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ABSTRACT 

To assess risk factors associated with deaths and injuries in a major earthquake area. First, we used the official data in- 
cluding 824 seismic deaths, 271 serious injuries, and 302 moderate injuries to elucidate and compare the demographic, 
structural, and injury characteristics among the three groups. Secondly, a population based case-control study was con- 
ducted to examine how structural factors, medical assistance, personal characteristic, and behavior and preparedness 
contributed to injury. The age-specific proportions of the three groups were similar and higher in the elderly population. 
Severity of injuries was proportional to the proportion of completely collapsed houses. Fracture was the most frequently 
observed among the serious injuries and moderate injuries. Head injury was the major body site caused by the collapsed 
houses for the seismic deaths. In a case-control study, people who were trapped (adjusted OR = 12.31, 95% CI: 6.29 - 
24.28) had the greatest risk of serious injuries, followed by those who were illiterate, in completely collapsed houses, 
and experienced unprepared flares. This study reveals that improvement in anti-seismic construction, head protect, and 
literacy education could decrease the effect of disaster. Further, using a flashlight to see in the dark, and moving slowly 
rather than running should be rigorously recommended as common-sense responses. 
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1. Introduction 

On 21 September 1999, at 1 h 47 m, an earthquake of 
magnitude 7.3 on the Richter scale struck the central area 
of Taiwan [1]. As a result of the earthquake, more than 
100,000 houses were collapsed, 2347 people died, and 
more than 8000 were injured all over the island, of whom 
approximately 700 were seriously injured [2]. 

A number of past investigations of related morbidity 
and mortality have reported associations of deaths and 
injuries with seismic factors [3-7], structural factors [8-13], 
injury characteristics [14-17], personal characteristics 
[18-23], and victim behavior and preparation [24-35]. 

The ground motion intensity correlated with poor anti- 
seismic houses increased the risk of death as found in the 
1999 Taiwan earthquake [5,13,36]. The mortality was 
higher among the female, disabled, and the elderly groups 
[5,15,22]. Chan suggested that precise disaster planning 
and management were necessary to improve the disaster 
responses [12]. Two studies described about the charac- 
teristics of non-fatal injuries for the victims of the disas- 
ter [32,34]. The victims were also more vulnerable to 
have posttraumatic outcomes following the 1999 Taiwan 
earthquake [37-44]. The suicide trends declined after two 
years by the proving strengthened psychiatric services 

[45]. No further studies have discussed the relationship 
between injury characteristics and victim behavior and 
response in the emergency period. To improve prepared-
ness for earthquakes, we must rely on more knowledge 
about factors related to deaths and injuries. The goal of 
the first investigation was to understand the roles of stru- 
ctural, injury, and demographic characteristics played in 
earthquake-related deaths and injuries. The second in- 
vestigation using base of a case-control study, was to 
understand of structural factors, medical assistance, per-
sonal characteristics, victim behavior and preparedness 
that contributed to physical injury. 

2. Methods 

2.1. Study Area and Subjects 

Selected the Nantou County as the area of study subjects 
because the most severe destruction occurred in Nantou 
County that near the epicenter. Moreover 11 out of the 
total 13 townships in Nantou were within the strongest 
earthquake intensity area (earthquake intensity 7 = peak 
ground acceleration >400 gal). There were 824 people 
killed, and 2421 people injured. Age-specific population 
data from August 1999 were used as the standard popu-
lation. 
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2.2. Collapsed Houses, Human Deaths and  
Injuries 

Post-earthquake inspection data were obtained from the 
Architecture and Building Research Institute, Ministry of 
Interior. On the basis of architect-defined criteria, des- 
troyed houses were categorized as either completely col-
lapsed or partially collapsed. The degree of housing da- 
mage was used in many post-earthquake welfare and 
funding programs after the 1999 Taiwan earthquake. 

Computerized data on earthquake-related deaths were 
retrieved from the Central Taiwan Office, Department of 
Health. These data included date of birth, gender, date of 
death, location, and cause of death coded by the Interna- 
tional Classification of Diseases, Ninth Revision (ICD- 
9). 

The earthquake-related injuries were obtained from the 
Department of Public Health Bureau, Nantou County 
Government. These data were grouped according to ICD- 
9 guideline, the relevant ICD codes were showed in the 
appendix. 

