT FOR 

11 DRIVERS INJURED FROM "FAR" SIDE IMPACT COLUSIONS. 

HEAD FACE CHEST ABDOMEN UPPEXT LOWEREXT SPINE TOTAL 

WS/HEADER 0% 0% 0% 0% 0% 0% 0% 0% 
(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

STEER WHEEL 9% 9% 0% 0% 0% 0% 0% 18% 
(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

STEER COLUMN 0% 0% 0% 0% 0% 0% 0% 0% 
(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

INSTRU. PANEL 0% 0% 0% 9% 9% 36% 0% 55% 
(0%) (0%) (0%) (9%) (0%) (9%) (0%) (1&°.4) 

CONSOLE 0% 0% 0% 18% 0% 0% 0% 18% 
(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

PILLARS 0% 0% 0% 0% 0% 0% 0% 0".4 
(0%) (0%) (0%) (0%) (0%) (0%) (00.4) (0%) 

SIDE GLAZE 0% 0% 0% 0% 0% 0% 0% 0% 
(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

INTERIOR SURF 9% 9% 9% 9% 9% 0% 9% 55% 

(9%) (0%) (9%) (0%) (9%) (0%) (0%) (27%) 

SEATS 9% 0% 0% 0% 0% 0% 0% 9% 

(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

BELTS 0% 0% 36% 73% 45% 0% 0% 155% 

(0%) (0%) (9%) (9%) (0%) (0%) (0%) (18%) 

OTH.OCCU. 18% 18% 27% 18% 9% 0% 0% 91% 

(9%) (9%) (18%) (0%) (0%) (0%) (0%) (36%) 

FLOOR 0% 0% 0% 0% 0% 0% 0% 0% 
(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

OTH.UNK. 27% 27% 0% 9% 18% 0% 27% 109% 

(0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) 

TOTAL 73% 64% 73% 138% 91% 38% 38% 509% 
(18%) (9%) (36%) (18%) (9%) (9%) (0%) (100%) 

The flgures on the top row show the pereentage of the total patlent1 who 1u1talned a partlcular lnJury 
by source comblnatlon tor ln)urle1 of all severttles. Those In parenth11l1 1how the lnJury by source rat11 
for severe (AIS > 2) lnjurlea only. 
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( 5 5 % ) , and the instrument panel ( 5 5 % ) . The most important injury/source 
combinations were : 

abdomen with seat belt ( 7 3% ) , 

. upper ext rem.ity with seat belt ( 4 6% ) , 
ehest with seat belt ( 3 6 % ) , 
lower extremity with instrument panel ( 3 6 % ) , and 

. ehest with other occupants ( 2 7 \ )  . 

For severe inj uries to drivers in far-s ide impact s ,  the most notable 
body regions injured were the ehest ( 3 6 % ) , abdomen ( 1 8 % ) , and head ( 1 8 % ) . 
Once again, there were no ma j or injuries recorded to the spine . The only 
substantial points of contact included other occupants ( 3 6 % ) , interior 
surfaces (27 % ) , seat belts ( 1 8 % ) , and the instrument panel ( 1 8 % ) . The only 
noteworthy major injury/source contact was ehest with other occupant ( 1 8 % )  . 

6 .  DISCOSSIOH 

The mass data analysis s�owed that in severe crashes (those involving 
a hospital or fatal outcome > , vehicle occupants sustained considerable 
numbers of severe injuries to the ehest ,  head, face, lower and upper 
extremities and the neck from vehicle crashes in Victoria between 1 9 8 2  and 
1 9 8 8 .  Moreover, the proportion injury rankings did not differ substantially 
for s ide impacts over all crash types . Collectively, principal injuries to 
the head, ehest and abdomen accounted for approximately three-quarters of 
all vehicle occupant road deaths ( including those from side impact s )  during 
this period. While seat belt wearing status was not available for these 
data at this time, it should be noted that seat belt wearing in Victoria 
has been consistently high in the front seat ( 9 4% ) , although lower in the 
rear ( 6 6 % ) , during this time period (Vic Roads 1 9 90 ) . 

A follow-up study of crashed vehicles where at least one occupant 
sustained hospitalisation injuries was undertaken to examine these inj ury 
patterns further and demonstrate what components within the vehicle were 
commonly associated with these injuries . While the follow-up study examined 
all crash confiqurations that occurred during the study period, side impact 
collisions were of particular interest here . It should be noted that there 
were differences in the proportions of crashes, vehicles and patients in 
the crashed vehicle sample over that from the mass data (these were 
outlined in the result section) . In particular, lower seat belt wearing 
rates were observed for both front and rear seat occupants for all crash 
configurations in this s tudy ove r those reported f o r  the mot o r ing 
population, although these differences were less apparent for side impact s .  
These differences are consistent with the fact that seat belts provide 
protection in crashes (especially front impact s )  and possibly that those 
who do not wear seat belts may be more likely to be involved in a crash . 

