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A rev i ew of the current medi cal and engineer i ng l iterature provides 
suffi ci ent understanding of head i nj ury to d i rect meani ngful research . 
Ser i ous closed head inj ury typi cally involves damage to the bl ood ves­
sels of the bra i n .  Half of the vascular i nj uri es i nvolve subdural hema­
toma includ i ng bri dging vei n  lacerat i on and 30 percent i nvolve focal 
contusion. Vascular damage i s  frequently i dent i fi e d  wi th cases of long­
duration unconsc iousness or coma following closed head i nj ur y .  

Impact of the front or back of the head results primarily i n  vascul ar 
damage on the i nfer i or surfaces of the frontal and temporal lobes . 
These are the locations where the brai n  rests on the skull i n  the 
cranium and ar e different from the specul ati ve s i tes of neural damage 
associ ated wi th unconsciousness . However , vascular i nj ury of the brai n 
i s  a speci f  i c  endpoint for research s i nce the damage i s  obvious and i s  
generally associ ated with severe neural damage . 

The l i terature i s  f i l l ed wi th d iscussi ons on the mechanism of head 
impact i nj ury . Impact produces three-dimensional transl ation and rota­
t i on of the head about i ts center of gravi t y .  Since the brain i s  
l oosely coupled t o  the skull by the CSF flui d i nterface , tethering 
ve i ns , and the membranes covering the brai n ,  abrupt acceleration of the 
skull generally causes the brai n  to lag i n  r esponse. Because of the 
irregular bony r i dges of the frontal and temporal shelves of the s ku l l  
whi ch support the brain and s t i ff membranes , relat i ve motion between 
brain and skull at these locati ons has a h i gh potent i al for contusion 
i nj ury . 

Al though many mechanisms have been proposed for the i nj urious effects 
of head impact , includ i ng pressure gradients and cavi t at i on , relati ve 
mot i on between brai n  and skull , and brai n  t i ssue shear , are impl i cated 
as the primary mechani sms of severe vascular damage in closed head 
i mpact inj ury .  Current methods to evaluate head impact response involve 
an incomplete evaluation of dummy head dynamics and an inade quate analy­
s i s  of the brai n  response duri ng impact . 

Frui tful are as of r esearch should emphasi ze a more complete evaluati on 
of three-dimensi onal transl at i onal and rotati onal mot i on of the dummy 
head during impacts associ ated wi th serious head i nj ury . The accurate 
measurement of head dynami cs will allow a more real isti c analys i s  of the 
potential for brain i nj ury at the known s i t es of primary vascular dam­
age . The analys i s  procedure could rely on an advanced f i n i te element 
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model of the skull and bra i n ;  and , i t  could pred i ct relat i ve motion 
between brain and skull , and shear strains in  the bra i n .  Al though the 
research woul d emphas i ze vascular damage as an endpo i nt , it is  important 
to develop information on the mechani sms of neural i nj ury causing pro­
l onged uncons ci ousness and com a .  The mechanism of neural damage i s  
probably not i denti cal to that for vascular i nj ury , and a clearer under­
standing of the biologi cal factors involved in neural trauma would 
eventually enable meani ngful b i omechanics research . 

Although a rev i ew of the l iterature points clear ly to the fact that the 
current head i nj ury criterion ( HI C )  is based on mi nimal data over 20 
years ol d ,  the cr i terion has been useful for the assessment of auto­
moti ve safety with anthropomorphi c  dummi es . Y et questions remain unan­
swered as to whether the cr i terion is a suff i c i ent procedure for the 
accurate predi ction of the wi de range in types and sever i t i es of head 
i nJ ury .  Due to the s i gn i f i cance of head inj ury as a source of cr i t i cal , 
fatal and disabl i ng i nj ury i n  motor vehicle crashes , attention should be 
gi ven to research whi ch wi l l  evaluate current techni ques and develop new 
procedures to evaluate head i nj ury potential and to assess the benef i ts 
of safety technologies . 

