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Background: Singapore has a mandatory helmet law for motorcyclists. This study aimed to determine the
injuries sustained by helmeted motorcyclists presenting to the emergency Department (ED).
Methods: Adult victims of motor vehicular incidents (MVI) who presented to an urban public hospital ED
from 1 December 1998 to 31 May 1999 were interviewed. Chart reviews were done for those
hospitalised. Data collected were demographic, nature of injury, ambulance care, ED and hospital care,
outcome and final diagnoses.
Results: Motorcyclists formed 49.1% (1018) of all MVI victims, of whom 96.1% were men. The mean age
was 32.5 years (SD 13.1), significantly younger (p,0.0001) than the mean age of 36.4 years (SD 16.4)
among other MVI victims. The proportions of motorcyclists and other MVI patients admitted to the hospital
were not different. Among those admitted, significantly fewer (p = 0.001) motorcyclists (32.2%) sustained
head injury compared with other MVI victims (46.8%) but among the motorcyclists with head injury, more
than one third (34.2%) had severe head injury. The proportion of patients with thoracic injury was not
different (p = 0.93) between motorcyclists (10.2%) and other MVI victims (9.9%). However, among those
with thoracic injury, 79.2% of motorcyclists had severe thoracic injury, significantly more (p = 0.04) than
50% of other MVI patients. Wounds, fractures, and/or dislocations of the limbs (p,0.001) were
significantly more among motorcyclists compared with other MVI patients.
Conclusion: Compared with other MVI victims, fewer helmeted motorcyclists sustained head injury. When
head injury occurs in helmeted motorcyclists, it tends to be more severe. Motorcyclists remain vulnerable to
extremity injury and to severe chest injury.

I
n 1998 there were 370 804 cars and 133 375 motorcycles
and scooters registered1 in Singapore, a city state with a
resident population of 3.86 million. With a limited land

area of 648.1 km2, the Singapore government encourages use
of its well developed public transport system and discourages
car ownership by making it very expensive. Therefore, unlike
countries in which motorcycle use is associated with
recreation and leisure,2 3 it is an important means of daily
transportation for a significant number of people in
Singapore. For this group of people, motorcycle ownership
and use is less expensive than car ownership and still gives
them independence from public transport. For comparison,
in a number of Asian nations,4 the number of motorcycles are
in the order of millions and formed more than 50% of total
number of vehicles.5 For example, Malaysia has a population
of about 20 million with 3.7 million motorcycles forming 56%
of total number of vehicles, Taiwan has a population of 22
million with 11.9 million motorcycles forming 74% of total
number of vehicles, and Thailand has a population of 60.2
million with 8.2 million motorcycles forming 65% of total
number of vehicles. Clearly the motorcycle is an important
means of daily transportation for these and many similar
nations.
Many studies6–19 have been done comparing patterns of

injuries between helmeted and non-helmeted motorcyclists.
These studies concluded that helmets protected the motor-
cyclists by reducing the frequency and severity of head
injuries. In Singapore it is mandatory for motorcyclists and
their pillion riders to wear helmets when riding their vehicles.
This law was passed in 1972 and has been strictly enforced.
Compliance by Singaporeans and foreigners is close to 100%.
However, motorcyclists still accounted for most road casual-
ties in Singapore. The Traffic Police Department reported that
in 1998, 222 persons died and 7412 persons were injured in
motor vehicle accidents (MVI), of which motorcyclists
accounted for 87 (39.2%) of those killed and 3641 (49.1%)

of the injured.1 It seems that helmets protect the motor-
cyclists and change the pattern of fatal and non-fatal injuries
but do not necessarily affect the number of accidents
involving motorcyclists. This study was undertaken to
determine the pattern of injuries sustained by helmeted
motorcyclists in Singapore as they presented to the emer-
gency department (ED).

