
        
        

 

 

ATTN: Select Committee on Personal Choice and Community Safety 

4-Oct-2018 

 

Dear Committee Members, 

I sincerely thank you for taking the time to conduct this inquiry.  It’s important to consider the value of 

personal freedoms to the happiness of individuals within a free society. 

I’d like to voice my opposition to bicycle helmet laws, in that they are an imposition on individual liberty, and 

negate my enjoyment of riding a bicycle.  Given that much evidence demonstrates bicycle helmet laws have 

made no improvements to public health, or bicycle safety, and in fact may have made both worse, they 

don’t even serve ‘community safety’ and should thus be removed. 

Personally, I don’t enjoy being forced to wear a bicycle helmet.  I wear them or not as I see fit, and according 

to what I’m doing at the time.  It limits my daily freedom, and through negative interactions with police and 

the courts has caused me anguish, anxiety and depression.  Knowing the evidence does not support them, 

makes the pill all the more bitter to swallow. 

I’m originally from Perth.  I was finishing high school in the early 90s, when helmet laws were enacted.  As 

the school bike racks emptied out, I, like everyone else, gave up riding a bike without really knowing why.  I 

received a great education in WA, and a decade later contributed to the state-wide ‘brain drain’ when I 

moved to North America.  Curiously, I started riding a bike again in Toronto (hardly a bike-friendly city).  But 

it was fun, which is probably why I did it.  Even riding to work in minus 10 Celsius was a joy.  (Thankfully, I 

could wear a thick beanie.)  I subsequently relocated to New York where Bloomberg and his rock-star-

famous transport commissioner Janette Sadik-Khan were fixing up the city for bikes (which happened to 

make it safer for pedestrians and drivers too.)  I finally bought a decent folding bike and riding to and from 

work along the Hudson River Greenway was a highlight of my day.  As my wife and I turned thoughts to 

starting a family, we decided to return to Australia.  Having lived car free for a decade, we didn’t want to 

return to a city that required a car, and so ruled out Perth.  We decided “liveable” and “bike friendly” 

Melbourne was the place for us. 

In hindsight, this was a mistake.  I question Melbourne’s liveability claims, but it’s certainly not bike friendly.  

In fact, outside of Sydney, I don’t know of a more bike-hostile place than Melbourne.  A huge factor in this 

was vehement anti-bike policing, and the strict mono-culture of lycra-clad, armoured-up sports cyclists.  

Where were the people riding to the shops?  Where were the kids riding to school?  Why was riding a bike 

here so… weird and specialized? 

Bicycle helmet laws have turned local police into the enemy of both regular, everyday cycling, and casual, 

recreational cycling.  The laws have also affected the culture, where there is a deeply rooted hysteria around 

riding a bike.  This has had a deep impact on my personal happiness, both in regards to being able to freely 

ride a bike, but has spread to my general sense of well-being.  I often feel trapped in my house, or in my local 

area.  If I decide to venture out, even for a trip to the local shops, I risk vilification, or unwarranted 

interference from the police.  I’ve found that in ‘liveable’ Melbourne, I’m unhappy. 



On the other hand, when I return to Perth to visit family, I have a very enjoyable time.  Police do not 

routinely enforce bicycle helmet laws, and there is not the level of hysteria.  People in Perth have a relaxed 

and accepting attitude.  There is no demonizing or shaming going on.  I feel have greater personal liberty 

when I visit Perth, and the result is that I feel happy.  When I last returned to Melbourne from Perth, I was 

instantly depressed again losing that liberty, and realized in that moment, I had moved back to the wrong 

city.  If WA does away with bicycle helmet laws would probably be the clincher for me to move back. 

Given the evidence that helmet legislation is not only ineffective, but potentially responsible for worsening 

cycling safety, I’ve taken a stance as a ‘conscientious objector’ to helmet laws.  I’ve consequently paid two 

fines and had two seen in magistrates court.  I’ve given up on the court channel because it is simply too 

stressful and sends me into an anxious spiral.  I’ve enjoyed riding a bike around the world, but riding a bike in 

Melbourne is often joyless, draining and demoralizing.  I feel disinclined to ride a bike, and I use a bicycle less 

than I otherwise would. 

With a family history of skin cancer, I applied for a VicRoads exemption (so I could legally wear a hat).  At 

personal cost I had to see a specialist to fill in the application form.  Despite this, VicRoads denied my 

request without any reasonable investigation of my situation or medical review.  On occassions when I’ve 

chosen to wear a hat for my own protection, I’ve been fined by police. 

Only a couple of days ago, whilst vacationing in the sleepy town of Port Fairy, I was stopped by a police 

officer in a wagon.  It was on a quiet back street, leading from the beach, several hundred metres back to my 

accommodation.  It was a hot, sunny day, a day in which I chose to wear my broad-brimmed Akubra.  All 

things considered, a rational and normal thing to do.  This paternalistic policing of people attending to their 

everyday activities is overbearing.  It’s humiliating.  People do not need this level of interference with their 

personal activities. 

Similarly, last year, on a hot spring day (35C, ‘extreme’ or 12 UV rating) I decided to take an oBike across 

Melbourne CBD.  Due to the weather, I was already wearing a broad-brimmed hat, and the oBike didn’t have 

a helmet with it anyway.  My path across the CBD was via a protected bike track and I opted for a cooling 

ride rather than a hot walk.  Shortly after setting out, I encountered two vehicles parked within the 

protected bike lane.  As I was pondering whether to go around them or on the footpath, a highway patrol car 

pulled up, sirens blaring and lights flashing.  I was hoping they were there to remove the cars from the bike 

track.  Instead they chose to give me a fine.  When I asked them about the vehicles blocking the bike track it 

became evident they either didn’t notice or didn’t care about them.  Not only was the police response 

inordinate, there focus was totally misplaced.  If safety were of concern, the vehicles blocking the bike track 

would have been addressed instead of me.  Helmet laws misdirect policing in the wrong direction.  Helmet 

laws turn the police into the enemy of cycling, from protector to bully.  It misplaces the focus on the victim.  

Instead of keeping people safe, it keeps people from riding bikes.  This is the creep of laws limiting personal 

liberty simply because they exist. 



 

The hierarch of hazard controls is often referenced with respect to bicycle safety.  Of note is that PPE is the 

least effective control mechanism.  Examples of effective safety initiatives include decent quality 

infrastructure and reduced motor vehicle speeds where it counts.  Where governments are serious about 

safety, their moral imperative is to enact meaningful and effective controls, rather than impose an unjust 

and ineffective control on people that also limits their personal freedoms.  Why enact laws that have no 

positive effect? 

Economic Impacts 
A 1999 paper Delia Hendrie, Matthew Legge, Diana Rosman and Carol Kirov – An Economic Evaluation of the 

Mandatory - Bicycle Helmet Legislation in Western Australia aimed to assess the economic effect of bicycle 

helmet laws, whilst not accounting for economic impacts of reduced cycling rates (noted as a limitation of 

the study).  One item of note in the study is the reduction of injuries amongst all road users due to other 

safety initiatives introduced.  The paper summarizes that even under favourable assumptions, the economic 

benefit is negligible. 

The study provided no clear answer as to whether the helmet wearing legislation had 

been an effective countermeasure in an economic sense…  In monetary terms, it is unlikely 

that the helmet wearing legislation would have achieved net savings of any sizeable 

magnitude.  Under the assumptions used in the study, the most favourable estimate of 

the Net Present Value of the bicycle helmet legislation was $2.0 million, and this 

calculation excluded any costs associated with reduced cycling activity.   

From an economic stance, there is no merit to retaining bicycle helmet laws.  I note this paper since it was 

produced in WA, there are many papers that demonstrate the societal benefits of promoting bicycle use. 

In fact, in the paper Teschke K, Koehoorn M, Shen H, et al. Bicycling injury hospitalisation rates in Canadian 

jurisdictions: analyses examining associations with helmet legislation and mode share. BMJ Open 2015 it is 

noted that just having more people riding bicycle has a greater protective effect that helmet legislation: 

For traffic-related injury causes, higher cycling mode share was consistently associated 

with lower hospitalisation rates. Helmet legislation was not associated with 

hospitalisation rates for brain, head, scalp, skull, face or neck injuries. 

The authors further note that: 

These results suggest that policymakers interested in reducing bicycling injuries would be 

wise to focus on factors related to higher cycling mode shares and female cycling 

preferences. Bicycling infrastructure physically separated from traffic or routed along 



quiet streets is a promising fit for both and is associated with a lower relative risk of 

injury. 

 

In the paper Culver, G. (2018). Bike helmets – a dangerous fixation? On the bike helmet’s place in the cycling 

safety discourse in the United States, Applied Mobilities , DOI: 10.1080/23800127.2018.1432088  the author 

makes note of a paradox –  

If safe cycling can be achieved without helmets, and if relatively dangerous cycling 

persists despite helmet use, then basic logic dictates that the helmet simply cannot 

possibly be the most significant factor of bicyclist safety. 

With obesity costing the country tens of billions of dollars annually we really shouldn’t be discouraging any 

potentially daily activity people may opt for.  However, given helmet laws have failed to deliver societal 

benefits, or overall safety improvements for cycling, the imposition on personal liberty is completely 

unjustified. 

The health benefits of riding a bike are well documented.  Riding a bike is safe (indeed cycling in Amsterdam 

is safer than driving in Australia).  The benefits significantly outweigh the risks, and thus any government 

intervention that reduces cycling is negating the public health benefit. 

Social Impact 
I’m a vegan and think you should be, too.  You’d have a lower BMI, lower risk of CVD, stroke, diabetes, you 

name it.  I don’t smoke or drink, and I don’t think you should either.  Liver disease, stroke, cancer, etc. etc.  

However, it’s not up to my own sense of piety to impose on your choices.  We may tolerate but tax things 

with negative consequences (e.g. smoking) and some say the same should apply to riding a bike without a 

helmet.  But let’s remember that every trip someone takes by bike is a net saving to society.  In other words, 

not only should cycling be less legislated, we should be paying people to ride bikes (done in some places.)  

Even with respect to the downsides of smoking, drinking or what we choose to eat, these things can 

nevertheless have positive effects, be it our own personal happiness, or even how we socialize and enjoy 

being in our community. 

While often I would choose to wear a hat, often I’d just like to ride a bike unencumbered, feeling the wind in 

my hair, not feeling hot and bothered.  There should not be any shame in that, let along legislation.  Bicycle 

helmet legislation has led to public shaming surrounding riding a bicycle.  Consequently, people often won’t 

publicly admit or challenge it.  Do people not ride because they don’t want helmet hair?  Surely some do.    

But not knowing the broader implications of bicycle safety, people may assume their desires whimsical and 

just keep quiet.  Many people don’t want to be outspoken about it.  It’s non-intuitive issue.  So, they don’t 

ride.  It’s not helpful to denigrate people for wanting to look the way they want to look.  It’s not up to us to 

challenge or question their motivations.  Every person frightened off a bike for transport is a loss for society 

(in real dollars).  People’s appearance matters to them, something advertisers know only too well… 

Advertising influences us on a level we’re not conscious of.  The world’s best psychologists are paid to make 

us act despite ourselves.  We banned cigarette advertising for this exact reason – it works extremely well.  

Helmets sell a negative connotation of cycling to many people, be it that it’s dangerous, or dangerously 

uncool.  People carry forth this idea with them without really knowing why.  In fact, even earlier this year, 

the WA government used “dorky” cycling as a deterrent in the ‘speeding slows you down’ campaign. 



