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Abstract

Effective interventions for care of health need to be based on scientific evidence. To this end, the Cochrane Collaboration insists that its
reviews should be based on reliable data, normally obtained by randomised controlled trial. To constitute evidence, data should also support a
hypothesis in accord with scientific laws and knowledge. From these considerations, an appraisal is made of the conclusion of the Cochrane
reviewHelmets for preventing head and facial injuries in bicyclists, that it establishes scientific evidence that all types of standard helmet
protect against injuries to the brain. It is concluded that the review takes no account of scientific knowledge of types and mechanisms of brain
injury. It provides, at best, evidence that hard-shell helmets, now rarely used, protect the brain from injury consequent upon damage to the
skull. The review therefore is not a reliable guide to the efficacy of helmets and to interventions concerning their use.
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. Introduction

The Cochrane Collaboration serves to evaluate interven-
ions in health care by doing systematic review of studies
f their efficacy, which are normally randomised controlled

rials, because with human subjects these provide data
ost closely approximating the reliability of a scientific

xperiment. Case-control studies are considered to be less
eliable, but, either way, to constitute evidence data should
lso relate to a hypothesis that links, in accord with scientific
nowledge, a defined intervention with measurable effects.
y such application of experimental science, Cochrane re-
iews have shown whether or not interventions are effectual,
iving assured guidance to medical professionals and the
ublic to adopt or discard them.

The Cochrane reviewHelmets for preventing head and
acial injuries in bicyclists (Thompson et al., 2004) is
learly intended as a guide to intervention. It synthesises the
esults of five “included studies” of cyclists who crashed:
hompson et al. (1989, 1996), McDermott et al. (1993),
homas et al. (1994)and Maimaris et al. (1994). All are

case-control studies, which compare cases that sough
at a hospital for injury to the head, brain or face with cont
that sought it for other injury or reported having an accid
All conclude that helmets are efficacious and urge prog
to increase their use, such as legislation. With respect t
brain, the review concludes that the five studies esta
scientific evidence that standard helmets reduce the ri
injury by 88% and severe injury by at least 75%.

Fear of death and chronic disability is the main motive
wearing helmets (Curnow, 2003) and injury to the brain i
their main cause. Therefore, the important question, to w
this article is directed, is whether helmets protect the b
from serious injury. On this question, the review is compa
with experimental science and its suitability for publicat
in the Cochrane Library is examined.

2. Brain injury and helmets

Brain injury that kills or severely disables is typically
severity AIS 4–6. It is rare, comprising less than 6% of
∗ Fax: +61 2 625 15357.
E-mail address:Bilcurno@pcug.org.au.

head injuries to cyclists treated in hospital in the study of
McDermott et al. (1993). Its main causes are a blow that
damages the skull and angular acceleration of the head (see
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Curnow, 2003, ibid.). By the first cause, skull bone or an ex-
ternal object strikes the brain, leading to focal injury such
as laceration and contusion. Fatal subdural haematoma may
follow. By the second, an oblique impulse makes the head
rotate. Bone within it may then strike the brain, causing focal
injury, including the so-calledcoupandcontre-coup. Even if
the brain is not struck, diffuse injury to its small blood ves-
sels and neurons may occur, including diffuse axonal injury,
which is often fatal and is the commonest cause of severe
disability.

Bicycle helmets evolved from those designed for soldiers,
miners and the like. Their helmets have a hard shell, which
protects the skull from damage from moving objects and the
brain from consequent focal injury. It has been shown that
hard-shell motorcycle helmets protect the skull. Until the
early 1990s, standards required hard-shells for bicycle hel-
mets too; in the studies ofThompson 1989, McDermottand
Thomas, nearly all helmets had them. Use of hard shells has
since declined, being only half forThompson 1996, less still
by the time of the review and now rare. Whether soft bicycle
helmets can protect the skull is problematic.

For soldiers and the like, the risk of brain injury is slight if
the skull is undamaged. Bullets, for instance, have insufficient
mass to generate injurious angular acceleration, butCorner et
al. (1987)measured it at 12 times the 4500 rad/s2 for onset of
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that they do—but that is not established because none of the
control groups is a random sample of it.

