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The imp o r t ance o f  the s teer ing sys tem as  a ma j o r  cause o f  l ife  
threaten i ng torso injuries to unre s trained d ri ver s in f rontal impa c t s  is 
wel l  e s t ab l i s hed . More recent ly inve s t ig a t i ons i n to the injuries  of 
re s t rained drivers have sugge s ted that the s t eering wheel is also an 
importan t source of head a nd face injuries . Gloyns l repo r t s  ove r 52% o f  
res t ra i ned drive r s  i n  a ser ious in jury sample s t ruck the wheel wi t h  
t he i r  head . In a sample o f  f a tally injured r e s t ra ined drivers he 
re por t s  that torso con tac t s  wi t h  an in trud ing s t e er i ng whe e l  were a l so 
common . 

Dalmo tas 2 descr ibe s a s ample o f  re s t rained drivers sustaining an in jury 
o f  at least AIS 2 and f ind s that 82% o f  facial in juries and 40% o f  ehe s t  
injuries are from a s t ee ring wheel contac t . S im i la r  rates o f  head 
con tac t are a l so repo r t e d  by Har temann3 . The c i rcums t ances in which 
head contact wi th the wheel occurs has been s hown to  be c r i t ically 
de pendan t on vehi c l e  de s i gn factors . P e t t y4 examine s te s t s  on 6 mode l s  
o f  c a r  subjec t to iden t ical impa c t  charac teri s t ic s  whe re head contac t 
with the wheel var ied con s i derab l y . 

STUDY STRUCTURE 

In t he UK there has been a law requ i ring the use of front seat be l t s  
s i nce 1 983 . During the pe riod t o  1 9 8 7  usage rate s have remained above 
90% . The Acc ident Research Uni t s  a t  the Ins t i tu t e  for Consume r 
Ergonomics  and a t  Bi rmingham Uni vers i ty have been examining car 
accident s  s in ce 1 9 8 3 . Highly d e t a i led data concerning the veh icle 
damage and the occupan t s  injuries are comb ined using te chn iques 
previou s ly described5 , 6 , 7 , Acc idents are selec t ed for inves t igat ion 
using a random based s t r a t i fied sampl ing system , mos t  fa tal and se r i ous 
injury tow-away accidents  are inve s t igated toge ther wi th a propo r t ion o f  
s l ight and non-in jury acciden t s . 

The re l a t ionship be tween the s ample and the popula t i on of  acc ident s  i s  
known where injury has occurre d  so we ight ing fa c tors  are employed to 
produce populat ion e s t ima tes  based on the sample . Popula t i on e s t ima tes  
o f  non- in jury accidents  are no t ye t avai lable . Curren t ly a sample o f  
1003 veh icles and 1 7 9 9  occupa n t s  i s  ava i l able f o r  analy s i s , when thi s 
data is wei ghted i t  is found that the popu l a t i on con s i s t s  o f  5 1 1 8  
vehicles  and 9009 occupant s .  This data has been used t o  examine the 
rela t i onship  be tween the s t eering wheel and head and torso in jurie s . 
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In the following analys i s  a l l  numbe rs o f  veh icles or  drivers can be 
a ssumed to be derived from the weighted sample unl e s s  othe rwi se s t a ted , 
this we ight ing may produce non- i n t egral numbe rs  o f  drivers and the re fore 
i t  may be tha t the f i gures in some of  the tables do no t always sum to  
the total g i ven . All drivers can be  assumed to be restra ined unle s s  
o therwi se s t a t ed . Where the term " cranium "  i s  use d  thi s repre sent s  the 
brain , i t s  surround i ng skele tal  s truc t ures and ove rlying s o f t  t i s sues 
not including the forehead . The term " fa c e "  repre sen t s  the fac i a l  
bones , ove rlying sur f ace t i s sues includ ing t h e  f o rehead and the so f t  
t i s sue s o f  the mout h . "Head " re fers to the cranium and face combi ned . 

IMPACT TYPE 

There were 4 1 5 5  r e s t r ained drivers in  the popula t ion . Of t he se 1 7 3 7  
( 4 2 % ) sus t a i ned a head in jury and 1 3 0 1  ( 3 2 % )  a torso in j ur y . 5 4 8  ( 3 3 % )  
o f  those wi t h  head in juries had a contact wi th the s t eering wheel a s  d i d  
2 3 3  ( 1 8% ) of  those sus t a ining torso injurie s . 

The mos t  common t ype o f  impac t  in whi ch the se i n j uries we re s us t a ined 
we re impa c t s  to the front of  the car involv ing d i rec t i ons o f  force 
be tween 1 1  a nd 1 o ' c lock . 483 ( 88% ) o f  t he 548 drivers wi th head 
injuries f rom s t eering sys t ems we re involved in th i s  type of impac t as 
we re 2 2 1  ( 9 5 % ) of t ho s e  wi th t orso in jury . In compa r i son only 648 ( 54% ) 
o f  the 1 1 89 drivers  with hea d  injuries f rom o ther sources exper ienced a 
f ron tal impac t .  7 3 4  ( 6 9 % ) of  the rema ining 1068 torso injuries from 
o ther s ource s  were a l so a re sul t o f  frontal impac t s . The direc t ions o f  
force of  the mo s t  severe impac t expe ri enced b y  t he drivers wi th s teer i ng 
wheel injuries are shown in Table 1 .  