 

The point here is, the advertisers know many people don’t want to look like this.  The other psychological 

effect is the magnitude of the fines.  Victoria has utterly disproportionate $200 fines, with NSW well over 

$300.  This magnitude equates to prominence in people’s minds.  A $320 fine must represent something 

incredibly dangerous.  A $5 fine would not.  Not surprisingly, NSW laws and fines have done nothing other 

than chase people away from bikes. 

This of course results in the missing ‘safety in numbers’ that helmet obsession has created.  I feel it every day 

as I ride my kids to school.  As impatient rat-runners squeeze through residential streets in giant SUVs I 

wonder, if cycling was accepted and cool, would that guy have just been on a bike instead?  More people 

cycling leads to safer streets. 

When I have family and friends visit me, we cannot get around by bicycle.  People don’t travel with helmets, 

and I can’t stock enough helmets of various sizes and quantities for all visitors.  This is a big restriction for a 

car-free household.  Can’t simply ride to the shops, or around the river.  Similarly, when my wife has ridden 

to the city, I can’t legally ride her bike home.  Or if we meet up, I can’t hitch a ride in the cargobike.  Helmet 

legislation is a barrier to spontaneous trips.  The problem is reversed when we travel elsewhere in Australia. 

Australia also has the two famously failed bike share schemes (Melbourne and Brisbane).  Bike share 

systems are not only shown to be extremely safe, they also make the city safer.  After NYC made strategic 

infrastructure changes to the city, the launch of CitiBike is what really launched NYC as a cycling city.  It was 

the secret sauce.  Australia poisoned the secret sauce.  In a global buffet of successful bike share systems, 

Australia serving is unpalatable to patrons. 



  

   

(Yes, that’s Tony Abbott) 

A great inspiration on my last trip to Perth was seeing tourists cycling (bare-headed) along the Fremantle 

foreshore.  And why shouldn’t tourists to Perth be able to enjoy such a journey spontaneously and freely? 

My Personal Freedom 
I’m an insulin dependent diabetic.  I have to wear an insulin pump every day.  It’s inconvenient, 

cumbersome, uncomfortable and I hate it.  I have to carry a bag of related paraphernalia everywhere I go.  I 

can’t just leave the house with empty pockets.  Like many Type 1 diabetics, I find it troublesome, awkward 

and embarrassing to engage in organized sports (Type 1 diabetics are less inclined than the general 

population to do so  http://www.thelancet.com/journals/landia/article/PIIS2213-8587(17)30168-

7/fulltext?elsca1=etoc) 

Although the publication accurately captures the physiological challenges faced by people 

with type 1 diabetes during exercise, sport, or competitive events and offers suitably 

pragmatic guidance for effective self-management, the focus remains on exercise rather 

than physical activity; here is where we see an important disconnect… With 70% of people 

http://www.thelancet.com/journals/landia/article/PIIS2213-8587(17)30168-7/fulltext?elsca1=etoc
http://www.thelancet.com/journals/landia/article/PIIS2213-8587(17)30168-7/fulltext?elsca1=etoc


with type 1 diabetes failing to achieve their treatment targets, the scale of that challenge 

is clear. 

(http://www.thelancet.com/journals/landia/article/PIIS2213-8587(17)30169-9/fulltext?elsca1=etoc) 

I don’t need extra barriers to physical activity in my day.  I don’t want to ‘have to’ wear anything else in my 

life that I don’t want to.  I already have a life-long sentence for that. 

 

The incidence of Type I diabetes is dwarfed by that of Type II diabetes.  Australia is fat and unhealthy, and 

we’re paying massively for it.  We must not only allow, but make it easy and desirable for people to get 

incidental activity in their day. 

Personal Choice 
A relevant paper is Nigel C Unwin - Cycle helmets – when is legislation justified, Journal of Medical Ethics, 

1996 which lays out the following criteria of which all should be met before enacting a mandatory helmet 

law: 

1. There must be a high level of scientific evidence that cycle helmets are effective in 

reducing the rate of head injury to cyclists (evidence which takes into account any 

possible detrimental effect of ‘risk compensation’). 

2. The benefits to society and others of mandatory cycle helmets must be convincingly 

demonstrated; mandatory cycle helmets cannot be justified simply to protect individual 

adult cyclists.  However mandatory cycle helmets for children may be justified for their 

own protection. 

3. There must be widespread agreement, ideally by a large majority, that the potential 

benefits of compulsory cycle helmets outweigh the infringement of personal liberty and 

other disbenefits. 

http://www.thelancet.com/journals/landia/article/PIIS2213-8587(17)30169-9/fulltext?elsca1=etoc


4. There must be good evidence to suggest that compulsory helmet wearing would not 

make the public health benefits of increased levels of cycling significantly harder to 

obtain. 

 

With over 20 years of research since that was penned, it’s possible to state that none of those criteria can be 

met (Australia provided the evidence.)  Given what we know now, looking at that criteria, it’s a clear-cut case 

to removing detrimental bicycle helmet laws. 

 

 

  

 

Thanks sincerely for your consideration of this matter. 

 

 

 

 

Other Notes 

ECF 
Excerpt from ECF (European Cyclists Federation) website, with more details online (https://ecf.com/what-

we-do/road-safety/ecf-position-helmets): 

ECF are not against individuals choosing to wear helmets, however we are against 

mandatory helmet laws and shock-horror helmet promotions. We do this via support to 

our members, and also by becoming active members in a wide range of trans-national 

forums.  

ECF opposes mandatory helmet laws because: 

They discourage cycling by portraying it as abnormally dangerous-you are less likely to be 

killed in a mile of cycling than a mile of walking (Wardlaw 2002). 



A well respected literature review states ‘When the risk of injury to head, face or neck is 

viewed as a whole, bicycle helmets do provide a small protective effect. This effect is 

evident only in older studies. New studies, summarised by a random-effects model of 

analysis, indicate no net protective effect.’ (Elvik 2011) 

Injured cyclists are less likely to have head injuries than injured pedestrians or car 

occupants (ONISR 2005). 

They portray bicycle helmets as offering far more protection than they do. Bicycle helmets 

are only designed to withstand minor knocks and bumps, not being hit by motor vehicles; 

see more here On Bicycle Helmet Standards. 

Countries that have penalised people for normal cycling (without helmets), have failed to 

reduce head injury rates despite increased helmet wearing rates. See an ECF factsheet on 

the case of Australia and its helmet laws – Australia and cycle helmet laws 

The health benefits of cycling far outweigh the injury risks (de Hartog et al, 2010) 

Reduced cycling reduces health and environmental benefits. 

Reduced cycling reduces Safety in Numbers, thus increasing the risk of injury to remaining 

cyclists (Jacobsen PL, 2003) 

You can find a draft of ECF’s position on helmets here: Helmet factsheet 

 

Cycling Embassy of Great Britain 
Excerpt from Cycling Embassy of Great Britain website (https://www.cycling-embassy.org.uk/mission): 

Redefine what road safety means in the UK by working with relevant groups, including 

other cycle campaigns, to highlight what the real dangers are, promoting prevention 

rather than cure. We will promote a raft of measures, including reduced speed limits and 

changes in street design, which put the needs of local communities before those just 

travelling through them. We will strive to create an environment where helmets and other 

forms of protective wear are seen as unnecessary as opposed to essential. 

https://www.cycling-embassy.org.uk/mission
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1. INTRODUCTION
In Australia, the mandatory helmet wearing legislation for bicyclists was first introduced in Victoria in July 1990,

and other states and territories introduced compulsory helmet wearing in 1991 and 1992. In Western Australia the

helmet wearing legislation was invoked in January 1992, but was only made effective from July 1992. A six-month

phasing in period was then applied during which infringement notices issued for not wearing a bicycle helmet were

cancelled if the recipient provided proof of purchase of a helmet within 14 days.

The intention of the bicycle helmet legislation was to increase helmet wearing rates and thus reduce the risk of head

injury to bicyclists involved in road crashes. Four epidemiological studies – two in Australia and one in each of the

United States and the United Kingdom – found that the wearing of bicycle helmets had resulted in reductions in the

risk of head injury of between 45% and 85% (Thompson, Rivara & Thompson, 1989; McDermott, Lane, Brazenor &

Debney, 1993; Maimaris, Sommers, Browning & Palmer, 1994; Thomas, Acton, Nixen, Battistutta, Pitt & Clark,

1994).

Since the introduction of the mandatory helmet wearing legislation, four Australian states have examined its

effectiveness in reducing head injury to bicyclists. In Victoria, evaluations of the helmet wearing law were made in

each of the first four years following its introduction. Using regression analysis, the studies in the first two post-law

years found a statistically significant reduction in the number and proportion of head injuries among hospitalised

bicyclists (Cameron, Heiman & Neiger, 1992; Finch, Newstead, Cameron & Vulcan, 1993). The evaluation of the

first three years of helmet legislation reported conflicting data from the logistic regression analysis modelling the

proportion of severely injured crash-involved bicyclists with a head injury. For bicyclists injured in crashes not

involving a motor vehicle, head injury rates were significantly lower than the pre-law level in each of the three post-

law years. For bicyclists injured in crashes involving a motor vehicle, no additional benefit of the law over pre-law

trends in reducing head injury rates was found in the three post-law years using hospital admissions data, while an

analysis of insurance claims data showed bicyclist head injury rates significantly below pre-law trend predictions in

the second post-law year only (Newstead, Cameron, Gantzer & Finch, 1994). The final Victorian study, analysing

the effects of the first four years of the helmet wearing legislation, undertook some preliminary analyses of the

hospital admissions data, which suggested the apparent increase in bicyclist admissions to hospital in the third and

fourth years after the legislation was most likely the result of changes in the funding arrangements for publicly

funded hospitals. After correcting the hospital admissions data downwards for these years downwards to remove

this effect, a multivariate time series analysis of the number of head-injured bicyclists indicated that there had been a

statistically significant reduction of 40% in the number of head-injured bicyclists admitted to hospital across Victoria

compared with pre-law trends (Carr, Skalova & Cameron, 1995).

In other states, the evaluations of the compulsory helmet wearing legislation were less sophisticated in a statistical

sense. In South Australia, Marshall and White (1994) conducted an analysis of hospital admissions in South

Australia in the year immediately before the legislation compared with the year immediately after and for the two

years before and two years after. After accounting for exposure and changing hospital admission practices with

respect to concussion, they found that the use of bicycle helmets was linked to 12% and 25% decreases in hospital

admissions for cycling injuries which were potentially preventable by the use of a bicycle helmet. In New South

Wales and Queensland, an analysis of hospital data showed that head injuries to bicyclists had decreased relatively

more than other injuries sustained over the period when compulsory helmet wearing was introduced (Williams,

1995; King & Fraine, 1994).

Robinson (1996a) and Robinson (1996b) have challenged the results of the evaluations of the effectiveness of the

bicycle helmet legislation in reducing the number of bicyclists with head injury. Robinson (1996a) re-examined the

injury data for Victoria and showed that the percentage of bicyclists and pedestrians suffering head injuries when hit

by motor vehicles followed similar, reducing trends. She suggested that these trends may have been caused by the

major road safety initiatives directed at speeding and drink-driving, which were introduced at the same time as the

helmet wearing law, and argued that the reduction in cycling following the introduction of compulsory helmet
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wearing may have generated a net loss of health benefits as a result of the helmet law. After examining injury data

for different states, Robinson (1996b) questioned the results of the studies claiming head injury reductions following

the introduction of the helmet wearing legislation. He discussed various shortcomings in the evaluations, in

particular noting the similar, longer term trend in the reduction of the proportion of head injuries for pedestrians and

bicyclists in Western Australia and the difficulties in attributing changes in injury rates over time to any one

particular factor when so many other factors were also changing.