BODY RZGIOM INJORI•S - For the side impact crashes inspected in this study, 
there was a tendency for rear seat passengers and drivers to have more body 
regions injured than did front-left passengers . However, there did not 
appear to be any particular seating position bias in the average number of 
severe injuries per patient . It should be stressed that these findings 
might be inf luenced somewhat by the fact that oc cupant s had to be 
hospitalised to be included in the study ( a  severe injury was probably a 
pre-requisite to being admitted to hospital) . 

The types of injuries sustained did appear to differ across the three 
seating positions . There was a higher likelihood of a head and face inj ury 
for rear seat occupants than front seat occupant s ,  although drivers had a 
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sliqhtly hiqher risk of a severe head injury than front-left passenqers .  
All positions, thouqh, seemed equally vulnerable to injuries (rnajor and 
severe) to the ehest . Abdominal injuries were more apparent for drivers 

than either front-left or rear seat passengers which may have been a 
function of the disproportionate number of far-side impacted drivers 
injured in this sample (this crash confiquration resulted in injury almost 
every time to the abdomen from the seat belt) . However, it should be noted 
that there was practically no difference in severe abdominal injuries 
across all seating positions . Severe lower extremity injuri� were more 
prevalent amonqst drivers suqgesting that these occupants may have a 
particular problem with the steerinq assembly and foot pedals .  Front-left 
passengers had far fewer minor (but more severe) spinal injuries than 
either rear seat passenqers or drivers . In short, there did not appear to 
be any injury advantaqe for rear seat occupants over front seat occupants 
for the side impact crashes inspected in this study . 

These injury findings were similar to those observed in the mass data . 
Other researchers have also reported severe injuries to the ehest, abdomen, 
and head/neck regions of the body by the driver and front passenger in the 
USA (Rouhana and Foster, 1 9 8 5 )  and the UK (Jones 1 9 82 ) , o r  for front 
occupants in Germany (Otte et al, 1 9 8 4 )  . Dalmotas ( 1 9 8 3 )  found that head 
and face injuries were marqinally more cormnon than ehest and abdomen/pelvis 
inj uries for his sample of 98 side impact crashes in Canada during the 
1 9 7 0 ' s .  While there may be slight differences in the order of body region 
involvement across these studies , clearly these body regions are most at 
risk of severe injuries from side impact crashes . Interestingly, there were 
very few differences in order or magnitude of body regions inj ured by 
whether the driver was positioned on the near- or far-s ide of the impacted 
vehicle, either here or in all of the other studies noted above . The 
greatest effect on occupant injuries f rom the near and far relationship in 
side impact collis ions appears to be in which vehicle component actually 
caused the injury . This will be discussed more fully in the next section . 

There was a difference in the percentage of severe seat belt injuries 
between drivers and front-left passengers ( 1 0 %  cf . 2 % ) . This is a little 
surprising as they had s imilar seat belt wearing rates overa l l . In 
addition, the analysis for frontal crashes reported in Fildes,  Vulcan and 
Lenard ( 1 9 9 0 )  shows a similar, albeit more moderate diffe rence ( 1 5% cf . 
5 % ) , in seat belt contacts for belted occupants in these two seating 
positions, suggest ing that this anomaly is not a function of different 
crash confiqurations . It might be related to age and sex differences 
between occupants in these two seating positions or to minor differences in 
the coding of contact points between these two seating positions where a 
few seat belt contacts for drivers may have actually been the result of 
contact with some other component (e . g . , the steering wheel ) . Further 
analysis is warranted here when there are more cases available . 

POINTS or CONTACT - The most common vehicle components associated with 

injuries to front seat occupants included interior surfaces ( roofs and 
doors ) , seat belts, the steering wheel (for drivers) ,  instrument panels, 
and windscreen and headers . In term.s of severe injury contacts,  interior 
surfaces, the steering wheel ,  and the instrument panel were particularly 
involved . As noted above, the points of contact for the drivers' injuries 
varied depending upon whether they were seated on the near or far side of 
the impacted vehicle . In near side impacts, the interior surfaces (mainly 
door panels and hardware) predominated in association with these injuries, 

while for far s ide impacts, the seat belt and other occupants were the 
major source of inj ury . This was the case for all severities of injury 
examined here . The steering wheel seemed to be a problem for drivers' heads 
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and faces in far-side 
extremities in near-side 
For rear seat passenqers, 
window frame) were the 

crashes and their chests, abdomens, and upper 
impact s ,  althouqh only involvinq minor injuries . 
interior surfaces and side qlazing ( including the 

only note�orthy contact point s .  