Table 1 .  D i re c t i on s  o f  force on drivers  with  s teer ing wheel injury 

S teer ing wheel in juries All 
Direc t i on of  r e s t ra ined 
force ( o / c )  t o  head to torso drivers 

1 60 ( 1 1 % )  45 ( 1 9% ) 5 6 1  ( 1 4% ) 
2 2 5  ( 5% )  1 80 ( 4 % ) 
3 2 3  ( 4 % )  245 ( 6 % ) 
4-8 2 ( 0 . 3% )  405 ( 1 0% ) 
9 0 ( 0 % ) 1 2 5  ( 3 % )  

1 0  1 3  ( 2 % ) 1 1  ( 5 % )  2 1 5 ( 5 % )  
1 1  4 2  ( 8 % ) 1 0  ( 5 % )  409 ( 1 0% ) 
1 2  3 8 1  ( 70% ) 1 6 6  ( 7 1% ) 1 8 2 3  ( 44% ) 
Rol l 0 ( 0 % )  1 ( 0 . 5 % )  1 5 9  ( 4 % )  
n/k 2 - * 3 4  -

Total 548 ( 1 00% ) 233  ( 1 00% ) 4 1 5 5  ( 1 00% ) 

* All percen t ages are ba sed on t o t als  exc lud i ng unknown values 
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Table 1 shows tha t  the mos t  common d i rec tion of  force among st  those 
d r iver s with steer ing sys tem i n j uries  was 12 o ' clock . 381 ( 7 0% ) drivers 
with head injuries and 166 ( 7 1 % )  dr ivers wi th t o r so injuries expe rienced 
such an impa c t  compared wi t h  onl y  1823 ( 44 % )  of all  re s t ra i ned dr ivers . 
Head injuries  we re found t o  occur in  all  impac t d i r e c t ions from 10 - 3 
o ' cloc k ,  the percen tages mi rror ing fa i rly close l y  the d i s t ri but i on of 
impac t s  experienced by a l l  drivers . Torso injuries were susta ined in a 
more concen t rated band f rom 1 0  - 1 o ' cloc k .  l t  i s  hyp o the si sed that 
thi s d i f f erence may be a resul t of t he asymme t r ic nature of the sea t 
bel t .  At 2 o ' clock d i rec t ions o f  force a driver will  tend to move into 
his seat bel t and obtain maximum t o rso res traint t hereby minim i s i ng the 
chanc e of a torso con t a c t  on the s teer ing wheel . Wi th forces at 10 
o ' clock t he drive r  will tend to  move out o f  the be l t  and be more free . 

I MPACT SEVERITY 

The impac t  s eve r i t y  o f  the vehi cles in the popula t i on was a s se s s ed us ing 
the CRASH3 compu ter prog ramme . The de l ta-v d i s t r ibutions  for all 
re s t ra ined dr ivers in fron t al impac t s  is shown in Table 2 t ogether with 
the d i s t r i bu t i ons for tho se w i t h  head or torso in j ur i e s . 

The median delta-v for all  drivers wa s 30 km/h . For tho se with s teering 
whe e l  contac ts  i t  was 3 7  km/ h  for both groups wi th head and with torso 
injurie s . The lowe s t  del t a-V a t  wh ich a re s trained driver sus ta ined 
hea d  in juries wa s 17 km/ h , it was 1 6  km/ h  for torso  :in jur ie s . 

Table 2 .  Delta-v d i s t r i bu t i ons for all re s t ra i ned dr i vers in  frontal 
impac t s  and those wi t h  s t eering wheel injur i e s  

Driver s wi t h  s t eering whe el All re s tr ained 
D e l t a-v band dr ivers in 

km/ h  head injur ie s  t o r s o  injuries  frontals  

1- 9 0 ( 0 % )  0 ( 0 % ) 20 ( 1 % )  
1 0 - 1 9  1 5  ( 3 % ) 2 ( 2 % ) 2 8 1  ( 1 9% )  
20-29 56  ( 1 2 % ) 3 5  ( 2 9% ) 4 3 4  ( 2 9 % )  
30-3 9 1 1 5 ( 24% ) 5 1  ( 4 1 % )  3 9 7  ( 2 7 % )  
40-49 6 1  ( 1 3 % ) 1 5  ( 1 2 % )  1 9 4  ( 1 3 % )  
50- 5 9  56  ( 1 2% ) 6 ( 5 % ) 9 9  ( 7 % )  
60-6 9 2 7  ( 6 % )  6 ( 5 % )  34 ( 2 % )  
70-7 9 1 6  ( 3 % ) 4 ( 3 % ) 2 5  ( 2 % )  
80+ 2 ( 0 . 5% )  3 ( 3 % ) 3 ( 0 . 3% )  

n/k 1 3 6  - 9 9  - 1 1 60 -

Total  484  ( 1 00% ) 2 2 1  ( 1 00% ) 2650  ( 1 00% ) 

The proport ion o f  dr ivers in each impac t sever i t y  band who sus ta ined a 
s te er ing wheel injury is shown in Figure 1 .  
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F igure 1 .  
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Torso injuries can be seen to be rare a t  mo s t  ve loci t i e s . Be low 80km / h  
typically o n l y  10-20% o f  drivers in the popu l a t i on sus tained t o r s o  
in jur i e s  f rom t he s teer ing whee l .  Ta ble 2 shows tha t t here were o n l y  3 
d rivers in the popula t i on who expe ri enced impa c t s  o f  over 80 km/ h ,  all  
of  these sus t ained torso injuries  f rom t he whee l  but the low numbe rs  
imply poten t i a l  error in  the last point on  the graph . 

Head i n j uries  are subs t an t ially more common than torso injuries  a t  all  
veloc i t i e s  be tween 30 and 60 km / h .  A t  veloc i t ies above SO km/ h  the 
ma jor i ty of  res trained drivers in fron tal  impa c t s  sus t a in head i njuries 
f rom the steering wheel . 

The d i f f erence be tween the head and to rso in jury rates f r om the s tee r i ng 
wheel is a direct  consequence o f  the bene f i t s  of  re s t ra i n t  us e . Seat  
bel t s  are designed to  provide maximum re s t raint to  the to rso and t he 
regul a t ions tha t def ine seat  be l t  per formance are based on an impac t at 
SO km/h . F igure 1 shows this  e f fect with the inc idence o f  torso injury 
remaining be low 20% up to the del ta-v band 60-6 9 km / h .  The res t raining 
loads f r om a belt  can only be applied to the head by t ransm i s s ion 
t hrough the neck so the head i s  much more free to  move forward . The 
head therefore will  rece ive less  bene f i t  from r e s traint  use and F igure 1 
provides an example of  this showing a far hi gher incidence of  head 
injury than t orso in jury from s t ee r ing wheels a t  ve loc i t i es above 
20 km/ h .  

