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The Most Controversial Topic in Cycling
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Are bicycle helmets effective in a crash or fall?

1 Are bicycle helmets effective in a crash or fall?

2 Are helmet studies biased?

3 Will wearing a helmet increase risk of crash or fall?

4 Does bicycle helmet legislation have a positive impact?

5 Does bicycle helmet legislation have a negative impact?

6 Discussion
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Are bicycle helmets effective in a crash or fall?

Randomized Controlled Trials

A systematic rview (which may include a meta-analysis) of randomized
controlled trials (RCT) is considered the highest level of “scientific
evidence”1

RCTs of bicycle helmet effectiveness are not possible due to ethical
considerations

Lack of randomization makes it difficult to assess bicycle helmet
effectiveness as it increases the chance for bias (i.e., lack of experimental
control)

However, there are biomechanical studies using dummy tests and
computer simulation

1NHMRC levels of evidence and grades for recommendations for developers of
guidelines(2009)
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Are bicycle helmets effective in a crash or fall?

Biomechanical Studies

In a dummy test, Cripton et al2 states

Considering a realistic bicycle accident scenario documented in
the literature (Fahlstedt et al., 2012) where a cyclist was thrown
at 20 km/h (i.e. 5.6 m/s which corresponds to a drop height of
approximately 1.5 m), our analysis indicates that a helmeted
cyclist in this situation would have a 9% chance of sustaining the
severe brain and skull injuries noted above whereas an
unhelmeted cyclist would have sustained these injuries with
99.9% certainty.

2Bicycle helmets are highly effective at preventing head injury during head impact:
head-form accelerations and injury criteria for helmeted and unhelmeted impacts. AAP
2014.
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Are bicycle helmets effective in a crash or fall?

Biomechanical Studies

McIntosh et al3 studied linear and angular acceleration in a dummy test
with head injury criterion (HIC) as the outcome

The study reinforces the benefits of wearing a bicycle helmet in a
crash. The study also demonstrates that helmets do not increase
angular head acceleration.

3Bicycle Helmets: Head Impact Dynamics in Helmeted and Unhelmeted Oblique
Impact Tests. Traffic Inj Prev 2013.
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Are bicycle helmets effective in a crash or fall?

Case-control Studies

There is a lot of experimental control in biomechanical studies, but they
are not necessarily accurate representations of the real world

Since RCTs are not possible, all studies assessing bicycle helmet
effectiveness are case-control designs (although some share aspects related
to cohort studies)

There have been many articles on bicycle helmets from many perspectives
(a search identified 1215 unique documents)

With regards to studies assessing bicycle helmet effectiveness, there have
been 2 systematic reviews with meta-analysis, and 1 re-analysis of a
meta-analysis
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Are bicycle helmets effective in a crash or fall?

Past Reviews of Helmet Effectiveness

Thompson, Rivara & Thompson, 19994

large protective effect

very restrictive selection criteria

Attewell, Glase & McFadden, 20015

protective effect

did not exclude based on study design

Elvik, 2011 & 20136

No systematic review for additional included studies

Concludes previous reviews are biased, protection is reduced, and
helmets do not have a statistically significant overall protective effect

4Helmets for preventing head and facial injuries in bicyclists. Cochrane Collaboration
5Bicycle helmet efficacy: a meta-analysis. AAP
6Publication bias and time-trend bias in meta-analysis of bicycle helmet efficacy. AAP
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Are bicycle helmets effective in a crash or fall?

Current State of Literature

No systematic search for studies since 1999

Assessment of publication bias requires identifying ALL relevant
studies

Most recent analysis lacked methodological rigour

Lack of formal/standard methods for assessing publication or
time-trend bias

No reason to believe helmets affect different injuries in the same
manner
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Are bicycle helmets effective in a crash or fall?

Updated Systematic Review7

Databases: MEDLINE, EMBASE, COMPENDEX & SCOPUS

Broad search criteria: helmet* AND (cycl* OR bicycl*)
Inclusion criteria

Medical diagnosis of injuries, excluded self-reported injury data
Helmet status and injuries known for individuals
2× 2 table of injury by helmet status, or a reported odds ratio and
95% CI
Any apparently relevant study with a full text, English language
publication

Authors contacted if relevant data not published but appear to meet
other criteria

Consulted with research librarian and adhered to PRISMA and
MOOSE statements

Search conducted 2 February 2015 (updated: 2 February 2015)
7Olivier & Creighton. Bicycle injuries and helmet use: a systematic review and

meta-analysis. Int J Epidemiol, in press.
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Are bicycle helmets effective in a crash or fall?

