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1 .  INTRODUCT ION 

A large amount of experimental work has been undertaken in 
d i f ferent parts of the world us ing cadaver , human vo lunteer or 
animal materi a l  in attempts to determine tolerance limits of the 
human bra in to dece leration . A rather l e s ser amount of s imilar 
experimental work has been carried out on inj ury tol e rance l imits 
for the neck . 

A more direct approach i s  to investigate the severity and 
inc idence of inj ury to the se regions o f  the body in vehicle 
occupants involved in road accidents , and to relate the inj ury 
patterns found to direction and to severi ty of vehic l e  impac t ;  
and later , b y  reproducing under control led laboratory condi tions 
the c ircumstances o f  the accident s , us ing anthropomorphic durnmi e s  
o r  t e s t  dev i ce s ,  to estab l i s h  to lerance level s  to inj ury in terms 
of loads measured in these tests . 

During the past 10 y ears over 2000 vehic le occupant casual
ties have been seen by the Traff i c  Medi c i ne Section o f  the 
Transport and Road Research Laboratory ( TRRL ) . For the purpose o f  
thi s  paper w e  have conf ined our ana l y s i s  to thi s  a c c i dent i n j ury 
mater i a l  and have used those 1 1 7  front seat car occupant casual
ties conta ined within the sample who were wearing lap and diagonal 
seat belts , who were involved in frontal impact acc i dents and had 
either been detained in hospital because of i n j ury rece ived to 
one or more parts o f  the body or had been killed . E a c h  casualty 
was medi c a l ly examined by one o f  the authors o f  thi s  paper ( E . G .  
or N . C . ) . Subsequently their veh i c l e s  were inves tigated and the 
damage and c ircumstances of the acc idents reco rded . 

The ana l y s i s  presented here does not purport to a s se s s  the 
e f fec tiveness of seat belts , which have been s hown e l s ewhere to 
effect sub stantial reduc tions in severity o f  injuries . 

2 .  EXPERIMENTAL F INDINGS 

Al though a great deal of experimental work has been performed 
in various countries no universal ly accepted figures have yet 
been estab l i shed for head and neck i n j ury to l erance . The United 
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States F . M . V . S . S . 208 sets a head inj ury c r i terion ( H . I . C . ) *  l imit 
o f  1000 based on work by. P atrick and others but there i s  evidence 
to sugge s t  tha t this i s  not app l i cable to a l l  accident s i tua tions . 
Ommaya and Thibaul t ( 1 9 7 3 )  have sugges ted tha t rotational accel
eration of the head i s  o f  importance in the production o f  diffuse 
brain l e s ions and a l imit o f  1 800 rad per sec 2 has been proposed 
for concus s ion (Ommaya et al 1 9 70 )  . 

Experimental work on the tolerance o f  the neck to angular 
acceleration is less well documented . Recent work inc ludes a 
paper by C l emens and Burow ( 1 9 7 2 )  us ing human torsos in s imulated 
head on and rear end vehi c l e  c ra shes in which cervical spine 
i n j ur i e s  were recorded as occurring in both impact direc tions , 
and Gadd e t  al ( 1 9 7 1 )  have proposed neck to lerance limits o f  60° 
for l a teral angular defl ection rela tive to the torso and of so0 in 
hyperextens ion . 

3 .  TRRL ACC IDENT-INJURY SAMPLE 

A l though there were a few cases with evidence of minimal 
direct loading of the neck by the belt i . e .  minor abr a s ion s ,  the 
head and neck in be l ted occupants i s  not normal ly sub j ected to 
d i rect loading by the belt but there may be head contact with some 
interior s truc ture of the vehic le . Because of the anatomical 
complexity and the c l inical impor tance o f  thi s  part o f  the body it 
is the refore o f  particular interest to look at the extent and 
seve r i ty of head inj ury or neck i n j ury with or without head contact 
amongst seriously or fata l l y  i n j ured belted occupants , and at the 
same time to a s soc iate the severity of i n j ury recei ved with the 
vehicle col l i s ion severity in frontal impact acc idents . U s ing 
thi s  technique some indication o f  inj ury tolerance for the head 
and neck may be obtained in terms o f  accident severity for belted 
occupants in the frontal impa c t  col l i sons studied . 