The con tras t be tween the re la t i onship o f  injury seve r i t y  and de l t a-v for 
head and torso injuries from the s t eer ing wheel provides a fur the r 
demon s t r a t ion o f  the re lat i ve bene f i t s  o f  re s traint . F igure 2 shows the 
mean delta-v exper ienced for each se ver i ty level of  he ad and torso 
injuri e s . 
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F igure 2 .  Mean delta-v f o r  drivers wi th s t eering whee l  injuri e s  
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There was only one driver who sustained an AIS 3 head injury f rom the 
s teer ing wheel so the d i p  in the curve at thi s  point is sub j e c t  to 
error . The number s  of dr ivers in  each of the o ther bands is shown later 
in Table 4 .  F igure 2 shows tha t , except at AIS  5 ,  a head in jury 
requ ires  a s l ightly highe r  de l t a-v than a torso in jury of  equal AIS . 
Thi s  i s  likely to be a conse quence of  the gre a t e r  separat ion be tween 
head and wheel . Other factors , however , are of at lea s t  equa l  
impor tance .  The AIS 1 in jurie s , a s  will be later shown , are typi cally 
brui s ing and cuts whe ther s u s t a ined by the torso or the head . l t  is  
l ike ly that these bod y regions ha ve similar tol erances to the s e  
injurie s . The more s eve re injuries are , howeve r ,  o f  a completely 
d i f feren t nature . Typ ically an AIS 3 head in j ury may be ei t her a 
Le fort I I  facial hone f rac ture or a cerebral contus ion . An AIS 3 torso 
injury , on the other band , i s  l ike l y  to be a pu lmonary contus ion with 
a s s o c i a ted r i b  fractures . l t  i s  no t a t  all l i ke l y  t ha t  the same leve l 
of  force will  cause each of  thes e  se t s  of injuri e s . Further 
inve s t i g a t i on of the level of the forces appl ied to  e ach body area by 
the steer ing wheel is beyond the sc ope o f  this pa per . 

STEERING SYSTEM INTRUS ION 

S teering s y s t em intrus ion wa s observed to play a s i gnif  i cant role in t he 
inc idence of  head and torso in j uries  al tho ugh the degree of in trus ion is 
re lated to impa c t  seve r i t y . The d i rec t ion of  i n t rus ion of  tho se wheels  
t ha t  caus ed in jury is compa red in  Table 3 with a l l  s t e e r ing whee l s  in 
fron t a l  impac t s . 
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Table 3 .  S t eering wheel movemen t  i n  f rontal impac t s  

He ad injury Torso i n j ury All wheels  
D i rec t i on 

No % No % No % 

up 1 1 1  26 66 3 5  2 5 3  9 
down 2 0 . 4  2 1 6 9  3 

fore 7 2 1 . 0  2 1  1 1  3 9  2 
a f t  1 3 4  3 1  5 8  2 9  2 0 5  8 

l e f  t 58  13  56  2 8  120  5 
r ight 50 1 1  2 7  1 4  1 60 6 

The d i s placemen t  of  each s t ee r i ng wheel wa s measured along 3 
perpend i cular axes . Table 3 shows the numbe r of  wheels  that moved along 
each d i re c t ion , the percentage of all wheels  in tha t  g roup w i t h  known 
movemen t and the mean disp lacemen t  along tha t direc t ion . Of the whee l s  
tha t  caus ed head injury 1 1 1  ( 2 6% ) moved upwards and 1 3 4  ( 3 1 % ) moved 
rearwards , only 253 ( 9 % )  and 205 ( 8% )  of all s t eer ing whee l s  in f ron tal 
impac t s  moved up or rearwards . Wheel movement to  e i the r  le f t  or  r ight 
was a l so more common among s t  those whe e l s  tha t caus ed head in jury . 

The s t e e r ing wheels tha t  caused t or so injury we re a l so more l i kely to  
have moved upwa rds , forward s , rearwards and to the ri ght than the 
popula t i on o f  whe els . 

Table 3 shows no c lear re lat ions h i p  be tween the d i r ect ion o f  movement 
and injuries wi th the excep t i on of  downward movemen t .  The re is a 
t e ndency however for injuries  to  be a s sociated wi th a s t e er ing whe e l  
tha t ha s moved regardless of  d i rec t i on . The d i re c t ion and degree of  
s t ee r i ng wheel movement i s  dependent on both the impac t seve r i ty and the 
s t eering system layout . A s t e e r ing column with a forward mount e d  
s teering rack and a rigid co lumn will have d i f f erent i n t rus ion 
cha racte r i s t ic s  to one wi th a bulkhead mounted ra ck and 2 un iversa l 
j o i n t s . I t  i s  cl ear tha t  head and torso injuries are rela t ed to  both  
impa c t  sever i t y  and int rus ion separately , but the se las t  two var i ables 
are also  rela ted to eac h othe r . I t  i s  beyond the scope of this  analys i s  
t o  disc r iminate between the effec t s  o f  each . 
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INJURY SEVERITY 

Wi thin the popul a t ion s t ud ied the re we re 1 7 3 7  re s t ra ined drivers tha t  
sus tained a head in jur y ;  5 4 8  ( 3 3 % )  o f  the se were f rom the s t eer ing 
wheel . The re were 1 3 1 9  dr ivers  who sus tained a t o r so injury , 233 ( 1 8% ) 
from the s t eer ing wheel . Al thoug h s t e e r ing wheel in juries to the head 
we re more common they tended to be s l ightly less  severe than those from 
all other sources . Torso injuries  f rom the steer ing wheel on the o ther 
hand , tended to  be s l i gh t ly more severe than those from o ther sources , 
and su b s t an t ia ll y  more severe than the correspond in g  head injuries . 
Table 4 compares the seve r i t y  d i s t r i bu t ion of  these 4 groups o f  
injurie s .  

Table 4 .  Seve r i ty o f  head and t o rso injuries f rom s teering whee l and o ther 
s ource s .  All impac t  di rec t i ons . 