Injuries Included

Head, face or neck injuries of any severity

Serious head injuries
AIS3+ or survival risk ratio less than 0.965
Skull fractures and/or intracranial hemorrhage
Loss of consciousness
Reported as “serious”, “severe” or “brain” injury

Fatalities where injuries are reported (any injury to the head was
counted)

Where possible –
Foam, no shell, leather or unapproved helmets were excluded
Controls limited to those injured solely below neck

Summary log odds ratios estimated using multivariate meta-regression
using ALL data

Publication bias assessed using funnel plot methods, time trend
assessed by including publication year as a covariate (centred at 2016)
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Are bicycle helmets effective in a crash or fall?

Choice of Controls

Because case-control studies suffer from selection bias, we must assume
the odds of helmet wearing among hospital/trauma controls is a good
approximation to the population odds8

All cyclists 

Cyclists who 
fall 

Cyclists who 
fall and had 

injuries 

Cyclists who 
fall and had 

head 
injuries 

Past researchers and critics have
argued helmet use plays a role in
head, face and neck injuries

So, controls should be cyclists
injured solely below the neck

8Marshall. Injury Case-Control Studies Using “Other Injuries” as Controls. Epidemiol.
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Are bicycle helmets effective in a crash or fall?

Included/Excluded Studies

2405 records found, 1190 duplicates removed

1215 records screened, 1124 excluded

91 full-text article assessed, 40 studies included in meta-analysis

Reasons studies were excluded:

Unable to construct 2× 2 table of injury by helmet status (n=18)
Subset of included study (n=10)
Case series (n=7)
Self-reported data (n=5)
Abstract only (n=4)
Unreliable or conflicting data (n=4)

Analysis included data on over 64,000 injured cyclists

89 total effect sizes included (28 head, 30 serious head, 2 fatal head, 17
face and 12 neck)
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Are bicycle helmets effective in a crash or fall?

Meta-analysis Models

For the observed log odds ratios yij with variance estimate vij for study i
and injury type j , we fit the following models

Model 1: Baseline random effects model

yij = θ + uij + eij

Model 2: Meta-regression with injury type as a moderator

yij = θj + uij + eij

Model 3: Random effects for study j

yij = θj + αi + uij + eij

Model 4: Random effects for injury type

yij = θj + αiθj + uij + eij

A final model was chosen by the likelihood ratio test and Akaike
Information Criterion (AIC)
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Are bicycle helmets effective in a crash or fall?

Meta-Analysis Models

Model AIC I 2 LRT df p-value

Baseline 573.5 85.4%
+ injury type 242.6 68.1% 338.9 4 <0.0001
+ random intercept 180.4 — 64.2 1 <0.0001
+ random slope 145.0 — 37.4 1 < 0.0001

No study-level moderator variables improved model fit or substantially
modified estimates of helmet effectiveness by injury type

. continent where data was collected, setting for data collection,
prospective or retrospective data collection, an indicator for
mandatory helmet legislation, age category, proportion of males,
proportion of cyclists in a motor vehicle collision

Model 4 chosen as the final model
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Assessment of Bias
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Summary Estimates
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Are bicycle helmets effective in a crash or fall?

Sensitivity Analyses

Injury Final Excl Since Prosp Balanced Excl Excl Mix PROC
Type Model Studies 2007 Data Funnel NSW Controls GLIMMIX
Head 0.489 0.478 0.503 0.483 0.495 0.502 0.496 0.487
Ser Head 0.307 0.323 0.300 0.282 0.314 0.315 0.281 0.288
Face 0.674 0.662 0.684 0.705 0.688 0.687 0.720 0.648
Neck 0.960 0.986 0.893 0.917 0.968 0.987 0.958 0.959
Fatal 0.349 0.349 0.395 — 0.349 0.350 0.182 0.343

1 Excl studies – studies from past reviews not included
2 Prosp Data – only studies that collected data prospectively
3 Balanced Funnel – three effect sizes added to balance funnel plot
4 Excl NSW – data from Dinh (2010, 2013) and McIntosh et al (2013)

excluded to avoid double counting
5 Excl Mix Controls – only includes studies limiting controls to injuries

below the neck
6 PROC GLIMMIX – random effects logistic regression using SAS
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Are bicycle helmets effective in a crash or fall?