There were two documents including serious injury 
and moderate injury. The serious injuries were defined as 
those patients whose injuries required hospitalization 
care with an extend follow-up of more than 30 days. The 
moderate injuries were defined as those patients whose 
injuries required hospitalization care less than or equal to 
30 days. The local government provided 200 thousand 
Taiwan dollars for every serious injury and provided 50 
thousand Taiwan dollars for every moderate injury res- 
pectively. 

2.3. Case-Control Study 

This study was begun in April 2002 and finished in De- 
cember 2002. From detailed rosters of 271 severe injuries, 
120 randomized cases were defined as study cases. For 
each of the cases, we selected a non-hospitalized control 
from a neighboring household. An effort was made to 
match the controls and cases according to sex and age 
within ± 5 years. The ratio of cases versus controls was 
1:2. After the variables of interest had been defined, a set 
of questions was formulated and a questionnaire was de- 
veloped to a structural questionnaire. Personal inter- 
views with structural questionnaire were conducted with 
the subjects by trained interviewers. The questionnaire 
was pre-tested on a sample of 15 cases and 15 controls, 
and validated by 8 experts. The questionnaire included 
structural information (completely collapsed, inside house, 
sleep in house, live alone, trapped), medical assistance 
(trapped time, received first medical care after extrication, 
rescuer of trapped victims), personal characteristics (il-
literacy, unemployment, major disease before the earth-
quake, other family hurt), and behavior and preparedness 
(drill for disaster before the earthquake, evacuation road, 

put heavier objects in low places, put objectives in the 
doorway, prepare fire extinguishers, prepare flares, num- 
ber of export escapes) following the earthquake. These 
questions were answered in a form of “yes” or “no”. 

2.4. Statistic 

These analyses focus on the types and body sites of inju- 
ries incurred by the residents as a result of the earthquake. 
Bivariate analyses were conducted to identify major 
trends among the three groups during the earthquake. 
Crosstabs with chi-square analysis were used to examine 
associations between variables. A conditional logistic re- 
gression analysis was adopted to assess the odds ratio of 
the statistically significant variable used in the case-con-
trol study. All variables were dichotomous without miss-
ing data. This analytic process was performed by using 
SPSS statistical software (SPSS Inc., Chicago, IL) for 
Window. 

3. Results 

Of all the 824 seismic deaths, 652 (79.1%) of the people 
died in their own houses, 83 (10.1%) died on their way to 
referral hospitals, 18 (2.2%) died in the referral hospitals, 
and 71 (8.6%) died in the evacuation area or the data 
were missing. There were 89.2% of the seismic deaths 
were not admitted to the emergency department of a hos-
pital. 

The injury documentation shows that a total of 2421 
injuries were admitted to hospitals by transportation, 83 
(3.4%) died on their way to referral hospitals, 591 
(24.4%) required hospitalization and 1747 (72.2%) sus- 
tained only minor injury and were discharged after 
wound treatment. Among the 591 hospitalized injuries, 
302 (51.1%) were defined moderate injuries, 271 (45.9%) 
were defined as serious injuries, and 18 (3.0%) were died 
in hospitals. 

3.1. Demographic and Structural Characteristics 

There were 545,181 people including 284,841 (52.2%) 
males and 260,340 (47.8%) females in the study area. 
Table 1 compares the basic demographic and collapsed 
houses information for the reported deaths, serious inju- 
ries, and moderate injuries following the Chi-Chi earth- 
quake. Females were more likely to report death and in- 
jury than males but not significantly different (p < 0.05). 
From the distribution of age-specific death rates, it was 
found that the proportion of 65 years of age and older 
among the three injured subgroups were similar (death: 
37.0%, serious injuries: 37.6%, moderate injuries: 36.1%). 
However, these proportions were all significantly higher 
than the proportion of people of 65 years of age and older 
in the general population (10.1%) (deaths: odds ratio  
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Table 1. Demographic and building characteristics of deaths and non-fatal injuries caused by the Chi-Chi earthquake, Nan-
tou, Taiwan, 1999. 

