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Preface

Cycling has many health and environmental bene�ts. Yet every year 41 000 cyclists 
die in road tra�c-related crashes worldwide. Many leave their homes as they would 
on any normal day – for school, work, worship, or meeting friends – never to return. 
Millions more people are injured in road tra�c-related crashes while cycling, some of 
whom become permanently disabled. �ese incidents cause much su�ering and grief, 
as well as economic hardship for families and loved ones. 

However, the growing focus on sustainable mobility – an increasing e�ort to shi� 
more travel from motorized transport to the use of public transport, walking and 
cycling – makes cyclists’ safety an increasingly important component of road 
safety e�orts. Cyclist collisions, like other road tra�c crashes, are predictable and 
preventable and therefore should not be accepted as inevitable. 

Cyclist safety: an information resource for decision-makers and practitioners describes 
the magnitude of cyclist death and injury, the key risk factors, and e�ective 
interventions. �e document stresses the importance of a comprehensive, holistic 
approach that includes legislation, enforcement and behavioural measures speci�cally 
for cyclists; design of the built environment; as well as integrating cyclist safety into 
overall road safety and transport strategies. It also draws attention to the bene�ts 
of cycling, which should be promoted as an important mode of transport given its 
potential to improve health and preserve the environment. 

We hope that this resource, which is designed for a multidisciplinary audience 
including engineers, planners, law enforcement o�cers, public health professionals 
and educators, will contribute towards strengthening national and local capacity to 
implement cyclist safety measures in various settings worldwide. We encourage all to 
bring this resource to the attention of those who will use it to save the lives of cyclists. 

Etienne Krug
Director 
Department of Social Determinants of Health 
World Health Organization

David Cli�
Chief Executive 

Global Road Safety Partnership

Saul Billingsley
Executive Director 
FIA Foundation

Guangzhe Chen
Global Director 
Transport Global Practice 

�e World Bank
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Introduction
Every year about 41 000 cyclists are killed while cycling to school, work, a shopping 
centre, or home (1). �is represents 3% of global road tra�c deaths. Unlike cars, 
bicycles can easily become unbalanced and provide no protection in the event of a 
crash, allowing riders to come into direct contact with the road and other road users. 
Also unlike cars, bicycle use very rarely results in the death or injury of other road users. 

A shi� away from motorized transport towards sustainable transport – cycling, 
walking and public transport – is a commitment of Sustainable Development 
Goal 11, Target 11.2. It calls for cycling to be promoted and prioritized as an 
accessible means of transport for many people (for whole or parts of trips) and to 
improve the infrastructure for cycling, walking and public transport around the 
world. Such a shi� means that cyclist safety must be placed at the heart of global 
road safety and be considered a key part of any transport and land-use planning 
framework. Such a framework must accommodate the needs of di�erent modes of 
transport and address risk factors related to the road, vehicles and users. 

While there are many barriers to cycling, people fear the risk of being in a crash and 
su�ering an injury or death (2). �us, reducing the totality of road tra�c danger is 
important because the perception of risk on the roads can deter people from taking 
up cycling (3, 4). An integrated transport and land-use planning framework can 
achieve this by enabling the design of a total system of safe cycling infrastructure. 
�is approach has been taken in cities like Freiburg-im-Breisgau, Germany – a 
move that has resulted in cycling becoming the most common mode of transport 
(Figure 1) (5, 6).

Figure 1 Proportion of trips by mode of transport, Freiburg-im-Breisgau, Germany

Source: reproduced with permission from reference (6).
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Introduction

�e COVID-19-related reduction or closure of public transport services amid 
concerns about the proximity of passengers has resulted in a growing interest in 
cycling for di�erent purposes in cities such as Bogotá, New York City and Paris (7). 
Bogotá and Paris responded to this challenge by allocating more space to cycle lanes 
and if this response is sustained beyond the pandemic it will represent a positive 
policy development. 

�is document provides an overview of the risk factors for cyclist safety, and 
interventions available to decision-makers and practitioners as they plan for cyclist 
and overall road safety programmes in di�erent settings around the world. It 
complements other information resources and good practice manuals developed 
by the World Bank, the World Health Organization (WHO), the FIA Foundation 
and the Global Road Safety Partnership (GRSP) (8–15). �is current resource 
was developed by an advisory committee of experts from the four collaborating 
agencies – FIA Foundation, GRSP, the World Bank and WHO. Countries can use 
this resource to review, adapt and promote cyclist and road safety policy in the most 
e�cient way for varying political, ecological, economic, and social contexts.



Why is addressing cyclist 

safety necessary?

1



1



Cyclist safety: an information resource for decision -makers and practit ioners

7

1:
 W

hy
 i

s 
a

d
d

re
ss

in
g 

cy
cl

is
t 

sa
fe

ty
 n

e
ce

ss
a

ry
?

L
ike walking, cycling is an important means of transport for making a part  
 of a trip or a whole trip to work, school, or to shops and markets. Yet every year 

41 000 cyclists die in road tra�c-related incidents worldwide. E�orts to promote 
an increase in bicycle use – and its many health and environmental bene�ts – 
therefore need to include measures to reduce road tra�c danger caused by motorized 
transport. Prioritizing cyclists’ needs in transport and land-use planning is critical 
for making the shi� from reliance on private cars to increased use of public and 
active modes of transport (cycling, walking). �is section explains the need to 
address cyclist safety by describing the importance and the magnitude of cyclist-
related injury and death. It is important to note that the focus of this document is on 
human-powered bicycles and not electric bicycles.

Cycling, health and the environment

Around the world people use bicycles for work, education, health and leisure trips, 
and to transport goods. Cycling, which enables people to engage in regular physical 
activity, is one of the activities included in WHO’s global action plan on physical 
activity 2018–2030 (16). Regular physical activity is associated with reduced risk of 
heart disease, stroke, obesity, diabetes, breast and colon cancer, and with improved 
mental health and quality of life (16).

�e transport sector contributes 23% of global energy-related greenhouse gas 
emissions (17) and is a major contributor to air and noise pollution, particularly 
in urban areas. About 3.7 million deaths each year are attributable to outdoor air 
pollution (18). In contrast to motorized transport, cycling is associated with very 
little or no pollution. �is means that increasing bicycle use, along with walking, 
public transport and other measures to reduce transport-related pollution and 
tra�c congestion, will contribute to creating a livable environment with clean air 
and improved accessibility for all road users. Such a shi� would also reduce noise 
pollution – an under-acknowledged contributor to negative mental and physical 
health outcomes (19, 20). Conservative estimates from noise maps attribute 654 
disability-adjusted life years (DALYs) to noise pollution for the population living in 
towns with more than 50 000 inhabitants in the European Union (20).

Growth in the number of cars and the frequency of their use around the world – as 
well as the general neglect of cyclists’ needs in road design, land-use planning and 
tra�c law enforcement – mean that cyclists are increasingly susceptible to road tra�c 
crashes and injuries (21). Cycling and other non-motorized transport safety is largely 
neglected in low- and middle-income countries, despite an increasing need to address 
high fatality rates, tra�c congestion and air pollution (22). Policies and programmes 
that promote the use of bicycles for transport also need to address barriers that 
discourage cycling, such as fear of a road tra�c collision.
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Why is addressing cyclist safety necessar y?

�ere are no comprehensive global studies on bicycle use but case studies show 
variation in the use of this mode in di�erent parts of the world. For example, in 
collaboration with universities in South Africa, Tanzania and Kenya, the African 
Centre of Excellence for Studies in Public and Non-Motorised Transport conducted 
travel behaviour analyses on cycling and walking in three African cities in 2010. In 
Dar es Salaam, cycling accounted for only 3% of the overall modes of transport. 
Cycling is also rare in Nairobi, with many participants being deterred from cycling by 
a fear of road tra�c crashes. In Cape Town, bicycle use is highest among commuters 
from low-income households where �nancial constraints limit access to other modes 
of transport. �is places people with lower incomes at a higher risk for injury.

