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Abstract 

Knowledge on accidents and factors contributing to their occurrence is of key importance for the development of 

targeted preventive efforts. High levels of underreporting is a well-known challenge particularly for bicycle 

accidents. Medical records from 4205 cyclists from 2010-2015 were included in this study. The sample included 

all cyclists registered at the emergency room due to a bicycle accident during the study period. The purpose of the 

study was to improve knowledge on factors contributing to cyclist accidents based on a qualitative identification 

of accident factors and underlying factors. When identifying accident factors, we made a distinction between 

factors related to the condition and behaviour of the cyclist, the road and its surrounding, the bicycle and the other 

party. We identified 3124 accident factors most of which regarded the other party or the behaviour and condition 

of the cyclist. However, we also identified damaged roads and poor maintenance of the bicycle as important factors 

contributing to the occurrence of the bicycle accidents.  
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1. Introduction  

It is claimed that cycling has several individual and societal benefits compared to driving such as increased health 

and reduction in negative impacts from congestion and pollution. Therefore, attempts to increase cycling has 

increased substantially internationally over the past decade (Schepers and Heinen, 2013). However, cycling is also 

known to be related to increased risk of road traffic injury (Elvik, 2009), and related concern for road safety. 

Although studies show that increasing number of cyclists may not be related to a proportional increase accident 

numbers (Elvik and Bjørnskau, 2017), knowledge to develop preventive efforts focusing on cyclist safety is 

relevant. Further, despite a general positive trend regarding road traffic accidents in recent years, accident statistics 

indicate that this positive trend may not regard vulnerable road users to the same extend (Vejdirektoratet, 2017). 

In addition, recent research indicates that changes in cycling pattern and frequency may lead to changes in the type 

and severity of cycling related accidents (Schepers et al., 2017). Thus, although previous studies have identified 

risk factors such as alcohol (e.g. Andersson and Bunketorp, 2002), riding speed (e.g. Kim et al., 2007), and cycle 

infrastructure (e.g. Schepers et al., 2015) updated knowledge on accidents and factors contributing to their 

occurrence remains of key importance for the development of targeted preventive efforts.  

High levels of underreporting is a well-known challenge with regard to national crash databases based on police 

registered information (e.g. Elvik and Mysen, 1999). The level of underreporting varies based on factors such as 

type of vehicle, level of injury, age and gender, but it is well known that the level of underreporting is particularly 

high for cycling related accidents. This is also the case in Denmark where the level of underreporting is 90%, 

which means that the police, for a number of different reasons only registers approximately 10% of the actual 

cyclist accident. Although medical records are subject to underreporting and bias too, previous studies show that 

the level of underreporting of cyclist accidents is lower in comparison to cyclist accidents registered by the police 

(e.g. Watson et al., 2015; Janstrup et al., 2016).  

Based on the above the purpose of this study is to get a better understanding of cyclist accidents and the underlying 

situation-specific factors contributing to their occurrence. The results are relevant for the development of 

preventive efforts to increase cyclist safety. 

2. Method 

2.1. Data 

The study was conducted in Denmark a Nordic country with approximately 5,7 million citizens. Data derived from 

medical records from road users during the years 2010-2015 comprise the basis for this study. Aarhus Municipality 

provided the data, via the University hospital of Aarhus. Aarhus Municipality is a Danish Municipality located in 

the eastern part of Jutland (see figure 1). Of the 98 Danish municipalities, it has the second largest number of 

citizens. Nurses collected the data at the hospital based on information provided by the injured road user and 

medical staff present at the crash scene. The data include accident characteristics; mode types involved, accident 

situation and accident location (e.g. intersection). Information on accident circumstances are also listed (e.g. 

condition of the surface, weather condition) along with some road user specific information such as age, gender, 

helmet use and injury classified according to severity. Finally, the data include a written description of the accident. 

During the study period, 9446 persons were registered at the emergency room due to involvement in a road traffic 

accident; of these 4205 were cyclists. Only the 4205 persons visiting the emergency room due to involvement in 

a road traffic accident as cyclist were included in the study sample.  