Characteristic Death Serious injury Moderate injury Population 

Number 824 271 302 545,180 

male % 47 50 44 52 

female % 53 50 56 48 

Age     

≦ 14 yrs % 14.7 5.2 1.6 21.3 

15 - 64 yrs % 48.3 57.2 62.3 68.5 

≧ 65 yrs % 37 37.6 36.1 10.1 

OR 5.29 5.52 5.06 1 

95 % (CI) (2.45 - 11.41) (2.56 - 11.89) (2.34 - 10.92)  

Houses collapsed     

No (%) 41 (5.0) 30 (11.1) 36 (11.9)  

Yes (%) 783 (95.0) 241 (88.9) 266 (88.1)  

Completely 740 154 92  

Partially 43 87 174  

OR 32.55 3.35 1  

95 % (CI) (21.86 - 48.46) (2.33 - 4.82)   

 
OR = 5.29, 95% confidence interval (CI): 2.45 - 11.41; 
serious injuries: OR = 5.52, 95% CI: 2.56 - 11.89; mode- 
rate injuries: OR = 5.06, 95% CI: 2.34 - 10.94). 

The proportions of collapsed houses of the deaths 
(783/824 = 95.0%), serious injuries (241/271 = 88.9%), 
and moderate injuries (266/302 = 88.1%) were similar. 
For the collapsed houses, the completely collapsed occu-
pied 94.5% (740/783) of the deaths, 63.9% (154/241) of 
the serious injuries, and 34.6% (92/266) of the moderate 
injuries, respectively. Compared to the moderate injuries, 
the crude odds ratios of completely collapsed houses 
were 32.55 (95% CI: 21.86 - 48.46) for deaths, and 3.35 
(95% CI: 2.33 - 4.82) for serious injuries. 

3.2. Injury Characteristics 

Table 2 shows data related to the injury characteristics of 
deaths and non-fatal injuries. The distribution of types of 
injuries between the deaths and seriously injuries was 
different. Intracranial and internal injuries were the most 
frequently observed (43.4%), followed by asphyxiation, 
fracture, and early complication of trauma and unspecific 
injury (6.3%) of the deaths. Fracture (49.4%) was the 
most common type of injury, followed by open wounds, 
early complication of trauma and unspecific injury 
(12.9%), and burns (8.8%) of the serious injuries. Frac-
ture (42.7%) was also the most frequently observed in-

jury of the moderate injuries, followed by early compli-
cation of trauma and unspecific injury (27.8%), and open 
wounds (11.9%). 

The prevalence of burns of the serious injuries (8.8%) 
was significantly higher than the prevalence of burns of 
the moderate injuries (1.0%) (OR = 9.79, 95% CI: 1.22 - 
78.8). 

The distribution of injured body sites among the deaths 
and non-fatal injuries in collapsed houses was shown in 
Table 3. Head was the major body site of deaths (37.8%). 
However, the major body site of non-fatal injuries was 
the extremities (32.5% of serious injuries, and 38.3% of 
moderate injuries). The proportion of head injury of the 
deaths was significantly higher than the proportion of 
head injury of the serious injuries (5.0%, OR = 11.60, 
95% CI: 6.38 - 21.10), and of the moderate injuries 
(6.4%, OR = 8.90, 95% CI: 5.33 - 14.96), respectively. 
There was no difference in the proportion of head injury 
between the serious injuries and the moderate injuries 
(OR = 0.77, 95% CI: 0.36 - 1.64). The proportion of neck 
and trunk injury of the deaths (13.3%) was significantly 
lower than the proportion of neck and trunk injury of the 
serious injuries (21.6%, OR = 0.56, 95% CI: 0.38 - 0.81). 
There was no difference in the proportion of neck and 
trunk injury between the moderate injuries (16.5%) and 
serious injuries (OR = 1.39, 95% CI: 0.89 -2.17), and the  
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Table 2. Types of injuries among the deaths and non-fatal injuries caused by the Chi-Chi earthquake, Nantou, Taiwan, 1999. 

Characteristic Death Serious injuries Moderate injuries 

No (%) 824 (100) 271 (100) 302 (100) 

Intracranial and 

Internal injuries 
357 (43.4) 7 (2.6) 17 (5.6) 

Asphyxiation 277 (33.6) 0 0 

Fracture 67 (8.1) 134 (49.4) 130 (42.7) 

Early complication 

Of trauma and 

Unspecific injury 

52 (6.3) 35 (12.9) 83 (27.5) 

Open wounds 1 (0.1) 54 (19.9) 35 (11.9) 

Burns 11 (1.3) 24 (8.8) 3 (1.0) 

Others 59 (7.2) 17 (6.3) 34 (11.3) 

 
Table 3. Injured body sites among deaths and non-fatal injuries in the collapsed houses caused by the Chi-Chi earthquake, 
Nantou, Taiwan. 