A di�erent situation emerges from an analysis of data for 19 cities in Western Europe, 
North America and South America between 1990 and 2015 that revealed that 
cycling levels had risen following the strengthening of cycling infrastructure, policies 
and programmes (23). �is included cities with already high bicycle use such as 
Copenhagen and Amsterdam, whose rates rose by 10% and 12% respectively during 
this period. However, cities with low rates of bicycle use also showed signi�cant 
increases, such as Seville (6%), Bogotá (5%), Buenos Aires (3%), and Portland in 
Oregon, USA (5%) (Figure 2).

Figure 2 Increasing rates of bicycle use in large cities in Europe and the 

Americas, 1990–2015

Source: reproduced with permission from reference (23).
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The physical and economic costs of cycling injuries

�is section outlines the types of injury, crash and economic costs associated with 
cyclist road tra�c crashes.

Types of injuries incurred by cyclists

Most cyclists’ injuries occur to the upper or lower extremities and the head (24), but 
injuries can also occur to the face, abdomen or thorax, and (rarely) the neck (25). 
Head injuries occur in 22–47% of cyclists’ injuries (o�en because of a collision with a 
motor vehicle) and are responsible for over 60% of all cyclist-related deaths and most 
of the long-term disabilities (25). Injuries to the facial region include eye trauma 
from airborne objects such as dust, insects, or debris, as well as so� tissue injuries 
and fractures.  

Crash types

�e most serious crashes resulting in cyclist injury or death are those involving a 
motor vehicle. Studies on collisions between cyclists and car doors (as they are 
opened by occupants) are infrequently undertaken, which suggests that injuries 
sustained in this way are underrepresented in the data. However, a Swedish study 
found that these crashes are the third most frequent category of cycling injury, and 
account for more than 25% of moderate injury. Fatal crashes were also reported when 
cyclists were thrown o� the bike by colliding with a vehicle at a very high speed. 
�ese crashes become more problematic when cyclists go downhill or are passing 
parked cars on narrow city roads (26). 

Studies from the United States of America (USA) and Australia show that males 
are more likely to be involved in crashes than females, but this could be the result of 
more males cycling (27, 28). An Australian study also indicates that cyclists aged 50 
years or over were twice as likely to be severely injured compared to riders aged under 
50 years (29). Most cyclist crashes and fatalities occur between 6 am and 9 am, and 
between 3 pm and 9 pm (peak-travel times with high volumes of tra�c) (30).

Economic costs

While data on the economic costs of cyclist-related injury and death are scarce, a 
recent study on the impact of road tra�c crashes on national gross domestic product 
(GDP) in �ve countries estimated that halving road crash mortality and morbidity 
would (a�er 24 years) increase GDP by as much as 7.1% in the United Republic 
of Tanzania, 7.2% in the Philippines, 14% in India, 15% in China, and 22.2% in 
�ailand (17). �is revenue would be gained by these countries investing in road 
safety, thereby saving the costs to the economy that result from road tra�c crashes. 
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R
isk factors for cyclist-related injuries and fatalities are well documented. 
�ough there are generic risk factors, it is important to note that they vary in 

relation to the trip purpose, tra�c mix, and type of road. It is important to note that 
speci�c risks interact with each other. 

Speed of motorized vehicles sharing the roads with cyclists

In mixed tra�c settings where cyclists share the road with other motorized vehicles, 
the speed of motorized tra�c is an important factor for both crash risk and crash 
consequences (8, 9). Speeding vehicles in a mixed-tra�c environment are a major 
risk factor associated with serious injury and fatal crashes generally (31, 32) and 
among cyclists in particular (33, 34). As the average tra�c speed increases, so too 
does the likelihood of a crash (9). For example, an increase of 1 km/h in mean vehicle 
speed can result in a 3% increase in the incidence of crashes resulting in injury and 
an increase of 4–5% in the incidence of fatal crashes (35). �e higher the speed, the 
greater the stopping distance required, and hence the increased risk of a road tra�c 
crash. �e likelihood of a fatal injury to a cyclist increases 11 times with vehicle 
speeds above 64.4 km/h and 16 times at 80.5 km/h (36). 

Alcohol impairment

Alcohol impairment among cyclists and other vehicle drivers is another important 
risk factor for cyclist injuries and deaths (37–39). Cyclists riding with a blood 
alcohol concentration (BAC) level higher than 0.05 g/dl have higher rates of 
head injuries (40) as well as a strong correlation with injury severity, longer 
hospitalization, and higher health care costs (41–43).

Non-helmet use

Cyclists not wearing a helmet at the time of a collision experience more severe head 
injuries than those who are wearing a helmet. �e �rst large, case-control study of 
helmet e�ectiveness estimated 85% and 88% reductions in head and brain injury, 
respectively, for helmeted cyclists relative to unhelmeted cyclists (44). Subsequent 
studies have con�rmed this di�erence, though not o�en to the same extent (45, 46).

It is important to note that the e�ectiveness of bicycle helmets in preventing head 
injury in a crash may be limited by incorrect use (47). Helmets that rest too high on 
the forehead, have improperly �tted straps, or move excessively from front to back 
could result in a greater risk of head injury (48).
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Risk factors for bicycle - related injur ies and fatalit ies

Cycling against the traffic, and other risk factors 

Another contributing factor to crashes is the practice of cycling against the tra�c – 
o�en in the belief that it improves cyclist visibility. However, this practice adds to the 
risk of collision and severity of injuries. Counter-tra�c cycling resulted in 3.6 times 
the risk of those travelling with the tra�c �ow and 6.6 times the risk for riders aged 
under 17 years (49).

Furthermore, emerging risk factors such as distracted driving are associated with 
increased risk of injury. In the USA, a cyclist attitude and behaviour survey revealed 
that 21% of cyclists use electronic devices on at least some of their trips, with 9% 
indicating use of such devices on nearly all their trips (50).

Lack of visibility and non-use of bicycle lights

Poor visibility due to inadequate illumination during a�ernoon peak periods or at 
nighttime is a major risk factor associated with cyclist collisions (51).
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Overview

Cyclist safety interventions are presented and discussed in this section under four 
broad and interrelated groups: safer speeds, safer roads, safer vehicles, and safer 
road users. �e e�ectiveness of the interventions is examined with respect to their 
contribution to a reduction in road tra�c fatalities and serious injuries, as well as 
change in behaviour (Table 1). Each intervention was assessed for e�ectiveness 
as follows:

• Proven: evidence from robust studies such as randomized controlled trials, 
systematic reviews, or case-control studies shows that these interventions are 
e�ective in reducing road tra�c fatalities and injuries, or in bringing about a 
desired change in behaviour.

• Promising: evidence from robust studies shows that some road safety bene�ts 
have resulted from these interventions, but further evaluation from diverse settings 
is required and caution is needed when implementing them. 

• Insu�cient: evaluation of an intervention has not reached a �rm conclusion 
about its e�ectiveness because of a lack of evidence. �e lack of evidence does not 
necessarily mean that interventions are not relevant or good. It just means that 
they have not been studied or the intervention is still being developed.

