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SUMMARY 

Acce l erat ion , S . I .  and H . I . C .  are parameters often con s idered i n  rel at i on to 
head in jur ies  produced by impact . Th i s  does not imply that any of these factors 
con s idered a l one  corre l ates very c losely with the severity of the i n jur ies . Do 
other parameters deri ved from a )( ( t )  pu l s e ,  such as  the acce l erat i on jerk 
(d  f /dt ) for the same type of i mpact l·oad ing to the head , have any inf l uence 
on the extent of i n jur i es ? 

The f i rst object i ve of t h i s  commun i c at i on i s  to synthes i ze exper imenta l  
data concern ing any poss i b l e  infl uence of l i near acce lerat ion j erk of the  head 
on the extent of the cerebral  i n jur ies produced by frontal head impact to 
fresh ly  perfused and i n strumented cad avers . 

Tha d ata obta i ned from these exper iment s ,  comb ined with that a l ready 
obta i ned and publ i shed ( 2 ) ( 3 ) ( 4 ) ( 7 )  def ine  the re l at i onsh i ps between cerebral  
i n j ur i es and H IC  va lues  obta ined by b lows to  the  head without fracture of the 
sku 1 1  • 

I - THE I NFLUENCE OF L I NEAR ACCELERATION JERK OF THE HEAD ON THE EXTENT OF 
CEREBRAL I NJURIES 

1 .  METHODS - 1 ° )  Descr i pt i on of the tests - Al l the tests reported be
low were performea according to the protocol already descr i bed ( 1 ) * .  

- a fresh , unembal med cadaver , with an aort i c  perfu s i on ,  was suspended 
hori zonta l ly ,  the head be i ng in l i ne with the rest of the body ( Fi g . 1 -a ) .  

- lt was a l l owed to fa l l 3 meters , and the front of the head struck 
a f l at ,  hard surface , covered with shock-absorb i ng mater i a l s  wh i c h  were se
l ected accord i ng to the type of jerk des i red . 

- In s ide-view,  the ang l e  of the perpend i cu l ar to the surface struck 
was ,  at the t ime of i mpact , between 0° and 20° on the Frankfort p l ane ( F ig . 
1 - a )  . 

- The body was stopped so as to avo i d  exten s i ve exten s i on of the neck . 
2 ° )  - Calcu l at ion of the accel erat ions - So as to be ab le  to c a l cu l ate 

the l i near and angular accelerations at the centre of gravity of the experi 
mental subjects , we used a system of 9 acce lerat i on channe l s ,  recorded by 
three tri-d i rect iona l  accelerometers : two of the acce lerometers were attached 
to the r ight and l eft par i eto-tempora l areas , and the th i rd to the back of 
the head . The i r  pos i t i ons were def i ned by the usual  methods ,  u s i ng the 

The numbers between parentheses des i gnate references at the end of the paper . 
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Frankfort pl ane ( 5 ) .  
3° )  Measurements of forces - A dynamometr i c  pl atform was pl aced beneath 

the shock-absorbing padding which made i t  poss i b l e  to vary the dece l erat ion 
exper i enced by the head . The sma l l  mass of the padd ing meant that the forces 
measured were very c l ose to those actu a l ly expe r i enced by the head . 

The forces detected by the dynamometr i c  p l atform were f i l tered under the 
cond it i ons used for acce l erat ions of the head ( c l ass 1 000) . 

Al l the tests were f i l med at 1 000 frames per second . 
4 ° )  Anthropometr ie  data - Prior to each test , accurate anthropometr ic  

measurements were made of each  subject . These measurements are g i ven in  the 
Tab l e  1 ;  aparts from the age and sex of the subject , the c i rcumference and 
l ength of the head were measured around the l owest part of the fronta l  bone and 
the outer occ i p ital  protru s i on .  The width of the head was taken as the max imum 
d i stance between the r ight and l eft tempora l areas . 

After each test , the head and the neck were put on one s ide , accord ing to 
the procedures a l ready descr i bed ( 6 ) so that any cerebra l ,  cran i a l  or cerv ica l  
i n jur ies  cou l d  be  examined . 

The mass of the head and nes k ,  the head a l one and the bra i n  were noted 
for use in understand ing the phenomena o_f equ i va l ent masses and of the i nd i v i 
dua l  characte r i st i c s  of the subjects , and a l so so that the inf l uence of cha
racter i st i c s  of the s ku l l  cou l d  be stud i ed .  