Body site Death Serious injuries Moderate injuries 

No (%) 783 (100) 241 (100) 266 (100) 

Head 296 (37.8) 12 (5.0) 17 (6.4) 

OR (95% CI) 11.60* (6.38 - 21.10) 1 1 

 8.90* (5.33 - 14.96) 0.77 (0.36 - 1.64) 1 

Neck and trunk 144 (13.3) 52 (21.6) 44 (16.5) 

OR (95% CI) 0.56* (0.38 - 0.81) 1  

 0.77 (0.53 - 1.13) 1.39 (0.89 - 2.17) 1 

Extremities 3 (0.4) 71 (32.5) 102 (38.3) 

0.01* (0.00 - 0.03) 1  
OR (95% CI) 

0.01* (0.00 - 0.02) 0.67* (0.46 - 0.97) 1 

Multiple fractures 2 (0.3) 36 (14.9) 13 (4.9) 

0.02* (0.00 - 0.06) 1  
OR (95% CI) 

0.05* (0.01 - 0.22) 3.42* (1.77 - 6.62) 1 

Unspecific trauma 46 (5.9) 34 (14.1) 49 (18.4) 

0.38* (0.24 - 0.61) 1  
OR (95% CI) 

0.25* (0.18 - 0.42) 0.73 (0.45 - 1.17) 1 

Burns 11 (1.4) 21 (8.7) 3 (1.1) 

Asphyxiation 265 (33.8) 0 0 

Others 59 (7.1) 15 (6.2) 38 (14.4) 

*significant difference. 
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fatal cases (OR = 0.77, 95% CI: 0.53 - 1.13), respectively. 

The proportion of extremities injury of the deaths 
(0.4%) was significantly lower than the proportion of 
extremities injury of the serious injuries (32.5%, OR = 
0.01, 95% CI: 0.00 - 0.03), and of the moderate injuries 
(38.3%, OR = 0.01, 95% CI: 0.00 - 0.02), respectively. 
The proportion of extremities injury of the serious inju- 
ries was significantly lower than the proportion of ex-
tremities injury among the moderate injuries (OR = 0.67, 
95% CI: 0.46 - 0.97). The proportion of multiple frac- 
tures of the deaths (0.3%) was significantly lower than 
the proportion of multiple fractures of the serious injuries 
(14.9%, OR = 0.02, 95% CI: 0.00 - 0.06), and of the 
moderate injuries (4.9%, OR = 0.05, 95% CI: 0.01 - 
0.22), respectively. The proportion of multiple fractures 
of the serious injuries was higher than the proportion of 
multiple fractures of the moderate injuries (OR = 3.42, 
95% CI: 1.77 - 6.62).  

The proportion of unspecific trauma of the deaths 
(5.9%) was significantly lower than the proportion of 
unspecific trauma of the serious injuries (14.1%, OR = 
0.38, 95% CI: 0.24 - 0.61), and of the moderate injuries 
(18.4%, OR = 0.25, 95% CI: 0.18 - 0.42), respectively. 
There was no difference in the proportion of unspecific 
trauma between the serious injuries and moderate injuries 
(OR = 0.73, 95% CI: 0.45 - 1.17). 

3.3. Risk Factor Analysis for Serious Injuries  
and Controls by a Case-Control Study 

Only records with values for all structural, medical as- 
sistance, personal, and behavior variables (n = 370) were 
included in the estimation (Table 4). In the structural 
characteristics, completely collapsed of cases had 11.44 
times (95% CI: 6.86 - 19.08) the risk compared to con- 
trols. Most of the study subjects (cases: 94.8%; controls: 
88.8%) were sleeping in the middle of the night in their 
houses. Individual lived alone at the time of earthquake 
of the cases (10%) experienced a significantly higher 
proportion than those of the controls (4%, OR = 2.67, 
95% CI: 1.12 - 6.36). Of the cases, 78.3% had been 
trapped that was significantly higher than the proportion 
of been trapped of the controls (12.4%, OR = 25.54, 95% 
CI: 14.38 - 45.37). In the medical assistance characteris-
tics, the proportion of trapped time within 6 hours were 
similar between the cases (80.85%) and the controls 
(80.65%, OR = 1.01, 95% CI: 0.36 - 2.83). The first 
medical care received after extrication within 8 hours for 
the cases (78.7%) and the controls (80.6%) were similar. 
The initial extrication and rescue work was most carried 
out by local inhabitants of the cases (92.6%). This pro- 
portion was significantly higher than the controls (41.9%) 
(OR = 17.21, 95% CI: 6.02 - 49.16). 

