7.4 Cycle helmet evidence

7.4.1 Injury prevention

A significant body of literature is available on cycle helmet effectiveness. This has been
reviewed from time to time'® ' and these reviews have been subject to criticism.?°?' % |n
December 2009, the Department for Transport issued a further review of cycle helmet
effectiveness® Its principal scientific conclusion was that "it was not possible to quantify the
amount of benefit offered by modern cycle helmets in the UK from the literature review alone".
However, the summary still claimed life-saving benefit from helmets — but close reading reveals
this is based merely on the opinion of the authors, not on the basis of the scientific evidence.?*
As a result, the report has drawn heavy criticism.

The published literature falls into two main types of study: case-control studies and population-
level time-trends analyses. Case-control studies report high levels of protection from wearing a
cycle helmet, up to 88% protection from brain injury. Some population level studies have
reported injury reductions from helmets, but in every case the effect was actually due to secular
falling trends across all road users. Population-level studies that account for secular trends
show no noticeable prevention of serious head injuries, either in traffic collisions or falls in the
highway. The case-control studies were conducted while helmet use was still at a low level (3-
10%), whereas the population-level studies had to wait until there were high levels of helmet
use. The debate thus opened in the mid to late 1980s with apparently strong reasons to
promote helmets and make them a legal requirement. The later population level studies have
attracted less notice, and have been ignored by official reviews. For instance, the 2002 UK
government review,'® the Cochrane Review'® and a recent review by NICE® all omit mention of
population-level studies. The latest (2009) DfT helmet review did consider population level
studies, but denied their relevance to judging helmet effectiveness. An explanation is required
for the disparity between case-control studies and population-level studies.

In case control studies, people with a particular outcome (such as head injury when cycling, the
‘cases’) are compared with ‘controls’ (such as, non-head injuries when cycling). The ‘cases’ and
‘controls’ are asked about previous ‘exposure’ (i.e. whether or not they were wearing a helmet at
the time of injury). Case control studies are very useful for generating theories but are less good
at confirming cause and effect, both because of difficulties with time sequences and recall bias
and also because of confounding: there may be systematic differences between the cases and
the controls that affects both the outcome (head injury) and the exposure (wearing a helmet).

The case-control studies were conducted on a ‘best endeavours' basis, but nonetheless can
aptly be criticised for serious flaws. For instance, it is now known, from directly observed helmet
surveys, that social class has a strong influence on helmet use by children.?® Recent
experience has taught the perils of relying on case-control studies when personal choice is
involved® because of confounding.

The largest case-control study ever conducted®® gathered data on cyclists' injuries in Seattle
during a 2.5 year period from 1992. There were ¢.3,900 cyclists treated in Emergency Rooms,
with adequate data being captured for ¢.3,400 cases. However, only ¢.300 (9.4%) required
admission. The low number of serious injuries, despite the prolonged data gathering period,
underlines that cycling is not in fact a significant cause of serious injury even in a city of (at the
time) 2.5 million. The study's conclusions regarding prevention of serious injuries thus rest upon
a fairly small dataset. The results show a mysterious pattern, as displayed in Table 7-8 below.
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The data show that, apparently, the protective effect of a helmet increases with increasing
severity of injury. It is extremely difficult to accept such a result, and indeed, it is the opposite of
what is seen in population level studies, which return the more sensible outcome of declining
protection with increasing severity of injury. It must be the case that confounding factors
systematically caused non-helmeted cyclists to be in more severe crashes. This is in fact
explicit in the data presented in the most widely cited of the Cochrane Review papers.?® Those
with head injuries (the cases) had a greater proportion of bicycles damaged beyond repair than
the non head-injured (the controls), 9% versus 5% (or <1% in the second control group); a much
greater proportion had been in crashes with motor vehicles, 23% versus 13% or (4% in the
second control group); as well as the lower rate of helmet use, 7% versus 24% in both other
control groups. The cases had a higher proportion of those of limited educational completion
(17% versus 12%) and in the lowest household income group (19% versus 16%, or 6% in the
second control group). These results are consistent with helmet use being associated with less
violent crashes and non-helmet use being associated with low incomes.

