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Summary: Purpose: Traumatic brain injury (TBI) not only has
considerable morbidity and mortality, but it is a major cause of
epilepsy. We wish to determine the frequency of TBI, special
groups at risk for TBI, and mortality from TBI.

Methods: We reviewed studies of TBI that are either pop-
ulation based or derived from definable catchment areas that
allow determination of incidence, identification of risk groups,
and mortality. We review methodology used in epidemiologic
studies of TBI and try to distinguish this data from that of head
injury not necessarily affecting the brain. We report epidemio-
logic characteristics of TBI, including incidence, differences by
age, gender, race and ethnic group, and geographic variation,
and mortality.

Results: Population-based studies in the United States sug-
gest that the incidence of TBI is between 180 and 250 per

100,000 population per year. Incidence may be higher in Eu-
rope and South Africa. There are groups at high risk for TBI.
This includes males and individuals living in regions charac-
terized by socioeconomic deprivation. There are selective age
groups at risk for TBI. This includes the very young, ado-
lescents and young adults, and the elderly. Mortality varies
by severity but is high in those with severe injury and in the
elderly.

Conclusions: TBI is a major public health problem as well as
a major cause of epilepsy. If primary prevention is to be under-
taken, we must understand the epidemiology of the condition.
The primary causes of TBI vary by age, socioeconomic factors,
and geographic region, so any planned interventions must be tai-
lored accordingly. Key Words: Brain trauma—Epidemiology—
Incidence—Mortality.

In individuals younger than 45 years, injury is the pri-
mary cause of death in the United States and other devel-
oped nations. Traumatic brain injury (TBI) is the major
cause of disability, morbidity, and mortality among this
group and is responsible for a significant proportion of all
traumatic deaths in the U.S. (1).

Confusion exists regarding head injury (HI) and TBI.
HI is a nonspecific and antiquated term, which includes
clinically evident external injuries to the face, scalp, and
calvarium, such as lacerations, contusions, abrasions, and
fractures, and may or may not be associated with TBI.
TBI injury is more properly defined as an alteration in
brain function manifest as confusion, altered level of con-
sciousness, seizure, coma, or focal sensory or motor neu-
rologic deficit resulting from blunt or penetrating force to
the head. In mild TBI, subtle behavioral and neuropsycho-
logical changes may be the only symptom(s).

INCIDENCE OF TRAUMATIC BRAIN INJURY

Significant differences in study methods, particularly
in case ascertainment and inclusion criteria, make study

Address correspondence and reprint requests to Dr. W.A. Hauser at
630 W. 168th St., New York, NY 10032, U.S.A. E-mail wahauser@
optonline.net

comparisons difficult, particularly among subgroups of
TBI patients. The general incidence of TBI in developed
countries is frequently stated to be 200 per 100,000 pop-
ulation at risk per year. This estimate typically includes
only TBI patients admitted to hospitals. Medically unat-
tended and emergency department (ED)-managed TBIs
are uncounted in some studies, resulting in underestima-
tion of the frequency of milder TBI, and overestimates the
proportion of more severe TBIs. A shift in TBI manage-
ment from the inpatient to outpatient setting has resulted
from enhanced neuroimaging capabilities and more rig-
orous hospital admission policies. Out-of-hospital fatal
TBIs are excluded in some studies, which results in un-
derenumeration of overall and most severe/fatal TBIs. At
the same time, many of these investigations are hospi-
tal or trauma center cohort samples of convenience with a
poorly defined denominator and biased by selection mech-
anisms. This results in overenumeration of TBI quantity
and severity. Rubrics screened to identify TBI are shown
in Table 1. Incidence data summaries for 12 epidemiologic
studies reviewed are presented in Table 2.

Two TBI investigations have used the U.S. National
Health Interview Survey (NHIS). Fife (2) estimated the
incidence of TBI in the United States between 1977 and
1981. He included TBI with >1 day of disability and/or
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TABLE 1. ICD-9 codes and corresponding traumatic brain
injury diagnosis

ICD 9 Codes

800.0 to 804.9 Fracture of skull

850 Concussion

851 Cerebral laceration and contusion

852 Subarachnoid, subdural, and extradural hemorrhage
after injury

853 Other and unspecified intracranial hemorrhage after
injury

854 Intracranial injury of other and unspecified nature

obtaining medical attention, but deaths were excluded.
He estimated that 1.9 million people (825 per 100,000
in 1980) sustained a TBI in the United States with ~90%
(743 of 100,000) seeking medical attention and ~20%
(150 of 100,000) being admitted to the hospital annually.
With the same data set and definitions in 1991, Sosin (3)
estimated the incidence rate of TBI to be 618 per 100,000
in the United States. Here, 35% were attended in the ED
(216 of 100,000) and 25% were admitted to the hospital
(155 of 100,000). Whereas little difference was found in
the incidence of hospital admissions, the overall and med-
ically attended TBI rates are much higher in the Fife study.
The discrepancy in overall incidence between these two
NHIS studies may reflect a decreasing incidence of TBI
in the United States.