· Head injuries Torso in j ur i e s  
A I S  

S teer ing wheel O ther sources S teer ing whee l  O ther sources 

1 403 ( 7 4 % )  783 ( 6 6 % )  1 9 1  ( 8 2 % )  841  ( 7 9 % ) 
2 130  ( 24% ) 3 2 3  ( 2 7 % ) 1 7  ( 7 % ) 1 3 6  ( 1 3% ) 
3 1 ( 0 . 2 % )  42 ( 4 % )  1 2  ( 5 % )  5 9  ( 6% ) 
4 1 1  ( 2 % ) 10  ( 0 . 8% )  6 ( 3 % ) 1 2  ( 1 % )  
5 3 ( 1 % )  20 ( 2 % )  4 ( 2 % )  1 5  ( 1 % )  
6 0 1 2  ( 1 % )  3 ( 1 % )  5 ( 0 . 4% )  

Total  548 ( 100% ) 1 1 8 9  ( 1 00% ) 233  ( 1 00% ) 1 0 86 ( 1 00% ) 

O f  the 548 head injuries from the s t eering system only 1 5  ( 3 % ) were of  
AIS  3 or above . Among st  the 1 1 89 head injuries f rom o the r sourc es , 84 
( 7 % )  we re o f  AIS  3 or above . In contra s t  2 5  ( 1 1 % )  of the torso injuries  
f rom s t eer ing whee l s  were of  AIS  3 or above compared with  91  ( 8 % )  of the 
1 0 8 6  f rom all o ther source s . The s t ee r i ng sys tem was mo re o f ten the 
cause of severe life threatening injuries to the torso than to  the head . 
Of  the 3 5  head injuries tha t we re AIS 5 or  6 only 3 ( 9% )  were caused by 
t he s t e e r ing system ;  however among s t  those 27  drivers wi th AIS 5 or  6 
torso injury 7 ( 2 6% ) we re caused by the s teering sys tem .  

To e f f e c t  a fur ther compa r i son the weight ing fac to�s develo ped a s  a 
measure of Harm by Mal l iaris 8 were used . The we ight ing factors employed 
are based on the economic co s t  of  an injury if  the injury occurred in 
the US . Whi l e  i t  i s  no t acc epted tha t the ab solute values of the 
we ights  would be the same in the UK it is cons idered tha t  the relat ive 
values from one AIS level to the nex t  are likely to be close ly similar . 
The re fore the Harm scale can be emp loyed to  compare the overall severi ty 
of s e t s  of injuries but canno t be us ed to  compare the total  economic 
cos t of injuries  f rom one coun try to  another . The Harm scale al so takes 
no acc oun t of  the long term e f f e c t s  of in juries . I t  is s t i l l , however , 
a useful guide in comparing groups of  inju ries . The con t ribut ion of  the 
s t eer ing wheel to the total Harro of  head and torso injuries is shown in 
Table 5 .  
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Ta ble 5 .  Total  Harro of head and t o rso injuries f roro s t eeri ng whee l s  
and o ther sources 

Con tac t point Total Harro 
Body area ( row t o ta l )  

S t eering wheel O ther po int  

He  ad  2003 ( 1 6% ) 1 02 9 9  ( 84 % ) 1 2 30 2  ( 100% ) 

Torso 2360 ( 25 % )  7032  ( 7 5 % ) 9 3 9 2  ( 100% ) 

Total Ha rro 4 3 6 3  ( 20% ) 1 7 3 3 1  ( 80% ) 2 1 6 94 ( 100% ) 
( coluron to t a l )  

The t o t a l  Ha rro to the head caused b y  t he s teering wheel wa s 2003 uni t s , 
this  repre sented 1 6% of the t o tal  head Harro of  1 2302  uni t s . The torso 
Harro caused by the s t eering wheel wa s slightly higher amoun t i ng to  2 3 60 
uni t s , repre senting 2 5 %  o f  the total  torso Harm . 

The use of  t he Harro scale sugge s t s , there fore , t ha t  the t o r so injuries 
tha t  resu l t  froro s t ee r ing wheel contac t are of s l i g h t l y  great e r  ec onoroic 
consequence than the head injurie s . 

Head injuries 

When the seve r i t y  of  a par t i cular i njury is  coded i t  is  ass igned an AIS  
value and is  ca tegorised as being a surface , skele t a l  or  in t erna l 
in jury . Injuries to  the head are a l so coded as be ing susta ined by the 
craniuro , or  the face . 

The d i s tribut ion of  the seve r i t y  of  the injuries of  each of  the se area s 
shows tha t roos t  injurie s  to the he ad are sus t ained by the face . The se 
d i s t ribut ions are shown in Table 6 and coropared wi th t he overa l l  
seve r i t y  of  head in Jury , being the highe s t  A I S  of  the craniuro and face , 
taken f roro Table 4 .  

Table 6 .  Severi ty of  the roo s t  seve re craniuro, face and head 
i njuri e s  f roro s teer ing whe e l s  

AIS Craniuro injury Face injury Mo s t  severe 
injury to  head 

0 388  ( 7 1 % )  2 2  ( 4% ) 0 (0% ) 
1 4 3  ( 8 % )  4 5 7  ( 84 % )  403 ( 7 4 % ) 
2 1 1 1  ( 20% ) 58  ( 1 1 % )  1 3 0  ( 2 4% ) 
3 0 ( 0% ) 2 ( 0 . 4% )  1 ( 0 . 2 % )  
4 3 ( 0 . 6 % )  8 ( 2 % ) 1 1  ( 2% )  
5 3 ( 0 . 5 % )  - 3 ( 0 . 5 % )  

Total  548  ( 1 00% ) 548 ( 1 00% ) 548 ( 1 00% ) 
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Of the 548 re s trained dr ivers w i t h  a head in jury from the s teer ing wheel 
1 60 ( 2 9% ) bad a cran ium injury and 5 2 5  ( 9 6 % )  sus t a i ned a face in jury . 
The re we re there fore 1 3 7  drivers who sustai ned both  cranium and face 
in jurie s . 1 1 1  ( 6 9% ) of  the cranium in juries were AIS 2 whereas 45 7 
( 8 7 % ) o f  fa c i al injuries were of  AIS 1 .  The numbers  wi thin each group 
sus taining AIS 3+ in juries were , however , similar there being 6 such 
cranium injuries and 1 0  such face injuries . 