METHODS
The study was conducted in a 1000 bed acute urban public
hospital in which the annual census of the ED was 110 000.
From 1 December 1998 to 31 May 1999, all consecutive
patients above 15 years old with MVI injuries who presented
to the ED were enrolled in the study. Interviews with the
patients or suitable surrogates were conducted in the ED
using a closed-ended questionnaire. All the ED doctors were
briefed on the use of the questionnaire. The doctor who
provided care for the patient also administered the interview.
Because of the logistic problems posed by the large number of
patients involved, we did not attempt to have a second
observer counter check the data captured during the inter-
views. The computerised 24 hour ED attendance log was
checked to ensure enrolment of all eligible patients. A trained
research nurse extracted data of those patients who were not
interviewed during their episode of ED care.
For patients who were admitted to the hospital, chart

reviews were also done by the first (KYT) and second (ES)
authors. Again, because of the large number of patients
involved, we did not attempt to have a second observer
counter check the data collected during the chart review. The
following data were collected: (1) demographics, (2) ambu-
lance timings, (3) cause and nature of injury, (4) assessment
of physiological parameters in ED, (5) ED care and in-
hospital care, (6) definitive anatomical injury diagnoses upon
discharge or death obtained from charts, radiology reports, or
necropsies, and (7) outcomes—that is, survival or death at
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discharge from the hospital and length of stay in the
intensive care unit (ICU).
The revised trauma score (RTS)20 and the abbreviated

injury scale 1990 version (AIS-90)21 were used to characterise
injury severity. The injury severity score (ISS)22 was
calculated based on the AIS-90. The RTS and ISS were then
used to perform TRISS analysis as described by Boyd et al23 to
determine the probability of survival (Ps) for the group of
patients who met one or more of the following criteria: (a)
died from their injuries, (b) admitted to high dependency
(HD) unit ICU, or (c) ISS 16 or higher. This group was
designated the major trauma subset. Two sets of blunt
trauma coefficients were used in the TRISS analysis: (1) US24

coefficients for blunt trauma where b0=21.2470,
b1= 0.9544, b2=20.0768, b3=21.9052 and (2) Scottish25

coefficients where b0=0.945, b1=0.642, b2=20.122,
b3=21.886. Ordinal data were analysed by x2 test and
continuous data by Student’s t test. Where appropriate a p
value equal to or less than 0.05 is considered significant.
Statistical calculations were performed with the Statistical
Package for Social Sciences (SPSS) (Chicago, USA).
This study was approved by the hospital ethics committee.

RESULTS
The total ED attendance for the six months of the study
period was 52 680 of which 11 313 (21.5%) were for trauma
related complaints. Among these 11 313 patients, there were
1018 (9%) motorcyclists, 1057 (9.3%) other MVI victims, and
9238 (81.7%) non-MVI trauma victims. The 1018 motor-
cyclists formed 1.9% of total ED patient load and 49.1% of all
MVI victims. Among the other MVI victims, there were 401
(37.9%) pedestrians, 246 (23.3%) car drivers, 248 (23.5%)
vehicle passengers, and 162 (15.3%) cyclists. The mean age of
the motorcyclists was 32.5 years (SD 13.1), which was
significantly lower (p,0.0001) than 36.4 years (SD 16.2) for
other MVI patients. An overwhelming majority (96.1%) of
motorcyclists were men compared with a significantly lower
(p,0.0001) proportion of 60.9% men among other MVI
patients. Motorcyclists sustained injuries from skidding in
46.5%, collision with a car in 35.2%, collision with a heavy
vehicle in 7.3%, and collision with other objects in 11%.
The ethnic group distribution in the general population in

19981 was 77% Chinese, 14% Malay, 7.6% Indian, and 1.4%
others. Among motorcyclists seen in the ED, there were
65.3% Chinese, 20.8% Malay, 11.8% Indian, and 2.2% other
ethnic groups, with the proportions of Malay and Indian
being significantly higher (p,0.0001). In addition to the
resident population, there are 20 000 foreign workers from
West Malaysia, a neighbouring country that is 25 km north
of Singapore. Most of these Malaysian foreign workers
commute daily on motorcycles and scooters to work in
Singapore. This group of foreign workers formed 16.7% of the
injured motorcyclists seen in the ED.