Four U.S. studies that estimate the incidence of TBI
include patients evaluated in EDs. In a population-based
historical cohort study, the Anneger study (4) ascertained
all Olmsted County residents medically attended for TBI,
including MD office, ED, and hospitalized and medical
examiner (ME) cases from 1935 to 1974. Incidence, age
adjusted to the 1970 U.S. population, was 180 of 100,000.
Cooper (5) prospectively determined the incidence of TBI,
including ME cases, hospitalized cases, and cases dis-
charged from the ED in 1980. When age adjusted to the
white 1970 U.S. population, the incidence was 209 of
100,000.

Two studies of TBI in EDs using a national multistage
probability sampling (NMPS) design have been under-
taken in the United States. Jager (6) (including hospital ad-
missions and excluding out-of-hospital deaths) estimated
the annual TBI-related ED incidence to be 444 of 100,000
from 1992 to 1994. Guerrero (7), excluding prehospital
deaths, ED deaths, and hospital admissions, estimated an
ED annual TBI incidence of 392 of 100,000 in 1995. The
incidence estimates using sampling methods are not only
inconsistent with each other but are 2 to 3 times higher
than that reported in Olmsted County or the Bronx, even
though these studies also included patients seen only in
the ED. These discrepancies raise questions regarding the
estimates from this sampling methods.

In a population-based study reviewing ED contacts,
radiology referrals, and hospital admissions in the

Netherlands in 1997, the incidence of HI was reported to
be 836 of 100,000 population. Only 26% (217 of 100,000)
had brain injury, and 11% were admitted to hospital (8).
This again suggests that the sampling techniques probably
identify head trauma but not specifically TBIL

In San Diego County in 1980, the incidence of hospital-
ized or fatal TBI was 180 of 100,000 (216 of 100,000 age
adjusted to the 1970 U.S. population) (9). People hospi-
talized for skull fracture alone were excluded. A study in-
cluding hospitalized HI (not TBI) or HI resulting in death
before hospitalization in Aquitaine, France, reported an in-
cidence of 280 of 100,000 when age adjusted to the 1970
U.S. population (10). The higher incidence in France could
be due to the inclusion of non-TBI head injury.

The incidence of TBI was reported from a random-
ized door-to-door survey conducted in six urban cities
in the People’s Republic of China. The survey iden-
tified potential TBI cases subsequently confirmed by
a neurosurgeon’s medical record review. The incidence
rate in 1982 was estimated to be 56 per 100,000 (11).
The strategy should have included TBI not seen med-
ically but would have missed fatal cases. The low in-
cidence when compared with studies in the United
States may reflect a society with low numbers of au-
tomobiles and infrequent nonfatal acts of interpersonal
violence.

In New South Wales, Australia, the incidence of TBI
was 100 of 100,000 in 1988 (12). This study screened
hospital admissions with ICD-9 codes with potential TBI
or direct medical record review for identification of sub-
jects in a defined geographic locale (North Coast Health
Region). Admissions were included as TBI cases only
if medical record review revealed documentation of loss
of consciousness (LOC), posttraumatic amnesia (PTA),
confusion, or amnesia for the event. Catchment area resi-
dents treated outside of the region, TBIs without medical
care, and prehospital or ED deaths were excluded, as were
nonresidents. Medical record review for documentation of
TBI resulted in the exclusion of two thirds of the potential
TBI cases identified in the screening process.

AGE-SPECIFIC INCIDENCE

In population-based studies that include all ages, a tri-
modal age-specific TBI incidence has generally been re-
ported. Incidence peaks in early childhood, late adoles-
cence/early adulthood, and in the elderly. Comparison of
age-specific incidence between studies is often difficult
because of nonuniformity of age categorization, differ-
ent case-ascertainment methods, and confounders such as
gender, socioeconomic status, and race; however, inter-
study similarities do exist, particularly in incidence trends.
Figure 1 demonstrates the age-specific TBI incidence for
each study for which data are provided. Some studies also
have been done in selected age groups, for example, in only

Epilepsia, Vol. 44, Suppl. 10, 2003



J. BRUNS, JR., AND W. A. HAUSER

ponunyuoy)

