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Abstract 

Introduction 

As bicycling continue to gain popularity, the number of bicycle related injuries increase. 

Bicyclist are vulnerable road users; therefore, we want to identify risk factors for serious 

bicycle injury. 

Material and methods 

A comprehensive search of PubMed was performed. Only studies based on hospital reported 

data with Abbreviated Injury Score from centres in Europe, North-America and Oceania, 

published between 2010 and 2020, were included. 

Results 

Eleven studies were identified, covering a total of 228 140 injured bicyclists. Results 

regarding patient characteristics and crash characteristics were extracted. Males were more 

likely to sustain bicycle trauma than females, 60-85%. Single bicycle crash was the 

mechanism behind 52-81% of all bicycle trauma, while 19-42% were due to collisions with 

motorized vehicles and 3-18% were due to collision with another bicycle. The highest relative 

risk of sustaining a bicycle injury was during the early morning darkness. Fracture of the 

upper extremity was the most commonly occurring injury. The use of alcohol before injury 

was seen in 6-33%. Alcohol intoxication was associated with more head injuries, not wearing 

a helmet, less collisions with motorized vehicles and more severe injuries. The use of bicycle 

helmets was associated with less head and face injuries, but more injuries to the extremities 

and especially to the upper extremity.  

Conclusion 

Risk factors for bicycle trauma were bicycling in the dark, alcohol intoxication, not wearing a 

helmet, a lack of bicycle friendly infrastructure and non-existent measures for traffic calming. 

The use of wrist guards for preventing upper extremity fractures should be studied. To 

mitigate the high risk of injuries associated with bicycling these areas should be addressed by 

both politicians and bicycling associations alike. 
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Prewords 

In the early 2017 I joined Dr. Jon Ramm Pettersen, on his quest to study bicycle trauma 

admitted to the Oslo University Hospital (OUH). The study is co-supervised by Professor 

Eirik Helseth. The data was provided by the Oslo University Hospital Trauma Registry, 

which was created and is handled by the anaesthesiologists Dr. Nils Oddvar Skaga and 

Professor Torsten Eken. The registry covers all trauma admissions to the Oslo University 

Hospital. 

I have worked in the ambulance service of downtown Oslo for the last five years. Here is 

responding to bicycle trauma common practice during the summer seasons. Bicycling is 

becoming ever more popular. At the same time, politicians, urban architects, road planners 

and road safety organizations do not possess proper data to work with as Statistics Norway, 

underreport these types of injuries. Therefore, healthcare personnel at the hospital have been 

confronted by media to the inform society of the injuries associated with bicycling.  

Obviously, there’s a need for more research. How many bicyclists are actually injured each 

year? What are the societal consequences of promoting bicycling? Can we make bicycling a 

safer way to travel? 

We were lucky to receive a grant from Osloforskning, a cooperation between Oslo city and 

the University of Oslo for the early work with the study. Further funding was later provided 

by the Norwegian Research Association administered through the Research Program for 

medical students at the Faculty of Medicine, University of Oslo. 

I’ve been all the way to a conference in Australia, trough Oslo, Stockholm, Tromsø and 

Trondheim, sharing our work on bicycle trauma. We have been speaking at a bicycling 

conference with all the national players in road development, including the Norwegian public 

road administration. We have also supplied background material to a long story covering a 

tragic bicycling fatality in Aftenposten, spring 2019 (1).  

So far it has been an amazing journey, still, I’m convinced it’s only the beginning, as we 

expect to publish our first paper in a peer-reviewed journal this year. At the same time, Dr. 

Jon Ramm-Pettersen and Professor Eirik Helseth have expanded the study and recruited more 

young aspiring researchers to work with us. 
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This project thesis takes the form of a systematic literature review and is intended to enhance 

our background material for the work with bicycle trauma at Oslo University Hospital. 

Enjoy the ride and cycle safe! 

 

 

Ingar Næss 

stud. med. University of Oslo 

The Medical Student Research Program 

Department of Neurosurgery 

Oslo University Hospital, Ullevål 
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1 Introduction 

Active commuting by bicycle is promoted as a sustainable alternative to commuting by 

cars in developed countries, for short and medium range travel within urban areas (2). 

Bicycling is associated with several health benefits such as increased cardiovascular 

health, decreased risk of cancer mortality, all-cause mortality and can help to combat 

depression (3, 4). Furthermore, a reduction in CO2 pollution from vehicles using fossil 

fuels may benefit the health of the general population (5). 

The bicycle promotions seem to be working. Automated counting stations in Oslo, 

Norway, has shown a 20% increase in the number of bicyclists traveling on the major 

bicycle commuting routes from 2014 to 2016 (6). Unfortunately, with an increasing 

number of bicyclists on the roads, a growing number of bicycle related injuries have 

been observed for last two decades. (7, 8) This is in strong contrast to the total number 

of fatal and severe road traffic injuries, which has decreased immensely for the 

European countries during the same time period (9, 10). The reduction in road traffic 

injuries is in large due to an improved infrastructure and an increased focus on road 

safety (11). Road safety has been promoted by politicians and organizations through the 

“vision zero”. This is a political vision for zero deaths or severe road traffic injuries, 

which was first introduced in Sweden, but later adopted by several countries across the 

globe (12-14).  

As part of the bicycle promotion campaigns, governments are building new bicycle 

friendly infrastructure. This is an attempt to recruit more bicyclists and improve the 

perceived safety of bicycling inspired by the Dutch and the Danish society (12). 