About half (51.5%) of the motorcyclists were brought to
the ED by the emergency ambulance service, which was
comparable to 54.2% of other MVI victims brought in by the
emergency ambulance service. A history of alcohol consump-
tion before sustaining injury or the presence of alcohol on the
patient’s breath was classified as clinically detectable recent
alcohol consumption. The proportion of motorcyclists with
clinically detectable recent alcohol consumption was 0.9%,
which was not significantly different from the 0.9% among
other MVI victims. Four motorcyclists and five other MVI
victims sustained traumatic arrest en route to the ED and
died in the ED. The proportion of motorcyclists admitted to
the hospital was 23.2%, which was not significantly different
from the 21% of other MVI victims. Table 1 summarises the
demographic characteristics of the motorcyclists and other
MVI patients. Figure 1 showed the outcome of all MVI
patients.
Among those discharged from the ED, the patterns of

principal injuries sustained by the motorcyclists and other
MVI victims are summarised in table 2. Minor wounds to the
head and trunk occurred in 56% of the other MVI patients
but only in 24.3% of motorcyclists (p,0.001). However,
abrasions, wounds, and fractures of the limbs are much more
common among the motorcyclists discharged from the ED.
The proportion of minor head injury and other injury is not
significantly different between the two groups. Upon
discharge from the ED, half (49.9%) of the motorcyclists
did not need any follow up, 25.1% were referred to the
orthopaedic outpatient clinic, and 22.8% were referred to
their primary care physicians. For the other MVI patients,
63.6% did not need follow up, 19.2% were referred to their
primary care physicians, and only 12.5% needed orthopaedic
outpatient review. Motorcyclists needed longer sick leave
after discharge from the ED.
For each patient admitted to the hospital, the AIS regions

with the three most severe injuries were recorded. Table 3
summarises the proportion of motorcyclists and other MVI
patients who sustained injuries to each of the six AIS regions.
Excluding AIS region six external system, 28.8% of motor-
cyclists sustained injuries to two or more regions, which is
not significantly different from 23% of other MVI patients.
The proportion of other MVI patients with head and neck
injuries was significantly higher (p=0.001) than that among
motorcyclists. However, among motorcyclists with head
injury, 34.2% sustained severe head injury (defined by AIS
>3), significantly more (p=0.02) than 19.2% among other
MVI patients. Only five (6.6%) motorcyclists and 14 (13.4%)
other MVI patients sustained injuries to the neck or cervical
spine among those with head and neck injuries. The overall
number with thoracic injuries was not significantly different
between the two groups but motorcyclists had almost twice
the number of severe thoracic injuries compared with other
MVI patients. This finding is somewhat reversed for
abdominal and pelvic content injuries in which other MVI

Table 1 Demographic characteristics of motorcyclists and other MVI patients

Characteristic/parameter
Motorcyclists
(n = 1018)

Other MVI patients
(n = 1057)

Pedestrians
(n = 401)

Car drivers
(n = 246)

Passengers
(n = 248)

Cyclists
(n = 162) p Value

Mean age (y) (SD) 32.5 (13.1) 36.4 (16.2) 39.4 (19.8) 38.2 (12.6) 36.2 (14.8) 35.84 (17.4) ,0.0001
Median age (y) 27.8 31.7 33.9 36.3 32.3 28.9
Proportion of men 96.1 60.9 55.6 83.3 40.7 85.2 ,0.0001
Brought in by emergency
ambulance service

51.5 54.2 54.6 60.8 57.3 34.6 0.11

ED disposal
Admitted to hospital 23.2 21 25.2 17.6 17 26.5 0.49
Discharged from ED 76.4 78.5 74.6 81.6 83 72.2
Died in ED 0.4 0.5 0.2 0.8 0 1.2

Data shown as percentages unless otherwise stated.
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victims had more with severe injuries compared with
motorcyclists. Similar to patients discharged from ED, a
significantly higher (p,0.0001) proportion of hospitalised
motorcyclists (66.5%) sustained extremities and pelvic girdle
injuries compared with other MVI patients (40.5%).
Motorcyclists and other MVI patients who met the major

trauma subset criteria24 25 were further examined. Table 4
shows the demographic characteristics, physiological para-
meters, in-hospital management, RTS, ISS, and probability of
survival (Ps) of this subset of patients. There were 28
motorcyclists and 28 other MVI patients who met the major
trauma definition. Table 4 showed that the characteristics
and parameters of both groups were not significantly
different except for the mean age and the proportion of men.