Neck Injuries

Neck injuries were not associated with helmet use (OR=0.96, 95% CI:
0.74-1.25), were less common than other injuries and usually of low
severity

Study Neck Injuries Total Pct

McDermott et al 65 1710 3.8%
Rivara et al 76 3004 2.5%
Sze et al 2 682 0.3%
Amoros et al 529 8373 6.3%
Dinh et al 1 110 0.9%
McIntosh et al 5 137 3.6%
Webman et al 9 374 2.4%
Hooten & Murad 22 249 8.8%
Airaksinen et al 2 216 0.9%
Lindsay & Brussoni 181 155569 1.2%
Zibung et al 20 186 10.8%
Dinh et al 2 254 0.8%
Gulack et al 31 7678 0.4%
Kaushick et al 10 567 1.8%
Sethi et al 11 699 1.6%
Olofsson et al 57 3711 1.5%
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Are bicycle helmets effective in a crash or fall?

Diffuse Axonal Injury

Cases of diffuse axonal injury (DAI) were also rare

Study Cases Total Pct

Dinh et al 0 110 0.0%
McIntosh et al 0 137 0.0%
Malczyk et al 0 239 0.0%
Javouhey et al 28 1238 2.3%
Sethi et al 3 335 0.9%

Sethi et al also found helmet use was not associated with DAI (OR=1.02)
while Bambach et al found only 0.1% (8/6745) met one criterion for DAI
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Are bicycle helmets effective in a crash or fall?

Discussion

Systematic review identified 91 relevant studies of which 40 were
included in a meta-analysis

Effectiveness of bicycle helmets differed by injury type

No evidence of publication or time trend bias

Helmet use associated with odds reductions of 51% for head injury,
69% for serious head injury, 65% for fatal head injury and 33% for
face injury

Neck and diffuse axonal injury were rare among cyclists and were not
associated with helmet use
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Are bicycle helmets effective in a crash or fall?

Limitations

Several relevant studies were not included due to lack of or unreliable
published data (n=22)

Authors were contacted with eleven supplying data

Many studies published over 10 years ago

Injury definitions varied substantially from study to study

Medium to large amount of heterogeneity among the effect sizes
(I 2=68%)
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Are helmet studies biased?

1 Are bicycle helmets effective in a crash or fall?

2 Are helmet studies biased?

3 Will wearing a helmet increase risk of crash or fall?
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6 Discussion
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Are helmet studies biased?

Consequences of lack of randomisation

Randomised-controlled trials are unethical for assessing helmet
effectiveness

Case-control designs are the highest quality of evidence possible for a
single study

Lack of randomisation increases potential for allocation bias
Systematic difference between cyclists who choose to wear or not wear
a helmet
Decision to wear/not wear helmet may be confounded with other
factors related to cycling safety

Statistical methods exist to remove or lessen the influence of
allocation bias (e.g., propensity score stratification, inverse probability
weighting)

A selection bias is also possible – Not all cyclists in a crash or fall are
recorded in hospital, emergency department, police or other databases
that are available for analysis
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Are helmet studies biased?

Potential Behavioural Factors Related to Allocation Bias

Common hypotheses/arguments against helmet use

Benefits of helmet use will be offset by riskier behaviour (risk
compensation)
Those who choose to wear a helmet are more risk avoidant than
non-helmet wearers, so helmets appear more effective than they truly
are

No clear, real-world evidence supports these arguments, although
there are many commentaries for both sides (e.g., Thompson et al,
2001; Adams & Hillman, 2001)

There is a paucity of research that has explored the influence of
allocation bias on estimates of helmet effectiveness

Lack of evidence does not rule out behavioural differences between
helmeted and unhelmeted cyclists as important factor(s)

Rigorous analysis would require a large, comprehensive dataset
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Are helmet studies biased?

Bambach et al9

Police reports and hospital records were linked for NSW cyclists in
collision with a motor vehicle (2001-2009)

Hospital data: medically diagnosed injuries, age category (0-12,
13-19, 20-29, 30-39, 40-49, 50+ years), gender

Police data: whether the cyclist disobeyed a traffic control,
BAC>0.05, helmet use, collision information (posted speed limit,
collision vehicle, whether the cyclist was riding on a footpath), and
characteristics of the location (intersection, metropolitan area, a
curve, a highway/freeway, a sealed roadway, a dry roadway, or in
daytime)

Injuries identified by ICD-10 (Australian Modification) and severity by
survival risk ratios

Original analysis included data on 6,745 injured cyclists and the
model stratified by risk factors

9The effectiveness of helmets in bicycle collisions with motor vehicles: A case-control
study. AAP 2013.
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Are helmet studies biased?