It is important to note that the designations of “proven”, “promising” and 
“insu�cient” refer to the quality of the existing scienti�c evidence on the use of the 
interventions in a range of settings. Interventions should be prioritized depending on 
the context. For example, in some settings with a long cycling tradition, vehicle speed 
may not be a key issue because the prevailing culture has incorporated cyclists into 
road design and user behaviour. 
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Measures to improve cyclist safety

Table 1 Key measures and specific interventions for preventing cyclist deaths 

and serious injuries
 

Key measures Specific interventions

Effectiveness in reducing deaths 

and serious injuries of cyclists

ReferencesProven Promising

Insufficient 

evidence

Safer speeds Reduce other vehicle travel 
speed to 30 km/h

(30) (52–58)

Safer roads Segregated bike lanes 
with intersections

(5) (53) (59–68)

Off road, non-motorized 
transport shared paths

(69–74)

On-road bicycle lanes (62) (75, 76)

On-road shared bicycle 
boulevards

(70–74)

Wide shoulders (77)

Bike box/advance stop line (55) (78–80) 

Two-stage turn queue box (81)

Bicycle signals at intersections (55)

Raised bicycle crossings (82)

Overpasses and underpasses (83)

Traf�c circles (53)

Roundabouts (76) (84, 85)

Bicycle network development (86–89)

Street lighting (36) (57) (90–92) 

Safer vehicles Mandatory bicycle lights (30) (93) 

Truck enhanced-mirror systems (94)

Truck side guards (94, 95)

Vulnerable road user airbags (96, 97)

Autonomous emergency braking (98–100)

Automated vehicles (101, 102)

Safer 

road users

Bicycle helmet (44, 45) (47) 

(103–114)

Bicycle helmet legislation (107) (112) 

(115–121)

Enforcement of helmet wearing (112) (117)   

Helmet standards (122, 123)

Non-legislative strategies to 
increase helmet wearing

(107) (124) 

Minimum passing distance law (125)

Law banning mopeds 
from bicycle paths

(58)

Use of protective clothing (57) (91) (121) 

(126–129) 

Education and/or 
training of cyclists

(130–133)

Communication programmes (134, 135)



Cyclist safety: an information resource for decision -makers and practit ioners

19

3
: 

M
e

as
u

re
s 

to
 i

m
p

ro
ve

 c
yc

li
st

 s
a

fe
ty

Proven and promising interventions

Safer roads and urban design

�e environment in which cyclists ride, and their potential exposure to motorized 
tra�c, is one of the biggest factors for the overall risk for crash, injury, and death. 

Segregated bike lanes with well-designed, safe intersections physically separate 
cyclists from motorized tra�c and pedestrians. Bike lanes can be designed with 
one-way or two-way lanes, with the former o�ering greater safety in terms of reduced 
crashes and injury severity, especially when there is an increased number of possible 
turning con�icts and/or a lack of signalized intersection control (59, 60). Bike lanes 
are safer than paths that are shared by di�erent users (61) and provide 10% lower 
risk of injury than a main road with on-street parking and no bicycle infrastructure 
(53, 62, 63). In general, the e�ectiveness of bike lanes may be limited at intersections 
where bicycle networks and general highway networks meet (64, 65). Countries such 
as Germany, the Netherlands, New Zealand and the United Kingdom have a policy 
to provide segregated bike lanes where tra�c speed, volumes and movements are 
high (5, 67, 68).

On-road bicycle lanes, coloured or not coloured, designate a portion of the roadway 
for exclusive use by cyclists (62,75). A statistically signi�cant 4% reduction in injury 
crashes is reported with the implementation of bicycle lanes (62, 76) but the results 
for the e�ectiveness of bike lanes are mixed in terms of fatal crash reductions (136).

On-road shared bicycle boulevards indicate a shared lane environment for bicycles 
and motorized tra�c through the use of lane markings or sharrows (bicycle markings 
but no lane markings). Signs for speed and tra�c control measures are used to 
prioritize bicycle travel over motorized tra�c (69). Sharrows may bene�t cyclist 
safety by in�uencing cyclist positioning and way�nding on roadways (70–73, 137). 
Reduction in injury crashes had been reported but the reduction was found to be 
larger for bike lanes (27.5 fewer injury crashes per year per 100 bicycle commuters) 
than for sharrows on their own (6.7 fewer) (74).

Overpasses and underpasses enable cyclists to cross distributor roads without 
mixing with motorized vehicles. �ey can be associated with reduced likelihood of 
fatal and serious bicycle-motor vehicle crashes (83).

Roundabouts circulate tra�c around a centre island where entering tra�c must give 
way to tra�c already in the roundabout. Roundabouts typically improve road safety 
by controlling speeds and by reducing the number and severity of con�ict points 
(10, 84), but evaluation results for cyclist safety vary greatly with the various design 
features of roundabouts. Roundabouts produce a reduction in fatal crashes, non-fatal 
crashes, and crash severity for all road tra�c crashes (85) but data speci�cally for 
cyclist safety is unavailable.
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Bicycle network development consists of a mixture of interconnected treatments 
that consider survivable speed, visibility between road users, and separation of road 
users with vastly di�erent levels of kinetic energy, especially at sites and on routes 
that attract busy or complex tra�c movements. A bicycle network provides cyclists 
with a continuous route without disruption. �e expansion of bicycle infrastructure 
in Boston between 2007 and 2014 increased cyclist commuters by 1.5% and reduced 
bicycle injury crashes by 8.1% (86). Other cities such as New York City, Minneapolis, 
Mexico City, and Bogotá (Box 1) have also seen decreases in the rate of cyclist death 
and injury with the development of a bicycle network (87). Evidence from pro-
cycling countries, such as Denmark and the Netherlands, shows that networks of 
fully segregated, totally safe bike paths and 30 km/h speed limits reduce danger and 
eliminate fear as a barrier to cycling uptake (5).

Street lighting increases nighttime visibility for road users. �ough not speci�c 
to injury and fatal crashes involving cyclists, research shows that street lighting can 
reduce the total number of road tra�c crashes, injuries and fatalities (57, 92).

Safer speeds for motorized traffic

�e key solutions for managing speed for all road users include the establishment 
and enforcement of speed limit laws as well as speed management measures in 
roadway design, and the installation of intelligent speed-adaptation technology in 
vehicles (8). A comparison of cyclist fatalities before and a�er the introduction of 
32 km/h zones in London showed reductions of 49.6% for cyclists overall, as well as 
for child cyclists (52). Similarly, reduced risk of cyclist injury was found with motor 
vehicle speeds less than 30 km/h in Vancouver and Toronto, Canada (53). 

In 2000, Bogotá, Colombia, began the construction of a comprehensive bicycle network. It now extends over 

340 km and is used by over 83 500 individuals every day. An estimated US$ 40 million is saved annually by 

citizens on fuel expenditure. CicloRuta has three networks, connecting educational and work areas, popular 

residential areas, and parks and recreational areas. From 2000 to 2007 bicycle use increased from 0.2% 

to 4%, signi�cantly reducing CO2 emissions and increasing access to the city for the lowest income groups. 

There was a 34% decrease in the number of cyclist-related fatalities, and an 8.8% decrease in cyclist-related 

injuries, despite the substantial increase in bike use. 

Based on references (88, 89)

BOX 1: Bogotá’s CicloRuta cuts cyclist injury and death
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Safer vehicles

�ere are several types of vehicle that are used on the road. �ey include bicycles, 
motorcycles, cars, buses, and lorries. �is section focuses on vehicle safety measures 
that enhance the safety of cyclists. 

Mandatory bicycle lights could reduce the number of cyclist deaths and injuries by 
3% if all new bicycles were sold with lighting equipment, and by 10% if all cyclists use 
bicycle lights in the dark (93). However, many new bicycles are sold without lights 
and both cyclists and sales sta� have little knowledge about legal requirements for 
bicycle lights (93). Many countries require cyclists to use lights while travelling. For 
example, Australia requires riders at night and in hazardous weather that may restrict 
visibility to have a �ashing or steady white light visible for 200 metres from the front 
and rear of the bicycle, and a red re�ector visible for at least 50 metres on the rear 
of the bicycle. In addition, dealers are required to sell bicycles with lights and a bell 
attached (30).

Truck side guards, also known as lateral protective devices (designed to keep 
pedestrians and cyclists from being run over by rear wheels of a large truck), may be 
e�ective in reducing the severity of crashes between trucks and cyclists. For example, 
the probability of death in side-impact truck-bicycle crashes was reduced by 20% 
following a national truck side guard requirement implemented between 1983 and 
1986 in the United Kingdom. A 63% lower fatality rate was found among cyclists 
in le�-turn bicycle crashes with side guard-equipped trucks compared to trucks 
exempted from the side guard mandate (94, 95).

