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Abstract

A retrospective case-series study of pedal- and motor-
cyclists presenting to a major metropolitan trauma centre
over an 18 month period was undertaken. The injury data
were coded according to a number of outcome variables,
including intracranial injury of AIS severity > 2. Helmet
use was coded. After stratification by rider type, data were
analysed to examine the relationships between helmet use
and injury using logistic regression. A total of 220 injured
motorcycle riders and 137 injured pedal cyclists met the
study’s inclusion criteria, with 195 motorcycle riders and
passengers (88.6%) and 87 pedal cyclists (63.5%) wearing
helmets. Helmets were associated with a significant
reduction (p<0.05) in the likelihood of head and intracranial
injury in both rider groups. Associated with helmet use was
a reduction in intracranial injury likelihood of 66% for both
helmeted motorcycle riders and pedal cyclists. The study is
further evidence of the benefits offered by helmets.
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Introduction

The mandatory requirements to wear pedal- and motor-
cycle helmets differ greatly between and within countries
as do voluntary helmet usage rates, despite strong evidence
that helmets are effective in reducing head injury [1-12].

A 2001 meta-analysis of pedal cycle helmet effectiveness
by Attewell ef al. demonstrated that there was a significant
50-60% reduction in the risk of head and brain injury for
helmet wearers compared to non-wearers; although, in

2011 Elvik considered this an overestimation [1, 13]. In
2011, new research from Amoros et al. identified Odds
Ratio (OR) of 0.3 for head (brain and skull) injuries of
Abbreviated Injury Scale (AIS) severity 3+ and 0.76 for
any head injury associated with pedal cycle helmet use
[14]. Regarding motorcycle helmets, the National Highway
Traffic Safety Administration estimated that in 2008,
helmets saved the lives of 1829 motorcyclists in the USA
[15]. Further, the USA data showed that helmets are 37%
effective in preventing fatal injuries [15].

In Australia it is mandatory, via road rules and consumer
legislation, for both pedal- and motor-cyclists to wear

a helmet certified to a Standards Australia standard,
respectively, AS/NZS 2063 and AS/NZS 1698. Helmet
wearing rates in New South Wales (NSW) based on
casualty accident data for pedal cyclists and motorcyclists
are 79.4% and 95.9%, respectively [16, 17]. However,
actual wearing rates may differ by age, with children and
adolescents having lower wearing rates than adults [18, 19].
Importantly, helmet use is one element in a Safe Systems
approach for unpowered and powered two-wheelers (pedal-
and motor-cyclists). Internationally there appear to be
different regional approaches to implementing elements in a
Safe System for pedal cyclists. For example, some countries
provide cycle-paths for pedal cyclists, but have modest
helmet wearing rates, e.g. the Netherlands and Denmark;
while others have limited pedal cycle specific infrastructure
but have mandatory or high helmet wearing rates, e.g.
Australia and New Zealand [20, 21]. Motorcyclists, on the
other hand, are not separated from other road users and are
exposed to high-energy impacts and related injury risks.
The 2010 International Road Traffic and Accident Database

11



Journal of the Australasian College of Road Safety — Volume 24 No.2, 2013

(IRTAD) report noted that in 2008 motorcycles accounted
for only 1% of vehicle kilometres in Australia but 20% of
motor vehicle user road deaths and 30% of motor vehicle
users hospitalised after road crashes [22]. This is part of

a worldwide phenomenon that is counter to road safety
trends for motor vehicle occupants. In the same year, pedal
cyclists accounted for 2% of road user fatalities, down from
3% in 1990 (a reduction from 80 to 27 fatalities) around the
time mandatory helmet wearing was introduced in Australia
[22].

In 2004-05, pedal cyclists (17.1%) and motorcyclists
(18.5%) comprised 36% of the 4178 persons with
traumatic brain injury (TBI) as the principal diagnosis due
to a transport incident [23]. When the types of TBI’s are
considered, concussion only cases accounted for 67% of
all pedal cyclist TBI’s and 68% of all motorcyclist TBI’s.
A review of NSW Roads and Traffic Authority pedal and
motor cycle rider casualty data for the calendar years 2008
and 2009 showed that there were a total of 21 fatalities and
2234 casualty cases for pedal cyclists and 118 fatalities and
4833 casualty cases for motorcycle riders in that state [16,
17]. Only 63.2% of the fatally injured pedal cyclists were
reported to have been wearing a helmet compared to 79.5%
of the casualty cases. In contrast, 90.8% of the fatally
injured motorcycle (riders and passengers) were reported
to have been wearing a helmet compared to 96.0% of the
casualty cases.

