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Fatal and hospitalized injuries resulting from
the 1994 Northridge earthquake
Corinne Peek-Asa, Jess F Kraus, Linda B Bourque, Dushyanthi Vimalachandra,
Jenny Yu and Jackie Abrams

Background The Northridge earthquake struck Los Angeles on 17 January 1994, originating
from a previously unknown thrust fault. The earthquake measured 6.7 on the
Richter scale and caused extensive damage to buildings, utilities and roadways.
This report describes injuries occurring in the Northridge earthquake which
resulted in death or hospital admission.

Methods Earthquake-related deaths were identified by the Los Angeles Department of the
Coroner. All 78 hospitals in Los Angeles County were screened for earthquake-
related admissions and were found in 16 of them. Coroner's records and medical
records from the 16 hospitals were individually reviewed to identify earthquake-
related injuries and to obtain information about the injury.

Results A total of 171 earthquake-related injuries was identified in Los Angeles County,
33 were fatal and 138 required hospital admission. Injury rates were approx-
imately equal by gender and increased significantly with increasing age. Most of
the fatalities were due to building collapse, and most of the hospital-admitted
injuries were caused by falls or being hit by objects. Motor vehicle injuries and
bums were also common causes of injury. Head and chest injuries were common
among fatalities, and extremity injuries were the most common among those
admitted to a hospital.

Conclusion Earthquakes cause injuries through many mechanisms, and a clearer understand-
ing of these pathways can help focus prevention strategies. Research combining
comprehensive surveillance with risk factor assessment can help identify behav-
iours and circumstances increasing the risk of injury in an earthquake.
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During the past 20 years, natural disasters have claimed more
than 3 million lives worldwide, affected at least 800 million
people, and resulted in property damage exceeding $500 billion.'
Natural disasters often strike quickly and without warning,
leaving little time for evasive action. Earthquakes are currently
the most unpredictable and potentially severe of natural dis-
asters. They have caused at least 1.3 million deaths between
1900 and 1988 and an estimated 20 000 deaths between Sep-
tember 1993 and the end of 1995.2'3 An average of 16 earth-
quakes leading to death occur throughout the world each year,
with many more leading to injury and property damage.2

Individual earthquakes over magnitude 7.0 in China, the Philip-
pines and Japan have reported thousands to hundreds of thous-
ands of deaths.4"6

The Southern California Injury Prevention Research Center, UCLA School of
Public Health, CHS 78-076, 10833 Le Come Ave, Los Angeles, CA 90095-
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Fault systems throughout California have had significant
seismic activities causing extensive damage to concentrated
population centres. In 1933, an earthquake of 6.3 magnitude on
the Richter scale struck Long Beach, California killing 120
people and seriously injuring an estimated 300 more.7 In 1971,
a 6.5 magnitude earthquake occurred in Sylmar, California
causing 58 deaths and up to 1000 injuries.7'8 In 1989 the Loma
Prieta earthquake, measuring 7.1 on the Richter scale, struck
Northern California killing 63 individuals and injuring an
estimated 3700.9 1 0

At 4.31 a.m. on 17 January 1994, the morning of Martin
Luther King Day, an earthquake of magnitude 6.7 struck in the
San Fernando Valley of Los Angeles. The earthquake, known as
the Northridge earthquake, was caused by a previously un-
identified thrust fault lying at least 9 miles under the valley
floor. Earthquake activity was felt from Las Vegas to San Diego.
The effects were immediate, including fires, downed power
lines and traffic signals, property and road damage and severe
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injuries.811 Structural damage was reported to more than
12 000 homes, businesses, schools and hospitals, leaving many
people homeless for extended periods." The total estimated
damage has exceeded 40 billion dollars, and even several years
later buildings remain unrepaired and insurance settlements in
dispute.12

Epidemiologists have suggested that enumerating the incid-
ence of injuries and describing the activities which lead to
injury during earthquakes are important in the development of
prevention measures.1314 Researchers have hypothesized asso-
ciations between injuries and seismic intensity, building char-
acteristics, and activities of the individual, yet specific risk
estimates are r a r e . 3 1 5 1 6 This study describes fatal and hos-
pitalized injuries which occurred as a result of the Northridge
earthquake. Individual medical records and coroners reports
were used to identify causes and types of injuries.

