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I ntroduct i on 

The frequency of frontal crashes i n  road accidents has l ed to a l a rge 
number of studies devoted to the body response to thi s  type of i mpact . Actual ly  
a l ot of  crashes are obl i que and i t  seems i nteresti ng to  i nvesti gate the conse
quences of an angu l at i on on the dynami c behavi our . lt can be assumed that the 
head-neck system response i s  part icu l ar ly affected by such an angu l at i on . There
fore an experiment has been conducted whose a im  was to define the characteri s
tics  of the head-neck system response to i mpacts of i ncreas i ng i nc i dence ang l e  
( from frontal to  l ateral ) .  Th i s  exper iment has been performed on  a baboon 
( Papi o-papi o ) . 

Methods 

Exper imental set up ( see fig . 1 )  

The impact has been produced on a decel erator composed among others 
of a s l ed propel l ed by an i nert ia l  ree l l aunch i ng system and abruptly decel era
ted by s teel bu l bs forc i ng through polyurethane tubes . The s l ed s upports a seat 
wh i c h  can be revol ved i n  the hori zontal pl ane . The subject ( a  baboon we igh ing 
28 kg ) i s  f i rmly fastened to the seat by a r i g id  restra int  system so that only 
the head and the neck can move free ly .  The head pos i ti on and ori entati on can be 
control l ed by means of a mechani cal dev i ce which rel eases i t  onl y a few mi l l i 
seconds before the impact occurs . 

The animal  has been fi tted wi th metal l i c plates screwed on the skul l 
eventua l ly enabl i ng to fix  an add i ti onal mas s  on the head i n  order to art i f i 
c i a l ly  d i spl ace i ts center of  gravi ty a n d  prov i d i ng a r i g i d  l i nk  between the 
head and the targets and transducers a ssembly  wh ich  wi l l  be u sed to determi ne 
the head ki nemati cs . 

Data col l ection and pröcess i ng 

The head movements fol l owi ng the impact were recorded by two high 
speed cameras at 2000 frames/second for the first one ( H ITACHI  16 HM ) and at 
500 frames/second for the second one ( PHOTO SON I C  l B ) . The shooti ng axes were 
perpendi cu l a r  to each other and perpend i c u l ar to the d i s p l a cement d i recti on . 

Data from f i l m  ana lys i s  were processed through a program wh ich  
enabl es , a l l a l ong the impact duration and from the target trajectories , to 
determ ine the head ori entati on i n  three d imensi ons and to compute the trajectory 
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Fig . 1 Experimental set-up and coordi nate systems 
- l eft : subject i nstal l ed on the s l ed 
- r ight :  pos i t i on of opti cal targets 

of three part icu lar  po i nts of the head . 

The coord i nate systems used to gi ve the resu l ts are : 

---- vt 

- the Ro System whose ori g i n  S i s  a po i nt of the seat and three axes are SXo 
( para l l el to the s l ed di sp l acement d i recti on ) , SZo ( verti ca l ) and SYo ( trans
versal ) ; 
- the Rs System whose SZs axi s  i s  i dent ica l  to SZo . The angl e o<.  between SXs , 
SYs and SXo , SY0 respectively i s  the impact angl e .  The SZsXs p l ane al ways 
rema i ns paral l el to the p l a ne of symetry of the seat when thi s l atter rotates . 
- the RT System rel ated to the head of the subject . The ori g i n  T l i es  at the 
occ i p i ta l  condy l e  l evel . TXT a x i s  i s  i n  the mid-sagi tta l pl ane and passes by 
the extremi ty of the centra l maxi l l a  i nci sors . T he TZT axi s i s  a l so i n  the m id
sagi ttal pl ane and i s  perpend i cu lar  to TXr . TYr i s  perpend icu l ar  to the m id
sagi ttal p l a ne .  

T he trajector ies  of T ,  A '  and B '  are represented by the i r  project i on 
on the reference p l anes of Rs and Ro systems . The head ori entat ion i s  g i ven 
by three ang l e s 'l-' 5 ,  85 and 9s correspond i ng to the three el ementary rotati on 
movements depi cted by fi gure 2 .  A set of curves referi ng to one test i s  shown 
on fi gure 3 .  ( On th i s  f igure , the arrow i nd i cates the impact d irection and the 
po i nt K l ocates the 7th verti cal vertebra at rest ) . 