An indication o f  col l i s ion severity for the occupants i s  
g i ven by the change i n  veloc i ty o f  the vehicle e s timated to have 
taken place during the impac t .  The ve loc ity changes of th e 
veh i c l e s  occupied by the casualties in the sample were therefore 
es timated f rom the damage to the vehicles and the ci rcumstances 
of the impac t .  There was not a lways s u f f i c i en t  data ava i l ab l e  
for these e s timations to b e  made but fo r t h e  5 5  vehicles which 

* Head I n j ury C r i terion ( H . I . C . )  i s  a mathematical computation 
based on the resultant acceleration ( a )  o f  the centre o f  gravity 
of the head during impact with a part of the veh i c l e ;  t 1  and t 2  
are any two points in time . 

H . I . C .  = [ l 
t z  - t 1 

f t z ] 2 . 5  
a dt 

t 1  
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have been calculated the mean vehicle veloc i ty change was 4 9 km/h . 
Above thi s  level of velo c i ty change i t  i s  known from previous 
s tudies ( H arteman and Tarriere 1 9 7 4 )  that fatal and serious 
i n j uries predominate , so the samp l e  examined here contains a fair 
representation of severe coll i s ions . 

In a s s e s si ng severi ty o f  inj ury we h ave u sed an inj ury c l a s s 
i f ication based upon cl inical cri teria ( TRRL Lea f l e t  L F  1 30 1 9 7 4 ) . 
I n  describing the direction of impact on the vehicle a frontal 
impac t  has been dö f ined as one in which the main impact force 
wa s app l ied at 4 5  or l e s s  from , and on e i ther s ide o f ,  the 
longitudinal axis of the vehicle .  

3 . 1  Injuries to the head or neck wi thout evidence o f  head contac t  

The numbers o f  bel ted occupants wi thout evidence o f  head 
contact are shown in Table 1 .  

TABLE 1 
Number o f  casua l ties with intracranial or neck injury 

amongs t 2 1  seriously injured and 3 fatal ly injured 
bel ted occupants with no head contact 

Region 
I n j ured 

He ad Neck 
Seve r i ty 
o f  i n j ury 

No i n j ury 1 8  1 6 

Minor i n j ury 2 6 

Moderate inj ury 3 1 

Severe i n j ury 1 1 

Fatal inj ury - -

A l l  inj ury seve r i t i e s  2 4  2 4  

There were 2 1  seriously inj ured and 3 fatally inj ured b e l ted 
occupants who sus tained no head contac t .  We have defined no head 
contact as a casualty in which there wa s no c linical or patho log
ical evidence of surface inj ury to the head and no evidence of 
the head hitting a part o f  the car or any other obj ec t .  It will 
be seen f rom the tab le that mos t  of these occupants rece ived no 
intracranial or neck inj ury . Only one rece ived a severe intra
cranial inj ury , a b i l a teral s ixth nerve palsy which resulted in 
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permanent disab i l i ty ,  and one rece ived a s��vere neck i n j ury , a 
subluxa tion o f  the cervic al sr ine ( C 4 -C 5 )  � ·h i ch a lso res ul ted in 
some permanent d i s a b i : . i ty . Tt � other b ra i r 1  i n j ur i e s  s hown in the 
table cons i s ted o f  minor or mc jerate conc us s ion none o f  which 
r e s u l ted in permanent di sabi l i ty ;  and the minor or moderate neck 
i n j uries shown were s t i f f  necks with no radiological evidence of 
inj ury , none of which resul ted in permanent d i s ab i l i ty . 