Methods
The objective of this research was to identify and describe all
fatal and hospitalized injuries which occurred as a result of the
1 January 1994 Northridge earthquake. Hospitalized injuries
were defined as those that resulted in hospital admission be-
tween 17 January and 31 January 1994 and did not result in
death. Only deaths and hospital admissions due to physical
injury which occurred in Los Angeles County were included in
the study population.

Injuries were defined as earthquake-related if the injury was
due to consequences of earthquake activity. This included in-
juries from structural failure, being struck or trapped by objects
dislocated during the shaking, falling during the earthquake,
and sequelae of earthquake damage such as traffic control fail-
ure and clean-up injury.

Fatal Injuries
Earthquake-related deaths were identified by the Los Angeles
County Office of the Coroner. The Coroner's case definition
included deaths such as cardiac events that did not involve a
physical injury; this analysis includes only those deaths in
which a physical injury was incurred. Autopsy reports were
individually reviewed to determine the cause of death, injuries
sustained and activity at the time of injury.

Because of the large number and the extreme severity of many
fatalities, complete autopsies on all cases were not always poss-
ible. Of the 33 injury deaths, 60.6% did not have a complete
autopsy and a complete list of injury diagnoses was not available.^

Hospitalized injuries
All 78 hospitals in Los Angeles County were screened to de-
termine if there were any earthquake-related injury admissions
between 17 and 31 January 1994. The screening procedure
included the following steps: an interview with the Emergency
Department Director, an examination of Emergency Depart-
ment Logs, and an examination of discharge data. Of the 78
hospitals screened, 16 with earthquake-related admissions were
identified. These 16 hospitals included three Level I and four

* Six (18%> of the fatalities had a complete aulopsj. se\en | 2 I r
o | had Mjme

internal examination, and 20 (61%) had external exams only. The 20 in-
dividuals who did not have a complete autopsy had multiple unsumvable
injuries.

Level II Trauma Centers, and nine hospitals with Emergency
Departments. Medical records for all injury admissions in these
hospitals were individually reviewed to identify earthquake-
related injuries. Two additional Level I Trauma Centers were
included to verify the accuracy of the screening process. No
earthquake-related injuries were found in these two hospitals.

Injury coding
Injuries were coded using the Abbreviated Injury Severity (AJS)
scale.17 The AIS is a comprehensive taxonomy of individual
injuries which denotes body region, type of anatomic structure,
nature and severity of injury. The severity index ranges from
0 (no injury) to 6 (unsurvivable injury). The Injury Severity
Score (ISS) estimates overall body trauma and is calculated by
squaring and summing the three highest severity scores from
different body regions. An ISS score of 76 indicates a non-
survivable injury. An ISS of 99 is assigned when information is
not detailed enough for severity coding.

Building inspection data
Buildings in which injuries occurred were linked to building
inspection data purchased from the Los Angeles City Depart-
ment of Building and Safety. The inspection data included all
inspections made in Los Angeles City through October 1995.
The injury information was linked to the Building and Safety
database by injury address. Of the 171 earthquake-related fatal-
ities and hospitalized injuries, addresses for 29 were unknown,
35 occurred outside the Los Angeles city limits and, therefore,
could not be linked. Thirteen individuals not injured in a build-
ing were excluded. Of the remaining 94 people, 57 injury ad-
dresses were linked to the available building data and 37 injury
addresses were not found in the building database.

Analysis
Injury rates were derived for Los Angeles County using data
from the 1990 Census. Chi-square tests and odds ratios were
calculated using SAS software.18

Results
Earthquake-related fatality and hospitalized
injury rates
A total of 171 fatal and hospitalized earthquake-related injuries
were identified in Los Angeles County for a rate of 1.93 per
100 000 residents. The hospitalized injury rate of 1.56 per 100 000
residents was 4.1 times the fatality rate of 0.37 per 100 000
residents (95% confidence interval [CI] : 2.81-5.99) (Table 1).

The rate of earthquake-related injuries for females was
slightly but not significantly higher than that of males (risk ratio
[RR] 1.20, 95% CI : 0.89-1.63). This pattern is unusual when
compared with other types of injuries, such as motor vehicle
crashes and homicides, where males have much higher rates
than females.

