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Abstract

The primary goal of this investigation was to

determine the relative risk of traffic accidents in

students. In a two year period, a survey amongst

2,325 students was carried out, and 3,645 injuries

sustained by students treated at our hospital were

analyzed. Moped-riding in adolescents were

associated with a 23.75-fold increased risk for injury

as compared to biking. Children who ride bicycles

have a 2.2-fold increased risk for an injury

sustained by traffic accidents compared to

pedestrians. None of 50 injured bicycle riders with

helmet had an AIS for head injuries of more than 2.

24 of 233 injured bicycle drivers without helmet had

an AIS for head injuries of more than 2. The use of

a protective helmet significantly reduced the

severity of head injuries. The level of awareness

towards danger and a history of previous accidents

correlate with the likelihood of future accidents. Due

to the severity of traffic accidents, more adequate

prevention measures (wearing of bicycle helmets

and better education for moped riders) are urgently

needed.

Introduction

Injuries are the most prominent health problems

that young people face during school-going years.

They are the leading cause of death among youth.

Each year in Germany alone 300 to 400 children

under the age of 15 suffer a fatal injury [1]. Between

47% and 60% of Canadian youth experienced at

least one injury per year that required medical

treatment [2]. 

However, data on injuries only provide valid

information on the actual risk of each injury causing

activity when taken into consideration the

relationship with actual activity exposure data [3, 4].

Hence, the primary goal of this investigation was to

determine the relative risk of traffic injuries in

children and adolescents. We also considered the

influences of social and personal risk parameters

which led to the injury and which may also influence

the subsequent recovery process. 

Materials and Methods

Two different surveys were linked together to make

a differential analysis of injuries in the region of

Dresden, Germany. 

Medical Survey: In the period between 01.01.1999

to 31.12.2001 a total of 3,645 injured children and

adolescents were treated in the Surgical

Emergency Department of the University Hospital

Dresden. Data were acquired only after written

informed consent of the parents. 

The following data were evaluated: personal,

social, medical, psychological and injury describing

variables.

School Survey: 2,325 children (from 6 to under 

15 years old) and adolescents (from 15 to under 

18 years old) and respective parents were

interviewed and questioned about leisure

behaviour, living and housing settings, and history

of injuries in the past three years. The sample size

was calculated after the following formula n=u2 x p

x (100 – p) / e2 [5].  

Statistical Analysis

All statistical analyses were performed using a

SPSS for Windows Software (SPSS 10.0, Chicago,

Ill., USA). Statistical significance was assumed at

p<0.01 for the employed Chi-square test and F-test. 

An exposure-dependent risk factor was calculated

through a ratio of: injury (%)/activity (%)

[percentage of injuries caused by a specific activity

within all injuries (data from the medical survey)

divided by the percentage of a specific activity

within all activities (data from the school survey)].
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The ratios among the risk factor are relative risks,

making it possible to derive relative risks for all

studied activities. Ratios of more than one indicate

an increased relative risk for injury, while ratios less

than one a below average relative risk for injury.

The population of both surveys were nearly

identical. 

Results

Injuries in children and adolescents (Medical

Survey)

620 (17%) out of 3,645 patients were admitted into

the hospital and 3,025 (83%) were treated as out-

patients. The most frequent diagnosis of the

hospitalized patients was a cerebral concussion 

in 211 cases (34%), followed by fractures of the

lower extremity in 118 cases (18.5%). The most

frequent diagnosis of the outpatients was a

contusion of the upper extremity in 635 cases

(21.3%) followed by fractures of the upper extremity

and contusions of the lower extremity (454 cases

each, 14.9%). Males (n=2187) aged 6 to 17

suffered significantly (p<0.01) more injuries than

females (n=1,458).

36 out of 3,645 patients had been seriously injured

(ISS over 13). The most frequently injured body part

was the head (83.3%), followed by the thorax

(63.9%), upper extremities (36.1%), and abdomen

(30.6%). 30 patients suffered an injury from traffic

accidents and six by from fall height. 

Injury-describing variables (Medical Survey)

43% (n=1,567) of all injuries occurred during leisure

time and 41% (n=1,495) of all injuries happened on

the way to or from school, or at school itself. 35% of

the school related injuries occurred during physical

education classes, 32% happened during other

curricular activities or during the breaks, 17%

during after-school-care for children. 

Altogether 8% of all injuries were traffic related and

8% happened at home. 59% of the accidents

occurred outside and 41% within buildings. The

temporal distribution of the accidents over the day

showed an increased frequency between 5p.m. and

7p.m.. A quarter of all accidents occurred in these

two hours. The seasonal distribution showed a

relatively increased frequency of accidents in spring

and summer; whereby August represents an

exception (summer holidays in Saxony). 