Vulnerable road user airbags are airbags that deploy on the side of a car in the 
event of a crash. �ey are capable of protecting pedestrians and cyclists in a crash 
and are being developed (96). However, these measures may only be equipped on 
newer vehicles and are likely to take a number of years before full bene�ts can be 
realized (97). Bike helmets with airbags have also been developed in Sweden and 
have been found to signi�cantly reduce the risk of severe head injury in laboratory 
settings (138). However, these devices require the accurate detection of a potential 
crash and have yet to be tested for their e�ectiveness in real-world settings.

Autonomous emergency braking (AEB) is an advanced technology designed for 
collision prevention and crash severity reduction and is a promising intervention 
to improve cyclist safety. AEB technology uses optical sensors, cameras, and radar, 
or a combination of these, to detect obstacles (98). �is technology was designed 
to prevent crashes between vehicles, but vehicle manufacturers are beginning to 
add the capability for vehicles to recognize cyclists as well. �e addition of cyclist 
detection systems is anticipated to prevent crashes, injuries and fatal crashes (99). �e 
limitations of AEB systems include the variability of e�ectiveness due to daylight 
and weather conditions, the di�culties in optimizing these systems for relatively low 
speeds, and the inability to predict dangerous or distracted human behaviour (100).
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Safer road users

Bicycle helmets reduce the odds of head injury by 50%, and the odds of head, face, 
or neck injury by 33% (108).

Bicycle helmet legislation refers to the laws or regulations requiring the use of a 
helmet while cycling. Depending on country context, bicycle helmet legislation can 
be enacted at national level and/or at subnational level (e.g. at state, provincial, and 
city level). A helmet requirement can be set for all cyclists or be limited to a speci�c 
age group, such as children. Other aspects covered by bicycle helmet legislation 
include helmet standards and penalties for non-use. Bicycle helmet legislation has 
been found to be associated with an increase in helmet use and decrease in bicycle-
related head injuries (135–141). 

It is also important to note that while there are studies showing the bene�ts of 
cyclists wearing a helmet, there are also studies suggesting that helmets could be 
linked to a decline in cycling (139, 141). �is latter group of studies is used by those 
who oppose mandatory bicycle law. �ough bicycle helmet use is opposed by 
some groups, this does not imply that the bene�ts of helmet use should be ignored 
or underrated as there is evidence that strongly supports these bene�ts (44–46, 
108, 143). A systematic review conducted in 2008 concluded that high quality 
evaluative studies measuring the outcomes of bicycle helmet legislation did not 
report data on possible declines in bicycle use (144). While helmet wearing can 
help to reduce the seriousness of head injuries, it is not a substitute for system-wide 
changes in speed limits, driver behaviour, strict liability laws  and a new engineering 
approach to total safety at junctions and roundabouts and well-funded networks of 
safe, segregated cyclist paths.

Enforcement of helmet wearing laws. �e enactment of bicycle helmet legislation 
will not automatically lead to an increase in helmet use – enforcement is also needed, 
depending on context, to support compliance with such legislation and achieve 
the corresponding decrease in related head injuries. Legislation that is enforced can 
reduce bicycle-related head injuries by as much as 45% (107). Strategies to enforce 
bicycle helmet legislation vary across countries, but the con�scation of bicycles for 
riders not wearing a helmet – a strategy deployed by a local authority in Georgia, 
USA – was e�ective in increasing helmet use (145).

A comprehensive approach to bicycle safety is most e�ective in ensuring sustainable 
helmet use. A study looking at the long-term e�ects of a comprehensive approach 
(education, legislation, and enforcement on all-age bicycle helmet use) found that 
such an approach meant helmet use was sustained throughout the post-legislation 
period, from 75.3% in the year the legislation was enacted to 94.2% 14 years post-
legislation, among all age groups and genders (118). 

Helmet standards. For a bicycle helmet to be e�ective in reducing the risk of 
head injury it must meet several product safety standards. Not all helmets provide 
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equal protection (123). Adequate safety levels for helmets can be achieved through 
mandatory safety requirements or standards intended to reduce the risk of cyclist 
injury and death by monitoring the production and distribution of bicycle 
helmets. Safety standards can be set at national or regional level. Some examples of 
institutions that have enacted helmet standards are the British Standards Institution, 
Canadian Standards Association, European Committee for Standardization, 
Standards Australia/Standards New Zealand, Swedish Board for Consumer Policies, 
and the United States Consumer Product Safety Commission (124).

Non-legislative strategies to increase bicycle helmet wearing can include 
community interventions, school-based interventions, or free helmet distribution. 
Non-legislative helmet promotion activities have been found to produce a signi�cant 
increase in observed helmet wearing, self-reported helmet wearing and self-reported 
helmet ownership among children and youth (108). A non-legislative intervention 
employing bicycle safety education and free helmets increased observed helmet use 
from 38% to 46% among elementary school students (125).

Laws banning mopeds from cycle paths in urban areas in the Netherlands have 
been shown to save lives and reduce injuries among moped riders and cyclists (58).

Interventions with insufficient or weak evidence

In addition to e�ective and promising interventions, there are other interventions for 
which the evidence base is insu�cient to recommend widespread implementation. 
As already noted, the lack of evidence does not necessarily mean that interventions 
are not relevant or good. It means that they have not been rigorously studied or that 
the intervention is still being developed. �e interventions with insu�cient or weak 
evidence for cyclist safety measures include the following: 

• O� road, non-motorized shared paths that separate motorized tra�c from 
cyclists, pedestrians, in-line skaters, and other non-motorized users who all share 
the path.

• Wide paved highway shoulders that are marked by line markings but with no 
bicycle markings, most o�en located on rural roadways. 

• Bike boxes or an advance stop line that designate an area ahead of motor vehicles 
but behind pedestrian crossings at signalized intersections in which cyclists can 
wait during the red signal phase. Bike boxes are particularly helpful at intersections 
with high volumes of bicycles and where bicycle and motorist turns come into 
con�ict. Reduction (78) or little change (79) in bicycle-motor vehicle con�icts, as 
well as an increase in bicycle crashes with motor vehicles (80) has been reported. 
Research evidence in terms of crash severity reductions is limited (55) but 
reductions in cyclist injury severity in crashes have been reported (77).
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• Two-stage turn queue boxes that enable the making of le� turns in right-side 
direction countries or right turns in le�-side direction countries at multilane 
signalized intersections without the need to merge across tra�c.

• Bicycle signals at intersections that separate the crossing movements between 
cyclists and motor vehicles at complex intersections with a high volume of cyclists.

• Raised bicycle crossings that provide a continuation of raised cycle tracks across 
intersecting side streets and driveways.

• Truck-enhanced mirror systems that reduce blind spots.

• Automated vehicles that respond to external stimuli and support the task of 
driving.

• Minimum passing-distance laws that set a minimum distance that a vehicle must 
leave when overtaking a bicycle.

• Use of protective clothing, including wearing re�ective or brightly coloured 
clothing.

• Education and/or training cyclists through programmes that aim to teach safe 
cycling skills.

• Communication programmes that aim to promote bicycle safety equipment and 
riding techniques.

• Tra�c circles are small roundabouts that circulate tra�c around a raised island 
in the middle of an intersection, which is typically controlled by stop or give 
way signs. �is measure seeks to slow drivers by impeding the straight-through 
movement at an intersection.

�ese interventions tend to be limited in scope and their applicability beyond 
intervention sites has not been validated. Evaluations of such interventions have 
o�en been unable to reach a �rm conclusion about the intervention’s ability to 
reduce fatalities and injuries, or to bring about the intended behaviour change. 
Although such interventions cannot be promoted as e�ective or promising, they may 
be considered for local adaptation and further evaluation to con�rm e�cacy and 
de�ne areas for modi�cation. Adoption of these strategies (other than in trial form) 
to reduce cyclist-related injuries is not recommended until robust evidence of their 
e�ectiveness is available. 
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Conclusion

G
lobally, bicycles are used every day for commuting, leisure, health, 
tourism, work, school, sport, trade, emergency services, and policing. Modes 

of “active travel”, such as walking and cycling, can reduce noncommunicable diseases 
including obesity, cardiovascular diseases and diabetes. Cycling provides numerous 
bene�ts to individuals and to society, such as physical exercise, enhanced access to 
places and services, a reduction in tra�c congestion, �exibility with timetables and 
routes, reduced consumption of fossil fuels (and expenditure on these fuels), and 
reduced air and noise pollution. 