Inci dence and Sources of Head Inj ury 

Based on U . S . A .  field  acci dent data ( 29 , 31 ) ,  the head i s  one of the most 
frequent body regions i nj ured i n  motor vehicle crashes . It  i s  also the 
most severely inj ured part of the body in half of the cases ( Tabl e 1 ) .  
Head i nj ury occurs with high fre quency for each l e vel of i nj ur y  severity 
and it  is  a sign i f i cant crash inj ury probl em because of the death and 
di sabi l i ty it  causes . When the severity and frequency of i nj ury is 
cons i dered ( 1 8 , 29 ) , head i nj ury accounts for 30% of the car occupant 
harm ( Table 2 ) . Nearly 80% of the head inj ury harm is due to i nterior 
contacts for the primari l y  unrestrained U . S . A .  occupants . About half of 
these contacts are with structural members of the i nterior , such as 
pillars , rai l s ,  wi ndshiel d ,  s i de glass , and steer i ng assembl y .  

Head i nj ury i s  a s i gnifi cant soci etal problem and represents a major 
fraction of the cost of crash inj uri es ( 32 ) . Early estimates of the 
total societal burden of motor vehi cle crash i nj uri es ( 3 0 )  indi cate a 
total U . S . A .  cost of approximately $60 b i l l i on annually ( Tabl e  3) . 
Consi dering that head i nj uries account for nearly 30% of the crash 
inj ury harm by one est i mat e ,  the cost of these inj ur i es approaches $20 
b i ll i on annually . This estimate of harm was based on a uniform cost for 
each sever i ty of inj ur y ,  i rrespecti ve of the cost differences for 
i nj uri es of similar AIS severity ( an AIS 5 brain i nj ur y  has a s i gnifi­
cant ly greater med i cal and rehabil itat i on cost than an AIS 5 l i ver 
i nj ury ) .  In a more recent estimate of motor vehi cle crash harm ( 4 ) , the 
s i gn i f i cance of ind i v i dual inj uries was include d ,  and head inj uries 
actually approach 50% of the total soci etal burden of motor vehi cle 
trauma . 

In a maj ority of crashes , vehicle crush occurs wi th mi nimal deformat i on 
of the occupant compartment , but i nvolves a combi nation of frontal , 
l at eral , and rotati onal moti ons of the vehi cl e .  Because of a distri ­
bution in vehicle dynami cs , unrestrained occupants i nteract wi th vir-
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tually all interi or components ,  and head contact occurs over a broad 
range of veloc i t i es .  Thus , the occupant ' s  velocity and d irection of 
i nterior impact and the propert i es of the obj ect struck are primary 
factors i n  the subsequent impact i nteraction of the head . For the cases 
of sign i f i cant i ntrusion or ri dedown , the head contact veloc i t y  and 
impact mechanics are more compl i cated . 

Concussi ve brain i nj ury (29 ) occurs i n  a w i de range of inter i or contacts 
( Fi gure 1 ) .  For mi nor , moderate , and severe i nj ury , windsh i el d  contacts 
represent the most common source of inj ury ( Here AIS-76 t erminology i s  
used and ascribes cerebral concussion for varying l engths of uncon­
sciousness i nclud i ng coma follow i ng head impact . Non-anatomi cal bra i n  
i nj uri es i n  AIS-80 are as cribed o n  the l ength o f  unconsc iousness thus 
l imi t i ng the sever i t y  of the term concussion to AIS 2 ) . When the 
header , p i l l ars , and i nstrument panel are added as sources of contact 
i nj ur y ,  these structures account for nearly 3/4 of the concussive i nj ury 
occurring i n  motor vehicle crashes . Although there have been si gnifi­
cant improvements in  occupant protection by  the  i ntroduc t i on of  the h i gh 
penetration resi stant windshield and energy absor b i ng structur es , these 
vehicle components remain a s i gn i f i cant source of brai n  i nj ur y .  When 
criti cal and fatal brain i nj ur i es are consi dered , the p i l l ars and header 
account for nearly 50% of the contact i nj ur y .  

Types of Head I nj ur i es and The i r  Sign i f i cance 

Based on the data avai l abl e in the NCSS acci dent f i l es ( 1 8 , 29 ) ,  head 
i nj uri es occur primar i l y  to the face and brai n ,  and over 400 , 000 occu­
pants experi ence concus s i ve i nj ury ( Tabl e 4 ) .  Nearly 80% of these 
i nj uri es are AIS 1 l e vel concussions whi c h  i nvolve confus i on ,  d i zziness 
and amnes i a  after the crash ( Tabl e  5a ) .  AIS 1 and 2 l evel inj uri es of 
the bra i n  do not i nvolve damage apparent on a CT scan , and do not 
i nvolve skull fracture or i ntracran i al bl eedi ng ( 2 1 ) .  The more severe 
i nj uri es of the brai n  i nvolve contusion and laceration and are generally 
accompa n i ed by long-durat ion unconsciousness ( Tabl e  5b ) .  Severe 
i nj uri es i nvolve a s i gnifi cant risk of mor b i d i t y  and fatal ity ( 7 ) , and 
can involve skull fractur e .  