9701  #8<
1€€  ¥8-SL
€€ ¥L-S9
91 +9-5  (6) 9¢ Eelile} [X%3 el o)
payoadsun 181  +¥S—S¥ (€0) 6  Inesseppnng 78S yoerg
(¥S)  T¥c  Amlur feruesoenuy ST S 6ch AMYM
(uorssnouoouou) 19¢  $€-6¢ (6£) 091 s[red i [e10L,
(o) 11 Amlur eruesenuy 6€9  ¥TS1 (9) Y4 uernsopad 6-ADI
(%L1 0¢ [ePAQ (1) 09 UoISSNOU0) ILS  #1-§ /o1kotg Teak/s1IsTa syanedino qg-uou £q 191 J0 2duapIAd $6-C661 /o1dueg
(s¢) 9l X (IS 160l #0 (€0) S6  9IAIYdA 10JO0]N ad UoIIA St T°T ‘greap ‘rendsoy jo nQ ‘vonejuasaxd g [BUONIEN "S'() /1o5e[
1 ellile)
(S 081 r< Sl Jnessy
(€O €1€ St 0T yonng 6-aDI 4q 19.L
00 L9S  tT-S1 153 s[red Teak/S1ISIA JO QOUAPIAD DFILYISIP 96—5661 /o[dwes
or) 9  vI-0 7T Q[OWAA 1010 4 UOIIIA LTO'[  uotsstwpe [epidsoy ‘yreaq pue uoneuasaid Qg [RUONEN "S'() /0IouND
81 vl Lwo
(96D 98 90UJOIA 8.C yoerg
(To) TI18 sired 79z owedsig
FS)  S69 oyjel], 60T AMYM 9SBO IoUIEXd
ol S[ewd] 143 AOUJOIA 24! S[ewd] [ed1paut “(6-Ad1)
T0s SleN 43 s[red 16€ SN €1 JO 90UdpPIAS 180861 SHOX
6'LT [[eIAQ LT oyjely, 61T [[BI9AQ 9IBD [BIIpAW INOYNM [, ‘uorsstwpe [e3dsoq MIN ‘xuoig /1adoo)
%1°0C MSD 9T MSD
%11 ynessy SLT 001  OL< 8¢ nessy
%T0 UonLAINY SL SLT  OL-I€ 76 uoneaIday
BTYI s[red 01 93 [ereq 00l  0gr  0€-IT 8'8C s[red %8 A
WBLT spkorg 9 L1 EIEIEN 0Ll SL¥  0T-11 ¥'9 apokorg %0 N peap
%¥'T [euonednddQ 6C 69  9IPON 0Ll 09C 0I-—C a4 [euonednddQ NSI SANE[NUND SUWINAIIT ‘[endsoy ‘(qH ‘owoy ¥L-6961 /'S'N
LT DO IL [a PIIN 08l 00T 10 9¢ D0 SO[EW] 9 | JSTA T, JUSLINOAI U1 UOnUINE [eIIpIW ‘ejosouuIy ‘Kuno)
%08 DA o[ewdq  dEN oW SN 89¢ DA SA[eIN LT ‘UONUANIE [edIPAW ON ‘T JO OUIPIAS UM TH paiswiQ /s1e3uuy
L :Oﬁmuhomu
/1o0yds
I SWOH I€LL JO 92UAPIAD
ST DA Teak 1ad 4L moyim [H WM TH ‘ouoydare) 18-LL6T
pazIfeNdsoH %191 0§ [euonednooQ SIELL UOI[TAL L8]  POZI[eUONmNSUI ‘ed  P[OYdSNOY ‘AoAINS duoy /IeUOneN "' /51
(d:1D) 000001 (14.L Jo %) (I9.L %) 000°001 (I€.L JO %) WSIueyooN 000001 /eouapIoU] BLIDILIO UOISN[OXH BLIGILIO UoIsn[oul SAJEP /o[LI0[ IoyIny

/20USpIOUL ‘TEL [ere.]

Q0uapIdUT AJLIOADS

/oudprout ‘sredk ur 98y

uSisop Apmg

sa1pnys 2ouap1our KLanfur uraq dypwnvay fo Lvunung g T IIVL

Epilepsia, Vol. 44, Suppl. 10, 2003



EPIDEMIOLOGY OF TRAUMATIC BRAIN INJURY

*QOUAPIDUT ‘U] {[BALLIE UO PAP ‘YO INO NI ‘O (SISOUSLIP *X(J ‘IOUTWEXS [EIIPIW ‘I
£9INORIJ X, ‘punom Joys uns ‘A\ SO ‘SUOISI[[0d J[okd1010W ‘DDA Juaunredop KouaSrows ‘qy ‘suontodoxd Liferey ased ‘qID SIUSPIODL J[OIYA Jojoul ‘DA ‘AInfur ureiq onewnen ‘pg[, ‘Amfur peay ‘1H