In the personal characteristics, the cases contained a 
greater percentage of unemployment (19.2%), illiteracy 
(27.5%), and possession of cars with major disease 
(12.5%) than the controls (5.2%, OR = 7.17, 95% CI: 
3.01 - 16.59; 5.2%, OR = 11.47, 95% CI: 5.10 - 25.80; 
3.2%, OR = 2.60, 95% CI: 1.20 - 5.67), respectively. The 
proportion of more than one victim in a family was 
higher in the cases than in the controls (82.5% versus 
12.4%; OR = 33.30, 95% CI: 18.23 - 60.85). In the be-
havior and preparedness, there were lower prepared 
measures for disasters of the cases than of the controls, 
such as lower proportions of disaster drills (5.0% versus 
14.0%; OR = 3.09, 95% CI: 1.26 - 7.57), putting heavier 
objects in low places (5.8% versus 22.8%; OR = 4.77, 
95% CI: 2.10 - 10.81), not putting objects in doorways 
(6.7% versus 66.0%; OR = 27.18, 95% CI: 12.66 - 58.32), 
preparedness of extinguishers (8.3% versus 28%; OR = 
10.39, 95% CI: 5.26 - 20.52) , and preparedness of flares 
(14.1% versus 56.9%; OR = 3.47, 95% CI: 1.95 - 6.16). 

We put above significant variables into conditional lo- 
gistic regression analyses. The results identified only 
four significant risk factors for the serious injuries (Ta- 
ble 5). The highest risk was being trapped (OR = 12.31, 
95% CI: 6.29 - 24.28), followed by illiteracy (OR = 7.65, 
95% CI: 2.67 - 21.90), houses completely collapsed (OR = 
4.55, 95% CI: 2.26 - 9.16), and lack of preparedness of 
flares (OR = 2.50, 95% CI: 1.10 - 6.25). 

4. Discussion 

The age-specific proportions of fatal and non-fatal inju- 
ries victims were higher among the elderly (65 + yr of 
age). These patterns reflected that although the elderly 
occupied 10% of the total population, injured seniors 
occupied about 37% of the total population. The distribu-
tions of the age-specific mortality and morbidity caused 
by the Chi-Chi earthquake were similar to the condi- 
tions of the Armenia earthquake, Northridge earthquake, 
and Hanshin-Awagi earthquake [19,21,29]. 

There were 89.2% of the seismic deaths were not ad- 
mitted to the emergency department of hospitals. The 
asphyxiation and intracranial injury occupied 77% of 
caused deaths. These results imply incomplete or inade- 
quate resuscitation, and control of hemorrhage before or 
during transportation. Aggressive and directed manage-
ment of the pulmonary system coupled with prompt re- 
cognition and control of hemorrhaging due to associated 
injuries is essential for optimal patient outcome. 

Higher crude odds ratios were observed for victims in 
completely collapsed houses in the deaths and the serious 
injuries groups. This suggests that the higher the house 
damage occurred, the higher the victim were casualty. 
Other studies also confirmed the risk presented by dilapi-   

Copyright © 2012 SciRes.                                                                                OJSST 



Y.-H. LIAO 152 

 
Table 4. Characteristics of serious injuries (cases) and controls caused by the Chi-Chi earthquake, Nantou, Taiwan, 1999. 

Characteristic Cases (n = 120) Controls (n = 250) OR (95% CI) 

Structure characteristics Completely collapsed*    

No 37 209 1 

Yes 83 41 11.44 (6.86 - 19.08) 

Inside house    

No 4 5 1 

Yes 116 245 0.59 (0.16 - 2.25) 

Sleep in house    

No 6 23 1 

Yes 110 222 1.90 (0.75 - 4.80) 

Lived alone*    

No 108 240 1 

Yes 12 10 2.67 (1.12 - 6.36) 

Trapped*    

No 26 219 1 

Yes 94 31 25.54 (14.38 - 45.37) 

Medical assistance 

Trapped time 
   

≦6 hr 76 25 1 

7 - 72 hrs 18 6 1.01 (0.36 - 2.83) 

First medical care received 

After extrication 
   

≦8 hrs 74 25 1 

9 - 48 hrs 20 6 1.13 (0.41 - 3.12) 

Rescuer*    

Self 7 18 1 

Others 87 13 17.21 (6.02 - 49.16) 