Independent esti mates ( Table 6 )  i nd i cate that over 200 , 000 U . S . A .  hos­
pi tal admissions occur annually as the r esult of brain i nj ur y  
( 1 4 , 1 8 , 31 ) .  Thi s represents approximately 1 6% o f  the head i nj ured and 
an important fraction of the total hospi tal admissions for crash 
i nJ ur i es . A maj ori t y  of the cases i nvolve confus i on , amnes i a  and short 
duration unconsciousness where admission for overni ght observation may 
be precauti onary treatment before release . I n  the more severe cases , 
prolonged hospi tal i zation and reha b i l i t ation are required . 

The ava i l able acci dent i nj ury and hospital data enabl e onl y rough es t i ­
mates of the frequency of head i nj ur i e s ;  and , better data , such a s  from 
the NASS and NEISS, ar e needed to develop a more consi s tent p i cture of 
the epi demiology of head impact i nj ury . However , the area where there 
is the l east data is probably the most important aspect of head i mpact 
i nj ury , the di sabl i ng effects of brain damage . Only scant i nformation 
i s  ava i l abl e on the consequences , treatment and rehabi l i tat i on of the 
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severely bra i n  inj ured , and even l ess on the consequences of moderate 
head i nj ury . 

I nj ury d i sab i l i ty is  an important emerging problem of crash inj ury 
( 2 6 , 3 2 ) . With improved medi cal treatment , there is better s urvi val of 
the severely brain inj ured than would have been expected years ago . As 
the costs for post-traumat i c  care increase and the number of permanently 
di sabled i ncrease , more attent i on will focus on the disab l i ng conse­
quences of impact i nj ury . In this regard , safety technologies and 
i nj ur y  assessment tools wi l l  be needed to protect against di sab l i ng 
i nj ury . 

Vascular I nj ur y :  Over half of the contusion inj ury of the brain i s  
subdural hematoma ( 7 , 1 4 ) , frequently attri butable t o  bri dging vein rup­
ture ( Table 7 ) .  Subdural hematoma has the highest r i sk of morta l i t y ,  
e xceeding 6 0 %  of the s urvi vors admi tted t o  hospi tal . Focal i nj uri es 
occur i n  about one-third of the cases but typically wi thout skull frac­
t ur e .  In contras t ,  epi dural hematoma frequently occurs with s kull frac­
tur e .  Based on autopsy evaluat i ons of cerebral cont usion ( 5 , 6 , 8 , 9 , 1 0 , -
1 6 , 20 , 22 ) , the most common s i t es of vascular i nj ury are to the i nf erior 
surfaces of the frontal and temporal l obes of the brain ( Figure 2) . 
These are the locations where the brain rests on the skull i n  the 
cranium and are sites of bony ri dges whi ch may be i nvolved in the con­
tusion i nj ury process . Contusion of the frontal and temporal lobes 
occurs whether the site of head impact is  to the front or back of the 
head ( 6 , 8 , 20 ) .  This fact impli cates the geometr i c  configuration of the 
bra i n  and skull at these si tes as a s i gn i f i cant factor in the i nj ury 
process . 

Neural Inj ury :  Inj ury of nervous ti ssue i s  typically di agnosed by 
abnormal brain function , either loss of memory and cogni ti ve function , 
or a loss of consci ousness . The more s i gn i f i cant concussive i nj ur i es 
i nvol ve long-duration unconsc i ousness and are frequently associ ated with 
severe contusion inj ury (21 ) .  In the cases of moderate and mi nor brain 
i nj ury , whi ch is  more frequent , the i nj ury di agnosis is  based on short 
durat i on unconsc i ousness , or confusion and amnes i a  ( Tabl e 5a and 5b ) .  
Although such i nj uries are frequently thought of as beni gn , follow-up of 
pat i ents has i dent i f i ed postconcussi ve sequelae ( 28 ) ,  where mi nor head 
i nj uri es can have a signifi cant l ife-al tering consequence ( 1 7 , 25 ) .  

