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Abstract. Road traffic injuries (RTIs) are increasing in developing countries where accurate routine
data are usually not available. Although a capture-recapture technique has increasingly been em-
ployed in studies of human populations to provide reliable estimates of the magnitude of problems,
it has rarely been used in road traffic injury research. We applied two sample capture-recapture
methods using hospital and traffic police records to estimate non-fatal road traffic injuries in Thai
Nguyen City during the years 2000-2004. We generated a conservative adjusted estimate of non-
fatal RTls using data from the two sources matched by name, surname, sex of victims and at least
one of the other matching variables, of age, address of victim and date of injuries. We then com-
pared the estimated rates with those reported based on police and hospital data. The results show
that during years 2000-2004, the police reported 1,373 non-fatal RTls, while hospital records re-
vealed 6,069 non-fatal RTIs. Most reported victims on both hospital and police reports were males
(67.3 % and 74.4%, respectively). More than half the victims on both hospital and police reports
were drivers (77.5% and 66.1%, respectively) or pedestrians (10.6% and 7.1%, respectively). Youth
and young adults (ages 15-34) constituted the majority of the victims on the hospital and police
reports (52.8% and 63.7%, respectively). The capture-recapture analysis estimated that 11,140
(95% CI: 10,626-11,654) subjects were involved in RTIs during the study period. In comparison to
the estimated figure, official sources accounted for only 21.9 to 60.1% of total non-fatal RTIs. Esti-
mated rates of non-fatal RTls were 105.5 injuries/10,000 population per year and 393 injuries/10,000
vehicles. Given the fact that under reporting of RTIs has been a major limitation of routine official
data sets in developing countries, we suggested the capture-recapture method be used as a tool to
provide affordable and reliable estimates of RTIs in resource-poor countries.

INTRODUCTION The World Health Organization (WHO) in

its international conference on RTIs noted the
importance of adequate data regarding RTls
(WHO, 1981). Accurate estimates of the public
health burden of RTIs can assist priority setting
_ _ and healthy public policy decisions. Accurate
It has been projected that RTIs will be the sec- epidemiological data regarding RTIs have been
ond most common cause of disability-adjusted lacking in many developing countries (Mohan,
life year loss in developing countries by the year 1984).
2020 (Murray and Lopez, 1997). Despite this
concern, there has been little recognition of the
health and economic burden of RTIs in devel-
oping countries.

Road traffic injuries (RTIs) are an important
but preventable cause of death, disability and
economic loss in developing countries (Viano,
1988; Sosin et al, 1990; Smith and Barss, 1991).

In most developed countries, it is a legal
mandate for police to routinely collect data re-
garding the nature of RTIs and the characteris-
tics of people and vehicles involved. A compari-
son of police records and hospital data show
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that a significant number of hospitalized RTIs
were not reported to the police (Hvoslef, 1994).
Similarly, RTI data from developing countries is
primarily based upon either hospital logs
(Weddell and McDougall, 1981; Balogun and
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Abereoje, 1992) or derived from police records
(Asogwa, 1992; Mohan and Bawa, 1985). It is
believed that both sources underestimate the
total burden of RTIs. Hospitals tend to see more
severe of RTIs (Smith and Barss, 1991). Pub-
lished hospital data are unlikely to reflect all RTI
cases who seek health care. In Thai Nguyen,
Vietnam, for example, it was difficult to find out
the total number of hospitals, let alone RTIs seen
by each of them. Rates based on figures from a
few of these hospitals would be expected to un-
derestimate even severe injuries in the commu-
nity. Studies which compared police data with
hospital data have consistently found that po-
lice data have underestimated RTIs, ranging from
60% in Al Ain City (Bener et al, 1992) to 80% in
Saudi Arabia (Ofosu et al, 1988). In general, the
proportion of missed cases varies from one
country to another, from 55 to 83% (Maas and
Harris, 1984; Barancik and Fife, 1985; Lindqvist,
1991). Comparisons between police and hospi-
tal data may be difficult. First, the origin of the
injuries may not be routinely available in the hos-
pital records. Secondly, it may be difficult to link
hospital and police records, because people in-
jured in one geographical region might be hos-
pitalized outside that area. More accurate RTI
data could be generated through community-
based studies, but such studies are expensive
and difficult to perform in developing countries.

