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a b s t r a c t 

Background: Paediatric traffic accidents (TA) have a major impact globally on youth deaths and disabili- 

ties. It is known that the trends of TAs leading to fatal outcomes are decreasing in high-income countries. 

However, the literature concerning children’s non-fatal TAs is scarce and outdated. The aim of this study 

was to report on the epidemiology of TAs amongst children admitted to the emergency department (ED) 

in Tampere, Finland. 

Materials and methods: We conducted a descriptive retrospective cohort study in Tampere University 

Hospital from January 2016 to May 2017. The study population consisted of all TA trauma patients aged 16 

years or younger. A total of 386 cases (386 visits / 381 patients) fulfilled the inclusion criteria. Outcome 

variables such as length of stay, incidences of different accidents and types injuries, and seasonal variation 

were recorded. 

Results: The mean age of the patients was 12.2 ± 4.2 years (boys: n = 247, 64%). The incidence of 

TAs in Tampere was 26.6 per 10,0 0 0 with a peak of 119.6 in children 15 years of age. Most of the TAs 

occurred during the summer . Of the patients admitted to the ED, 33% ( n = 127) did not require any 

specific medical treatment, and only 16% ( n = 62) of the hospital stays lasted for two nights or more. 

Mopeds/motorcycles were the vehicles most commonly involved in accidents causing 35% ( n = 134) of all 

accidents and resulting in the most severe injuries. The most common injuries were superficial ( n = 142, 

38%) and the most frequent anatomical region affected was the lower limbs ( n = 130, 34%). 

Conclusion: We found that the majority of childhood traffic accidents in Tampere were mild and required 

only minor treatment. However, when the child reaches the legal age for acquiring a driving licence for 

a moped the risk for TAs and resulting injuries increases dramatically. These findings highlight the need 

for better targeted TA prevention. 

© 2021 Published by Elsevier Ltd. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Paediatric traffic accidents (TAs) are an important public health

oncern due to their high global impact on youth deaths and dis-
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020-1383/© 2021 Published by Elsevier Ltd. This is an open access article under the CC
bilities [1] . According to the World Health Organization, road traf-

c accidents (RTAs) are the leading cause of death amongst 15–

9-year-olds and the second leading cause amongst 5–14-year-olds

 2 , 3 ]. In addition to mortality, several studies have highlighted TAs

s one of the most common and severe causes of childhood in-

uries [4–9] . Although TA mortality has been decreasing in high-

ncome countries such as Finland, TAs account for over seven per

ent of disability-adjusted life years (DALYs) in 15–19-year-olds and

lose to three per cent in younger children, being also the main
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cause of injury-related death [ 5 , 10–12 ]. Apart from the burden of

substantial mental, physical and cognitive disabilities, TAs result in

major socioeconomic costs [ 3 , 5 , 13–16 ]. 

The annual TA fatality rate in Finland decreased by half, from

100 to 50, amongst 15–24 year-olds during the last decade [17] . In

the same period, the number of non-fatal TA injuries decreased by

a third [17] . amongst children aged 0–14, the decline in fatal TAs

has likewise been dramatic: from 149 in 1971 to seven in 2010, al-

though for the last 15 years the decline has slowed down [ 7 , 18 ].

The downward trend in fatal TA injuries has persisted for the last

60 years, even though the number of vehicles has increased, but at

the same time overall morbidity has not changed as significantly

[18–20] . The decrease in injuries and fatalities originates from sev-

eral amendments to the Finnish legislation and changes in the au-

tomotive industry and patient care, and the same can be seen in

other high-income countries [ 10 , 20 ]. Despite these effort s, Finland

is only in the twelfth place in the ranking of the safest countries

in Europe regarding road safety, thus further actions are warranted

[21] . 

Earlier epidemiological studies on TAs have been predominantly

conducted in low- and middle-income countries with an empha-

sis on adults and fatal injuries. The scientific literature concerning

children’s non-fatal TAs is scarce and outdated. There is a clear

need to create applicable solutions for better injury prevention

[ 2 , 3 , 10 , 20 ]. Although the trends of TAs leading to fatal outcomes

are well known, there are no subsequent studies addressing the

non-fatal injuries caused by TAs in high-income countries. 