Bambach et al

Multinomial regression with four categories of head injury severity as
the outcome (possible minor, moderate, serious, severe)

Helmet use included as a predictor as well as potentially confounding
variables – posted speed limit, collision vehicle, age group, other
serious injuries, whether the cyclist disobeyed a traffic control,
BAC>0.05 and riding on a footpath

This model has the form

log

(
πij

πi0

)
= β0j + β1jhelmeti + confoundersi

where i = 1, . . . , 6745, j = 0, 1, 2, 3 and
πij

πi0
is the odds of a

moderate/serious/severe versus possible minor head injury

Model stratification may not adequately remove confounding if
predictors are associated with the treatment allocation mechanism
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Are helmet studies biased?

An Improved Analysis?

Propensity score stratification is often used in observational studies to
remove or lessen allocation bias

The propensity score is the probability of wearing a helmet given a
vector of covariates

Cyclists with similar probabilities of helmet wearing are compared in a
stratified model

Five subclasses of propensity scores have been shown to remove up to
90% of allocation bias10

Two Primary Questions to be Addressed
1 Do helmeted/unhelmeted cyclists differ on known risk factors?
2 If yes, do these differences influence estimates of helmet effectiveness?

10Rosenbaum, Rubin. Reducing bias in observational studies using subclassification on
the propensity score. JASA, 1984.
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Are helmet studies biased?

Synthetic Data

Data custodians would not approve their data for this (or any other)
study

Synthetic data can be created from published summary data

1 Helmet status randomly generated for n = 6745 cyclists from
Bernoulli(0.754)

2 Given helmet status, other covariates randomly generated from
Bernoulli/multinomial distributions

3
πij

πi0
computed from Bambach model and randomly generated

covariates

4 πij computed using constraint πi0 + πi1 + πi2 + πi3 = 1

5 Head injury severity randomly generated from multinomial(πij )

6 Steps (1)-(5) repeated n = 200 times to account for additional
variability in synthetic data
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Are helmet studies biased?

Propensity Score Stratification

The propensity score e(xi ) for a cyclist with covariate vector xi is defined
as

e(xi ) = P(helmeti |xi )

For each synthetic data set, a multivariable logistic regression model of the
form

log
e(xi )

1− e(xi )
= xTi β

was fit and propensity score estimates ê(xi ) were obtained from the model
estimates β̂ as

ê(xi ) =
ex

T
i β̂

1 + ex
T
i β̂
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Are helmet studies biased?

Propensity Score Stratification

Propensity score models were chosen by stepwise regression for main
effects and two-interactions (goal is better prediction, not parsimony)

Possible covariates were: posted speed limit, collision vehicle, cyclists
age, other serious injuries, whether the cyclist disobeyed a traffic
control, BAC>0.05, whether the cyclist was riding on a footpath,
cyclists gender, and whether the collision occurred at an intersection,
a metropolitan area, a curve, a highway/freeway, a sealed roadway, a
dry roadway or in daytime

Estimated propensity scores were categorised into quintiles

Multinomial logistic regression used to assess association between
helmet use and head injury severity while adjusting for propensity
score quintile for each synthetic data set
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Are helmet studies biased?

Data Check

Synthetic data was checked against the published data for significant
deviations
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Helmet No Helmet
Original Synthetic Original Synthetic

Head Injury Severity
Possible Minor Injury 92.7 93.5 83.9 82.4
Moderate 4.6 3.9 8.1 9.5
Serious 2.0 2.0 5.6 6.3
Severe 0.7 0.7 2.5 1.9

Speed Limit (km/h)
0-50 50.0 49.3 56.9 55.8
60 38.2 38.7 35.9 36.2
70-90 8.8 9.0 6.3 7.2
100-110 3.0 3.1 0.8 0.8

Collision Vehicle
4WD 7.1 7.0 6.2 7.4
Car/van/utility 64.4 64.4 69.6 68.3
Bus/light truck/heavy truck 13.0 13.4 12.2 11.7
Unknown 15.5 15.2 12.0 12.6

Age Group
0-12 7.1 7.5 19.5 19.9
13-19 11.4 11.9 35.5 36.8
20-29 21.4 20.3 19.5 18.4
30-39 26.5 26.4 13.9 13.4
40-49 16.9 17.5 7.0 6.4
50+ 16.7 16.5 4.6 5.1

Other serious injuries 7.3 6.5 9.5 9.3
Disobeying a traffic control 3.3 3.6 9.4 10.0
BAC>0.05 1.7 1.8 7.2 7.6
Riding on the footpath 12.9 13.0 34.4 35.4
Male 83.7 83.1 88.4 89.3
Intersection location 60.1 61.2 60.0 60.4
Metropolitan location 71.2 70.6 69.9 68.1
Curve location 12.8 12.1 10.2 11.0
Highway or freeway 12.6 12.3 8.3 7.2
Sealed roadway 99.2 99.0 99.2 99.2
Dry roadway 92.2 92.3 93.2 92.6
Occurred in daytime 76.7 76.5 72.1 72.1



Are helmet studies biased?