There was a dramatic increase in earthquake-related injury
rates with increasing age (Table 1). Compared with those aged
0-19, those aged 60-79 were 10.9 times more likely and those
age 80 and above were 34.6 times more likely to sustain an
earthquake-related injury. This trend was more pronounced for
hospitalized than for fatal injury, with 75.8% of hospitalized
and 31.2% of fatally injured over the age of 65.
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Table 1 Earthquake-related injuries and population rates of injury. Fatal and hospital-admitted injuries. Northridge earthquake, 1994

Earthquake-related
Injuries Population*

Rate per 100 000
Los Angeles County residents

Rate ratios and
(95% CI)

Total
Severity

Fatal

Hospitalized

Gender

Male

Female

Age"

0-9

10-19

20-39

40-59

60-79

80+

Race

White, non-Hispanic

Hispanic

African American

Asian/Pacific Islander

Other

Unknown

171

33

138

78

93

5

5

55

44

36

25

102

38

6

12

3

11

8 863 164

8 863 164

8 863 164

4 421 398

4 441 766

1 384 014

1 223 397

3 797 209

1 910 925

859 369

188 498

3 618 850

3 351 242

934 776

907 810

50 486

n/a

1 93 n/a

0 37
1.56

1.76

2.09

0.36

0.41

1.45

2.25

4.19

13.26

2.81

1.13

0.64

1.32

5.94

n/a

1.00
4.10 (2.81-5.99)

1.00

1.20 (0.89-1.63)

1.00c

1.00c

3.78 (1.93-7.41)

5.87 (2.95-11.68)

10 92 (5.42-22.01)

34.58 (16.61-71.99)

1.00

0.40 (0.27-0.59)

0.23 (0.10-0.52)

0.47 (0.26-0.85)

T.S.d

n/a
3 Population for Los Angeles County, 1990 Census estimates.
b One injured Individual had an unknown age and date of birth and is excluded from age rates
c The age groups 1-9 and 10-19 are combined for rate ratio estimation so that equal groups are compared. The combined denominator is 2 607 411.
6 T.S. = Cells too smaU

Table 2 Cause of injury for earthquake-related fatal and hospitalized injuries, Northndge earthquake, 1994

Risk ratio for
fatal outcome (95% CI)

8.36 (4.52-15.49)

Undefined

5.23 (1.48-1841)

0.84 (0.19-3.64)

0.22 (0.09-0.55)

Undefined

Undefined

Cause
Hit/trapped by building parts

Hit/trapped by objects

Motor vehicle

Bums/electrocution

Fall

Cutting/piercing

Other

Fatal (No. = 33)
No. (%)

22 (71.0)

0 (0.0)

5 (15.2)

2(6.1)

4 ( 1 2 . 1 )

0 (0.0)

0 (0.0)

Hospitalized (No. = 138)
No. (%)

11 (8.0)

21 (152)

4(2.9)

10(7.3)

77 (55.8)

7(5.1)

8(5.8)

Earthquake injury rates were highest for White, non-Hispanic
residents. The lowest earthquake injury rates were among
African Americans, with an RR of 0.23 (95% CI : 0.10-0.52)
compared to Whites. Hispanic and Asian Americans also had
a significantly lower risk of earthquake injury. This pattern
reflects the demography of the region closest to the epicentre.

Cause of injury
Injuries caused by falling buildings or building parts were the
most common cause of fatal injury, and were 8.36 times more
likely to cause fatal than hospitalized injury (95% CI: 4.52-15.49)
(Table 2). Hospitalized injuries caused by falling buildings or
building pans included eight individuals (5.8%) who were hit

by beams or plaster and three (2.2%) who were hit by chim-
neys. Being hit or caught between objects, such as furniture,
caused no fatal injuries, but was a frequent cause of hospitalized
injury. Among the 21 hospitalized who were hit or caught by
objects, 16(11.6%) were struck by household objects or furn-
iture, two (1.4%) were hit by falling glass, one (0.7%) was hit
by an unknown household object, one was caught between two
machines in a workplace and one was crushed by people fleeing
a building.