The capture-recapture method has been
used extensively in biological science and medi-
cine for estimating difficult to count populations
(Cook et al, 1967; Sutter and Cochi, 1992;
Mastro et al, 1994). It has been used in many
different setting (Hartnoll et al, 1985; Frischer,
1992). The method is based on matching two
independent samples to arrive at an estimation
of the total. In this study, the capture-recapture
method was applied using the combined records
of police sources and hospitals in Thai Nguyen
City to estimate more accurately non-fatal RTIs.

MATERIALS AND METHODS

Thai Nguyen Province is located in the
northeastern part of the country. It is bordered
by Tuyen Quang, Bac Can, Lang Son, Bac Giang,
Vinh Phuc and Ha Noi. Thai Nguyen Province
covers 3,769 km? with a population of 1,060,136
people (Thai Nguyen Census Report, 2004). The
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provincial capital is Thai Nguyen City, which is a
center for economic, cultural and social activi-
ties for the province and the northeastern part
of Vietnam. The total length of the road network
in Thai Nguyen is 2,753 km, of which national
highways comprise 183 km, provincial roads
105.5 km, district roads 659 km, and inter-com-
mune roads 1,764 km. Most of the national high-
ways and provincial roads are asphalt. Thai
Nguyen City has 56,604 registered vehicles with
3.7 people per vehicle (Thai Nguyen Traffic Po-
lice Report, 2004).

Police records are the main source of infor-
mation regarding RTIs in the city. Immediate re-
cording of injuries is undertaken only when there
is a loss of life or sizable property damage. Al-
though it is a legal requirement for police to re-
port all motor vehicle collisions resulting in inju-
ries, it has been observed that only a few cases
are reported formally. In addition, police are re-
sponsible for collecting crash data on the spot.
The police standard report form was used to
extract data from the activity logbook on a daily
basis. The form included variables, such as
name, surname, sex, age, address, number of
vehicles and road users involved, probable
causes, number of victims (killed, severely in-
jured, mildly injured), an estimated cost of dam-
age to property, and environmental and vehicle
factors. All police stations throughout Thai
Nguyen City send daily traffic crash reports to
the Police Information System Center at the Thai
Nguyen Traffic Police Department. All officially
recorded injuries are collected at traffic police
headquarters, where the data are analyzed to
determine the cause of RTl in order to guide re-
medial action. An annual report is available with
more extensive analysis. Extraction of data from
the daily summaries and the annual reports for
2000-2004 was carried out for our study. An-
other source of information regarding RTIs in Thai
Nguyen is hospital data. Typically, after a crash,
the victims are transported to the nearest hos-
pital. Information regarding the name, sex, age,
address of the victims, time of injury, place of
injury and vehicle type is recorded. When a vic-
tim can not give his/her name and age, the Na-
tional Identity Card or proxy report from relatives
or friends was sought for the information used.
Hospitalized patients were interviewed by trained
personnel using a standard data collection form.
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The form included variables, such as individual
information, patient history, causes of injury, di-
agnosis, treatment and prognosis. In this study,
the data were collected from hospital records
for all the hospitals in the city (3 public hospi-
tals, no private hospitals), which managed all the
RTI cases that occurred in Thai Nguyen City.
Based on the two data sets, we applied a
two-sample capture-recapture method to pro-
vide an estimate of non-fatal RTIs in the city. The
first capture was all non-fatal RTls recorded on
the traffic police daily report. The recapture was
the RTIs recorded on the hospital data set. Data
were compiled and matched case by case for
all RTl incidents during the years 2000-2004.
Each non-fatal injury case in the police data
was matched with hospital data regarding six
important personal characteristics and RTI de-
scription variables: name and surname of vic-
tim, sex and age, date of the injury and address
of the victim. To facilitate computerized match-
ing, the name and surname of each victim in both
sources were recoded in Viethamese and Eng-
lish. Names were considered matched if the
characters were exactly the same for both
sources. The surnames were considered
matched if the characters of last name were ex-
actly the same for both sources and the charac-
ters of middle name were the same or similar.
The sex variable was considered matched if it
was exactly the same for the two sources. Age
was considered matched if there was a discrep-
ancy of greater than 2 years. The date of injury
was considered matched if the recorded dates
from both sources were within 2 days of each
other. The address of the victim was considered
matched if it was the same in both sources.
The degree of matching was then defined
based on four different standards (A-D). Each of
the standards required name and sex of a victim
to be the same, the last name the same and the
middle name similar. Standard A, the strictest
standard, required that name, surname, sex,
age, date of injury, and address of the victim
match. For standards B-D the criteria were pro-
gressively slackened, so that each subsequent
standard required one less criteria for a match
(Table 1). The procedure of matching, criteria
used to determine the match, and the criteria
used to determine which key variables were de-
fined as the same or similar, were assigned be-
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fore data analysis. After that, the estimation of
the number of non-fatal injuries and the percent-
age of under-reporting from both sources was
done again. The efficiency of the estimators was
considered against the standard error for the
estimates (SE), coefficients of variation for the
estimates (CV) and confidence interval for the
estimates (95% Cl).