Although, it has been difficult to prove the beneficial safety effects of infrastructure 

expansions. The literature has addressed the fact that few studies have controlled for 

bicyclists exposure and a Cochrane review concluded that proper evidence for the 

positive safety effects of bicycle lanes could not be found (15, 16). However, another 

systematic review performed by Reynold et al. still did encourage the continuous 

expansion of bicycling lanes, even if the authors also commented on the lack of 

exposure data. Therefore, the safety of the new bicycling superhighway of London, 

paved in blue colour have been studied. The authors reported that the bicycling on the 

super highway was not more dangerous than to bicycle on any other road in terms of 
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crash risk, after adjusting for exposure. In addition, the super highway was successful in 

recruiting more bicyclists and the study concludes that further expansion of bicycle 

friendly infrastructure can be advised (17).  

In addition to the benefits of improving bicycle friendly infrastructure, a safety in 

numbers effect for bicyclist has been postulated by several authors (18, 19). Traffic 

researchers have claimed that the relative injury risk per bicyclists will decrease as more 

bicyclists take to the roads (19). None the less, the modelled reduction in the use of cars 

might be unrealistic, despite of the ongoing promotion of active commuting (20). Still, 

studies do report that when cars more frequently become exposed to bicyclists on the 

roads, bicycling becomes more safe (21). Even so, it is likely that the total number of 

serious and fatal bicycle related injuries will continue to increase, although perhaps at a 

decreased risk of the individual bicyclist (22). 

As new bicyclist takes to the roads, emergency departments and trauma hospitals can 

expect to receive more patients with bicycle related injuries. Counting the true number 

of bicycle trauma is difficult as official registers based on police reports have been 

known to struggle with underreporting (23). In Norway, the official statistics of 

Statistics Norway have an estimated underreporting of 1:8-1:12 for all doctor treated 

bicycle related injuries (24, 25). Næss et al. have estimated the underreporting to be 

1:2.5 for all serious bicycle related injuries with figures from the Oslo University 

Trauma Registry. However, the Oslo University Hospital is a local acute care hospital 

for Oslo, and a regional trauma hospital for the South Eastern Norway health region, 

admitting patients from 20 referring hospitals (8). A recent study from Kristiansand 

Hospital, one of the referring hospitals, revealed that several seriously injured bicyclists 

were treated locally without being referred (26). Thus, the underreporting of Statistics 

Norway at 2.5 for serious injuries is a minimum estimate. The most common type of 

crash mechanism in these studies was single bicycle crash, making up three quarters of 

all hospital treated injuries. These crashes tend to not be reported to the police, which 

necessitates hospital data in order to study the true societal consequences of bicycle 

related injuries (23). 

As the bicycling promotion continue, safety for bicyclists should be addressed. We 

attempt to learn more about vulnerable bicyclists and how to target risk groups. We want 

to expand our knowledge for predicting the outcome of bicycle trauma and study typical 
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traits behind these injuries. Traits both for the circumstances of the crash and for the 

individual bicyclist. Therefore, we aim to identify risk factors and predictors for 

outcome among patients with bicycle related injuries presenting to a trauma hospital. 

We will do so by commencing a literature search in the PubMed database and write a 

resume of the ascertained papers. 

 

2 Method 

The Aim of the study was to identify risk factors for bicycle related injuries admitted to 

a hospital and quantified by either Abbreviated Injury score (AIS), Injury Severity Score 

(ISS) or New Injury Severity Score (NISS).  

2.1 Rating injury severity 

The AIS is an internationally recognized system which scores injuries from mild to 

maximum, over a 6 point scale, minimal to fatal, for 9 different anatomic body regions 

(27). This system is widely used in trauma research. In order to rate a patient’s injury 

severity there’s several options based on the AIS. Some researchers prefer using the 

single highest AIS score independent of body region, collectively called the maximum 

Abbreviated Injury Score (mAIS) to rate the severity of injuries. However, the most 

common way is to summarize the square sum of the three most injured body regions 

which together makes up the ISS. The ISS then becomes a value between 1-75. An AIS 

of 6 is automatically given ISS 75 (28). To account for the fact that the ISS does not 

consider several injuries from one body region in its calculation, the NISS was 

promoted. NISS summarizes the square sum of the three highest AIS independently of 

the injured body regions and seems to be a better predictor for fatal injury (29). 

2.2 Inclusion and exclusion criteria 

We have only included studies performed in developed countries in Europe, Northern 

America, Australia and New Zealand (Table 1.) Also, we only included publications 

from 2010 or later, written in the English language. This decision was made to increase 
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the likelihood of the results of this study to be relevant for a Norwegian setting in our 

time. 

2.3 The search 

In order to prepare the search, a PICO chart was constructed, which can viewed in Table 

2. The MeSH terms of Bicycling, Transportation, Wounds and Injuries and Trauma were 

provided to the librarian ahead of the search, together with two related articles and the 

aforementioned PICO chart. These two articles described bicycle injury epidemiology 

and crash characteristics. One of them, the all-time famous bicycle crash epidemiology 

paper by Rivara et al. from 1997, which was reprinted in BMJ 2015 and a Danish study 

on aggravating and mitigating factors surrounding bicycle injuries by Kaplan et al. (30, 

31). Rivera et al. based their study on patients admitted to the emergency department 

after sustaining a bicycle crash. Rivara et al. thus performed a prospective cohort with 

questionnaire sheets for both the patients and the doctors, while Kaplan et al. used police 

files to collect information on bicycle related injuries in Denmark. Both of these studies 

included analyses surrounding patient and crash characteristics of the injured bicyclists. 

We retrieved both of these studies in the search. 

To perform the search in PubMed, we used the following MeSH terms in combination: 

Active, commuting, bicycle, risk, injury. The search was stopped on 25.12.2019. The 

search strategy, including technical combination of the aforementioned MeSH terms is 

provided in the appendix (Table 3). 