Earthquake-related motor vehicle injuries were 5.23 times
more likely to result in fatality than hospitalized injury (95%
CI: 1.48-18.41) (Table 2). Two fatal and two hospitalized motor
vehicle injuries were caused by collapsed or damaged roadways

D
ow

nloaded from
 https://academ

ic.oup.com
/ije/article/27/3/459/625402 by guest on 23 April 2024



4 6 2 INTERNATIONAL JOURNAL OF EPIDEMIOLOGY

Table 3 Injury event characteristics of earthquake-related fatal and hospitalized injuries, Northridge earthquake, 1994

Characteristic
Fatal (No. = ii)

No. (%)

33 (100.00)

27

26

6

22

8

0 (0.0)

0 (0 0)

0 (0.0)

(81.8)

3(9 .1)

2(6 .1)

1 (3.0)

(81.3)

(18.8)

1 (n/a)

(66.7)

2(6.1)

1 (3.0)

0 (0.0)
(24.2)

Hospitalized (No. = 138)
No. (%) Significance

Injury date

1/17/94

1/18/94-1/20/94

1/21/94-1/25/94

1/26/94-1/31/94

Days between injury and
death or admission

0
1

2-4

5+

Place of injury

Inside

Outside

Unknown

Injury Involved
structural failure

Home

Roadway

Utilities

Other

No structural failure

123 (89.1)

8 (5.8)

4 (2.9)

3 (2.2)

86 (62.3)

21 (15.2)

16 (11.6)

15 (10.9)

108 (92.3)

9(7.7)

21 (n/a)

12 (8.7)

2 ( 1 . 4 )

2(1 .4)

2 ( 1 . 4 )

119 (86.9)

X2 = 3.14

P = 0.08

n/a

= 3.39

= 007

X2 = 52.4

P < 0 01

and the remaining motor vehicle injuries were due to other
causes such as traffic control failure. Falls were the leading
cause of hospitalized injury but less frequent among fatalities
(RR: 0.22; 95%CI : 0.099-0.55). Burns and electrocutions were
equally likely in the two groups (RR: 0.89; 95% Cl : 0.19-3.64).

Injury event characteristics
All 33 of the fatal injuries occurred on the day of the earthquake
with 27 (81.8%) of these deaths occurring within minutes of
earthquake onset (Table 3). Of the remaining fatalities, three
survived up to 24 hours, 2 survived for up to 4 days, and one
death occurred 8 days following the injury. Among the hos-
pitalized, 89.1 % of the injuries occurred on the day of the earth-
quake although injuries related to the earthquake continued to
occur until 30 January 1994. Although 62.3% of the hospital-
ized sought care on the day that the injury occurred, 15.2%
delayed seeking care for 1 day, 11.6% delayed seeking care for
2-4 days, and 10.9% did not seek care until more than 5 days
after the injury.

A slightly higher proportion of fatal than hospitalized injuries
occun-ed outside, although the majority of all injuries occurred
indoors. The causes of injury indoors and outdoors differed.
Indoor injuries involved structural failure of buildings, being hit
by objects and falls. Of the individuals injured outside, nine
were in motor vehicle crashes, five were falls and one was
fatally electrocuted.

Twenty-five of the fatalities (75.8%) and 18 of the hospital-
ized injuries (13.0%) were caused by a structural failure. Over
66% of fatalities, but only 8.7% of hospitalized injuries, in-
volved a structural failure of the home. Failure of roadway

structures and utilities caused three (9.1%) fatalities and four
(2.8%) hospitalized injuries. The 'other' category consists of one
injury caused by a falling beam in a parking garage and a fall
from a window.

Injury patterns
The average ISS of 63.6 for fatally injured is almost 10 times the
average of 6.6 for those hospitalized (Table 4). The ISS for
fatalities ranged from 4 to 76 and for severe fatal injuries from
1 to 26. The fatal injury with an ISS of 4 resulted from complica-
tions of a hip fracture.

Among fatalities, 26 (78.8%) had unsurvivable injuries with
an ISS score of 76 (Table 4). The most common cause of death
(n = 22) was a combination of asphyxia and body compression
during building collapse. Two motor vehicle crashes and two
burns also led to ISS scores of 76. Eighty-seven per cent of the
hospitalized had an ISS of less than 16, indicating mild to mod-
erate injury. Only three individuals sustained injuries with an
ISS over 25, which included one head injury from being hit by
a boulder, one person with broken ribs and chest trauma from
a fall, and one severe burn.

The head was the most commonly injured body region among
fatalities (48.5%), followed by thoracic injuries (42.4%) (Table 5).
Abdominal and lower extremity injuries were also common
among fatalities. It should be noted that injury patterns by body
region for fatalities may be underestimated because autopsies
were not complete for 60.6% of cases.