Although there is  a low risk of mortal i t y  and a good prospect for 
recovery from minor head i nj ury ( 2 5 ) , the s i t uation is l ess favorabl e 
for the moderately inj ured ( 1 9 , 24 , 26 )  ( Tabl e 8 ) .  Only 40% of the 
pati ents achieve good recovery . The longer-term effects of the head 
i nj ury ( 2 5 ) are also a s i gn i f i cant factor si nce many pat i ents wi th minor 
and moderate i nj ury experi ence chroni c headaches and memory def i c i ts 
months after the i nj ury .  Based on neuropsychological evaluat ions , these 
i ndivi duals show a defi c i t  in comparison to a matched normal popul ation 
of peopl e .  There appears to be a psychologi cal change in these pat i ents 
accompanied by l oss of employment in many cases . What mi ght be con­
strued as a mi nor or moderate i nj ury wi th i ns i gn i f i cant consequences 
based on the AIS 2 or 3 l evel i nj ury severity , is actually a more s i g­
n i f i cant problem because i t  may involve an irreversible alterat i on of 
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normal br
.ä fn rünctTo·n·: -E:ven-ü1oughJÜS is- a threat-to-l ife scal e ,  many 

people interpret an i nj ury severity level as a measure of potential 
outcome . A complementary "well-being" scale is needed and would assess 
the long-term effects of crash i nj ur i es . 

Recent efforts in occupant protection research have focused primar i l y  on 
technologies to reduce crash inj ury deaths . This has brought about 
s i gn i f i cant reduc t i ons in  fatality rates over the years . However , pro­
tection from i nj ur y  di sabi l i t y  requires r esearch on technol ogi es and 
treatments to reduce the inc i dence of impai rment . Many of the di sabl ed 
are permanently confined to wheelchairs or l i mi ted in activi ty , and the 
severely disabled are qui ckly becoming a major health-care i ssue . The 
maj ority of i nj ury di sability i s  from brain and spinal cord i nj ur y  
( 26 , 3 2 )  whi ch permanently destroy motor , sensory or cogn i t i ve func t i on 
and require att endant care i n  nearl y  half of the cases ( Fi gure 3 ) . Only 
one in ten of these vi ctims wi ll return to gainful employment and nearly 
40% will be unemployabl e for years after the i nj ury . These indivi duals 
face an average l if e  expectancy of 36 years with nearly a quarter l i ving 
50 years or more after the i nj ury . 

Head Inj ury Mechanisms 

There is extensive l i t erature on the poss i bl e  mechanisms of head i mpact 
i nj ury ( 33 ) .  Unfortunately , the mechani sms underlying vascular and 
neural inj ury of bra i n  ti ssue are complex and many of the publ ished 
mechani sms are specul ati ve . Some do not adequately account for the 
underlying physics of head impact . Al though , many papers have s i gn i f i ­
cantly cont r i buted to the f i eld o f  head i nj ury mechanisms , some good 
papers have gone unnoti ced in favor of others espousing theories that at 
fi rst glance appear attracti ve and thus have become popular i n  the 
l i teratur e .  As fundamental an i ssue as coup-contrecoup brai n  i nj ur y  
has become muddled and confused in  the numerous papers published o n  the 
subj ect .  The defi n i t i on of a coup and contrecoup inj ur y is not cl ear . 
The i ntent of this overview is  not to criti cally review the substantial 
l i t erature on mechani sms of head i nj ury ,  that is a subj ect for a more 
comprehensive document , but rather this paper i ntends to gi ve a perspec­
ti ve on the most l i kely mechanism underlying closed head contusive 
i nj ury of the brain and on the needs for r esearch . 