The purpose of this study was to provide a detailed examina-

tion of children ( ≤ 16 years) in a high-income country admitted to

an emergency department (ED) after TA. A special interest was to

identify potential targets for future preventive measures for chil-

dren’s TAs. We hypothesized that major injuries would be rare and

related mostly to motor vehicles as paediatric mortality in Finland

is low, but mostly related to motor vehicles [18] . We also expected

boys to be overrepresented in the study sample based on previous

studies [ 4 , 6 , 14 , 16 , 18 ]. 
Fig. 1. Flow chart of the selection of the study population for 0–16-year-old traffic accid

(January 2016 - May 2017). 
aterials and methods 

This descriptive retrospective cohort study focused on trauma

atients aged 16 years or younger admitted to the ED of the Tam-

ere University Hospital, Tampere, Finland due to a traffic accident

etween the 1st of January 2016 and the 31st of May 2017. The

tudy protocol was approved by the Tampere University Hospital’s

dministration (approval number: R175695). Due to the retrospec-

ive nature of study, no formal ethical approval was acquired. The

ampere University Hospital’s ED has around 10 0,0 0 0 yearly vis-

ts (20% traumas of which 17% concern patients 0–16 yrs.). The ED

s the main public referral centre for paediatric injuries and is re-

ponsible for more than 95,0 0 0 children aged 0 to 16 living in the

irkanmaa Health Care District [ 22 , 23 ]. Pirkanmaa covers both ru-

al and urban areas. 

All ED-admitted TA patients with an ICD-10 external cause code

f V00-V99 were identified from the hospital electronic medi-

al records. Additionally, the medical records were electronically

earched with the terms “traffic accidents” and “road traffic ac-

idents” indicating a traffic accident not covered by the ICD-10

xternal cause coding. The patients initially included were there-

fter verified manually as TA patients by reviewing the medical

ecords. A TA was defined as follows: i) an accident which took

lace on a road and involved at least one moving vehicle, or ii) an

ff-road accident involving at least one moving vehicle. Any injury

ithout the involvement of a moving vehicle was excluded from

he study. Along with the initial ED record screening, we identi-

ed from the electronic medical records all patients admitted to

he paediatric surgical ward. A total of 952 cases were found, 78

f which were duplicates ( Fig. 1 ). Data collection included demo-

raphic, injury- and treatment-related details. Accident types were

lassified by the vehicle the child was in at the moment of the

ccident, injury types were classified by the anatomical region af-

ected as well as the type of the injury. TA incidences were re-

orted in terms of 1:10,0 0 0. For the statistical analyses, the pa-

ients were stratified into the following age groups: i) preschool
ent patients attending the emergency department of Tampere University Hospital 
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0–6 years), ii) children before (7–14 years), and iii) after (15–16

ears) the legal age for driving a moped. The statistical analyses

ere performed using IBM SPSS Statistics software version 25 (Ar-

onk, New York, USA). The statistical analysis included the X 

2 test

or categorical data and proportions, one-way ANOVA test for dif-

erences of means and Wilson score interval for confidence inter-

als of 95%. The level of statistical significance was set at 5%. 

esults 

Altogether 386 cases (386 visits / 381 patients) met the inclu-

ion criteria ( Table 1 ). The mean age of the patients was 12.2 ± 4.2

ears (Range 0–16.99 years), and age and gender distributions are
Table 1 

Distribution of number and percentage of genders, earlier accidents, acciden

accident patients attending the emergency department of Tampere Universit
resented in Fig. 2 and Table 1 . Of the 386 injuries, only one was

atal (0.3%). The fatality was due to a subarachnoid haemorrhage

nd diffuse brain damage caused by a car accident where the pa-

ient had himself been driving. The incidences were calculated only

or Tampere residents (146 TAs) due to the possibility of residents

f rural Pirkanmaa area being treated outside the Tampere Univer-

ity Hospital. 