SIT 06 08-IL
0zl orc  0L-19
01 0sT  09-1¢
o€l 00€ 0S¥
orl 0s¢  OrIg
%8S syreop [eadsoyaid st 065  0¢-I¢
SLe ors  0T¢l I Yo uonezie)dsoy
4! o[ewo 0ce ste T-L I MSD S8l o[ewo] Sutmbor
13 RN %6 aIRAdS 66T 09 9 9 welqoyonng 8¢ RIUA uonezieydsoy
(44 [ERAQ %11 ARIPON 01 0LE e €€ Sied 18¢C [[B1oAQ 01 1oud yreop
RUWPHU] %08 PN JfWRj JEN 93V %09 JAIN ERIENE uossiupe [endsoy oN Surgdwes oAnoadsold 9861 /duel ‘oureimby
%19 o3eyLI0WaY [RIUBIORIU]
%6'1 UoISNU0d [2IqaI0) ouoprsor
YO Qrwed %768 uoIsSndU0D) Smqsouueyor ‘1L
8¢l RN %9F 10A0§ €9 y9< #/0 Asdoyne g ‘TAL
JJUBPHUL %6’ QIeIOPOIN LTT  9-S¥ M/ 6-(0] ‘spendsoy LN
%96 PIIINL 601 6T uoIssIpe ewnen Sinqsauueyof yInog ‘Singsouueyor
191 J0 %0T [[P10A0 BELL plur A1 65¢ TSI 91¢ [[e1RAQ  [endsoy ou ‘[H [ UON  [[& ‘Surjdures aandadsord /PN ‘umorg
9¢¢ o[ewa,]
€88 SN
%T' 11 ULIP[IYo [o0ydsald '] MSD 60, Adxd owrnoyry
T BWOJRWIH [BIURIORNU]  9%G €T sjuapn§ v’ [eUOTILAIOAY 61 rewa T4.L 10 MITASI PI0II
0z uorsmuo)  %E 9y sookordwo 8¢z [euonednodp 79 SeN [eo1paw ‘[H Joj AoAIns
8L uoIssnouo)) JUSWIULIDAOD) L'1€ SOAIN 96 [[e1RAQ IH I4.L UON I00p 0} 100D wopuey €861 /euryD /Suepy
'y €9 [eIRAQ ue)eYURIA] WIYLION
TS 638 91-¢1 86 €ee 91-¢€I Jo eare pouyap e ut
61 8T TS 679 I'y ©ed 99 AN AR QOUOPISAI ‘UOISSIUPE
oL L ! k4 81 IofeN 8L PEl 1 8¢l Jnessy [endsoy 10 yreap yim 68-€861 /A1D
s L9l 1> 811 9L IoUN  6LT 8€€ 1> Ty ueLIsapag ewinex) [d150[omau MI0K MON ‘UBNEBYUBIA
41D ouy ouf BWNEBIIOINAN % Jewo RN L'8  S[OIyaA IOJON  GST eor, I JO JUIPISIIUON ‘s1eak /1> o3y UISYMION] /Uy
081 oL< 9 SULIBAIL] Xd JIN 1o uerorsAyd
S11 vod 06  OL-It 0l  uoneadax £q woysureq 1o
8S QI9AS 6L QI9AS ovl 0—9¢ niodg ureiq 9y) 01 UuoneIdde|
L QRIIPOIN 8 QIBISPOIA 0LT ST91 1 ynessy  [11 Jrewa Jjrupe 10 ‘oFeyiIoway
1'0 PIIN STL PIIN 81 S1-¢ k4 ed Ly SN 190 O/ X ‘19.L ‘uoISmuod 0861 /e1uIoJIED
44D Kyoaeg 19.1.% 061 0 St yodsuel], (081 [PI0],  JUSLINDAI ‘QUOTR X [[NYS ‘uorIssSnouod Yum 14 ‘0321 ueS /snery
(d:2) 000001 9130 %) (I4.L %) 000001 (161 J0 %) WSIURYRN  000°001 /22udptou] BLIGILID UOIS[OXH BLIGILID UOIS[DUL SQIEp /2[EI0] /10Uy

/20USpIOUI ‘TS [e3e]

QouapIoul A)II9AdS

/eduaproul ‘s1edk ur oy

uSisop Apms

ponupuoy ¢ A'TdVL

Epilepsia, Vol. 44, Suppl. 10, 2003



6 J. BRUNS, JR., AND W. A. HAUSER

600
500
400
300
200
100

0 20 40 60 80 100

1~ South Africa —Olmsted County = San Diego

7 France =+ Australia & The Bronx
North Manhattan

FIG. 1. Age-specific incidence of traumatic brain injury.

children or only adults. These studies are not included in
Fig. 1 but are summarized.

Infants (younger than 1 year)

A study in Northern Manhattan (13) reported the in-
cidence of pediatric (younger than 16 years) neurologic
injury resulting in death or hospitalization to be 155 of
100,000. In this study, TBI incidence in infants was 307
of 100,000. The French study of HI reported an incidence
of 350 of 100,000 in those younger than 1 year, and the
incidence was 190 of 100,000 in Olmsted County for the
same age group (4).

Toddlers

In Northern Manhattan, children aged 14 years had a
TBI incidence of 104 per 100,000 (13). Overall, toddlers
have a lower TBI incidence than do infants. The incidence
was reported for all children younger than 5 years in the
Bronx, San Diego, and Australia; the incidence was 296
for this age group in the Bronx (5), 190 in San Diego (9),
and 100 of 100,000 for children younger than 5 years in
Australia (5,12). The more inclusive French study reported
the highest toddler incidence rate at 345 of 100,000.

Children

School-aged children and preadolescents represent the
first nadir in the trimodal age-specific incidence of TBI.
An inverse relation of TBI incidence with child’s age was
observed in Olmsted County (4), San Diego (9), the Bronx,
and France (10). This TBI incidence nadir may be due to
a reduction in fall-related injuries from improved motor
control and balance and an absence of the high-risk be-
haviors of adolescence. The exceptions to this trend are
the 5- to 12-year age group in Northern Manhattan and
5- to 14-year ages in the Australian investigation, which
had a slightly higher TBI rate than the preceding age group
(10,13).