Table 7-8. Case-control study of helmet use and injury in Seattle

Outcome No. with helmet | No. without helmet| Odds Ratio"
Any head injury 222 535 0.32
Brain injury 62 141 0.33
Severe brain injury 15 47 0.24
Fatality 1 13 0.07

The Seattle study dataset forms the core of the Cochrane Review of bicycle helmet
effectiveness. Its small dataset of serious injuries and the above noted implausibility of the
results are not widely recognised. On the contrary, the results are still widely cited in the
literature and media. The other main case-control s’[udy30 cited in the Cochrane Review took
place in Cambridge, England and is likewise based on a small dataset of serious head injuries
(104 cases). None of the studies considered the full implications of socio-economic differences
between helmet and non-helmet users.

In addition to confounding factors, a recent analysis31 has found evidence of publication bias
and time-trend bias in reviews of helmet effectiveness. Publication bias is the tendency of
contradictory or inconclusive results not to be published, resulting in a literature formed of
apparently consistent findings that exaggerate, or even misconstrue, the actual effect. Time-
trend bias is the tendency of findings to change over time. Correction for these factors reduced
the original protective effects of helmets, although what remained was still significant.
Considering injuries to the head, face and neck together, however, the protection of helmets

" Odds Ratios are the measure that can be obtained from a case control study. In this case it is the ratio
of the odds that someone wearing a helmet had that outcome compared with the odds that someone not
wearing a helmet had that outcome. An odds ratio below 1.0 means the ‘exposure’ (helmet wearing) is
protective.
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was small even in the older studies (a point not necessarily emphasised or even reported in the
original papers). In more recent studies, there was no net protective effect after correction for
biases. That is, reduced risk of head injury was off-set by increased risk of face and neck
injuries.

A fuller discussion of the problems with case-control studies of cycle helmets is available.*

In contrast, population studies are much harder to challenge. A number have appeared, two of
which stand out as being particularly rich in terms of the time period covered and a control group
being presented. Hendrie et al®® studied the effect of the state helmet law of Western Australia,
concerning serious head injuries to cyclists in traffic accidents (collisions or falls in the highway).
This was based on study of the proportion of serious casualties with head injuries, when set
against a control group. It thus examines the prevention of head injury when crashes happen,
not the number of crashes or the risk of being in a crash. They concluded the law prevented 10-
20% of head injuries. However, as the authors point out, the result rests upon one step change
in the year prior to the law, not upon reductions as the law was enforced, nor upon any reduction
with rising voluntary use pre-law.

Scuffham et al** studied the same injury class for New Zealand, using a similar technique. They
concluded 19% prevention of serious head injuries (mainly scalp lacerations) due to enforced
legislation. However, the authors did not model the helmet law as a step change in helmet use.
Surveys showed a step increase in helmet use as the law was enforced, but this was not
reflected as a step change in head injury trends. The base data show that serious head injuries
continued a smooth secular decline through the law enforcement, while serious non-head
injuries markedly increased. Other data show that cycle use (in time spent nationally) declined
by 33% between 1989/90 and 1997/98°, the period of helmet promotion and law enforcement.
This would imply an increase in risk post-law.

Because there was scope for further analysis as per above, these data, and others from
Victoria, Australia inter alia, were gathered and published® with a conclusion of "no clear
benefit". The failure of mass helmet use to affect serious head injuries, be it in falls or collisions,
has been ignored by the medical world, by civil servants, by the media, and by cyclists
themselves. A collective willingness to believe appears to explain why the population-level
studies are so little appreciated. It should be noted that the definition of head injury applied in
these population level studies was not especially exclusive — for instance, scalp lacerations were
included. In both the Hendrie and Scuffham studies, 70% of the head injuries occurred in simple
falls, not traffic collisions. Despite this, no reduction of head injuries relative to non-head injuries
could be linked to increasing helmet use in the populations concerned.

7.4.2 Helmet standards and mechanisms in relation to head injuries

Confirmation of the lack of benefit seen in population-level studies comes from physical
evidence. One leading engineer has reported: “Another source of field experience is our
experience with damaged helmets returned to customer service... | collected damaged
infant/toddler helmets for several months in 1995. Not only did | not see bottomed out helmets, |
didn't see any helmet showing signs of crushing on the inside”.*” The significance of this is that
crushing of the liner is evidence of significant energy absorption and therefore impact alleviation.
Even earlier, in 1987, the Australian Federal Office of Road Safety found that in real accidents:
“very little crushing of the foam liner was usually evident... What in fact happens in a road crash
impact is that the human head deforms elastically on impact. The standard impact attenuation
test making use of a solid head form does not consider the effect of human head deformation,
with the result that all acceleration attenuation occurs in the compression of the liner. Since the
solid head form is more capable of crushing helmet padding, manufacturers have to provide a
relatively stiff foam in the helmet so that it would pass the impact attenuation test... cracks
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developing partly or fully through the thickness of the foam renders it useless in crushing and
absorbing impact forces”.*