 

 

 

 

 

 

 

Fig. 1 The location of Aarhus Municipality 
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2.2. Analyses 

The analysis included two elements. First, we performed a descriptive analysis of the 4205 cases included in the 

study. Second, we performed a qualitative analysis of the written descriptions of the 4205 cases. For the qualitative 

analyses, we used an explorative approach that included the following three steps: 1. Careful reading of the written 

description of each accident with the purpose to get as good an understanding of the incident as possible in order 

to be able to derive the relevant information about the occurrence of each accident, 2. Identification of accident 

factors according to four pre-defined main categories (see below), 3. Identification of underlying factors present 

during or immediately prior to the accident. For each accident, we registered the accident factors and underlying 

factors in a common database together with information on age, gender and the accident situation.  

We defined an accident factor as an aspect of key importance for the occurrence of the accident. When identifying 

accident factors we distinguished between the following four predefined categories: The behavior and condition 

of the cyclist, the road and its surroundings, the bicycle and the other party. We decided to choose this approach 

as it has previously successfully been used when trying to understand factors contributing to road traffic accidents 

(e.g. Møller and Haustein, 2016; Bjørnskau et al., 2012). If relevant, we identified more than one accident factor 

in relation to an accidents. In cases where the written description of the accident was missing or the information 

provided was too limited, to identify an accident factor, we registered it in the database and the accident was not 

included in further analysis.   

When identifying the underlying factor(s) for each accident we used an explorative approach, with no predefined 

categories. The purpose of the identification of the underlying factors was to register the situation specific 

circumstances contributing to the occurrence of each accident in order to get a more detailed understanding of 

specific contributing factors. For instance if the cyclist was identified as the main accident factor the identification 

of the underlying factor(s) served to identify the specific contributing aspects of the cyclists behavior and/or 

condition such as attention, illness, violations etc. The same holds for the other main accident categories. Table 1 

provides examples of underlying factors in relation to all four main accident categories.  

Table 1. Examples of underlying factors for each accident factor category 

Accident factor Example of underlying factors 

The behavior and/or condition of the cyclist The cyclist is drunk 

The road and its surroundings A pothole in the road  

The bicycle The chain comes off  

The other party Not respecting the right of way 

 

With regard to the identification of accident factors and underlying factors, we only identified aspects as factors if 

the available information provided clear and explicit documentation of the presence. For instance, we only 

identified alcohol as an underlying factor in cases where it was explicitly noted in the accident description that the 

cyclist was under the influence of alcohol. 

3. Results 

In this section, we describe the results of the analysis. First, we provide some general descriptive results regarding 

the included cases. Second, we present the results regarding the accidents factors and lastly we present the results 

on the identified underlying factors.  

3.1. Descriptive accident characteristics 

Of the persons registered at the emergency room due to involvement in a road traffic accident, 4205 (45%) were 

cyclists. None of the cyclists were involved in the same accident. Out of the 4205 cyclists, 2115 were male (50,3%) 

and 2081 were female (49,5%). In nine of the observations (0,2%) the gender of the injured cyclist was not 

registered. The injured cyclists were aged between 0 and 92 with a median age of 30.  

 

The large majority of the cyclist (N = 2916, 69%) were involved in a non-intersection accident, while 1170 (28%) 

cyclists were involved in an accident occurring in an intersection. Only a small part of the cyclists (N = 119,3%) 

were involved in accidents involving a pedestrian. Among all the cyclists’ accidents, the most frequently occurring 
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accident situation was single-bicycle accidents. Half (N = 2083, 50%) of the cyclists included in the study were 

involved in a single-bicycle accident. For cyclists injured in accidents occurring in an intersection the most frequent 

accident situation involved a straight riding cyclist and a right turning motor vehicle (N = 531).  

 

With regard to 1271 (30%) of the accident involved cyclists the description of the accident was either missing or 

the information provided was too limited to identify accident factors. These cases were excluded when identifying 

the accident factors and underlying factors. Thus, the results regarding accident factors and underlying factors are 

based on information regarding 2934 cyclists. 

3.2. Accident factors 

The study identified 3124 accidents factors based on analysis of the written description of the accidents. Table 2 

provides an overview of the identified accident factors and their distribution on the four predefined main accident 

categories. For the large majority (N = 2742, 94%) of the accidents we identified only one accident factor. For the 

remaining 192 (6%) accidents, we identified two accident factors.  