Australian Governments were some of the first in the
world to introduce mandatory helmet use laws for both
motorcyclists in the 1960’s and pedal cyclists in the early
1990s [2]. Current knowledge on helmet performance in
relation to head and neck injuries in Australia has stemmed
from research work completed on average twenty years
ago [24-28]. Some of that research contributed to changes
in Australian and New Zealand helmet standards, such

as the removal of the resistance to penetration test and
lowering of the pass/fail acceleration criterion in the bicycle
helmet standard. Since the mid 1990’s, however, little in-
depth research has been conducted to investigate helmet
performance in Australia and assess the test standards
applied.

Recently, there has been extensive renewed public debate
about the benefits of mandatory pedal-cycle helmet
legislation in Australia [29]. A retrospective analysis of
hospital admission data around the time mandatory helmet
laws were introduced showed that head injury rates for
cyclists decreased significantly more than limb injury rates,
indicating that mandatory helmet laws were beneficial [29].
Arguments made by some anti-helmet advocates specific
to helmet performance include that helmets increase the
risk of head and brain injury, in particular diffuse axonal
injury (DAI), or at best decrease superficial head and skull
injuries but not brain injury [30]. Similar debates about
bicycle helmet use are taking place in Europe and North
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America, and continue to take place in the USA regarding
motorcycle helmets [19, 31]. In Asia and Africa, pedal-
and motor-cycles constitute an important component of
transport systems, and there is interest in improving both
helmet wearing rates and identifying helmet designs that are
suitable for hot and humid climates whilst still providing
protection [11, 12, 32, 33]. With this in mind, and in
recognition that the lines between human powered two-
wheelers, low powered two-wheelers (motorised bicycles
and mopeds) and powered two-wheelers are becoming
blurred, it is also of interest to compare and contrast the
general performance of two types of helmets.

This paper reports on a retrospective case series study of
pedal and motorcyclists presenting to a Level 1 trauma
centre in Sydney, NSW. These important data are used to
provide an up-to-date profile of head and neck injuries
sustained by both helmeted and unhelmeted pedal- and
motor-cyclists. The study was conducted to assist with
the interpretation of cases investigated as part of a

major prospective crash investigation focussing on the
performance of current pedal- and motor-cycle helmets.
Because of mandatory helmet wearing legislation in
Australia, this study provides a unique international
opportunity to study the potential role of helmets in
preventing head and brain injury and to provide some
additional guidance on helmet protection.

Methods

Data for pedal- and motor- cyclist injuries were extracted
from the trauma registry of St. George Public Hospital
(SGH) in Sydney, a level one trauma centre. The SGH is

a 600-bed acute care tertiary referral facility and admits
more than 50,000 patients annually. Data are collected
prospectively on all major trauma presentations and stored
in a purpose built data registry, maintained since 1991.
Data are obtained from a number of sources, including:
ambulance case sheets, in-patient medical records, and
patient interviews. The registry provides comprehensive
physiologic data (including Glasgow Coma Scores — GCS)
and injury descriptions, as well as limited crash descriptors
of certain incident-related factors, including helmet use.
Trauma registry entry criteria required the pedal- or motor-
cyclist to be in a collision of greater than 30 km/h or to
have an altered physiologic state at presentation, eg. GCS
less than 14 or multiple fractures (Appendix A).

In this case series study, all pedal- and motor- cyclists who
were admitted to SGH for primary treatment of injuries
sustained during a road crash, and fulfilling the trauma
registry entry criteria during an eighteen-month period
between July 2008 and December 2009 were selected.
Non-identifiable data were provided for analysis. This
study protocol was approved through an institutional ethical
review process at the University of New South Wales.