The purpose of this present study was to conduct an economic evaluation of the mandatory helmet wearing

legislation in Western Australia. The study had two main objectives. First, the effectiveness of the helmet wearing

law in reducing head injuries to cyclists in Western Australia was evaluated, taking into account trends in head

injuries to pedestrians (who were used as a control group for bicyclists). Second, the cost-effectiveness of the

bicycle helmet legislation was examined in terms of its costs and outcomes. The only outcome included in the cost-

effectiveness analysis was the change in the number of head injuries to bicyclists. Other possible outcomes, such as

the impact of the legislation on cycling activity and associated changes in physical fitness and related health

conditions, were not included in the analysis.
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2. METHOD
The study consisted of three parts: (i) the analysis of the effectiveness of the bicycle helmet legislation in reducing

the number of head injuries to bicyclists, (ii) the examination of the cost to the community of the helmet wearing

legislation, and (iii) the calculation of the cost-effectiveness of the mandatory helmet wearing legislation based on

the findings of parts (i) and (ii).

The economic evaluation was conducted over the period from the start of the legislation in 1992 until 1998, which is

the last year for which hospital data on the number of head injuries is currently available. Costs relating to the

helmet wearing legislation that were incurred prior to 1992 were included as a cost of this law. A societal

perspective was adopted, which means that within the scope of the study the analysis included all costs (no matter

who pays them) and all benefits (no matter who receives them). Costs were expressed in 1998 Australian dollars.

2.1 Effectiveness of the Bicycle Helmet Legislation

2.1.1 Data Sources
Injury data was obtained from the Western Australian Road Injury Database, which is a database consisting of linked

records of police crash reports and hospital admission records of road crash casualties. The study used only the

hospital component of the Road Injury Database. Injury data for less severe levels of injury (i.e. casualty

attendances and GP consultations) was not available so these injuries could not be included in the evaluation.

Bicyclist fatalities who died before being admitted to hospital were also not included since the numbers in a single

year were too low to conduct statistical analyses.

Road user type was identified in the Road Injury Database using the codes for external causes of injury of the

International classification of diseases (ICD9-CM). Bicyclists were defined as comprising the following codes:

810.6 to 825.6 and 826.1 to 829.1. Pedestrians, who were used as a control group, were defined as 810.7 to 825.7

and 826.0 to 829.0.

Using the diagnosis fields in the hospital data, each record was classified as involving either a head injury or no head

injury as follows:

1. 1988 to 1998: For this period, diagnoses in the hospital records were classified using the ICD9-CM version of

the International classification of diseases. A computerised conversion table was used to convert injuries coded

by ICD9-CM into body regions and injury severity levels of the Abbreviated Injury Scale (AIS). All injuries

coded to the AIS body region of head were counted as a head injury.

2. 1979 to 1987: For this period, diagnoses in the hospital records were coded according to the ICD-9 version of

the International classification of diseases. The computerised conversion table only maps from the ICD9-CM

version to the AIS, so head injuries were coded directly from the ICD-9 as falling in the ranges of 800-804,

850-854, 873.0-873.1, 900 and 950-951.

3. 1971 to 1978: For this period, diagnoses were coded according to the ICD-8 version of the International

classification of diseases. Head injuries were coded as the following ranges: 800-804, 850-854, 873, 904 and

950-951.

If one or more head injury diagnoses were found in a hospital record, then the record was classified as having a head

injury. All other records were classified as not having a head injury. Two other variables from the hospital records –

gender and age of the casualty - were also used in the analysis.

Two indicator variables were used to represent the pre- and post-law period when the promotion of the wearing of

bicycle helmets started and the pre- and post-law period of the bicycle helmet legislation. Promotion of helmet

wearing in Western Australia did not commence formally on any particular date. While some minor promotional
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activities took place in 1984 and 1985, the establishment of Bikewest in 1986 was assumed to be the date that

signified the start of the main campaign to promote helmet wearing in Western Australia. Bikewest ran a helmet

rebate scheme from December 1987 to February 1994, and a helmet subsidy scheme was operated through schools

between 1988 and 1990. The indicator variables had two values only: one when the effect was operational and zero

otherwise.

2.1.2 Statistical Methods
Two approaches were used to test the effectiveness of the bicycle helmet legislation in reducing head injuries.

The first method used aggregated data for each year from 1976 to 1998. Least squares regression was used to model

the ratio of the proportion of bicyclists with head injury to the proportion of pedestrians with head injury. This

variable, with the proportion of pedestrians with head injury in the denominator, was used in order to control for the

decreasing trend in the proportion of all road users (including bicyclists and pedestrians) with head injury (see

Figure 2.1). Possible explanations of this decreasing trend include changes in road safety affecting all road user

groups, changes in hospital admission procedures, and changes in diagnostic coding procedures. The proportion of

bicyclists and pedestrians with head injury was used in the numerator and denominator of the ratio respectively,

rather than the number with head injury, to control for changes in levels of exposure for bicyclists and pedestrians.

This method of dealing with exposure was used since relevant information on bicycle use or pedestrian activity was

not available.

Figure 2.1 Percentage of Road Users with Head Injury, Western Australia, 1971 to 1998

The explanatory variables tested in this aggregated data model were time, time-squared, time-cubed and the two

indicator variables representing the start of the promotion of helmet wearing in 1986 and the introduction of the

helmet wearing legislation in 1992.

The model was fitted using the SAS procedure REG (SAS Institute, 1990). The forward and backward stepwise

options were used whereby explanatory variables are introduced or removed from the model using a set of criteria

based on the variable’s p-value. To be considered in the model, the variable had to have a p-value of 0.3 or less, and

a p-value of less than 0.1 was required for the variable to be kept in the model.

The second approach to testing the effectiveness of the helmet wearing law in reducing head injuries to bicyclists

used pooled individual data for bicyclists and pedestrians for 1976 to 1998. As in the aggregated data model,
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pedestrians were included in the data set to control for the decreasing trend in the number of all road users with head

injury. Logistic regression was used to model the likelihood of an individual in the data set having a head injury.

The explanatory variables included in the model were time, time-squared, the casualty’s age and gender, the

indicator variables for the start of helmet promotion and the introduction of the helmet wearing legislation, and a

road user indicator variable that differentiated between bicyclists and pedestrians. Two interaction terms were also

included: (i) the interaction between the road user indicator (i.e. bicyclist or pedestrian) and the start of the helmet

promotion campaign, and (ii) the interaction between the road user indicator and the introduction of the legislation.

These interaction variables took on a non-zero value (i.e. one) when the person was a bicyclist hospitalised after the

start of the helmet promotion campaign or after the introduction of the helmet wearing law. The interactions were

designed in this way to determine if either promoting helmet wearing or the helmet wearing legislation had an effect

on bicyclists over and above any factors affecting pedestrians. The model was fitted using the SAS procedure

LOGISTIC (SAS Institute, 1990).
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2.2 Costs of the Bicycle Helmet Legislation

2.2.1 Costing framework
The following costs of the helmet wearing legislation were included in the economic evaluation:

1. public education campaigns,

2. enforcement,

3. the purchase of helmets, and

4. the administration of the helmet rebate scheme.

The reason for only including the administration cost of the helmet rebate scheme, rather than the total cost, was that

rebates were in effect transfer payments from taxpayers to bicyclists. Using a societal perspective, transfer payments

are not regarded as a real cost in economic evaluation studies (Drummond, O’Brien, Stoddart and Torrance, 1997).

The following costs of the helmet wearing law were not included in the economic evaluation:

1. introduction of the legislation,

2. the administration of the helmet subsidy scheme,

3. time spent buying helmets, putting them on and taking them off,

4. reduced cycling activity, and

5. intangible costs.

The costs associated with the introduction of the bicycle helmet legislation included the establishment of a working

committee in 1990 to make recommendations relating to helmet wearing to the Minister of Police, the time spent in

promoting and drafting the helmet wearing legislation, and the parliamentary time spent debating and passing the

legislation. These costs (excluding the working committee) were calculated as approximately $100 000 (1998

dollars), which could be amortised over the life of the legislation to provide annual equivalent costs. Since the

magnitude of the annual equivalent cost would be relatively small and unlikely to make any difference to the study

result, this cost component was excluded from the analysis.

The helmet subsidy scheme was operated through Parent and Citizen associations at Western Australian schools.

Subsidies are also transfer payments, thus only the administration cost should have been included as a cost of the

helmet wearing legislation. However, no information was available to use as the basis to calculate this cost.

Bicyclists spent time buying helmets and putting them on and taking them off. There was an opportunity cost

associated with this time, which could have been calculated on the basis of the average time taken to perform these

activities. The inclusion of this type of lost time factor in economic evaluation studies is controversial, however, and

for this reason this cost was excluded from the analysis (Drummond, O’Brien, Stoddard and Torrance, 1997).

The enforced wearing of bicycle helmets may have resulted in reduced cycling activity, which could have resulted in

the loss of health benefits from a decrease in physical activity and negative environmental effects due to the

increased use of motor vehicles. The former outcome would have occurred if people who cycled less because of the

helmet wearing law did not substitute other physical activity for cycling. The latter outcome would have resulted if

people who had cycled as a means of transport changed to using private transport. The magnitude of these costs are

potentially considerable, but were outside the scope of this study.

The final cost item omitted from this study was intangible costs such as the loss of freedom of choice to wear a

helmet. Loss of freedom of choice would have led to a welfare loss for those individuals who were forced to adopt

levels of precautionary behaviour in excess of their perceived risk (Van Osch, 1993). Public health policy such as
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the helmet wearing legislation gives priority to social health and safety requirements or the ‘common good’ rather

than to individual self-interest. This is a complex area for which cost calculations would have been extremely

difficult.

2.2.2 Data Sources
Mass media campaigns promoting helmet wearing were conducted between December 1987 and March 1988, in

June and July 1988, and again in December 1988. Bikewest provided estimates of the cost of these campaigns from

its financial records. From 1991, media campaigns and other promotional material encouraging helmet wearing

were funded through the Road Trauma Trust Fund. The cost of these campaigns were obtained from the financial

records of the Road Trauma Trust Fund.

Helmet wearing is enforced by the Bicycle Safety Section of the Western Australian Police Service and by other

police officers on duty who can apprehend bicyclists not wearing a helmet. Only the cost of the enforcement carried

out by the Bicycle Safety Section was included in this study. Approximately 40% of the offences of the Bicycle

Safety Section during the post-law period were for failing to wear, or correctly wear, a bicycle helmet. This

proportion of the salary cost of the Bicycle Safety Section was allocated as the cost of police resources used to

enforce the helmet wearing legislation.

