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INTRODUCTION
Pedestrian injuries are a significant contributor to paediatric 
mortality and disability in urban societies. Due to the high 
population density (i.e.  7,422 persons per km2) in Singapore, 
residential areas and commercial districts are in close proximity. 
This, coupled with Singapore’s extensive traffic infrastructure, 
constantly exposes children to dangers on the road and increases 
their risk of road traffic accidents (RTAs). In our earlier review 
on the local epidemiology of paediatric trauma, we found that, 
although falls were the most common injury mechanism, RTAs 
were the most frequent cause of moderate to severe injuries in 
children.(1) Furthermore, due to the young age of the victims 
and their possible severe morbidity, the burden of care imposed 
on society and the families of these children should not be 
underestimated.

In the literature, most of the studies on RTAs involving 
children focus on Western societies;(2-6) however, reports from 
our region are lacking. Thus, the aim of the present study was 
to identify the group of children who is at the highest risk of 
being involved in an RTA as a pedestrian, as well as the factors 
associated with major trauma (MT). This would allow future road 
safety campaigns to be tailored to our population. In addition, 
the identification of MT risk factors would facilitate the triage of 
these patients.

METHODS
Data for this study was obtained from the trauma registry of 
KK Women’s and Children’s Hospital, Singapore. All children 

aged 16 years and younger who were admitted to the hospital 
from January 2011 to December 2013 with injuries sustained 
as pedestrians in an RTA were recruited into this study. The 
injuries were coded according to the Abbreviated Injury Scale 
by a trauma coordinator accredited by the Association for the 
Advancement of Automotive Medicine. Injury Severity Scores 
(ISS) were calculated. Data pertaining to treatment and outcome 
was prospectively recorded by the trauma registry. The data 
(i.e.  patient demographics, location of accident, details of 
resuscitation, injury characteristics and clinical outcomes) was 
reviewed and analysed after approval was obtained from the 
institutional review board. Patients were defined as an MT patient 
if they fulfilled any one of the following criteria: (a) an ISS ≥ 16; 
(b) admitted to the intensive care unit; (c) had life- or limb-saving 
surgery; or (d) death. Those who did not fulfil the criteria were 
classified as non-major trauma (NMT) patients.

Statistical analysis was performed using IBM SPSS Statistics 
version 19.0 (IBM Corp, Armonk, NY, USA). Fisher’s exact test was 
used for categorical variables, while Mann-Whitney U test was 
used for nonparametric continuous variables. A p-value < 0.05 
indicated statistical significance.

RESULTS
From January 2011 to December 2013, a total of 261 children were 
admitted into KK Women’s and Children’s Hospital, Singapore, 
after being involved in RTAs as pedestrians. The majority of the 
children were male (n = 158, 60.5%) and primary-schoolers 
(n = 131, 50.2%). The median weight was 42.4 (range 8.6–93.7) kg 
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and the median age was 10 years (range 14 months–16 years). 
The demographics of these 261 children are shown in Table I.

The circumstances of the accidents are summarised in 
Table II. Most of the injuries sustained occurred on the road and 
in car parks. More than half of the accidents took place between 
12 pm and 6 pm. The majority of children were not accompanied 
by an adult at the time of the accident. Most of the accidents 
involved four-wheeled motor vehicles, followed by those that 
involved two- or three-wheeled motor vehicles.

Among the 261 injured children, 17 (6.5%) children were 
classified as MT. Their clinical characteristics are shown in 
Table  III. The median length of ICU admission was 5 (range 
1–13) days, while the median length of hospital stay was 20 
(range 1–51) days. The two patients who died were both aged 
two years and had an ISS of 16 and 38, respectively. Table IV 
shows the comparison of the children who were classified as 
MT and NMT. There was no statistically significant difference 
between the demographics of the two groups. When factors 
relating to the circumstances of the injuries were examined, only 
a positive history of being flung and loss of consciousness (LOC) 
demonstrated a statistically significant difference.

DISCUSSION
The demographics of the present patient cohort had several 
important characteristics. Echoing some previous reports,(3,7,8) 
primary-schoolers were found to have the highest risk of 
being involved in an RTA as pedestrians. The authors of these 
reports cited parental misconception as the main contributing 
factor. In a survey conducted by Rivara et al, which involved 
2,464  questionnaires, one-third of parents allowed pre-
schoolers to cross quiet residential streets and primary-one 
children to walk to school alone.(7) However, this is not 
supported by the policy statement on pedestrian safety from 
the American Academy of Paediatrics, which recommends 
that children younger than 10  years do not negotiate traffic 
conditions unsupervised, due to cognitive, perceptual and 
behavioural immaturities. In addition, the development of 
pedestrian skills varies widely among individuals; hence, 
older children may still be deficient in road safety skills.(4) As 
the results of the present study showed that the majority of the 
pedestrian injuries involved children who were unaccompanied 
by an adult (i.e. 67.8%), it is likely that the caregivers in our 
community share the same misconception.

