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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
review Helmets for preventing head and facial injuries in bicycligteat 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.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction case-control studies, which compare cases that sought care
at a hospital for injury to the head, brain or face with controls
The Cochrane Collaboration serves to evaluate interven-that sought it for other injury or reported having an accident.
tions in health care by doing systematic review of studies All conclude that helmets are efficacious and urge programs
of their efficacy, which are normally randomised controlled to increase their use, such as legislation. With respect to the
trials, because with human subjects these provide databrain, the review concludes that the five studies establish
most closely approximating the reliability of a scientific scientific evidence that standard helmets reduce the risk of
experiment. Case-control studies are considered to be lessnjury by 88% and severe injury by at least 75%.
reliable, but, either way, to constitute evidence data should Fear of death and chronic disability is the main motive for
also relate to a hypothesis that links, in accord with scientific wearing helmetsQurnow, 2003 and injury to the brain is
knowledge, a defined intervention with measurable effects. their main cause. Therefore, the important question, to which
By such application of experimental science, Cochrane re-this article is directed, is whether helmets protect the brain
views have shown whether or not interventions are effectual, from serious injury. On this question, the review is compared
giving assured guidance to medical professionals and thewith experimental science and its suitability for publication
public to adopt or discard them. in the Cochrane Library is examined.
The Cochrane reviewlelmets for preventing head and
facial injuries in bicyclists (Thompson et al., 2004is
clearly intended as a guide to intervention. It synthesises the2. Brain injury and helmets
results of five “included studies” of cyclists who crashed:
Thompson et al. (1989, 1996McDermott et al. (1993) Brain injury that kills or severely disables is typically of
Thomas et al. (1994and Maimaris et al. (1994)All are severity AIS 4-6. It is rare, comprising less than 6% of 558
head injuries to cyclists treated in hospital in the study of
* Fax: +61 2 625 15357. McDermott et al. (1993)Its main causes are a blow that
E-mail addressBilcurno@pcug.org.au. damages the skull and angular acceleration of the head (see
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Curnow, 2003ibid.). By the first cause, skull bone or an ex- that they do—but that is not established because none of the
ternal object strikes the brain, leading to focal injury such control groups is a random sample of it.
as laceration and contusion. Fatal subdural haematoma may Another possible source of bias is that cyclists who wore
follow. By the second, an oblique impulse makes the head helmets may have been more careful than non-wearers, and
rotate. Bone within it may then strike the brain, causing focal also were over-represented in the control groups compared
injury, including the so-calledoupandcontre-coupEven if to the whole population. The latter would appear to be so
the brain is not struck, diffuse injury to its small blood ves- for Thompson 198%ecause the wearing rates of its control
sels and neurons may occur, including diffuse axonal injury, groups were much higher than for children in the whole pop-
which is often fatal and is the commonest cause of severeulation. A bias in the other direction would arise if helmeted
disability. cyclists compensated for a feeling of greater safety by taking
Bicycle helmets evolved from those designed for soldiers, more risks. The review in effect dismisses these possibilities
miners and the like. Their helmets have a hard shell, which by defining the fundamental issue as whether cyclists who
protects the skull from damage from moving objects and the crash and hit their heads benefit by wearing a helmet, but this
brain from consequent focal injury. It has been shown that would be so only if those cyclists were a random sample rep-
hard-shell motorcycle helmets protect the skull. Until the resentative of the whole population. Further, both the review
early 1990s, standards required hard-shells for bicycle hel-and its studies assume that hitting the head is necessary for the
mets too; in the studies dlhompson 198McDermottand brain to be injured, though it can occur in any accident where
Thomasnearly all helmets had them. Use of hard shells has an obliqgue impulse results in angular acceleration of the head,
since declined, being only half f@hompson 1998ess still including falls on the buttocks and whiplasbrimaya and
by the time of the review and now rare. Whether soft bicycle Gennarelli, 1971 Ommaya et al. (196&howed in experi-
helmets can protect the skull is problematic. mental whiplash injury to monkeys that angular acceleration
For soldiers and the like, the risk of brain injury is slight if ~without impact produced concussion and haemorrhage and
the skullisundamaged. Bullets, for instance, have insufficient contusion to the brain.
mass to generate injurious angular accelerationCbuter et Cases are more involved with a motor vehicle than con-
al. (1987)measured it at 12 times the 4500 r&ds onset of trols. OnlyThompson 1989 and 198 dThomaspurport to
vein rupture when dummies wearing bicycle helmets struck adjust for this source of bias, but the adjustments are simply
a floor at 45 km/h and showed by experiment that the massbased on damage to the bicycle. No account is taken of causes
added by wearing a helmet can increase it. In the designof brain injury and possible greater subjection to oblique im-
and testing of helmets, angular acceleration is disregarded pulse.
however. Instead, helmets are lined with plastic foam and  The findings of the studies relate to a time when hard-shell
tested for capacity to reduce linear acceleration, according tohelmets predominated. Since then, the protection which they
a discredited theory that it is a major cause of brain injury.  can provide against focal injury to the brain has largely been
lost, but neither the review nor any of the studies recognises
this.
3. Hypotheses, bias

