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Abstract 

Of approximately 4 2 5 , 000 brain injuries from all causes cf trauma 
estimated to have occurred in the United States in 1984 , about 329 , 000 
experienced good recovery with minimal or no defici t .  Fatalities 
accounted for 7 1 , 000 ( about 70% dead on arriva l ,  30% after admi s sion to 
a hospital ) ,  leaving 25 , 000 experiencing long-term neurologic sequelae 
ranging from coma to memory deficit s .  Since as many as 10% of those 
classified as good recovery exhibit psychological or cognitive deficits 
which may affect employment or quality of life,  the total incidence cf 
individual s  suff ering serious functional loss due to brain injury may be 
as high as 5 8 , 000 annually. Brain injuries contribute significantly to 
fatalities and disabilities resulting from crash inj ury . In 1984,  car, 
truck and bu s occupants sustained 2 9 . 8% of all brain injuries, 
suggesting a total of 2 1 , 000 fatal brain injuries to occupants ,  or 
almest 60% of all 1984 fatalities r eported for vehicle occupant s .  

While only 12 , 500 acute spinal cord injuries were estimated to occur in 
the United States for 1984 , f ewer than 1% of those inj'uries were 
proj ected to experience good r ecovery . Since about 4 , 700 were dead on 
arrival and another 1 , 300 died after admi s sion to a hospital, an 
estimated 6 , 500 cases of neurologic impairment resulted .  Approximately 
37% of all spinal cord injuries are to car , truck or bus occupants . 

Our analysis of these historical data shows that although the incidence 
of brain inj ury f rom all causes is thirty-four times that of spinal cord 
injury, many of the brain injuries carry little or no long-terrn 
consequence .  Since good recovery occurs in f ewer than 1% of those with 
spinal cord in j ury, the incidence cf permanent di sabi lity from spinal 
cord injury equal s  25% of the incidence of total di sabi lity after brain 
injury .  Even if all potential mild di sability cases are included for 
brain injury, the incidence of spinal cord di sabi lity i s  approximately 
11% that r esulting from brain injury. These data suggest that spinal 
cord injuries contribute propor tionately more to long-terrn disability 
than implied by hospital admi ssion data alone relative to brain injury. 
These data should be carefully considered in setting priorities for 
occupant protection and crash in j ury prevention. 
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INTRODUCTION 

Heart disease, cancer and stroke are major causes of death and 
di sability in the United States ; however ,  contrary to popular belief , 
accident inj ury is an equal or greater contributor of lost year s of 
productive life. ( 4 ,  7 ,  16 , 2 0 ,  2 1 )  Accidents are the fourth leading 
cause of death, and account for 5 . 5% of all u . s .  fatalities,  primarily 
af fecting the young adul t ,  as shown in Figure 1 . ( 4 )  Over half the 
accident fatalities are from injuries sustained in motor vehicle crashes 
( Figure 2A ) ,  with smaller fractions from fal l s  and other cau ses . Motor 
vehicle accidents are the leading cause of death for people under the 
age of 4 5 ,  and account for nearly 5 5% of deaths for people 15-24 years 
old . ( 4 )  

Since accidents predominantly affect young adults they are responsible 
for more year s of lost productive life than any other cause,  as shown in 
Figure 2B . ( 1 6 )  This calculat ion takes into account the year s r emaining 
to age 6 5 ,  so fatalities and disabilities involving young adults are 
weighted most heavily . Motor vehicle injuries account for the greatest 
fract ion of years lost due to accident inj ury, and the total los s is 
equivalent to that from cancer . 

The typical victim of a motor vehicle crash is multiply injured, and 
while musculo-skeletal injuries are most common ( Table I ) ,  they are not 
the major contributors to fatality and disabi l ity . The head is the 
second l eading site of inj ury, and is the body region most severely 
injured in half of the victims . ( 7 ,  9 )  The most frequent brain injury i s  
short duration unconsciousness ( < 1 5  minut e s ) ; mounting clinical evidence 
suggests that even these generally recoverable injuries can result in 
permanent deficit in as many as 10% of the cases . ( 1 7 )  Longer duration 
unconsciousness and coma represent the more severe brain injuries , 
frequently as sociated with intracranial hemorrhage, skull fracture and 
local contusions of brain tissue . ( 18 )  Prompt emergency medical care and 
aggressive treatment can often prevent fatality in even severe brain 
injury , but functional r ecovery is frequently incomplete . ( 11 ,  1 5 )  

