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This report presents t h e  methodology a n d  f i rst results of a n  in-depth 
study on head and neck i n jury mechanisms in vict ims of t raffic 
accidents . Med ical data on these i n j u r ies were obtained i n  deta i l  from 
patients whose accidents were s imultaneously studied by an accident 
investigation team, thus enabl ing sat i s factory cor relation between the 
biomedica l  and the bi omechanical facts i n  a prospectively designed 
invest igat ion . The k i nematics and body responses of the accident vict ims 
were est imated by the appl icat ion of the C r ash V i c t i m  Simu lator - Three 
Dimensional Model ( CVS-3D ) .  Results of the simulation indicate that the 
CVS-3D model provides excellent ins ight i nto the k i nematics of occupants 
dur ing crashes . Calcul ated values of head l inea r and angu lar 
accelerat ions were in the range expected and the a b i l i ty to calculate 
neck forces and moments significantly adds to the under standing of neck 
i njury mechanis ims i n  accident victims. 

I NTRODUCTI ON 

A lthough there have been many stud i es on head and neck i n j u ry mechanisms 
u t i l i z i ng an imal and phys ical mode l s ,  spec i f i c  stud ies a imed at the 
quan t i tat ive recon s t r uc t i on of human accidents have been d i f f i c u l t  to do 
and few i n  numbe r .  ( 1 ,  2 )  

I n  order to better understand how ser ious i n j u r ies occur iD automob i le 
crash victims , the Nat ional H ighway Traffic Safety Adm i n i s t r at ion has 
i n i tiated a deta i led study of ser ious acc ident cases i n  the v i c i n i ty of 
Washington D . C .  This study, done i n  con junc t i on with the Washington 
Hospital Center , documents the occupant i n j u r ies , the veh icle damage and 
the accident scene data . These data can be used to reconstruct the 
accident e i t her experimentally or analytically to provide an estimate of 
the time hi story of forces , accelerat ions , veloc i ties and d i splacements 
which were associated w i t h  the injury.  

The purpose of this paper i s  to present our methodology and summa r i z e  
the analytical reconstruct ion of several acc idents selected from the 
Washington Hospital Center Accident Dat a .  I n  each case, the accident 
victim suffered e i t her head or neck injur ies or bot h .  Each accident was 
reconstructed using the three-dimensional Crash Victim S imu l a t i on Model 
( 3 DCVS ) , developed by the National H ighway T r a f f i c  Safety Adm i n i s t ra t i on 
( 3 )  • 
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METH ODOLOGY 

I n  order to ensure maximum data r e t r i eval our acci dent inves t igat ions 
were i n i t i ated by a telephone cal l to an Accident Inves t i gation Team 
(AIT ) f rom the Washington Hospital Center ( WHC ) Tra uma U n i t  when a 
s u i table head/neck i n j ured victim of a t r a f f i c  accident was receive d .  
Thi s dedicated AIT could t h u s  arr ive a t  t h e  accident scene without too 
g r eat a lapse of t ime between the t ime of the acci dent , the t ime of 
arr ival of the victim ( or v i ct i ms ) at the Trauma U n i t  and the 
commencement of data gather i ng f r om the crash s i t e .  Following t h e  
admission of the pat i en t ,  the medical team would record t h e  i nj u ry data 
to the v i ct ims i n  a s e r i a l  manner while the AIT personnel would begin 
the i r  data collection f rom the scene of the acc ident . The seve r i ty of 
each crash was est imated through use of the Crash I I I  accident 
reconst ruction program wh ich estimates the velocity change of the veh icle 
f r om damage measurements ( 4 ) . Monthly data reviews conducted by both AIT 
and WHC staff enabled retention or rejection of cases for accident 
reconst ruct ion . To date we have completed the basic b iomechani cal and 
biomedical data collect i on i n  84 cases selected from over 200 pat ients . 
The basis for these dec i s i ons w i l l  be publ ished i n  a forth coming paper 
( 1 3 ) .  