Several assumptions had to be used to apportion a cost of helmet purchases to the bicycle helmet legislation. The

observational surveys conducted by the Police, and in one year by Bikewest, showed helmet wearing increasing to

around 82% in the post-law years. It was assumed that this rate of helmet wearing was sustained through to 1998 for

all types of cyclists (i.e. regular, irregular and occasional). The number of all types of bicyclists were assumed to

increase at an annual rate of 1.5%, which has been the population growth rate in Western Australia in the 1990s. A

telephone survey conducted in September 1996 in 25 stores in Western Australia that sold bicycle helmets asked

sales representatives to estimate how often they thought cyclists replaced their helmets. Helmets were estimated to

last for 3.2 years on average. It was assumed that only regular cyclists, namely those who cycle at least once a

week, would replace their helmets during the evaluation period. All helmets bought before 1992 were assumed to

have been purchased voluntarily (i.e. would have been bought whether or not the legislation was introduced), while

those bought in the post-law period until the helmet wearing rate levelled off at around 82% in 1993 were bought

involuntarily. Forty-five percent of the post-legislation purchases of new (due to population growth) or replacement

helmets after 1993 were assumed to have been bought voluntarily. This latter assumption was based on the fact that

37% of bicyclists were estimated to be wearing helmets in 1991, the year before the legislation, and this increased to

around 82% in the post-law period. If it can be assumed that the cyclists who were wearing helmets in the pre-law

period bought them voluntarily, then approximately 45% of cyclists (i.e. 37/82=45%) wore helmets voluntarily in

the post-law period. The cost of helmets were only included as a cost of the legislation for those cyclists who

bought them involuntarily. In the survey of stores selling helmets, respondents were also asked to estimate the

average cost of a helmet. This average cost was $39.00. This cost was assumed to have applied throughout the

study period.

The final cost to be estimated was the administration cost of the helmet rebate scheme. Bikewest provided this

information from its financial records.

2.3 Cost-effectiveness of the Bicycle Helmet Legislation
Two measures of the cost-effectiveness of the helmet wearing legislation were calculated: the cost per head-injured

cyclist prevented and the Net Present Value of the bicycle helmet legislation, which is calculated as the discounted

value of the difference between the benefits and costs of an intervention over the evaluation period. In this study,

future benefits and costs were not included in the study, thus there was no need to discount. Benefits and costs were

only calculated until 1998, which was base year used for the calculations. In order to convert the number of head

injuries (which was the only outcome measured) into a monetary value when calculating the Net Present Value, an

average cost of a head injury of $76 900 was applied (Hendrie, Mullan & Ryan, 1999).
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3. RESULTS

3.1 Effectiveness of the Bicycle Helmet Legislation

3.1.1 Aggregated Data Model
The results of the least squares regression analysis are presented in Table 3.1. The only variable that was shown to

have a significant effect on the ratio of the proportion of bicyclists with a head injury to the proportion of pedestrians

with a head injury was the indicator for the helmet wearing legislation. This ratio was modelled as a discontinuous

horizontal line. From 1976 to the end of 1991, the modelled ratio was 1.06 (i.e. the proportion of bicyclists with a

head injury was on average 6% higher than the proportion of pedestrians with a head injury). From 1992 onwards,

this modelled ratio decreased to 0.84 (i.e. the proportion of bicyclists with a head injury was on average 16% less

that the proportion of pedestrians with a head injury). The model and the real data are shown in Figure 3.1.

Table 3.1 Least Squares Regression of Factors Affecting the Ratio of the Proportion of
Bicyclists with a Head Injury to the Proportion of Pedestrians with a Head
Injury

Variables Parameter
Estimate

Standard Error F p

Intercept 1.0691 0.0313 1167.28 0.0001

Indicator for the helmet wearing
legislation

-0.2248 0.0567 15.71 0.0007

Two points are worth noting when comparing the modelled ratio with the real ratio. First, a considerable decrease in

the real ratio occurred in 1991, the year before the introduction of the helmet wearing legislation. In this year, the

available data from the observational surveys of helmet wearing suggested that the overall helmet wearing rate had

increased to 37% from 33% in 1990 (calculated from data presented in Baxter & Maisey, 1990 and Dobbs and

Maisey, 1991 respectively). Helmet wearing was estimated to have increased to 67% in 1992 and 83% in 1993

(calculated from data presented in Healy and Maisey, 1992 and Heathcote, 1993 respectively). These post-law

increases in helmet wearing were only associated with relatively small changes in the ratio of the proportion of

cyclists with head injury to the proportion of pedestrians with head injury. Second, in the real data the ratio of the

proportion of cyclists with head injury to the proportion of pedestrians with head injury fluctuated fairly widely in

the post-law period.
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Figure  3.1 Ratio  of  Proportions  of  Bicyclists  to  Pedestrians  with  a  Head  Injury,
Western Australia, 1976 to 1998 (Aggregate Data Model)

The least squares regression model can be used to estimate the expected number of bicyclists with head injury

between 1992 and 1998 if the helmet wearing legislation had not been introduced. By subtracting the real number of

bicyclists with head injury from this expected number, an estimate is provided of the change in the number of

bicyclists with head injury due to the legislation (see Table 3.2 and Figure 3.2). This estimated change in the

number of bicyclists with head injury fluctuated – from a reduction of 91 bicyclists with head injury in 1997 to an

increase of 13 in 1995. Overall, between 1992 and 1998 the number of bicyclists with head injury was estimated to

have decreased by 307 due to the helmet wearing legislation, which gives an average annual reduction of head-

injured bicyclists of 44 over the period.
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Table 3.2 Estimated Number of Bicyclists with Head Injury without the Legislation,
Real Number of Bicyclists with Head Injury, and the Estimated Reduction in
the  Number  of  Bicyclists  with  Head  Injury,  1992-1998  (Aggregated  Data
Model)

Year Estimated Number of
Bicyclists with Head

Injury without the
Legislation

Real Number of
Bicyclists with Head

Injury

Estimated Reduction in
the Number of

Bicyclists with Head
Injury

1992 184 129 55
1993 197 161 36
1994 223 149 74
1995 183 196 -13
1996 236 187 49
1997 236 145 91
1998 210 195 15

Total number
1992-1998

1 469 1 162 307

Average annual number
1992-1998

210 166 44

Figure 3.2 Real Number of Bicyclists Hospitalised with Head Injury and Modelled
(Least Squares) Number of Bicyclists with Head Injury with and without the
Legislation, Western Australia, 1976 to 1998
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3.1.2 Pooled Individual Data Model
The results of the logistic regression analysis using individual data that modelled the likelihood of bicyclists and

pedestrians having a head injury are presented in Table 3.3. The age variable was removed from the model as it had

a p-value of 0.6118. The likelihood of a bicyclist or pedestrian sustaining a head injury generally decreased over

time (OR=0.926) but increased with the time squared variable (OR=1.001). Females had a lower risk of sustaining a

head injury (OR=0.885), and over the 23 year period bicyclists were more likely to have sustained a head injury than

pedestrians (OR=1.155).

The indicator variables for the start of helmet promotion and the helmet wearing legislation were included in the

model because of the interactions. The helmet promotion indicator was protective (OR=0.859), which suggested

that bicyclists and pedestrians as a combined group were at lower risk of a head injury in 1986 and in subsequent

years after controlling for all the other variables in the model. The helmet legislation indicator was not protective

(OR=1.156), which suggests that bicyclists and pedestrians as a combined group were at higher risk of a head injury

from 1992 onwards after controlling for all other variables.

The interaction of the road user indicator (i.e. bicyclist) and the helmet promotion indicator was protective

(OR=0.886), but was not significant at the 5% level (p=0.0766). The interaction of the road user indicator (i.e.

bicyclist) and the helmet legislation was also protective (OR=0.752), and was significant at the 5% level

(p=0.0001). This latter indicated that after controlling for time, time squared, gender, road user type (i.e. bicyclist or

pedestrian), the start of helmet promotion and the helmet wearing legislation, the effect of the introduction of the

helmet wearing law on bicyclists was to reduce the likelihood of a head injury. This finding suggested that the

bicycle helmet legislation had an effect in reducing the number of head-injured bicyclists in Western Australia.

ROAD ACCIDENT PREVENTION RESEARCH UNIT http://www.vehicularcyclist.com/woz.html

16 of 25 04-Oct.-18, 14:10



Table 3.3 Logistic Regression of Factors Affecting the Likelihood of  Bicyclists and
Pedestrians Sustaining a Head Injury

Variables Parameter
Estimate

Standard Error p Odds Ratio

Intercept 0.3129 0.0573 0.0001 -

Time -0.0767 0.0112 0.0001 0.926

Time squared 0.0010 0.0005 0.0372 1.001

Gender -0.1224 0.0304 0.0001 0.885

Indicator for Bicyclist 0.1443 0.0422 0.0006 1.155

Indicator for helmet promotion -0.1519 0.0706 0.0316 0.859

Indicator for helmet legislation 0.1454 0.0834 0.0815 1.156

Interaction of bicyclists and
indicator for helmet promotion

-0.1206 0.0686 0.0788 0.886

Interaction of bicyclist and
indicator for helmet legislation

-0.2855 0.0749 0.0001 0.752

Table 3.4 shows the estimated change in the number of bicyclists with head injury due to the helmet legislation

calculated using the individual pooled model. The estimated number of bicyclists with head injury, without the

legislation from 1992 to 1998, was derived from the model equation, and the real number of bicyclists with head

injury was subtracted from these figures. The estimated reduction in the number of bicyclists with head injury was

lower using this individual pooled data model than the aggregate data model. It was estimated that 157 fewer

bicyclists sustained a head injury as a result of the helmet legislation from 1992 to 1998, or an average of 20 fewer

per year. Figure 3.3 shows the modelled number of bicyclists with head injury with and without the helmet

legislation and the real number of bicyclists with head injury.
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Table 3.4 Estimated Number of Bicyclists with Head Injury without the Legislation,
Real Number of Bicyclists with Head Injury, and the Estimated Reduction in
the  Number of  Bicyclists  with  Head Injury,  1992-1998  (Individual  Pooled
Model)

Year Estimated Number of
Bicyclists with Head

Injury without the
Legislation

Actual Number of
Bicyclists with Head

Injury

Estimated Reduction in
the Number of

Bicyclists with Head
Injury

1992 168 129 39
1993 181 161 20
1994 179 149 30
1995 179 196 -17
1996 189 187 2
1997 195 145 50
1998 214 195 19

Total number
1992-1998

1 305 1 162 143

Average annual number
1992-1998

186 166 20

Figure 3.3 Real Number of Bicyclists Hospitalised with Head Injury and Modelled
(Logistic  Regression)  Number  of  Bicyclists  with  Head  Injury  with  and
without the Legislation, Western Australia, 1976 to 1998
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3.2 Costs of the Bicycle Helmet Legislation
Table 3.5 presents the estimated cost of the helmet wearing legislation based on the assumptions and methods

discussed in Sections 2.2.1 and 2.2.2. Between 1992 and 1998, the compulsory helmet wearing legislation was

estimated to have cost $21.6 million. Purchasing helmets cost $20.2 million, or 94% of this total cost.

This estimate of the cost of the helmet wearing legislation was obviously sensitive to the assumptions made about

purchasing helmets. For example, if it was assumed that 45% of the helmets bought in 1992 and 1993 were bought

voluntarily and would have been bought without the legislation, then the cost of buying helmets decreased to $13.5

million and the total cost of the legislation decreased to $14.9 million.

Table 3.5 Estimated Costs of the Bicycle Helmet Legislation

Cost Item Expenditure

$000 %

Public education campaigns 729* 3.4

Police enforcement 492* 2.3

Purchase of helmets 20 214 93.7

Administration of helmet rebate
scheme

146 0.7

Total 21 581 100.0

* Estimated for later years and to be revised.

