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Abstract 

Introduction: Road traffic accidents are a major contributor to morbidity and mortality in the 

pediatric and adolescent population. Among adolescents, bicycles and light motorized two-

wheelers are popular means of transportation and increase adolescents’ autonomy. Most 

previous studies on injury risk and incidence have pooled different vehicles and age groups 

together but more distinct data is required to guide policy. 

Materials and Methods: We gathered data on all 1432 children and adolescents (age 7-15) 

who had been treated for injuries from bicycle (n=841) or moped/motorized scooter (n=591) 

accidents at our study centers during a six-year period (2008-2013). In addition to clinical 

data, we reviewed Injury Severity Scores (ISS) and calculated incidence estimates for the 

population of 15-year-olds in the study area. 

Results: Most bicyclists were injured after a fall (72%), whereas most moped/scooter riders 

were injured in a collision (51%), most often with a heavier motorized vehicle. Internal 

injuries, multiple injuries and severe injuries (ISS > 15) were more common among 

moped/scooter riders than bicyclists (p < 0·001 for all). Moped/scooter riders were more 

often hospitalized and underwent more operations than bicyclists (p <0·001 for both). The 

annual estimated incidence rates of injury were roughly 8-fold for 15-year-old moped/scooter 

riders compared to bicyclists of the same age. 

Conclusions: Cycling is in general a safe mode of transportation and rider safety could be 

further increased with the proper use of helmets. Although no patient deaths occurred in this 

study population, mopeds and motorized scooters led to significant morbidity. 

 

 

 

 



Background 

Trauma or unintentional injury is a common cause of morbidity and mortality in the pediatric 

and adolescent population, with road traffic accidents the single largest contributor to 

disability-adjusted life years.(1,2) While young children are most often injured as pedestrians 

or passengers of a car, school-aged children and adolescents are more frequently involved in 

accidents while riding a bicycle or a motorized two-wheeler.(2) Pooling all children together 

into a group of under 18-year-olds is likely to dilute the differences in both accident and 

injury types. Since school-aged children and adolescents represent an age of growing 

independence, studying their most frequently used transportation means separately from 

young children and adults will facilitate the planning of measures aimed at improving road 

traffic safety. 

 

Bicycling is among the most common recreational sports among children and provides an 

easy, independent form of transportation for children.(3-5) In Finland, cycling is most 

common among 10-14-year-old children, of whom 57% cycle regularly.(6) Bicycling 

accidents also account for a large share of emergency department visits.(7,8) Previous studies 

have shown that bicycling children and adolescents are more frequently injured than adults. 

For example in Israel’s National Trauma Registry study, 68% of patients injured in bicycle 

accidents were under 18 years old.(9) The overall reported incidence rates for bicycle related 

pediatric trauma in different registries vary from 6 to 800 / 100 000, with the highest 

incidences in National Electronic Injury Surveillance System USA (10) and lowest in the 

Washington State Trauma Registry USA.(11) In European studies, incidence rates vary from 

the Netherlands 67/100 000 to France 450/100 000 (among 15-16-year-old boys).(8,12) 

While registry-based mortality rates are generally reliable, registry-based injury rates should 

only be compared cautiously due to differences in data collection. 



 

Mopeds and scooters are also highly popular among adolescents in Europe. In the Nordic 

countries, adolescents can obtain a moped driver’s license after turning 15 years (maximum 

speed 40 km/h). In Finland, moped-related injuries remain common, although their incidence 

seems to have decreased after changes to license requirements in 2011.(13) Unfortunately, 

most studies make no distinction between mopeds/scooters and motorcycles. Results are 

rarely reported for different age groups and we found no studies besides our own reporting on 

the incidence of moped-related injuries among adolescents. A German survey-based study 

found a 24-fold injury risk associated with moped driving compared to bicycling.(14) 

Because significant international variation exists regarding road traffic policies (e.g. separate 

bike paths vs. shared roads), variability is also expected in road safety and subsequent road 

traffic accident incidence rates between countries. 