Injuries were coded according to the Abbreviated Injury
Scale (AIS) 2005 Revision [34]. The overall injury
severity for each cyclist was measured by both the Injury
Severity Score (ISS) and the New ISS (NISS) [34]. For
each case, the main body region of injury was identified
by SGH staff and information on all injuries was recorded.
Information included body region, nature of injury (e.g.
fracture) and AIS code including severity. Cases were

also coded using the following dichotomous indicators,
with a focus on head, face and specific intracranial (IC)
injuries: concussion; IC injury (including concussion); skull
fracture; base of skull fracture; facial fracture; cervical
spine fracture or dislocation; upper limb (UL) injury of AIS
severity > 2; lower limb (LL) injury of AIS severity > 2;
and, trunk (thorax, abdomen, pelvis, lumbar and thoracic
spines) injury of AIS severity > 2. Included in the IC
injury category were: forms of intracranial haemorrhage
(subdural, epidural etc), contusions and diffuse axonal
injury. If a case had more than one injury meeting the
criterion, e.g. a subdural haemorrhage and concussion, it
was counted only once in the category IC injury (including
concussion). It is important to note that concussion is not
DAL DALI has a severity of 4 or 5 according to AIS 2005,
whereas, concussion is typically AIS 1 or AIS 2, and in
cases with loss of consciousness of between one and six
hours, is AIS 3.

Statistical analyses were performed using SPSS (Statistical
Package for the Social Sciences) Version 20 software.
Descriptive statistics were calculated. Logistic regression
was used to assess the associations between the three
outcome variables head (excluding face) injury as the
main region of injury, concussion and intracranial injury
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(including concussion) and predictor variables helmet

use, age, gender, upper limb injury of AIS severity > 2,
lower limb injury of AIS severity > 2 and trunk (thorax,
abdomen, pelvis, lumbar and thoracic spines) injury of AIS
severity > 2 [35]. A backward Wald method was used to
include predictor terms in the model. Age was also assessed
represented by a dichotomous variable (< median age, >
median age). The associations between upper limb injury
of AIS severity > 2, lower limb injury of AIS severity > 2
and trunk injury of AIS severity > 2 and helmet use were
assessed using logistic regression. For pedal cyclists and
motorcycle riders, an independent samples Mann-Whitney
U test was applied to assess differences in the distribution
of age, GCS, ISS and NISS for helmet wearers and non-
wearers and a Pearson Chi-squared test was conducted to
assess differences in the distribution of head (excluding the
face) AIS injury severities. Statistical significance was set
at p<0.05.

Results

A total of 220 motorcycle riders, six motorcycle pillion
passengers and 137 pedal cyclists met the study’s inclusion
criteria. Approximately eighty percent of patients wore a
helmet at the time of the crash: 195 motorcyclists riders and
passengers (88.6%) and 87 pedal cyclists (63.5%).

Demographics

The age distributions for the samples of motorcycle riders
and pedal cyclists compared to equivalent NSW state-
wide casualty data for a similar time period are shown in
Figure 1 [16, 17]. The median age of the 220 motorcycle
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Figure 1. Distribution of (a) pedal cyclists and (b) motorcycle riders by age group
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Table 1: Distribution of head and cervical spine injury severity by two-wheeler type and helmet use

Motorcycle rider (n=220) | Pedal cyclist (n=137)
No Helmet Helmet No Helmet Helmet
AIS n % n % n % n %
severity
0* 17 57 152 80 20 40 57 66
Maximum
AIS for 1 0 0 0 0 0 0 0 0
Head (excl. 8 27 31 16 |26 52 28 32
face)
3-5 5 17 7 4 4 8 2 2
Total 30 100 190 100 |50 100 87 100
0 29 97 185 97 47 94 85 98
Maximum
AIS for 1 0 0 0 0 0 0 0 0
ge.mcal 2 13 3 2 |3 6 0 0
pine
3-5 0 0 2 1 0 0 2 2
Total 30 100 190 100 |50 100 87 100
* An AIS=0 means no injury to that body region
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riders was 28 years (inter-quartile range (IQR): 22-39). The
median age of the 137 pedal cyclists was 30 years (IQR:
16-45). Eighty-three percent (83.2%) of pedal cyclists and
94.1% of motorcycle riders were male. Three of the six
motorcycle pillion passengers were female. The median
ages for unhelmeted and helmeted motorcycle riders were
22.0 years and 30.0 years, respectively. The median ages
for unhelmeted and helmeted pedal cyclists were 21.0 years
and 36.0 years, respectively. The age of the unhelmeted
pedal cyclists (p=0.010) and motorcycle riders (p=0.000)
was significantly lower than their helmeted counterparts.