To establish evidence of the efficacy of helmets against 4. The included studies
brain injury, a hypothesis in accord with knowledge includ-
ing the foregoing, and with scientific laws, should be tested. 4.1. Thompson 1989 and 1996
Neither the review nor any of the five studies follow this
method; indeed, the reviewers appear to rejedthibfnpson Thompson 1988ompares 235 cases having head injury
et al., 2000. Their hypothesis is simply that helmets reduce with 433 ER controls, without it all of which sought care at
brain injury. It implies at least four hypotheses suitable for hospital emergency rooms (ER) over 1 year, and with 558
research, concerning effects of hard and soft helmets on focalmembers of a group health co-operative (GHC controls) who
and diffuse injury, respectively, but none of the studies of the reported having a cycling accident. It concludes that the ad-
review distinguishes these types of injury or obtains, collates justed odds ratio for brain injury no helmet/helmet is 0.12
and interprets data specific to each and their mechanisms ofrisk reduction 88%). Both studies affirm that adjustments
occurrence. Of the four, the only plausible hypothesis would take account of unmeasured factors, so that striking the head
seem to be that hard-shell helmets protect against damage tas equally likely for cases and controls. They would appear to
the skull and consequent focal injury. As it is not clear that equate this with equal risk of brain injury, neglecting oblique
soft helmets can protect the skull from damage Gemow, impulse. The 1989 study admits to not being able to rule out
2003 ibid.), the simple hypothesis is prima facie implausible. bias due to more cautious cyclists choosing to wear helmets
Lacking theoretical underpinning, the included studies are and having less severe accidents. It also refers to unmeasured
vulnerable to bias. It is important that the controls should (and unspecified) factors which may have made the controls
approximate closely the exposure experience of the wholeless likely to strike their heads in an accident. To confirm
population of cyclists at risk for head injury. The review states its adjustments, it makes a sub-analysis of cyclists known to
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have struck their heads, using, in effect, 99 with brain injury in the proportion of hard-shell helmets from about 90 to 50%.
as cases and 148 with other head injury as controls. The ad4n question, then, is whifhompson 199@oes not make a
justed odds ratio for brain injury increases from 0.12 to 0.23 sub-analysis. Another question is why it citéameron et al.
(risk reduction 77%), but the confidence intervals overlap and (1994) Pitt et al. (1994)andRivara et al. (1994for corrob-
the protective effect of a helmet is stated to be similar to that orative evidence of efficacy against brain injury when none
of the central analysis. of those studies even mentions it. In sum, the study is merely
Thompson 1996he most recent and detailed of the in- statistical analysis and not scientific investigation. At best,
cluded studies, starts by declaring that a solid body of sci- it provides evidence that hard helmets protect against focal
entific evidence indicates that helmets reduce head injuries,injury. Neither it nor the other studies of the review shows
reflecting the general acceptance of the 1989 study. The au-that soft helmets reduce injury to the brain.
thors then turn to subsidiary questions. From 757 cases and
2633 ER controls, the study puts the adjusted odds ratio for4.2. Maimaris
brain injury at 0.35, risk reduction 65%, and for severe brain
injury, defined as AlIS 3-6 at 0.26 and 74%. Brain injury is Maimarisis presented as a comparison of the incidence
defined simply as including concussion, though itis usually a of injuries to cyclists who were wearing and not wearing hel-
minor trauma with negligible risk of brain damadgifypson mets, those with head injury being the cases, in effect, and
and McLean, 1997 and more serious intracranial injury. Of  those without it the controls. This presentation obscures the
the latter, only lacerations, contusions and haemorrhages aréack of assurance that the controls accurately represent the
specified, but no diffuse injuries. Mechanisms of brain in- whole population. It also obscures the important point for
jury, signs of rotation or oblique blow are not discussed. The fatal and disabling brain injury that 50% of cases but only
study notes a consistent suggestion that hard-shell helmet25% of controls were in accidents involving a motor vehicle.
are more protective than no shell, but it does not consider The statement that there were no significant differences be-
why. Similarly, the estimated protective effect against brain tween helmet wearers and non-wearers with respect to type
injury declines from 81% in 1989 to 65% in 1996, but the of accident misses this point.
confidence intervals overlap and the estimates are stated to Head injury is defined as skull fracture and brain injury,
be generally similar. There is no thought of a link to the de- but the data for the two are not separated, include no recog-
cline in the proportion of hard shells. nised severity ratings such as AlS and nothing about types
The authors offhompson 1996eem to forget their ear-  of helmet. These data are inadequate to support valid conclu-
lier reservations about possible biases. They arbitrarily rule sions about effects of helmets on brain injury.
out bias due to differing behaviour of helmet wearers and
assert that the fundamental issue is whether cyclists benefit4.3, McDermott
from wearing a helmet when they hit their heads. Though
noting that the study design requires both cases and controls McDermottalso compares the incidence of head injury
to have equal probability of hitting their heads, they adduce to helmet wearers and non-wearers, resulting in deficiencies
no evidence to show it. Nor do they attempt to confirm it by similar to Maimaris It was carried out under the auspices
sub-analysis, as in 1989, but data from their Table 4 enableof the Victorian Road Trauma Committee (VRTC) of the
this to be done, as pdable 1here. Royal Australasian College of Surgeons (RACS), with finan-
The odds ratios shown ifiable 1are much higher than  cial support from the Government of Victoria. As the VRTC
in Table 4 ofThompson 1996T his suggests a lower protec- had persuaded that Government to adopt the policy of com-
tive effect than the central analysis, that unmeasured factorspulsory wearing in 1984, the efficacy of helmets was clearly
are significant and that the assumption of equal probability is not in question for either of them. This implies that the study
wrong. Error due to unmeasured factors may exist. Further, was not done to resolve that question, but to support the policy
the increase in the disparity between the odds ratios of the re-of its sponsors. Its last conclusion, that its findings provide
spective sub- and central analyses of 1989 and 1996 suggestsupporting evidence for this, is impugned, and other tenden-
a decline in protection of the brain, corresponding with afall tiousness further detracts from it, as follows.