The violent accelerat i on and mot i on of the skull due to impact produce 
deformation of brain tissues secondary to skull dis placement and can 
resul t in both vascular and neural damage . The wi de range of direction 
and location of head impact produces a complex motion of the head and 
complex deformat i ons of brain ti ssues . Thus , impact produces a three­
dimensional translation and rotation of t he head about i ts center of 
gravity ( Figure 4 ) .  Because the brain has i nert i a  and is l oosely 
coupled to the skull , its  motion l ags the displacement of the skull . 
The different i al di spl acement causes shear between the brain and skull 
stretching the vessels that tether the brain ( 5 , 1 1 , 20 ) , and strain i n  
brain ti ssue ( 21 , 23 , 28 )  due t o  deformat i ons from contact with bony pro­
trusions and membranes ( 1 5 ) .  
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Differenti al displ acements due to tether i ng ,  geometri c factors and pres­
s ure gradi ents in the brain cause a complex distortion of CNS ti ssue , 
which i s  accentuated at the i nterfaces between brain and stiff intra­
cranial ti ssues and structures . Deformation of brain tissue strains the 
mater i al and can result in brain l acerat i on and contusion . Vascular 
i nj uri es primarily occur on the i nferior surfaces of the frontal and 
temporal lobes wher e the ri dgy convoluti ons of the s kull  accentuate the 
potential for i nj ury by relat i ve motion between brain and stiffer struc­
tures ( 6 , 1 5 , 21 ) .  This is impl i cated as the primary mechani sm of severe 
vascular i nj ury in closed head impact i nj ury . 

H ead Dynamics 

Since there is minimal r i s k  of brain i nj ury due to non-contact accel er­
ation of the head ( 1 8 ) , the accurate measurement of head dynamics during 
direct head impact is of primary importance . Blunt impact produces 
transl ational and rotational acceleration of the head . Because of the 
wi de range of impact types and the l ack of measurement technology , the 
relat i ve s i gnifi cance of translation and rotation to the deformation of 
brain ti ssue has not been clar i f i ed . Clar i f i cation can be achieved only 
through accurate measurement of the three-dimensi onal dynamics of the 
head during severe impact . 

A first step is to better understand dummy head dynamics during impacts 
whi ch have a high probab i l i t y  of brain i nj ury . Field i nvesti gati ons of 
head i nj ury can provide the impact s i t uati ons . Although mul t i p l e  accel­
erometer techni ques have been developed and used in dummy heads , most of 
the analysis techniques suffer i naccurac i es in inter pretat i ng the rota­
tional and transl ational acceleration during viol ent impacts . A tech­
ni que to measure dummy head dynami cs must be capabl e of accurat ely 
measuring translational accelerati ons up to 500 g and rotational accel­
erati ons up to 50 , 000 r / s 2  ( Tabl e 9 ) .  Head impact causing severe brain 
i nj ury is  a short durations event ( 27 ) , particul arly when hard struc­
tures such as rails and wi ndshield glass are contacted . 

A recent effort to more accurately measure the fore-and-aft ( two-dimen­
si onal ) rotati onal and translati onal accelerat ion of the dummy head has 
achieved success ( 3 ) , e ven in viol ent impact exposur es . The techni que 
relies upon mul t i pl e  l i near accel erometers aligned i n  the mi dsagittal 
plane and a l i near least-squares evaluation to determine rotational 
acceler at i on about the center of gravi ty of the dummy head . The advan­
tage of this techni que is that the conventional triaxi al accelerometer 
package at the center of gravity of the dummy head is maintai ned for 
computation of HIC and comparison of r esul ts . 

Accel erat i on of the head is  only the dr i ving force whi ch r esults i n  
deformations of brai n  t i ssue .  Brain deformations cause i nj ury . Thus , 
the accurate measurement of head dynami cs i s  only the f irst step i n  a 
procedure to e valuate r i s k  of brain i nj ury . Acceleration data must be 
used as i nput to a " post-processi ng'' procedure to pred i ct engineer i ng 
responses , such as shear strain or tens i l e  strai n , at locations where 
contusion i nj ury of the brai n  t yp i cally occur . One procedure may 
i n volve a finite element model (see ( 1 2 ) for a review of models ) which 
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closely approxi mates the geometri c and i nterface condi ti ons of brain and 
skull , and whose r esponse predi cts brain deformations due to trans­
l at i onal and rotati onal accel erati ons . Thi s  procedure w i l l  requ i r e  a 
tol erance criterion for t issue damage but would provide a more global 
assessment of brai n  i nj ury r i sk . 