The results are remarkably similar to those reported for drivers by 
Jones ( 1 9 8 2 ) , Dal.motas ( 1 9 8 3 ) , and Rouhana and Foster ( 1 9 8 5 ) . They found 
interior surfaces to be the common cause of severe injuries to both drivers 
and front seat passenqers when involved in near-s ide crashes, which was not 
appreciably influenced by whether the occupant was restrained or not . Most 
of these authors also reported a greater involvernent in occupant injuries 
from the steering system, inst rurnent· panel, and glovebox and a lesser 
involvement in seat belt injuries than was observed here . This was most 
likely a function of the low belt wearing rates in these earlier studies, 
compared to that experienced here . Otte et al ( 1 9 8 4 ) , too, reported over
involvement of the door and its hardware in f ront seat occupant injuries in 

near-s ide impacts and a sizable number of seat belt injuries to the abdomen 
for those who were wearing belts . Unfortunately, though, they did not 
differentiate between driver and front seat passenger contact s . 

IHJtJRISS AND COH'l'ACTS - The results of the injury/ source contact analysis 
of those involved in side impacts casts further light on the relationship 
between occupant injuries and the points of contact ins ide the vehicle . For 
drivers in near-side impacts, interior surfaces resulted in injuries to the 
abdomen, ehest and upper extremity in that orde r .  This demonstrates the 
need to emphasise occupant protection in the lower region of the vehicle 
side . When severe injuries are considered, there appears to be a case for 
treating the inside of the B-pilla r .  For drivers in far-s ide crashes, there 

was an abnormally high rate of seat belt injuries to the abdomen and upper 
extremities of the body . This suggests the need for better lateral support 

in seat desiqn (and maybe further improvernents in seat belt geometry) to 
protect these occupants .  

For rear seat passenqers, ehest and abdomens again featured highly in 
contacts with interior door surfaces, showing that there is a need for 
improved st renqtheninq and better internal padding of both front and rear 
doors . Head injuries from contacts with B-pillars and side glazing (door 
frame) was of some concern for these rear seat occupants and is evidence of 
the need for more attention to improved internal paddinq in these regions . 
It was not possible to assess whether seat belt wearing in the rear seat or 
the side of impact markedly influenced this pattern of results because of 
the small amount of data available in the database at this time . 

VKHICLS IH'l'SGIU'rY - The findings for vehicle integrity show that structural 
deformation or intrusion was quite common amongst the vehicles inspected 
(particularly in the f ront seat areas but also of si zable proportions in 

the rear regions a s  well) . Floor, roof and door panels were common 
offenders although the more st ructural members (pillars, instrument panels, 
side rails,  etc . )  were also f requently distorted in these crashes . Steering 
as sembly intrusions rated highly in the f ront seat ( 2 8 '  in all crashes ) ,  
comprising lateral, longitudinal, and vertical movements .  While current 
standards are aimed at reducing lonqitudinal movement only, the fact that 
there were severe injury contacts between the occupants and the wheel in 
the longitudinal, vertical or lateral distorted position, suggests that 
this standard may not be totally adequate in preventinq occupant injuries . 
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7 .  COHCWSIOlf 

In swnmary, occupants of vehicles involved in side impacts sustained a 
high propo rtion o f  injuries to the ehe s t ,  abdomen ,  head, a

·
nd upper 

extremity from contacts with interior surfaces ( roofs and doors ) ,  seat 

belts, the inst rument panel, steering a ssemblies (for the driver) , and door 
frame and perhaps side glazing and pillars for rear seat passengers . "Near" 
side impacts were over-involved in these cases, although a sizable number 
of drivers also sustained hospitalised injuries from " far" side impacts 
(especially involving contacts with the seat belt and inst rurnent pane l )  . 

Drivers and rear seat passengers experienced more injuries from side 
impacts than those in the front-left seat ing position . It is somewhat 
surprising that while head injury ranked highly as a body region injured, 
it was only identified as an important injury/source contact in the rear 
seating position . This may have been, in part, a function of the relatively 
large number of head injuries where a point of contact could not be 
identified. 

While there is clearly a need for more data to be collected to fi rmly 
establish the patterns observed here, the trends so far indicate there is 
considerable scope for further reducing the number and severity of occupant 

injuries from contacts within the vehicle in side impact collis ions . Apart 
f rom s t ructural improvement s ,  more effective re s t ra int s ys t ems , more 
forgiving (padded) door panels and instrument panels, better lateral 
support in seat design, and improved protection from B-pillar and roof s ide 
rail ( e spec i a l l y  in the rear o c cupant a r ea s )  are a l l  l i k e l y  to be 
successful countermeasures against rnany of these injuries . Their cost 
effectivene s s ,  however, still needs to be firmly established for Australian 
road users . 

The authors are grateful t o  the Fede ral Office o f  Road S a fety f o r  
sponsorship of this project and to the rnany individuals in Australia and 
overseas who contributed to this research . The views expressed are those of 
the authors and do not necessarily represent those of the sponsor or Monash 
University.  
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