We plan to reconstruct as many of these cases as is possible using the 
CVS-3D model . This model provides a t hree-dimensional s imu lat ion of the 
k i nema t i cs of the human body during a crash , and computes the forces 
acting on each veh icle sur face and can also provide the l i near and 
angular veloc i t ies , acce lerations , and d i splacemen ts associated with each 
body segment . The data requ i red to ope rate the model i nclude the 
accelera t i on of the veh i c l e  dur ing the crash , the veh icle interior 
geomet r y ,  the eng inee r i ng prope r t ies of the veh icle i nter ior componen t s ,  
the i n i t i a l  pos i t i on o f  the human occupan t ,  and t h e  geometry and 
prope r t ies of the human body. 

The force-deflection charact e r i s t i cs of the interior components of 
selected automobiles are being determi ned in a par a l l e l  experimental 
program ( 5 , 6 ) .  To date the test program has completed testing of 18 
veh ic les . The tests include static tests of knees i n to dashboa r d ,  head 
into windshield , and dashboa r d ,  and ehest into dashboa r d .  Tests of 
selected steer ing wheels/columns have, a l s o ,  been conducted. These tests 
include hub c rush , wheel crush , r ad i a l  r im deformat ion , pa raxial rim 
deforma t ion . The static test data is supplemented by dynamic tests of 
selected wind s h i e ld s ,  dashboards and steer ing assemb l i es . The det a i l s  of 
these tests and the res u l t i ng input data sets for computer models will be 
reported when the test program is completed . 

The occupant models being used are based upon the 50th percen t i le ma l e  
models reported i n  references 3 and 7 .  These occupant models can be 
a d j u s ted to more closely s imulate the s i ze and mass of the actual 
occupant be ing s i mulated . I n  add i t ion , occupant models have been 
mod i f ied to permit the calculat ion of neck forces and momen t s ,  by using 
add i t i onal dummy segments as described in refe rence ( 8 ) .  
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The neck forces and momen ts a r e  calculated a t  the head to neck joi n t ,  
( head/neck junct ion ) wh ich approximates the location o f  the neck 
tr ansducer i n  the Hybrid I I I  dummy . 

A major problem with past attempts to recon s t ruct occupant impact has 
been the lack of vehicle component load-deflect ion character i s t ics . To 
date, the veh i cle component test program has produced suf f i cient data so 
that est imates of the prope r t ies of inter i or vehicle s u r faces can be 
made. In many instance s ,  data is now ava i lable on the same mak e of 
veh icle as the one being s imulated . The occupant models have been 
extensively used and have been val idated to simulate dummy k inemat ics . 
Some d i fferences between the s imulated and actual k inema t i cs can be 
expected due to the differences between dummy and human charact e r i s t i c s .  
However , for p r imary impacts and i n j u r ies which occur ear ly i n  the 
simulat ion ,  these d i f ferences a r e  minimized. The head/neck injury event 
f r equently occurs d u r i ng the i n i tial body to vehicle contact , and 
consequently is a good candidate for simulat i o n .  

The neck load transducer which h a s  been incorporated i n  the dummy mode l s  
h a s  not been va l idated . Neve r theles s ,  t h e  calculated neck forces and 
torques w i l l  be presented to show the compa rat ive levels for the cases 
simulated . The presented neck load data is for the contact events wh ich 
caused a loading d u r a t ion of at least three m i l l i seconds . 

RESULTS 

Three cases w i l l  be reviewed . Case 1 was a serious neck 
f l ex ion/compress i on i n jury caused by facial contact with the steer i ng 
r im .  Case 2 was another ser ious neck extension i n j u r y  compl icated by a 
head i n jury caused by head impact with the header and windshiel d .  Case 3 
had a head i n j u r y  without associated neck i n j u r y  caused by impact w i t h  
the winds h i e l d .  

Summary of Accident Case 1 .  Neck I njury 

The acci dent v i ctim was an unbelted d r iver of a 1 9 8 2  compact stationwagon 
who was involved in a frontal impact with a pol e .  ( Case number 153-05 
0784;  s imu lat ion LBOl ) .  The occupant was a 2 8  year old mal e ,  
approximately 5 • 7 •  feet tall and weig h i n g  1 6 0  lbs . There was no 
meas urable bl ood alcohol . 

The veh icle sustai ned a maximum crush of 2 5 • . The velocity change was 
est imated to be approx imately 26 mph , based upon a computer 
reconst ruct i on using the crash program ( 4 ) .  The d i rect ion of pr imary 
force was est imated to be between-5 to-15 deg r ee s .  