 

Table 2. Overview of the identified accident factors and their distribution on the fours predefined main accident categories. 

Accident factor Other party Cyclist Road Cycle Total 

Other party 949 10 74 2 1035 

Cyclist 10 929 98 0 1037 

Road 74 98 777 7 956 

Cycle 2 0 7 87 96 

Total 1035 1037 956 96 3124 

 

As can be seen from table 2 the other party was identified as an accident factor in 1035 (33%) cases, in the majority 

of which (N=949) it was the only identified accident factor. In 86 of the cases in which the other party was 

identified as an accident factor it was in combination with either the cyclist, the road or the cycle as a second 

accident factor. Male cyclists were significantly more often injured in an accident in which the cycle was an 

accident factor χ2 (1, N=96) = 19.92, p <.001), whereas women more often were injured in accidents with the other 

party as an accident factor χ2 (1, N=1035) = 6.73, p <.05). We did not find any significant gender differences for 

the other accident factors.  

 

With regard to age, we divided the cyclists into the following age groups: 0-8, 9-17, 18-29, 30-45, 46-65, 66+. The 

largest group was cyclists aged 18-29 year old. 38% (N = 1198) of the cyclists were in this age group (see table 

3). As can be seen from table 3, the road was the most frequently identified accident factor for cyclists aged 66 

years or older and the second most frequently identified accident factors for the 9-17 and the 46-65 year old 

cyclists. For the accidents involving the youngest cyclists (0-8 years old), we most frequently identified the cyclist 

as the accident factor, whereas we most frequently identified the other party as the accident factor for accidents 

involving cyclists aged 18-29 and 30-45. Significant differences in the age distribution in the accident categories 

was found.  

 

Table 3. The age distribution of the injured cyclists by main accident category. 

 
Age Other party Cyclist Road  Cycle  Total  

 Number % Number  % Number % Number % Number % 

0-8 10 25.0 21 52.5 9 22,5 0 0 40 100 

9-17 48 18.9 102 40.3 91 35.9 12 5,1 253 100 

18-29 481 40.2 361 30.1 313 26.1 43 3.6 1198 100 

30-45 218 35.6 190 31.1 182 29.7 22 3.6 612 100 

46-65 241 29.4 282 34.4 278 34.0 18 2.2 819 100 

66+ 37 18.3 81 40.1 83 41.1 1 0.5 202 100 

Total 1035 - 1037 - 956 - 96 - 3124 - 
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3.3. Underlying factors 

For all accidents for which it was possible to identify a main accident factor we identified one or more underlying 

factors whenever possible. Table 4 provides an overview of identified underlying factors within each main accident 

factor category.  

 

  

 

Table 4. Overview of underlying factors by main accident category. 

 

 

 

For accidents where we identified the cyclist an accident factor, alcohol (25%) and attention (25%) were the most 

frequently occurring underlying factors. Interestingly, in 9% of these cases clothing, bags carried in the hands by 

the cyclist or the like was the underlying factor. In addition crowding (being squeezed/squeezing another road user 

from the side) was identified as the underlying factor in 8% of the cases.  

 

For the cases where we identified the road as an accident factor we most frequently identified slippery roads (due 

to water or ice) as the underlying factor. Cyclists hitting the curbstone was the second most frequently occurring 

underlying factor (24%). We also identified objects on the road (12%) and road maintenance (6%) as underlying 

factors but less frequently. 

 

The cycle was the least frequently identified accident factor. Never the less, the analysis revealed that poor 

maintenance of the cycle is a contributing factor in relation to cycling related person injury. Among the cases 

where we identified the cycle as an accident factor, the bicycle chain falling off (45%) was the most frequently 

identified underlying factor. Brake defects accounted for 17% of the underlying factors and defects related to the 