A l though the number o f  be l ted c a s ual ties wi thout h ead contact 
is smal l  the data indica te tha t ,  where there was no evidence of 
head contac t ,  c l in i c a l l y  important i n j ury to the cranial contents 
or to the deep s truc tures of the neck was infrequent in the front
al impact acc idents s tudied . Nine o f  the casua l ti e s  were drivers 
and 15 were front seat pas sengers . The mean o f  the velo c i ty 
changes for the involved �ehicles for which c a l c ul ations have 
been made was 4 8km/ h ;  the maximum velocity change wa s 5 8 km/h . I t  
would seem therefore that for bel ted occupants involved in 
fron tal impact col l i s ions s u f f i c i ently severe to cause serious or 
fatal i n j ury the l imit of tolerance of the head or neck to 
decelera tion i n j ury wi thout head contact i s  not o f ten reached 
even in relatively severe col l i s ions . 

3 . 2  I njuries to the head or neck with head con ta c t  

I t  i s  worth considerin g  b r i e f l y  the occupan ts in the sample 
wi th head conta c t . There were 9 3  c a s ua l t i es in which· the head 
h i t  or was hit by some inte rior s tructure , 8 of whom were fatally 
i n j ured , 2 as a r e s u l t  of h ead i n j ury and one as a re s u l t  of neck 
i n j ury caused by head impac t .  Amongst the 9 3  s e riously or 
fata l l y  i n j ured casualties there were 1 9  who s us tained severe 
h ead inj ury , but no c a s e s  with severe neck inj ury were seen 
al though there was one - case o f  fatal neck i n j ury . Table 2 gives 

' a  breakdown of seve r i ty of i n j uries to the head or to the neck 
among s t  the seriously or fatally i n j ured c a s ua l ti e s  w i th head 
conta c t . 
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TABLE 2 

Nurnbe r o f  casua l ti e s  w i th head or neck injury amongst 8 5  
seriously injured and 8 fatally injured b e l ted o c c upants 

w i th head contact 

Region of 
Body 

He ad Neck 
Seve r i ty 
of i n j ury 

No i n j ury 2 80 

Minor i n j ury 2 2  1 1  

Moderate i n j ury 4 8  1 

Severe i n j ury 1 9  -

Fatal i n j ury 2 1 

A l l  severities 9 3  9 3  

The leading cause o f  severe i n j ury to the head was the 
s tee ring wheel , in drivers . This feature o f  i n j ury causation in 
b e l ted drivers , which has been pointed out on previous occasions 
( Grime 1 9 6 8 ,  Mackay e t  al 1 9 7 3 , Gra ttan and Hobbs 1 9 7 4 ) , 

emph a s i s e s  the need for further con s i deration o f  design o f  the 
s teering wheel as sernbly to a l l eviate inj uries to thi s  area of the 
body . I t  w i l l  be noticed ( see Tables 1 and 2 )  tha t  the proportion 
of neck i n j uries more seve re than rninor ( 2  out o f  9 3 )  wa s l e s s  
amongs t those seriously o r  fata l ly i n j ured occupants w i th evidence 
of head conta c t  than amon g s t  tho s e  wi thout head conta c t  ( 2  out o f  
2 4 ) . On the other hand the proportion o f  i n j ur i e s  more severe 
than minor to the head was greater amongst those serious ly or 
fata l ly i n j ured casua l ti e s  w i th head contact ( 6 9  out of 9 3 )  than 
amongst those wi thout evidence o f  head contact ( 4  out o f  2 4 ) . I t  
may be tha t the neck i s  protected from exc e s s ive movement by head 
contact but a t  the expense o f  a greater severity o f  head i n j ury . 
7 6  o f  the casualties were drivers and 1 7  were front seat pas sengers . 
For the cases with evidence o f  head contac t  the mean ve loc i ty 
change of the vehicles for which calcula tions were made was 
4 9  km/h ; the maximum veloc i ty change wa s 6 8  km/h . 
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Two main conc lusions can be drawn from the results o f  this in 
depth s tudy of 1 1 7  se riously or fatally i n j ured belted front seat 
occupants of c ar s ,  a l l  of whom were involved in frontal impact 
accidents . 