A schemat ic drawing o f  the inter ior damage i s  shown i n  F i g u r e  lA . 
The evidence of interior body contacts included oily t r ansfers on the 
windshi eld from head and arm contact , and deformed lower dashboard panel 
f r om k nee contact . The stee r i ng column stroked approximately 1 
centimeter . I t  may be noted f rom the veh icle inter ior damage that the 
occupant moved forward and to h i s  l e f t .  
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case 1 Occupant I njuries 

The head/neck i n j u r i es to the victim and the computed values of 
accelerat ion are shown Table I .  The seve r i t ies of the i n j u r ies a re rated 
by the Abbreviated I n j u r y  Sca l e  ( A I S )  which ranges f rom 0 to 6 ,  with the 
h igher numbers ass igned to i n j u r ies with the highest probab i l i ty of 
threat to l i fe ( 9 ) .  The most severe i n j u r y  was focal damage to the 
cervica l  spinal cord c l i n ically locali zed a t  the c . 5/6 level without 
associated evidence of damage to the cervical spine bony/a r t icular 
structu res . The resu ltant complete quadr ipleg ia led to an AIS=S 
assignment for t h i s  i n j u r y .  The i n j u r y  sources were upper steering r im 
and windshi eld which was contacted by the chin and head and the steer i ng 
hub and lower r i m  which were contacted by the ehest and abdomen as the 
occupant moved forwa r d .  The occupant ' s  lower face contacted the upper 
left quadrant of the stee r ing wheel r im causing a lacerat ion ( 3 cm) of the 
l ower l i p  and f racture of the r ight upper i nci sor as h i s  tooth penetrated 
the lower l ip to s t r i k e  the wheel r im .  The ehest suffered a minor 
contusion on ly, and there were no abdominal i n j u r ies . Thus the steer i ng 
wheel was the cause of the i n j u r ies , three of which were minor ( l i p ,  
tooth and ehes t )  and one c r i t i ca l , to the cervical sp i na l  cor d .  The 
facial contact to the stee r ing wheel deflected the occupant ' s  head down 
and to the left resu l t i ng in a head contact with the windshi eld leaving a 
Sem wide by 7cm high o i ly transfer to the glass . H is r ig h t  hand also 
str uck the windshield leaving o i ly f i nger p r i nts but nei ther head or hand 
impacts caused signif icant damage to either the windsh i e ld or to the 
occupant . 

Analyt i cal Reconst ruct ion case 1 

The pred icted k inemat ics of the occupant impact a re shown i n  Figures l . B  
through l . G .  Figure l . B .  shows the assumed in i t i a l  pos i t ion of the 
occupan t .  I t  i s  assumed that the occupant reached forward w i th h i s  r ight 
arm to cushion the blow, F ig u r e  l . C .  shows the occupant 60 ms after the 
beg i n n i ng of the impact . Figure l . D .  shows the occupant at 8 0  ms with 
the r ight arm contacting the windsh i e ld . Figure l . E .  shows the occupant 
at 100 ms . At t h i s  point in t ime , the lower face has contacted the 
steering r i m  and the ehest and abdomen a r e  contacting the hub and lower 
r im .  The left leg is constrained somewha t  by the wheel wel l ,  thereby 
contr ibu t i ng to unequal pene t r a t i on of the knees into the lower 
dashboa r d .  F igure l . F .  shows the occupant at 1 1 0  ms . Dur i ng the period 
between 96 and 1 1 6  ms the maximum head and neck load i n g  occu r .  Maximum 
accelerat ion on the head were approx imately lOOG l i near and 6 3 0 0  
rad/sec2 angular . The neck torque rose to a value above 68 Nm f o r  the 
durat ion of the per i o d .  The maximum torque of 113 Nm occ u r red at 
approximately 110 ms . During the pe r i od of maximum neck torque the 
maximum shear and a x ia l  loads for 3 ms intervals were 1 5 0 0  and 4 2 0 0  N 
respect ively. Figure l . G .  shows the occupant at 120 ms . I n  this 
pos i t io n ,  the forward veloc ity has been a r rested, and the occupant i s  
beg i n n i ng to move rearward and t o  h i s  lef t .  The H I C  value for the impact 
was approx imately 3 3 0 ,  which occ u r r ed between 1 0 5  and 1 2 3  ms . The head 
impact and neck loading data for this case a r e  summar i zed in Table I and 
I I .  
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Summary of Acc ident Case 2 Head and Neck I njury 