Profile of head and neck injuries

Due to the small number of motorcycle pillion passengers
and the potential differences in related injury mechanisms,
only data for motorcycle riders are considered further. Table
1 presents the distribution of head and cervical spine injury
severity by cyclist type and helmet use. It can be seen that
a higher proportion of helmet wearers have lower severity
injuries compared to non-wearers. A Pearson Chi-squared
analysis of the AIS distribution by helmet use found a
significant difference for maximum head (excluding the
face) AIS severity for motorcycle riders (Chi-square=11.71,
df=4, p=0.02) and pedal cyclists (Chi-square=12.08, df=4,
p=0.017). Non-helmet wearers had the higher severity
injuries; for example, the maximum AIS head injury
severity for 65.5% of pedal cyclists wearing a helmet was
zero (no head injury) compared to 40.0% for non-wearers.
Cervical spine injuries were few and not greater than an
AIS severity of three for all pedal cyclists and motorcycle
riders.
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Helmet effectiveness

Table 2 presents the frequencies of discrete injuries by
cyclist type and helmet use. Table 3 presents the results

of the binary logistic regression for discrete head and
brain injuries. There was a significantly lower likelihood
of a pedal cyclist experiencing a head injury (Exp(B) =
0.21), concussion (Exp(B) = 0.46), or IC injury (including
concussion) (Exp(B) = 0.33) associated with wearing a
helmet. The results also show that there was a significantly
lower likelihood of a motorcycle rider experiencing a head
injury (Exp(B) = 0.35), IC injury (Exp(B) = 0.34), but not
concussion, associated with wearing a helmet.

Logistic regression analyses found no significant
relationships between helmet use and the following
variables: upper limb injury (AIS > 2), lower limb injury
(AIS > 2) and trunk injury (AIS > 2).

Because of the low number of cases with fractures (skull,
facial, base of skull and cervical spine), no hypothesis
testing regarding these specific injuries and helmet use
was undertaken. There were six skull or base of skull
fractures amongst motorcycle riders and eight amongst
pedal cyclists. There were seven facial fractures amongst
motorcycle riders and seven amongst pedal cyclists. There
were no cases of DAI amongst the pedal cyclists, regardless
of helmet use. There were six cases of DAI amongst the
motorcyclists, two of whom did not wear a helmet. In each
of these cases the adult motorcyclists suffered multiple
severe head injuries with a maximum AIS head injury
severity of either four or five.

Table 2: Frequencies of cases with specific injuries by cyclist type and helmet use

Motorcycle rider Pedal cyclist
No Helmet Total No Helmet Total
Helmet (n=190) (n=220) Helmet (n=87) (n=137)
(n=30) (n=50)
Head Injury (as main body 8 21 29 30 21 51
location of injury)
Concussion only 8 31 39 25 28 53
IC Injury (including concussion) 13 39 52 30 30 60
Upper Limb (AIS > 2) 7 49 56 8 23 31
Lower Limb (AIS > 2) 4 36 40 4 10 14
Trunk (AIS > 2) 6 27 33 4 6 10
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Table 3. Results of binary logistic regression for head injury as main location of injury, concussion only and
intracranial injury (including concussion)

Exp
Tnjury Variables B SE. Wald  dr Sig, {B) 95% CI for Exp(B)
15.81
PC Helmet -1.56 0392 k 1 <06 ] .21 0.067 0453
UL AIS=2 -1.048 0522 4022 1 (1.045 0351 0126 0,977
Conslant 0,636 0312 4161 1 0,041 1.89
Head Injury
MC Helmet -1.061 486 4762 1 0,020 0346 0.134 i U8
ULAIS=2 -1.2%1 0,639 4008 1 (1,045 0278 0,079 0,972
LL AIS=2 -1.272 0.764 2012 1 (.05 0280 0063 1.253
Comstant “Ahn3d 044 2082 1 0149 .33
PC Helmet ) T86 0.367 4601 1 0.032 0456 0.222 (934
Constant 0041 0286 02 1 (188G 1.042
Concussion
MC Helmet 086 0454 36 1 0,075 0,423 0,064 1,092
ol Median Age .67 0,382 3TE 0 (.07 1.954 0,924 4.132
Constant -1 186 0431 7584 | {1,006 0,306
Intraeranial PC Helmet -1.0%9 0.37 582 1 0.003 0333 016l 0.6EE
Injury Constant 0457 0,293 2427 1 011e 1.579
(including M Helmet -1.0%5 41 T3 1 {0,008 0.338  0.151 0.754
COCUSSION ) Constant 268 .368 .53 1 (1467 L7635

Table 4: Comparison of GCS at admission, ISS and NISS by two-wheeler type and helmet use. The medians and
IQRs are presented.