The t o t a l  Ha rm of  t he c ranium injuries was 1 2 3 1  uni t s  compared wi t h  9 6 6  
uni t s  for fac ial in j ur ie s . There fore the use o f  harm t o  establ i s h  the 
impo r tance o f  injuries to  each part of  the head sugg e s t s  t ha t  the 
reduc tion o f  cranium in j ur i e s  should have a s l ig h t l y  hi ghe r  prio r i ty 
than fac i a l  injuries . The Harm we ight ing fac tors emp lo yed , however ,  
give f i xed we ights to  each level o f  AIS regard les s o f  bod y  ar ea . They 
are not sens i t ive to the part icular potent ial for lang term 
d i s f i gurement and the a s s o c iated emo t ional d i sab i l i ty of  fac ial  hone 
frac tures and s o f t  t i s sue lacera t i ons . 

The po s i t i on o f  the wheel con tact  on t he head wa s determ ine d by t he 
loca t i on of  the a s s o c i a t ed surface injury . 2 2  drivers rec e i ved a 
crani um contact alone , 5 0 8  a face conta c t  alone and 1 8  contac t ed the 
whe el with bo th pa r t s  of  the i r  head . The na ture o f  the mos t  severe 
injuries tha t  resul t ed f rom each type of contac t i s  shown in Tab le 7 .  

Table 7 .  Mos t  severe c ranium or  face injury f rom s tee ring 
wheel con t a c t  

Contac t wi th c rani um alone Fac e  contac t 

I n jury type No I n jury type 

Sur face - AIS 1 2 1  
uncon s c iousne s s-AIS 2 1 Sur face - AIS  1 

AIS 2 
Total  2 2  

Nase or tooth frac ture 
O t her face f rac ture 

Face and cranial con t a c t  
Frac tured skull alone 

In jury type No 
Unconsc iousne s s  -A IS 2 

Surface - AIS 1 15  -o ther 
Uncon s c iousne s s-AIS 2 3 

To t a l  1 8  Total 

8 1  

No 

2 5 4  
3 2  

1 1 6  
2 1  

1 2  

6 6  
7 
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The se 508 face conta c t s  mo s t  commonly re sul ted in facial bru i s ing or  
lacer a t ions but there were 1 1 6  ( 2 3% ) drivers wi th minor facial bone 
fractures - broken noses or tee th .  Face contac t s  f requently resu l t ed in 
cranial in jury ; 66 d river s were unconsc ious for 15 mins or le s s  but a 
furthe r  3 1 , who susta ined AIS 2 fac ial injuries in add i t ion susta ined 
AIS 2 facial injuries in add i t ion sus ta ined AIS 2 unconscious ne s s . An 
add i t ional 7 ( 1 % )  drivers sus t a ined more severe brain injury . One 
dr iver s t ruck the wheel wi th his jaw , he sus t a i ned a comm inuted mand ible 
frac t ure wi th a f rac tured base of  skull and a subarachnoid and pe t echial 
b rai n haemhorrhage . 

The degree of  facial d i s f  igurement tha t  re sul t s  from t he se injuries  i s  
highly dependent o n  the na ture o f  the in jury and i t s  treatmen t . An AIS 1 
facial lacera t ion may resul t in a more visi ble change o f  fea t ures t han a 
fractured zygoma or mand ible . The more severe fac ia l  in jurie s , whi ch 
have poten t i al for lang t e rm d i s f iguremen t  were relat ively rare . There 
were 3 2  ( 6 % )  drivers wi t h  an AIS 2 surface injury and 21 ( 4 % ) w i t h  a 
se r ious faci a l  bone frac ture . 

Cran i um contac t s  wi th the s teer ing whee l mo s t  commonly resul ted in 
surface injurie s . 15  of  the 18 cran ium and face contac t s  re sul ted in 
surface in jury , the re were a l s o  3 d r ivers who were b r i e f ly uncon s c ious . 

TORSO INJURIES 

The ehest was the mos t  common s i te of torso inj ury from the s t e e r i ng 
wheel al though the small numbers of abdomen injurie s  were more severe . 
O f  the 233  re s t rai ned drivers wi th torso injury from the s teering whe el 
227 ( 9 7 % )  sus tained a ehe s t  injury and 16 ( 7 % )  an abdomen in j ury . 1 0  
d r ivers sus t a ined injuries to  bo th body areas f rom the whee l .  The 
seve r i t y  d i s t ribution is shown in Table 8 compared with the overall  
torso seve r i t y  from Table 4 .  Of  the 227  drivers wi th a ehe s t  inj ury 2 1  
( 9% )  sus t a ine d an injury o f  AIS 3 or abo ve , however 1 3  ( 8 1 % )  of  the 1 6  
abdomen injuries we re of  t h i s  s eve r i t y . The t o tal harm re presen t ed b y  
the ehe s t  injuries was 1 830 uni t s , tha t of the abdomen was 1428 uni t s . 
The na ture of  the torso injuries sus t ained showed t ha t  only 3 ( 1 9% ) o f  
t h e  1 6  abdomen injuries may have been caused b y  fractured ribs , the 
rema i nder were c l early a resul t of  an abdomen contact by the wheel . 
S teering wheel de s i gns that mit igate the consequences  of  steer in g  wheel 
i njuries to the ehe s t  the re fore will not au toma t i cally provide equal 
bene f i t s  to abdomen in juries . The re duc t i on of  abdomen injuries f rom 
t he s tee ring wheel mus t there fore s t i l l  be seen as an impo rtant targe t . 

The mo s t  common in jury to  the ehe s t  among s t  the rest ra ined drivers wa s 
an AIS 1 surface injury , the mos t  common abdominal in j ur y  on the o the r 
hand was to the liver . Table 9 shows the na ture o f  these inj uries . 