An estimate of the total number of non-fa-
tal RTIs was made with the formula (Lange,
2003):

Estimation of n = N= X*D(Y+1) 4
C+1

Where X and Y were the numbers of people
in the first and second captures, respectively,
and C was the number of people identified in
both sources (matches). The following formulas
were used to calculate the standard error of the
estimates (SE), coefficients of variation of the
estimates (CV) and confidence interval of the
estimates (95% ClI).

sE () = /(N-X)C(N-Y)
v () = /(1—X)C(:1-Y)

95% Cl=n =1.96 SE

The lowest values of standard error and
coefficients of variation were considered to be
the best estimators for these criteria. The range
of the confidence interval was also considered
to be a best estimator.

Investigation of the percentage of under-
reporting from both sources: the expected num-
ber of non-fatal injuries due to RTIs, which were
not reported in each source compared with the
estimated number of non-fatal injuries. Percent-
ages of under-reporting from both sources were
calculated using the following expression:

Percentage of under-reporting =

A
N-N
Kcl)bserved * 100

RESULTS

Records from hospital data identified 6,069
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non-fatal injuries from RTIs in Thai Nguyen City
during the years 2000-2004, while the traffic
police data identified 1,373 non-fatal injuries for
the same period. Most of the reported victims
were males for the hospital and police data (67.3
% and 74.4%, respectively). More than half the
victims from the hospital and police sources were
drivers (77.5% and 66.1%, respectively) or pe-
destrians (10.6% and 7.1%, respectively). Most
victims were young people aged 15-34 who ac-
counted for 52.8% and 63.7% of the total vic-
tims according to hospital and police data, re-
spectively (Table 2). The name, surname and sex
of the victim were recorded in all of the cases.
The time and date of the injury were not recorded
for some hospital cases.

Using the least strict standard for match-
ing, standard D (when the name, surname and

sex of a victim matched along with any one of
the other variables, such as age, victim address,
or date of injuries), comparison of the two groups
identified 748 matches, yielding an estimate of
11,140 non-fatal RTIs (95% CI: 10,626-11,654)
or 2,228 RTIs per year. The estimated non-fatal
RTl rate per 10,000 persons per year was 105.5.
Using more strict standards for matching re-
sulted in progressively larger estimates of inju-
ries reaching a high of 32,806 non-fatal RTIs
using the most restrictive matching standard,
standard A (Table 3).

The point estimate for non-fatal RTIs using
the capture-recapture method were at least
105.5 injuries/10,000 population/year. A maxi-
mum rate was 310.8 injuries/10,000 population/
year, which is equivalent to at least 393 injuries/
10,000 vehicles. The percentage of under-re-

Table 1
The four different standards used to define a match between hospital and police records for non-
fatal injury due to road traffic injuries in Thai Nguyen City, Vietnam during the years 2000-2004.