DISCUSSION
According to the Singapore census of population for year
2000,26 4.8% of the population rides the motorcycle as the

mode of transport to work. The typical motorcyclist comes
from a lower income household, lives in a public flat, and is a
blue collar worker or a less skilled white collar worker.26 Our
study also found that motorcyclists were younger, almost
exclusively male, and many more were Malays. This profile
does not differ greatly from an earlier study by Wong et al27 of
hospitalised motorcyclists from 1986 to 1987. However, one
major difference is the apparent reduction in alcohol use,
from the 10% reported by Wong et al and 2.3%–3% reported
by Chao et al28 for 1987 to 1989, to 0.9% in our study.
Comparison of alcohol use among the three studies is limited
by different sampling methods: Wong et al calculated the rate
based on historical report, Chao et al used blood alcohol
concentrations, and this study used patient’s report and the
ED doctor’s observation of alcohol on patient’s breath, which
was at best a subjective assessment. Aside from differences
in sampling methods and study populations, the Singapore
Traffic Police has implemented vigorous drunk driving

Figure 1 Outcome of all MVI patients.

Table 2 Injuries sustained and follow up plans for motorcyclists and other MVI patients discharged from the ED

Injury
Motorcyclists
(n = 778)

Other MVI patients
(n = 830)

Pedestrians
(n = 304)

Car drivers
(n = 198)

Passengers
(n = 209)

Cyclists
(n = 119) p Value

Abrasions 50.1 24.5 18 13.4 12.3 32.8 ,0.001
Minor wounds to limbs 33.7 25.4 29.2 11.9 15.8 25 0.52
Fracture and/or
dislocation of upper
limbs

12.3 4.3 6.4 1 1 10.3 ,0.001

Fracture of lower
limbs

4.2 1.9 4.7 1 1 1.7 0.02

Minor wounds to
head and trunk

24.3 56 38.3 71.1 65 29.3 ,0.001

Minor head injury 0.9 1.2 1.4 0.5 2.5 0 0.20
Other injury,for example,
rib fracture, burns

1.9 1.8 2 1 2.5 0.9 0.33

Follow up plans
No follow up needed 49.9 63.6 56.9 71.8 74.6 49.6 ,0.001
Referred to primary
care provider

22.8 19.2 22.1 11.3 11.2 28.2 0.06

Referred to
orthopaedic clinic

25.1 12.5 16.4 10.8 9.3 14.5 ,0.001

Referred to other
outpatient clinics

2.3 4.7 4.7 6.1 4.9 7.7 0.001

Duration of sick
leave (SD)

4.8 (3.3) days 3.5 (2.5) days 3.8 (2.8) days 3.1 (1.8) days 3.1 (2.4) days 4.1 (3) days ,0.001

Data shown as percentages unless otherwise stated.

480 Tham, Seow, Lau

www.emjonline.com

 on M
ay 17, 2023 by guest. P

rotected by copyright.
http://em

j.bm
j.com

/
E

m
erg M

ed J: first published as on 18 June 2004. D
ow

nloaded from
 

http://emj.bmj.com/


control measures through public education and random
breath testing in the past decade. We believed this had
resulted in the small number of drunk MVI victims in our
study. Unlike reports by other researchers,7 29 30 alcohol use is
not a major cause of motorcycle crashes in Singapore now
and this is supported by a report from the National Safety
Council of Singapore in the local newspaper,31 which states
that dangerous riding habits resulting in loss of control of the
vehicle and not being alert to traffic conditions are the
primary causes of most accidents.
Clinical studies7–9 11 and epidemiological studies6 10 12–19 by