Amongs t  the ehe s t  injuries 1 7 9  ( 7 8% ) were AIS 1 sur face injuries . Of  
the remain ing 5 1 , 29 ( 5 7 % )  were skel etal and 1 6  ( 4 3 % ) were in terna l . 
The internal in juries were frequen tly but no t inva riably accompanied by 
less severe ske le tal in juries . 
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Table 8 .  Seve r i ty of  the mos t  severe injuri e s  t o  t h e  t o r s o ,  
ehe s t  and abdomen f rom s t ee r i ng wheel s  

AIS Che s t  injuries Abdomen injuries  Mos t  severe 
injury to torso 

0 6 ( 3% ) 2 1 8  ( 93% ) 0 ( 0% ) 
l 1 88 ( 8 1 % )  3 ( 1 % )  1 9 1  ( 82 % ) 
2 1 8  ( 8% ) 0 (0% ) 1 7  ( 8% )  
3 1 1  ( 5 % ) 4 ( 2 % )  1 2  ( 5 % )  
4 5 ( 2 % ) 4 ( 2 % ) 6 ( 3 % ) 
5 2 ( 1 % )  5 ( 2 % ) 4 ( 2 % ) 
6 3 ( 1 % )  N / A  3 ( 1% )  

To t a l  2 3 3  ( 1 00% ) 233 ( 1 00% ) 233  ( 1 00% ) 

Table 9 .  Torso inju r i e s  f rom the s teering wheel 

Mos t  severe ehe s t  i n j ury Mos t se vere abdomen 

Descript i on No D e s c r i p t i on 

Surf ace Surf ace 
AIS l 1 7 9  ( 7 8% ) AIS l 
AIS 2 7 ( 3 % )  

Interna! 
Skel e t a l  Torn mesentary 

AIS l r i b  II 1 3  ( 6 % )  Rup t ured . s p leen 
AIS 2 rib II 4 ( 2 % )  AIS 3 l i ver 
AIS  2 s t ernum II 6 ( 3% )  AIS 4 l iver 
AIS 3 s ternum II 6 ( 3 % )  AIS 5 liver 

I n t e rna! To.t a l  

AIS 3 lung injury 3 ( 1 % )  
AIS  4 lung inj ury 2 ( 1 % )  
AIS 5 lung inJury 2 ( 1 % )  
Haemo tho r ax 2 ( 1 % )  
Hea r t  and vessel injury 6 ( 3 % )  

Total  230 ( 1 00% ) 
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in j ury 

No 

3 ( 1 9% )  

2 ( 1 3 % )  
l ( 6% )  
2 ( 13 % )  
3 ( 1 9% ) 
5 ( 3 1 % )  

1 6  ( 100% ) 



Only 3 ( 1 9% ) of  the 1 6  abdominal injuries were to  the surface , o f  t he 
remainder 1 0  ( 6 3% ) were to  the l i ve r and 3 ( 1 9 % ) were to o the r organ s . 
Of  the 1 3  non-surface injuries all but 2 can be seen t o  be injuries t o  
the upper a bdomen . 

TORSO INJURY SOURCE 

As has been shown the impa c t s  whi ch result in torso  injuries , part i 
cularly the more ser ious in jurie s , tend t o  b e  o f  a rela t i ve ly hi gh 
del ta-v . All of the drivers in this  s tudy were res tra ined and many of  
the res t rai n t s  showed load markings . Thes e  res t raint s the refore clearly 
applied some loads  t o  the driver and could c oncei vably have contr i bu ted 
t o  the t orso injuri e s . There were 7 5  re s t ra i ned driver s in the popu
lat ion who sus t ained torso injuries  f rom t he s tee ring wheel and a l s o  had 
a res t ra ined f ro n t  seat pas s enger s i t t ing adj acent . The severi ty of the 
drivers torso  i n juries a lloca ted t o  t he s teering wheel are shown c r o s s
tabula ted in  Table 1 0  wi t h  the torso  seve ri ty o f  the f ron t pas senger in  
the same car . 

Table 1 0 . S e ve r i ty o f  torso i njury of  re s t ra ined front seat 
occupants  in the  same car . Drivers  wi t h  torso  
i njury f rom s teering whee l  

Driver torso  Pas senger torso sever i ty - AIS 
seve r i ty - A I S  

0 1 2 3 4 

1 2 7  3 1  2 6 0 

2 1 2 0 0 0 

3 0 1 0 0 2 

4 0 0 0 0 1 

5 1 0 1 0 0 

Total 29 34 3 6 3 

Of  the 7 5  pa i r s  of  occupants there we re 3 3  whe re t he driver sus ta ined 
more severe torso injuries than the adj acen t pa s senger . There we re 10 
pairs whe re the front pass engers susta ined mo re severe torso injuries  
than the  drivers  and the  remaining 3 2  pa i r s  rec e i ved injuries o f  equal 
seve r i ty . Conf ounding factors , such as rear l oad ing , obe s i t y and s e a t  
b e l t  fa i lure , were obse rved to play a ma jor role in the torso injuries  
of  all o f  the  mo re severely in jured f ron t pas sengers and in only 3 o f  
the 35  more severe ly in jured dri vers . Such fac tors  a l s o  appl ied to  the 
pai r  tha t rece i ved AIS 4 torso injurie s . l t  should be noted tha t  Table 
1 0  doe s no t cont rol for d i f fe renc es in int rusion between dri vers and 
front pas senge r .  
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The tor so injuries tha t  the se dr ivers sus tain are regularly more severe 
than those of the adjacent rest rained fron t sea t  pa s senger . All of the 
pa s sengers sus tained t he ir t o r so injury , if any , from the i r  seat bel t  so 
the d i f fe rence in the injury expe r ience of the 2 seating posi t ions may 
be due to the loads from the s t ee ring wheel . 