At first the generated search hit list was scanned for suitable titles by reviewing a printed 

search list in order assess the content at a glance. Upon approval, the search was 

imported into EndNote x8. The process of reviewing the search hit list is displayed in 

Table 4. The articles which were obviously not relevant were removed first. Then the 

articles not meeting the inclusion criteria for the year of publication, language and 

country of origin were removed (Table 1). Afterwards articles with a sole focus on 

paediatric, adolescent and geriatric groups were discarded. Studies with a sole focus on 

mountain biking were removed as well. Then the article abstracts were screened using 

EndNote x8 in order to remove articles which did not meet further inclusion criteria. 

After screening the abstracts with EndNote x8, 25 articles were selected for full-text 
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review. However, as one article was not available in full-text, a total of 24 articles were 

retrieved. 

The 11 remaining articles were then screened for quality and appointed a quality rating 

by using checklists designed for either cohort or patient-series studies, as recommended 

by the Norwegian Public Health Institute for systematic literature studies (32). The 

checklist which was found to be the most suited for each article was applied. All filled in 

checklists have been provided in the appendix 7.2. Unfortunately, the applied checklists 

were only available in Norwegian. 

In addition to the aforementioned PubMed search we have chosen to include articles 

with relevant information on bicycle infrastructure and health benefits of active 

commuting for the sake of the introduction and discussion section of this paper. These 

articles were found either independent of the aforementioned search, through the 

aforementioned search, from reference lists, or from free searching PubMed. These 

articles have not been screened for quality with checklists.  

This literature study was conducted using tables inspired by the method book for writing 

project thesis in healthcare by Grønseth & Jerpseth (33). All tables were placed in the 

appendix in accordance with the guidelines for the project thesis at the Medical Faculty, 

University of Oslo (34). 

 

3 Results 

Eleven publications, covering a total of 228 140 injured bicyclists, were included in this 

systematic literature review. An overview of the publications, with quality ratings has 

been provided in Table 5. A summary of the main findings from each article will be 

presented here in an alphabetical order. 

Airaksinen et al. studied the influence of alcohol in a cohort of patients with bicycle 

related injuries presenting to a level II trauma hospital in Finland. All bicyclists were 

routinely tested on admittance for alcohol intoxication and 1/3 were positive. Alcohol 

intoxicated bicyclists were more likely to be involved in a single bicycle crash and to be 

injured during the weekend than their sober counterparts. Alcohol intoxication with 
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blood alcohol content of >1,5 g/L and/or age 24-35 was associated with head injuries. 

Sober bicyclists more often wore a helmet and had a higher association to upper 

extremity fractures than alcohol intoxicated bicyclists (35). 

Amoros et al. studied the epidemiology of doctor treated bicycle injuries in and around 

Lyon, France. They discovered that the most common patient was a young male aged 

12-14. In urban areas, collisions with motorized vehicles made up 30% of all injuries, a 

higher percentage than in the rural areas. Even so, rural injuries were more often severe, 

independent of the crash mechanisms. In general children suffer the least severe injuries 

compared to teenagers and adults, while the most often reported injury at the level of 

mAIS2+ was an upper extremity fracture, no matter the age and crash mechanism (36). 

Amoros et al. also studied the effects of bicycle helmets in the same cohort from the 

Rhone district in France. They concluded that helmets granted protection from head and 

face injuries independent of the crash mechanism, while no difference was found for 

neck injuries. The protective effect from a helmet was more pronounced for serious head 

injuries (mAIS 3+) compared to mild head injuries (mAIS 1+) (37). 

Dinh et al. studied the effects of bicycle helmets in a cohort of injured bicyclist admitted 

to an emergency department in Sydney, Australia. They found that those wearing 

helmets were less likely to sustain a serious head injury than those who did not wear a 

helmet. Interestingly, the same observations were found for those enduring a collision 

with a motorized vehicle. These patients had a lower association with serious head 

injury than other types of crash mechanism. Helmet-use was found to have a high 

association with upper extremity injury (38). 

Meuleners et al. studied crash characteristics for on-road bicycle injuries in the urban 

areas of Perth, Western Australia. They found that half of all injuries occurred at non-

intersection sites. Most bicyclists (70%) were riding for recreational purposes, while 

nearly 1/3 (30%) were riding for commuting purposes. Nearly all (95%) bicyclists were 

using a helmet at the time of crash. The crash mechanism was a collision with a 

motorized vehicle 42%, bicycle vs bicycle 18%, bicycle vs pedestrian 1%, due to a 

hazard in the road 18% and some other form of single bicycle crash 21%. The authors 

conclude there’s room for improvement in the road maintenance. For the crashes not 

involving a motorized vehicle, 12% were reported to the police, compared to 79% of the 
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collisions with motorized vehicles. The authors advice that police registers thus do not 

reflect the true societal burden of bicycle related injuries (39). 

Roberts et al. compared major trauma cases from mountain bicycling and street 

bicycling (ISS >12) for adults over a 14-year period. They found that spinal injuries 

more often occurred for mountain bicyclists. They took note of a 30% occurrence of 

thorax injuries for both groups, suggesting the use of protective breastplate for 

bicycling, independent of modality. They reported an increase in the admission of 

injured bicyclists from 1996 to 2008 as well. Most deaths occurred either due to 

traumatic brain injury, cervical spinal cord injury, or due to physiologic exhaustion from 

haemorrhage (40).  

Scott et al. studied the outcome from bicycle related trauma comparing helmet and non-

helmet users. They discovered an association with lower mortality rates and lower 

hospital length of stay among patients who had sustained head and neck injurie and used 

helmets. No difference was found in the ISS between the two groups. The authors 

advice the use of campaigns to raise helmet use, especially for bicyclists of Black and 

Hispanic ethnicity (41). 