The incidence of TAs in Tampere city was 27.8 per 10,0 0 0 per

ear (boys 30.4 and girls 25.2). The age group stratified incidences

ere as follows: age 0–6 years = 13.0, 95% CI = 8.49–20.0; age

–14 = 29.9, 95% CI = 21.9–39.9; and age 15–16 = 82.0, 95%

I = 57.7–116. A clear peak in incidence was seen amongst 15-year-

lds (incidence = 119.6). 
t types and injury types between age groups for 0–16-year-old traffic 

y Hospital (January 2016 - May 2017). 
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Fig. 2. Histogram of the age and gender distribution of the study population for 0–16-year-old traffic accident patients attending the emergency department of Tampere 

University Hospital (January 2016 - May 2017). 
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Types of accidents 

The main finding was that one third of the injuries were caused

by moped/motorcycle accidents (of which 92% concerned drivers

and 8% passengers). The severity of injuries caused by each acci-

dent type was estimated by number of injuries, need for inten-

sive care unit (ICU) treatment, and length of hospital stay. Using

these measures moped/motorcycle, pedestrian and all-terrain vehi-

cle (ATV) accidents were the most severe ones ( Table 2 ). 

Seasonal variation 

Seasonal variation was apparent in the distribution of TAs over

the year. More TAs occurred in the summer months (mean daytime

temperature + 10 °C May to September): the mean incidence was

41 TAs per month. In the winter months (mean daytime temper-

ature less than −10 °C; November to March), the mean incidence

was only 9.4 TAs per month [24] . Most of the TAs occurred in

the afternoon and evening (15:0 0–21:0 0; 53%). In addition, the TAs

occurred mostly during time away from home, school, daycare or

hobbies (83.1%). 
reatment 

A large number of patients did not suffer any major injuries

 Table 3 ). A third of the patients (33%, n = 127) did not need

ny medical treatment in the ED, and only 16% ( n = 62) of the

ospital stays lasted two nights or more, the longest stay being

1 days. Regarding operative treatment, surgery was performed on

0.3% ( n = 79) of the patients and most frequently concerned the

pper limbs (46%, n = 44 operations, five of which were closed

eductions), or the lower limbs (36%, n = 35 operations, eight of

hich were closed reductions). Boys were more likely to require

reatment (procedures other than imaging or short-term (less than

4 h) follow-up) than girls (boys 73.5%, girls 54.7%; P < 0.001) and

he same was seen in relation to surgery (boys 25.1%, girls 12.2%

 = 0.003). Three cases were excluded from treatment analyses as

he patient left the hospital before the need for treatment or imag-

ng could be evaluated. 

ge groups and gender 

We found a considerable variation in gender distribution in re-

ation to accident types. Girls were more prone than boys to be
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Table 2 

Number, percentage, incidence and confidence intervals of different injuries for each accident type concerning 0–16-year-old traffic accident patients attending the emergency department of Tampere University Hospital 

(January 2016 - May 2017). 
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Table 3 

Distribution and mean of length of stay (measured in nights) and number of patients (0–16 years old) admitted to the ED, surgical ward or ICU, 

as well as the number and percentage of imaging and operations. Tampere University Hospital (January 2016 - May 2017). 
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in passive roles in accidents: as car passengers (girls: n = 24, in-

cidence = 17.4; boys: n = 20, incidence = 8.1; P = 0.006), and

as pedestrians (girls: n = 13, incidence = 9.4; boys: n = 8, inci-

dence = 3.2; P = 0.01). Bicycle accidents caused more visits to the

ED for girls (Bicycle: n = 40, incidence = 29.0; Motorcycle/moped:

n = 35, incidence = 25.4), whereas motorcycle/moped accident

was the most common cause for boys ( n = 98, incidence = 39.7).

The boys had significantly more lower limb fractures than the girls

(17.8% versus 5.1%, p = 0.0 0 04). There was no gender difference in

the distribution of other types of injuries (all p-values > 0.05). 