Motorcycle rider Pedal cyclist
No Helmet Helmet No Helmet Helmet
Median IQR Median IQR Median IQR Median IQR
Initial GCS 15 14-15 15 15-15 15 14-15 15 15-15
ISS 8 4-21 5 2-9 5 3-9 5 2-6
New ISS 9 4-29 5 3-9 6 3-9 6 3-9
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Table 4 presents GCS on admission, ISS and NISS for
pedal cyclists and motorcycle riders. Mann-Whitney U
tests showed that the distributions of GCS (p=0.002),

ISS (p=0.004) and NISS (p=0.007) for motorcycle riders
were significantly different between helmet wearers and
non-wearers. GCS was slightly higher (more normal) for
helmeted motorcycle riders and the ISS and NISS were
higher (worse) for unhelmeted riders. Mann-Whitney U
tests showed that the distribution of GCS for pedal cyclists
was significantly different between helmet wearers and non-
wearers (p=0.001). GCS was slightly higher for helmeted
pedal cyclists. There were no differences in the distribution
of ISS and NISS for pedal cyclists by helmet use.

Overall pattern of injuries

The most frequent main body region of injury for all
motorcycle riders was the upper limb (28.2%) and for

all pedal cyclists the head (37.2%). The shoulder girdle

in particular accounted for 16.8% of all motorcyclist
injuries. The most frequent main body region of injury for
unhelmeted motorcycle riders was the trunk (30.0%) and
for helmeted motorcycle riders the upper and lower limbs
were equal (29.5%). The most frequent main body region of
injury for unhelmeted pedal cyclists was the head (60.0%)
and for helmeted pedal cyclists the upper limb (33.3%).
Examples of the more severe spectrum of non-head injuries
for motorcycle riders were leg amputation, haemothorax
and bilateral pulmonary contusions, and for pedal cyclists
fractured patella and tibia, fractured ribs, fractured clavicle
and haemo-pneumothorax. Table 2 also presents the
frequency of upper limb, lower limb and trunk injuries of
AIS severity > 2, whether or not they were identified as the
main body location of injury.

Ratios of the frequencies of head to upper limb injury as
main body region of injury for unhelmeted and helmeted
motorcycle riders were 1.33 and 0.39, respectively, and

for pedal cyclists 7.5 and 0.72, respectively. Ratios of

the frequencies of any intracranial injury (including
concussion) to any upper limb injury (AIS severity > 2)
for unhelmeted and helmeted motorcycle riders were 1.86
and 0.80, respectively, and for pedal cyclists 3.75 and 1.30,
respectively.

Discussion

This study shows that helmets are associated with a large
reduction in the likelihood and severity of head injury.

In particular, the study provides an evidence base that
demonstrates the benefits offered by helmets in reducing
brain injury and contradicts the related arguments of anti-
helmet advocates.

The age distribution of riders presenting to SGH was
similar to the statewide distribution of pedal- and motor-
cycle casualties for 2008 and 2009 combined [16, 17]. The
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proportion of pedal cyclists and motorcycle riders wearing a
helmet in this case series was also comparable to the Centre
for Road Safety data, but slightly lower than reported

in casualty cases in a similar period [16, 17]. Therefore,
there is some justification for considering that these results
are applicable to a wider population of two-wheelers in
NSW. There were differences in the age characteristics of
helmeted and unhelmeted pedal- and motor-cyclists, with
those wearing helmets tending to be older. This is consistent
with the Boufous et al study of pedal cyclists data from the
Australian state of Victoria [18].

Results from this study show that wearing a helmet is
associated with significant reduction in the likelihood and
severity of head and intracranial injuries in injured cyclists
attending a major trauma centre, as previously reported in
the literature. The gross estimate of the reduction in head
injury likelihood for pedal cyclists associated with wearing
a helmet was 79% and is similar to earlier assessments [1,
8, 36]. The inclusion criteria provide at least a baseline

that indicates that the more severe head injury cases are
not being compared to very trivial crashes. By examining
specific intracranial injuries, the study also demonstrated
that helmets were associated with the prevention and/