Sethi et al. studied the influence of alcohol among patients with bicycle related injuries 

presenting to an emergency department in New York, US. They found that 15% of 

bicyclists were alcohol intoxicated. These intoxicated bicyclists were more likely to be 

hospitalized, require CT scans, endure loss of consciousness, receive endotracheal 

intubation, be associated with head/neck injuries and admitted to the ICU compared to 

sober bicyclists. Furthermore, alcohol intoxicated bicyclists more often sustained their 

injuries during night time and they were also less likely to wear a helmet (42). 

Twisk & Reurings studied the influence of light conditions on bicycle injuries in the 

Netherlands. They used data from the national trauma databank in combination with 

police files and data from the national travel study. The highest relative risk of injury 

was found to be during the early-morning darkness, both for single bicycle crash and 

collision with motorized vehicles. The highest risk of injury was found for children aged 

10 and younger, followed by the elderly of 65 plus. The association with alcohol was 

high for all injuries occurring in the dark, especially during the weekends. Even so, after 

adjusting for travel distance, bicycling in the early-morning darkness had the highest 
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relative risk of injury, more so than bicycling in the late-night darkness. The authors 

concluded that fatigue was likely to play a role as the light conditions and alcohol 

couldn’t explain this finding (43). 

Yilmaz et al. compared the injuries of bicycle trauma patients from Rotterdam and 

Melbourne, discovering that the Dutch bicyclists more frequently sustained head/neck 

and face injuries compared to the Australian bicyclists. The main difference in the two 

cohorts of bicycle trauma was the use of helmets, with 5% helmet-use among the Dutch, 

and 75% for the Australians. The study did not differentiate on the crash location or the 

speed at impact (44). 

Zibung et al. studied the quality of life among bicycle trauma patients admitted to the 

trauma centre in Stockholm, Sweden. They found that 72% of injured bicyclists had 

some form of physical suffering 6 months after crash. The risk factors for physical 

suffering were cervical spine injury and GCS of 13 or below. Bicyclists not wearing a 

helmet were more likely to report a reduced outlook on life than those who wore 

helmets. Also, bicyclists with ISS >15 were likely to report a reduced outlook on life 

than those with more moderate injuries. Injured bicyclists with facial fractures and those 

with ISS >15 were most likely to report reduced functioning in daily activities. While 

the only significant risk factor for an overall impaired quality of life were found to be 

GCS of 13 or below when admitted to the hospital (45). 

 

4 Discussion 

Eleven publications on bicycle trauma were included in this systematic literature review, 

covering topics from injury epidemiology in bicyclists, infrastructure, alcohol use, the 

effects of bicycle helmets to quality of life six months after crash. In general, the studies 

were regarded to be of medium quality, with good response rates. The main risk factors 

were considered to be male gender, advanced age, Black or Hispanic ethnicity, bicycling 

in the darkness, alcohol intoxication, not wearing a helmet and a lack of bicycle friendly 

infrastructure. 

4.1 Patient characteristics 
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Gender 

The male gender was overrepresented in these bicycle trauma cohorts ranging from 60% 

in Finish and Dutch studies to 85% in an Australian study (44). Also, Scott et al. 

reported that males were more likely to be both seriously and fatally injured, and less 

likely to use helmets than females. Furthermore, Airaksinen et al. reported that males 

were more likely to have used alcohol before sustaining injury (35, 41). 

Age 

The common age for patients with bicycle injuries varies between the studies. Amoros et 

al. found a peak incidence for boys aged 12-14, and between 7-8 for girls (36). Twisk & 

Reurings also noted a peek for children, although for children under the age of 10 (43). 

Some of the other studies excluded the youngest age group, with cut offs either at age 13 

or 15. Therefore, the mean age was not comparable across all the publications. However, 

the Finish study reported the mean age to be 40 years, Sweden 48 years, while the 

Australian studies reported mean age of 35-48. On the other hand, the mean age for 

bicycle trauma in the Netherlands were nearly twenty years older. Half of them being 

over 60 and a quarter over 70 (44). 

Amoros et al. reported that the young suffered the least severe injuries (36). Scott et al. 

found that the young were more likely to survive head/neck injuries than older bicyclists 

(41). Yilmaz et al. found an elevated risk of fatal injury for the elderly, although 

significant only above 70 years of age. These results were in line with other literature 

(46-49). The exact age for an increased risk of fatal outcome has been difficult to obtain, 

but the risk of serious and fatal injury do seem to increase somewhere after 40 years of 

age (50). Even so, the western population keeps on getting older and stay healthy longer, 

becoming fragile first at a later point in life. An increased focus on geriatrics in trauma 

should be expected, although the change might be more subtle than predicted (46). 

Ethnicity  

American studies tend to include racial ethnicity in their papers, something which is 

hardly found in European studies. Scott et al. reported that both Blacks and Hispanics 

were more likely to die after sustaining head/neck injuries than Whites, probably 

because they were less likely to wear helmets. Blacks and Hispanics were also more 
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likely to work as bicycle couriers and therefore should be the target for specific safety 

campaigns according to the authors (41). As a side note, Sethi et al. found no difference 

among different ethnicities in the risk of bicycling intoxicated by alcohol (42). 

Alcohol 

The incidence of alcohol among injured bicyclists differ between studies, from 6-33%. 

However, only the Finnish study routinely tested all injured bicyclists for blood alcohol 

content and found positive samples for 30% (35). While, Sethi et al. based their New 

York study study on a small fraction of blood samples and relied heavily on self-

reported alcohol consumption, they reported 15%. The true incidence of alcohol 

intoxication could therefore be underestimated (42). Dinh et al. reported 6% from 

Sydney, however they relied on paramedics and emergency physicians to take notice of 

alcohol intoxication. Therefore, their reporting was likely to be biased (38). Still, it’s not 

unlikely that there’s a cultural difference in the consumption of alcohol between a small 

town in Finland and New York city. 