Accident factor Underlying factor Total % 

Cyclist Alcohol 262 25 

 Attention 257 25 

 Speed 112 11 

 Handling the cycle 94 9 

 Clothing etc. 90 9 

 Crowd 85 8 

 Violations 50 5 

 Loss of control 46 4 

 Unknown 21 2 

 Illness 20 2 

 Total 1037 100 

Road Slippery 306 32 

 Curbstone 231 24 

 Design 121 13 

 Objects on the road 117 12 

 Road surface 79 8 

 Road works 53 6 

 Weather 25 3 

 Crossing animal 22 2 

 Unknown 2 0 

 Total 956 100 

Cycle Bicycle chain 43 45 

 Various bicycle defects 31 32 

 Brakes 16 17 

 Gear 6 6 

 Total 96 100 
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gears accounted for 6%. In addition to this, a number of different cycle defects such as breaking of the saddle or 

frame, or wheels falling off, collectively accounted for 32% of the underlying factors in this category. 

4. Discussion 

Based on medical records the purpose of this study is to get a better and more detailed understanding of the factors 

contributing to cyclist accidents. The study included data on 4205 cyclists registered at the emergency room due 

to involvement in a cyclist accident in the study period (2010-2015). Although it was not possible to identify 

accident factors in 30% of the cases due to missing information, the analysis of the remaining cases proved that 

the medical records included valuable information of high relevance for the understanding of factors contributing 

to cycling accidents. In 33% of the accidents, we identified the other party as an accident factor. Due to limited 

information of the other party the possibility to perform additional analysis of underlying factors was very limited 

and therefore left out in this study. For the remaining cases the cyclist were the most frequently identified accident 

factor (33%), the road (the second most frequently identified factor and the cycle the least frequently identified 

accident factor. The underlying factors identified in relation to these accidents contributed with valuable 

information about the specific factors present in the situation in which the accident occurred. Overall, the results 

show that the behavior and condition of the cyclist him-/herself is a key contributing factor in cyclist accidents. 

However, the results also showed that the condition of the road is of key importance particularly for older and 

younger cyclists. Bicycle defects was only an accident factor in a smaller number of accidents, but never the less 

indicate that better maintenance of bicycles holds a potential for improving cyclists safety. In the following 

sections, we discuss key findings, limitations, and the relevance of the results for preventive efforts. 

 

In line with existing knowledge on road traffic accidents the study confirmed that the behavior and condition of 

the road user, in this case the cyclist, is a key contributing factor (e.g. Rothengatter, 1997). Alcohol impairment 

was (together with attention) the most frequently identified factor, which indicates that preventive efforts aiming 

to prevent cycling while under the influence of alcohol as previously suggested by Andersson and Bunketorp 

(2002) are still highly relevant. In addition to alcohol impairment, the study found other violations such as riding 

in the wrong side of the road or riding without bike lights during dark hours to be contributing to the occurrence 

of the accidents.  

 

Previous studies show that errors predict crashes as well as near crashes among cyclists (e.g. Twisk et al., 2015; 

Puchades et al., 2017). The results of this study adds on to the existing knowledge based on a detailed 

understanding of the specific types of errors such as clothing and bags getting stuck in the wheel by mistake, feet 

slipping on the pedal when trying to get on/off the bicycle, braking mistakes etc. Unfortunately, information about 

cycling skills and experience was not available in this study. Additional studies including such information is 

therefore relevant to improve the understanding of the contribution errors and their reasons in relation to cyclist 

accidents. Never the less, the results of this study clearly shows the relevance of increasing cyclists’ awareness of 

the importance of relevant clothing and safe ways to carry bags etc. when cycling.  

 

The qualitative and explorative approach used in this study led to identification of previously underexposed 

accident factors such as the condition of the road. Our results show that the condition of the road is a key 

contributing factor in cyclist accidents as 31% of the accident factors identified were related to the road and its 

condition. In line with our results, a few previous studies show that roads with a surface in bad condition may lead 

to traffic disruption and increased accident risk (e.g. Pulugurtha et al., 2013; Corazza et al., 2016), and that the 

majority of cyclist accidents are related to the road condition and design (e.g. NHTSA, 2012). Our results show 

that the condition of the road is a particularly important accident factor among the oldest (66+ years old) and 

younger (9-17 years old). This indicates that the road condition is of particular importance for less stable/secure 

cyclists, who due to factors such as inexperience of physical impairment are less capable of compensating for 

unexpected turbulence caused by damaged roads. However, additional studies are needed to verify this. 