Injury risk in traffic (Medical Survey and

School Survey)

Children 

There is a significant age-dependent shift in the

manner in which our sample population (School

Survey) uses roadways. 94% of all children are

daily pedestrians or walk at least several times a

week. 16% of the 6 to 9 years-old, 32% of the 10 to

14 years-old children and 28.1% of the adolescents

used their bicycle as means of locomotion. Public

transportation is used daily by 34% of the 10 to 14

years-old children. Younger children tend to be

driven by car on a daily basis (31% of the children

between 6 to 9 years). Children who ride bicycles

have a 2.2-fold increased risk for an injury

sustained by traffic accidents compared to

pedestrians [7]. The exposure dependent risk

factors are shown in Figure 1.

Adolescents 

There were several significant gender related

differences among adolescents (School Survey).

Females aged 14-17 were more often pedestrians,

users of public transportation, or driven by car than

males at the same age (p<0.01). 

127 out of 601 young males used their bicycles and

21 their motor bicycles (moped) for daily travel.
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Figure 1: Exposure dependent risk factor for children in traffic



Only 3.5% of all adolescents were motorized road

users. One third of all traffic related injuries

comprised adolescents operating mopeds or

motorcycles, thus there was a 21.1-fold increased

risk for suffering an injury on the road when

travelling by motorcycle or moped compared to

pedestrians. Adolescents as cyclists faced a 3.7-

fold increased risk of having a traffic related injury

relative to pedestrians. The use of public

transportation brought about the smallest risk for

injury [6]. The exposure dependent risk factors are

shown in Figure 2.

Bicycle accidents (Medical Survey)

283 patients suffered an injury after an accident as

a bicycle rider. 233 of them did not wear a bicycle

helmet at the time of injury. 24 out of these 233

patients suffered a head injury with an AIS of 

more than 2 points. None of 50 injured bicycle

drivers with helmet had an AIS for head injuries of

more than 2. The use of the bicycle helmet

significantly reduced the severity of head injuries

(p<0,01). 71% (n=202) of all (adolescents and

children) injured cyclists were treated as out-

patients. The average ISS of all hospitalized

patients was 6.5. The most frequent diagnosis of

the out-patients was a contusion in 81 cases and of

the hospitalized patients, cerebral-contusion in 24

cases followed by fractures of the upper extremity

in 24 cases.

Use of protective wear (School Survey)

There is a significant age-dependent shift in the

manner in which the sample population (School

Survey) uses protective wear. 55.5% (297 of 536)

of children between 6 and 9 years were using a

protective helmet when riding the bike. In contrast

only 14% of adolescents wore a protective helmet.
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Figure 2: Exposure dependent risk factor for adolescents in traffic

Figure 3: Year old boy after an accident as bicycle driver with a skull fracture, intracerebral haemorrhage and a rupture of the liver



With increasing age, the readiness of using

protective head wear was significantly lower

(p<0,01). There were no significant gender

dependent differences. 

Influence of physiological conditions (School

Questioning)

A variance analysis was performed in order to

examine the following measured variables: ‘skills’,

‘practice in activity’ that led to an accident, ‘impaired

hearing or vision’, ‘chronic illnesses’ and their

influence on the accident frequency. ‘Age’ and

‘gender’ were included as co-variables. The

rounded results of the F-tests and the significance

tests showed that children and adolescents with

impaired vision had on average more injuries which

needed medical treatment (p<0.01). Particularly,

children and adolescents who had been described

by their parents as clumsy were increasingly

involved in accidents which needed medical

treatment. Gender-specific influences could not be

found in any of these physiological variables. 

Influence of the child’s environment (Medical

Survey)

In this segment, the influence of factors such as

‘apartment size’, ‘whether or not the person had

his/her own room’, ‘parents’ occupation’ and

‘number of persons in the household’ were

examined. No influence on the accident frequency

could be inferred from housing conditions, parents’

occupation or family size of the examined children

and adolescents. For example 5.7% of the children

(n=59) of parents with a low occupational

qualification (n=1,031) suffered 3 or more former

accidents, which needed medical treatment, while it

was 5% of the children (n=23) of parents with a high

occupational qualification (n=463). 

Discussion

The comparison of different studies of accidents in

children and adolescents is quite difficult because

of different age delimitations [5]. Many authors

evaluate the accidents from toddlers up to

adolescents altogether [3, 6, 7]. Due to the fact that

the types of injury and accidents differ significantly

between different age groups [8, 9, 10], we hereby

tried to take a different look concerning the age and

the age-dependent behaviour of children and

adolescents. Certainly, we take into consideration

that there were different data collection methods

and different legislation in various countries.

Economic aspects also play an important role and

influence in the types of accidents [2].

In our investigation, the most frequent injuries were

contusions and fractures of the upper extremity.

Similar results are shown by many other

researches [3, 7]. As an example, an investigation

of twelve paediatric emergency departments in

Mexico City reported that the most common injuries

were open wounds followed by fractures of the fore
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Table 1: Variance-analytic (F=F-test; p=significance)

investigation of the influence of psychological

conditions on the accident frequency: The variables

‘age’ and ‘gender’ were included as co-variables into

the analyses of variance. The variables ‘willingness to

take risks’ and ‘independence’ show a highly

significant influence on the frequency of accidents.