Alcohol intoxicated bicyclists were more likely to endure a single bicycle crash due to 

falling and less likely to collide with a motorized vehicle. Even so, alcohol intoxicated 

bicyclists were more likely to suffer head injuries and they were less likely to wear 

helmets. These findings were consistent among all the publications (35, 51). However, 

only Sethi et al. found an association with more severe injuries for alcohol intoxicated 

bicyclists (42). 

Alcohol positive riders were also more likely to crash during night time than day time, 

both in the study by Sethi et al. and Twisk & Reurings (43, 51). 

4.2 Time of crash 

Time of day 

Amoros et al. found that most injuries occurred during daytime, however they lacked 

information on the time of injury for more than one quarter of the bicyclists (36). 

Similar results and a lot of missing data for the time of injury were reported by Roberts 

et al. (40). Twisk & Reurings found the early morning darkness to be the time of day 
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with the highest relative risk of injury after adjusting for the distance travelled. 

Consequently, the darkness, association to alcohol especially in the weekends, but also 

perhaps fatigue seemed to play a role (43).  

Time of week 

Amoros et al. reported a relative equal distribution during the week for adults bicycling 

in urban areas, while there were more rural injuries in the weekend. Children were also 

more likely to be injured in the weekend (36). Roberts et al. found that injuries for street 

bicyclists were more likely to occur during the weekdays, while mountain bicycle 

injuries more often occurred during the weekends (40). 

Time of year 

Bicycling remains a seasonal activity for the countries included in this study. In France 

65% and in Canada roughly 83% of bicycle trauma occurred between April 1st. and 31. 

September. Amoros et al. postulated that the injury frequency directly reflected exposure 

(36). 

4.3 Reason for bicycling 

Most of the publications did not study the type of bicycle or the reason for bicycling, 

except Roberts et al. who compared patient and crash characteristics for mountain 

bicycling and street bicyclists (40). Meuleners et al. found that 30% were bicycling for 

commuting purposes, while 70% were bicycling for recreation (39). 

Urban/Rural 

In the southern part of Belgium the chance of fatal injury when cycling is much higher 

than in the northern regions of Flandern, where the bicycling culture is more similar to 

the Dutch (21). This implies that in the areas where more bicyclists travel, car users are 

more accustomed to sharing the road with bicyclists, thus reducing the risk of road 

traffic injuries. This is in line Amoros et al. who found that rural bicycle trauma tends to 

be more severe than urban bicycle trauma. This was true even if rural trauma less often 
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were the result of a collision with a motorized vehicle. The authors assumed this to be 

due to the relative higher speed in rural areas (36). 

Off-road 

Roberts et al. compared injuries sustained by mountain bicyclists to those of street 

bicyclists. They found that the main difference was a higher occurrence of injuries to the 

spine for mountain bicyclists. The mountain bicyclists also tended to be younger than 

street bicyclists and as mentioned earlier, more often injured during the weekends. The 

mountain bicyclists also were more often flown with an air ambulance 37% vs. 12% and 

had longer transport times than street bicyclists (40). 

4.4 Protective equipment 

Reflective clothing 

Wearing reflective clothing has been reported to reduce the chance of sustaining a 

collision with a motorized vehicle, however was not studied in any of the included 

publications (52). 

Helmets 

The protective capability of helmets for preventing head injuries was highlighted by 

several publications in this study; Airaksinen et al., Amoros et al., Dinh et al., Zibung et 

al., Yilmaz et al. and Scott et al. Their results were in line with a recent systematic 

review which concluded that bicycle helmets protects against head injuries (53). 

The general finding of the publications was that helmet users were less likely to sustain 

head and face injuries (35, 37, 38, 44). Indifferent results were found for injuries to the 

neck (37). However, helmet users were more prone to sustain extremity injuries, 

particular to the upper extremity. This repeated finding might be as close as we get to 

confirming the positive benefit of helmets in trauma centre cohort studies (54). Amoros 

et al. also noted that the association of helmet users to sustain less head injuries was 

stronger for more serious injuries (37). Scott et al. found higher survival rates among 

helmet wearing bicyclists in the US national trauma data bank (41). Unfortunately, 
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Roberts et al. suffered from missing data and did not perform analyses for helmets in 

mountain and street bicyclists (40). However, Zibung et al. found a reduced outlook on 

life six months after sustaining bicycle trauma, worse for those that did not wear a 

helmet compared to those who did (45). Finally, Dinh et al. advocated the importance of 

helmets, regardless of the circumstance of the crash (38). 

Helmet legislation 

The protection offered by bicycling helmets should have been established by now. Still, 

in The Netherlands, the number one bicycle country, they have not made helmets 

mandatory. In fact, most bicyclists do not use them. A similar bicycling culture, with a 

relatively low helmet use is found in Denmark. However, the Dutch do cycle on great 

infrastructure, flat landscape, on simple bicycles, most of the time separated from traffic 

and if not, traffic calming measures have been implemented. Furthermore, the bicycling 

mentality among the Dutch is very different compared to the more racing and training 

focused bicycling cultures of Norway, USA and Australia (12). The use of helmets was 

associated with a reduction in injury severity to the head and face and also in the 

publications of this review (55). However, compulsory helmet legislations supposedly 

decreased the popularity of bicycling. Robinson, DL. et al. even claimed that the 

reduced number of bicyclists on the streets alleviated any safety effect of the helmet, 

hence they advised policy makers to rethink the legislation on helmets (56). However, 

these claims have been criticized and mitigated by a new systematic review (53). Even 

so, both in Norway and Sweden 50% of bicycle trauma was wearing helmets without 

any mandatory legislation, although the Swedes have legislated helmets for youngsters 

(24, 54). The UK also has adopted a similar non-mandatory approach, they recommend 

helmets, but don’t enforce them (57). On the other hand, Australia can report 75-95% 

helmet use for their bicycle trauma (39). As mentioned, the Dutch has no helmet 

legislation and even though they do have a low relative number of fatal bicycling 

injuries, the absolute number of serious and fatal injuries was high. Bicycling in the 

Netherlands is an equal cause of traumatic brain injury to car crashes (58, 59).  