The ava i l ab l e  data  are summar i zed i n  the Tab l e  1 .  
5° ) Ca l c u l at i on of the j erk - There i s  no standard procedure for the c a l 

c u l at ion of the jerk from the ){( t )  pu l se .  Several  methods are descr i bed i n  
the l i tterature ( 7 ) ( 8 ) . They deal  with the r i s i ng port ion of the head dece le
rat i on curve : the t i me i nterval used in the ca l cu l at i on be ing , to a l arge ex
tent , l eft to the author ' s  intu it ion . 

The method used here i s a s  fol l ows : V - two po ints , correspond ing to 0 . 2  and 0 . 8  �pect i ve ly of the Q R max .  are 
determined from the r i s i ng port i on of the ö ( t ) curve 

- Then a stra i ght p l ot of the mean j erk i s  obtai ned between these two points 
by the method of l east squares . The curve was d i  v i ded up  for th i s  purpose i n-
to  20 to  25  sect ions of  equa l  curve l ength . · 

Th i s  inethöd proved to be we l l  su ited to the graphs obta i ned ; care had to 
be taken , however , concern ing the scaies  empl oyed . These must rema in  i n  a r.öns
tant rat i o  whatever test i s  i n vol ved . In our own study , i t  was such that : 1 g 
corresponds to 25 x 1 0- 5  seconds on the graph . 6 ° )  Def i n it ion of the materi a l s  used to dece l erate the heads of human 
subjects - The aim was to obtain different jerks whilst applying maximal acce
lerations ( and H I C )  as nearly equal as poss i bl e . The type of mate r i a l  used to 
dece l erate the head was crushab le  pheno l i c  foam with a dens ity of 40 g /l . Two 
types of jerk were produced : 
- h i gh  jerk va lues  were produced with a para l l e l i p i ped i c  b lock  300x250x8 cm , co

vered with plywood of the same s i ze and 2 cm th i c k , wh i ch  was intended to 
d i stri bute the i mpact pressures ; 

- moderate jerk val ues were produced by p l ac i ng two l i ners of polystyrene foam , 
( dens ity 1 5  g /l ) and 1 . 5 cm th i c k  over the plywood used for severe jerk . The
se po lystyrene l i ners were of the · s ame surface as the b l ock . 

2 .  RESULTS - These are summar i zed in the Tab l e  2 .  
1 ° )  Kinemat ics  of the head and neck - Th i s  i s  shown i n  Figure 1 .  I n  gene

ra l , the kinemat 1cs  of the head can be descri bed _ i n two phases as  fo l l ows : 
- a vert i c a l  descent of the head with no not i ceab l e  rotat ion from the or i g i n a l  

d i rect ion . lt i s  dur i ng th i s  phase , wh ich  l ast some 5 ms , that max imum acce-
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l erat ion i s  reached . 
- Then , dur ing  the rebound , a s l i ght backwards rotat i on of the head i s  obser

ved . Th i s  never exceeds 1 0° from the hor i zonta l . lt i s  comb i ned with move
ments of the head re l at i ve to the body wh i c h  are we l l  be low the natura l 
l i mit of hyperexten s i on :  the max imum va lue  noted was s l ight ly  l ess than 30° 
( ang l e  p ,  Figure 1 -c ) of movement between the head and thorax . 

- Two spec i a l  cases were observed from ana lys i s  of the f i l ms .  These were 
subjects No . 1 6 3  and 1 6 5 ,  the head of whom was s l ightly t i pped forward du
r i ng the descend ing phase . Th i s  t i pp i ng movement resu lted from a s h i ft of 
the shock-absorb ing mater i a l , the back of wh ich  was not attached to the 
dynamometric  bal ance f i rmly enoug h .  Th i s  had the effect of increas i ng the 
stopp ing d i stance of the head and hence of reduc i ng the l eve l s  of acce l era
t i on reached : th i s  po int wi l l  be taken up in our analys i s  of the resu lts . 

Var i at ions of the speed of the heads of human subjects as determined 
from these f i l ms were of the order of 1 0  m/s for an i mpact ve loc ity of 7 . 8m/s . 
Dur i ng the rebound , the angu lar  ve l oc i t i es rema ine9 most ly  be l ow 30 rd /s and 
the angu l ar acce l erat i ons  d i d  not exceed 7000 rd /s �except 3 ms) . From pub l i s
hed data ( 1 1 ) ( 9  ) (  1 0 ) , one may suppose that the rotatory phase d id not resu 1 t 
in  i njur ies . In the present ser ies  of tests , the cerebral l e s i on s  noted cou l d  
be re l ated to the l i near accel erat ions  measured . Bes i des ,  n o  bra i n  i n jur ies 
were recorded for the subjects wh ich susta i ned the h i g hest W and w'val ues . 