F i g .  2 Mechanical ana l og of 
head or ientati on ang l es 

I n  add i tion to these c i nematograph i c  data , head accel erati on measu
rements were performed ( 3  tr iax ia l  transducers ) ; however they won ' t  be exposed 
here . 

Tests procedure 
2 5  tests have been conducted w ith one s ubject , wi thout any add i ti onal 

mass and wi th 5 i mpact ang l e  val ues ( 0 ,  30 , 45 , 60 and 90° )  from frontal to 
l a tera l . For a l l these tests , j ust before the i mpact , the head was hel d  i n  an 
upright pos i ti on so that. cp and � were c l ose to zero . On the contrary , a certa i n  
amount of i n i t i a l  fl exi on-exten s i on was permi tted . The i mpact veloc i ty was 
30 km/h (± 1 ) .  The s led dece l erat i on shape was trapezoTda l ,  the durati on was 
70 ms and the ampl i tuae was about 20 Gs . 

Resu l ts 
I n  order to g i ve the resul ts i n  a synthet ic  way , and as they were 

q u i te reproduc i b l e ,  an average has been estab l i shed from them for each impact 
ang l e  condi t i o n .  If we consi derer the head as a sol i d ,  havi ng i ts ori entat i on 
and the d i sp l acement of one of i ts points i s  enough to know the ent i re movement . 
So , only the trajectory of the condy l e  ( T )  wh i ch i s  necessary to determi ne the 
neck movements , and the curves of \.f' ,  e and � wi l l  be exam i ned . It can be seen 
on the figure 4-a ,  ( XY  projecti on Rs , system ) that the condyle trajectory i s  
rough ly composed of a forward phase i n  wh i ch T moves towards the front of the 
s l ed and a backward phase where T moves i n  the oppos i te d i recti on . The forward 
course draws a stra i ght l i ne paral l el to the s l ed di s p l acement axi s from point K. 
As for the backward cours e ,  except for the cond i ti on o<. = o where the two 
courses can be perfectl y  superposed , i t  curves and makes a l oop . The d i rection 
and wi dth of the l oop vary as  the impact angl e .  I t  seems that a l oop i nvers i on 
occurs for� va l ue cl ose to 60° . 
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Fi  g .  3 

Average resul ts from c i nematograph i c  data proces s i ng .  
Projected trajectories of T ,  A ' , B '  on Rs reference 
p lanes and orientat i o n  a ng l e  curves . Arrows i nd i cate 
s l ed d i s p l acement d i recti on . 
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a )  XY projecti on in R5 system of condyl e ( T )  traj ectories for various impact 
angl es . Arrows i nd i cate moti on d i recti on . Th i c k  l i nes : forward course ; 
th i n l i nes  : backward course . 

b )  ZX projecti on i n  Ra sys tem of condyl e trajectories  for three impact angl es . 
c )  Maxi mum condy l e  stroke i n  the three d i recti ons of Rs system for 5 impact 

ang l es .  Note that Z sca l e  i s  twi ce X and Y ones . 
d )  Coordi nates i n  Rs system of maxi mum forward condy l e  pos i tion  shown on part 

c a nd correspond i ng l ength of KT . 



On the ZX projection i n  the Ro system ( see fi g .  4-b ) the trajecto
r ies get more hori zontal as the impact ang l e  grows . Thi s resu l ts from a reduc
tion of the verti ca l  strake ( Z )  and an i ncrease of the hor i zontal one ( X ) . 
Fi gure 4-c depi cts i n  a synthetic way the peak di spl acement amp l i tudes of the 
condy l e  in three d imensi ons for the di fferent impact ang l es . These val ues as 
wel l  as the rel ated l ength of KT are g i ven i n  tab l e  4-d . Note that thi s l ength 
i s  maximum when ex i s  i n  the range of 45 to 60° .  

Fi gure 5 shows the head ori entat i on ang l e  curves versus time . These 
curves don ' t  refl ect an unexpected behaviour . Fi rst , the ang l es rema i n  roughly 
constant for a per i od of about 40 ms , whatever may be the ex val ue ; th i s  
corresponds to the trans l at ion movement of the head . The n ,  a h i gh rate growing 
phase occurs fo l l owed by a l ower rate phase , except when °' i s  equal to zero . 
I n  th i s  l a s t  cond i t ion the moti on i s  para l l el to the mid-sagi tta l  p lane and 
the � and � curves are cl ose to zero . As ex i ncreases , the s l ope and the peak 
va l ue of � and l.f grow . On the oppos i te ,the peak va l ue of 8 i s  max imum i n  the 
frontal cond i ti on and , as � i ncreases , thi s val ue decreases but rema i ns some
what h i gh  for � = 90° .  