Spinal cord inj ury i s  a l e s s  frequent occurrence in motor vehicle 
accident s ,  but the high fr equency of as sociated impairment makes i t  an 
important contributor to inj ury and di sabi lity . ( 13 ,  1 4 )  Continuing 
advances in our understanding of the physiologic response of brain and 
spinal cord tissue to injury are suggesting improvements in acute care, 
which may u ltimately lead to more complete r ecovery . ( 2 ,  3 ,  5 )  In 
addition , irnproved knowledge of inj ury physiology, biomechanics and 
rnethods of evaluating injury risk could signif icantly advance safety 
engineering . ( 7 )  

Interpretation of available brain and spinal cord inj ury data i s  made 
difficult by the lack of information detailing the r elative frequency of 
each inj ury severity for motor vehicle related CNS trauma, in particular 
for those su stained by automobil e  occupants . Data used in this and 
other papers ref lect the overall distribution of brain and spinal cord 
injury severity. The data presently available do, however , allow 
national pro j ections which provide a rough perspective of the 
distribution of traumatic brain and spinal cord injuries . 

42 



We present in this paper a unique cornbination of epidemiologic, hospital 
release and field accident data to obtain more meangingful estimates for 
the annual incidence of Central Nervous System (CNS) traurna and related 
fatality and disability. We also estimate the fraction of these 
injuries which are related to motor vehicle accidents . These data were 
developed to provide direction for our long-range planning of on-going 
CNS injury research and to provide data for al location of resources to 
further our under standing of brain and spinal cord injury . 

Traumatic Brain Injury: 
In a recent ser i es of studies on the incidence of traurnatic brain inj ury 
and serious impairment , Kraus found a rate of 180/100 , 000 population for 
the United States , with males having a rate 2 . 2  times greater than 
fernales . ( 1 5 )  Thu s ,  based on the most recent census-estimated U . S .  
population ( 23 6 , 1 5 8 , 000) the proj ected annual incidence of traumatic 
brain injury is 4 2 5 , 000 in the United States . Hospital release data 
shown in Figure 3 proj ect 7 1 , 100 fatalities annually . ( 1 ,  11) This 
represents an overall rnortality for head injury of almest 17%, with 
approximately 2/3 of the fatalities at the scene of .injury and 1/3 after 
adrni s sion to hospital ) .  The vast majority of survivor s experience good 
r ecovery with no neurologic sequelae or only mild impairment upon 
release from the hospital . ( 1 1 )  About 4 %  of the patients have moderate 
or severe impairment , or rernain in a vegetative state with a diagnosis 
of brain injury as classif ied by the Glasgow Outcome Scale . Overal l ,  
approximately 7 %  of all brain injured patients di scharged had neurologic 
deficit or di sability identified by a physician after the course of 
primary car e .  This translates to a national projection of 2 4 , 7 7 5  people 
annually with long-term neurologic sequelae after traumatic brain 
injury . Recent studies show that up to 3 3 , 000 or 10% of those 
classified as good recovery may experience psychological or cognitive 
deficits which can affect employment and life-style . ( 5 ,  1 7 )  

Transport accidents were the primary cause o f  traumatic brain injury in 
4 8% of the case s ,  and as shown in Table I I ,  the majority were occupants 
of a pas senger car , truck or bus . ( 1 1 ,  1 5 )  The data suggest a United 
States incidence of fatal brain injury arnong vehicle occupants of 
2 1 , 1 5 0 ,  or 2/3 of the r eported 1984 fatalities for vehicle occupants . ( 9 )  
However , a s  indicated earlier ,  caution mu st be exercised in drawing 
conclu sions regarding the relative contribution of head injury to motor 
vehicle fatalities . For exarnple, one can proj ect from Krau s ' San Diego 
based data that 6 , 825 fatal head injuries occur ·to rnotorcyclists each 
year . ( 1 5 ) Data f rom the Fatal Accident Reporting System, on the other 
hand , shows that the total of fatal motorcycle accidents for 1984 was 
4 4 30 . ( 8 )  This discrepancy reflects the inherent lirnitations of using a 
smal l ,  non-repr esentative sample to make national projections . In this 
case , motorcyclists are probably over-represented in the San Di ego 
database since the local climate and lif e-style encourages their u�e as 
a means of transportation . The lirnitations are less significant for 
automobiles as a transportation clas s .  
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Traumatic Spinal Cord Injury: 
Focusing attention on traumatic spinal cord injuries resulting in death 
or permanent disability, Kraus ( 1 3 ,  14 ) calculated an annual United 
States incidence of S . 3/100 , 000 popu lation, consi stent with other recent 
hospital based studies . ( l , 6 ,  2 2 )  Again, census data l ead to a 
proj ected incidence of traumatic spinal cord in j ury of 1 2 , 500 in the 
United States . Hospital outcome data for this injured population 
( Figure 4 )  indicate an annual fatality rate of 4 7 . 5% ,  or S , 94 0  people 
nationally . ( 13 , 22) Similar to brain inj ury fatality, 3/4 of the 
fatalities occurred at the scene of injury and 1/4 after admission to 
the hospital . Patients who are admitted to the hospital with a spinal 
cord inj ury have a higher r i sk of dying in hospital than those admitted 
with acute brain injuries ( 16% in-hospital deaths with spinal cord 
injury ver sus 6% with traumatic brain injury) . 