2 ° )  Ana lys i s  of the i n j ur i es - a )  Les ions of the neck . No bone or medu
l l ary i n j uries were observed. 

b )  Injur ies of the s ku l l  and face - On ly  one subject presented fractures . 
Th i s  was subject No . 166, part Öf whose nose was i n vo l ved in the i mpact . 
Fractures of the nose bones , the e1e sockets and the upper j aw-bone were no
ted , as was a s l ig ht l i near fracture of the l eft parietal . The max i ma l  force 
app l i ed to the head , wh ich  was not out of the ord i nary when compared with the 
other tests , d id not expl a i n  these fractures . Use of the re l at i on s h i ps :  

s ku l l  mass 2 (circumference of head) and sku l l  mass 
(circumference of head)3 

wh ich  can be cons i dered to be l i nked to the 1 1 mean 11 th i ckness , and the 1 1 re l a
t i ve mean th ickness 1 1  of the sku l l s ,  d i d  not shed any l i ght e ither . Characte
r i zat i on tests of the sku l l s  of the exper imenta l subjects ( mi nera l i zat i on , 
stat i c  f l ex ion and shear ing tests ) de l i vered norma l resu lts . May be , the 
fac i a l fractures weakened the skul l .  

c )  Cerebra l l es ions - Further deta i l s  concern ing the i n j ur ies  of each 
subj ect are given in Table  2 .  Out of the 1 1  subjects for whom a prognos i s  of 
i n j ury had been establ i s hed , 7 were un i n j ured , 3 presented i njur ies  of degrees 
2 or 3 of the A I S  sca le  ( 1 2 )  and 1 presented an A I S  of 4 .  

The i n j ur i es  found were a l l  local i zed i n  depth i nto the bra i n  stem, es
pec i a l ly around the pon s ,  except for those of subject 1 75 ( see Tab l e  2 ) . No 
i n jur ies were found sub-j acent to the po int of impact . 

3° ) Resu lts  of measurements - The ma i n  parameters used i n  the analys i s  
are g i ven i n  the Table 2. 

a )  !h�-r�!�!1Qn ��1�-��t���Q_!�e_1Qj�r!e�-�Q�-!��-�c��!�r�!!QQ� - The wide 
scatter or the resu1ts can be l arge1y attributed to anthropometr ic  d i fferences 
between ind i v idua l s .  We d id not f i nd any c l ose re l at i onsh i p  between the max i 
mum values of head acce l erat ions ( peak or 3 ms ) and the sever ity of cerebral  
i n j ur i es  expressed as A I S .  Th i s  conf i rms the  resu l ts obtai ned e l sewhere and 
a l ready publ i shed , concern i ng cerebral i n j ur i e s  in the absence of fractures of 
the sku l l  ( 1 ) . Th i s  does not i mply that no conc l u s i on can be reached from the 
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l( ( t )  pu l se ,  but on ly that the maximum va l ues obta i ned were not ab l e  to 
account fu l ly for the severity of the injur i es . The matter cou l d  be further 
i nvest igated by us ing data  re l at ing  to the d i mens ions and mechan i c s  of the 
sku 1 1  • 

1 0  out of the 1 1  subjects taken i nto account by the ana lys i s  presented an 
A I S � 3, 9 presented an A I S <  3 .  

For al l subjects with an A I S  3 ,  the ar ithmet i c  mean o f  the max ima of 
the resu l  tant acce l erat ion was 205 g ( 1 39 � for 3 ms ) .  These f i gures are 1 70 g ( 11 6  g for 3 ms )  as regards A I S .('. 3 .  

For the 7 subjects who escaped i nj ury to the head , the maxi mum resu l tant 
acce l erat ion fe l l  between 180 g and 240 g ( mean 2 1 7  g ) ;  the max imum l evel rea
ched over 3 ms fa l l ing between 1 22 g and 1 6 5  g ( mean 1 4 1  g ) .  

b )  I��-����!�ofi����er��!wa���-t��-ai�i����; ,���-!��-�r
I-���r��S-��fit��-��c�� 

aus tests - M S we ave a rea y po 1nte out \ 1 1 ,  no s 1mp e re at 1ons i p  was 
eviaent-6etween these parameters , taken i so l ate ly , and the severity of the 
i n j ur i es expressed in terms of A I S .  , 

However ,  the sum of the resu lts  publ i shed does show that the absence of 
any corre l at ion between the AIS  and the H I C  does not pre c l ude the use of the 
H I C  in the pred ict ion of the l i kel i hood of n.ot iceab l e  cerebral  l es i on . Th i s  
po int wi l l  be gone into l ater . 