However, almost half of all deaths on the world’s roads are among those with the 
least protection – cyclists, pedestrians and motorcyclists. Cyclists are particularly 
vulnerable in the road environment, partly due to their physical lack of protection, 
perceptions of drivers about the rights of cyclists, and a lack of infrastructure 
provision to optimize their safety. Currently, road tra�c danger and the fear of injury 
and death in the road tra�c environment deter people from cycling.

To achieve signi�cant health, accessibility, and environmental bene�ts, policies 
that support an increase in the number of cyclists should be accompanied by risk-
reduction actions. 

Improving cyclist safety requires a fundamental, system-wide approach. �is 
underscores the importance of integrated land-use and transport planning that 
ensures accessibility using di�erent modes of transport – as well as equity – in the 
allocation of road space and resources for transport systems. 





Cyclist safety: an information resource for decision -makers and practit ioners

29

R
e
fe

re
n
c
e
s

References

1. Global status report on road safety 2018. Geneva: World Health Organization; 2018.

2. Aldred R, Goodman A. Predictors of the frequency and subjective experience of cycling near-misses: 
Findings from the �rst two years of the UK Near Miss Project. Accident Analysis & Prevention. 2018;110: 
161–170.

3. Lawson AR, Pakrashi V, Ghosh B, Szeto WY. Perception of safety of cyclists in Dublin City. Accident 
Analysis & Prevention. 2013; 50:499–511.

4. Horton D, Rosen P, Cox P. Cycling and society. Hampshire: Ashgate Publishing Limited; 2016

5. Pucher J, Buehler R. Making cycling irresistible: lessons from the Netherlands, Denmark and 
Germany. Transport Reviews. 2008;28(4):495–528.

6. Whitelegg J. Mobility: A new urban design and transport planning philosophy for a sustainable future 
[e-book]. Shropshire, United Kingdom: Straw Barnes Press; 2016. 

7. Dalkmann H, Obika B, Geronimo L. A call for collective action for international transport stakeholders to 
respond to the COVID-19 pandemic. London: IMC Worldwide Limited; 2020.

8. Save lives: a road safety technical package. Geneva: World Health Organization; 2017.

9. Speed Management. Paris: Organisation for Economic Co-operation and Development; 2006.

10. Elvik R, Høye A, Vaa T, Sørensen M. �e contribution of research to road safety policy-making’, the 
handbook of road safety measures. Bingley: Emerald Group Publishing Limited; 2009 (pp. 117–141).

11. Helmets: a road safety manual for decision-makers and practitioners. Geneva: World Health Organization; 
2006.

12. Drinking and driving: a road safety manual for decision-makers and practitioners. Geneva: World Health 
Organization; 2007.

13. Pedestrian safety: a road safety manual for decision-makers and practitioners. Geneva: World Health 
Organization; 2013.

14. Managing speed. Geneva: World Health Organization; 2017.

15. Seat-belts and child restraints: a road safety manual for decision-makers and practitioners. Geneva: World 
Health Organization; 2009.

16. Global action plan on physical activity 2018–2030: more active people for a healthier world. Geneva: World 
Health Organization; 2018.

17. �e high toll of tra�c injuries: unacceptable and preventable. Advisory Services and Analytics Technical 
Report – P155310. Washington DC: World Bank; 2017.

18. WHO Global urban ambient air pollution database. Geneva: World Health Organization; 2016.

19. Job RS. �e in�uence of subjective reactions to noise on health e�ects of the noise. Environment 
International. 1996;22(1): 93–104.

20. Burden of disease from environmental noise. Geneva: World Health Organization: 2011.

21. Powered two-and three-wheeler safety: a road safety manual for decision-makers and practitioners. Geneva: 
World Health Organization; 2017.

22. Vanderschuren M, Jennings G. Non-motorized travel behaviour in Cape Town, Dar es Salaam and 
Nairobi. In: Mitullah W, Vanderschuren M and Khayesi M, eds. Non-motorized Transport Integration into 
Urban Transport Planning in Africa. London: Routledge; 2017:11–26.

23. Pucher J, Buehler R. Cycling towards a more sustainable transport future. Transport Reviews. 2017; 37(6): 
689–694.

24. Orsi C, Montomoli C, Otte D, Morandi A. Road accidents involving bicycles: con�gurations and 
injuries. International Journal of Injury Control and Safety Promotion. 2017;24(4):534–543.

25. �ompson MJ, Rivara FP. Bicycle-related injuries. American Family Physician. 2001;63(10):2007.

26. Isaksson-Hellman I, Werneke J, Detailed description of bicycle and passenger car collisions based on 
insurance claims. Safety Science. 2017;92:330–337.

27. Mehan TJ, Gardner R, Smith GA, McKenzie LB. Bicycle-related injuries among children and adolescents in 
the United States. Clinical Pediatrics. 2009;48(2):166–173.

28. Biegler P, Newstead S, Johnson M, Taylor J, Mitra B, Bullen S. Monash Alfred Cycle Crash Study 
(MACCS). Melbourne: Monash University Accident Research Centre; 2012.



30

References

29. Boufous S, de Rome L, Senserrick T, Ivers R. Risk factors for severe injury in cyclists involved in tra�c 
crashes in Victoria, Australia. Accident Analysis & Prevention. 2012;49:404–409.

30. Melbourne Accident Commission. Memo from the MAC Road Safety & Sponsorship Committee 
to Management concerning Lights on Bicycles. South Australia, Transport Accident Commission, 
9 December 2013.

31. Speed management: A road safety manual for decision makers and practitioners. Geneva: World Health 
Organization; 2008.

32. Job RF, Sakashita C. Management of speed: �e low-cost, rapidly implementable e�ective road safety action 
to deliver the 2020 road safety targets. Journal of the Australasian College of Road Safety. 2016;27(2):65–70.

33. Osvaldo Fernández De Cieza A, Ortíz Andino JC, Ricardo Archilla A, María Gómez A, Guillermo 
González C, Mengual S et al. Nonmotorized tra�c accidents in San Juan, Argentina. Transportation 
Research Record. 1999;1695(1):19–22.

34. Bíl M, Bílová M, Müller I. Critical factors in fatal collisions of adult cyclists with automobiles. Accident 
Analysis & Prevention. 2010;42(6):1632–1636.

35. Peden M, Scur�eld R, Sleet D, Hyder AA, Mathers C, Jarawan E et al. World report on road tra�c injury 
prevention. Geneva: World Health Organization; 2004. 

36. Kim JK, Kim S, Ulfarsson GF, Porrello LA. Bicyclist injury severities in bicycle–motor vehicle 
accidents. Accident Analysis & Prevention. 2007;39(2):238–251.

37. Sethi M, Heyer JH, Wall S, DiMaggio C, Shinseki M, Slaughter D, Frangos SG. Alcohol use 
by urban bicyclists is associated with more severe injury, greater hospital resource use, higher 
mortality. Alcohol. 2016;53:1–7.

38. Li G, Baker SP, Smialek JE, Soderstrom CA. Use of alcohol as a risk factor for bicycling injury. Journal of 
the American Medical Association. 2001;285(7):893–896.

39. Olkkonen S, Honkanen R. �e role of alcohol in nonfatal bicycle injuries. Accident Analysis & 
Prevention. 1990;22(1):89–96.

40. Andersson AL, Bunketorp O. Cycling and alcohol. Injury. 2002;33(6):467–471.

41. Orsi C, Ferraro OE, Montomoli C, Otte D, Morandi A. Alcohol consumption, helmet use and head trauma 
in cycling collisions in Germany. Accident Analysis & Prevention. 2014;65:97–104.