3.3 Cost-effectiveness of the Bicycle Helmet Legislation
Two measures of the cost-effectiveness of the helmet wearing legislation are shown in Table 3.6. The cost-

effectiveness ratio showed a cost per head-injured cyclist prevented of $70 300 if the aggregated data model was

used to predict the number of head injuries prevented and $150 900 if the individual pooled data model was used.

The second measure presented the Net Present Value of the helmet wearing legislation. On the basis of the number

of head injuries saved using the aggregate data model, the Net Present Value of the legislation was estimated as $2.0

million. If the head injury reductions were estimated from the individual pooled data model, the Net Present Value

was estimated as -$10.6 million. This was a wide range, and was sensitive to the underlying assumptions. For

example, if the cost of a head-injured bicyclist is assumed to be $45 500 rather than $76 900 – the former is the cost

of a moderate head injury (as defined by the Abbreviated Injury Scale) for a hospitalised road crash casualty – then

the Net Present Values fell to -$7.6 million and -$15.1 million using the aggregated data and the pooled individual

data models respectively. Eighty four percent of hospitalised bicyclists with a head injury had a moderate level of

injury severity (Hendrie, Kirov & Gibbs, 1998).

Table 3.6 Economic Evaluation of the Bicycle Helmet Legislation

Cost-effectiveness ratio

Cost per head-injured cyclist prevented Aggregate data model $70 300 per head injury saved

Individual pooled data
model

$150 900 per head injury saved

Net present value
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Benefits minus costs ($) Aggregate data model $2 027 000

Individual pooled data
model

$-10 584 000
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4. DISCUSSION
In this study the helmet wearing legislation was shown to have reduced the number of head-injured bicyclists in the

post-law period. Using a method based on aggregated data for each year, the legislation was found to have reduced

the number of bicyclists with head injury by 307 from 1992 to 1998. An alternative method based on individual

level data found that the number of head-injured bicyclists had decreased by 147 due to the legislation over this

period. Depending on which of these methods was applied in the economic evaluation, the cost-effectiveness ratio

for the helmet wearing legislation varied from $70 300 per head injury saved to

$150 900 per head injury saved. The Net Present Value of the bicycle helmet legislation ranged between $2.0

million and -$10.6 million.

A strength of this study was that it was able to control for the downward trend in the proportion of all road users

with head injury over the period. Previous studies have not accounted for this similar, longer term trend for all road

user groups, and may have attributed reductions in the proportion of bicyclists with head injury to the helmet

wearing legislation when in fact other factors such as a general improvement in road safety accounted for these

trends. The study also undertook an economic evaluation, which enabled costs and benefits to be assessed

simultaneously. Only two other studies – in New Zealand and Israel – have conducted economic evaluations of

bicycle helmet legislation (Ginsberg & Silverberg, 1994; Hansen & Scuffham, 1995). However, neither of these

economic evaluations used effectiveness data for helmets collected from their own jurisdictions. In the Israeli study,

Ginsberg and Silverberg used a midpoint range of several international estimates of the effectiveness of helmets in

reducing mortality and morbidity, while Hansen and Scuffham in the New Zealand study used Seattle and Victorian

data on the effectiveness of bicycle helmets (Thompson et al., 1989; Finch et al., 1993).

A difficulty in trying to determine the effectiveness of any road safety countermeasure in reducing the number

and/or severity of injuries to road users is that the only source of routinely collected information in Western

Australia providing useful injury details is the hospital admissions data collected by the Health Department of

Western Australia. This study was therefore limited by this lack of data on less severe injuries (i.e. not admitted to

hospital), and the evaluation of the effectiveness of the helmet wearing legislation was not able to take into account

any effect of the legislation in reducing the number of cyclists sustaining less severe head injuries not requiring

hospital admission. In Victoria, New South Wales and Queensland, motor vehicle personal injury insurers also

collect reasonable injury data. Studies evaluating the effectiveness of the bicycle helmet legislation in Victoria have

used this data in their analyses (Cameron et al., 1992; Finch et al., 1993; Newstead et al., 1994; Carr et al., 1995).

In terms of the economic evaluation, the study relied on several assumptions about the purchasing of helmets, in

particular with regard to the proportion of helmets that would have been bought without the legislation. The

assumptions that were made were by necessity arbitrary since little information was available to base them on.

Estimates of the cost-effectiveness of the helmet wearing legislation, in particular the calculations of the Net Present

Value of the bicycle helmet legislation, were extremely sensitive to changes in these assumptions.

An important limitation of this study was the narrow measure of outcome adopted. The only impact of the bicycle

helmet legislation included in the study was the change in the number of cyclists with head injury. This meant that

the evaluation was a partial analysis only since the enforced wearing of helmets may have resulted in reduced

cycling activity, which could have resulted in the loss of health benefits or negative environmental effects. The

health benefits of cycling have been well documented by Roberts, Owen, Lumb and MacDougall (1995).

The findings of this study support those of evaluations in other Australian states that found reductions in the number

of cyclists with head injury following the introduction of the bicycle helmet legislation. The magnitude of the

decreases suggested by this study are below those found by Carr et al. (1995) in Victoria. Their findings were that

the number of bicyclists hospitalised with a head injury had declined by 40% in the first four years of the helmet

wearing legislation in Victoria. The findings of the present study suggested smaller reductions of between 11% and

21% in the number of bicyclists hospitalised with a head injury.
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The study provided no clear answer as to whether the helmet wearing legislation had been an effective

countermeasure in an economic sense. There are no established thresholds against which to measure the value of a

cost-effectiveness ratio in the range of $70 300 per head-injured cyclist prevented to $150 917 per head-injured

cyclist prevented, and a decision about its net worth must be made by social agreement between policy makers and

the community. In monetary terms, it is unlikely that the helmet wearing legislation would have achieved net

savings of any sizeable magnitude. Under the assumptions used in the study, the most favourable estimate of the Net

Present Value of the bicycle helmet legislation was $2.0 million, and this calculation excluded any costs associated

with reduced cycling activity.

Additional study of the wider impact of the compulsory helmet legislation is needed to provide a more

comprehensive analysis of the economic implications of the bicycle helmet legislation. Its safety impact in terms of

protecting bicyclists from sustaining head injuries could be further explored by extending the analysis undertaken in

this study in Western Australia to a national evaluation of the effectiveness of the compulsory helmet wearing

legislation in reducing the number of head-injured bicyclists.
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ABSTRACT
Objectives: The purpose of this study was to
calculate exposure-based bicycling hospitalisation rates
in Canadian jurisdictions with different helmet
legislation and bicycling mode shares, and to examine
whether the rates were related to these differences.
Methods: Administrative data on hospital stays for
bicycling injuries to 10 body region groups and
national survey data on bicycling trips were used to
calculate hospitalisation rates. Rates were calculated for
44 sex, age and jurisdiction strata for all injury causes
and 22 age and jurisdiction strata for traffic-related
injury causes. Inferential analyses examined
associations between hospitalisation rates and sex, age
group, helmet legislation and bicycling mode share.
Results: In Canada, over the study period 2006–2011,
there was an average of 3690 hospitalisations per year
and an estimated 593 million annual trips by bicycle
among people 12 years of age and older, for a cycling
hospitalisation rate of 622 per 100 million trips (95%
CI 611 to 633). Hospitalisation rates varied
substantially across the jurisdiction, age and sex strata,
but only two characteristics explained this variability.
For all injury causes, sex was associated with
hospitalisation rates; females had rates consistently
lower than males. For traffic-related injury causes,
higher cycling mode share was consistently associated
with lower hospitalisation rates. Helmet legislation was
not associated with hospitalisation rates for brain,
head, scalp, skull, face or neck injuries.
Conclusions: These results suggest that
transportation and health policymakers who aim to
reduce bicycling injury rates in the population should
focus on factors related to increased cycling mode
share and female cycling choices. Bicycling routes
designed to be physically separated from traffic or
along quiet streets fit both these criteria and are
associated with lower relative risks of injury.

INTRODUCTION
Bicycling offers personal health benefits
because physical activity reduces the risk of
many chronic diseases.1 2 Bicycling as a

mode of transport is inexpensive and
reduces traffic congestion, noise, air pollu-
tion and greenhouse gas emissions.1 3 These

Strengths and limitations of this study

▪ This study was the first to compare exposure-
based injury rates between jurisdictions with
different helmet laws and cycling mode shares in
one country. It allowed analyses in a setting with
smaller cultural and transportation policy differ-
ences than in international comparisons.

▪ The study used the same data sources in all jur-
isdictions for the numerator (hospitalisations)
and denominator (bicycling trips). The focus was
the most serious cycling injuries, those requiring
an inpatient hospital stay. Bicycling trip data
were from a series of national surveys that asked
for recall of leisure, work and school trips over a
3-month period.

▪ Separate analyses were performed for all injury
causes (including transport and sport cycling)
and for traffic-related injury causes (focusing on
transport cycling). The denominator for
traffic-related causes was most likely incomplete,
so we could not compare absolute traffic-related
injury rates to all-cause injury rates. Within each
cause, rates were comparable and these compar-
isons were the study focus.

▪ We found that females had lower bicycling hos-
pitalisation rates than males in analyses of all
injury causes, consistent with results found else-
where and for other travel modes, an effect often
attributed to conservative risk choices.

▪ We found that hospitalisation rates for
traffic-related injuries were lower with higher
cycling mode shares, a “safety-in-numbers”
association consistent with results elsewhere and
for other modes of travel.

▪ Helmet legislation was not associated with reduced
hospitalisation rates for brain, head, scalp, skull or
face injuries, indicating that factors other than
helmet laws have more influence on injury rates.

▪ These results provide a useful context about
population-level policies that may or may not
affect bicycling hospitalisation rates.
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benefits have led governments to consider ways to
increase transport cycling, but population surveys con-
sistently show that injury-related safety concerns are the
major deterrent.4–6

To address these concerns, it is important to under-
stand exposure-based injury risk (ie, the injury rate cal-
culated as injuries per number of bike trips or per
distance travelled by bike). This measure allows between-
jurisdiction comparisons of cycling safety, useful for
assessing the value of different cycling conditions or laws
that could guide future policy choices. Some character-
istics that differ between jurisdictions include helmet
laws, cycling infrastructure and the proportion of all
trips made by bike (“mode share”). All of these may be
related to cycling injuries. Bicycling injury research is
dominated by helmet research; it shows that helmet use
is associated with reduced odds of head injuries among
those injured in a crash.7 8 Studies examining the effect
of helmet legislation have shown more mixed results.9–13

Research on cycling infrastructure is less common, but
has been growing in the last decade. Results are not
always consistent, but most often show that routes with
bike-specific infrastructure are safer than routes
without.14–17 Research on cycling mode share has repeat-
edly shown that places with more cycling have lower
injury and fatality rates, though the causal pathway is
debated.18–21

In a 2008 paper, Pucher and Buehler22 compared jur-
isdictions with large differences in helmet legislation,
cycling infrastructure and mode share. In the USA, the
focus of safety policy was promotion or legislation of
helmet use, but bike-specific facilities were rare, and the
proportion of trips by bicycle was about 1%. In the
Netherlands, Denmark and Germany, cycling facilities
separated from traffic were common, helmet use was
rare, and 10–27% of trips were by bicycle. They also
compared injury rates from 2004 to 2009.23 The USA
had fatality rates 3–5 times higher and injury rates 7–21
times higher than the northern European countries,
lending support to the European policy choices. Others
have argued that cultural and multifaceted transporta-
tion policy differences between European and American
jurisdictions make it difficult to draw conclusions.24

We report a comparison of injury rates within a
country that has smaller cultural and transportation
policy differences than those between the USA and
northern Europe. Canada is a federation of 10 provinces
and 3 northern territories whose transportation policies
are set at national and provincial levels, resulting in
broad similarities in traffic laws and infrastructure but
also some differences. Default traffic speeds are 50 km/
h in cities and 80 km/h in rural areas; intersections of
arterials typically feature traffic lights rather than round-
abouts; right turns on red lights are usually permitted;
and drunk driving laws usually specify a blood alcohol
limit of 0.08%. Despite these similarities, there are dif-
ferences in bicycling infrastructure, cycling mode shares
and helmet laws between provinces and territories,

providing an opportunity to examine differences in
injury rates. Two data sources with comparable data
across all provinces and territories were used to provide
descriptive information and calculate injury rates: hos-
pital discharge data for bicycling injuries; and national
health survey data for bicycling trips. Since hospital dis-
charge data include all bicycling injuries, whether
incurred during bicycling as a mode of transport or in
bicycling sports (eg, road racing, mountain biking, cyclo-
cross, BMX, trick riding), the subset of injuries desig-
nated as traffic-related were examined separately.
Inferential analyses examined whether cycling mode
share or helmet legislation were related to injury rates.