Di scu s s i on 
A few remarks can be made about these resul ts . F i r s t ,  they refer 

to exper imenta l cond i t i ons wi th a r i g i d  restra int system . Thi s system ha s 
been chosen to prov i de a good immobi l i z i ng of the thora x .  But a stat ic  X-ray 
study has shown that the di spl acement of the upper thorac ic  s p i ne i ns i de the 
restra int  i s  not neg l ect ib le  at a l l i f  efforts are appl i ed to the head . So , 
poi nt K represents C7 only at rest .  Si nce C7 moti on i s  unknown , nei ther the 
cerv ica l  spi ne l ength nor the neck angu lat ion  can be computed dur i ng the impact . 
Moreover ,  thi s r i g i d  restra i nt l imi ts the head motion i n  the frontal condi tion 
or when e is equal to 30° , because of the impact of the mand i bu l a . 

In  fact , the present resu l ts are averages and thus the variati ons 
rel ated to the i n i ti a l  cond i t ion changes occuri ng from one test to another 
don ' t  come out . For i ns tance , the l oop generated by the forward and the back
ward courses of the condy l e ,  on the XY projection , can vary as  the in i tial  
degree of head and neck f lexion ,  for a g i ven impact . ang l e  cond i ti on .  F igure 6 
shows an example· of thi s var iat ion for a 90° impact ang l e .  Therefore , the 
i nterpretation of trajectory changes requ ires as much care as e can vary i n  a 
wide range ( - 13 to 20 degrees ) .  Moreover , the i n i ti a l  fl exi on degree has an 
effect on other movement var iab les espec i a l ly on 8 curves . Th i s  has been 
poi nted out for the fronta l impact i n  a prev i ous  work ( B IARD et al . ,  1 97 5 )  and 
th is  effect can be seen a l so for other impact ang l e  val ues . 

At l a s t ,  the resul ts have shown that as soon as the impact i nc i dence 
i s  no more frontal , a head rotation i n � , but al so i n  \f.l ,  occurs . The pea k 
val ues of both ang l es grow as  � and they corre l a te l i nearly  ( see fig . 7 ) .  l t  
can be assumed that the extent of � i s  due  to the morphological  characteri stics 
of the baboon ' s  head . The eccentri c C . G .  pos i ti on resu l t i ng from the l ow weight 
rat io  between s ku l l and face , generates a torque rel ative to TZT ax i s .  I n  fact ,  
an experiment whose resu l ts wi l l  be brought up l ater ,  has poi nted out that a 
backward sh ift  of the head C . G .  by means of an add i ti onal mas s ,  reduces the 
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Effect of i n i t i a l  head neck f l e x i o n  degree ( f i gured on r i g h t  s i d e )  on condy l e  
t ra j e c tory ( l eft s i d e )  for 90° t e s ts . Star i nd i ca tes condy l e  i n i t i a l  pos i t i o n . 
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ampl i tude of 'f.  I n  the s ame time , there i s  a n  i ncrease o f cp . These two comb i 
ned effects resul t i n  a noti ceab l e  decrease of the �/�re l ationsh i p  s l ope .  Th i s  
c l ear ly  exh i b i ts the effect of such morphometr ic  parameters on the dynami c 
behav i our and remi nds i t  i s  important to take i t  i nto account for any tentative 
compari son wi th human behav i our . 

Concl u s i on 
The resu l ts from the c i nematograph i c  analys i s  ha-ve s hown some of 

the character i s t i c  features of the head-neck system response i n  var i ous  impact 
ang l e  cond i t ions . T h i s  enab le s  a f irst s tep understand i ng of thi s system dyna
m ic  behav i ou r .  At th i s  t ime , the res u l ts only concern head d i spl acements and , 
i n  order to get an  exten s i ve knowl edge of the dynami c  behav i our , goi ng on wi th 
the study requ i res , one one hand , the proces s i ng of the accel erometric data 
and , on the other hand , an  i nvesti gati on to estimate the moti on of C7 under 
dynami c  cond i t ions . 
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