Injuries to the lower extremity were diagnosed in 74 of the
138 (53.6%) hospitalized individuals (Table 5). Femur fractures
were the most common lower extremity injury, followed by
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Table 4 Injury Severity Scores for fatal and hospitalized earthquake-related injuries, Northndge Eanhquake, 1994

ISS Score
Fatal (No.

No

1

0

0

2

2

= 33)
. (%)

(3.0)

(0.0)

(0.0)

(6.1)

(6.1)

26 (78.8)

2 (6.1)

63 6

Hospitalized (No. = 138)
No. (%) Significance

1-8

9-15

16-24

25-39

40-75

76
9 9a

Average

75 (54.4)

45 (32.6)

6(4.3)

3 (2.2)

0 (0.0)

0 (0.0)

6.6 P < 0.001

* 99 = unknown seventy
b Average excludes ISS of 99.

Table 5 Number and per cent of individuals sustaining Injury in each
body region, severe earthquake-related injuries, Northridge
Earthquake, 1994a

Body region
Lower extremity

Upper extremity

Spine

External

Head

Face

Chest

Abdomen

Neck

Fatalb

6 (18.2)

2 (6.1)

2(6.1)

8 (24.2)

16 (48.5)

5(15.2)

14 (42.4)

7(21.2)

0

Hospitalized
74 (53.6)

26 (18.8)

18 (13.0)

14 (10.1)

10(7.2)

5 (3.6)

3 (2.2)

3(2.2)

0.0

' Individuals are Included in every region In which an injury was sustained,
thus Individuals with injuries in multiple regions will be represented more
than once

b Injured regions for fatalities are underestimates because 20 of the 33
individuals did not receive complete autopsies.

pelvic fractures. Upper extremity injuries were sustained by 26
(18.8%) individuals with fractures of the humerus and radius
being the most common upper extremity injury. Eighteen (13.0%)
individuals had spinal injuries which consisted predominantly
of lumbar burst fractures from falls. Fourteen individuals
(10.1%) had bum injuries (external region) which ranged in
severity from AJS level 1 to 3. Head injuries were sustained by
10 (7.2%) hospitalized individuals and were most frequently
from falls or being hit by heavy objects. Three individuals
sustained thoradc injuries.

Building inspections

Of the 57 injuries linked to building inspection data, 33 (57.8%)
were non-fatal and 24 (42.1%) were fatal (Table 6). Seventy-
five per cent of the fatalities which were linked to the building
database had reported building damage, compared with 27.3%
of buildings in which hospitalized injury occurred. Injuries most
often occurred in apartment complexes which were the location
for 17 of the 24 fatal and 15 of the 33 hospitalized injuries. Six-
teen of the 17 fatal injuries in apartments occurred in one com-
plex known as Northridge Meadows, which was later demolished.
The other apartment complex in which a fatality occurred did

Table 6 Damage inspections and building type among fatal and severe earthquake injuries in Los Angeles City, Northridge Earthquake, 1994

Fatal

Building type
Number

inspected

Single family residence

Apartment complex

Condominium

Garage

Hotel

Office

Retail establishment

Entertainment establishment

Total

6

17

0

0

1

0

0

0

24

Number (%)
reporting damage

2(33.3)

16 (94.1)

n/a

n/a

0 (0.0)

n/a

n/a
n/a

18

Hospitalized
Number

inspected

11

15

2

1

0

1

2

1

33

Number (%)
reporting damage

3(27.3)

1 (6.7)

2 (100)

1 (100)

n/a

0 (0.0)

1 (50.0)

1 (100)

9 (27.3)
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not report any damage on building inspection although the
medical records indicated injuries due to building collapse.
Building damage was reported in 6.7% of the apartment com-
plexes in which hospitalized injuries occurred.

In five of the 30 buildings in which no damage was reported,
the medical or coroner's record indicated that structural damage
led to injury. Three of these people died of a combination of
asphyxiation and body compression and indicated a collapsed
building, one was injured in a falling doorway, and one was
injured by falling struaural debris. It is difficult to explain why
three asphyxiation and body compression deaths in which the
coroner's record indicated building collapse were listed in build-
ings receiving an inspection indicating no damage. One possible
explanation could be an error in the reporting of the injury
address. However, this also indicates that injury can be caused
by struaural failure which does not lead to complete building
collapse or failure of building integrity, such as falling chimneys
and doors.