The current head i nj ury assessment technology and cr i teri on use a stiff 
dummy skull covered by an elasti c s k i n , measure a single point acceler­
a t i on at the head center of grav i ty , and use a wei ght i ng function based 
on the resultant accel eration to assess the severi t y  of head impact and 
poten t i al for brai n  i nj ury .  However , the current weighti ng funct i on 
C HIC ) i s  not a deci s i ve correlate with vascul ar damage observed i n  
cadaver experiments ( Fi gur e 5 ) .  The cr i teri on i s  also not a prec i se 
predi ctor of skull fractur e .  One difficulty of correlating i nj ur y  with 
HIC may be due to the s i ngl e poi nt eva l uat i on of ri s k .  The H I C  at the 
i nterface between brain and skull can be very different from the HIC at 
the center of gravity ( 1 3 ) , depending on the relat i ve magn i tude of the 
rotational acceleration ( Fi gure 6 ) . I t  i s  important to recognize that 
impact experiments show s i gni f i cant rotati onal accelerat i ons and the 
s i te of inj ury is typi cally not at the head center of gravi t y .  

Inj ury Biomechani es 

Because of the h i gh frequency and potenti al s i gn i f i cance of neural dam­
age to central nervous ti ssues , the study of concussion i s  an important 
research topi c .  However , there is scant i nformation on the bas i c  bio­
logi cal mechani sms of neural trauma , and i t  may not be an immediate 
respons e .  Neural trauma is a progressi ve i nj ury whi ch takes time for 
the pathophysiology to reach a permanent endpoint . E ven though uncon­
sciousness i s  a di agnosable symptom , i t  may mask a sequence of biol og i ­
cal processes that may actually account for the ul timate severity of 
bra i n  damage . 

In the experimental sett i ng i t  i s  diffi cult to loca l i ze and observe 
neural i nj ur y  e xcept w i th histology ( 1 , 2 , 28 )  and anesthesi a is a com­
pounding factor . Because of the i nfancy of neural trauma research , 
basic study i s  needed using wel l-controlled experimental models , and the 
res earch teams must i nc l ude neural scient i sts , b i omechan i cs and physi­
ologists , to i nvesti gate the response of CNS t i ssues to trauma ( Table 
1 0 ) . In the l onger term , neural trauma research w i l l  l ink up with other 
studi es that have advanced our understanding of the b i omechani cs of 
vascular brai n  i nj ur i es . 

At this time , the most obvious and important obj ect i ve for brain i nj ur y  
research i s  t o  understand the i nj ury b i omechanics assoc i ated with vascu­
lar bra i n  damage . Inj ury caus i ng l ong-durat i on uncons ciousness i s  gen­
erally accompanied by contusion i nj ury , and the contusion i s  easy to 
l ocal i zati on and di agnos i s .  Thus , experimental research may use vascu­
l ar i nj ury as an endpoint to assess the s i gn i f i cance of transl ational 
and rot at i onal accel erati ons of the skull , of relat i ve mot ion between 
brain and skull , and of deformations of bra i n  t issues . 
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Although it  is  l i kely that the mechanism of neural inj ury is  different 
from that of vascular i nj ury , the development of knowledge on head 
dynamics causing brain contusion shoul d provide a better engineer i ng 
criterion to assess safety technologi es . Head i nj ury tolerance r esearch 
would also benefi t  from study of skull and facial fracture where the 
emphasis should be on the biomechanics of i nj ury . Eventually , the head 
i nj ury cr i teri on must adequat ely address brain i nj ur i es causing func­
tional damage , impai rment of cognition , changes in personali t y  and 
behavior , and al tered physical and occupati onal funct i o n .  However , our 
knowledge of the basic mechani sms of neural damage is not complete 
enough at this time to cons i der biomechan i cs stud i es on closed head 
neural tol erances . Disability caused by brain damage will be an impor­
tant problem of the future but progress on reducing head inj uries i s  
most l i kely i f  the b i omechanics of severe brain contusion is clar i f i e d  
first , and new technologi es developed and used to evaluate safety tech­
nologi es . 
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Table 1 

DISTRIBUTION OF MOTOR VEHICLE 
CRASH INJURIES, 

( Developed from { 3 1 } ,  Annual Injury Projections 
Based on 1 982 Crash Injury Data in NASS) 

Body Region Injury Severity Level Most 
Hinor Serious Critical Severe 

AIS 1 -2 AIS 3-11 AIS 5-6 Injury 

He ad 2 , 6 1 3 , 000 50,000 1 7 , 000 50% 

Spine 929,000 1 3 , 900 2 , 000 1 6% 

Chest 350 , 500 3 6 , 500 1 6 , 000 3% 

Abdomen 257,600 55,400 1 2 , 000 5% 

Extremi ties 3 , 245,000 1 05 , 000 26% 

Whole Body 97, 000 
---

Total 7 , 491 , 000 260 , 000 119, 000 1 00% 

Table 2 

CAR OCCUPANT INJURY HARM 
( Developed from { 1 8 , 29 } ,  Frequency Distribution of 