1 .  Arnongs t the se riou s ly or fata l ly inj ured belted occupants 
wi thout evidence of head contact c l i n i c a l l y  important i n j ury to 
the cranial conten ts or to the deep s t ructures o f  the neck was 
uncornrno n .  

2 .  Among s t  the seriously o r  fatally i n j ured belted occupants with 
evidence of head contact the proportion of casualties with neck 
i n j ury more severe than minor was l e s s  than amongst those without 
head contac t  a l though the nurnber with head i n j uries wa s greate r .  

For these two groups o f  c a s ual ties there wa s no s igni ficant 
d i f f e rence in the mean o f  the ve loc ity change for the invo lved 
veh i c l e s  for which c a l c ulations were made : 48 km/h for casualties 
wi thout head conta c t  and 49 km/h for thos e  w i th head contac t .  

5 .  REFERENCES 

CLEMENS , H . J .  and K .  BUROW . Experimenta l inve s tigation of i n j ury 
mechanism o f  cervical spine at frontal and rear-end vehicle impac ts . 
S ixteenth S tapp Con f . Detro i t ,  Michigan 1 9 7 2 .  

GAD D ,  C . W . , C . C .  C ULVER and A . M .  NAHUM . A study of response s  and 
to lerances of the neck . F i f teenth S tapp Conf . Coronado , 
Ca l i fo rnia 1 9 7 1 .  

GRATTAN , E .  and J .'A . HOBBS . Some patterns and causes o f  i n j ury in 
car occupants . F i f th I n ternational Technical Conference on 
Experimental S a f e ty Vehic les , London 1 9 7 4 . 

HARTEMANN , F .  and C .  TARRIERE . Synthe s i s  o f  stati stical data on 
tra ffic acc idents in F ranc e ,  We s t  Germany , I taly and Uni ted 
Kingdom . F i fth I nternational Techni c a l  Conference on Experimental 
S a fe ty Vehi c le s ,  Londo n ,  1 9 7 4 . 

MACKAY , G . M . , J . P .  BULL and P . F .  GLOYNS .  The corre lation o f  
proposed i n j ury c r i teria with accident da ta . I n s t i tute o f  
Mechanical Engineers , Paper C . P .  201/7 3 ,  Conference pub l i c a tion 
1 6 , 1 9 7 3 .  

OMMAYA , A . K . , F . J .  F I SC H , R . M .  MARONE , P .  CORRAO and F .  LETCHER .  
Comparative tol e rances for cerebral concuss ion by head impact and 
whiplash inj ury in primates . I n ternational Automobile S a fe ty 
Conference Compendium ,  New York 1 9 70 . 



- 1 20 -

OMMAYA , A . K .  and L .  THI BAULT . Head and spinal inj ury to lerance 
with no direct head impac t .  International Conference on 
Biotechnics of Impa c t s . Amsterdam 1 9 7 3 .  

6 .  ACKNOWLEDGEMENTS 

Our thanks are due in particular to Mr J Hobbs and to 
Mr E Lawrence for inve s tigating the damaged vehicles in the sample 
and to Mrs M Keigan for preparing and checking the casual ty 
figures used and to Mr Lowne for e s timating the ve lo c i ty change s . 
The work described in thi s  paper forms part of the programme o f  
the Transport and Road Research Laboratory and the paper i s  
publ i shed by permi s s ion o f  the Director . 

Crown copyright 1 9 7 5 .  Any views expres sed in thi s  pape r are not 
nece ssarily those of the Department of the Environment . Extracts 
from the text may be reproduce d ,  except for commercial purpose s ,  
provided the source i s  acknowledged . Reproduced by permi s s ion o f  
the Control ler o f  Her B r i tannic Ma j es ty ' s  Stationery O f fice . 