other researchers who compared helmeted with non-
helmeted motorcyclists consistently found a strong protective
effect of helmets against head injury. With the mandatory
helmet law in force for almost 30 years, Singapore
researchers have little baseline data to compare injury
patterns sustained by non-helmeted motorcyclists. Despite
such comprehensive helmet laws, motorcyclists and their
pillion riders still form the largest group of road fatalities
annually in Singapore, ranging from 43.2% in 19981 to 54.7%
in 2000. For comparison, in nations where helmet laws were
either absent or not enforced, motorcyclists typically formed
more than 50% of road fatalities,5 for example, motorcyclists
formed 54% of road fatalities in Taiwan and 63.4% in
Thailand. In this study, the proportion of motorcyclists with
head injury was lower than other MVI patients, indicating
the strong protective effect of helmets. However, among the

motorcyclists with head injury, the proportion with serious
head injury was higher than the other MVI patients. This
seems to imply that there is a limit to the protection by
helmets against head injury beyond which other factors, for
example, crash characteristics, will affect severity of head
injury even in helmeted motorcyclists. This has important
bearings on public health and education in that safe riding
habits and behaviour must be promoted together with helmet
use to see a reduction in the number of motorcycle casualties.
Where the helmet law has been successful in changing the

pattern of head injury among motorcyclists, they remain
vulnerable to extremity injuries. Wounds and fractures of the
limbs have resulted in many more motorcyclists requiring
follow up care with either primary healthcare givers or at the
orthopaedic outpatient clinic, resulting in higher health
resources utilisation. Being younger and within their
economically active years, the longer sick leave resulting
from injuries translates into economic loss for the motor-
cyclists and for the society.
Motorcyclists are also vulnerable to severe thoracic injury.

The proportion of motorcyclists with thoracic injury is not
significantly different from other MVI victims but the
proportion with severe thoracic injury is very much higher
among motorcyclists. Although the abdomen like the thorax
is equally exposed to injury, interestingly, the proportion of
severe abdominal injury among motorcyclists was much
lower than other MVI patients. More work will need to be

Table 3 Injuries sustained by motorcyclists and other MVI patients admitted into hospital

AIS region
Motorcyclists
(n = 236)

Other MVI patients
(n = 222)

Pedestrians
(n = 78)

Car drivers
(n = 49

Passengers
(n = 48)

Cyclists
(n = 47) p Value

Head and neck (as % of
admitted patients)

76 (32.2) 104 (46.8) 32 14 39 19 0.001

Number with AIS>3 26 20 12 1 3 4
Face (as % of admitted patients) 19 (8.1) 8 (3.6) 0.04
Number with AIS>3 4 0 5 1 0 2

Thorax (as % of admitted patients) 24 (10.2) 22 (9.9) 7 3 6 6 0.93
Number with AIS>3 19 11 4 1 3 6

Abdomen (as % of admitted
patients)

12 (5.1) 16 (7.2) 7 1 5 3 0.34

Number with AIS>3 3 12 6 1 3 2
Extremities and pelvic girdle
(as % of admitted patients)

172 (72.9) 75 (33.8) 34 11 12 18 ,0.0001

Number with AIS>3 58 36 20 3 7 6
External (as % of admitted patients) 91 (38.6) 75 (33.8) 32 16 13 14 0.29

The percentages do not add up to 100% because one patient may have two or more regions of injuries.

Table 4 Comparison of motorcyclists and other MVI patients in the major trauma subset

Characteristic/parameter Motorcyclists (n = 28) Other MVI patients (n = 28) p Value

Mean age (y) (SD) 36 (13.6) 46 (22) 0.05
Median age (y) 31.2 46.2
Number (%) of men 27 (96.4) 18 (64.3) 0.02
ED physiological parameters
Mean systolic blood pressure (SD) 123.9 mm Hg (54.7) 113.5 mm Hg (57) 0.49
Mean heart rate (SD) 70.6/min (29) 79.9/min (42.5) 0.35
Mean respiratory rate (SD) 17.4/min (6.3) 16.1/min (8.9) 0.52