Other protective equipment 
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Other types of protective equipment for bicyclists, besides helmets, have received little 

attention. The Canadian study by Roberts et al. recommended the use of chest protection 

for both street and mountain bicyclists as injuries to the thorax were numerous and tend 

to be severe, even fatal (40). Chest protection is commercially available, as well as back 

protectors, but tend to only be used by downhill mountain bicyclists. However, Roberts 

et al did. find that mountain bicyclists were more likely to suffer injuries to the spine 

than street bicyclists (40). Still, the most commonly reported site of injury of the 

included publications was that of the upper extremity. Also, several publications in this 

study found that wearing a helmet was associated with more upper extremity fractures. 

Perhaps the protective capabilities of wrist guards for street bicyclists should be studied 

and consequently could be promoted? 

4.5 Crash characteristics 

Single bicycle crash 

Although, the publications defined these numbers somewhat differently, some form of 

single bicycle crash accounted for 52-81% of all bicycle trauma. The lowest numbers 

translate to falls only, excluding the collisions with stationary objects and road hazards. 

Meuleners et al. found that 58% of bicycle trauma were without any involvement of a 

motorized vehicle and 18% of these were collisions with another bicycle and an equal 

amount due to a hazard in the road. However, the study only covered urban trauma 

occurring at a road site. Amoros et al. found that 55-80% of bicycle trauma occurred due 

to single bicycle crash, and children were the most likely to fall of their bicycles. They 

also found that 3-6% of injuries occurred due to a collision with another bicycle. Zibung 

et al. counted 52% single bicycle crashes in their trauma cohort from Stockholm, and an 

additional 13% to be due to a collision with a stationary object, another bicycle, or a 

pedestrian. While Roberts et al. reported that 58% was due to a single bicycle crash, and 

another 12% was due to involvement of another bicyclist, pedestrian or any obstacle. 

Bicyclists who were alcohol intoxicated were more likely to fall of their bicycles and 

Airaksinen et al. reported the Fins to sustain 81% of bicycle trauma due to single bicycle 

crashes. 
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Collisions with motorized vehicles 

Roberts et al. reported 30% of street bicycle trauma to be caused by a collision with a 

car, just below the 35% reported by Zibung et al. In Perth, Australia, Meuleneres et al. 

found that 42% were due to collisions with motorized vehicles, similar to the numbers 

reported by Dinh et al. In France, Amoros et al. found that 7-31% of injuries were due to 

collisions with motorized vehicles, more often affecting adults than children. In most 

cases the motorized vehicle was a car, seldom a van or a truck. Yilmaz et al. did report 

higher odds of fatal outcome from collisions with vans or trucks compared to cars. 

However, with wide confidence intervals they did not reach significance, neither the 

odds ratio of cars towards single bicycle crashes was significant. 

Bicycle-modal share 

In an attempt to promote bicycling several large cities world-wide have implemented the 

use of a bicycle modal share system. Studies ranging from both London and Paris to 

Barcelona claims the risk of injury to be low and the health benefits to be high. So far, 

these studies do not seem to be contested (60-62). Even so, it’s important to note that the 

bicycle modal share in Oslo is closed at night between 1am and 5am. As these hours 

were associated with both alcohol use and a high risk of injury, it certainly should 

continue to be so (63). 

Pedelec 

Although a preliminary report from Norway claimed that ebikes were not associated 

with a higher risk of injury compared to regular bicycles, Dutch studies tell us otherwise 

(64, 65). None of the included studies covered pedelecs and thus the topic will not be 

further discussed. 

4.6 Infrastructure 

Improving bicyclists infrastructure is a major investment and regarded as a necessity in 

order to recruit more bicyclists and to promote a heightened sense of safety when 

bicycling. Studies show that improved infrastructure is successful in recruiting females 

and children. These groups tend to have a lower rate of bicycling in mixed traffic and be 
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more concerned with safety than adult males (12). A systematic literature review reports 

a positive correlation between infrastructure investments and an increased rate of active 

travel in the population (66). Also, a lack of infrastructure has been associated with a 

high rate of fatal injuries especially in mixed traffic with cars, bicyclists and pedestrians 

(67). Meuleners et al. found that most intersection crash locations did not have bicycle 

paths (39). A Norwegian report has found benefits of investing in improved 

infrastructure for bicyclists, especially to improve the perceived safety of inexperienced 

bicyclists. This is an important group to recruit in order to reach the national goal at 20% 

of daily commutes by bicycle (68). There seems to be an agreement, that bicyclists 

should have their own lane in roundabouts and be separated from pedestrians. Bicycle 

lanes with one-way traffic is preferable (15, 16). Yet, single bicycle crash remains an 

issue to be tackled (69). Meuleners et al. even claimed 18% of bicycle trauma to be due 

to hazards in the road. Perhaps more resources should be pooled into road maintenance 

and not just road expansions. 

4.7 Future challenges 

Safety in numbers 

Researchers suggests a safety in numbers effect, leading to less bicycling injuries as 

more people begin to bicycle. This will likely prevent an exponential rise in the number 

of bicycle injuries, although possibly not eliminate an increase in the absolute number of 

bicycle injuries (22). The safety in numbers effect is studied by several authors, 

however, mostly as a consequence of collisions with motorized vehicles. Showing a 

non-linear increase in the number of injuries proportional to the distance bicycled (19). 