The accident v i ct i m  was a n  unbelted r ight f ront passenger of a 1 9 8 3  mid 
s i ze seda n ,  involved in a frontal impact ( case 12-FDAA- 6 7 : S imulat ion 
CCOO ) .  She was a 3 4  year old female approx imately 5 ' 6 " tall and weigh i n g  
1 3 5  lbs . Blood alcohol level was 0 . 2 6 3 . T h e  r ight f ront part o f  the 
case vehicle s t r uck the rear of a stopped t ruck causing a maximum crush 
of 18 inche s .  The vel ocity change was estimated to be approximately 18 
mph ,  based upon a computer reconstruction u s i ng the crash program. The 
d i rection of pr imary force was est imated a t  between + 1 0 °  and + 1 5 ° .  A 
sketch of the internal damage is shown i n  F igure 2 . A .  The evidence of 
inter ior contacts included the followi n g :  O i ly and t i ssue t r ansfers on 
sunvisor f rom head contac t :  t issue t ransfer and glass damage from head to 
windshield contact : scuf fs and damage to i ns t r ument panel and dashboard 
from ehest contact : scuffs and dents in lower dash from knee contac t s .  

case 2 Occupant I nju r i es 

The case veh i c l e ' s  frontal plane was deflected at an angle of 10 to 15 
degrees relative to normal by the under r i d i ng impact with the t r uck . The 
seated victim moved forward and to her r i g h t ,  relative to the vehicl e .  
The left knee contacted the lower dashboard approximately lOcm f r om 
center . The r ight knee contacted the glove box door approximately 3 3 cm 
f r om the cent e r l i n e .  These contacts produced only minor abras ions . The 
victim ' s  head st ruck the forward edge of the sunvisor compr essing i t  onto 
the windsh ield header and leaving oil and t i ssue t ransfers on the 
sunv isor . Thi s head impact caused an abra s i on of the forehead . There 
was no residual deformation of the sunvisor or heade r .  Al though the head 
motion forward was thus partially a r rested, the torso continued to move 
forwa r d ,  causing a s i gn i f icant loading of the neck resul t i ng i n  a 
subluxation of the cervical spine at the C6/7 level ( 6 0 %  of vertebr a l  
body anter ior-poster ior length ) ,  lacerat ion of t h e  d u r a  w i th a sma l l  
epidural hematoma a t  this level and a n  incomplete spinal cord lesion 
( anter i or cord syndrome ) . The sunvisor contact def lected the head 
rearwa r d ,  as the neck was being loaded in a extension compression mode 
and the head and face next impacted the windsh ield leaving t i ssue 
t ransfers i n  the windshield and causing corneal abrasions to the r ig h t  
eye a n d  lacerat ions of t h e  r ight eyel i d .  The head impacts resul ted in a 
cerebral concu ssion Grade I I I  with loss of consc iousness for a pe r iod 
between 15 minutes and 1 hou r . ( 1 0 )  subsequent torso impact w i t h  the 
r ight edge of the protruding instrument panel ( wh i ch extended across the 
d r ivers side and about Sem into the passenger side of the veh icle ) .  This 
contact caused f r actures of the left 3 rd and 4th r ibs marked by t r ansfer 
of fur f rom the victim ' s  coat . secondary impacts with the dashboard 
panel resulted i n  f r acture of the r ight lst r i b .  Associated ehest 
injur ies included bilateral pulmona r y  contus i ons , pneumothor a x ,  and 
myocar d i a l  contus ions . 
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Analyt i cal Reconstruction, Case 2 

The predi cted k i nemat i cs of the occupant impact are shown i n  Figures 2 . B .  
thru 2 . G .  F igure 2 . B .  shows the i n i t i a l  pos i t ion of the occupant . The 
veh icle i nter ior showed evidence of ehest contact at a d i stance Sem to 
the r ight of center l i n e .  Therefo r e ,  i t  was assumed that the occupant was 
seated with her left shoulder close to the centerl ine and w i th her legs 
angled to the r ig h t . F igure 2 . c .  shows the occupant pos i t ion at 100 ms . 
At t h i s  point in t ime , the head i s  undergoing a glancing contact w i t h  the 
sunv isor/header , caus ing a neck loading of 5ms durat ion . 