Propensity Score Quintiles

For a randomly chosen data set, percentages of responses were
computed for each propensity score quintile

The first quintile tended to be younger, male, risk averse (no or little
motorised traffic), risk taking (more illegal behaviour), less likely to
wear a helmet and more likely to have serious or severe head injury

The fifth quintile tended to be older, had highest proportion of
females, risk averse (less illegal behaviour), risk taking (fast moving
motorised traffic), more likely to wear a helmet and less likely to have
serious or severe head injury

Forest plots of crude of propensity score adjusted odds ratios can help
visually assess if allocation bias has been lessened or removed

39 / 72



Propensity Score Quintile
1 2 3 4 5

Sample Size 1303 1394 1411 1287 1350
Helmet 42.3 65.4 85.8 90.8 95.2
Head Injury Severity

Possibly Minor Injury 85.0 88.7 93.1 93.7 93.5
Moderate 7.9 6.0 4.1 3.9 4.2
Serious 5.5 4.0 2.1 1.8 1.7
Severe 1.6 1.3 0.7 0.6 0.7

Speed Limit (km/h)
0-50 63.5 46.1 63.5 47.8 33.2
60 30.9 44.3 27.3 43.1 45.1
70-90 5.4 8.9 7.9 7.4 13.0
100-110 0.3 0.7 1.3 1.8 8.7

Collision Vehicle
4WD 8.3 6.0 8.4 7.9 5.0
Car/van/utility 71.5 62.6 70.1 66.7 55.9
Bus/light truck/heavy truck 10.1 14.6 9.9 14.2 16.1
Unknown 10.1 16.7 11.6 11.1 23.0

Age Group
0-12 24.3 25.5 1.5 0.7 0.2
13-19 56.3 32.1 0.9 0.7 0.1
20-29 15.2 12.9 49.9 15.5 4.4
30-39 2.8 17.3 32.3 37.4 26.2
40-49 1.2 6.8 9.7 20.3 36.5
50+ 0.2 5.5 5.7 25.5 32.7

Other serious injuries 12.5 6.4 9.5 4.2 3.1
Disobeying a traffic control 14.7 5.4 4.1 0.8 0.7
BAC>0.05 11.2 3.8 0.5 0.2 0.6
Riding on the footpath 47.6 31.9 8.7 2.4 1.5
Male 93.9 82.6 93.1 86.9 66.7
Intersection location 61.1 60.5 60.2 61.4 61.9
Metropolitan location 67.4 68.8 70.9 71.2 71.9
Curve location 11.1 12.1 12.3 11.1 12.7
Highway or freeway 4.4 10.6 6.5 8.8 25.0
Sealed roadway 98.5 99.1 99.3 99.1 99.0
Dry roadway 91.9 93.4 91.6 92.4 92.4
Occurred in daytime 62.5 84.5 72.4 79.6 77.8



Forest Plot – Crude OR

0.06 0.12 0.25 0.50 1.00 2.00 4.00 8.00 16.00

Odds Ratio for Helmet Use

Occurred in daytime
Dry roadway
Sealed roadway
Highway or freeway
Curve location
Metropolitan location
Intersection location
Male
Riding on the footpath
BAC>0.05
Disobeying a traffic control
Other serious injuries
  50+
  40−49
  30−39
  20−29
  13−19

  Unknown
  Bus/light truck/heavy truck
  Car/van/utility

  110−110
  70−90
  60

 1.27 [ 0.78 ,  2.09 ]
 0.86 [ 0.45 ,  1.65 ]
 0.97 [ 0.32 ,  2.95 ]
 1.58 [ 0.86 ,  2.93 ]
 1.30 [ 0.72 ,  2.34 ]
 1.06 [ 0.65 ,  1.73 ]
 1.03 [ 0.64 ,  1.64 ]
 0.67 [ 0.38 ,  1.19 ]
 0.28 [ 0.17 ,  0.47 ]
 0.22 [ 0.10 ,  0.46 ]
 0.33 [ 0.17 ,  0.64 ]
 0.75 [ 0.41 ,  1.40 ]