42. Crocker P, Zad O, Milling T, Lawson KA. Alcohol, bicycling, and head and brain injury: a study of 
impaired cyclists’ riding patterns. �e American Journal of Emergency Medicine. 2010; 28(1):68–72.

43. Maximus S, Figueroa C, Pham J, Kuncir E, Barrios C. DUI histories in intoxicated injured bicyclists. Journal 
of Trauma and Acute Care Surgery, 2016;81(4):638–643.

44. Crocker P, King B, Cooper H, Milling TJ. Self-reported alcohol use is an independent risk factor for head 
and brain injury among cyclists but does not confound helmets’ protective e�ect. �e Journal of Emergency 
Medicine. 2012;43(2):244–250.

45. �ompson RS, Rivara FP, �ompson DC. A case-control study of the e�ectiveness of bicycle safety 
helmets. New England Journal of Medicine. 1989;320(21):1361–1367.

46. Amoros E, Chiron M, Martin JL, �élot B, Laumon B. Bicycle helmet wearing and the risk of 
head, face, and neck injury: a French case-control study based on a road trauma registry. Injury 
Prevention. 2012;18(1):27–32.

47. US Department of Transportation, 2019. Fatality Facts 2018: Bicyclists. (http://www.iihs.org/iihs/topics/t/
pedestrians-and-bicyclists/fatalityfacts/bicycles, accessed 1 September 2020).

48. Rezendes JL. Bicycle helmets: overcoming barriers to use and increasing e�ectiveness. Journal of Pediatric 
Nursing, 2006.21(1):35–44.

49. Parkinson GW, Hike KE. Bicycle helmet assessment during well visits reveals severe shortcomings in 
condition and �t. Pediatrics. 2003;112(2):320–323.

50. Wachtel A, Lewiston D. Risk factors for bicycle-motor vehicle collisions at intersections. Institute of 
Transportation Engineers Journal. 1994;64(9):30–35.

51. Schroeder P, Wilbur M. 2012 National survey of bicyclist and pedestrian attitudes and behavior, volume 2: 
Findings report (Report No. DOT HS 811 841 B). Washington, D.C.: National Highway Tra�c Safety 
Administration; 2013 (www.nhtsa.gov/nti/811841, accessed 1 September 2020).

52. Osvaldo Fernández De Cieza A, Ortíz Andino JC, Ricardo Archilla A, María Gómez A, Guillermo 
González C, Mengual S et al. Nonmotorized tra�c accidents in San Juan, Argentina. Transportation 
Research Record. 1999;1695(1):19–22.

http://www.iihs.org/iihs/topics/t/pedestrians-and-bicyclists/fatalityfacts/bicycles
http://www.iihs.org/iihs/topics/t/pedestrians-and-bicyclists/fatalityfacts/bicycles


Cyclist safety: an information resource for decision -makers and practit ioners

31

R
e
fe

re
n
c
e
s

53. Webster DC, Lay�eld RE. Review of 20 mph zones in London Boroughs. London: TRL Limited; 2003.

54. Harris MA, Reynolds CC, Winters M, Cripton PA, Shen H, Chipman ML et al. Comparing the e�ects of 
infrastructure on bicycling injury at intersections and non-intersections using a case–crossover design. Injury 
Prevention, 2013;19(5):303–310.

55. Schramm A, Rakotonirainy A. �e e�ect of tra�c lane widths on the safety of cyclists in urban 
areas. Journal of the Australasian College of Road Safety. 2010;21(2):43.

56. Reid S, Adams S. Infrastructure and cyclist safety: report prepared for Department of Transport. 
Crowthorne: Transport Research Laboratory; 2010.

57. Mulvaney CA, Smith S, Watson MC, Parkin J, Coupland C, Miller P et al. Cycling infrastructure for 
reducing cycling injuries in cyclists. Cochrane Database Syst. Rev. 2015;(12):CD010415.

58. Chen P, Shen Q. Built environment e�ects on cyclist injury severity in automobile-involved bicycle 
crashes. Accident Analysis & Prevention. 2016;86:239–246.

59. Twisk DA, Vlakveld WP, Commandeur JJ, Shope JT, Kok G. Five road safety education programmes 
for young adolescent pedestrians and cyclists: A multi-programme evaluation in a �eld setting. Accident 
Analysis & Prevention. 2014;66:55–61.

60. �omas B, DeRobertis M. �e safety of urban cycle tracks: A review of the literature. Accident Analysis & 
Prevention. 2013;52:219–227.

61. Methorst R, Schepers P, Kamminga J, Zeegers T, Fishman E. Can cycling safety be improved by opening 
all unidirectional cycle paths for cycle tra�c in both directions? A theoretical examination of available 
literature and data. Accident Analysis & Prevention. 2017;105:38–43.

62. Reynolds CC, Harris MA, Teschke K, Cripton PA, Winters M. �e impact of transportation infrastructure 
on bicycling injuries and crashes: a review of the literature. Environmental Health. 2009;8(1):47.

63. Teschke K, Harris MA, Reynolds CC, Winters M, Babul S, Chipman M et al. Route infrastructure 
and the risk of injuries to bicyclists: a case-crossover study. American Journal of Public 
Health. 2012;102(12):2336–2343.

64. Tinsworth DK, Cassidy SP, Polen C. Bicycle-related injuries: Injury, hazard, and risk patterns. International 
Journal for Consumer and Product Safety. 1994;1(4):207–220.

65. Chen L, Chen C, Srinivasan R, McKnight CE, Ewing R, Roe M. Evaluating the safety e�ects of bicycle 
lanes in New York City. American Journal of Public Health. 2012;102(6):1120–1127.

66. Zangenehpour S, Strauss J, Miranda-Moreno LF, Saunier N. Are signalized intersections with cycle tracks 
safer? A case–control study based on automated surrogate safety analysis using video data. Accident Analysis 
& Prevention. 2016;86:161–172.

67. London Cycling Design Standards. London: Transport for London; 2005.

68. Berg CVD. Brief Dutch design manual for bicycle and pedestrian bridges. English summary of the CROW 
design guide. Del�: ipv Del�; 2015.

69. Cycle network and route planning guide. Land Transport Safety Authority, New Zealand; 2004.

70. Minikel E. Cyclist safety on bicycle boulevards and parallel arterial routes in Berkeley, California. Accident 
Analysis & Prevention. 2012;45:241–247.

71. Brady J, Loskorn J, Mills A, Duthie J, Machemehl R, Beaudet et al. E�ects of shared lane markings on 
bicyclist and motorist behavior along multi-lane facilities. Austin, TX: Center for Transportation Research, 
University of Texas at Austin; 2010.

72. Fitzpatrick K, Chrysler ST, Van Houten R, Hunter WW, Turner SM. Evaluation of pedestrian and bicycle 
engineering countermeasures: rectangular rapid-�ashing beacons, HAWKs, sharrows, crosswalk markings, 
the development of an evaluation methods report (No. FHWA-HRT-11–039). Washington, D.C: United 
States Federal Highway Administration O�ce of Safety Research and Development; 2011. 

73. Pein WE, Hunter WW, Stewart JR. Evaluation of the shared-use arrow. Chapel Hill: University of North 
Carolina; 1999.

74. Sando T, Hunter W. Operational analysis of shared lane markings and green bike lanes on roadways with 
speeds greater than 35 mph (No. BDK82–977–04). Florida: Dept. of Transportation Research Center; 2014. 

75. Ferenchak NN, Marshall W. �e relative (in)e�ectiveness of bicycle sharrows on ridership and safety 
outcomes (No. 16–5232). Washington DC; Transportation Research Board; 2016. 

76. Johnson M, Newstead S, Oxley J, Charlton J. Cyclists and open vehicle doors: crash characteristics and risk 
factors. Safety science. 2013;59:135–140.