Rotational Injury: brain injuries may be caused by linear impact or rotation of the head, or a
combination. There is no definitive research on whether cycle helmets increase the risk of
rotational injury. Laboratory tests show that rotational accelerations in helmeted head forms can
exceed levels likely to cause debilitating injury or death. However, laboratory conditions are not
real conditions, as has already been noted above. On the basis of biomechanical test results,
one would expect helmets to prevent serious and possibly even fatal head injuries, although
probably increase the risk of rotational injury. The absence of noticeable reduction in serious
head injuries with mass helmet use is a real world result that cannot sensibly be ignored. An
interesting commentary is available that discusses possible reasons for the failure of laboratory
results to carry into the real world.*

The failings of biomechanical studies do not prevent these results being cited in favour of helmet
promotion, in the absence of any positive real world result. Some advocates of cycle helmets
dismiss all results from the real world in favour of the assertion that cycle helmets must work
because they would be expected to work from laboratory tests. The latest (2009) helmet
review?® by the DfT is an example of this. While concluding that no clear evidence of helmet
effectiveness emerges from a review of the literature, it then claims life-saving protection from
helmets, but on the basis of the authors' biomechanical assumptions, not scientific fact.

Helmet standards must be mentioned in brief. These have changed since the first ANSI
standard for a bicycle helmet in 1966, and vary today around the world. The helmet standard
prevailing in Australia and New Zealand at the time the helmet laws came into force (AS/NZS
2063.2) was a tougher specification than the EN1078 standard for helmets in Europe today.*’
Contrary to what one might expect, the robustness of cycle helmets has declined since the
1970s, with the progressive loss of the hard outer shell, increase in venting, and reduction in
mass. This has made popular acceptance possible. The most stringent helmet standard in the
world today is the Snell B95. Such a helmet is hard to obtain in Europe.

7.4.3 Risk compensation

Risk compensation is the human tendency to alter behaviour when expected consequence
changes. For instance, the expected benefits of seatbelt use failed to materialise following
legislation.*’ Analysis of car wrecks makes it clear that seatbelts can confer life-saving benefit in
a given crash. The only explanation for the failure is a change in behaviour by some drivers
forced to wear a seatbelt. Seat belts became law for drivers and front seat passengers in the
UK on 1" January 1983, with compliance rising to 90% (from about 30% use) within a few
weeks. It has been concluded that one in eight cyclist deaths and one in 12 pedestrian deaths
in that year were due to seatbelt legislation.** This transfer of danger from those in cars to those
hit by them is euphemised as ‘migration hypothesis’. Figure 4-1 confirms that 1983 marked no
noticeable change in the fatality rate of drivers. The UK government had commissioned
research into seatbelt legislation prior to the final Parliamentary debate in 1981. The report by
JE Isles of the Department for Transport concluded that seatbelt laws had not detectably
reduced road deaths. *® This was suppressed and only became known when New Scientist
magazine revealed its existence in February 1985. Thus the 1981 debate that passed
legislation was never informed. Claims for success of seatbelt legislation rest upon the long
term declining trend that dates back to the 1960s and continues to this day. The lesson of
seatbelt laws is: do not ignore risk compensation.

With respect to cycle helmets, risk compensation has not been much studied. One study
showed that helmet use altered driver behaviour**: some drivers passed faster and closer to a
helmeted cyclist. Hedlund has proposed a general model* of behaviour, in which cycle helmets
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score highly in likelihood of causing risk compensatory behaviour in riders. A study of children
running around an obstacle course with and without helmets (and other protective equipment)
showed strong risk compensation, with children going faster and being more reckless when
using the protective equipment.*® Surveys of US cyclists in the late 1980s found that helmet
users were more than seven times more likely to say they had struck their head in the last 18
months than non-users.*’ At this time the rate of helmet use was ¢.10%. But is this self-
reporting bias? Or bias due to self-selection by higher risk cyclists to wear helmets? If risk
compensation was a serious problem, one would expect to see an increase in road traffic
casualties as helmets become popular. This can happen, but not in a consistent way. One may
easily note from Figure 4-1 that cyclist deaths sharply increased after 1994, in the years when
helmets first became popular in Britain, although the effect has faded. A US study™ found a
statistically significant association between helmet use and risk of death to US cyclists in the
period 1973 to 1985. On the other hand, analysis of Edinburgh road casualties* found no
evidence that adult cyclist injuries in traffic crashes had worsened since 1990, relative to the
control group (pedestrians). Research into cyclists’ attitudes has found that the more a person
believes a helmet to be effective against serious or fatal injury, the more likely they are to wear
one.®® In summary, on the balance of probability, risk compensation by helmet wearing cyclists
is likely, but the evidence is not conclusive. The evidence that drivers may impose more risk on
helmet wearing cyclists is disturbing and warrants further research.