10.00 [ 4.77 , 20.92 ]
 6.62 [ 3.31 , 13.24 ]
 5.23 [ 2.77 ,  9.85 ]
 3.00 [ 1.62 ,  5.57 ]
 0.89 [ 0.48 ,  1.63 ]

 1.13 [ 0.55 ,  2.33 ]
 0.93 [ 0.45 ,  1.92 ]
 0.81 [ 0.41 ,  1.57 ]

 4.11 [ 1.45 , 11.63 ]
 1.58 [ 0.81 ,  3.07 ]
 1.21 [ 0.75 ,  1.96 ]

Speed Limit (km/h)
  0−50 (referent)

Collision Vehicle
  4WD (referent)

Age Group
  0−12 (referent)

Variable Odds Ratio [95% CI]



Forest Plot – Prop Score Adjusted

0.06 0.12 0.25 0.50 1.00 2.00 4.00 8.00 16.00

Odds Ratio for Helmet Use

Occurred in daytime
Dry roadway
Sealed roadway
Highway or freeway
Curve location
Metropolitan location
Intersection location
Male
Riding on the footpath
BAC>0.05
Disobeying a traffic control
Other serious injuries
  50+
  40−49
  30−39
  20−29
  13−19

  Unknown
  Bus/light truck/heavy truck
  Car/van/utility

  110−110
  70−90
  60

1.01 [ 0.59 , 1.72 ]
0.95 [ 0.48 , 1.88 ]
0.57 [ 0.18 , 1.79 ]
1.09 [ 0.56 , 2.14 ]
1.10 [ 0.59 , 2.05 ]
1.05 [ 0.63 , 1.75 ]
1.03 [ 0.62 , 1.70 ]
0.92 [ 0.50 , 1.72 ]
0.79 [ 0.46 , 1.36 ]
0.66 [ 0.31 , 1.40 ]
0.79 [ 0.40 , 1.57 ]
1.00 [ 0.51 , 1.94 ]
1.39 [ 0.63 , 3.06 ]
1.30 [ 0.60 , 2.78 ]
1.31 [ 0.66 , 2.61 ]
1.17 [ 0.60 , 2.28 ]
1.02 [ 0.55 , 1.89 ]

1.01 [ 0.47 , 2.14 ]
1.01 [ 0.47 , 2.16 ]
0.96 [ 0.48 , 1.92 ]

1.27 [ 0.42 , 3.81 ]
1.00 [ 0.50 , 2.00 ]
0.98 [ 0.58 , 1.64 ]

Speed Limit (km/h)
  0−50 (referent)

Collision Vehicle
  4WD (referent)

Age Group
  0−12 (referent)

Variable Odds Ratio [95% CI]



Are helmet studies biased?

Crude, Adjusted & Propensity Score Adjusted Odds Ratios

Head Injury Source Data Synthetic Data
Severity Crude Adjusted Crude Adjusted PScore

Moderate 0.513 0.506 0.504 0.501 0.531
0.411-0.640 0.388-0.659 0.411-0.644 0.395-0.670 0.424-0.704

Serious 0.330 0.378 0.321 0.378 0.416
0.248-0.440 0.267-0.539 0.252-0.427 0.294-0.539 0.321-0.580

Severe 0.259 0.257 0.233 0.264 0.285
0.165-0.407 0.148-0.448 0.143-0.381 0.151-0.470 0.167-0.509
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Are helmet studies biased?

Discussion

Helmet use is associated with factors related to risk averse/taking
behaviour, although not in a consistent direction

No evidence confounding factors influence estimates of bicycle helmet
effectiveness

This study is not a direct or indirect assessment of bicycle helmet
legislation; however, this research does address one argument against
such legislation

Bicycle helmets are not a panacea for cycling safety and crash
avoidance strategies are also important
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Are helmet studies biased?

Limitations

The synthetic data maintained known data structures, but it is
unclear if others exist
Verification is only possible with the “real” data
Propensity scores were estimated with models up to two-way
interaction terms (higher order interactions were fit with similar
results)
Analysis was performed on only m = 200 synthetic data sets, results
were similar for more data sets (m = 1000)
Propensity scores can lead to artefactual effect modification, although
our large sample size suggests this is unlikely
Propensity score categories do not necessarily correspond to any
cyclist-type (e.g., commuter, transport, sport, MTB)
This is one (and probably the first) study that accounts for allocation
bias in helmet effectiveness studies, more studies in a variety of
settings are needed to know if our results are generalisable to other
populations
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Will wearing a helmet increase risk of crash or fall?