However, some of these studies were incomplete as they have not included single 

bicycle crash in their models. We have seen that these crashes were the most common 

mechanism of injury leading to hospitalization for bicyclists, making up roughly two 

thirds of all bicycle trauma (69). 

Underreporting 

Meuleners et al. conveyed that hospital data is necessary in order to grasp the magnitude 

of bicycle trauma, which have also previously been reported from several sources (25, 
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70). For bicycling the problem of underreporting has been widely acknowledged, and 

The European Council for Road Safety are aware of this issue (9). Especially single 

bicycle crashes and mild bicycling injuries were associated with a very low rate of 

police reporting (23). In general, the Scandinavian countries rank high on the charts for 

road safety in Europe (11). To address the issue of underreporting the Swedes have 

integrated hospital data in their official reports and this should have been the new norm 

for all developed countries, although requires certain economic resources (71). 

4.8  Limitations of the study 

Obviously, the patient epidemiology various according to country of origin and its 

bicycling culture. Consequently, all findings and recommendations must be seen 

through the bicycling culture of the country and region in which the study has taken 

place. This is true, even if this review only included papers from Europe, North America 

and Oceania.  

The included studies demonstrated a high level of heterogeneity, furthermore it was not 

the intention of this systematic literature review to perform a meta-analysis. We aimed 

at ascertaining known risk factors for enduring bicycle trauma.  

Although the opportunity of expanding the literature search to include more databases 

was explored, it was not recommended by the librarians at the medical library, 

University of Oslo for the means of this project thesis. We still believe that PubMed 

encompasses most of the relevant high-quality research within in this field. Therefore, 

we still believe that we located a sufficient number of publications to obtain valid results 

and give proper recommendations. 

To have two reviewers independently go through the generated search hit list is regarded 

as the standard approach for published peer-reviewed systematic reviews. However, this 

was considered to be outside the scope of this project thesis. Both the studies by Rivara 

et al. and Kaplan et al. which were used for inspiration when preparing the search, were 

retrieved from the final search hit list. We did rely on the MeSH keywords in the 

literature search to attain articles for this study. In addition to the search, we could have 

scanned the reference lists of the included papers. This would likely have increased the 
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number of relevant articles. However, this was considered to be outside the scope of this 

project thesis, primarily due to time restrictions. 

The datasheets used to assess quality in the included articles were recommended by The 

Norwegian Institute of Public Health. Therefore, we consider them to be of sufficient 

quality for this project thesis. To critically evaluate a paper is a skill that needs to be 

learned and trained. We believe the sheets performed well in such regard. 

 

5 Conclusion 

The ascertained risk factors for bicycle trauma were male gender, advanced age, 

bicycling in the early morning darkness, drinking alcohol, not wearing a helmet, a lack 

of bicycle friendly infrastructure and non-existent measures for traffic calming. The 

most common injury sustained by helmet wearing bicyclists was a fracture of the upper 

extremity. Hence, the protective capabilities of wrist guards should be studied. In order 

to mitigate the high risk of injuries associated with bicycling these areas needs to be 

addressed by both politicians and bicycling associations alike. 
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7 Appendix 

7.1 Tables 

Table 1. Inclusion and exclusion criteria. 

 Inclusion criteria Exclusion Criteria 

Population Hospital admitted, bicycle 

related injuries 

Paediatric, adolescent or 

geriatric trauma only,  

mixed cohorts with pedestrians, 

only E-bike injuries, other sport 

activities than bicycling, only 

mountain bicycling, only 

collisions with motorized 

vehicles or other types of 

unsorted road traffic injury. 

Include information on Age, gender, type of crash, 

severity of crash reported as 

either AIS, ISS or NISS. 

Severity of crash reported in 

other systems 

Language and country English language and study 

performed in either Europe, 

Australia, New Zealand, USA or 

Canada 

Other languages, non-developed 

countries and developed 

countries outside of Europe, 

North America or Oceania 

Study published in year >2010 <2010 

Study design Cohort study, case-control 

study, cross sectional study 

Systematic review 

Availability Full text available with 

subscription through the 

Medical Library at the 

University of Oslo 

Full text not available with 

subscription through the 

Medical Library at the 

University of Oslo 

Ethics Ethical considerations were 

addressed by the study 

Ethical considerations were not 

addressed by the study 

 

Table 2. The PICO chart. 

Population 

  

Intervention Comparison Outcome 

Active commuters in 

developed countries 

Bicycle related injury, 

risk 

Patient-Characteristics, 

Crash- Characteristics 

Abbreviated Injury 

Score 

Injury Severity Score 

New Injury Severity 

Score 

Fatal outcome 
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Table 3. The exact search terms. 

The search ((((risk factors[MeSH Terms]) OR (((risk OR aggravating OR mitigating) AND (factor 

OR factors))))) AND ((((bicycling OR cycling OR cyclist OR cyclists))) AND ((trauma 

OR wound OR wounds OR injury OR injuries)))) AND (((((((injury OR trauma) AND 

(score OR scale OR index)))) OR ((injury severity score) OR injury severity score[MeSH 

Terms])) OR ((trauma severity indices[MeSH Terms]) OR (trauma severity AND (indices 

OR index)))) OR (((maximum abbreviated injury AND (scale OR score))) OR 

abbreviated injury scale[MeSH Terms])) 

 

Table 4. Search hits. 

Search hit list 317 articles were located. 

 

Title and abstract review 25 articles were selected for full text review. 

 

Subscription at the library 24 articles were retrieved for full text review. 

Full text review 4 articles were excluded as they only contained data from police files. 

4 articles were excluded as they only contained information on collisions 

with motorized vehicles. 

3 articles were excluded as they did not contain information on AIS, ISS 

or NISS. 