Contact Harm based on 1 977 to 1 979 Crash Inj ury Data in NCSS) 

Principal Contact He ad Neck Trunk Extremities All 

Steering Assembly 3 . 1  0 . 11 21 . 3  2 . 0  2 6 . 9  

Instrument Panel 1 . 9 0 . 4  6 . 0  6 . 4  1 4 . 6  

Side lnterior 0 . 8  0 . 1  9 . 3  2 . 6  1 3 . 0  

Pillars-Rails 1 . 1  0 . 6  0 . 5  0 . 1  8 . 9  

Windshield-Glass 5 . 5  0 . 2  0 . 4  6 . 1  

Other 4 . 9  7 . 3  1 .  7 11.9 1 8 . 7  

Interior Contacts 23 . 9  9 . 0  3 8 . 8  1 6 . 4  88 . 2  

Exterior Contacts 5 . 8  1 . 6 3 . 2  1 . 2 1 1 . 8 

TOTAL 2 9 . 7  1 0 . 6  112 . 0  1 7 . 6  1 00 . 0  
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Table 3 

SOCIETAL COSTS OF MOTOR VEHICLE ACCIDENTS 
IN BILLIONS OF $ 1 980 

( Developed from data in { 30 } , Annual Societal Costs of 
Crash Injury Based on the Average Acci dent Data from 

the 1 979 to 1 9 80 NASS) 

Propcrty Jnjury (AIS) 
Uninvolved Domogc Onl;t 2 3 4 5 l'otnlil;t 

Medien! Costs .54 .G2 .63 .34 1 . 1 3  .07 

Productivily Losscs .32 .25 . 3 1  .45 .eo 12.10 

Properly Loss 16.98 2.GG .Gl . 4 2  . 1 0  .03 .17 

Legal-Court Costs .36 1 .  74 .2G .53 . 1 8  .09 .68 

lnsuronce Expcnscs 7.05 3.45 1. 75 .24 . 1 1  .44 .15 .G·I 

Other .32 .44 .09 .04 .02 .01 .OG 
(EMS, Coroncr, etc) 

---

7.05 2 1 . 1 1  7 .45 2.08 2.05 1.53 2.20 13. 73 

Table 4 

HEAD INJURY ESTIMATES 
( Developed from data i n  { 1 8 , 29 } ,  Annual Injury Proj ections 

Based on Data from the 1 977 to 1 979 NCSS) 

AIS 1 AIS 2 AIS 3 AIS 4 AIS 5 AIS G 

llcnd ln]ury 1 , 186,900 193,400 17 ,400 9,000 10,900 6,400 

Face 011 ,eoo 104,400 1 1 ,300 1,800 

ßroin 341,800 83,200 5,200 5,200 10,700 G,300 

Brnin lnjury 

C'oncussion 341,800 83,200 5,200 2,900 4,400 500 

Contusion/Lacerotion 2,300 G,300 5,800 
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Totnl 

3.33 

14. 24 

20.98 

3.84 

13.83 

.9U 

5'/ . 20 

-----

1,420,000 

935,000 

453,000 

437 ,000 

14,400 

-------



Injury Severity 

AIS 1 

Mlnor AIS 2 

Moderate AIS 3 

Severe AIS 4-6 

Table 5 

NEURAL INJURY 
Derived from ( 21 )  

( a )  

CONFUSION 

AMNESIA only with confusion 

KNOCKOUT ( < 15 m) only with amnesia 
(Lancet 1962) 

UNCONSCIOUSNF.SS (1 < hr) only with focal damage 
(Lancet 1973) 

DEEP COMA (> 6 hrs) only with brainstem damage 
(Brain 197 4) 

( b )  

Symptom 

Confusion/ Amnesia 

Knockout ( <  15 m) 

Unconsciousness ( < 1 hr) 

Coma (> 1 hr) - Death 
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Brain Damage 

Negative CT Scan 

No Skull Fracture 

No lntracranial Bleeding 

Positive CT Scan 

< 50% Skull Fracturc 

Focal Contusions 
and Bleeding 

Outcome 

Post Concussive 
Sequelae 

> 50% Mortality 

> 35% Morbidity 



Table 6 

SIGNIFICANCE OF HEAD INJURY, 
( Developed from { 1 4 , 1 8 , 29 , 3 1 } ,  Annual Injury Proj ections 