1 Are bicycle helmets effective in a crash or fall?

2 Are helmet studies biased?

3 Will wearing a helmet increase risk of crash or fall?

4 Does bicycle helmet legislation have a positive impact?

5 Does bicycle helmet legislation have a negative impact?

6 Discussion
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Will wearing a helmet increase risk of crash or fall?

Will wearing a helmet increase risk of crash or fall?

It appears that an allocation bias has little influence on estimates of
bicycle helmet effectiveness

A selection bias is still possible for controls but not cases
(hospital/ED/trauma center diagnosed injuries are almost always available)

It is possible that helmeted (or unhelmeted) cyclists are more at risk for a
crash or fall than unhelmeted (or helmeted) cyclists

Large cohort studies over a long time period are needed to adequately
answer this question
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Will wearing a helmet increase risk of crash or fall?

Are Motorists more aggressive to helmeted cyclists?11

A researcher put two sensors on his bike: one for overtaking distance
and the other the distance to the kerb

He alternated between wearing and not wearing a helmet while
cycling to and from work (also wore a blonde wig)

Vehicles overtook, on average, at a closer distance when helmeted

Some considerations:

Large sample (n=2355) which could increase chance of false positive
(sample size computation based on 98% power)

Statistically significant (but small) effects

Close overtaking defined by observed data (upper vs lower quartiles)

Are the observed average differences in overtaking distances a safety
concern?

11Walker. Drivers overtaking bicyclists: Objective data on the effects of riding
position, helmet use, vehicle type and apparent gender. AAP 2007.

48 / 72



Will wearing a helmet increase risk of crash or fall?

Are Motorists more aggressive to helmeted cyclists?11

A researcher put two sensors on his bike: one for overtaking distance
and the other the distance to the kerb

He alternated between wearing and not wearing a helmet while
cycling to and from work (also wore a blonde wig)

Vehicles overtook, on average, at a closer distance when helmeted

Some considerations:

Large sample (n=2355) which could increase chance of false positive
(sample size computation based on 98% power)

Statistically significant (but small) effects

Close overtaking defined by observed data (upper vs lower quartiles)

Are the observed average differences in overtaking distances a safety
concern?

11Walker. Drivers overtaking bicyclists: Objective data on the effects of riding
position, helmet use, vehicle type and apparent gender. AAP 2007.

48 / 72



Will wearing a helmet increase risk of crash or fall?

Helmets not associated with ‘close’ passing12 13

Walker data re-analysed by 1 metre rule

Vehicle size, city of occurrence and distance to kerb are all important
factors, while helmet wearing is not (OR: 1.1, p=0.54)

Differences in average passing distance are very small until they are
greater than 2m

Interval (cm) Diff (cm) 95% CI

[0, 75) -5.2 −22.4, 12.1
[75, 100) 0.3 −6.1, 6.7
[100, 150) 0.7 −1.2, 2.7
[150, 200) 1.7 −0.3, 3.7
[200, ∞) 7.2 3.4, 10.9

12Olivier & Walter. Bicycle helmet wearing is not associated with close motor vehicle
passing: a re-analysis of Walker, 2007. PLOS ONE 2013.

13– Too much statistical power can lead to false conclusions. Inj Prev 2015.
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Will wearing a helmet increase risk of crash or fall?

Cumulative Probability of Overtaking
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Will wearing a helmet increase risk of crash or fall?

Follow-up Study14

14Walker, Garrard & Jowitt. The influence of a bicycle commuters appearance on
drivers overtaking proximities: An on-road test of bicyclist stereotypes, high-visibility
clothing and safety aids in the United Kingdom. AAP 2013.
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Does bicycle helmet legislation have a positive impact?

1 Are bicycle helmets effective in a crash or fall?

2 Are helmet studies biased?

3 Will wearing a helmet increase risk of crash or fall?

4 Does bicycle helmet legislation have a positive impact?

5 Does bicycle helmet legislation have a negative impact?

6 Discussion
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Does bicycle helmet legislation have a positive impact?

Does bicycle helmet legislation have a positive impact?

Victoria, Australia was the first jurisdiction in the world to mandate
bicycle helmet legislation (July 1990)

The remaining Australian states, main territories and New Zealand
adopted similar all-ages legislation by January 1994

Other helmet legislation exists (usually for children) in several US and
Canadian jurisdictions, Czech Republic, Dubai, Finland, Iceland, Japan,
Spain, Sweden

The legislation’s target is to:

1 Increase bicycle helmet use

2 Decrease head injuries in a bicycle crash or fall
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Does bicycle helmet legislation have a positive impact?