METHODS
This analysis used administrative data on bicycling hospi-
talisations and trips matched as closely as possible to the
6-year period from 2006 to 2011 inclusive. This period
was chosen because it is bracketed by census years
(census data were used for some study variables),
included the most recent complete hospitalisation data,
and represented a period of stability in helmet laws
nationwide. The study was restricted to individuals aged
12 years or older because data on bicycling trips were
available only for these ages.

Hospitalisations
In Canada, a hospitalisation record is generated when a
patient is “admitted” to hospital for at least one over-
night stay in a department other than the emergency
department. These data include deaths after admission
to hospital, though they represent a small proportion of
all hospitalisations9 and are not separately reported
here. Data on all hospitalisations for bicycling injuries in
Canada in the 6-fiscal-year period from 1 April 2006 to
31 March 2012 (all years combined) were obtained from
the Discharge Abstract Database (all inpatient admis-
sions to acute care hospitals in Canada) managed by the
Canadian Institute for Health Information (CIHI).25

Bicycling injuries were specified as those with
International Classification of Diseases, Tenth Revision,
Canada (ICD-10-CA) external cause codes V10–V19
inclusive.26 The fiscal year starting 1 April 2006 was the
first in which ICD-10 coding was consistently used by all
hospitals in Canada. Hospital transfers were not
included, so each hospitalisation was counted once only
—at the initial admission.
Tabulated data were received from CIHI stratified by

jurisdiction, sex, age group, injury cause and injured
body region (data format, see online supplementary
file 1). Jurisdiction was specified as the location of the
hospital of first treatment, to maximise the likelihood
that the jurisdiction of hospitalisation was where the
injury occurred. Jurisdiction included 11 categories (10
provinces, and the 3 territories—Yukon, Northwest,
Nunavut—in one group). Age groups were adult (18+)
and youth (12–17). Injury causes and injured body
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regions were determined using ICD-10-CA codes. Injury
causes included all causes and the subset, traffic-related
causes. Ten injured body region groups were defined:
brain; head, scalp or skull; face; neck; torso; upper
extremities; lower extremities; brain, head, scalp, skull or
face; torso or extremities; and any body region (codes,
see online supplementary file 2). Up to 25 injuries are
coded per patient, but within each body region group, a
hospitalisation was counted once only.

Bicycling trips
Data on bicycling trips for the years 2006–2011 inclusive
were estimated from the Canadian Community Health
Survey (CCHS) 2005, 2007/2008, 2009/2010, and 2011/
2012 cycles. The CCHS is conducted by Statistics Canada
and each cycle samples 130 000 people 12 years of age
and older who live in private dwellings (98% of the
population) in all jurisdictions and health regions.27

Prior to 2007, the CCHS was conducted over a 1-year
period every 2 years. From 2007 forward, it was con-
ducted throughout a 2-year cycle, with 65 000 people
surveyed each year. Samples are drawn from a geo-
graphic sampling frame using a two-stage stratified
design, and from telephone number or random digit
dialling sampling frames using simple random sampling
within health regions. Interviews are conducted using
computer-assisted in-person and telephone interviewing,
at randomly selected times from January to December to
avoid seasonal bias. Bicycling trip data were extracted
from the CCHS public release data sets, stratified by jur-
isdiction, sex and age group, as for hospitalisations.
The following questions were used to tally leisure cycling
trips:
▸ “To begin with, I’ll be dealing with physical activities

not related to work, that is, leisure time activities.
Have you done any of the following in the past
3 months, that is, from (date 3 months ago) to yester-
day? Bicycling?”

▸ If yes, “In the past 3 months, how many times did you
participate in bicycling?”
Leisure cycling trips per year in each jurisdiction, sex

and age group stratum were calculated as the sum of all
self-reported times bicycling in the past 3 months multi-
plied by four for an annual count.
The following questions were used to tally work and
school cycling trips:
▸ “Other than the (X) times you already reported bicyc-

ling was there any other time in the past 3 months
when you bicycled to and from work or school?”

▸ If yes, “How many times?”
Work and school cycling trips per year in each jurisdic-

tion, sex and age group stratum were calculated using
the same methods as for leisure cycling trips.
The CCHS data collected in 2005 used a sampling

design by Statistics Canada meant to be representative of
the entire population and their health behaviours for a
2-year cycle (2005 and 2006). These data were used to
calculate annual leisure cycling trips for 2006. Annual

work and school cycling trips were estimated from the
2007 survey data, as these were not queried on the 2005
survey.
Total bicycling trips were calculated as the sum of

leisure, work and school trips. Unlike the hospitalisation
data, which were complete population data, bicycling
trip data were estimated from survey samples. Counts
were therefore weighted to demographic strata using the
Statistics Canada survey sampling weights to account for
the sampling design and generate population-based esti-
mates. We followed the Statistics Canada bootstrapping
protocol (500 replicates) to calculate confidence limits
for the estimate of total bicycling trips.

Hospitalisation rates
Two sets of hospitalisation rates were calculated for injur-
ies to each body region. The first set used data for injur-
ies from all injury causes. Hospitalisation rates were
calculated by dividing the total number of hospitalisa-
tions over the 6-year period by the total estimated
number of bicycling trips (leisure, work and school) for
the period. For each body region, rates were calculated
for 44 strata: 11 jurisdictions × 2 age groups × 2 sexes.
The second set of hospitalisation rates was calculated

for the subset of injuries that were traffic related, since
in all jurisdictions with helmet legislation, the law
applies to public roads, the same location used in injury
coding for ‘traffic-related’. Trips to work or school are
more likely than leisure trips to require use of public
roads, so work and school trip data were used as the
denominator for this rate calculation. Hospitalisation
rates were calculated by dividing the total number of
traffic-related hospitalisations over the 6-year period by
the estimated number of bicycling trips to work or
school for the period. Since traffic-related injuries were
only about half of all injuries, these data were not strati-
fied by sex, to minimise the number of strata with zero
hospitalisations. For each body region, rates were calcu-
lated for 22 strata: 11 jurisdictions × 2 age groups.

Other data sources
Data on population size were obtained from the 2006
and 2011 Censuses (each conducted on a single date in
mid-May).28 Data on cycling mode share were averaged
from the 2006 Census long form and the 2011 National
Household Survey29 30 and represent the proportion of
the total employed labour force that did not work at
home and reported their usual mode of transportation
to and from work as the bicycle.
Information about helmet laws was retrieved from a

previous publication31 and from the legislation itself.
Data on helmet use in all jurisdictions were available
from the 2009/2010 CCHS via the following questions:
“In the past 12 months, have you done any bicycling?”
and if yes, “When riding a bicycle, how often do you
wear a helmet?” The proportions who reported wearing
a helmet always or most of the time were calculated for
the same strata as hospitalisation rates.
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To provide a sense of cycling conditions by jurisdic-
tion, a summary metric, Bike Score, is reported for the
most populous city with available data in each jurisdic-
tion. For Canadian cities, it is based on hilliness, density
of amenities, road connectivity, and density of bike
lanes, bike paths and local street bikeways (Matt Lerner,
CTO, Walk Score, Seattle, Washington, USA, 4 May
2012, personal communication).

Associations between hospitalisation rates and cycling
mode share, helmet legislation, age group, sex
For injuries to any body region and to the brain, head,
scalp, skull or face, the associations between cycling
mode share and hospitalisation rates for all injury causes
(44 strata) and for traffic-related injury causes (22 strata)
were examined using scatter plots.
For inferential analyses, the hospitalisation rate vari-

ables for each injury cause and body region group were
transformed using the logit (ln(r/(1-r)), where r=hospi-
talisation rate). This transformation of the bounded
(0,1) rates ensured that the dependent variable was nor-
mally distributed (p>0.05, Shapiro-Wilk goodness of fit
test, all hospitalisation rate variables). Exponentiated
coefficients for the independent variables were reported
as ORs.
Simple linear regression was used to examine associa-

tions between mode share and the logit of hospitalisa-
tion rates for injuries to any body region and to the
brain, head, scalp, skull or face, for all injury causes (44
strata) and for traffic-related injury causes (22 strata).
Similar analyses were conducted to examine associations
between hospitalisation rates and helmet legislation,
though these were extended to separately examine each
body region group potentially associated with helmet
legislation (brain, head, scalp, skull or face; brain; head,
scalp or skull; face; neck). Helmet legislation was cate-
gorised as:
▸ No helmet law (all ages in Manitoba, Newfoundland

and Labrador, Quebec, Saskatchewan, and the three
territories; adults in Alberta and Ontario);

▸ Helmet law (all ages in British Columbia, New
Brunswick, Nova Scotia and Prince Edward Island;
youths in Alberta and Ontario).
Multiple regression was used to examine the associ-

ation between the logit of hospitalisation rate for all
injury causes (44 strata) and helmet legislation, cycling
mode share, sex and age group (all as fixed effects), for
injuries to any body region and to the brain, head,
scalp, skull or face. Jurisdiction was offered as a random
effect to adjust for within-jurisdiction correlation not
explained by the fixed effects in the model, but
removed if it was not a substantial (>20%) or statistically
significant component of variance. The same modelling
was repeated to examine associations between
traffic-related hospitalisation rates (22 strata) and helmet
legislation, cycling mode share and age group.
The helmet legislation results of the above models

were checked via separate analyses of each body region

group potentially impacted by helmet legislation (brain,
head, scalp, skull or face; brain; head, scalp or skull;
face; neck). In addition, since some jurisdictions without
provincial legislation had helmet by-laws in municipal-
ities, these analyses were repeated, substituting the pro-
portions using helmets in study strata for the helmet
legislation variable.
For some body region groups, one or more strata had

zero hospitalisations. Omitting strata with zero hospitali-
sations from the analyses would be biased, so we calcu-
lated the hospitalisation rate for these strata using a
numerator of 0.1 injuries. Of the four main analyses,
only one included a single stratum with a zero injury
count requiring this substitution (all-cause injuries to
the brain, head, scalp, skull or face).
CCHS data were generated using SAS V.9.4 (SAS

Institute Inc, Cary, North Carolina, USA), rate calcula-
tions and all other analyses were performed using JMP
11 (SAS Institute Inc, Cary, North Carolina, USA).