Another possible source of bias is that cyclists who wore
helmets may have been more careful than non-wearers, and
also were over-represented in the control groups compared
to the whole population. The latter would appear to be so
for Thompson 1989, because the wearing rates of its control
groups were much higher than for children in the whole pop-
ulation. A bias in the other direction would arise if helmeted
cyclists compensated for a feeling of greater safety by taking
more risks. The review in effect dismisses these possibilities
by defining the fundamental issue as whether cyclists who
crash and hit their heads benefit by wearing a helmet, but this
would be so only if those cyclists were a random sample rep-
resentative of the whole population. Further, both the review
and its studies assume that hitting the head is necessary for the
brain to be injured, though it can occur in any accident where
an oblique impulse results in angular acceleration of the head,
including falls on the buttocks and whiplash (Ommaya and
Gennarelli, 1974). Ommaya et al. (1968)showed in experi-
mental whiplash injury to monkeys that angular acceleration
without impact produced concussion and haemorrhage and
contusion to the brain.

Cases are more involved with a motor vehicle than con-
trols. OnlyThompson 1989 and 1996andThomaspurport to
a mply
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ein rupture when dummies wearing bicycle helmets st
floor at 45 km/h and showed by experiment that the m

dded by wearing a helmet can increase it. In the de
nd testing of helmets, angular acceleration is disrega
owever. Instead, helmets are lined with plastic foam

ested for capacity to reduce linear acceleration, accordi
discredited theory that it is a major cause of brain inju

. Hypotheses, bias

To establish evidence of the efficacy of helmets ag
rain injury, a hypothesis in accord with knowledge incl

ng the foregoing, and with scientific laws, should be tes
either the review nor any of the five studies follow t
ethod; indeed, the reviewers appear to reject it (Thompson
t al., 2000). Their hypothesis is simply that helmets red
rain injury. It implies at least four hypotheses suitable
esearch, concerning effects of hard and soft helmets on
nd diffuse injury, respectively, but none of the studies o
eview distinguishes these types of injury or obtains, col
nd interprets data specific to each and their mechanis
ccurrence. Of the four, the only plausible hypothesis w
eem to be that hard-shell helmets protect against dam
he skull and consequent focal injury. As it is not clear
oft helmets can protect the skull from damage (seeCurnow,
003, ibid.), the simple hypothesis is prima facie implausi

Lacking theoretical underpinning, the included studies
ulnerable to bias. It is important that the controls sho
pproximate closely the exposure experience of the w
opulation of cyclists at risk for head injury. The review sta
djust for this source of bias, but the adjustments are si
ased on damage to the bicycle. No account is taken of c
f brain injury and possible greater subjection to oblique
ulse.

The findings of the studies relate to a time when hard-
elmets predominated. Since then, the protection which
an provide against focal injury to the brain has largely b
ost, but neither the review nor any of the studies recogn
his.

. The included studies

.1. Thompson 1989 and 1996

Thompson 1989compares 235 cases having head in
ith 433 ER controls, without it all of which sought care
ospital emergency rooms (ER) over 1 year, and with
embers of a group health co-operative (GHC controls)

eported having a cycling accident. It concludes that the
usted odds ratio for brain injury no helmet/helmet is 0
risk reduction 88%). Both studies affirm that adjustm
ake account of unmeasured factors, so that striking the
s equally likely for cases and controls. They would appe
quate this with equal risk of brain injury, neglecting obli

mpulse. The 1989 study admits to not being able to rule
ias due to more cautious cyclists choosing to wear he
nd having less severe accidents. It also refers to unmea
and unspecified) factors which may have made the con
ess likely to strike their heads in an accident. To con
ts adjustments, it makes a sub-analysis of cyclists know
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have struck their heads, using, in effect, 99 with brain injury
as cases and 148 with other head injury as controls. The ad-
justed odds ratio for brain injury increases from 0.12 to 0.23
(risk reduction 77%), but the confidence intervals overlap and
the protective effect of a helmet is stated to be similar to that
of the central analysis.

Thompson 1996, the most recent and detailed of the in-
cluded studies, starts by declaring that a solid body of sci-
entific evidence indicates that helmets reduce head injuries,
reflecting the general acceptance of the 1989 study. The au-
thors then turn to subsidiary questions. From 757 cases and
2633 ER controls, the study puts the adjusted odds ratio for
brain injury at 0.35, risk reduction 65%, and for severe brain
injury, defined as AIS 3–6 at 0.26 and 74%. Brain injury is
defined simply as including concussion, though it is usually a
minor trauma with negligible risk of brain damage (Simpson
and McLean, 1997), and more serious intracranial injury. Of
the latter, only lacerations, contusions and haemorrhages are
specified, but no diffuse injuries. Mechanisms of brain in-
jury, signs of rotation or oblique blow are not discussed. The
study notes a consistent suggestion that hard-shell helmets
are more protective than no shell, but it does not consider
why. Similarly, the estimated protective effect against brain
injury declines from 81% in 1989 to 65% in 1996, but the
confidence intervals overlap and the estimates are stated to
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in the proportion of hard-shell helmets from about 90 to 50%.
In question, then, is whyThompson 1996does not make a
sub-analysis. Another question is why it citesCameron et al.
(1994), Pitt et al. (1994)andRivara et al. (1994)for corrob-
orative evidence of efficacy against brain injury when none
of those studies even mentions it. In sum, the study is merely
statistical analysis and not scientific investigation. At best,
it provides evidence that hard helmets protect against focal
injury. Neither it nor the other studies of the review shows
that soft helmets reduce injury to the brain.