A s i ng l e  case of A I S  = 4 ( subject 1 74 )  was noted with an H I C  of 1 620 .  
The H IC  val ue 1 500 was e xceeded or reached in  two other case s by subjects 

1 76 and 1 77 who incurred no i n j ury and for whom the H I Cs were respect i ve ly 
1 500 and 2 130 . 

These resu lts  conf irm that i n  c ase of i mpact , if  the H I C  i s  be low 1 500 
( 2 ) ( 4 ) ,  there i s  very l itt l e  l i ke l i hood of i n j ur i e s . However ,  one subject 
( No .  1 6 3 )  presented both a low H I C  ( 750 )  and s l i g ht i njur ies , of AIS  degree 
2 or 3. These resu lts  are taken up in  the d i scuss ion of the poss i b l e  inf l uence 
of the jerk an the extent of l es i ons . 

c )  The inf l uence of j erk - General remarks : 
- Tfie-Figüre-2-sfiöws-tfie general out l i ne of the (j' ( t )  pu l ses correspon

d i ng to jerks descri bed as 1 1  moderate 11 and 1 1 h i gh 1 1 be l ow .  
- The s l ower r i se of the moderate j erk curve can be exp l a i ned by the f act · 

that the very h igh j erk padd ing had a l ess stiff mate r i a l  p l aced over i t .  
- The j erk referred to a s  1 1 moderate 11 corresponds to val ues of about 0 . 5  

x 1 05 g/s . In a ser ies of experiments prev ious ly  descri bed ( 1 ) ,  t h i s  l evel 
was reached dur ing tests of fronta l  i mpacts an human subj ects wearing a he l met 
of wh ich  the front part conta ined 3 cm of polystyrene foam l i ner . 

- Leve l s  of 1 05 g/s and over were obta ined with the 1 1 h i gh 11 j erk . In the 
above-mentioned ser ies of tests , these l evel s were attai ned by subjects wea
r i ng a he lmet , performances of wh i c h  had been shown to be in suff i c i ent or  de
ter i orated by the effect of nearness of the she l l  edge . 

- The t i me i nterva l s  taken i nto account i n  the c a l cu l at i on of the j erk 
( of the A T  type shown in the Figure 2 )  l ay between 2 . 2  ms and 5 .4 ms for the 
1 1 moderate j erk 1 1 , and between 0 . 5  and 1 . 1  ms for the 1 1 h ig h 1 1  j erk . These va l ues 
obvious ly  d im i n i shed as the j erk l eve l rase . 

- 2 series of jerks were performed for ?) and H I C  v a l ues  as  c l ose as pos
s i bl e . Here then , we obtai ned i ndependence of the jerk from the other para
meters usu a l ly taken i nto account in the estimates of to l erabl e  l e ve l s .  

The jerk , then , i s  not cons idered in  terms of these parameters . Further
more if we have no found any re l at ionsh i p  between the jerk versus the sever ity 
of the cerebra l i n j ur i es i n  terms of A I S ,  then some observab l e  phenomena 
shou l d  be d i scussed : 
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- the h i ghest jerk found i n  the absence of i n j ury was around 1 . 5 x 1 05g/s 
( subject 1 72 ) . 

- In verse ly , the l owest l eve l of j erk as soc i ated with i n j ury was around 
1 05g /s ( for subject 1 74 )  who had had to undergo the h i ghest '({ 3 ms ( 1 70 g ) .  

If a l l the tests i n  wh i ch  there were i njur ies  of an A I S  below 3 ,  and i n  
wh i ch  the jerk had been greater than 1 05 g/s are taken i nto cons iderat i on ,  
then the ar ithmet i c  mean of the j erks became 1 . 2x 1 05g /s .  

The inf l uence of the j erk cannot be i nterpreted i ndependently of the 
other phys i c a l  parameters u sed to assess the sever ity of cran i a l i mpact . If 
we l ook at the H IC  and the severity of i n jur ies  in the F igure 3 in wh i c h  the 
jerks are g i ven , then there does not seem to be any s i mp l e  re l at ionsh i p  bet
ween the jerk and the sever ity of i njur ies  for any one c l ass  of H I C .  