 

The aims of this study were 1) to assess the population-based incidence of and injury patterns 

associated with bicycle accidents in school-aged children and adolescents and 2) to compare 

the incidence estimates and severity of injuries from bicycle and moped/scooter accidents. 

We hypothesized that both incidence rates and injury severity would be higher among 

patients injured while driving a moped/scooter than those riding a bicycle. 

 

Methods 

 

Study centers 

The New Children’s Hospital is the largest children´s hospital in Finland (background 

population of the province of Uusimaa 1.4 million, of whom 105,000 aged 7-15 years). Töölö 

Trauma Hospital is the largest adult trauma center in Finland and until 2015, also provided 



children’s neurosurgical care. Jorvi Hospital in Espoo is the primary provider of specialist 

care for children from four of the smaller municipalities in the greater Helsinki area. Together 

these three hospitals are responsible for the provision of pediatric tertiary care in Southern 

Finland’s Helsinki University Hospital area. 

 

Patients and clinical data 

Hospital administrators granted permission for the retrospective review of patient files. 

Because elementary education in Finland spans ages 7-15 years, we reviewed patient records 

of all children and adolescents aged 7-15 years who were treated for trauma (ICD-10 

diagnosis codes in categories S or T) at the New Children’s Hospital, Töölö Trauma Hospital 

and Jorvi Hospital between January 2008 and December 2013. All 841 children and 

adolescents who presented with bicycle related injuries during the six-year study period were 

included in the study. We compared this data to 591 children and adolescents who presented 

with moped/scooter injuries at the same hospitals over the same time period. 

 

We collected the following data (when available): age, sex, possible substance use at the time 

of the accident, and helmet use. Accident data included the mechanism of injury, place of 

accident, and information on a possible counterpart. We also gathered clinical data on 

diagnoses, duration of in-patient care, operations, and the number of out-patient clinic visits. 

 

Assessment of injury severity 

The Injury Severity Score (ISS) is currently the most commonly used trauma score and 

correlates with mortality, morbidity and length of stay in the hospital.(15) The ISS takes into 

consideration the precise definitive injuries found upon clinical evaluation, computed 

tomography or magnetic resonance imaging, or during operations. The ISS ranges from zero 



to 75 and ISS > 15 is considered major trauma. All patient files were retrospectively 

reviewed, and trauma were graded according to ISS guidelines. When necessary, cases were 

discussed with radiologists to reach consensus. 

 

Population data for incidence estimates 

Data on population demographics were collected via Statistics Finland, an online open 

database.(16) We gathered annual population figures of 7-15-year-olds in the six cities and 

municipalities for which the study centers serve as the providers of specialist care (Helsinki, 

Espoo, Vantaa, Kauniainen, Kerava and Kirkkonummi). At a national level, this equals one 

fifth of the population of the respective age. These figures were utilized to calculate both the 

annual incidence (annual number of patients divided by the annual population size) and 

incidence per age group (number of patients in each age category divided by the respective 

population size) of bicycle injuries that required specialist treatment in the study area. 

Estimated incidence rates of moped/scooter related injuries were derived in a similar fashion 

and have been published previously.(13) In brief, incidence rates were calculated as both 

population-based figures (number of 15-year-old patients injured in moped accidents divided 

by the population age 15) and estimates per new moped licenses granted to 15-year-olds. To 

avoid overestimating the difference in injury risk between bicyclists and moped riders, we 

also calculated incidence estimates of bicyclists based on the survey-derived percentage of 

children who cycle regularly (57%).(6) 

 

Statistics 

We used percentages and means (with standard deviations) and, if the data was skewed, 

medians (with interquartile ranges, IQR) to describe the findings. To compare findings 

between age groups and means of transportation, Fisher’s exact test was used for 



dichotomous variables and the Mann-Whitney U-test was used for continuous  

Relative risk (Poisson method) with 95% confidence intervals was utilized to compare the 

incidence estimates of bike and moped injuries. A p-value <0.05 was considered statistically 

significant. Statistical analyses were conducted using SPSS 22.0 software (IBM, Somers, 

NY). 

 

Results 

 

Patient demographics, accident types and injuries are presented in Table 1. None of the 

admitted patients died during the study period. 