4.2. Maimaris

Maimaris is presented as a comparison of the incidence
of injuries to cyclists who were wearing and not wearing hel-
mets, those with head injury being the cases, in effect, and
those without it the controls. This presentation obscures the
lack of assurance that the controls accurately represent the
whole population. It also obscures the important point for
fatal and disabling brain injury that 50% of cases but only
25% of controls were in accidents involving a motor vehicle.
The statement that there were no significant differences be-
tween helmet wearers and non-wearers with respect to type
of accident misses this point.

Head injury is defined as skull fracture and brain injury,
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e generally similar. There is no thought of a link to the
line in the proportion of hard shells.

The authors ofThompson 1996seem to forget their ea
ier reservations about possible biases. They arbitrarily
ut bias due to differing behaviour of helmet wearers
ssert that the fundamental issue is whether cyclists b

rom wearing a helmet when they hit their heads. Tho
oting that the study design requires both cases and co

o have equal probability of hitting their heads, they add
o evidence to show it. Nor do they attempt to confirm i
ub-analysis, as in 1989, but data from their Table 4 en
his to be done, as perTable 1here.

The odds ratios shown inTable 1are much higher tha
n Table 4 ofThompson 1996. This suggests a lower prote
ive effect than the central analysis, that unmeasured fa
re significant and that the assumption of equal probabil
rong. Error due to unmeasured factors may exist. Fur

he increase in the disparity between the odds ratios of th
pective sub- and central analyses of 1989 and 1996 sug
decline in protection of the brain, corresponding with a

able 1
isk of brain injury, by helmet and type

elmet type Brain injury

Cases no. (n= 203) Controls no. (n= 554)

o helmet 141 394
ard-shell 23 79
hin-shell 22 40
o-shell/foam 14 37
ny helmet 59 156
a Crude odds ratio.
s

ut the data for the two are not separated, include no re
ised severity ratings such as AIS and nothing about t
f helmet. These data are inadequate to support valid co
ions about effects of helmets on brain injury.

.3. McDermott

McDermottalso compares the incidence of head in
o helmet wearers and non-wearers, resulting in deficie
imilar toMaimaris. It was carried out under the auspi
f the Victorian Road Trauma Committee (VRTC) of
oyal Australasian College of Surgeons (RACS), with fin
ial support from the Government of Victoria. As the VR
ad persuaded that Government to adopt the policy of
ulsory wearing in 1984, the efficacy of helmets was cle
ot in question for either of them. This implies that the st
as not done to resolve that question, but to support the p
f its sponsors. Its last conclusion, that its findings pro
upporting evidence for this, is impugned, and other ten
iousness further detracts from it, as follows.

Severe brain injury

Cases no. (n= 62) Controls no. (n= 554) OR

rence 47 394 Refere
5 79 0.54
5 40 0.91
4 37 0.89

14 156 0.75
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First, the conclusions relate to approved helmets in use in
1987–1989 and then required to have hard shells (Standards
Association of Australia, 1986). Removal of that requirement
in 1990 greatly affected the protective value of helmets, but
the study makes no mention of it.

Second, while the study notes some symptoms of brain
injury, it avoids discussing its causes. This is despite Dr. Mc-
Dermott, as Chairman of the VRTC, having argued reduced
brain damage and life-long disability to convince a federal
parliamentary committee to recommend compulsory wearing
(McDermott, 1985). When asked then whether brain injury
was due to deceleration or rotational forces, Dr. McDermott
attributed it wholly to the first, “G forces”. His disregard of
the second (angular acceleration) contrasts with a statement
by his co-author that it plays a major part in brain injury and
there is no direct means of damping it (Lane, 1986).