Th i s  i s  not surpr i s ing because jerk i s  on ly one of the many parameters 
wh i ch  desc r i be the state of l oad i ng experienced by the head in the i mpact . 
Our i ntent ion i s  to determ i ne  i n  wh i ch  cond i t i on s  the jerk i s  a parameter 
c apable  of i ncreas i ng the sever ity of i n jur ies . In t h i s  l i ght , the fol l owing 
remarks can be made : 

- In the ca se of the " h igh "  j erk , or 1 05g /s to 1 . 5 x 1 05g /s and with the 
H I Cs susta ined , 1 subject out of 2 presented cerebra l i n j ury ( F igure 3 ) .  These 
i njur ies  were s l ight ( A I S  2 or 3) except for subject No . 1 74 whose i n j u r i es 
were c l assed as  A IS  4 .  

In t h i s  range of j erk l e ve l , subject 1 63 a l one  comb i ned a re l at i ve l y  l ow 
H I C  ( 750 )  with i n jur ies  c l ass if i ed between 2 and 3 on the A I S  sca l e .  Severa l  
hypotheses c an be advanced to expl a i n  the l ower tol erance of th i s  subject : 

- a sku l l  with l ess favourabl e  bone character i st i c s ;  character i zat ion 
tests of the sku l l  d i d  not conf i rm that u p .  

- Some i nf l uence of the jerk , wh ich  was re l at i ve l y  h i g h  ( 1 . 1 7  x 1 059 /s )  
for these va l ues  of H I C .  

On ly  a l arge number of tests wou ld  permit one to con c l ude . 
3 .  D I SCUSS ION - The resu l ts obta ined made it pos s i b l e  to prec i se human 

to l erances of which the transpos it i on to dummies  and headforms shou l d  be en
v i saged . 

In genera l , the con c l u s ions presented concern i ng the i nf l uence of a pa
rameter on the head i n j ur ies  g i ve only an underesti mate of the tol erance to
wards t h i s  parameter ,  because they are obta i ned with cadavers wh i ch  are , a 
pr i or i , more vul nerab le  than l i v i ng persons . 

Bes ides , whatever the phys i ca l  parameter con s idered , we attached part i cu 
l ar i mportance to the observat ion of u n i nj ured subj ects , whenever the i r  num
ber was not negl i g i b l e  i n  compar i son with the number of tests performed . 

Th i s  dec i s i on i s  expl a i ned by the frequent imposs i b i l ity of us ing a r i go
rous def i n i t i on of tol erance such that to a g i ven va lue  of the parameter ,  
there corresponds an A IS ( n ( or� n )  for p% of subjects susta i n i ng th i s  va
l ue ( 1 1 n 1 1 and 1 1 p 1 1  demand a con sen su s ,  genera l ly n = 3 o r  4 and p = 50 % are 
taken ) . 

Th i s  imposs i b i l i ty i s  true of the jerk tests for wh i ch  we have on ly  one 
case of A I S  = 4 and no A I S  = 5 , and so no stat i st i c a l  ana lys i s  is poss i b l e . 
In such c i rcumstances , the un injured subjects are to be examined to determ ine  
the thresho lds  at wh i ch  s ig n i f i cant i n j ury appears ; th i s  step is  complementary 
to the def i n i t ion of the probab l e  tolerance , wh i ch  i s  i nev itably h igher . 

4 .  CONCLUSION CONCERN I NG THE I NFLUENCE OF THE L I NEAR ACCELERAT ION JERK ON 
THE HUMAN AEAD ON TAE EXTENT OF INJDRY - On the basis of the small number of 
tests performed, it seems to be ne 1ther necessary nor pos s i bl e  to def i ne  a 
suppl ementary cr iter ion of to lerance l i nked to th i s  other funct i on of({( t ) ,  as  
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l ang as the cond it i on H I C � 1 500 · i s  sat i sf i ed ,  because of the s l i g ht severity 
of cerebral  i nj ur ies  observed , even with an H I C  v a l ue c l ose to 2000, and 
maximum assoc i ated acce lerat i ons  of 230-240 g ( 1 5 0- 1 60 g for 3 ms ) .  Howeve r ,  
i n  the context of protect i on of the head from d i rect i mpact , and to avo id  the 
pos s i b i l ity of error i n  the sel ect ion of padd i ng s ,  it cou l d  be checked that 
the human head does not have to undergo a j erk of more than about 1 . 2x 1 05g/s . 
Th i s  va lue  corresponds to the ar ithmet i c  mean of jerks � 1 05g/s with an 
A I S;tO , but hereL 3 .  