1 article was excluded as it only contained information on bicyclist vs. 

bicyclist crashes. 

1 article was excluded due to mixing up the data for bicyclists and 

pedestrians. 

1 article was excluded due to the origin of study from Korea. 

Included 11 articles were included in this systematic literature review. 
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Table 5. Overview of the eleven included publications with quality ratings. 

Author Year, 

country 

and city 

Study 

design 

Number of 

participants 

Research 

question 

Results Quality 

Airaksinen 

et al. (35) 

2018, 

Finland, 

Kouvola 

Cohort 

study 

217 To describe the 

presence of 

alcohol 

intoxication 

among injured 

bicyclists 

1/3 of bicycle 

trauma 

treated at a 

hospital in 

Finland were 

under the 

influence of 

alcohol. 

Alcohol 

intoxication 

was 

associated 

with head 

injuries. 

Medium 

Amoros et 

al. (36) 

2011, 

France, 

Lyon 

Cohort 

study 

13 684 To describe the 

circumstance of 

bicycle crashes, 

characteristic of 

the cyclists and 

their injuries, in 

Rhone, France. 

Bicycle 

trauma 

reflected 

exposure. 

The peek 

incident was 

for young 

males aged 

12-14. Upper 

extremity 

fracture was 

the most 

common type 

of injury 

(AIS 2+). 

Rural injuries 

were more 

severe than 

urban 

injuries, 

independent 

of crash 

mechanism. 

Medium 

Amoros et 

al. (37) 

2012, 

France, 

Lyon 

Case-

control 

design 

applied 

to a 

cohort 

8 373 What are the 

effects of helmet 

use on bicycle 

related head, face 

and neck 

injuries? 

Helmets 

protected 

bicyclists 

from head 

and face 

injuries, 

while no 

difference 

was found for 

neck injuries 

Medium 
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Dinh et al. 

(38) 

2015, 

Australia, 

Sydney 

Retrosp

ective 

cohort 

258 To describe the 

injury profiles of 

bicyclists 

presenting to an 

inner-city 

emergency 

department and 

determine 

associations 

between head 

injury and 

bicycle helmet 

use. 

Wearing a 

bicycle 

helmet was 

associated 

with less 

chance of 

suffering 

serious head 

injury. 

Medium 

Meuleners 

et al. (39) 

2019, 

Australia, 

Perth 

Case 

control 

study 

100 To investigate 

crash 

characteristic, 

and infrastructure 

for bicyclists 

hospitalized due 

to an on-road 

crash. 

Half of all 

bicycle 

trauma 

occurred at 

non-

intersection 

sites and the 

majority of 

crash 

locations did 

not have 

traffic 

calming 

measures. 

42% of 

crashes were 

collisions 

with 

motorized 

vehicles. 

Police 

databases 

underreport 

bicycle 

trauma. 

 

Medium 

Roberts et 

al. (40) 

2012, 

Canada, 

Alberta 

Retrosp

ective 

cohort 

study 

258 To compare the 

incidence, risk 

factors and injury 

patterns of street 

versus mountain 

bicycling major 

trauma 

Mountain 

bicycling 

more often 

lead to spinal 

injuries 

compared to 

street 

bicycling. 

Thorax 

injuries were 

common for 

both 

mountain and 

street 

bicyclists 

High 
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Scott et al. 

(41) 

2019, USA Retrosp

ective 

cohort 

study 

76 032 To examine 

relationship 

between helmet 

use and the 

bicycle-related 

trauma injury 

outcome 

The use of 

bicycle 

helmets was 

associated 

with higher 

survival rates 

and shorter 

hospital 

length of stay 

after 

enduring 

head or neck 

injury. 

Low 

Sethi et al. 

(42) 

2016, USA, 

New York 

Cohort 

study 

689 To investigate 

alcohol use by 

bicyclists and its 

role in bicycle 

injuries 

15% of 

bicycle 

trauma 

presenting to 

an emergency 

department in 

New York 

were under 

the influence 

alcohol. The 

use of 

alcohol was 

associated 

with 

head/neck 

injuries. 

Medium 

Twisk & 

Reurings. 

(43) 

2013, The 

Netherland

s 

Retrosp

ective 

cohort 

study 

128 000 To assess the 

influence of light 

conditions and 

the use of alcohol 

in bicycle 

injuries. 

Early 

morning 

darkness was 

the time of 

the day with 

the highest 

relative risk 

of bicycle 

trauma, both 

for single 

bicycle crash 

and collision 

with a 

motorized 

vehicle. 

These crashes 

held a high 

association 

with alcohol, 

especially for 

the 

weekends. 

Fatigue was 

likely to play 

a role. 

Medium 
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Yilmaz et 

al. (44) 

2013, The 

Netherland

s & 

Australia, 

Rotterdam 

& 

Melbourne 

Retrosp

ective 

cohort 

study 

381 Does the injury 

pattern differ in 

two cohorts for 

seriously injured 

bicyclists with 

either low or high 

rates of helmet 

use? 

Helmeted 

bicyclists 

with ISS >15 

more often 

suffered from 

serious 

injuries to the 

thorax, 

abdomen/pel

vis and 

extremities, 

while non-

helmeted 

bicyclists 

more often 

had serious 

head/neck 

and face 

injuries. 

Medium 

Zibung et 

al. (45) 

2016, 

Sweden, 

Stocholm 

Retrosp

ective 

cohort-

study 

with 

QoL 

questio

nnaires 

148 To investigate 

quality of line in 

bicycle trauma 

patients. 

For patients 

admitted to a 

trauma 

hospital 

following a 

bicycle crash; 

39% had 

moderate or 

severe 

physical 

suffering 6 

months after 

crash. 

Medium 
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7.2 Checklists 
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