Mean GCS (SD) 10.6 (5) 10 (5.3) 0.62
Mean number of surgical operations (SD) 1.5 (0.67) 1.82 (1.08) 0.4
Mean length of stay in ICU (SD) 1.7 days (3.3) 3.32 days (7.7) 0.36
Outcome
Number who died in ED (%) 4 (14.3) 5 (17.9) 0.7
Number who died in hospital (%) 4 (14.3) 5 (17.9)
Discharged home (%) 16 (57.1) 15 (53.6)
Discharged to rehabilitation facility (%) 4 (14.3) 3 (10.7)

RTS (SD) 6 (2.6) 5.8 (2.7) 0.74
ISS (SD) 30.89 (13.5) 34.11 (17.15) 0.44
Ps (SD) using US coefficients 0.74 (0.38) 0.65 (0.39) 0.39
Ps (SD) using Scottish coefficients 0.67 (0.37) 0.53 (0.4) 0.17
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done to understand motorcycle crash characteristics to
explain the difference in injury patterns between the thorax
and the abdomen. Possibly because of the small number of
patients who met the major trauma definition, comparison
between motorcyclists and other MVI victims did not yield
any additional significant differences.
One of the limitations of the study was the lack of data for

the group of road fatalities who died at scene and were not
sent to the ED. While it remained possible that the pattern of
injuries for this group might have been different, we believed
however that the injuries seen among our major trauma
subset approximated those who died at scene. Another
limitation was that the study centre had the highest number
of trauma patients in the entire nation. This could lead to
findings of higher proportion of MVI victims and higher
proportion of serious injuries than what really existed in the
nation. Finally, because of the large number of patients
involved, we could not arrange for a second observer to
obtain data, resulting in a single observer study with all its
inherent potential weaknesses.
In summary, compared with other MVI victims, fewer

helmeted motorcyclists sustained head injury. When head
injury occurs in helmeted motorcyclists, it tends to be more
severe. Motorcyclists remain vulnerable to extremity injury
and to severe chest injury even though the same is not
observed for abdominal injury. Though helmet laws have
been in place in Singapore for a long time, more can be done
to reduce the heavy fatality toll among motorcyclists,
especially by promotion of safe riding behaviour.

ACKNOWLEDGEMENTS
We thank Ms Anisa, A Quek, Rahimah and staff of the emergency
department for their help with the data and Mr S P Chan for his help
with the statistical analysis.

Authors’ affiliations
. . . . . . . . . . . . . . . . . . . . .

K-Y Tham, E Seow, Department of Emergency Medicine, Tan Tock Seng
Hospital, Singapore
G Lau, Centre for Forensic Medicine, Health Sciences Authority,
Singapore

Funding: this study was supported in part by a grant from Tan Tock Seng
Hospital, Singapore.

Conflicts of interest: none declared.

REFERENCES
1 Department of Statistics. Singapore yearbook of statistics 1998. Singapore:

Ministry of Trade and Industry, 1998.
2 Wick M, Muller EJ, Ekkernkamp A, et al. The motorcyclist: easy rider or easy

victim? An analysis of motorcycle accidents in Germany. Am J Emerg Med
1998;16:320–3.

3 Wigglesworth EC. Motor vehicle crashes and spinal injury. Paraplegia
1992;30:543–9.

4 CIA. The world fact book 2002 web site. http://www.odci.gov/cia/
publications/factbook (accessed 7 Jan 2003).

5 Tan M. Motorcycle safety. Proceedings from Japan Society of Automotive
Engineers spring convention. Yokohama, Japan, 18–21 May 1999:9–11.

6 Heilman DR, Weisbuch JB, Blair RW, et al. Motorcycle-related trauma and
helmet usage in North Dakota. Ann Emerg Med 1982;11:659–64.

7 Bried JM, Cordasco FA, Volz RG. Medical and economic parameters of
motorcycle-induced trauma. Clin Orthop 1987;233:252–6.

8 Sood S. Survey of factors influencing injury among riders involved in
motorized two-wheeler accidents in India: a prospective study of 302 cases.
J Trauma 1988;28:530–4.

9 Bachulis BL, Sangster W, Gorrell GW, et al. Patterns of injury in helmeted and
non-helmeted motorcyclists. Am J Surg 1988;155:708–11.