Adolescents and young adults

For most TBI studies, a trimodal distribution exists, with
the highest age-specific incidence in the adolescent/young
adult age group. The peak incidence was seen in this age
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group in San Diego (age 16-25 years; 280 of 100,000)
(9), Olmsted County (age 15-24 years; 415 of 100,000)
(4), and the Bronx (16-30 years; 350) (5). In the Northern
Manhattan investigation, rates in young adolescents (age
13-17 years) also increased to 154 of 100,000 (13).

A prospective sampling survey of adult TBI in Johan-
nesburg, South Africa, including out-of-hospital mortality
and cases from all traumas to receiving hospitals, reported
an incidence of 360 of 100,000 in 15- to 24-year-olds (14).
In France, the age-specific TBI incidence peaked in those
aged 16-25 years at ~535 of 100,000 (10). In Australia,
the incidence escalated to a maximum at ages 15-24 years
(240 of 100,000) (12). For each of these studies, inci-
dence decreased in subsequent age groups from the peak
in the teenage/young adult years, only to increase again
in the oldest age groups. The exceptions were the studies
in adults in South Africa and the total population study in
China. The TBI incidence peaked in South Africa at 409
of 100,000 in the 25- to 44-year age group, which is higher
than comparable aged strata in other studies (14).

Adults

After the high-risk adolescent and young adult years,
incidence rates for TBI decline throughout adulthood to a
nadir in middle-aged individuals. In Olmsted County, the
incidence of TBI for those aged 35-64 years was 107 of
100,000 (4), whereas in San Diego, the incidence was 148
of 100,000 (aged 2645 years) and 93 of 100,000 (aged
46-74 years) (9). In France, the annual average incidence
for ages 3675 years was 190, with a J-shaped incidence
curve for each sequential decade. In Australia, the TBI
incidence progressively decreased across age strata after
adolescents/young adults to a nadir of 35 of 100,000 in
ages 55-64 years. A similar trend was seen in the Bronx,
where the incidence decreased from 340 of 100,000 in the
31- to 40-year-old age group to a minimum in those aged
61-70 years.

Although TBI incidence varies with population and lo-
cale, the trends of lower rates in adult and middle to aged
cohorts is almost universal. It results from a decline in the
impulsivity of the younger years and precedes the increase
in TBI seen in the geriatric population, which results pre-
dominantly from falls.

Geriatric population

The geriatric population experiences an increased inci-
dence of TBI relative to many younger age groups, repre-
senting the final peak in the trimodal TBI incidence distri-
bution. This high incidence is attributed to motor vehicle
accidents and falls and may be due to a combination of
sensory and motor decline, deconditioning, and cognitive
or conscious impairments. When more refined age strata
are used, incidence increases with advancing age, and in-
dividuals older than 85 years are at greatest risk for TBI.

The TBI incidence in those aged 80 years or older was
173 of 100,000 in Olmsted County (4). In those older
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than 74 years, the TBI incidence was 275 in France (10),
235 in San Diego (9), and 100 of 100,000 in Australia
(12). In each of these studies, these incidences were higher
than those in adults. In the Bronx, the incidence of TBI in
those older than 70 years was 195 of 100,000 (5). In South
Africa, the TBI incidence in those older than 64 years was
63 of 100,000 population, a decline from younger cohorts
(14).

In China, the age-specific strata have few cases, re-
sulting in wide confidence intervals. This prohibits as-
certainable differences between different age groups. The
trimodal age distribution is seen with highest incidences
in the youngest and oldest age groups and with peak inci-
dence in those from 40 to 49 years (97 of 100,000) (11).

AGE SPECIFICITY IN EMERGENCY
DEPARTMENT STUDIES

Unlike the population-based studies, the two U.S.
National multistage probability sampling ED studies re-
port age-specific TBI incidence to be bimodal with peaks
at the extremes of age. The national sampling ED studies
lack the adolescent/young adult incidence peak. Guerrero
(7) and Jager (6) both reported higher TBI incidence for
young children than did all other investigations. In adoles-
cents and young adults, the TBI rates decreased and then
reached nadir in those older than 44 years (7) and in the
55- to 64-year group (6).

GENDER DIFFERENCES

Males are uniformly at higher risk of TBI than are fe-
males, with the highest male-to-female (M/F) ratios typ-
ically occurring in adolescence and young adulthood. In
the national sample U.S. ED studies, the M/F ratio was
1.5:1 (7) and 1.7:1 (6). In Olmsted County, the highest
incidence of TBI was present in the adolescent and young
adult ages, where the M/F ratio is >2:1. TBI incidence in
females exceeded TBI incidence in males in the geriatric
population (4). Similar M/F ratios of 2:1 are reported in
San Diego, however (9); the male and female TBI rates
were essentially equal at the extremes of age. In the Bronx,
the overall M/F ratio was 2.8:1, with the male TBI inci-
dence exceeding that in females for all age groups and all
injury mechanisms.