Table 1
Risk of brain injury, by helmet and type
Helmet type Brain injury Severe brain injury

Cases no.n(=203) Controls no.n(=554) OR Cases no.n=62) Controls no.r{=554) OR
No helmet 141 394 Reference 47 394 Reference
Hard-shell 23 79 0.81 5 79 0.54
Thin-shell 22 40 1.54 5 40 0.91
No-shell/foam 14 37 1.06 4 37 0.89
Any helmet 59 156 1.06 14 156 0.75

2 Crude odds ratio.
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First, the conclusions relate to approved helmets in use in concussion was sustained by one-third fewer helmet wearers
1987-1989 and then required to have hard sh8liar{dards  than non-wearers. The review attribute®iti a finding of a
Association of Australia, 19§6Removal of that requirement  decline in brain injuries as a result of increased helmet use
in 1990 greatly affected the protective value of helmets, but in Queensland, but that study deals only with head injuries
the study makes no mention of it. in general and says that the reason for a decrease in them is

Second, while the study notes some symptoms of brain more complex than increased wearing of helmets.
injury, it avoids discussing its causes. This is despite Dr. Mc-  Other time series studies indicate that the efficacy of hel-
Dermott, as Chairman of the VRTC, having argued reduced mets against head injury in general falls far short of the pre-
brain damage and life-long disability to convince a federal dictions of case-control studies. For example, from analysis
parliamentary committee to recommend compulsory wearing of statistics before and after helmet laws in New South Wales
(McDermott, 198%. When asked then whether brain injury and Victoria,Robinson (1996jound no decrease in the risk
was due to deceleration or rotational forces, Dr. McDermott of head injury, fatal and hospitalised. Data suitable for similar
attributed it wholly to the first, “G forces”. His disregard of studies on brain injury are not available for Australia, but the
the second (angular acceleration) contrasts with a statemenbccurrence of the most severe may be approximated by data
by his co-author that it plays a major part in brain injury and for fatal head injuries. For Australia, these are available only
there is no direct means of dampinglibfie, 198%. for alternate years, in the Fatality File published by the Aus-