 

Bicycle injuries 

Most of the patients were boys (n=608, 72.3%) and a majority were injured after a fall 

(n=669, 79.5%). The second most common injury mechanism was a collision (n=172, 

20.5%), most often with a heavy motorized vehicle (car, bus, van or truck; n=104, 60.5% of 

collisions). 

 

The most common injuries were fractures of the upper limb followed by head injuries and 

superficial injuries to lower limbs. Internal injuries were scarce (n=18, 2.1%), with the most 

common affecting the spleen (n=6, 0.7%). 

 

The median ISS –score of bicycle injuries was 4 (IQR 1-4). While most patients were 

discharged from the emergency department, 27.3% of the patients required hospitalization. 

The median length of stay was one day for patients that were hospitalized (IQR 1.0-2.0). 

Fifteen percent of the patients (n=123) required an operation, most commonly a reposition 



and casting of a fracture. Fifty-five patients (6.5%) had multiple injuries. 

 

Among bicyclists, helmet use significantly decreased with age (65.8% in 7-11-year-olds vs. 

27.7% among 12-15-year-olds; p<0.001). The patients who had worn a helmet had less head 

injuries (57% vs. 29%; p<0.001). Altogether 115 bicyclists (13.6%) were diagnosed with a 

head injury. Of these, 77 patients (67%) had been cycling without a helmet and 23 patients 

(20%) had worn a helmet. For 15 patients (13%) with head injuries, data on helmet use was 

missing. Of the ten severe head injuries (skull fractures or intracranial bleeding), eight were 

diagnosed in patients without a helmet and two in patients who had been wearing a helmet 

(p=0.033). 

 

Comparison to moped injuries 

A higher proportion of moped riders than bicyclists were injured in collisions (51.3% vs. 

20.5%; p <0.001). Internal injuries (5.6% vs 2.1%; p = 0.001) and multiple injuries (12.2% 

vs. 6.5%; p <0.001) were more common among moped riders than bicyclists. Patients injured 

in moped accidents were more often hospitalized (55.5% vs 27.3%; p <0·001) and more 

frequently underwent operative treatment (30.5% vs. 14.6%; p <0.001) than did bicyclists. 

There was, however, no difference in median ISS scores between the groups. 

 

Incidence estimates of bicycle injuries and relative risk of injuries 

Annual incidence of injuries from bicycle accidents among 7-15-year-olds in the study area 

remained stable during the study years (Figure 1). Incidence increased steadily with age 

(90/100,000 at age 7 to 180/100,000 at age 14; p<0.001) until a sudden decrease at age 15 

(100/100,000; p<0.001 from age 14; Figure 2). 

 



The annual incidence estimates and respective relative risks are presented in Table 2 and 

Figure 3. Fifteen-year-old licensed moped riders had roughly an 8-fold incidence of injuries 

requiring specialist treatment compared to bicyclists of the same age. 

 

Discussion 

 

In this population-based six-year study, incidence of bicycle injuries varied between 90-180 

/100 000. Adolescent moped/scooter riders had an 8-fold incidence of injuries compared to 

bicycle riders. Most bicyclists were injured after a fall while moped/scooter riders were most 

commonly injured in a collision with another motorized vehicle. Moped riders were 

significantly more often hospitalized and treated operatively than bicyclists possibly due to 

higher frequencies of fractures in the lower extremity, internal organ injuries and multiple 

injuries. 

 

Two recent meta-analyses have concluded that bicycle helmets are highly effective in the 

prevention of traumatic brain injury.(17,18) Helmets are effective in both children and adults, 

and especially in single bicycle crashes (i.e. falls). In our study population, helmet use 

significantly decreased with increasing age, although adolescents ride at higher speeds than 

do younger children. Evidence suggests that both legislative and non-legislative interventions 

increase the use of helmets and decrease head injuries without reducing the popularity of 

cycling.(18,19) Helmet use has increased among Finnish adolescent moped drivers possibly 

due to education.(13) Every effort should be made to increase helmet use also among 

bicyclists, especially adolescents. It is equally important to check that the helmets are worn 

properly and that the bicycles are roadworthy.(20) 

 



During the study period, electronic bicycles were still uncommon in Finland. Electronic 

bicycles are legally comparable to traditional bicycles although speeds reaching 40 km/h 

(similar to mopeds) are easily attainable. Thus, the popularity and safety of e-bicycles 

remains to be seen. 