In the absence of sku l l  fracture , these conc l u s ions  are appl i cab le  under 
the fo l l owing cond it i o n s :  moderate angu l ar acce l erat ions and angu l ar ve loc i 
t i es , H I C  c a l cu l at ion t i me s  of between 4 and 8 . 5  ms . Furthermore , the var i a
t ion  of head speed assoc i ated with the i mpact i s  of the order of 1 0  m/s . 
As a reminder , the acce l erat ion sustai ned by the head i n  these tests i s  due 
to the i mpact a l one . The case i s  d ifferent for the car passengers , restrai ned 
by seat-belts  in fronta l co l l i s i on s  ( neck act i on ) .  Resu lts of t h i s  study are 
not app l icab le  to them . 

I I  - CONTRIBUTION OF TH IS  STUDY I NTO THE RELATIONSH I P  H I C/CEREBRAL A I S  

1 .  Remi nder of l itterature dat a :  l et u s  refer to the data summari zed by 
NEWMAN at the 24th Stapp Conference ( 2 ) . If we e l i mi nate from th i s  ana lys i s  
[ ( 2 ) , f i g .  1 ]  a l l resu lts  not d i rect ly re l ated to the to l erance of human bra i n  
i n  case of i mpacts , i .e :  

-resu lts  obta i ned from mathemat i c a l  model s ,  
-resu lts obta i ned by acc ident s i mu l at ion with dummies ( S i erra adu lt  or 

c h i l d ) ,  
-resu lts obt a i ned with fac i al i mpact to the human head , 
-and resu lts re l at i ng to one except ionn a l l y  t h i n- sku l l ed subject [ (  1 ) ,  

test 1 07]  because of h i s  poor representat i v ity , we f i nd the fol l owing 
resu l t :  

apart from one e xcept ion ( A I S=4 , H I C= 1 400) , a very loca l i zed impact i n  wh ich  
the  human head , equ i pped w ith  hel met , fe l l  2 . 5  meters onto a hard hem i sphere , 
1 0  cm i n  d i ameter ( 1 ) ,  there was no  cerebra l  i n j ury of A I S) 3 with an H I C �  
1 500 ( f i g . 4 ) .  

Note : there were two cases of A IS  = 3 assoc i ated with H I Cs of 600 and 
1 000 respect i ve l y .  In the former case [ ( 1 ) ,  H I C  = 600] wh i c h  was 
not one of our own sampl e ,  more informat ion i s  needed to e xp l a i n  
the resu lts  ( notably concern i ng the s ku l l  characte r i st i c s , etc . )  
In the l atter case ( H I C  = 1 000 ) , hyperextens ion of the head was 
noted , and t h i s  may have aggravated the i n j ur i es [ ( 1 ) ,  test 1 43] . 

2 .  Resu lts from t h i s  study or from other recent pub l i cat i on s  - Tak i ng 
i nto account not only the data obtained in the jerk tests described above , 
but a l so those re·cent ly  pub l i shed and not i nc l uded i n  NEWMAN ' s  ana lys i s  ( 3 ) ( 4 ) ,  
the same conc l u s i ons  are reached ( F ig . 5 )  on the bas i s  of a sampl e  of 53  tests 
carried out an fresh , perfu sed cadavers equ i pped with i n struments . 

3 .  Concl us ions  concern i ng the H I C/Cerebra l  A I S  re l at i onsh i p  - Summar i z i ng 
the above data ,  and whilst awaiting further data to get enabled to d i st i ngu i s h  
the i nf l uence of each  parameter and to def i ne  a funct i on der i ved from the �(t )  
pu l se suff i c iently corre l ated with cerebra l  i n j u r i es , we c an see that for 
H I C  :s;; 1 500 ,  there i s very 1 i tt l e  probabi 1 i ty of cerebra l i n j ury ( i n any c ase 
l e s s  than 50 % ) ,  and that h igher H I C  val ues may often be susta i ned by the 
human head from fronta l  or l atera l i mpact without any ser i ous  i n j ury . 