32

References

77. Elvik R, Mysen A. Incomplete accident reporting: meta-analysis of studies made in 13 
countries. Transportation Research Record. 1999;1665(1):133–140.

78. Allen-Munley C, Daniel J, Dhar S. Logistic model for rating urban bicycle route safety. Transportation 
Research Record. 2004;1878(1):107–115.

79. Dill J, Monsere CM, McNeil N. Evaluation of bike boxes at signalized intersections. Accident Analysis & 
Prevention. 2012;44(1):126–134.

80. Hunter WW. Evaluation of innovative bike-box application in Eugene, Oregon. Transportation Research 
Record. 2000;1705(1):99–106.

81. Burch�eld RM. Progress report: request to experiment “9–105 (E)  – colored bike lanes and bike boxes – 
Portland, OR”. Portland: Bureau of Transportation; 2012.

82. DiGioia J, Watkins KE, Xu Y, Rodgers M, Guensler R. Safety impacts of bicycle infrastructure: A critical 
review. Journal of Safety Research. 2017;61:105–119.

83. Gårder P, Leden L, Pulkkinen U. Measuring the safety e�ect of raised bicycle crossings using a new research 
methodology. Transportation Research Record. 1998;1636(1):64–70.

84. Schepers P, Heinen E, Methorst R, Wegman F. Road safety and bicycle usage impacts of unbundling 
vehicular and cycle tra�c in Dutch urban networks. European Journal of Transport and Infrastructure 
Research. 2013;13(3): 221–238.

85. Patterson F. Cycling and roundabouts: An Australian perspective. Road & Transport Research: A Journal of 
Australian and New Zealand Research and Practice. 2010;19(2):4–19.

86. Schoon C, van Minnen J. Safety of roundabouts in �e Netherlands. Tra�c engineering and 
control. 1994;35(3):142–148.

87. Pedroso FE, Angriman F, Bellows AL, Taylor K. Bicycle use and cyclist safety following Boston’s bicycle 
infrastructure expansion, 2009–2012. American Journal of Public Health. 2016; 106(12):2171–2177.

88. Duduta N, Adriazola C, Hidalgo D. Sustainable transport saves lives: road safety brief. Washington, DC: 
World Resources Institute; 2012.

89. City of São Paulo [website]. Bogotá’s CicloRuta is one of the most comprehensive cycling systems in the 
world (https://www.prefeitura.sp.gov.br/cidade/secretarias/meio_ambiente/comite_do_clima/c40/en/
initiatives/index.php?p=48782, accessed 17 September 2020).

90. Torres A, Sarmiento OL, Stauber C, Zarama R. �e Ciclovia and Cicloruta programs: promising 
interventions to promote physical activity and social capital in Bogotá, Colombia. American Journal of 
Public Health. 2013;103(2):e23–e30.

91. Klop JR, Khattak AJ. Factors in�uencing bicycle crash severity on two-lane, undivided roadways in North 
Carolina. Transportation Research Record. 1999;1674(1):78–85.

92. Knowles J, Adams S, Cuerden R, Savill T, Reid S, Tight M. Collisions involving pedal cyclists on Britain’s 
roads: establishing the causes. Crowthorne: Transport Research Laboratory; 2009. 

93. Beyer FR, Ker K. Street lighting for preventing road tra�c injuries. Cochrane Database Syst. Rev. 
2009:(1):CD004728.

94. Høye A, Hesjevoll IS. Bicycle conspicuity – use and e�ects of bicycle lights in Norway. TØI Report, 
(1478/2016). 2016.

95. Epstein AK, Segev E, Breck A. Cambridge Safer Truck Initiative: Vehicle-based strategies to protect 
pedestrians and bicyclists (No. DOT-VNTSC-CDPW-16–01). Massachusetts: John A. Volpe National 
Transportation Systems Center; 2016.

96. Cookson R, Knight I. Sideguards on heavy goods vehicles: assessing the e�ects on pedal cyclists injured by 
trucks overtaking or turning le�. Crowthorne: Transport Research Laboratory; 2010.

97. De Hair-Buijssen S, Malone K, Van der Veen J, et al. Vulnerable road user airbag e�ectiveness study. 
Innovation for Life (TNO) Report. Del�: TNO Science and Industry; 2010.

98. Zimmer L. Exterior automobile airbags could save the lives of pedestrians and bicyclists (https://inhabitat.
com/exterior-automobile-airbags-could-save-the-lives-of-pedestrians-and-bicyclists/ 2013, accessed 
1 September 2020).

99. Kobiela F, Engeln A. Autonomous emergency braking studies on driver behaviour. ATZ 
worldwide. 2010;112(10):4–8.

100. MacAlister A, Zuby DS. Cyclist crash scenarios and factors relevant to the design of cyclist detection 
systems. Arlington, VA: Insurance Institute for Highway Safety; 2015.

https://www.prefeitura.sp.gov.br/cidade/secretarias/meio_ambiente/comite_do_clima/c40/en/initiatives/index.php?p=48782
https://www.prefeitura.sp.gov.br/cidade/secretarias/meio_ambiente/comite_do_clima/c40/en/initiatives/index.php?p=48782
https://inhabitat.com/exterior-automobile-airbags-could-save-the-lives-of-pedestrians-and-bicyclists/
https://inhabitat.com/exterior-automobile-airbags-could-save-the-lives-of-pedestrians-and-bicyclists/


Cyclist safety: an information resource for decision -makers and practit ioners

33

R
e
fe

re
n
c
e
s

101. Fildes B, Keall M, Bos N, Lie A, Page Y, Pastor C et al. E�ectiveness of low-speed autonomous emergency 
braking in real-world rear-end crashes. Accident Analysis & Prevention. 2015;81:24–29.

102. McLeod K. Will autonomous cars make bicyclists safer? Newsletter of �e League of American Bicyclists. 
2015 (https://bikeleague.org/content/will-automated-cars-make-bicyclists-safer, accessed 1 September 2020). 

103. Vissers L, van der Kint S, van Schagen I, Hagenzieker M. Safe interaction between cyclists, pedestrians 
and automated vehicles: what do we know and what do we need to know? Del�: Institute for Road Safety 
Research; 2016.

104. �omas S, Acton C, Nixon J, Battistutta D, Pitt WR, Clark R. E�ectiveness of bicycle helmets in preventing 
head injury in children: case-control study. British Medical Journal. 1994;308(6922):173–176.

105. �ompson DC, Rivara F, �ompson R. Helmets for preventing head and facial injuries in 
bicyclists. Cochrane Database of Syst. Rev. 1999;(4):CD001855.

106. Attewell RG, Glase K, McFadden M. Bicycle helmet e�cacy: a meta-analysis. Accident Analysis & 
Prevention. 2001;33(3):345–352. 

107. Macpherson AK, To TM, Macarthur C, Chipman ML, Wright JG, Parkin PC. Impact of mandatory 
helmet legislation on bicycle-related head injuries in children: a population-based study. Pediatrics. 
2002;110(5):e60–e60.

108. Russell K, Foisy M, Parkin P, Macpherson A. �e promotion of bicycle helmet use in children and youth: an 
overview of reviews. Evidence-Based Child Health: A Cochrane Review Journal. 2011. 6(6):1780–1789.

109. Elvik R. Corrigendum to: “Publication bias and time-trend bias in meta-analysis of bicycle helmet e�cacy: 
A re-analysis of Attewell, Glase McFadden, 2001” [Accid. Anal. Prev. 2011;43:1245–1251]. Accident Analysis 
& Prevention, 2013;60:245–253.

110. Cripton PA, Dressler DM, Stuart CA, Dennison CR, Richards D. Bicycle helmets are highly e�ective at 
preventing head injury during head impact: head-form accelerations and injury criteria for helmeted and 
unhelmeted impacts. Accident Analysis & Prevention. 2014;70:1–7.

111. Graves JM, Pless B, Moore L, Nathens AB, Hunte G, Rivara FP. Public bicycle-share programs and head 
injuries. American Journal of Public Health. 2014;104(8):e106–e111.