Among South African adults, a very high overall M/F
ratio (>4:1) was reported, with a peak gender difference
in young adults. This extraordinarily high ratio was at-
tributable largely to interpersonal violence. In Australia,
the overall M/F ratio was 2.7:1 (12). In France, the overall
M/F ratio was 2:1 (10). In China, the M/F ratio was 1.3:1
(11). The latter two studies had a paucity of violence-
related TBI.

The high M/F ratio is mainly the result of interpersonal
violence and motor vehicle collisions during adolescence
and young adulthood. During these “testosterone years,”

the M/F ratio can approach or exceed 3 to 4:1 (4,5,13,14).
By contrast, there is approximate unity or inversion of the
gender ratios at the extremes of age, particularly in the
elderly. In general, TBI from assaults and motor vehicle
accidents (MVCs) have greater severities than do all other
etiologies combined. As aresult, the M/F ratio may be par-
tially dependent on the case-ascertainment method used,
with ED studies having a lower M/F ratio than do hospital-
admission studies. No studies report overall higher inci-
dence rates in females than in males.

RACE AND ETHNICITY

Whereas epidemiologic studies are often stratified by
race/ethnicity, these categorizations are confounded by so-
cioeconomic status. TBI studies report higher incidences
for blacks compared with nonblacks, particularly in young
males. Among TBIs evaluated in U.S. EDs between 1992
and 1994, race-specific annual incidence per 100,000 was
582 for blacks, 429 for whites, and 333 for “other” racial
groups (6). In the Bronx, the incidence was highest for
blacks at 278 of 100,000 (males, 457; females, 145),
slightly lower for Hispanics, 262 of 100,000 (males, 401;
females, 148), and lowest for whites at 209 of 100,000
(males, 301; females, 119) (5).

In adults in Johannesburg, South Africa, the greatest
discrepancy in race-specific TBI ratios is reported. Com-
pared with whites, the rate ratio for sustaining TBI is 3.3
in Africans, 2.7 in Coloreds, and 1.9 in Asians (14).

MECHANISM OF INJURY

TBI mechanism of injury is strongly associated with
the individual’s demographics in developed countries. In
Olmsted County between 1935 and 1974, automobile, mo-
torcycle, and bicycle collisions were responsible for half
of all TBIs. One third of TBIs resulted from falls, and 10%,
from recreational injuries. The principal recreational ac-
tivity was horseback riding (4). Almost identical causal
proportions of TBI were reported in San Diego County:
50% transport related, 20% falls, 10% sports and recre-
ation, and 6% firearms (9). In Australia, road traffic acci-
dents (40%), sports or recreation (25%), and falls (21%)
accounted for the majority of TBIs. The high incidence of
recreation-related TBI is attributed to the region’s climate,
coastline, and rural setting.

The greatest proportion of violence-related TBI is in
the Bronx, which is characterized by dense population,
poverty, and high rates of unemployment, crime, and sub-
stance abuse. In the Bronx, violence was responsible for
the largest proportion (34%) of TBI, followed by falls
(32%) and traffic accidents (27%). Falls were the main
cause of TBI in those younger than 10 years and older
than 70 years (5).

In China, attribution for TBI was 32% to motor vehicle
accidents, 24% to occupational accidents, 22% for falls

Epilepsia, Vol. 44, Suppl. 10, 2003
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from height, 16% to recreational activities, 1.4% to gun-
shot wounds (GSWs), and 6% were of unknown etiology
(11). In France, the main causes of head trauma were traf-
fic accidents (60%) and falls (33%) (10).

Overall, falls predominate as a cause of injury in the
children and elderly, regardless of race and gender. In the
adolescent and young adults, males and ethnic minorities
are atincreased risk of TBI due to violence and MVCs. Just
as frequent difficulties occur in interstudy comparisons
regarding age, race, and ethnicity, challenges frequently
exist in equating and stratifying the mechanisms causing
TBIL

In Guerrero’s national ED study (7), the primary cause
of TBI in children was falls, and the secondary cause was
“struck by object.” In adolescents and young adults, it
was MVCs and nonassault “struck.” The incidence of TBI
then declined in adults; MVCs and assaults were the pri-
mary injury etiology, replaced by falls in those older than
44 years (7). The ED TBI study of Jager (6) reported sim-
ilar TBI mechanism distributions to those of Guerrero:
falls (39%), MVCs (23%), struck/assault (23%), and bi-
cycle/pedestrian MVCs (6%).

In the Northern Manhattan pediatric study, MVCs and
falls were each responsible for one third of neurologic in-
juries. Seventy percent of MVCs were pedestrian related.
A very high incidence of infant TBI was undetermined in
cause, which is largely thought to be secondary to child
abuse (13).