 

Whenever adolescents are concerned, professionals should be aware of and ready to assess 

risk-taking behavior and mental health. A recent study from Central Finland found a six-fold 

mortality risk among 16 to 30-year-old patients who had been treated for fractures when 

compared to the general population of the same age.(21) Over half of the post-fracture deaths 

were due to suicides and intoxications while nearly a third of deaths were caused by motor 

vehicle accidents and homicides. In our study, fifteen patients (2.5%) injured in moped 

accidents had been under the influence of alcohol although the legal age limit for 

consumption is 18 years. Currently, a minor who is under the influence while treated in a 

Finnish hospital is reported to child protection services. In the future, interventions should be 

developed and assessed to target at least the clearest cases of risk-taking behavior and 

possible underlying mental health issues. 

 

The strengths of this study include the large sample size, comprehensive, population-based 

data collection, and detailed information on the injuries. Roughly a fifth of Finnish children 

and adolescents live in the greater Helsinki area and comprise the background population of 

this study which increases the validity and reliability of our findings. Epidemiological studies 

are often based on registries and thus provide little detail in addition to incidence rates. In this 

study, we describe both accident and injury types based on medical records which assures 

e.g. the inclusion of cases not reported to the police and thus missing from national registries. 

We also reviewed all patient files for reliable assessment of ISS. The greatest limitation of 



this study is that data collection is based on patient files. Prehospital deaths may have 

occurred. According to national registries, only 1-3 deaths due to bicycle and moped/scooter 

injuries were annually recorded in the province of Uusimaa. Prehospital deaths are thus 

unlikely to skew our results. We may have missed some mild injuries that were treated in 

primary healthcare or the private sector. However, we have captured at least the most severe 

injuries of both bicyclists and moped/scooter riders thus allowing for comparisons to be made 

between these groups. Although we were able to calculate incidence rates per the whole 

population of 15-year-olds, not all 15-year-olds ride bikes or mopeds. Thus, we were 

compelled to estimate also the proportion of bicyclists and moped license holders in this age 

group. Although these estimates should be interpreted cautiously, they are based on a fifth of 

the respective population in Finland and were made to avoid exaggerating the relative risk. 

 

Considering the potential risks and health benefits of cycling and moped riding, cycling 

should be promoted among adolescents. Further investments in bicycling infrastructure could 

potentially prevent collisions and severe injuries.(20) Road traffic injuries among adolescents 

pose an opportunity to recognize individuals engaged in risk-taking behavior and suffering 

from possible underlying psycho-social issues. 

 

Conclusion 

 

Cycling is a safe mode of transportation for children and adolescents. The incidence of 

bicycle-related injuries in Finland seems to be at a similar level to central Europe. Rider 

safety could be further increased with the proper use of helmets. Although no patient deaths 

occurred in this study population, mopeds and motorized scooters were associated with 

significantly more morbidity in adolescents than were bicycles. 
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Table 1. Patient demographics, accident types, injuries and treatment of patients treated for 

injuries from bicycle (n=841) and moped (n=591) accidents over a six-year period. 

 Bicycle Moped p-value 

Male, n (%) 608 (72·3) 416 (70·4) 0·476 

Age, mean (SD) 11·9 (2·3) 15·4 (0·9) <0·001 

Under the influence of alcohol, n (%) 2 (0·2) 15 (2·5) <0·001 

Accident type, n (%)    

   Fall 669 (79·5) 254 (43·0) <0·001 

   Collision 172 (20·5) 303 (51·3) <0·001 

      Heavy object (car,truck) 104 (12·4) 190 (32·1) <0·001 

      Light object (pedestrian, bicycle) 36 (4·3) 62 (10·5) <0·001 

      Other object 32 (3·8) 51 (8·6) <0·001 

   Fall after driving off road 1 (0.1) 34 (5·8) <0·001 

Injury type, n (%)    