Standard Name Surname Sex Age Date of injuries  Address of victim
A Same Same/similar Same Same Same Same
B Same Same/similar Same Same Same
C Same Same/similar Same Same
D Same Same/similar Same
Table 2.

Distribution of the non-fatal injuries from road traffic accidents by sex, age group and status of
victim comparing hospital and police records in Thai Nguyen City during the years 2000-2004.

Hospital source Police source

Variables
Number % Number %
Sex
Male 4,086 67.3 1,022 74.4
Female 1,983 32.7 351 25.6
Age group
<5 129 2.1 8 0.6
5-14 474 7.8 46 3.4
15-24 2,022 33.3 576 42
25-34 1,185 19.5 298 21.7
35-44 1,014 16.7 239 17.4
45-54 642 10.6 127 9.2
=55 603 9.9 79 5.8
Status of victim
Driver 4,709 77.5 907 66.1
Passenger 718 11.9 369 26.8
Pedestrian 642 10.6 97 7.1
Total 6,069 100 1,373 100
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Table 3
Estimation of non-fatal injuries due to road traffic accidents in Thai Nguyen City during the years
2000-2004 using the capture-recapture method.

Match Number ~ Number Number Estimated Estimated % under-
type of of of number  non-fatal reporting
matches unmatched unmatched of non- injuryrate g cv 95% ClI from both
hospital police fatal per 10,000 sources
data data injuries  persons/year
A 254 5,815 1,119 32,806 310.8 1,819 1.81 29,168-36,444 78.10
B 441 5,628 932 18,895 179 714 1.37 17,467-20,323 62.95
C 674 5,395 699 12,363 117.1 320 1.11 11,723-13,003  45.26
D 748 5,321 625 11,140 105.5 257 1.06 10,626-11,654 39.91

porting from both sources was at 39.91% in
Standard D and 78.1% in standard A.

DISCUSSION

In our study, the police RTI reporting rate
was 22.6% of the hospitalized patient rate, sug-
gesting an important deficit in the police records
of collisions leading to hospitalization. This study
also illustrates the usefulness of the capture-re-
capture method in assessing the completeness
of information systems regarding road traffic in-
juries that were based on police and hospital
data. The police injury reporting rate was lower
than those of other similar studies, which re-
ported a police-reported rate varying from 55 to
83% (Bull and Roberts, 1973; Maas and Harris,
1984; Barancik and Fife, 1985; Rosman and
Knuiman, 1994). One possible explanation was
that the socio-economic and cultural context in
Vietnam causes people involved in a road crash
to be less willing to report to police than those
in other countries.

Exploring the database revealed the police
data could hardly represent a total picture re-
garding RTIs in Thai Nguyen City. In keeping with
other studies, our findings indicate that the re-
porting rates varied according to type of vehicle
involved, time of injury, victim addresses and
availability of prehospital care for the victims (Bull
and Roberts, 1973; Maas and Harris, 1984;
Barancik and Fife, 1985; Harris, 1990; Rosman
and Knuiman, 1994).

As far as vulnerable road users are con-
cerned, it should be noted that although 22% of
bicycles share in the vehicle mix on Thai Nguyen
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roads, bicycle injuries were highly under-repre-
sented in the police database. A large deficit of
bicycle injuries in the police database is well
known in OECD countries (Hvoslef, 1994). Keep-
ing this in mind, this implies that one has to rely
on hospital data to shed light on the bicycle in-
jury problem.