In consequence , a l though H I C  i s  ne ither r igorous ly  defi ned , nor suff i 
c i ently correl ated with cerebral  i n j ur i es , we do be l ie ve that i t  can be u sed 
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as a l imit for human to l erance , and that a l eve l of 1 500 i s  acceptab l e  s i nce 
it has been obta i ned from human subjects who genera l ly prov ide on ly  an under
est i mate of the tol erance of l i v i ng human subjects e xposed to the dangers of 
acc i dent . 

Th i s  conc l u s i on i s  rel ated to the human head to l erance when impacted , 
when the ma in  c ause of measured acce l erat i on con s i sts  of the e xtern a l  contacts .  

Acknowl edgements 

A part of these i n vest 1�at ions was carr i ed out in the frame of a contract 
with the " Inst i tut de Recherche des Transports"  ( French  Admin i strat i on ) .  
The op in i ons  g i ven here commit authors on ly .  

REFERENCES 

( 1 )  Resu lts  of Exper imenta l  Head Impacts on Cadavers , t he Various Data 
Obta i ned and The i r  Rel at ions to Same Measured Phys i c a l  Parameters" , C .  Got , 
A .  Pate l  ( I RO ) ,  A .  Fayon , c .  Tarriere , G .  Wal f i sch  ( Laborato i re de Phys i o l og ie 
et de B i omecan ique Peugeot S .A . /Renau lt ) ,  proceed ings of 22nd Stapp Car Crash 
Conferenc e ,  Oct . 24th-26th , 1 978, Ann Arbor , M i ch i g an , tJSA , publ  i shed by the 
SAE .  

( 2 )  " Head Injury Cr iter i a  i n  Automot i ve Crash Test ing " , James A .  Newman , 
Proceed i ngs  of 24th Stapp Car Crash Conference , Oct . 1 5- 1 7 ,  1 980,  Troy , 
M ich i gan , publ i shed by SAE . 

( 3 )  " Reconstruction of Rea l  S i de Co l l i s i ons W ith  Cadavers , Part 572  and 
APROD Dummies 1 1 , C .  Tarr i ere , B . Hue ,  A .  Fayon , G. Wa l f i sch , C .  Got , F .  Gu i l 
lon , A .  Pate l , Proceed i ng s  of 8th Exper imental Safety Veh i c l e  Conference , 
Wo 1 f sburg , Sept . 1 980 .  

( 4 )  " Contr i but ion to  the Consensus Workshop on  Head and Neck Inj ury 
Cr iter i a " , C .  Tarri ere , Wash ington , March 1 98 1 . 

( 5 ) " Torque Versus Angu l ar D isp l acement Respon se of Human Head " , C . E .  
Ewi ng , D . J .  Thomas , i n  proceed ings of 1 7th  Stapp Car Crash  Conference , SAE , 
1 9 7 3 .  

( 6 ) 1 1Mass , Vo l ume ,  Centre of Mass and Mass Moment of Intert i a  of the 
Head " , C . B .  Wa l ker , E . H .  Harr i s ,  V . R .  Pont i u s ,  Proceed ings of 1 7th Stapp Car 
Crash Conference , SAE , 1 97 3 .  

( 7 ) " S ign if icance of Rate of On set i n  Impact Inj ury Eva l u at i on " , D . C .  
Vi ano , C .W .  Gadd , Proceed ings of 1 5th Stapp Car Crash Conference , SAE , 1 97 1 .  

( 8 )  " Head Impact Respon se" , R . L .  Stal naker , J . W .  Me l v i n , G . S .  Nu sho l t z ,  
N . M .  Al em and J . B .  Benson , Proceed ings of 2 1 st Stapp Car Crash Conference , 
SAE , october 1 9 7 7 .  

( 9 )  " Sea l  i ng of Expe r i menta l  Data on Cerebral Concus s i on s  in  Subhuman 
Pr i mates to Concu s s i on Thresho ld  for Man " ,  A . K .  Ommaya , P .  Yarne l l ,  A . E .  
H irsc h ,  proceed i ng s  of 1 1th Stapp Car Crash Conference , SAE ,  1 96 7 .  

( 1 0) " Tol erance for Cerebra! Concus s i on for Head Impact and Wh i p l ash i n  
Pr i mate s " , A . K . Ommaya ,  A . E .  H irsc h ,  Journ a l  of B i omechan i c s , 4- 1 3 ,  1 9 7 1 . 