10 Sosin DM, Sacks JJ, Holmgreen P. Head injury-associated deaths from
motorcycle crashes. Relationship to helmet-use laws. JAMA
1990;264:2395–9.

11 Kelly P, Sanson T, Strange G, et al. A prospective study of the impact of
helmet usage on motorcycle trauma. Ann Emerg Med 1991;20:852–6.

12 Braddock M, Schwartz R, Lapidus G, et al. A population-based study of
motorcycle injury and costs. Ann Emerg Med 1992;21:273–8.

13 Muelleman RL, Mlinek EJ, Collicott PE. Motorcycle crash injuries and costs:
effect of a reenacted comprehensive helmet use law. Ann Emerg Med
1992;21:266–72.

14 Shankar BS, Ramzy AI, Soderstrom CA, et al. Helmet use, patterns of injury,
medical outcome, and costs among motorcycle drivers in Maryland. Accid
Anal Prev 1992;24:385–96.

15 Rutledge R, Stutts J. The association of helmet use with the outcome of
motorcycle crash injury when controlling for crash/injury severity. Accid Anal
Prev 1993;25:347–53.

16 Mock CN, Maier RV, Boyle E, et al. Injury prevention strategies to promote
helmet use decrease severe head injuries at a level I trauma center. J Trauma
1995;39:29–33.

17 Orsay E, Holden JA, Williams J, et al. Motorcycle trauma in the state of
Illinois: analysis of the Illinois Department of Public Health Trauma Registry.
Ann Emerg Med 1995;26:455–60.

18 Panichaphongse V, Watanakajorn T, Kasantikul V. Effects of law
promulgation for compulsory use of protective helmets on death following
motorcycle accidents. J Med Assoc Thai 1995;78:521–5.

19 Rowland J, Rivara F, Salzberg P, et al. Motorcycle helmet use and injury
outcome and hospitalization costs from crashes in Washington State.
Am J Public Health 1996;86:41–5.

20 Champion HR, Sacco WJ, Copes WS, et al. A revision of the trauma score.
J Trauma 1989;29:623–9.

21 Association for the Advancement of Automotive Medicine. The abbreviated
injury scale 1990 revision. Illinois: Des Plaines, 1990.

22 Baker SP, O’Neil B, Haddon W, et al. The injury severity score: a method for
describing patients with multiple injuries and evaluating emergency care.
J Trauma 1974;14:187–96.

23 Boyd CR, Tolson MA, Copes WS. Evaluating trauma care: the TRISS method.
J Trauma 1987;27:370–8.

24 Champion HR, Copes WS, Sacco WJ, et al. The major trauma outcome study:
establishing national norms for trauma care. J Trauma 1990;230:1356–65.

25 The Scottish Trauma Audit Group. Preliminary analysis of the care of injured
patients in five Scottish teaching hospitals: first report from the Scottish Trauma
Audit Group (STAG). Health Bull 1995;53:55–65.

26 Department of Statistics. Singapore census of population, 2000: mode of
transport. Singapore: Ministry of Trade and Industry, 2000.

27 Wong TW, Phoon WO, Lee J, et al. Motorcyclist traffic accidents and risks
factors: a Singapore study. Asia Pac J Public Health 1990;4:34–8.

28 Chao TC, Lo DS, Bloodworth BC, et al. Drinking and driving in Singapore,
1987 to 1989. Am J Forensic Med Pathol 1992;13:255–60.

29 Preusser DF, Williams AF, Ulmer RG. Analysis of fatal motorcycle crashes:
crash typing. Accid Anal Prev 1995;27:845–51.

30 Peek AC, Kraus JF. Alcohol use, driver, and crash characteristics among
injured motorcycle drivers. J Trauma 1996;41:989–93.

31 Chong CK. Motorcyclists account for most road deaths. The Straits Times 1998;
23 Oct.

482 Tham, Seow, Lau

www.emjonline.com

 on M
ay 17, 2023 by guest. P

rotected by copyright.
http://em

j.bm
j.com

/
E

m
erg M

ed J: first published as on 18 June 2004. D
ow

nloaded from
 

http://emj.bmj.com/