RESULTS
In Canada over the period 2006–2011, there was an
annual average of 3690 hospitalisations for injuries
incurred during bicycling among people 12 years of age
and older. Table 1 lists the causes of the injury events. A
slight majority (53%) of adult injuries were
traffic-related, but only 41% of youth injuries were.
Almost all collisions with motor vehicles (ICD-10 codes
V12–V14) were traffic related. For youths and adults, a
majority of injuries were non-collision transport acci-
dents (V18), and most of these were not traffic related.
Figure 1 shows hospitalisations in Canada by body

region injured. The affected body regions followed very
similar patterns in youths and adults; upper extremities
were the most frequently injured, followed by lower
extremities, torso, brain, head or scalp or skull, face and
neck. Torso or extremity injuries were incurred by 82%
of those hospitalised; brain, head, scalp, skull or face
injuries by 25%; and neck injuries by 5%. Many people
experienced multiple injuries, both within broad body
regions (eg, brain and head) and across any body region
(eg, head and extremities). The majority of those
injured were male (88.6% of youths, 73.4% of adults).
Table 2 provides data on the 11 jurisdictions included

in this study, illustrating the differences in bicycling con-
ditions in their most populous cities, as well as in cycling
mode share on a jurisdiction-wide basis. Although their
regional coverage differed, provincial cycling mode
share was positively correlated with Bike Score in the
most populous city. Table 2 also provides data on the
annual average number of bike trips by youths and
adults, a total of 593 million trips (95% CI 583 to 604
million trips). The proportions of bicycling trips for
work or school commutes were low, though they differed
by age group and jurisdiction. More trips were made by
males than females (71.0% by male youths, 63.5% by
male adults).
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Table 3 outlines differences in helmet legislation by
jurisdiction. Four provinces had legislation that applied
to all ages and two had legislation that applied to chil-
dren only (ie, age 17 and under). These helmet laws
came into force between 1996 and 2003, at least 3 years
prior to the start of the study period in all jurisdictions.
All provincial helmet laws are pursuant to traffic or
motor vehicle acts and applied to bicycling on public
roads. This application is not publicised and may not be
well known. Figure 2 presents the helmet use data in
table 3 graphically and illustrates that helmet use was
higher with helmet laws than without.
In the study period, the cycling hospitalisation rate for

youths and adults combined was 622 hospitalisations per
100 million trips (95% CI 611 to 633), with a slightly
lower rate for youths than adults (545 vs 644, respect-
ively). This reflects a lower hospitalisation rate for injur-
ies to the torso and extremities for youths than adults
(428 vs 534, respectively), whereas rates for brain, head,
scalp, skull or face injuries were very similar for the two
age groups (159 vs 152, respectively).
Figures 3A and 3B show the hospitalisation rates in 44

age group, sex and jurisdiction strata. Hospitalisation
rates for the torso or extremities were highly correlated
with those for any body region (Pearson r=0.98), so only
the latter are shown. Rates for brain, head, scalp, skull
or face injuries were less correlated with those for any
body region (r=0.81), so they are shown separately.
Figures 3C and 3D show the rates for traffic-related
injury causes (ie, those on public roads) using work or
school trips as the denominator (22 age group and juris-
diction strata).
In figure 3A–D, cycling mode share in the jurisdiction

is the X-axis. In simple linear regression, hospitalisation
rates for traffic-related injuries (logit-transformed) were
significantly associated with mode share (figure 3C, D).
Higher mode shares were associated with lower hospital-
isation rates. The figure also denote whether the stratum
was subject to helmet legislation. Figure 4 summarises
the results of analyses examining associations between
hospitalisation rates and helmet laws. No associations
were found for body regions potentially affected by
helmets (any brain, head, scalp, skull or face; brain;
head, scalp or skull; face; neck).
Table 4 shows the results of multiple regression

models examining associations between hospitalisation
rates and sex, age group, helmet legislation and cycling
mode share. For all injury hospitalisations, sex was sig-
nificantly associated with hospitalisation rate; females
had substantially lower hospitalisation rates than males.
Age, helmet legislation and cycling mode share were not
related to hospitalisation rate.
For traffic-related injury hospitalisations, sex was not

available as a variable (table 4). A significant association
was observed for injuries to any body region and cycling
mode share. Higher cycling mode share was associated
with lower hospitalisation rates. A nearly identical associ-
ation between hospitalisation rates and mode share was
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observed for injuries to the brain, head, scalp, skull or
face. Neither helmet legislation nor age was associated
with traffic-related hospitalisation rates.
In separate models for each body region group

expected to be impacted by helmets (brain, head, scalp,
skull or face; brain; head, scalp or skull; face; neck),
helmet legislation was not associated with hospitalisation
rates. To check whether the absence of associations
between helmet laws and hospitalisation rates might be
an artefact of municipal helmet by-laws in jurisdictions
without helmet legislation (table 3), models were rerun
to examine the relationships between hospitalisation
rates and the proportions using helmets in study strata.
Coefficients were all positive—opposite to expectation.

DISCUSSION
In Canada during the study period, the 3690 annual hos-
pitalisations for bicycling injuries among youths and
adults were mainly among males (76%). Most (51%)
were traffic related (on public roads) but only 18%
resulted from collisions with motor vehicles. Chen et al32

described 70 000 emergency department visits for bicyc-
ling injuries in the USA from 2001 to 2008. The most
injured body parts were similar to those observed in our
study: 70% the torso or extremities; 16% the face; and
13% the head. Similar to our results, most injuries were
to males (73%) and slightly more than half of the cases
were injured on roads (56%), but a much higher propor-
tion resulted from collisions with motor vehicles (58%).32

Figure 1 Annual average number of hospitalisations for bicycling injuries, by body region and age group, in Canada from 2006

to 2011.

Table 2 Characteristics of Canadian provinces and territories during study period of 2006–2011: population, Bike Score,

cycling mode share, bicycling trips for all purposes and per cent that were trips to work or school

Population*

Bike

Score†

Cycling

mode share

(%)‡

Youths, ages 12–17 Adults, ages 18+

Annual

bicycling trips

To work or

school (%)

Annual

bicycling trips

To work or

school (%)

Alberta 3 467 804 62 1.10 12 262 406 11.1 41 985 585 15.6

British Columbia 4 256 772 73 2.05 14 064 898 13.7 67 454 711 21.9

Manitoba 1 178 335 – 1.67 5 284 444 15.0 17 859 145 18.9

New Brunswick 740 584 35 0.57 3 243 263 8.3 7 827 567 13.8

Newfoundland and

Labrador

510 003 21 0.23 1 838 508 3.9 2 755 552 13.7

Nova Scotia 917 595 62 0.66 2 638 119 4.2 7 116 612 12.4

Ontario 12 506 052 60 1.20 55 940 049 14.3 169 979 958 15.7

Prince Edward

Island

138 028 41 0.53 518 984 3.1 1 248 071 6.4

Quebec 7 724 566 69 1.37 32 309 917 11.7 130 818 129 15.7

Saskatchewan 1 000 769 66 1.36 4 219 897 15.3 12 061 879 14.6

Territories: Nunavut,

Northwest, Yukon

104 288 – 1.86 503 842 14.9 1 292 224 23.3

Canada 32 544 796 1.30 132 824 327 12.8 460 399 432 16.6

*Mean population, 2006 and 2011 Censuses, Statistics Canada.
†Score for most populous city in the jurisdiction, except New Brunswick where the score is for the second most populous (Moncton); not
available for cities in Manitoba or the territories.
‡Mean proportion of commuting population who reported usually commuting by bicycle in the 2006 Census long form and the 2011 National
Household Survey.
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We calculated a hospitalisation rate for all injury
causes of 622 per 100 million trips, or 1 hospitalisation
per 161 000 trips. We found only one other study that
reported bicycling hospitalisation rates with a trip
denominator. Blaizot et al33 reported a rate of 443 per
100 million trips in France, using data from a road
trauma registry and a trip diary survey. Beck et al34 and
Teschke et al35 calculated police-reported injury rates of

1461 and 1398 per 100 million trips in the USA and
Canada, respectively. These included injuries not requir-
ing hospitalisation, but most likely included only injuries
incurred in motor vehicle collisions.
The main purpose of this study was to calculate

exposure-based injury rates in Canadian provinces and
territories and to examine whether they were related to
differences in helmet legislation and cycling mode
shares. Hospitalisation rates per 100 million trips varied
substantially across the jurisdiction, age and sex strata
examined, but only two characteristics explained any of
this variability.
For all injury causes, sex was the only significant

explanatory variable. Females had lower hospitalisation
rates than males. Lower bicycling injury and fatality rates
for females has been shown elsewhere,34 36–38 though not
always.33 38 A pattern of lower injury and fatality rates for
females has been observed in other transport modes
including driving34 36 and walking33 34 36 and is often
attributed to a lower propensity for risk-taking. For
example, research shows that women are less likely than
men to ride on major city streets or rural roads without
bike facilities, infrastructure that has been shown to have
higher injury risk.16 39–41 Other lower risk behaviours of
females include slower riding,16 39 40 and less participation
in sport cycling (eg, mountain biking).42 In our study, in
most strata, females had a somewhat higher helmet use
proportion, but this variable was not associated with lower
hospitalisation rates. The only other demographic variable
we examined, age group, was not significantly associated
with hospitalisation rates in our study. Other studies do
not show consistent patterns with age.33 34 36 37

For traffic-related injury causes, cycling mode share
was the only explanatory variable (sex not available for

Table 3 Helmet legislation and helmet use, stratified by age group, in Canadian provinces and territories

Jurisdiction

Helmet legislation Helmet use (%)*

Ages included Year in force

Youths, ages

12–17

Adults, ages

18+

Alberta <18 2002 68.6 53.9

British Columbia All 1996 66.1 71.3

Manitoba None† 27.7 30.0

New Brunswick All 1995 63.8 61.8

Newfoundland and Labrador None‡ 50.9 51.7

Nova Scotia All 1997 77.8 74.8

Ontario <18 1995 53.4 41.2

Prince Edward Island All 2003 72.8 59.0

Quebec None§ 33.5 35.3

Saskatchewan None¶ 36.8 30.3

Territories: Nunavut, Northwest, Yukon None** 32.9 47.7

*Per cent of people who reported wearing a bike helmet always or most of the time when they bicycled, 2009 Canadian Community Health
Survey.
†Helmet legislation for ages <18 was enacted in Manitoba in 2013 (after the study period) under the Highway Traffic Act.
‡Five cities in Newfoundland and Labrador (representing ∼30% of the provincial population) had helmet by-laws for all ages during the study
period. A province-wide all ages helmet law will take effect from 1 April 2015 under the Highway Traffic Act.
§One city in Quebec (representing <0.5% of the provincial population) had a helmet by-law for all ages during the study period.
¶One city in Saskatchewan (representing ∼1.5% of the provincial population) had a helmet by-law for all ages during the study period.
**Two cities in the territories (representing ∼30% of the territorial population) had helmet by-laws for all ages during the study period.