Based on Data from the 1 977 to 1 979 NCSS, 1 982 NASS, 
and 1 980 Clinical Data) 

lnjured 
Hospitnllzed 
Patalilies 

NCSS/NASS NIH 
1,424,000 

223,000 

13,790 

Table 7 

VASCULAR INJURY, 

207,000 

( Developed from data in { 7 , 1 4 } ,  Frequency Distr ibution 
Based on Clinical Injury Data from 1 980)  

Frequency Mortnllty Skull Frncture 
Hemntomn (%) (%) (%) 

Epldurnl 1 5  2 0  9 0  

Subdurnl 5 1  G2 50 
(Bridging Veins) 
Focnl 33 40 

100% 
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Table 8 

HEAD INJURY OUTCOME , 
( Developed from data in { 7 , 24 , 25 } , Frequency Distribution 

Based on Clinical Injury Data from 1 980)  

Scvcrity 
Minor 

Moderate 

Scvcrc 

Frontal Impact 

Padded (AIS 4) 
Rigid (AIS 2) 

Lateral Impact 

Padded (AIS 2) 

Rigid (AIS 5) 

Frcqucncy Mortnlity Recovery 

Severity (%) (%) (% Good) 

�linor 70 0 75 

�lodernte 20 1 7  38 

Severc 10 4 1  2 6  

Followup a t  3 Months 

Chroriic Memory N curopsychologicnl Uncmploymcnl 
llcndachc (%) Dcficil (%) Dcricit (%) 

78 59 • 3,1 
93 90 H +  GG 

na na nn >75 
-- ·---- ------·---·---

Table 9 

CADAVER HEAD IMPACTS , 
( Developed from data in { 27 } )  

Force 
Peak Durntion 
(kN) (ms) 

G.6 9.4 

14.6 3.8 

4.2 10.G 

9.G 6.9 
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Accelcration 
Translation Rotation 
(HIC (g)) (r/s2 (g)) 

1 , 170 (190) 9,570 (G6) 

5 , 560 (515) 14,G20 (102) 

580 (140) 6,650 (4G) 

1 1 ,050 (530) 37 ,550 (260) 



Table 1 0  

INJURY BIOMECHANICS RESEARCH TOOLS 

Dlt°ORllATION PllYSICS rr;;:;;i=P'iTiar•IRal I• 
Tor•o-Stecr 1 ng llheel 

Vehicle Crush 

Occupant Klncaatlcs 

Iapact Interactlons 

�a_J_U_R_Y_T_O_L_E_RA_N_C_&S _________ I nj ury Biocechani C8 
Sl<ull Fracture/Drain Contu•lon 
Aort l c  Rupture/Ll ver Laceratlon 

FUllCT!OllAL EFFECTS 

Drain Daaage 
Cardlac Arrhythlll a  

rREATMEHT REHABILITATION 

Pathophyslology 

Kec11cine 

Huaan Aniaal Cac1aver Dummy Kath Model 

+ 

• •  • •  •• 

+• ++ 

•• 

+ 
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Bngineer 

Engineer 

Englneer 

Biomechanl c  

Physlologlst, 
Phyeiclan 

Physlcian 
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F i g .  1 :  Distri but ion of brain concussion i nj ury , developed from data i n  
( 29 ) ,  from crash i nj ury data collected from 1 97 7  to 1 979 i n  the 
NCSS , courtesy of P .  Par k and T .  Khal il . 

Fig .  2 :  Composi t e  l ocat ion o f  cerebral contus ion based on 1 52 autops ies , 
from ( 8 , 9 )  with permission . 
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F i g .  3 :  Types of disabling crash i nj ury and consequences of d i sab i l i t y ,  
from ( 32 ) , based o n  crash i nj ury followup o f  vict ims i n  1 97 8  and 
1 982 . 

F i g .  4 :  Head dynamics involve transl at ional and rotat ional accelerat ion . 
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F i g .  5 :  Cadaver head impact dat a ,  developed from dat a  collected by Mer t z ,  
1 98 3 .  
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F i g .  6 :  HIC i s  not a uni que measure of the severi ty of head accel erat ion , 
from ( 1 3 ) wi th permi ssion . 

176 