F igure 2 . D .  shows the occupant pos i t ion at 1 10 ms . This point is sho r t l y  
after the i n i t i a l  head contact with t h e  windsh i e ld . T h e  maximum head 
accelerat ion values of 1 2 600 rad/sec2 ang ular and l lOG l i near were 
produced at approximately this time . The BIC of approx imately 2 4 0  
occurred between 1 0 7  and 1 2 1  ms . F ig u r e  2 . E . ,  2 . F .  a n d  2 .G .  show t h e  
cont inued rotat ion o f  t h e  head a t  120 , 130 a n d  160 ms , respectively. The 
calculated neck extension moment exceeded 108 Nm dur i ng the per i od 
between 1 3 5  and 1 5 5  ms . The head impact and neck loading data for this 
case are summar i z ed i n  Tables I and I I .  

Summary of Acc ident Case 3 Head I njury 

The accident v i ctim was an unbelted dr iver of 
was involved i n  a f rontal impact with a pol e .  
S imu lat ion ABO l ) . The occupant was a 5 2  year 
feet tall and we ighing 170 lbs . 

a 1 9 8 2  compact sedan who 
(Case number HNH-28 -207 ; 

old mal e ,  approximately 6 •  

The veh icle sustained a maximum crush o f  1 8  inche s .  The veloc i ty change 
was est imated to be approximately 15 mph based upon a computer 
reconstruction using the crash program. The d i rect i on of pr imary force 
was between - 5 and - 1 5  degrees . A schema t i c  drawing of the interior 
damage is shown i n  F igure 3 .A .  The evidence of interior body con tacts 
include a star pattern on the windsh ield caused by head contact ; a 
cracked lower dashboard plas t ic panel f rom left knee contac t ,  and a 
dented lower dashboard metal panel f r om r ight knee contact . The steer i n g  
column st roked approximately l e rn .  There was no damage t o  the stee r i ng 
wheel . I t  may be noted f r om damage a r eas shown i n  F igure 3 .A .  that the 
v i c t im moved forwa r d  and to h i s  lef t .  

Case 3 Occupant I nju r ies 

In the motor veh i c l e  accident report by the police it is noted that the 
d r iver of the c r ash vehicle was • h ighly i n tox icatea• , however a blood 
alcohol level was not obtained. H e  sustai ned a s i g n i f i cant head i n jury 
caused by impact w i th the windsh ield resulting i n  a cerebral concus s i on 
Grade I I I with loss of consciousness for a pe r iod between 15 minutes and 
1 hour and with per s i st i ng retrograde and post t r aumatic amnes i a .  
Lacerations o n  the left forehead and ch i n ,  most probably induced b y  the 
windshi eld were cleaned and sutured w per pr imam• . 
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I n  add i t i on , the vict im ' s  motion forwa r d  and to the left was also impeded 
by the steer ing wheel which caused s i g n i f icant abdomi nal i n j u r ies 
including a large bruise of the r ight abdomen , lace rat ion of the l i v e r ,  
spl een , a n d  hepato-duodenal l igamen t .  There were a l so assoc i a ted 
f ractures of the 3 r d ,  4th and 5th r ibs on the r ight produced by the torso 
impact with the steer ing whee l .  Although both knees contacted and bent 
or broke components of the lower dashboa r d ,  there we re no s i g n i f  icant 
k nee i n j u r ies . 