Discussion 

The majority of childhood TAs in Pirkanmaa were mild, re-

quired little treatment and the injuries were mostly sustained to

the limbs. In children under 15 years of age most of the acci-
ents were caused by bicycles. However, after the age of 15, a

ignificant change in incidence and accident type became appar-

nt. amongst the 15- and 16-year-olds, moped/motorcycle-related

ccidents were the most common accident type. Most TAs hap-

ened during the summer months, most likely due to the more

avourable weather conditions for bicycle and moped/motorcycle

iding. 

Most of the research so far has focused on TAs leading to

atalities or only on motorcycle or car accidents, thus differing

rom our study design. In the present study, we did not include

raffic-related out-of-hospital deaths, only patients admitted to the

D. Again, most other research has only included children up to

5 years of age, which explains the smaller number of motorcy-

le/moped accidents in earlier studies. Despite the different focus

f this study, it also has several findings which corroborate those of

arlier studies. Seasonal variability is also apparent in other stud-
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es, although not as notably as in our study. This is probably due to

he northern location of Finland and therefore the use of mopeds,

otorcycles and bicycles is decidedly limited during the winter

 6 , 16 , 17 , 25 ]. The gender distribution is commonly found to be

kewed towards boys and injury distribution resulting from similar

auses has likewise been previously recorded [ 4 , 6 , 14 , 16 , 25 , 26 ]. Fur-

hermore, our incidence rates are in line with those of one Swedish

tudy including children up to 12 years of age [26] . The greater

umber of bicycle accidents in our study compared to earlier re-

orts may be due to the inclusion of milder injuries as most of the

icycle injuries were mild. The small number of accidents to car

assengers observed in our study is possibly due to changes in the

egislation and the automotive safety (e.g., speed limits, airbags,

ompulsory winter tires, carless city centres) [ 5 , 10 , 20 , 27 ]. 

The Tampere University Hospital is responsible for treating large

umbers of people in rural and urban areas. This combined with

he 1.5-year data collection period, large sample size, multifaceted

earch strategy to identify all patients of interest, carefully selected

ases and well-managed patient records ensures that information

ias was minimized. The results of the study are generalizable to

he whole of Finland, and in some respects, to other high-income

ountries. Nonetheless, this study has some limitations. Firstly, it

s known that not all ICD-10 codes are recorded correctly into the

edical charts. To tackle this, we used open word search terms

ogether with ICD-10 codes to detect as many cases as possible.

econdly, not all mild TA-related injuries in the catchment area

re brought to the Tampere University Hospital. Some patients may

ave been treated by private practitioners and clinics. On the other

and, as we can safely assume that all serious injuries were treated

n our hospital and registered correctly. This may have skewed

he results so that the incidence of mild injuries was underesti-

ated. Then again, our study sample did not include patients who

ied at the scene of the accident. Therefore the mortality observed

ost likely does not represent the true TA-related mortality. Over-

ll Finnish road safety is slightly better than the EU average. De-

pite this, the percentage of young people ( < 17 years old) killed in

oped accidents is the highest in Europe, which in turn has to be

ept in mind when drawing generalizable conclusions from these

esults [ 25 , 28 ]. 

This study highlights the need for changes towards safer roads

or children and moped and bicycle safety in particular should be

argeted directly. However, further research is needed to determine

he best prevention interventions. 

onclusions 

Our results show that paediatric TAs are common, but for-

unately serious consequences are rare. While knowledge of the

auses leading to these injuries is limited, we can assume that one

f the most important factors is the vehicles the child is driving. At

he age of 15, children are vulnerable to TA-related injuries due to

he increase in moped/motorcycle accidents. It is known that the

rends of TAs leading to fatal outcomes are decreasing, but the lit-

rature on children’s non-fatal TAs is scant and outdated. We hope

hat in the future children will be better taken into account in on-

oing changes in the legislation and city planning to better prevent

uture TAs. 
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