74.4 Effect of helmets on cycling levels

The British Medical Association has had a policy since 2005 of supporting helmet legislation.
This was greatly influenced by one study concluding that the Ontario child cyclist helmet law of
1996 had not deterred children from cycling and that therefore previous experience with
enforced legislation was no longer relevant.”’ However, the paper's authors never mentioned
that the Ontario law was not enforced; helmet use returned to pre-law levels after about three
years.”® Close inspection of the data shows that cycling levels did in fact increase when helmet
use returned to pre-law levels. This paper has been widely misinterpreted as applying to
enforced legislation. Another paper® claimed that the Ontario law had cut child cyclist deaths
by half in the following ten years, and quoted data selectively to suggest that helmet use was
maintained at a high level in this period when in fact it was not. The decline in deaths was seen
in pedestrians too and was clearly an environmental effect.> Still another paper55 concluded
that provincial helmet laws in Canada had not reduced cycling levels, yet data presented in the
research show the contrary; notably a 50% decline in the number of trips cycled by youths in
Alberta.

It is not widely appreciated that there is now a significant literature of studies casting doubt on
the wisdom of helmet programmes.® These studies typically do not receive media attention and
remain little known. With the sole exception of Ontario, where the law was not enforced and
rates of helmet wearing were already high, jurisdictions that have introduced mandatory helmet
use have suffered a pronounced reduction in the number of cyclists and cycle trips made. For
instance, cycle use in New Zealand has dropped 55% since 1989/90.%° Analysis of census data
shows permanent reductions of utility cycling in Australia t0o.>” Helmet promotion also hinders
cycling programmes.® Reducing active travel has a significant, negative impact on the public’s
health by reducing physical activity levels.*

The disconnect between received wisdom and the facts is stark.
The facts are:

1. It is rational for an individual to choose to wear a cycle helmet - but no more so than to
choose to wear a helmet when walking, driving, playing football or playing rugby.
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2. There is however a disturbing discrepancy between engineering or clinical evidence of the
effectiveness of helmet wearing (which suggest them to be effective) and population studies
(which suggest that they are not).

3. Plausible explanations of this discrepancy include cyclists taking greater risks because they
think their helmet makes them safe or drivers taking less care of helmeted cyclists because they
see them as less vulnerable. A single study has examined this but its findings supports the
latter of these.

4. There are also other possible explanations based on postulated unknown hazards of cycle
helmets. We consider these explanations to be much less likely than the behavioural
explanations given above.

5. It is now well established that legislation mandating cycle helmet use causes a reduction in
the levels of cycling and thereby does more harm than good.

6 It is unclear whether this is because many people find cycle helmets troublesome, because
many people find them unfashionable and odd or because people consider the mandation of
helmet use as evidence that cycling is dangerous.

7. If the last of these explanations is true then not only legislation but also any vigorous
promotion of voluntary helmet use are likely to be harmful.

8. The one study in which cycle helmet legislation did not reduce cycle use (Ontario) is highly
unusual both because of the high levels of voluntary helmet use before the legislation and the
fact that the law was not enforced. This makes it difficult to draw clear conclusions from it. It
certainly cannot be regarding as annulling the considerable volume of evidence that cycle
helmet legislation is harmful.

As Hedlund warned:

"Don't over-predict benefits. Many injury prevention measures promise more benefits
than they deliver, due to bad science, political pressures, or failure to consider risk
compensation or system effects. While calm and realistic benefit estimates are difficult to
prodLg%e, unduly optimistic predictions will hamper injury prevention efforts in the long
run”.
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