In contrast to acute brain inj ury , however , the vast ma jority of 
survivors experience impairment at the time of di scharge . ( l ,  13 , 1 4 ,  2 2 )  
Twenty-two percent are quadriplegic or paraplegic ( 2 . 5% and 19 . 5% 
r espectively ) , while 61% experience some degree of paresis (muscle 
weakne s s )  ranging from moderate t o  severe and 16% some other defici t . 
Al though 44% of those patients admitted to the hospital with initial 
neurologic deficit are r eleased with less severe impairment , national 
data indicate that f ewer than 1% of all admis sions experience good 
r ecovery . ( 2 2 )  Thi s  results in a national estimate of 6 , 500 people each 
year who exper ience neurologic impairment following traumatic spinal 
cord injury . 

In 5 8% of the cases , transport accidents were the primary cause of the 
spinal cord inj ury . Table I I I  shows that a majority ( 6 4% ) of the 
transport related in juries occurred to occupants of a passenger car 
( 5 3 % )  or truck/bus ( 11 % ) . ( 1 3 ,  1 4 )  Using this data and estimated u . s .  
population from census information, it i s  possible to project a national 
incidence of fatal spinal cord inj ury for vehicle occupants at 2 , 200 and 
survivable injury with impairment at 2 , 4 3 5 .  Since 22% of survivor s 
experience paralys i s ,  the expected national incidence of injuries to 
vehicle occupants resulting in complete paralysis is 530 , consistent 
with the estimate of approximately 500 each year determined by Huelke 
based on data from the National Crash Sever ity Study . ( 12 )  

Total CNS Injuries : 
Combining th� proj ections for transport-related CNS injury into a single 
national estimat e ,  approximately 211 , 2 50 hospital admi s sions occur 
annually for brain and spinal cord, resulting in 3 7 , 57 5  fatalities and 
1 5 , 66 0  di scharge impairments . The total number of di scharge impairments 
may be increased by up to 1 5 , 800 minor brain injuries with permanent 
irnpairment who are currently included in the good recovery group . Since 
the prirnarily youthful injured have a long life-expectancy , disabling 
injury is ernerging as a costly national health care i s sue . A recent 
study of severely di sabled victims of traffic accidents indicates an 
average life-expectancy after injury of 36 year s ,  with nearly a quarter 
of the victirns living rnore than SO year s with permanent disability . ( 1 6 )  
When incidence i s  compounded with thi s long-terrn surviva l ,  the current 
population of individuals with traumatic disabilities in the United 
States as sociated with motor vehicle related brain and spinal cord 
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injury can be estimated at over 5 00 , 000 . 

Conclusions : 

Brain and spinal cord injuries have clear risks of permanent di sability 
or fatality . Further , recent analysis of inj ury occurrence in Great 
Britain indicates that brain and spinal cord injuries continue to be an 
important accident consequence, par ticularly for the driver , even with 
widespr ead safety-belt u se . ( 1 9 )  Although hospital admi ss ion data 
indicate that brain injury i s  34-times more frequent than spinal cord 
injury, when outcome is also considered, the incidence of permanent 
di sabi lity f rom spinal cord inj ury is approximately 25% that of brain 
inj ury disability. Even if all mild di sabi lity from brain injury is 
included , the incidence and severity of which are still poorly defined, 
di sabi lity f rom spinal cord injury is 11% as frequept as disability from 
brain injury . Since i� i s  the long-term consequence of these injuries 
rather than the frequency of hospital admis sions which is significant , 
research and safety engineering resources should be allocated to reflect 
the significant incidence of permanent disability from spinal cord 
injury . 

Data reported here for long-term outcome are based on CNS traumatic 
inj ury f rom all cau ses ; the precise ratio of disability from brain and 
spinal cord inj ury to occupants in motor vehicle crashes i s  still 
unknown . Additional research is needed to gather data which wi ll 
adequately characterize the spectrum of CNS injury severities occurring 
in motor vehicle accident s .  An analysis conducted by the · Nat ional 
Highway Traffic Saf ety Administration which used lost productive year s 
as a measure of long-t erm di sabi lity indicated that , for motor-vehicle 
crash injuries , brain and spinal cord inj ury may contribute about 
equally to long-term disability . ( 10 )  Additional epidemiologic research 
specifically focused on CNS injuries sus tained by motor vehicle 
occupants is needed . 