 

Half (50%) of cyclists included in the study were injured in a single-bicycle accident. This is in line with the results 

of a previous study by Beck et al. (2016), but a bit below the share found in other studies using non police-

registered road traffic accident data (e.g. Schepers et al., 2014). Single-bicycle accidents are generally known to 

be suffering from a high underreporting level in police registration based accident information (e.g. Aslop and 

Langley, 2001; Langley et al., 2003). Based on the data available in the study it was not possible to calculate exact 

levels of underreporting, as it was not possible to verify if an accident registered at the emergency room was also 

registered by the police and vice versa. However, a comparison of the number of cyclist accidents registered by 
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the police (data provided by the Danish Road Directorate) and the emergency room in Aarhus Municipality during 

the years of 2010 and 2015 indicated that underreporting is indeed an issue, particularly with regard to single-

cyclist accidents. In total 4205 cyclist accidents were registered by the emergency room while only 1052 accidents 

were registered by the police. For single cyclist accidents the difference was even more pronounced as only 48 

accidents were registered by the police compared to the 2083 accidents registered by the emergency room. Overall, 

the results of this study clearly show that the use of medical records is relevant when trying to get a better 

understanding of cyclists’ accidents and contributing factors. 

 

In connection to this study, as in any other study, it is relevant to be aware that the quality of the results strongly 

dependents on the quality of the data on which the analysis is based (Imprialou and Quddus, 2017). In this study, 

the results are based on information registered by the hospital staff with no possibility to verify the accuracy of the 

information provided. It has been shown that some inconsistency between road traffic accident information 

registered by the police and by hospital staff exists (e.g. Lopez et al., 2000), partly due to the different purpose for 

which the data is collected e.g. civil claims and trauma treatment which may bias the data (Imprialou and Quddus, 

2017). Further, similarly to other studies including qualitative data (see Aust et al., 2012; Møller and Haustein, 

2016) some variation with regard to the type of information and level of detail provided in the data was found. 

These variations may stem from a number of known and unknown sources e.g. time pressure on the side of the 

hospital staff and social desirability (Lajunen et al., 1997) on the side of the injured cyclist influencing him/her to 

leave out certain types of information and prioritize inclusion of other. However, such bias most likely also 

influences other road accident data sources and are difficult to control for.  

 

Acknowledgements 

The authors would like to thank the Municipality of Aarhus, the Danish Asphalt Pavement Association and the 

Danish Safe Roads Association for their support to this study. 

5. References 

Andersson, A.L., Bunketorp, O. 2002. Cycling and alcohol. Injury – international journal of the care of the injured, 33, 467-471. 

Aslop, J., Langley, J. 2001. Under-reporting of motor vehicle traffic crash victims in New Zealand. Accident Analysis and Prevention, 33, 353-

359. 

Aust, M.L., Fagerlind, H., Sagberg, F. 2012. Fatal intersection crashes in Norway: patterns in contributing factors and data collection 

challenges. Accident Analysis and Prevention, 45, 782-791. 

Beck, B., Stevenson, M., Newstead, S., Cameron, P., Judson, R., Edwards, E.R., Bucknill, A., Johnson, M., Gabbe B., 2016. Bicycling crash 

characteristics: An in-depth crash investigation study. Accident Analysis and Prevention 96, 219–227. 

Bjørnskau, T., Nævestad, T.O., Akhtar, J. 2012. Traffic safety among motorcyclists in Norway: a study of subgroups and risk factors. Accident 

analysis and prevention, 57, 1-9. 

Corazza, M.V., Mascio, P.D., Moretti, L., 2016. Managing sidewalk pavement maintenance: a case study to increase pedestrian safety. Journal 

of traffic and transportation engineering, 3, 203-214. 

Elvik, R., Mysen, A.B. (1999). Incomplete accident reporting: meta-analysis of studies made in 13 countries. Transport Research Record, 1665, 

33-140. 

Elvik, R. 2009. The non-linearity of risk and the promotion of environmentally sustainable transport. Accident analysis and prevention, 41, 

849-855. 

Elvik, R., Bjørnskau, T. 2017. Safety-in-numbers: a systematic review and meta-analysis of evidence. Safety science, 92, 274-282. 