HEAD CONTACTS ON THE STEERING WHEEL 

The 548 d r ivers wi th head injury had 7 5 1  separate con tac t s  wi th the 
s t ee r i ng whee l .  The hub wa s the part mos t  frequen t l y st ruck and also 
the par t  mos t  commonly associa ted wi th fac ia l  hone f ra c tures . 

Drivers who were uncon sc ious af  t e r  the impac t  tend ed to h i t  t he hub mor e  
frequen t l y  than tho se who remained consc ious . Table 1 1  shows the 
con t a c t  d i s t r ibut ions . 

Table 1 1 . Con tact  po i n t s  o f  d rive r s  wi th head injury from t he s teer i ng 
wheel , drive r s  wi th facial hone f racture s ,  consci ous and 
unconsc ious d r ivers 

Con tact  po int  All head Facial hone Consc ious Unconsc ious 
injuries f rac tures d ri vers driver s 

rim 1 7 2  ( 3 9 % ) 60 ( 38% ) 1 2 5  ( 4 6% ) 46 ( 2 8% ) 
s poke 1 1  ( 3 % ) 1 1  ( 7 % ) 1 1  ( 4 % ) 0 (0% ) 
hub 222  ( 5 1 % )  80 ( 4 9 % ) 1 2 5  ( 46 % ) 96 ( 5 7 % )  
r im/ s po ke j o i n  3 3  ( 8 % ) 1 1  ( 7 % )  . 8  ( 3 % ) 2 5  ( 15 % )  
n/k par t o f  wheel 3 1 3  - 7 9  - 20 1 - 109  -

To tal contacts  7 5 1  24 1 4 7 0  2 7 6  
Total  d r ivers 548 1 3 7  3 2 9  120 

O f  t he 438 dr ive r s  with a head con tact wi th an iden t i f ied part  of  the 
whee l , 2 2 2  ( 5 1 % )  s t ruck the hub and 1 7 2  ( 3 9% )  the rim . The d i s t r ibut i on 
of  contact po ints  for  those 1 6 9  drivers with a facial hone frac ture was 
s imila r , 80 ( 4 9 % ) wi t h  the hub and 60 ( 38 % )  wi th the rim . Table 7 shows 
tha t 1 3 7  of  t he facial injuries  were skele tal . However the simi lar 
contac t d i s t r i butions of  Table 10 sugges t s  tha t all par t s  o f  the wheel 
a re suf f i ci en t ly s t i f f  to cause skeletal in juries . 

Facial hone frac tures and cranium in jury involve d i f ferent inJury 
mec hani sms and this is re f lec ted in the conta c t  dis t r ibut ions shown in 
Tab le 1 1 .  329  drivers rema ined conscious af ter  s t riki ng the wheel wi th 
the i r  head s , they sus t ained 470 contac ts  and the loc a t ion within the 
wheel was known f o r  2 7 6  ( 5 8% ) contac t s . 1 2 5  ( 4 6 % ) o f  t he se loca t ed 
contac t s  were wi th the hub and 1 2 5  (46 % )  were wi th the rim . In con t ra s t  
the 1 2 1  dr ivers who were knocked out sustaine d 9 6  ( 5 7 % ) contac t s wi t h  
the hub and 4 6  ( 2 8% ) wi th the rim . In add i t ion the re were only 8 ( 3 % ) 
contac t s  with the rim/ s poke j oi n  among s t  consc ious d r ivers but 25  ( 15 % )  
among s t  uncons c ious dr iver s . No unconsc ious dr iver s were reported to 
have s t ruck the s poke wh ile 11 ( 4% )  of  consc ious drivers did  so . 
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Table 7 s hows that  101  ( 84% ) of  t he 120  dr ivers w i t h  a brain injury were 
unconsc ious for le ss than 15 minute s . The con t a c t  po ints  assoc i a t ed 
with t he s e  relat i ve ly minor brain i n j uries prov ide a pointer for t he 
pa r t s  of the wheel tha t  may cause more severe brain in jury . The 
s teer i ng whe el hub and rim/ s poke j o i n  appear , t here f ore , to be t he 
s t i f fe r  areas and are more f requent ly assoc iated w i t h  these injur i es . 

TORSO CONTACTS ON THE STEERING WHEEL 

The s t eer i ng wheel r im was t he par t of the whee l  mo s t  frequen tly 
assoc iated wi t h  minor and modera te to rso in juries . The rim/ spoke join , 
usua l ly t he part o f  the whee l  with  t he smallest  sur face area , was the 
mos t  common cause of  severe torso injury along wi th the hu b .  The spoke 
alone wa s never found to have caused torso injury . Table 1 2  shows t he 
d i s t r i but ion of  contac t s  for 3 groups of  in jury sever i t y .  

Table 1 2 . S teering whee l con tac t s  o f  dr i vers  wi th torso  injury 

To rso in jury sever i t y  
Con t a c t  po in t 

A IS 1 AIS 2-3 AIS 4-6 

rim 1 1 2  ( 6 9% ) 1 8  ( 7 5 % )  3 ( 1 3 % )  
rim/ s poke j o i n  24 ( 1 5 % ) 6 ( 25 % ) 1 1  ( 48% ) 
hub 2 6  ( 1 6% ) 0 ( 0 % ) 9 ( 3 9 % ) 
n/k par t  o f  whe el 3 7  6 - 7 -

To t a l  contac t s  1 9 9  30 30 
Total drivers 1 9 1  2 9  1 3  

C on t a c t s  with the rim accounted f o r  1 1 2  ( 6 9% ) o f  t he iden t i f i e d  t o r so 
conta c t s  caus ing AIS 1 in j uries  and 1 8  ( 7 5 % )  of  those caus ing AIS 2 or 
AIS 3 injuries . The rim only caused 3 ( 1 3% ) of the torso  i n j uries  of 
AIS 4 and above . The incidence of  con tact  with the rim/ spoke j o in 
increased s t eadi l y  f rom 1 5 %  among s t  those with A IS 1 i n j uries  t o  48% 
among s t  tho se with  AIS 4+ injurie s . The inc idence o f  hub con tac t also  
increased from 1 6 %  to  3 9 % . The s teer ing wheel r im ,  gene rally the lea s t  
s t i f f  par t o f  the whee l ,  is the pa r t  close s t  t o  the to rso arid is there
fore the mos t  l i kely to be s truck . The port ions of  t he rim that  are 
suppor ted by the spoke are s t i f fer and there fore more likely to be 
a s so c i a ted wi th more severe injury . The hub of  mo s t  whe el des igns only 
crea tes  hi gh torso loads once the rim ha s bent down leaving the hub 
proud . 