Analytical Recons t r uct ion, case 3 

The pred icted k inematics of the occupant are shown i n  F ig u r e  3 . B .  thru 
3 . D .  Figure 3 . B .  shows the initial pos i t ion of the occupant . lt is 
ass umed that the occupant was normally seated . Figure 3 . c .  shows the 
occupant pos i t ion at 130 ms . At t h i s  point in time the lower r im of the 
steer i ng wheel is i n  contact with the abdomen and the knees are in 
contact with the lower dash . F igure 3 . D .  shows the occupant pos i t i on at 
150 ms . The i n i t ia l  head contact w i th the windsh ield occurred at 
approximately 147 ms , and the maximum l inear and angular accel e r a t i ons of 
86g and 7500 rad/sec2 respect ively, occu r r ed at approximately this 
t ime . The H I C  of 1 7 0  occurred between 144 and 148 ms . The head impact 
data for t h i s  case are summa r ized in Table I .  

DI SCUSSION 

l t  is undoubtedly t r ue that attempts to co r r e late probable occupant 
k inema t ics with real occupant i n j u r ies i n  real world acc i dents is a 
d i f f i cult task . There a r e ,  however ,  t h r ee advantages of our approac h .  
F i r s t ,  by beg i n n i ng the accident inves t igat ion at a t ime which is closer 
to the t ime of a r r ival of the victim at the hospital we tend to ob tain 
more r e l i able crash data. Second, by having one accident inves t igation 
team work closely with only one hospital trauma service and by orga n i z ing 
i ntergrated data reviews at regular i n tervals by both eng i ne e r i ng and 
medical teams , we improve the qua l i ty of the pat ient i n j u r y  data by 
mutual education on what is most impor tant to look for . I n  t h i s  way we 
be l i eve that our developing data base could provide a valuab l e  source for 
physical and analytic reconst ruct ion . Th i r d ,  by u s i ng analytical 
reconst ruct ion , we a r e  able to gain insight into the con d i t ions which 
cau sed the i n j u r ies . 

The ana lytical simulat ions presented in t h i s  paper a r e  samples of 
applications of the CVS-3D mode l .  The precis ion of the s i mulat ions i s  
dependent upon a number o f  factors includ i ng the knowledge o f  the i n i t i a l  
occupant pos i t ion , t h e  crash accelerat ion and i t s  d i rect ion , the human 
occupant prope r ties , and of the prope r t ies of the interior veh icle panels 
and their location and relat ive d i splacement .  

The i n i t ial occupant pos i t ion can be infer red by matching the damage 
a r eas pred icted for v a r i ous sea t i ng pos i t ions . The mag n itude and 
d i rection of the crash pulse is determined from the crash computer 
program ( 4 ) .  
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The acce lerat ion t ime history is based upon crash test data for similar 
vehicles . The human occupant prope r t ies used were based upon dummy 
models discussed in refer ence 3 and 7 .  The location of the veh icle 
i nter ior panels was based upon measurements of s imilar vehicles wh ich 
were undamaged . The proper t ies of the veh icle i n ter ior were based upon 
tests conducted by the Transportation Systems Center ( 6 ) .  For Case 2 ,  
S imulation CCO O ,  the inte r i or of an identical vehicle had been tes ted . 
Therefor e ,  excellent i nformation was available for t h i s  s imu l a t i o n .  We 
intend to repl icate our simulat ions for va l id a t i on against similar 
phys ical tests . 

For Cases 1 and 3 ,  test data on the veh icle inter ior was not ava i l able . 
Therefo r e ,  the vehicles were assumed to have prope r t ies s imilar to othe r 
contemporary veh icles by the same manufacturer . As add i t ional test data 
becomes ava i lable, the s imulat ions may be further improved . 

Certain comments on our preliminary results a r e  of interes t .  F i r s t  of 
a l l ,  i n  two of the cases ( Nos 2 & 3 )  the occupants sustai ned a 
s i gn i f i cant head injury with a Grade I I I  cer ebr a l  concussion acco r d ing to 
the class i f i ca t ion suggested by one of us in a recent review of the 
biomecha n i cs of head i n j u r ies ( 1 0 ) .  The calculated HIC values for Cases 
2 and 3 were less than 250 wh i l e  Case 1 with no head i n jury produced a 
HIC of +300 . Howeve r ,  the two cases with head i n j u r y  sustained higher 
angular accelerat ion levels than the case without head injury. This 
f ind ing i s  i n  agreement with experimental data on the s i g n i f i cance of 
angular accelerat ion in the mechan i sm of cerebral concussion and related 
d i ffuse i n j u r i e s  to the brain ( 1 0 ) .  