112. Kaushik R, Krisch IM, Schroeder DR, Flick R, Nemergut ME. Pediatric bicycle-related head injuries: a 
population-based study in a county without a helmet law. Injury epidemiology. 2015; 2(1):16: DOI 10.1186/
s40621–015–0048–1.

113. Olivier J, Creighton P. Bicycle injuries and helmet use: a systematic review and meta-analysis. International 
Journal of Epidemiology. 2017;46(1):278–292.

114. Olivier J, Radun I. Bicycle helmet e�ectiveness is not overstated. Tra�c Injury Prevention. 2017; 
18(7):755–760.

115. Rivara FP, Astley SJ, Clarren SK, �ompson DC, �ompson RS. Fit of bicycle safety helmets and risk of 
head injuries in children. Injury Prevention. 1999;5(3):194–197.

116. Karkhaneh M, Kalenga JC, Hagel BE, Rowe, BH. E�ectiveness of bicycle helmet legislation to increase 
helmet use: a systematic review. Injury Prevention. 2006;12(2):76–82.

117. Macpherson A, Spinks A. Bicycle helmet legislation for the uptake of helmet use and prevention of head 
injuries. Cochrane Database of Syst. Rev. 2008;(3):CD005401.

118. Huybers S, Fenerty L, Kureshi N, �ibault-Halman G, LeBlanc JC, Clarke, DB et al. Long-term e�ects 
of education and legislation enforcement on all-age bicycle helmet use: a longitudinal study. Journal of 
Community Health. 2017;42(1):83–89.

119. De Jong P. �e health impact of mandatory bicycle helmet laws. Risk Analysis: An International 
Journal. 2012;32(5):782–790.

120. Goldacre B, Spiegelhalter, D. Bicycle helmets and the law. British Medical Journal. 2013; 346:f3817. 

121. Curnow WJ. �e e�cacy of bicycle helmets against brain injury. Accident Analysis & Prevention. 
2003;35(2):287–292.

122. Hagel BE, Pless IB. A critical examination of arguments against bicycle helmet use and legislation. Accident 
Analysis & Prevention. 2006;38(2):277–278.

123. Bland ML, Zuby DS, Mueller BC, Rowson S. Di�erences in the protective capabilities of bicycle helmets in 
real-world and standard-speci�ed impact scenarios. Tra�c Injury Prevention, 2018; 19(sup1):S158–S163.

124. A comparison of bicycle helmet standards. Washington, D.C.: Bicycle Helmet Safety Institute; 2017 
(https://helmets.org/stdcomp.htm, accessed 1 September 2020). 



34

References

125. Watts D, O’Shea N, Ile A, Flynn E, Trask A, Kelleher D. E�ect of a bicycle safety program and free bicycle 
helmet distribution on the use of bicycle helmets by elementary school children. Journal of Emergency 
Nursing. 1997;23(5):417–419.

126. Schramm AJ, Haworth NL, Heesch K, Watson A, Debnath AK. Evaluation of the Queensland minimum 
passing distance road rule. Queensland: Centre for Accident Research & Road Safety; 2016.

127. Tin ST, Woodward A, Ameratunga S. Incidence, risk, and protective factors of bicycle crashes: Findings 
from a prospective cohort study in New Zealand. Preventive Medicine. 2013;57(3):152–161.

128. Kwan I, Mapstone J. Interventions for increasing pedestrian and cyclist visibility for the prevention of death 
and injuries. Cochrane Database of Syst. Rev. 2006;(4):CD003438.

129. �ornley SJ, Woodward A, Langley JD, Ameratunga SN, Rodgers A. Conspicuity and bicycle crashes: 
preliminary �ndings of the Taupo Bicycle Study. Injury Prevention. 2008;14(1):11–18.

130. Wood JM, Tyrrell RA, Marszalek RP, Lacherez PF, Carberry TP, Chu BS. Cyclist visibility at night: 
perceptions of visibility do not necessarily match reality. Journal of the Australasian College of Road 
Safety. 2010;21(3):56–60.

131. Carlin JB, Taylor P, Nolan T. School based bicycle safety education and bicycle injuries in children: a case-
control study. Injury Prevention. 1998;4(1):22–27.

132. Hat�eld J. A review of evaluations of bicycle safety education as a countermeasure for child cyclist 
injury. Journal of the Australasian College of Road Safety. 2012;23(2):20–22.

133. Richmond SA, Zhang YJ, Stover A, Howard A, Macarthur C. Prevention of bicycle-related 
injuries in children and youth: a systematic review of bicycle skills training interventions. Injury 
Prevention. 2014;20(3):191–195.

134. Teyhan A, Cornish R, Boyd A, Joshi MS, Macleod J. �e impact of cycle pro�ciency training on cycle-
related behaviours and accidents in adolescence: �ndings from ALSPAC, a UK longitudinal cohort. BMC 
Public Health. 2016;16(1):469: DOI 10.1186/s12889–016–3138–2.

135. Wundersitz LN, Ra�ery SJ. Critique of MAC bicycle safety campaign “Be Safe Be Seen”. Canberra: Motor 
Accident Injuries Commission; 2013.

136. Tierney P. Review of Victorian cycling related road rules and legislation. Victoria: VicRoads; 2015.

137. Orlando area bicyclist crash study: A role-based approach to crash countermeasures, a study of bicyclist-
motorist crashes in the Orlando urban area in 2003 and 2004. Orlando, FL; Metroplan Orlando: 2004.

138. Bicycling and walking in the United States. San Francisco, California: San Francisco Department of Parking 
and Tra�c; 2016.

139. Kurt M, Laksari K, Kuo C, Grant GA, Camarillo DB. Modeling and optimization of airbag helmets for 
preventing head injuries in bicycling. Annals of Biomedical Engineering. 2017;45(4):1148–1160.

140. Cameron MH, Vulcan AP, Finch CF, Newstead SV. Mandatory bicycle helmet use following a 
decade of helmet promotion in Victoria, Australia – an evaluation. Accident Analysis & Prevention. 
1994;26(3):325–337.

141. Carr DJ, Cameron MH, Skalova M. Evaluation of the bicycle helmet wearing law in Victoria during its �rst 
four years (Vol. 76). Melbourne: Monash University Accident Research Centre; 1995. 

142. Rissel C, Wen LM. �e possible e�ect on frequency of cycling if mandatory bicycle helmet legislation 
was repealed in Sydney, Australia: a cross sectional survey. Health Promotion Journal of Australia. 
2011;22(3):178–183.

143. Høye A. Bicycle helmets – to wear or not to wear? A meta-analysis of the e�ects of bicycle helmets on 
injuries. Accident Analysis & Prevention. 2018;117:85–97.

144. Macpherson A, Spinks A. Bicycle helmet legislation for the uptake of helmet use and prevention of head 
injuries. Cochrane Database of Syst. Rev 2008; (3): CD005401. 

145. Gilchrist J, Schieber RA, Leadbetter S, Davidson SC. Police enforcement as part of a comprehensive bicycle 
helmet program. Pediatrics. 2000;106(1):6–9.





World Health Organization

20 Avenue Appia

1211 Geneva 27

Switzerland

E-mail: traffi  c@who.int

Web: www.who.int/roadsafety/en/


	Preface
	Acknowledgements
	Introduction
	Why is addressing cyclist safety necessary?
	Cycling, health and the environment
	The physical and economic costs of cycling injuries
	Types of injuries incurred by cyclists
	Crash types
	Economic costs

	Risk factors for cyclist-related injuries and fatalities 
	Speed of motorized vehicles sharing the roads with cyclists
	Alcohol impairment
	Non-helmet use
	Cycling against the traffic, and other risk factors 
	Lack of visibility and non-use of bicycle lights
	Measures to improve cyclist safety
	Overview
	Proven and promising interventions
	Safer roads and urban design
	Safer speeds for motorized traffic
	Safer vehicles
	Safer road users

	Interventions with insufficient or weak evidence
	Conclusion
	References