Mandatory Helmet Legislation
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Does bicycle helmet legislation have a positive impact?

Changes in Helmet Wearing

Helmet use surveys were conducted in New South Wales, New Zealand,
Queensland, South Australia, Victoria and Western Australia

All surveys showed marked increases in helmet wearing in the period
leading up to and coinciding with the helmet law date

Young children were often wearing helmets > 80% prior to legislation

It is likely early adopters were influenced by promotion campaigns and
advocacy for helmet legislation
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Does bicycle helmet legislation have a positive impact?

NSW Hospitalizations – Short Term16

16Walter et al. The impact of compulsory cycle helmet legislation on cyclist head
injuries in New South Wales, Australia. AAP 2011.
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Does bicycle helmet legislation have a positive impact?

NSW Hospitalizations – Long Term17

17Olivier et al. Long term bicycle related head injury trends for New South Wales,
Australia following mandatory helmet legislation. AAP 2013.

58 / 72



Does bicycle helmet legislation have a positive impact?

NZ TBI and Helmet Wearing19

19Wang et al. Response to Evaluation of New Zealands bicycle helmet law (letter).
NZ Med J 2014.
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Does bicycle helmet legislation have a positive impact?

Discussion

Mandatory bicycle helmet legislation is associated with large increases in
helmet wearing

Bicycle helmet legislation is also associated with reductions in cycling
fatalities, head injuries and traumatic brain injury

However, are there negative effects associated with helmet legislation?
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Does bicycle helmet legislation have a negative impact?

1 Are bicycle helmets effective in a crash or fall?

2 Are helmet studies biased?

3 Will wearing a helmet increase risk of crash or fall?

4 Does bicycle helmet legislation have a positive impact?

5 Does bicycle helmet legislation have a negative impact?

6 Discussion
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Does bicycle helmet legislation have a negative impact?

Does bicycle helmet legislation have a negative impact?

Thus far, the research evidence presented suggests:

Helmet use is not associated with increased odds of neck or diffuse axonal
injury

The effects of (possible) risk compensation has not been adequately
researched, and there is evidence estimates of helmet effectiveness are not
influenced by other risk factors

Motor vehicles do not give more/less overtaking distance for helmeted or
unhelmeted cyclists

Does bicycle helmet legislation deter people from cycling?
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Does bicycle helmet legislation have a negative impact?

Australian Metropolitan Travel (1900-2010)21

21Department of Infrastructure and Transport. Walking, riding and access to public
transport. Canberra: Australian Government, 2012.
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Does bicycle helmet legislation have a negative impact?

Stratified Random Sample Surveys of Cycling Frequency

Only two surveys were conducted in Australia to assess changes in cycling
frequency following bicycle helmet legislation22

22Olivier, Boufous & Grzebieta. No strong evidence bicycle helmet legislation deters
cycling. MJA 2016.
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Does bicycle helmet legislation have a negative impact?

Current Australian Opinion For Not Cycling
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Does bicycle helmet legislation have a negative impact?

Discussion

In Australia, cycling has been consistently the least popular mode of
transport since 1900 (private vehicle, public transport, walking)

There are few, high quality surveys that assessed the impact of helmet
legislation on cycling frequency/distance

The surveys that have been conducted suggest helmet legislation had no
permanent effect on cycling

Australians do not cycle or cycle more because of lack of infrastructure,
concerns about safety and uncontrollable issues (>75% of responses)

There are those with strong views against helmets, but there is no strong
evidence they are not cycling or not cycling more because of helmet laws
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Discussion

1 Are bicycle helmets effective in a crash or fall?

2 Are helmet studies biased?

3 Will wearing a helmet increase risk of crash or fall?

4 Does bicycle helmet legislation have a positive impact?

5 Does bicycle helmet legislation have a negative impact?

6 Discussion
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Discussion

Discussion

1 Are bicycle helmets effective in a crash or fall?

2 Are helmet studies biased?

3 Will wearing a helmet increase risk of crash or fall?

4 Does bicycle helmet legislation have a positive impact?

5 Does bicycle helmet legislation have a negative impact?

Current research suggests the answers to these questions favor helmet use

However, bicycle helmet use is not a panacea for cycling safety

Any comprehensive cycling safety strategy should consider the promotion
or legislation of bicycle helmets only in concert with other injury
prevention strategies
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Should Finland have an all-ages bicycle helmet law?

This is an open-ended question, in my opinion, and I am curious to know
your views
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Discussion

Thank You!

Questions?

email: j.olivier@unsw.edu.au
blog: injurystats.wordpress.com
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