Imprialou, M., Quddus, M. 2017. Crash data quality for road safety research: current state and future directions. Accident Analysis and 

Prevetion, http://dx.doi.org/10.1016/j.aap.2017.02.022. 

Janstrup, K. H., Kaplan, S., Hels, T., Lauritsen, J., Prato, C. G. (2016). Understanding Traffic Crash Under-Reporting: Linking Police and 

Medical Records to Individual and Crash Characteristics. Traffic Injury Prevention; 17; 6; 580-584. 

Kim, J-K., Kim, S., Ulfarsson, G.F., Porrello, L. A., 2007. Bicyclist injury severities in bicycle–motor vehicle accidents. Accident Analysis 

and Prevention 39, 238–251. 

Lajunen, T., Carry, A., Summala, H., Harley, L. 1997. Impression management and self-deception in traffic behavior inventories. Personality 

and individual differences, 22, 341-353. 

Langley, J.D., Dow, N., Stephenson, S., Kypri, K. 2003. Missing cyclists. Injury Prevention, 9, 376-379. 

Lopez, D.G., Rosman, D.L., Jelinek, G.A., Wilkes, G.J., Sprivulis, P.C. 2000. Complementing police road-crash records with trauma registry 

data – an initial evaluation. Accident Analysis and Prevention, 32, 771-777. 

Møller, M., Haustein, S. (2016). Factors contributing to young moped rider accidents in Denmark. Accident Analysis and Prevention, 87, 1-7. 



Mette Møller et al. / TRA2018, Vienna, Austria, April 16-19, 2018 

 

N.H.T.S.A. (NHTSA), 2012. National Survey on Bicyclist and Pedestrian Attitudes and Behaviors. National Highway Traffic Administration, 

2012. 

Puchades, V.M., Pietrantoni, L., Fraboni, F., Angelis, M.D., Prati, G. 2017. Unsafe cycling behaviours and near crashes among Italian cyclists. 

International journal of injury control and safety promotion. DOI:10.1080/17457300.2017.1341931. 

Pulugurtha, S.S., Ogunro, V., Pando, M. A., Patel, K. J., Bonsu, A., 2013. Preliminary results towards developing thresholds for pavement 

condition maintenance: safety perspective. Procedia – social and behavioral science 104, 302-311. 

Rothengatter, T. 1997. Psychological aspects of road user behavior. Journal of applied psychology – international review, 46, 223-234. 

Schepers, P., Heinen, E. 2013. How does a modal shift from car trips to cyclisn affect road safety? Accident analysis and prevention, 50, 1118-

1127. 

Schepers, P., Agerholm, N., Amoros, E., Benington, R., Bjørnskau, T., Dhondt, S., de Geus, B., Hagemeister, C., Loo, B.P.Y, Niska, A. 2014. 

An international review of the frequency of single-bicycle crashes (SBCs) and their relation to bicycle modal share. Injury Prevention, 0, 

1-6. 

Schepers, P., Fishman, E., Beelen, R., Heinen, E., Wijnen, W., Parkin, J. 2015. The mortality impact of bicycle paths and lanes related to 

physical activity, air pollution, exposure, and road safety. Journal of transport and health, 2, 460-473. 

Schepers, P., Stipdonk, H., Methorst, R., Oliver, J. 2017. Bicycle fatalities: Trends in crashes with and without motor vehicles in the 

Netherlands. Transportation Research Part F, 46, 491-499. 

Twisk, D.A.M., Commandeur, J.J.F., Vlakveld, W.P., Shope, J.T., Kok, G. 2015. Relationships amongst psychological determinants, risk 

behaviour, and road crashes of young adolescent pedestrians and cyclists: implications for road safety education programmes. 

Transportation research part F, 30, 45-56. 

Vejdirektoratet (2017). Trafikulykker for året 2016. 

http://www.vejdirektoratet.dk/DA/viden_og_data/statistik/ulykkestal/Årsstatistik/Documents/Uheld%20året%202006.pdf 

Watson, A., Watson, B., Vallmuur, K. (2015). Estimating under-reporting of road crash injuries to police using multiple linked data collections. 

Accident Analysis and Prevention, 83, 18-25. 

 