   Head trauma (brain injury, fracture) 115 (13·6) 84 (14·2) 0·816 

   Head wound/bruise  44 (5·2) 16 (2·7) 0·022 

   Teeth injury 16 (1·9) 2 (0·3) 0·008 

   Fracture 411 (48·9) 292 (49·4) 0·830 

      Skull 5 (0·6) 14 (2·4) 0·005 

      Spine 2 (0·2) 5 (0·8) 0·132 

      Clavicle 33 (3·9) 19 (3·2) 0·567 

      AC-joint 2 (0·2) 0 0·515 

      Scapula 5 (0·6) 0 0·082 

      Humerus 46 (5·5) 14 (2·4) 0·012 

      Forearm 189 (22·5) 59 (10·0) 0·001 

      Hand 75 (8·9) 24 (4·1) <0·001 

      Hip 5 (0·6) 11 (1·9) 0·038 

      Femur 7 (0·8) 46 (7·8) <0·001 

      Tibia 38 (4·5) 77 (13·0) <0·001 

      Patella 4 (0·5) 12 (2·0) 0·009 

      Foot 14 (1·7) 41 (6·9) <0·001 

   Internal 18 (2·1) 33 (5·6) 0·001 

   Multiple 55 (6·5) 72 (12·2) <0·001 

Injury severity score    

   Median (range) 4 (1-18) 4 (1-29) 0·091 

   ISS > 15, n (%) 3 (0·4) 16 (2·7) <0·001 

Treatment    

   Hospitalized, n (%) 230 (27·3) 328 (55·5) <0·001 

   Operative treatment, n (%) 123 (14·6) 180 (30·5) <0·001 

   Median length of stay, days (range) 0 (0-55) 1 (0-162) <0·001 
   Median length of stay when hospitalized, 
days (IQR) 1 (1-2) 2 (1-5) <0·001 

SD = standard deviation; ISS = Injury Severity Score; IQR = interquartile range 

 

 



Table 2. Annual estimated incidence rates (%) for bicycle and moped injuries among 15-year-olds. 

Year Bike / all Bike / 57%  Moped / all Moped / lincenses RR 95% CI 

2008 0·08 0·14 0·68 1·57 11·3 5·9 – 21·7 

2009 0·14 0·24 0·55 1·13 4·7 2·8 – 8·1 

2010 0·10 0·17 0·65 1·39 8·0 4·4 – 14·7 

2011 0·13 0·22 0·80 1·84 8·2 4·8 – 14·2 

2012 0·09 0·17 0·51 1·39 8·4 4·4 – 16·0 

2013 0·06 0·11 0·32 0·99 9·0 4·0 – 20·2 

RR = relative risk; CI = confidence interval 

Bike/all and moped/all: incidence calculated per total population of 15-year-olds in the study area. 

Bike/57%: incidence estimate of bike injuries per 57% of the population of 15-year-olds. This 

percentage is based on a national survey where 57% of 10-14-year-olds reported biking regularly (ref 

6). 

Moped/licenses: incidence estimate of injuries per new moped licenses in the study area. The 

number of new licenses was based on national data and the fact that 19% of Finnish 15-year-olds 

live in the study area. 

Relative risk calculated for the difference between Bike/57% and Moped/licenses. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 1. Annual incidence of bicycle injuries treated in hospitals in the metropolitan Helsinki area 

(age 7-15), presented as % of population. 
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Figure 2. Incidence of bicycle injuries treated in hospitals according to age, presented as % of each 

respective age group. 
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Figure 3. Comparison of annual injury incidence estimates (%) between 15-year-old bicycle riders 

and moped drivers. 

 

Bike: incidence estimate of bike injuries per 57% of the population of 15-year-olds. This percentage 

is based on a national survey where 57% of 10-14-year-olds reported biking regularly (ref 6). 

Moped: incidence estimate of injuries per new moped licenses in the study area. The number of new 

licenses was based on national data and the fact that 19% of Finnish 15-year-olds live in the study 

area. 
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