In the present study, we also found that the majority of 
paediatric pedestrian injuries occurred between 12 pm and 6 pm 
after school hours, and on roadways. As most schools in Singapore 
conduct lessons in the morning, primary-  and secondary-
schoolers typically return home from school during the afternoon 
hours. We postulate that, although many children are escorted 
to school by their caregivers in the morning, they are generally 
expected to go home or to childcare facilities independently. 
The lack of supervision of these children in the afternoon could 
possibly lead to the peak injury timing of 12–6 pm. Agran et al 
compared the locations of 345 instances of pedestrian injury 
and found that a much higher incidence of accidents occurred 

on the streets (i.e. 81%) than in off-road locations (i.e. 19%).(9) 
This finding is similar to that of the present study, highlighting 
that children are ‘unreliable road users’.

Table I. Demographic data of the children who were admitted 
for injuries due to their involvement in road traffic accidents as 
pedestrians (n = 261).

Variable No. (%)

Gender

Male 158 (60.5)

Female 103 (39.5)

Age group

Toddler (1–3 yr) 19 (7.3)

Pre‑schooler (4–6 yr) 44 (16.9)

Primary‑schooler (7–12 yr) 131 (50.2)

Secondary‑schooler (13–16 yr) 67 (25.7)

Weight (kg)

< 5 0

5–10 3 (1.1)

11–15 15 (5.7)

16–20 30 (11.5)

21–25 28 (10.7)

> 25 171 (65.5)

Unknown 14 (5.4)

Table II. Circumstances of road traffic accidents  that involved 
children as pedestrians (n = 261).

Variable No. (%)

Not accompanied by an adult 177 (67.8)

Toddler (1–3 yr) 2 (0.8)

Pre‑schooler (4–6 yr) 15 (5.7)

Primary‑schooler (7–12 yr) 96 (36.8)

Secondary‑schooler (13–16 yr) 64 (24.5)

Accompanied by an adult 84 (32.2)

Toddler (1–3 yr) 17 (6.5)

Pre‑schooler (4–6 yr) 29 (11.1)

Primary‑schooler (7–12 yr) 35 (13.4)

Secondary‑schooler (13–16 yr) 3 (1.1)

Time of injury

12 am–6 am 4 (1.5)

6 am–12 pm 53 (20.3)

12 pm–6 pm 134 (51.3)

6 pm–12 am 63 (24.1)

Unknown 7 (2.7)

Site of road traffic accident

Roadway 212 (81.2)

Sidewalk 17 (6.5)

Car park 22 (8.4)

Others 4 (1.5)

Unknown 6 (2.3)

Vehicle type

4‑wheeled motor vehicle 220 (84.3)

2‑ or 3‑wheeled motor vehicle 30 (11.5)

Heavy vehicle 6 (2.3)

Bicycle 5 (1.9)
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Similar to previous reports, the present study had a low 
incidence of MTs (i.e. 6.5% of all paediatric pedestrian injuries). 
This raises the issue of whether clinicians have sufficient exposure 
to paediatric MT caseload and highlights the importance of a 
reliable triage system. Numerous paediatric trauma triage 
systems, incorporating both physiological parameters and injury 
mechanisms, have been proposed to identify children at risk 
for MT and to predict their outcomes. However, physiological 
parameters in children have been known to correlate poorly with 
injury severity. In addition, an earlier study from our institution, 
which evaluated the accuracy of the paediatric trauma score, 
Glasgow Coma Scale and respiratory rate in predicting MT, 
found that these factors demonstrated poor reliability.(10) Kondo 
et al and Raux et al suggested that young age and a small 
body habitus were risk factors for MT.(11,12) However, when we 
evaluated the correlation of MT with patient demographics 
and injury factors, we did not observe such a phenomenon. 
Moreover, no significant difference was detected between the 
MT and NMT groups in terms of demographic variables.

Although many trauma systems use the mechanism of injury 
as the criterion for prehospital bypass or activation of the trauma 
response team upon arrival, its poor reliability has been reported 
by many investigators.(13,14) However, in the present study, a 
positive history of being flung and LOC showed a significant 
correlation with MT. This can be explained by the fact that a large 
amount of energy upon impact is required to fling the victim, 
thereby resulting in a more severe injury. Ivarsson et al reported 
that the most commonly injured body region in paediatric 
pedestrian injuries was the head and face.(15) In our patient cohort, 
head injuries were the most common, isolated and severe injuries 
in paediatric traumas.(1) We believe that this could be attributed 
to LOC, which we found to be an indicator for MT.

The results of the present study indicate that the group of 
children with the highest risk of being involved in an RTA as 
pedestrians in Singapore are primary-schoolers who return home 
from school unaccompanied in the afternoon. Future studies 
should evaluate parental attitudes, road traffic conditions and 

accident site geography. Clinicians treating paediatric pedestrian 
victims should be mindful that a positive history of being flung 
and LOC are predictors for MT.
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