Case 2 sustai ned a peak angular accel erat ion of approximately 1 3 , 0 0 0  
rad/sec , 2 about twice that of Case 1 .  The angu lar head acce leration 
for case 3 was only about 15% h igher than for case 1 .  Howeve r ,  i t  is 
interest ing to observe that Case 3 was " h ighly intoxicated " , which may 
contr ibute to i nj ur y  suscept i b i l ity ( 1 1 ) . Al though classif ied as an 
A I S- 2  injury by the A I S- 8 0  ( 9 )  rubr ics , cu r r ent understand ing of the 
outcome of such " mi nor to moderate" head i n j u r ies as found in our Case 
Nos . 2 and 3 clearly suggest that we should con s i der them more ser ious in 
terms of their resultant d i s a b i l ity ( 12 ) .  I t  should be noted that both 
of these concussive b r a i n  i n j u r ies occu r r ed at relat ively low values of 
dv = 1 8  and 15 mph. 

In order to gain add i t ional insight into the neck i n j u r ies which occurred 
in Cases 1 and 2 ,  the loads and moments a t  the head to neck joint were 
calculated using the methods reported in Reference 8 .  The resul t s ,  
summar i zed i n  Table 1 1 ,  show that case 1 sustai ned forces of 1500 N shea r 
and 4200 N compression for a per iod of 3 ms while undergoing a f lexion 
moment of 1 1 3  Nm. A flex ion moment i n  excess of 68 Nm was sustai ned for 
2 0  ms . Case 2 ,  on the other hand , involved an extention moment wh ich 
peaked for 3 ms at 124 Nm. The extension moment exceeded 108 Nm for 20 
ms . The peak compression and shear loads we re approximately 1 1 0 0  N .  
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Although these for ces and moments we re calcul ated at vertebra Cl rather 
than C5/C7 where the i n j u r ies occu r r e d ,  they prov ide estimates which can 
be compared with experimental measurements made using the Hybr i d  I I I  
dummy neck instrument a t i on .  These s imu lat ions a r e  the f i rst a t tempt to 
use the 30 model for calculating neck loads wh ich produced i n j u r ies . 
Addit ional s i mulat ions a r e  planned to f u r ther investigate the 
relat ionship between 30 s imulat ion and tests using the Hybr id I I I  dummy. 

The analyt i ca l  results presented i n  t h i s  paper a r e  samples of several 
appl icat ions of the cvs model to compute the cond i t ions which were 
associated with head and neck i n ju r ies . The s imulated results a r e  
generally i n  the range expected. P a r a l l e l  work is underway t o  fu r ther 
improve the s imu lat ions . This work i ncl udes : Static and dynamic tes t i n g  
of veh icle inter i or components , improvement of occupant model to include 
add i t i onal human charact e r i s t i cs , and val i dat ion of the force and moment 
calculat i ons at the head/neck junct ion . A more deta i l ed presentation of 
our data including i t s  expe r i mental bas i s  w i l l  be reported in the near 
futu r e .  

The 3 0  occupant model provides excel lent insights i n t o  the k i nemat ics of 
the occupant dur ing the crashes s imulated . The a b i l ity to calculate neck 
forces and moments , as shown i n  Table I I ,  s i g n i f i cantly a ids in 
i nterpreting the neck i n j u r ies sustained by the accident v i ctims .  
continued usage and experience with the model w i l l  improve the con f i dence 
and precis ion of the s imu lation s .  
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TABLE I HEAD I MPACT DATA 

CASE NO. DELTA V OCCUPANT COMPUTED HEAD 
HIC ACCELERATIONS 

HEAD/NECK I NJURIES 

1 LBOl 

2 ccoo 

3 ABOl 

CASE 

1 LBO l 

2 ccoo 

MPH DATA 

2 6  

1 8  

HEIGHT 5 ' 7 "  
WT .  1 6 0  LB 
MALE BAC=O 

HEIGHT 5 ' 6 "  

330 

WT .  1 3 5  LB 240 

15 

FE MALE BAC= O .  23 

HEIGHT 6 '  
WT .  170 LB. 
MALE BAC NOT 
DONE HIGHLY 
INTOXICATED 

170 

LI NEAR 
G 

100 

40 
l l O  

8 6  

ANGULAR 
RAD/SEC**2 

6 3 0 0  

4500 
1 2 6 0 0  

7500 

SPINAL CORD INJURY 
(QUADRIPLEGIA ) 
WITHOUT SPINAL 
CANAL DAMAGE . 
NO SIGNIFICANT 
HEAD I NJURY . 