( 1 1 )  1 1 Compari son of Trans l at ional  and Rotat i on a l  Head Mot ions i n  Exoer i 
menta l  Cerebra! Concuss i on s " , T .A .  Gennare l l i ,  A . K .  Ommaya and L . E .  Th i b°au l t ,  
Proceed i ng s  of 1 5th Stapp Car Crash Conference , SAE , 1 97 1 .  

( 1 2 )  " The Abbrev i ated Inj ury Sca l e "  ( 1 97 5  rev i s i on ) ,  Jo int  Committee on 
Injury Sca l ing of Soc i ety of Automobi l e  Eng i neers ( SAE ) Amer i c an Med i c a l  
Assoc i at ion and Amer i c an Assoc i at ion for Automot i ve Med i c i ne , proceed i ngs  
of the 1 9th AAAM Conference , Nov .  22/22 ,  1 9 7 5 .  

295 



TADLE 1 - CAOAVER ANTHROPOMETR 1 C OATA 

Test 
SKULL Dl<MEllSIOllS. (d) llE l GHTS ( k g )  

No Age Sex Length Dreadth Clrcu•ference Head + lleck He ad Skul 1 Drain 

1 5 9 6 0  M 2 0 . 5  1 6  6 0 . 6  5 .  6 1  4 . 4 1 0 . 995 1 .  54 

1 6 0  5 6  H 2 0 . 6  1 6 . 2  57 . 2  5 . 45 4 . 25 0 . 9 7 5  1 .  4 8  

1 62 64 M 1 9 .  2 1 5 5 4 . 4  4 . 86 3 . 62 0 . 636 1 .  1 9  

1 6 3  6 3  M 2 0  1 7  5 9 . 4  6 . 56 4 . 59 0 .  785 1 .  4 5 

1 65 66 M 2 0 . 5  1 5 5 7 . 5  5 . 9 5 4 .  3 1  0 . 9 3  1 .  36 

1 66 59 1 8  1 5 . 2  5 6 . 4  5 .  1 4  4 .  1 0  0 . 688 1 .  6 

1 7 2 50 H 1 9  1 7  5 7 . 5  5 . 4  4 .  1 7  0 . 69 1 .  34 

1 7 4  6 5  M 1 8 . 5  1 6  55 . 3  4 .  78 3 . 96 0 .  76 1 .  05 

1 7 5  7 3  M 2 0 . 5  1 5 . 5  5 3 . 6  4 . 2 7  3 . 22 0 . 785 1 . 2 2  

1 7 6  53 M 2 0  1 6 .  5 5 7 . 4  5 . 6 9  4 . 2 6  0 . 8 0  1 . 6  

1 7 7  6 4  1 9  1 5 . 5  5 3 . 6  4 . 24 3 . 30 0 . 67 1 . 28 

TADLE 2 - RESULTS OF FRONTAL IMPACTS Oll CADAYER HEADS - FREE FALL HEIGHT: 3 METERS 

JERK HEAD RESULTAllT ACCELERATION HIC CEREBRAI. lllJURIES 

Test Type of Y�ue lllratlon of �) °lf l  m (9) Yalue lllratlon of 
lt> � �s calculatlon calculatlon AIS 

159 moderate 0.415 3 . 3  ms 214 1 1 7  1078 4.5 ms no lnjury 0 

160 moderate 0.32 5.4 ms lAO 1 35 '131'8 5. 7 ms no lnjury 0 

162 moderate 0.518 2.2 ms 192 132 1334 5.5 ms no lnjury 

163 high 1. 1 7  0.  7 ms 150 102 750 6.2 ms very l lttle hemorrhage i n  the 
braln stem 2 or 3 

165 high 1 .25 0 . 5  ms 163 109 691 6. ms no lnjury 

166 high 1 . 588 1 .  1 ms 2 1 2  132 1270 5.9 ms l lttle extravasatlon In the 
pons 

172 high 1 .  523 0.9 ms 201 101 1042 4. 3 ms no 1 njury 0 

174 high 0.996 1 . 4  ms 230 1 7 0  1620 5 . 7  ms some extravasations in the 
pons 

175 high 1 . 30 0 . 9  ms 190 130 1�00 5 . 3  ms l lttle hemorrhages; right 
anter 1 or hypoc ampu s • 1 eft 
posterlor Quadrigeminal 

2 or 3 tuberculum 

176 high 1 . 00 0.9 ms 240 140 1500 5 . 5  ms no 1 njury 0 

177 high 1 .  14 0.9 ms 255 166 2138 4.6 ms no 1 njury 0 
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