IMPLICATIONS FOR STEERING SYSTEM DES IGN 

The s teer ing system of Euro pean cars have , for many years , been subj e c t  
to  legis la t i ve requi remen t s  tha t limi t rea rward s in trus ion and peak 
torso loads unde r s tandard t e s t  cond i t ions . These requi rements we re 
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de s i gned to  provide maximum bene f i t  to unre s t ra ined drivers . Mo re 
recen tly , in recogn i t ion o f  hi ghe r  rat es of re s t ra i n t  use , amendmen ts  
have permi t t ed o p t i onal perf ormance tests  tha t  limi t peak head impa c t  
loads . These head impac t  loads re late to severe head in jury and recent 
propo sals have sugge s t ed fur the r  mod i f i ca t ions to include requirement s  
re lating t o  fac i a l  hone frac tures . I n  add i t ion i t  has been sugges ted 
t ha t , with high re s traint use , the requi rement s rela t i ng to torso 
pro tec t i on are no longer nece s sary . 

Thi s  analys i s  has shown tha t  contact be tween a res tra ined dr iver and 
the s t ee r in g  sys t em is a f reque n t  even t and the ma j o r i t y  of d ri ver s 
s t r ike the wheel with the i r  head at  a de l ta-v above 5 0  km/h . Torso 
contac t s  are less f requen t than head con t a c t s  but the re sult ing injuries 
tend to be more s evere . The use of  Harm to we ight t hese injuries shows 
tha t ,  on an economic scale , to r s o  injuries f rom s t e ering whee l s  are of a 
slightly  g rea t e r  importance . The des ign of  s te e r i ng columns for a 
population o f  res traine d  driver s should however limit the forces tha t 
cause both  head and t o r so injury . 

Apa r t  f rom minor sur face injuries , t he mo s t  common head injuries are 
unc ons c iousne s s  for le s s  than 15 minutes or fac i a l  hone frac tures . 
Al though very s evere head injuries do occur they are rare and bene f i t s  
would be grea t e r  i f  the perf ormance requ i remen t s  o f  steering wheel s 
were to  re f l e c t  the t olerance leve ls  of  the less severe group and be 
car r ied out at  the typical speed s at whi ch the y  occur . The se head 
injuries have an AIS value of 2 and generally occur under t he cond i t i ons 
o f  a 45  km/ h  del ta-v impa c t  to the vehi c l e . The ana lysis sugge s t s  tha t  
a consequence o f  such a requi remen t would be a redu c t ion in t he loads 
gene ra ted by the hub s of  stee ring whe e l s . 

The same rea s oning sugges t s  that  the perf ormance requi rements to  reduce 
torso in juries should l imi t the torso loa d s  below those tha t caus e an 
AIS 3 injury , t ypically a brui sed lung wi th AIS  2 rib frac tures or a 
con tused l iver . The tes t should ref lec t the cond i t ions at a vehi cle 
d e l t a-v of  6 4  km/ h .  Such requi remen ts  are li ke ly to  resul t in 
improvemen ts  in the performance of the rim/ spoke j o in and also the wheel 
hub . 

Mea sures tha t  reduce the probab i l i ty of  s t e ering whe el con tac t might 
also be expec ted to reduce injuries . The l imit ing of forward mo tion by 
improved re s t raint  perf ormance and des igns of  s teering sys tem layout 
that maximise oc cupan t survival s pace should bo th be add re s sed . 
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CONCLUS IONS 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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The s t eer ing wheel i s  a f requen t source of  head injuries , 
par t i cularly at  a de l ta- v above 50 km/ h .  

Tor s o  injuries  are less  f requent but are much more s evere accoun t i ng 
for s l ightly more Harm than head in jurie s . 

S t e e r i ng wheels accoun t  f o r  1 6% of the harm o f  all head injuries  and 
2 5 %  of the Harm of all torso injuries . 

The min imum vehicle del ta-v at  which head and t orso contacts  occur 
are 1 7  km/ h  and 1 6  km/ h  respe c t ively . 

Head in j uries  above AIS 1 occur at  a s l ig h t l y  higher veh i c le del t a-v 
t han a to rso in jury of  the same AIS . 

Mo s t  head injur i e s  f rom t he s t eer ing wheel are a result of  a face 
con t a c t  ra ther t han cranium contac t .  They are mos t  commonly 
sus t a ined by the face but AIS 2 unconsc iousne s s  i s  also f requent . 

The mos t common non-mino r  head in j ury caused by a s teer·i ng wheel 
con tac t is AIS  2 uncon s c i ousne s s . Fac ial bone f rac tures are also  
common and more severe brain injuries do  occur . 

The injury source allocat ion wi thin the da ta ha s success fully 
d i s c rimina ted be tween to r so in juries sus tained f rom the wheel and 
the seat  be l t . 

Mo s t  torso injuries  are to  the ehe s t  but when a bdomen injuries do  
occur they are severe . 

Abdomen injuries are usua lly no t a result of  r i b  f rac ture but are 
caus ed by whee l  conta c t  wi th the abdomen . 

S t e e r i ng wheel pe rf ormanc e requi rements  need to  include limi t s  for 
bo th head and torso in jurie s . 

S te e r ing wheels should l im i t  head loads below those tha t  cause AIS  2 
unc on s c i ousness  or facial bone f rac ture in an impac t corre spond i ng to 
a veh icle delta-v of 45 km/ h .  

S t eering wheels should limi t torso loads below those caus ing a 
bru i sed lung wi th AIS 2 rib  f rac ture s or  a contused liver at an 
impac t to the veh icle of 64 km/ h .  
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