SPINAL CORD I NJURY 
( I NCOMPLETE ) WITH 
C6/7 SUBLUXATION . 
HEAD-CEREBRAL 
CONCUSSION GRADE I I I  

NO NECK I NJURY HEAD­
CEREBRAL CONCUSSION 
GRADE I I I  

TABLE I I  NECK LOADING 

FORCES-3MS. 
SHEAR AXIAL 

N N 
1500 4200 

3400 
l lO O  

1 9 0 0  
l l O O  

TIME 
MS 
l l O  

l l 2  
157 
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MAX 
NM 
- l l 3  

6 8  
1 2 4  

BENDING MOMENT 
SUSTAINED DURATION TI ME 

NM MS MS 
- 6 8  2 0  96 - 1 1 6  

5 7  
1 0 8  

0 5  
20 

104-109 
1 3 5 - 1 5 5  



T I M E  0 nsrc 

Figure 1 8. 

Figure 1 D. 

T I ME 1 1 0 nsrc 

Figure 1 F .  

INTERNAL VEHICLE DATA 

LIST OF CONTACTS 

HEAD TO WINOSHIELD 

RIGHT HANO TO WINDSHIHD 

CHIN TO STEERING WHEEL 

CHEST TO STEERING HUB 

ABDOMEN TO STEERING RIM 

KNEES TO DASHBOARD 

RESULTS OF CONTACT 

OILY TRANSFER 

OILY TRANSFER 

NO DAMAGE 

NO DAMAGE; 1 cm COLUMN STROKE 
NO OAMAGE 

DENTS AS SHOWN 

CASE 1�-05-07S4 

SIMULATION LB01 

Figure 1 A. 

80 nsrc T I M E  
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T J l1E 60 nSEc 

Figure 1 C. 

Figure 1 E. 

T I M E  1 2 0  nsrc 

Figure 1 G .  



INTERNAL VEHICLE DA TA 

T !ME • 0 nsec 

Figure 26. 

LIST DF CDNTACTS 

HEAD TD HEADER 
HEAD TD WINDSHIELD 
CHEST TO DASHBOARD 
KNEES TO OASHBOARO 
RIGHT SIDE TD ODOR 

TIME • l l 0 115EC 

Figure 2D. 

T 1 ME • l 30 115EC 

/ 
Figure 2F. 

HEAO 

��EAD gu· �\ 1 � cm 
12 

CHEST 
11,�.m onACHED 

PADDING . 

T !ME • 100 MSEC 

RESULTS OF CONTACT 

TISSUE TRANSFER 
TISSUE TRANSFER; CRACkEO GLASS 
OETACHEO DASHBDARD PADOINO 
DENTS AND SCUFFS AS SHOWN 
CLOTHING MATERIAL TRANSFER 

Cl.SE 141·011714 
SIMULATION C� 

Figure 2A. 

. TIME • 120 115EC 

T 1 ME • 160 115EC 

/ 
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Figure 2C. 

Figure 2E. 

. Figure 2G. 



TIME • B llKC 

Figure 38. 

INTERNAL VEHICLE DA TA 

LIST OF CONTACTS 

HEAO TO WINDSHIELD 
CHIN TO STEERINO RIM 

CHEST TO STEERINO WHEEL 
ABDOMEN TO STEElllNO RIM 
KNEES TO DASHIOARD 

RESULTS OF CONTACT 

STAR CRACK IN WINDIHIELD 

NO DAMAOE 
NO DAMAOE; 1 cm COLUMN ITllOKI 
NO OAMAOI 
CRACKS AND DENTI Al IHDWN 

CAIE HNH-21-207 

SIMULATION Al01 

Figure 3A. 

T l  ME • 1 38 MHC 

TIME • 1 50 MHC 

Figure 30. 
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Figura 3C. 