or reduction in the severity of brain injuries. There was

a reduction of intracranial injury by 66% associated with
wearing a helmet for both motorcycle riders and pedal
cyclists. Because of the claims made by anti-helmet
campaigners that helmets cause DAL it is important to note
that no pedal cyclist was diagnosed with DAI [37]. If the
claim was made on the erroneous conflation of concussion
with DALI, then it must be highlighted that helmeted pedal
cyclists had a reduced incidence of concussion. Those
motorcyclists diagnosed with DAI suffered severe multiple
brain injuries; most likely indicative of the head impact
severity. Associated with helmet use was a non-significant
decrease in the frequency of concussion for motorcycle
riders and a significantly lower likelihood of concussion
for pedal cyclists; both around 50%. Although this is a
positive result, it also highlights the challenge of preventing
equally well both severe head and brain injury and lower
severity brain injury, such as concussion, with current
helmet designs [38]. The results, and in consideration for
the broader incidence of concussion only TBI’s in this
population, suggest that further development of helmets
should include the objective of reducing concussion. This
objective should not be achieved at the expense of reducing
the protective benefits offered in severe impacts. The study
demonstrates that the use of helmets certified to the relevant
Australian and New Zealand standards is associated with
substantial benefits in terms of head and brain injury
reduction.

The nature of the trauma cases analysed in this case series
will be biased towards injury to multiple body regions due
to the trauma registry selection criteria. The data indicate
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that injured motorcycle riders, particularly unhelmeted
riders, suffered more severe and multiple injuries than pedal
cyclists. For example, median NISS scores were nine and
five, respectively, for unhelmeted and helmeted motorcycle
riders, compared to five and five for unhelmeted and
helmeted pedal cyclists. In the absence of a helmet, head
injuries were the most frequent injury suffered by pedal
cyclists and motorcycle riders suffered most frequently
trunk injury. When motorcycle riders were wearing helmets
the injury burden shifted to the upper and lower limbs and
for pedal cyclists to the upper limb. The results highlight
the need to develop better systems for protecting the

pedal cyclists and motorcycle riders, including personal
protective equipment (PPE) that protects the limbs and
trunk. The potential benefits offered by PPE and helmets
presents opportunities and challenges for manufacturers
and researchers to provide effective products that meet

the ergonomic requirements — mobility, weight, thermal
comfort — for two-wheelers in a range of climates and
riding situations.

Two major limitations of this study are that: the severity of
each crash independent of the injury outcome is unknown;
and, only injured cyclists were sampled and uninjured
cyclists are absent from the data [39]. For example, the
head impact speed, the struck object/s, the impact sequence
and collision partners are unknown. These data are typically
documented poorly or not at all in hospital clinical notes.

In order to examine more specific helmet functions an
in-depth crash study of helmeted pedal- and motor-cyclists
was conducted in parallel to the study reported here. From
a biomechanical perspective, a helmeted rider could strike
their helmeted head in a crash and due to the performance
of the helmet be uninjured and not present to a trauma
centre. Therefore, there is a potential bias towards helmeted
riders presenting with head injuries as a result of more
severe crashes being represented in the sample. The finding
of no significant associations between helmet use and upper
limb injury (AIS > 2), lower limb injury (AIS > 2) and
trunk injury (AILS > 2) is an indication that the helmeted
and unhelmeted cyclists were involved in similar severity
crashes.

Another limitation is that the sample size is not large
enough to consider differences in helmet performance

for different age groups and riding patterns (commuter/
recreational/sport). The specific type of helmet, full-face,
open face, shell or shell-less, was not known and so it was
not possible to assess whether the performance differences
observed between hard shell and ‘foam’ pedal cycle
helmets in Norway occurred in Australia [40]. However, the
majority of pedal-cycle helmets on the Australian market
are micro-shell helmets and the shell-less foam helmets or
hard shell helmets that were available in the early 1990’s
in Australia do not appear to be in circulation [26]. Finally,
the SGH registry only categorises helmet use as "yes’ or
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‘no’. If information on whether a helmet was worn were
not available in the hospital or ambulance notes, it would
most likely have been entered as ‘no’. Data on whether a
helmet came off during the impact, which is also critical in
evaluating its effectiveness, were not available [41].

Notwithstanding these limitations, this study reinforces the
importance of helmets in preventing head and brain injuries
amongst cases with severe enough injuries to warrant
trauma system admission. The study refutes claims made
by some that helmets increase the risk of brain injury. The
study indicates that if helmet-wearing rates in pedal cyclists
increased even further, there would be additional gains

in head and brain injury reduction, as observed amongst
motorcyclists who have a higher wearing rate. The study
highlights the need for programs that increase helmet use
amongst younger motorcycle riders and pedal cyclists.
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Appendix A: St George Public Hospital trauma
activation criteria

TRAUMA TRIAGE ACTIVATION CRITERIA [

The Hospital Trauma Team should be activated if a patient fuifils gy of the following criteria
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