Third, 22 casualties are excluded from the analysis be-
cause their helmets were dislodged in the crash, thereby re-
ducing the number of head injuries among helmeted cyclists.
This could be justified only if it was certain that, but for
dislodgement, those injuries would not have occurred. The
exclusion therefore amounts to assuming that helmets are
efficacious—what the study then purports to establish! Data
of McDermott’sTables 3 and 5, Fig. 10 and the text show
that most of the helmets of the more severely injured (AIS
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concussion was sustained by one-third fewer helmet wearers
than non-wearers. The review attributes toPitt a finding of a
decline in brain injuries as a result of increased helmet use
in Queensland, but that study deals only with head injuries
in general and says that the reason for a decrease in them is
more complex than increased wearing of helmets.

Other time series studies indicate that the efficacy of hel-
mets against head injury in general falls far short of the pre-
dictions of case-control studies. For example, from analysis
of statistics before and after helmet laws in New South Wales
and Victoria,Robinson (1996)found no decrease in the risk
of head injury, fatal and hospitalised. Data suitable for similar
studies on brain injury are not available for Australia, but the
occurrence of the most severe may be approximated by data
for fatal head injuries. For Australia, these are available only
for alternate years, in the Fatality File published by the Aus-
tralian Transport Safety Bureau (ATSB).Table 2is compiled
from it. The table shows numbers of deaths in Australia in
1988, before the first helmet law, and 1994, when all were in
force.

Despite a decrease in cycling, deaths to cyclists, even those
by head injury, declined by less than other road users. No
benefit from the helmet laws is evident.
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and 4–6) were dislodged. Hence, support for the stu
onclusions that there was a suggestion of a protectiv
ect on head injury of severity AIS 4-6 and that its findin
rovide evidence of benefit from mandatory wearing is m
ssumption.

.4. Thomas

The Australian Government sponsoredThomasafter
dopting a policy of compulsory wearing. The study c
ludes that the association between wearing helmets a
uced head injury is compelling and legislation is likely
elp, but this is hardly credible because it also admits to
nswering the crucial question of cause and effect.

. Time series studies

The review cites five time series studies as providing
itional evidence of helmet effectiveness, namelyCarr et al
1995), Ekman et al. (1997), Pitt et al. (1994), Rivara et al
1994)andVulcan et al. (1992). Of these, onlyEkmancon-
iders any kind of brain injury and it merely estimates

able 2
eaths of road users in Australia, in total and by head injury

ear Pedestrians

Total Head

988 542 233
994 346 145
hange 1988/1994 (%) −36 −38
. Discussion

Demand for protection of the head stems from fear of
nd disabling injury to it. A public accustomed to soldie
iners and construction workers wearing protective hel
aturally looked to the similar products on offer for cycli
ot realising the critical difference between protecting
rain within a stationary head struck by a fast-moving ob
nd that of a moving person in collision. Due to their ev

ion, bicycle helmets are more suited to the former pur
han what they are used for. This undesirable result has
bout because the design of helmets has not been guid
esearch on mechanisms of brain injury. Consequently,
le helmets have been a controversial issue for 20 yea
ore.
The controversy is manifest in conflicting findings of

earch on the efficacy of helmets. Broadly, laboratory
earch has shown up deficiencies of helmets. Some tim
ies studies have suggested that increased wearing of he
as not resulted in reduced injury. Epidemiological stud
ainly of the case-control kind, have indicated, however,
elmets reduce head injury in general. Though these hav

Bicyclists All road users

Total Head Total Head

86 40 2868 1085
56 28 1787 631

−35 −30 −38 −42
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dealt with brain injury in a scientific way, they have convinced
influential elements of the medical profession and some gov-
ernments, notably in Australia, to support compulsory wear-
ing of helmets.

There is a need for a disinterested appraisal using all sci-
entific knowledge. This might be a new Cochrane review of
bicycle helmets, to meet a high standard of rigour. It should
synthesise findings of studies which are directed to a suitable
problem and test against reliable data a hypothesis to explain,
in accord with scientific laws and relevant knowledge, the ef-
fects of an intervention. A sounder basis for policies would
result.

7. Conclusions

(a) The critical efficacy of helmets is against fatal and dis-
abling injury to the brain.

(b) The review’s conclusion that its five included studies es-
tablish scientific evidence that standard bicycle helmets
of all types protect against injury to the brain is not sup-
portable because none of the studies possesses the req-
uisite scientific rigour.

(c) Due to the decline in use of hard-shell helmets, past find-
ings of their efficacy are not applicable to most helmets
now used.
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