SEVERITY

Multiple classification schemes for TBI severity appear
in the literature. Historically, the Glasgow Coma Scale
(GCS, Table 3) has been the most widely used clinical
TBI severity classification. The GCS is based on the pa-
tient’s responses of eye opening, verbal function, and mo-
tor function to various stimuli. Most often, a score of 13 to
15 is considered mild, 9 to 12 is considered moderate, and
<9 is considered severe TBI. However, the elapsed time
from injury, hemodynamic parameters, and intoxicating
substances often confound GCS scoring.

The majority of TBI epidemiologic studies rely on pre-
existing data sets not originally intended for research en-
deavors. Frequently the diagnosing practitioner fails to
specify the precise injury sustained (i.e., a diagnosis of

TABLE 3. Glasgow Coma Scale scoring
Glasgow Coma Scale (22)

Eye opening Verbal response Motor response
Spontaneous 4 Oriented 5 Obeys 6
To speech 3 Confused 4 Localizes 5
To pain 2 Inappropriate 3 Withdraws 4
None 1 Incomprehensible 2 Flexion/decorticate 3
None 1 Extension/decerebrate 2
None 1
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head injury unspecified instead of postconcussive syn-
drome or acute subdural hematoma). Therefore, the abil-
ity to determine TBI severity is difficult when the specific
type of TBI is used as a severity surrogate. The percent-
ages of TBI severity are typically mild, 80%; moderate,
10%; and severe, 10%.

In Olmsted County, severity was defined by a com-
bination of duration of LOC and identified intracranial
pathology: mild, LOC or PTA <30-min duration; mod-
erate, LOC/PTA, 30 min to 24 h; and severe, LOC/PTA
>24 h, intracranial hematoma or contusion, and death.
Under this schema, 11% of TBI was fatal, 6% severe,
25% moderate, and 58% mild (4). Severe TBI was clus-
tered in the 15- to 24-year age group and was secondary
to MVCs. Motorcycle collisions (MCCs) were responsi-
ble for a disproportionately large number of severe TBIs,
and firearms, for fatal TBIs when compared with all other
injury mechanisms.

In the San Diego study, GCS was used to classify sever-
ity: 73% of TBI was mild severity [GCS of 13 to 15, no
brain surgery or head computed tomography (CT) abnor-
mality and a brief hospital stay]. Eight percent had mod-
erate TBI (GCS, 9 to 12, or a GCS >8 and >48-h hospital
stay, brain surgery, or head CT abnormalities). Eight per-
cent had severe TBI (GCS, <9), and 12% were dead on
arrival (9).

In the French investigation, among nonfatal cases, 80%
were mild (head contusions without LOC or with LOC of
<15-min duration), 11% were moderate (skull fractures
without diagnosed TBI or LOC of a duration between
16 min and 6 h), and 9% were severe (brain injuries or
coma >6-h duration) (10). These proportions are compa-
rable to those of other studies; however, the inclusion of
non-TBI HI makes overestimation of the mild cases likely.

In Australia (12), the distribution of TBI severity is as
follows: mild (PTA + LOC <1-h duration, 62%); moder-
ate (PTA 1-24 h and/or GCS score 9-12 at 6 h after injury,
20%); and severe (PTA >24 h, neurosurgical procedure
and/or GCS <9 at 6 h after injury, 14%). The decreased
proportion of mild TBI compared with that in other stud-
ies most likely results from those classified as not brain
injured on medical record review.

In the South African study of adults, 78% of cases were
very mild TBI (GCS, 15); 10% mild (GCS, 14 or 13); 8%
moderate (GCS, 7-12); and 5% severe (GCS, <6) (14).
The lower rate of severe TBIs may result from the lower
GCS score cutoff of 6 for severe compared with <8 in
San Diego.

In the Northern Manhattan pediatric report (13), minor
HI defined by minor concussion (LOC <1 h) or facial frac-
ture represented 76% of HI. Major HI, defined by major
concussion (LOC >1 h), cerebral contusion/laceration, or
intracranial hemorrhage, represented 18%. This catego-
rization schema cannot be directly compared with GCS
scoring because it includes HI that may not be TBI as
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defined in other studies; however, the proportion of major
TBI is probably higher than that in comparison pediatric
populations. This may be attributable to the larger num-
bers of pedestrian MVCs, assaults, and suspected child
abuse TBIs.

MORTALITY

TBI is estimated to be the primary cause of death in
one third to one half of all traumatic deaths (15). Approx-
imately half of all TBI deaths occur at the scene, during
transport in the ambulance, or during the emergency med-
ical phase of treatment, before hospital admission. In stud-
ies using hospital admission as inclusion criteria, severity,
case fatality proportions (CFPs), and the overall incidence
of TBI is frequently biased and underreported. In studies
that do report prehospital death, results are based on case
reviews from medical examiner (ME) referrals (Bronx). If
the injury occurs outside the study’s defined geographic
locale, the result is underenumeration of fatal TBIs. Death
certificates of all San Diego residents were reviewed for
indications of HI or TBI prompting autopsy report review.