Children and adolescents who were described by their

parents as highly prepared to take risks had already

had considerably more accidents that needed medical

treatment than children and adolescents with little

willingness to take risks. Additionally it was obvious

that those children and young people who were

described by their parents as totally dependent also

showed a highly increased accident frequency

Psychological conditions                  Gender 

F= p= F= p= n

Concentration 0.80 0.50 4.93 0.03 2,245

Willingness to take risks 7.28 0.00 7.11 0.01 2,272

Independence 7.83 0.00 0.22 0.64 2,315

Activity 3.46 0.01 0.01 0.91 2,309

Behaviour while facing

difficulties 
3.34 0.01 0.97 0.32 2,251

Attribution of failures 0.71 0.40 7.91 0.01 2,108

Emotional impairment 0.26 0.85 2.46 0.12 2,092

Figure 4: For a danger awareness test for children and adoles-

cents who have suffered more than two injuries and

who did not suffer any injury (control group) in the last

three years an in-pair comparison was carried out. All 

children were shown 16 potential dangerous 

situations which could lead to injuries. Age- and 

gender-matched children and adolescents with no 

history of injury in the past three years recognized 

significantly more potential sources of danger 

situations [6]



arm [9]. With regard to the localization of injuries as

reported by several authors, the relative increase in

trauma of the upper extremities with an increase in

age is well established. 

Although some studies on accidents in young

children (p to 8 years-old) showed that injuries of the

head were most frequent [9, 11], other authors

reporting on accidents in older children showed that

injuries of the upper extremities were most common

[6, 1]. We concur with both these data series. The

findings of a study by READING [12] suggested that

children from families with three or more children

are more prone to accidents than those from smaller

families. This, however, was not corroborated by our

data. In our investigation, family size did not have

any influence on the accident frequency. 

Similarly to the series of HAYNES et al. [13], we

have also observed that males had significantly

more accidents than females. Boys often engage in

more physically active games and take more risks

than girls. Moreover, the higher number of accidents

is due to the choice of hazardous activities: in fact,

when comparing both genders in the same context,

boys choose the same activities but carry them out

in more hazardous ways [14]. The gender specific

difference may be due to the influence of the

parents and how they have been educated. In

particular, parents encourage boys to take part in

games requiring physical activity, while girls are

encouraged towards safer and calmer activities [15]. 

Personal traits, such as the constant search for new

and stimulating activities, play a fundamental role in

children’s behaviour in relation to hazards. In

children between 6 and 8 years of age, this

personal trait is a good forewarning of hazardous

behaviour [16]. Other research studies have

labelled those children who display aggressive,

impulsive, hyperactive and stubborn behaviour as

“accident phone” and hence they have a higher

probability of personal injury [15, 17]. We can

confirm this with our data.

A particularly relevant factor, as the basis of a

person’s behaviour, is the personal experience with

risk. A longitudinal, 5-year study [18] on more than

10,000 children, has shown that: 1. children who

had three or more accidents between birth and age

of 5 were 5.9-fold more likely to have accidents

between the age of 5 and 10 years, compared to

those who had never had any accident before

school age, 2. children who had one or more

accidents requiring hospitalisation before the age of

5 years, were 2.5-fold more likely to have one or

more accidents requiring hospitalisation between

the age of 5 and 10. An analysis of data has

confirmed that the number of previous accidents in

children under the age of 5 is the best predictor of

future accidents between the age of 5 and 10 years.

In our investigation, the level of danger awareness

was significantly lower in children with a frequent

history of accidents.

Between 5.6% [19] and 8.0% (own data) of all

treated injuries in children and adolescents were

caused by a traffic accident. In both investigations,

39% of the children were involved as bicycle riders.

According to the Federal Statistical Office of

Germany, in the year 2000 alone 15,119 children

suffered an accident as a bicycle rider [1]. In the

United States, each year over 50,000 children

suffer a bicycle accident [10]. The use of a bicycle

helmet significantly reduces the risk for a head

injury [20]. Such conclusions have been confirmed

by our recently published results [21]. PARKIN [22]

has reported that 75% of cyclists who suffered a

fatal accident would still be alive if they had worn a

bicycle helmet. Accordingly, one of the challenges

in the prevention of accidents is the decreasing

willingness of children and adolescents in wearing

a helmet as they grow older [21]. An investigation

by the Federal Institution for Roads in Germany [23]

showed that children at the age of 10 have the

highest ratio (40%) of wearing a helmet in

comparison to all other ages. 

Many of the factors that appear to influence risk

evaluation and appraisal – such as gender,

personal traits, psychological and physiological

parameters – are closely inter-related. Of all

examined factors, the history of previous accidents

is a predictor of future accidents. By testing the

level of danger awareness, such children can be

pointed out. They may then benefit from a more

intensive education towards avoiding potentially

dangerous situations.

Furthermore we strongly believe that due to the

severity of traffic accidents, more adequate

prevention measures (wearing of bicycle helmets

and better education for the moped rider) are

urgently necessary.
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