Even with the least restrictive (most sensi-
tive) matching criteria (criteria D: requiring a
matching name, surname and sex of victim with
any one of the following variables: age, address
of victim and date of injuries matched) the non-
fatal injury rates for RTlIs in Thai Nguyen City were
8 times higher than that reported by the police.
Using more strict (more specific) criteria in-
creased the difference even further. Since data
collection under police and hospital reporting
systems relied heavily on verbal reports of vic-
tims or bystanders, the quality of data was ques-
tionable, especially for variables like age, victim
address, and date of injury. Thus, the least re-
strictive matching standard, standard D, would
likely be most appropriate. It provided a conser-
vative estimate of RTIs. Even for the most con-
servative estimates, the magnitude of the RTI
problem in Thai Nguyen City was far greater than
that reported by routine police and hospital re-
porting systems. The annual rate for non-fatal
RTIs estimated by the capture-recapture tech-
nique was at least 105.5/10,000 population
compared to 57.5 and 13.0 non-fatal injuries/
10,000 population using the hospital and police
data, respectively.

In comparison to reported non-fatal RTIs
from other countries, our estimate of 105.5/
10,000 population was markedly higher than that
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of Karachi (19/10,000 population) (Razzak and
Luby, 1998) and Scotland (29.1/10,000)
(Morrison and Stone, 2000).

Our study seems to be the first to use the
capture-recapture method for counting road traf-
fic injured people in Vietnam. This statistical
method, first applied to the study of fish and
wildlife, has recently been adapted to epidemio-
logical problems (International Working Group for
Disease Monitoring and Forecasting, 1995). To
our knowledge, this method has seldom been
used to evaluate the number of injured people.
Four major assumptions must be satisfied for the
capture-recapture methodology to produce reli-
able results (Ofosu et al, 1988). The first assump-
tion is that all the members of the population
have the same probability of being captured. The
injuries in the city had the same access to the
traffic police and hospitals. Both institutions have
good communication systems and both respond
to all RTIs brought to their notice. As there was
no area of the city that was apparently not cov-
ered by either of the systems, all serious RTIs in
the city had an apparently equal chance of ei-
ther being taken care of by police or transported
to the hospital or both.

The second assumption is that the capture
sources should be independent. This is a diffi-
cult assumption to fulfill in most studies which
employ capture-recapture methodology. In our
study, the more serious injuries requiring trans-
portation. Hence, the victims would be more
likely to be seen at a major government hospi-
tal. A case like this would be more likely, than
the less severe cases, to be recorded by the
police. So there was some degree of positive
dependence between the two sources. Any posi-
tive dependence, however, will lead to an over-
estimate of the number of matches, and under-
estimate the total number of injuries. Calculat-
ing only the serious injuries may be a bias in the
estimation. This may be one of the reasons for a
higher non-fatal injury rate of 105.5/10000 popu-
lation in our study compared to 29.1/10,000 for
developed countries (Scotland) and 19/10,000
for developing countries (Karachi, Pakistan).

The third assumption using capture-recap-
ture methods was that the population should be
closed. This assumption ensures that there are
no major changes in the number of population
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over time between the two captures. In our study,
since the capture and the recapture were taking
place at the same time and within a very limited
space, there was less chance of any change in
the population. According to the population re-
ports of Thai Nguyen City during 2000-2004, the
population did not change.

The fourth assumption is that the capture
history of all the cases should be accurate. We
assume that basic legal requirements effectively
encouraged police to record name, surname,
sex, age, victim address, time, date, and place
of injury much more accurately. Hospital data
was first hand information from victims or by-
standers accompanying them to hospital. These
sources of information helped minimize inaccu-
racy in reporting. To address the difference in
the language of the names, surname and incon-
sistency in the addresses we used loose criteria
for matching.

In conclusion, the capture-recapture
method is an affordable alternative to provide
an estimate of the burden of RTIs in developing
countries where routine reporting systems suf-
fer from under reporting. In both developing and
developed countries, police records commonly
used in research and policy evaluation of RTIs.
Similar to other studies, this study revealed defi-
cit of police data for RTIs. This deficit was par-
ticularly noticeable for less severe injuries and
for bicycle injuries. We believe that hospital data
would be more reliable in assessing the magni-
tude of serious RTlIs. As RTls are on arising trend
in Vietham and other developing countries,
knowledge of the burden is necessary in policy
guidance. With limited resources in establishing
and maintaining routine reporting systems, the
capture-recapture method may be an affordable
alternative to evaluate road traffic injuries.
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