Personal characteristics    

Sex    

Male 48 116 1 

Female 72 134 1.30 (0.83 - 2.02) 

Unemployment*    

No 97 242 1 

Yes 23 8 7.17 (3.01 - 16.59) 

Illiteracy*    

No 87 242 1 

Yes 33 8 11.47 (5.10 - 25.80) 

Possession of major disease    
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Continued 

Car before the earthquake*    

No 105 237 1 

Yes 15 13 2.60 (1.20 - 5.67) 

Other family hurt*    

No 21 219 1 

Yes 99 31 33.30 (18.23 - 60.85) 

Behavior and preparedness 

Drill for disaster before 

The earthquake* 

   

Yes 6 35 1 

No 114 215 3.09 (1.26 - 7.57) 

Evacuation road    

Yes 113 223 1 

No 7 27 0.51 (0.22 - 1.21) 

Put heavier objects 

In low places* 
   

Yes 7 57 1 

No 113 193 4.77 (2.10 - 10.81) 

Put objects in the doorway*    

No 8 165 1 

Yes 112 85 27.18 (12.66 - 58.32) 

Preparedness of extinguishers*    

Yes 10 70 1 

No 110 180 10.39 (5.26 - 20.52) 

Preparedness of flares*    

Yes 17 91 1 

No 103 159 3.47 (1.95 - 6.16) 

No. of export escapes    

≦1 51 90 1 

>1 69 160 0.76 (0.48 - 1.19) 

*significant difference. 

 
dated buildings demonstrated in previous studies [12,19, 
35]. Forensic evidence indicates that intracranial and in- 
ternal injuries for the crush of the head and trunk, and 
asphyxiation caused by acute obstructive pulmonary ac- 
counted for 77% of the deaths in the completely houses. 
These reflect that the primary cause of death was the 
complete collapse of houses. Intracranial, spine, intratho- 
racic, and visceral injuries as injuries to vital organs 
cause casualties resulting from earthquake injuries. 

Comparing of the body sites of injuries, the proportion 

of multiple fractures and burns were higher of the serious 
injuries than of the moderate injuries, respectively. These 
results imply that the more the sites of injuries which 
occurred, the greater the severity of injuries occurred. 
The victims with spine and back injuries were fewer than 
the victims with trunk injuries in all the 3 study groups. 
Maruo et al. has demonstrated that if the patients are 
standing or sitting at the time of injury, the most frequently 
observed fractures are those of the vertebral column and 
if the patients are lying in supine or lateral positions at  
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Table 5. Results of conditional logistic regression analyses, Chi-Chi earthquake, Nantou, Taiwan, 1999. 

Univariate estimate Adjusted estimate 
Characteristic 

OR (95% CI) OR (95% CI) 

Structure characteristics 

Completely collapsed* 
  

No 1 1 

Yes 11.44 (6.86 - 19.08) 4.55 (2.26 - 9.16) 

Alone   

No 1 1 

Yes 2.67 (1.12 - 6.36) 0.9 (0.23 - 3.46) 

Trapped*   

No 1 1 

Yes 25.54 (14.38 - 45.37) 12.31 (6.11 - 24.83) 

Personal characteristics 

Illiteracy* 
  

No 1 1 

Yes 11.47 (5.10 - 25.80) 7.65 (2.67 - 21.90) 

Major disease car 

Before the earthquake 
  

No 1 1 

Yes 2.60 (1.20 - 5.67) 0.97 (0.33 - 2.80) 

Behavior and preparation 

Drill for disaster before 

The earthquake 

  

Yes 1 1 

No 3.09 (1.26 - 7.57) 1.72 (0.50 - 5.94) 

Put heavier objects 

In low places 
  

Yes 1 1 

No 4.77 (2.10 - 10.81) 1.66 (0.47 - 5.88) 

Put objects in the doorway   

No 1 1 

Yes 27.18 (12.66 - 58.32) 1.53 (0.48 - 4.88) 

Preparedness of extinguishers   

Yes 1 1 

No 10.39 (5.26 - 20.52) 1.34 (0.45 - 3.99) 

Preparedness of flares*   

Yes 1 1 

No 3.47 (1.95 - 6.16) 2.50 (1.1 - 6.25) 

*significant difference.   
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the time of the earthquake, most fractures are those of the 
pelvis and thoracic cage skeleton [46]. Most of he study 
subjects were sleeping in the middle of the night in their 
houses from the interview results. Therefore, our study 
strongly agreed with the findings of Maruo et al. The 
victims with upper extremities injuries were fewer than 
the victims with lower extremities injuries in all the 3 
study groups. Naghi et al. suggested that the injuries of 
upper or lower extremities may have to do with the time 
of day that the earthquake occurred. In the dark, respon- 
dents cannot see the objects that they trip or fall over and 
it is easy to injury the lower extremities, whereas in the 
light, victims were more likely to be upright and be 
struck by falling objects and it is easy to injury the upper 
limbs [16]. Such a relation was also observed in our 
study cases. 