Figure 2 Per cent of youth and adult bicycle users in each

province reporting helmet use always or most of the time

(2009 Canadian Community Health Survey), by helmet law or

not. Thin bars denote means.
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modelling). It was negatively associated with hospitalisa-
tion rate, significantly so for injuries to any body region
(in simple and multiple regression) and to the brain,
head, scalp, skull or face (in simple regression). This
association is consistent with observations in other juris-
dictions: with higher mode shares, injury and fatality
rates are lower.18–20 The “safety-in-numbers” association
has also been observed for walking.18 19 The causal
pathway of this association is not established and is likely
to be multifactorial and complex. Arguments have been
made that more cyclists make drivers more alert to
them, and more cycling means less motor vehicle
traffic.18–21 It is also possible that the relationship is in
the opposite direction, for example, safer infrastructure
results in more bicycling. There is consistent evidence
that safer bicycling infrastructure attracts more people to
use it.43 44 This may result in a virtuous circle, if more

cyclists mean a larger constituency calling for further
safety improvements.
In our study, the safety-in-numbers association was not

observed for all injury causes. This may be because all
causes included injuries incurred during transport
cycling and sport cycling. In some Canadian provinces,
mountain biking is a popular sport that involves riding
on steep slopes, through densely wooded trails, and
jumping obstacles and cliffs. It involves considerably
higher injury risk than transport cycling.45 Two
Canadian studies reported that 19% and 38% of all
serious injuries were incurred during mountain biking
(study hospitals were in Alberta and British Columbia,
respectively).42 46 These injuries would not be expected
to be related to transport cycling mode share. This may
in part explain the very different pattern of hospitalisa-
tion rates by mode share for all injury causes versus

Figure 3 Hospitalisation rates and cycling mode share during the study period, by injury cause and body region (rates for 44

strata for all injury causes and for 22 strata for traffic-related injury causes). Note that jurisdictions can be identified via their mode

share, reported in Table 2. A and B show hospitalisation rates for all injury causes; A for injuries to any body region and B for

injuries to the brain, head, scalp, skull or face. C and D show hospitalisation rates for traffic-related causes; C for injuries to any

body region and D for injuries to the brain, head, scalp, skull or face.
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traffic injury causes (figure 3). Particularly notable is the
change for British Columbia—this jurisdiction has the
highest commuter cycling mode share and is also
renowned for its mountain biking terrain.
Helmet legislation was not associated with hospitalisa-

tion rates for all injury or traffic-related injury causes.
We separately examined potential associations for each
body region expected to be protected by helmet use
(brain, head, scalp, skull or face; brain; head, scalp or
skull; face) as well as for the neck which, in some
studies, has had elevated odds of injury with helmet
use.7 8 There was variation in helmet use with helmet
legislation, and this may have been related to municipal
by-laws mandating helmet use within some provinces or
territories without helmet laws (table 3). We therefore
also examined the relationship between hospitalisation
rates and helmet use proportions in the strata, and

again did not find the expected protective effect.
Studies among those injured in a cycling crash consist-
ently show lower odds of head, brain or face injuries
among those who wore a helmet,7 8 though the poten-
tial for uncontrolled confounding in observational
studies of a health behaviour suggests that confidence in
the effect estimates should not be unquestioning.47

Before–after studies of the impact of helmet legislation
have shown weaker and less consistent effects. Some
have found reductions in brain or head injuries of
8–29% related to legislation,10–13 whereas others have
found no effect for some or all outcomes.9 11 13

Differences may be attributable to study design features
including location, the selection of a control group
unexposed to helmet legislation, whether baseline
trends in injury rates were modelled, and whether surro-
gates were used for cycling rates and if so, which ones.

Figure 4 ORs (and 95% CIs) for associations between hospitalisation rates and helmet legislation, for potentially associated

body regions and for torso or extremity injuries as a comparison. Reference group in each case is no helmet law (OR=1).

Table 4 ORs (95% confidence limits) for associations between various characteristics and hospitalisation rates for injuries to

any body region and injuries to the brain, head, scalp, skull or face, for all injury causes and traffic-related injury causes

Injuries to any body region

Injuries to the brain, head,

scalp, skull or face

All injury causes, dependent variable=logit (all injury hospitalisations/all bicycling trips)*

Sex (female) 0.45 (0.37, 0.53) 0.40 (0.29, 0.56)

Age group (youth) 0.85 (0.70, 1.02) 1.00 (0.71, 1.40)

Helmet law applies (yes) 1.06 (0.78, 1.43) 1.16 (0.82, 1.65)

Cycling mode share (for a 1% increase) 1.20 (0.88, 1.62) 1.07 (0.79, 1.44)

Traffic-related injury causes, dependent variable=logit (traffic-related injury hospitalisations/bicycling trips to work or school)†

Age group (youth) 1.06 (0.73, 1.54) 1.35 (0.85, 2.13)

Helmet law applies (yes) 1.31 (0.89, 1.92) 1.16 (0.72, 1.86)

Cycling mode share (per 1% increase)‡ 0.69 (0.49, 0.97) 0.68 (0.45, 1.03)

Bold indicates statistical significance.
*Forty-four rates available for modelling: 11 jurisdictions × 2 age groups × 2 sexes; model for injuries to any body region includes random
effect for jurisdiction.
†Twenty-two rates available for modelling: 11 jurisdictions × 2 age groups.
‡Coefficient represents the multiplicative reduction in the traffic-related hospitalisation rate for each 1% increase in mode share. Note that this
relationship was observed within the range of low mode shares (0.23–2.05%) of the jurisdictions in this study.
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Our study compared bicycling hospitalisation rates
across jurisdictions rather than within a jurisdiction
before and after legislation, and used exposure-based
denominators to control for differences in cycling rates.
Our study is the first to examine exposure-based injury

rates between jurisdictions within a single country with
similar transportation cultures but different helmet laws.
The fact that we did not find an effect of helmet legisla-
tion for injuries to any body region is not surprising,
since most injuries were not head injuries. Even studies
of helmet use have not found an effect for serious injur-
ies to any body region.48 After a crash, injuries to the
torso, extremities and neck cannot be mitigated by a
helmet, and injuries to these body regions were incurred
in 87% of the hospitalisations in this study. The lack of a
protective effect of legislation on brain and head injury
rates is more unexpected. Helmet legislation in Canada
has resulted in higher helmet use, so this cannot explain
the results. The difference in helmet use proportions
was not 100% vs 0% (ie, yes vs no, as in helmet use
studies), but on average ∼67% where helmet laws apply
versus ∼39% where they do not. This narrower differ-
ence would suggest a lesser impact of helmet legislation
than individual helmet use, but not the results we found:
effect estimates for helmet legislation were most often
opposite to expectation or close to the null. These
results also indicate that insufficient power is not an
explanation. Perhaps helmet laws simply influence
injury severity, shifting the injury burden from deaths to
hospitalisations. Our data included deaths after admis-
sion to hospital (estimated to be about 0.4% of all hospi-
talisations9 or 15 per year in our data set). Although
deaths prior to admission were not included in our data,
bicycling deaths are rare—those involving motor vehicles
averaged 57 per year in the study period49—and unlikely
to have an impact on our results, given the 3690 hospita-
lisations per year. A potential explanation for the lack of
an effect of helmet legislation is that our study examined
injury risk, including both the chance of being in a
crash, as well as the chance that the crash caused a head
injury. Helmets are designed to reduce the latter. But
what about the effect of helmet use or legislation on the
chance of being in a crash? This has been the basis for a
great deal of debate, for example, if helmet legislation
discourages cycling and the causal pathway of “safety in
numbers”, at least in part, is from numbers to safety,
then injury risk may rise with reduced cycling.10 19

Others have considered the impact of helmet use on
risk-related behaviours. Such studies are not always con-
sistent, but some have findings that could help explain
our results. For example, one study found that new male
(but not female) helmet users tended to increase their
cycling speed and one found that drivers approached a
cyclist more closely when he was wearing a helmet.50 51

In our view, the most important implication of our
results is that factors other than helmet legislation influ-
enced bicycling hospitalisation rates, whereas helmet
legislation did not. Females had lower rates in our study

and they have been shown to cycle more slowly, and to
choose routes on quiet streets and with bike-specific
infrastructure.16 39–41 We also found lower traffic-related
hospitalisation rates with higher cycling mode shares.
Here too there is a reasonable link to safer bicycling
infrastructure, since it has been shown to draw more
people to bicycling.43 44

Strengths and limitations
The main strength of this study is comparison of injury
rates calculated using the same data sources in all juris-
dictions for the numerator (hospitalisations) and
denominator (bicycling trips). International compari-
sons of injury rates are much more difficult because of
uncertainty in the comparability of each of these
components.
The injury data set was a full enumeration of inpatient

discharge data from all acute care hospitals in the
country. These injuries required a hospital stay, so the
study focus was more serious cycling injuries. The
coding of injury causes did not allow separation of trans-
port and sport cycling, but it did allow identification of
the subset of traffic-related injuries. This subset is
defined as injuries on public roads, the same locations
to which provincial helmet legislation applies.
Bicycling trip data were derived from large surveys

conducted by Statistics Canada, with a sampling design
that covers the full year and thus every season. Its main
limitations are that it asks each respondent to recall a
3-month period and asks about “times” bicycling rather
than trips. Unlike Canada, many countries conduct
national trip diary surveys that query transport behav-
iour over a period of 1 week or less, and provide
careful definitions of a trip.34–37 Although the denom-
inator data available in Canada are less ideal, this study
is notable in that it is one of a few34–38 to provide
exposure-based bicycling injury rates. The bicycling
data from the CCHS covered leisure trips and trips to
work or school. This should include cycling for sport
and for transport, therefore providing an appropriate
exposure denominator for hospitalisations for all injury
causes. For traffic-related injuries, there was no clearly
parallel bicycling exposure definition. We chose to
restrict the denominator for these hospitalisations
to work and school commute cycling trips since they
are very likely to require use of public roads. It is
reasonable to expect that some unknown proportion of
leisure trips will also use public roads, so our absolute
estimates of traffic-related hospitalisation rates are over-
estimates. The rates we calculated for traffic-related
injuries were much higher than for all injuries, oppos-
ite to what Palmer et al45 found in a study that had
complete denominator data for sport and transport
cycling. We were interested in comparing rates within
traffic-related injury strata, rather than comparing rates
for all injuries to traffic-related injuries, and for this
purpose we believe our choice of denominator was
reasonable.
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The 6 years of numerator and denominator data did
not match perfectly on the temporal scale.
Hospitalisation data compiled by the Canadian Institutes
for Health Information are provided by all Canadian
hospitals for a fiscal year starting in April rather than a
calendar year; this created a 3-month discrepancy at
either end of the 6-year study period (6 of 72 months).
In addition, prior to 2007, the CCHS data were collected
during 1 year biennially, so leisure trips for 2006 were
estimated from the 2005 data collection meant to repre-
sent that 2-year period. Work and school trip data were
not collected in the CCHS prior to 2007, so 2007 data
were used to estimate these 2006 trips. Differences in
the number of trips by survey period did not suggest a
temporal trend and were small, especially compared
with the large differences in bicycling trips between the
age, sex and jurisdiction strata. We pooled 6 years of
numerator data and 6 years of denominator data to
calculate the hospitalisation rates and feel that these
provided reasonable estimates, despite the partial
temporal mismatch.

CONCLUSIONS
In our study comparing exposure-based injury rates in
11 Canadian jurisdictions, we found that females had
lower hospitalisation rates than males. This difference in
injury rates is consistent with other bicycling studies and
studies of other transportation modes. We found that
lower rates of traffic-related injuries were associated with
higher cycling mode shares, a finding also reported else-
where. We did not find a relationship between injury
rates and helmet legislation.
These results suggest that policymakers interested in

reducing bicycling injuries would be wise to focus on
factors related to higher cycling mode shares and female
cycling preferences. Bicycling infrastructure physically
separated from traffic or routed along quiet streets is a
promising fit for both and is associated with a lower rela-
tive risk of injury.
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