Permanent di sability resulting from injury is a major public health 
i s sue . As improved knowledge of the mechanisms of brain and spinal cord 
injury become avai lable, and as representative criteria are developed 
for inj ury tolerance of the population at risk,  new methods cf 
evaluating inj ury potential can be used in design and prod�ct 
evaluation . These goal s for safety engineering must include a balance 
between biomechanics of injury to both the protective skeletal elements 
and the neural tissue and pathophys iology of functional inj ury to the 
brain and spinal cord . Only through an improved under s tanding of both 
the physics and physiology of injury can appropr iate decisions be made 
for improved occupant protection l eading to significant reductions in 
permanently disabling CNS in juries . 
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ACUlt BRAIN IN.JURY 
INOOCNCE BY OUTCOME 

(410,000 TOTAL) 
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Figure 3 :  National projections for traumatic brain injury 
incidence ,  fatality and resul ting d i sability . ( l ,  1 1 ,  
1 5 )  Inset shows d i s tribution o f  di sabi l ities . The 
good recovery category may include up to 3 3 , 0 0 0  ( 10 % )  
patients who exhibit psychological and cogn i tive 

def icits requiring special test ing to document , but 
which may a f f ect ernployment or l i f e - style . ( 17 )  
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Figure 4 :  National projections for traumatic spinal cord injury 
incidence, fatality and resulting d i sabi lity . ( 1 ,  6, 13 , 
1 4 )  Inset shows d i s tribution of d i sab i l i t i e s ; ' other 
def ici t ' includes sensory loss and spa s t icity without 
specific diagno s i s  of par e s i s  or paralys i s . ( 22 )  
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Table I 

Distribution of Motor Vehicle 
Crash Injuries 

Body Region Injury Severity Level 
Minor Serious Critical 

AIS 1-2 AIS 3 - 4  AIS 5-6 

Head** 2 , 6 1 3 , 000 5 0 , 000 1 7 , 000 

Spine** 929, 000 13 , 900 2 , 000 

Chest 3 5 0 , 000 3 6 , 500 16 , 000 

Abdomen 2 5 7 , 600 5 5 , 400 12 , 000 

Extremities 3 , 2 4 5 , 000 105 , 000 

Whole Body 97 , 000 

Total 7 , 4 9 1 , 000 260 , 000 4 9 , 00 0  

Data frorn 1 9 8 3  NASS Summary . ( 9 )  

Most 
Severe 
Injury * 

50% 

16% 

3% 

5% 

26% 

100% 

* Percent of individuals for whom thi s body region suf f er s the only 
or most severe injury. 

**These categories r epresent anatomical injury to the head or spine, 
and include more than the less frequent neurologic injuries which are 
the subject of thi s paper . 
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Table I I  
Cause and Projected Incidence of Acute Brain Injury 

Incidence Survive 

Car , Truck, Bus 
Occupant s ( 6 2% ) *  126 , 4 80 105 , 320 

Motorcyclist ( 2 0 % )  4 0 , 800 3 3 , 970 

Pedestrian ( 12 % )  2 4 , 4 80 2 0 , 390 

Cyclist ( 6% )  12, 240 10, 190 

All Transport ( 4 8 % )  2 0 4 , 000 169 , 870 

All Injury 4 2 5 , 000 3 5 3 , 900 

*Percentages given represent percentage of transport-r elated 
incidence of brain injury . ( 1 5 )  

Table I I I  

Fatal 

21, 160 

6, 830 

4 , 090 

2 , 050 

3 4 , 130 

7 1 , 100 

Cause and Proj ected Incidence of Acu�e Spinal Cord Inj ury* 

Incidence Survive 

Car , Truck, Bus 
Occupants ( 6 4 % ) * *  4 , 6 4 0  2 , 4 3 5  

Motorcyclist ( 10% ) 7 2 5  380 

Pedestrian ( 17 % )  1 , 2 3 0  650 

Cyclist ( 7% )  5 0 5  260 

( 2% Unknown) 150 80 

All Transport ( 5 8%) 7 , 2 5 0  3 , 805 

All Injury 1 2 , 500 6 , 56 0  

*Injuries t o  the spinal cord a r e  generally coded a s  severity 
level 5 or 6 on the Abbreviated Injury Scale (AIS) . 

* *Percentage s  given represent percentage of transport-related 
incidence of spinal cord injury . ( 13 ,  1 4 )  
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2 , 205 

3 4 5  

580 

2 4 5  

70 

3 , 4 4 5  

5 , 940 
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