Discussion
In the 1994 Northridge earthquake there were approximately
four hospitalized injuries for every fatal one, which is similar to
previous estimates.2 Both fatal and hospitalized injury rates
were particularly high among the elderly. Possible faaors ex-
acerbating injury among the elderly may include an inability to
move quickly to avoid falling objeas or to vacate buildings, as
well as decreased tolerance to injury insults.

Entrapment from building collapse has been identified as the
biggest risk faaor for fatality in an earthquake and our findings
support this conclusion.516 However, neither entrapment nor
struaural collapse was a major prediaor of hospitalized injury.
The primary risk faaors for serious injuries were falls and being
hit by objects. Struaural failure was a faaor in 75.8% of deaths
but only 13.1% of hospitalizations. These results indicate many
causes of earthquake injuries, especially those not leading to
death.

Injury severity scores for fatal and hospitalized injuries,
which for most causes of injury show a continuous distribution
over the range of values, was bimodal with very little overlap.
Most fatalities had multiple non-survivable injuries from build-
ing collapse, indicating that survival after the building collapsed
was unlikely. Severities for hospitalized injuries were on the
lower spearum of the ISS scale, with 54.5% of hospitalizations
having a score less than 9. There is an indication that many
individuals delayed seeking care for their injuries, and this trend
may explain why some injuries on the lower end of the severity
spearum led to hospitalizations.

Secondary disasters following earthquakes, including fires,
landslides or floods, have been identified as greatly increasing
the lethality of an earthquake.19 Fires were the only secondary
disaster reported from the Northridge earthquake, and burns
accounted for 6.1% of fatalities and 7.3% of hospitalized in-
juries. Fire-related injuries may have been minimized because
most Tires occurred in non-residential buildings which were
sparcely populated during the earthquake and because fires
were quickly controlled.

Most injuries in the Northridge earthquake, both fatal and
hospitalized, occurred inside buildings. This Finding refleas

the location of most of the population during the onset of the
earthquake and is not necessarily an estimate of the potential
for injury. However, the types of injuries occurring indoors
do differ from those outdoors, which mostly involve traffic
crashes.

The onset of the earthquake at 4.31 a.m. when most people
were at home, may have played a role in saving lives. Injuries
from mass exodus of buildings, traffic and road failures, and
falling store inventories and machinery may have been avoided.
Further research on earthquake timing and injury outcome is
needed, however, because other researchers have found more
serious injury in night earthquakes.2

Although an attempt was made to identify all fatal and hospital-
admitted injuries resulting from the earthquake, some cases
may not have been identified. The screening process may have
failed to identify hospitals who admitted earthquake injuries
although a validity check in two hospitals found no additional
cases. Medical records were individually reviewed to identify
the aaivity at the time of injury and earthquake-relatedness,
but misclassification could have occurred if the medical record
did not mention an aaivity related to the earthquake. Misclas-
sification in the opposite direaion, in which non-earthquake
injuries were classified as earthquake injuries, is unlikely and
these estimates are thus conservative.

The total number of injured people from the Northridge earth-
quake is unknown, but some estimates have been reported. The
Los Angeles County Health Department found that in the 10
days following the earthquake 9196 people sought emergency
care in a sample of nine hospitals, but the relation of these in-
juries to the earthquake is unknown.20 Estimates of up to 1200
hospital-admitted earthquake injuries have been reported, but
these estimates are not based on medical record review.7 '" '21

Based on these estimates, the number of fatal and hospitalized
injuries requiring hospitalization may comprise a small pro-
portion of the overall number of injuries. These diverse reports
demonstrate the difficulty in determining the incidence of
injury following a major disaster.

Detailed information about the number and causes of injuries
from earthquakes is needed to improve and evaluate interven-
tion measures. The findings of this research show that earth-
quake injuries have complex causal pathways which include
many variables, both behavioural and environmental. Many
potential points of intervention can be identified in these path-
ways. Research incorporating epidemiological risk faaor eval-
uation with engineering and geological analysis and medical
response information will be the most powerful approach to
designing effeaive prevention programmes for the different
environments in which earthquakes occur.
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