The cases seemed to be lower socioeconomic status 
such as, illiteracy, more unemployment, and possession 
of major disease cars than the controls. The illiteracy 
showed to be the predominant odd ratio of socioeco- 
nomic status compared to the controls. Owing to the 
lower socioeconomic status, the cases had poor safety 
knowledge and preparedness, such as disaster drills, put-
ting heavier objects in low places, not putting objects in 
doorways, preparedness of extinguishers, and preparation 
for flares for the disasters expectantly. More than one 
victim in a family was higher of the study cases than of 
the controls. The sign implied that there was a significant 
family cluster in the serious injuries group. 

In the conditional logistic regression analyses, the re- 
sults clearly demonstrate that been trapped, completely 
collapsed houses, illiteracy, and no flares preparation for 
disasters were the most important risk factors. These 
findings implied the trapped and completely collapsed as 
the structure characteristics, illiteracy as the personal 
characteristic, and unprepared the flares as the prepara-
tion characteristic that all could increase the risk of seri-
ous injury in the 1999 Chinese Taipei earthquake. Liao et 
al. and Ellidokuz et al. indicated that poor seismic capa- 
city was the major factor that caused great loss of lives 
[13,35]. Osaki et al., and Peek-Asa et al. implied older 
adults, physical disabilities, and completely destroyed 
dwellings could increase the mortality among people [21, 
47]. Chou et al., Doocy et al., and Mahue-Giangreco et 
al. demonstrated that health and socioeconomic statuses 
were the most relevant factors to earthquake injury and 
mortality [22,23,48]. The low socioeconomic status of 
victim was also a risk factor of PTSD after the earth- 
quakes. Seplaki et al. indicated the low socioeconomic 
status reported higher levels of depressive symptoms [40]. 
Chen et al. indicated the low educational level was a risk 
factor of psychological outcome of 1999 Chinese Taipei 
earthquake survivors [42]. Our study suggests that poor 
earthquake resistant building and lower socioeconomic  

status are both related to the serious injuries among peo-
ple. Literacy education is a basic method to enlarge the 
knowledge and improve the occupational skill. When an 
illiteracy is educated to be a literacy, he will get more 
safety knowledge and be a proper behavior to prevent 
and prepare for the disasters. 

After the 1999 Chinese Taipei earthquake, the Central 
Government established the institution “The Chi-Chi 
Earthquake Post-Disaster Reconstruction Commission” 
that utilized several reconstructing policies such as urban 
planning, new community construction, and implementa- 
tion of disaster prevention, rescue, and emergency medi- 
cal services. After the practice of reconstruction, there 
were many improvements in the disaster areas such as, 
the percentage of reinforced concrete area increased from 
93.78% in 1997 to 99.17% in 2010, the percentage of 
illiterate population decreased from 5.71% in 1997 to 
1.98% in 2010, and the number of ambulances increased 
from 12 in 1997 to 29 in 2010 [49]. 

This study was limited by the sample selection. The 
number of fatalities and hospitalizations comprised a 
small proportion of the overall number of injuries. These 
diverse reports demonstrate the difficulty in determining 
the incidence of injury following a major disaster. 

5. Conclusion 

Physical injuries are correlated with house collapse and 
victim behavior at the time of earthquake impact. This 
study suggested that improvements in anti-seismic con- 
struction, head protection, and literacy education could 
decrease the effect of disaster. Further, using a flashlight 
to see in the dark, and moving slowly rather than running 
should be rigorously recommended as common-sense res- 
ponses. 
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Appendix 

Diagnostic categories and ICD codes for the earthquake 
injuries 

Diagnostic category ICD code 

Asphyxiation 994.7 

Fracture 800-29 

Early complication of trauma and  
unspecific injuries 

958-9 

Open wounds 870-9, 890-7 

Burns 940-9 
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