Third, 22 casualties are excluded from the analysis be- tralian Transport Safety Bureau (ATSBhable 2is compiled
cause their helmets were dislodged in the crash, thereby refrom it. The table shows numbers of deaths in Australia in
ducing the number of head injuries among helmeted cyclists. 1988, before the first helmet law, and 1994, when all were in
This could be justified only if it was certain that, but for force.
dislodgement, those injuries would not have occurred. The Despite adecrease in cycling, deathsto cyclists, eventhose
exclusion therefore amounts to assuming that helmets areby head injury, declined by less than other road users. No
efficacious—what the study then purports to establish! Data benefit from the helmet laws is evident.
of McDermott'sTables 3 and 5, Fig. 10 and the text show
that most of the helmets of the more severely injured (AIS
3 and 4-6) were dislodged. Hence, support for the study’s
conclusions that there was a suggestion of a protective ef-
fect on head injury of severity AIS 4-6 and that its findings
provide evidence of benefit from mandatory wearing is mere
assumption.

6. Discussion

Demand for protection of the head stems from fear of fatal
and disabling injury to it. A public accustomed to soldiers,
miners and construction workers wearing protective helmets
4.4. Thomas naturally looked to the similar products on offer for cyclists,
not realising the critical difference between protecting the

The Australian Government sponsordhomas after brain within a stationary head struck by a fast-moving object

adopting a policy of compulsory wearing. The study con- and that of a moving person in collision. Due to their evolu-

cludes that the association between wearing helmets and relion. bicycle helmets are more suited to the former purpose

duced head injury is Compelling and Iegislation is |Ik8|y to than what they are usec_l for. This undesirable result has come
help, but this is hardly credible because it also admits to not 2P0ut because the design of helmets has not been guided by

answering the crucial question of cause and effect. research on mechanisms of brain injury. Consequently, bicy-
cle helmets have been a controversial issue for 20 years or

more.
5. Time series studies The controversy is manifest in conflicting findings of re-
search on the efficacy of helmets. Broadly, laboratory re-
The review cites five time series studies as providing ad- search has shown up deficiencies of helmets. Some time se-

ditional evidence of helmet effectiveness, namedyr et al. ries studies have suggested that increased wearing of helmets
(1995) Ekman et al. (1997)Pitt et al. (1994)Rivara et al. has not resulted in reduced injury. Epidemiological studies,
(1994)andVulcan et al. (1992)Of these, onlyEkmancon- mainly of the case-control kind, have indicated, however, that

siders any kind of brain injury and it merely estimates that helmets reduce head injury in general. Though these have not

Table 2
Deaths of road users in Australia, in total and by head injury
Year Pedestrians Bicyclists All road users

Total Head Total Head Total Head
1988 542 233 86 40 2868 1085
1994 346 145 56 28 1787 631

Change 1988/1994 (%) —36 —38 -35 -30 —38 —42
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dealtwith 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
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Post Crash Study and Experimental Research. Federal Office of Road
Safety Report No. CR 55, Canberra, pp. 26-34.
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tion of local, regional and national information substantially increase
bicycle—helmet wearing and reduce injuries? Experiences from Swe-
den. Accid. Anal. Prev. 29, 321-328.

synthesise findings of studies which are directed to a suitable-2"e: J-C., 1986. Helmets for Child Bicyclists, Some Biomedical Con-

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-

siderations. Federal Office of Road Safety Report CR 47, Canberra.

imaris, C., Summers, C.L., Browning, C., Palmer, C.R., 1994. Injury

patterns in cyclists attending an accident and emergency department:

a comparison of helmet wearers and non-wearers. Br. Med. J. 308,
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Bicycle Helmet Safety Inquiry on 18.10.85, p. 1086.

McDermott, F.T., Lane, J.C., Brazenor, G.A., Debney, E.A., 1993. The
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34, 834-845.

Ommaya, A.K., Faas, F., Yarnell, P., 1968. Whiplash injury and brain

damage, an experimental study. J. Am. Med. Assoc. 204 (4), 285—

Ommaya, A.K., Gennarelli, T.A., 1974. Cerebral concussion and traumatic
unconsciousness. Brain 97, 633-654.

portable because none of the studies possesses the recpitt, W.R., Thomas, S., Nixon, J., Battistutta, D., Acton, C., 1994. Trends

uisite scientific rigour.
(©)
ings of their efficacy are not applicable to most helmets
now used.
The review is not a reliable guide to interventions and is
not suitable for the Cochrane library.
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