In Olmsted County between 1965 and 1974, the inci-
dence of fatal TBI-related trauma was 35 of 100,000 for
males and 10 of 100,000 for females (4). The highest CFP
was seen in the geriatric population, resulting from falls
and suicides (4). In the Bronx, the overall TBI mortal-
ity incidence was 28 per 100,000. Race-specific mortality
rates were highest for blacks, intermediate for Hispanics,
and lowest for whites. Violence was predominantly re-
sponsible (38%) for fatal TBI, followed by MVCs (10%)
and falls (10%). The highest mortality rates occurred in
the 20- to 49-year age group, and the highest CFP was
in the elderly (5). In San Diego, the overall TBI mortal-
ity rate was 30 of 100,000, with two thirds dying before
hospital admission (9). In Aquitaine, France, the annual
death rate was 22 of 100,000 (33 of 100,000 male and 12
of 100,000 female). In Australia (12), the out-of-hospital
fatalities were not enumerated; therefore, mortality rates
cannot be calculated.

The overall incidence in studies limited to specific age
groups can be misleading. In the Northern Manhattan pe-
diatric neuroinjury study (13), the overall pediatric mor-
tality rate was 6 of 100,000, with an associated CFP of 4%.
The mortality rate in infants (17 of 100,000) was twice as
high as that in any other age group. Toddlers had higher
fatality (7.4 of 100,000) than did children and preadoles-
cents (2 of 100,000). Mortality increased in adolescents
(9 of 100,000).

In Johannesburg adults, 20% of all TBIs resulted in
death, with an astonishing fatal TBI incidence of 138 for
males and 24 of 100,000 for females. This corresponded
to 43% of all nonnatural deaths in Johannesburg having
an associated TBI.

TRENDS IN BRAIN INJURY AND TBI-RELATED
HOSPITALIZATION

A combination of influences has resulted in an over-
all decrease in the proportion of TBI leading to hospi-
tal admission. Alterations in hospital admission policies,
enhanced intracranial imaging with CT scanning, and im-
provements in prehospital and acute inhospital trauma care
probably contribute to these trends. Comparing 1994 and
1995 with 1980 and 1981, hospitalized TBIs decreased
51%. The proportion of inhospital severe TBI (abbrevi-
ated injury score, 4 to 6) increased from 10 to 19%, and as
a corollary, decreased in mild (61%) and moderate (19%)
TBIs (16). This is probably reflected in the low proportion
of cases of TBI admitted to hospital in the Dutch study in
1997 (8). A true decrease may occur in incidence of TBI
based on data from several western states (17,18). Inter-
vention strategies also may be effective in reducing the
incidence of TBI (19).

TRENDS IN TBI-RELATED MORTALITY

The U.S. TBI death rate decreased from 25 per 100,000
population in 1979 to 19 per 100,000 in 1992 (1). The
TBI death rate decreased across most etiologies, but the
mortality rate for firearm-related TBI increased 13% from
1984 to 1992. In 1990, firearms surpassed MVCs as the
leading mechanism of TBI fatality. This increase is seen
predominantly in males and is distressingly high in black
males. The TBI death rate for black males in the United
States increased from 36 in 1984 to 42 of 100,000 in 1992.
However, the TBI death rate for white males decreased
from 33 to 29 per 100,000 during the same period (15).

TBI death rate in the 15- to 24-year age group was
highest (33 of 100,000) with etiologies of firearms, 49%;
MVC, 44%; and falls, 1%. The second highest death rate
(32 of 100,000) exists in the elderly, with etiologic dis-
tributions of 35% MVC, 29% falls, and 20% firearms
(15). The U.S. mortality rate for TBI in 1994 was 20
per 100,000; however, it was much higher in the elderly
(46 per 100,000) (20). In general, CFP is higher in the
elderly as a result of limited physiologic reserve, and mor-
tality rates are higher in males as a result of GSWs.

SUMMARY

Differences in TBI study methods may result in diver-
gent estimates of numbers and make interstudy compari-
son difficult. However, when inclusion and exclusion cri-
teria are considered, the relative incidences and trends are
congruent. General formulas have been imposed to de-
pict the ratio of fatal, hospitalized, and ED-attended TBIs
(21). The United States annual HI (not necessarily TBI)
incidence ranges from 600 to 900 per 100,000 U.S. pop-
ulation. Of these, ~200 to 500 per 100,000 are treated in
EDs or other outpatient settings, 150 to 250 per 100,000
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are admitted to a hospital with TBI, and 20 to 30 per
100,000 die (50% in hospital, and 50% out of hospital)
per year. Other industrialized nations have similar fatal
TBI incidence rate estimates. As societies and ethos vary,
so does the risk of injury to the brain. This may explain
the incidence differences from Johannesburg and China.

Whereas there is variation in the stratified incidence
rates of TBI, some general trends are universal. TBI occurs
in higher frequencies in the very young, adolescent and
young adult, and elderly. Males are at higher risk of TBI,
particularly during adolescence and young adulthood. Mi-
norities have a higher incidence of TBI, although this is
confounded by socioeconomic factors. By focusing pre-
ventive and educational efforts on these high-risk groups,
it may be possible to maximize the positive impact on this
significant public health problem.
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