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INTRODUCTION

In Ansiralia, the mandatory helmet weanng legizlation for ke yelists was first infroduced m Victona
Tuly 1220, and other states and temtonies mirodneed cornpulzery helmet weanng m 1991 and 1992, In
Western Ausiralia the helrmet weanng lemslahon was nwoleed 1n Taruary 1992, bat was only made
effeciive frorm Maly 1992, & six-month phasing in peniod was then applied dunng wlhich infnmgement
nefices wwmed for not weanng a bicyele helmet were cancelled it the recipient prosnded proet of purchase
of 4 helrnet wittan 14 days.

The intention of the bicyole helmet legislation was fo mereaze helnet weanng rates and thus reduce the
nsl of head 1njury to bieyehsts 1rselwed mn road erashes. Four epidernid ogcal stadies - two n Austraha
and cne 1n eachof the Uroted States and the Uhated Kingdorn - found that the weanng of leyele helrnets
had resalted 1n reductions m the nzl of head 1ngury of between 4594 and 25% (Thotnpeon, Fivara &
Theenpeon, 1939, MoDenrnott, Lane, Brazenor & Debney, 1993; Malrans, Sornrners, Browng &
Palrer, 1994; Thotnas, Acton, Tixen, Bathstutta, Pitt & Clatle, 1994).

Since the miroduction of the rmandatory kelmet weanng legslation, four Awiralian states have exarnined
1tz effectiveness m reducing head myury to bicyeliztz. In Victona, evaluations of the helmet weanng law
were tade i each of the first four years following itz infroduchon. Uking regression analysis, the
shadies i the first tao poet-law years fonnd a statizheally significant reduction in the manber and
proporion of head irgunes among hospitahzed bicychstz (Carneron, Heiman & Merger, 1992; Finch,
Mewstead, Carneron & Vulean, 1993). The evalnation of the first three years of helret legslation
reported conflicing data from the logstic regression analyaz meodelling the proporhon of seserely
njured crash-imvolved bicyclists with a head mjury. Bor bic yeliste injued in crashes not involving a
rnctor vebicle, head myury rates were sigrafic antly lower than the pre-law lesel m sach of the thres post
law years. For loyelists irgured i crashes involinng a moter wehacle, no additional benefit of the law



over pre-law rends i reducing head ingury rates swas found in the three post-la w years using hospital
admizsicns data, while an analyziz of meurance clairns data showed bieyehist head mjury rates
sigruficantly below pre-law frend predictions n the second post -law year coly (Mewstead, Carneron,
Gantzer & Finch, 1924). The final Victonan study | anal yaing the effects of the first four years of the
helrnet weanng legislation, undertoolt some prelirinary analyzes of the hospital admizsions data, which
suguested the apparent nereaze in bicyrelist adrassions to hospotal m the thard and fourth years atter the
lemslation was most ilely the readt of changes in the fundine ammangerments for publicly funded
heeputals. A fter comecting the hoepital adrmissions data dowmwards for these years downwards o
rernove this effect, a roulbvanate tirne senes analysiz of the nurnber of head-mured Weyclists indicated
that there had beena statistically sigraficant mduchon of 40% 1n the menber of head-ingured bacyelizts
admiited to hoepital across Victona cormpared with pre-law frends (Carr, Slalova & Cameron, 1995).

In ofher states, the evaluations of the cornpnlzory helmet seanng legislation were lesz sophisticated in a
statiztical zense. In South Ausiralia, Marshall and Whate (199 4) conducted an analyzis of hoepital
admizsions i South Australia i the year irnediately before the legislahon cornpared with the year
inrnediately after and for the two years before and too years after. After accounhing for exposure and
changing hospital adrmizsion prachices wath respect o concussion, they found that the use of icycle
hielrnets was lindved to 12946 and 25% dec reazes 1n hospital adrzsions for oyeing rjunes which were
potentally prevertable by the use of a bieycle heliet. In Tew South Wales and (ueensland, an analyaiz
of hoepital data shosred that head 1nunes to beyelists had decreazed relafively mere than other myunes
suztained ower the penod when cormprlzory helret weanng was infreduced (Willlams, 1925; King &
Fraing, 1974).

Robinson (1996a) and Robmson (19261 have challenged the results of the evaluations of the

effes tveress of the bic yele helmet lemslation in redw g the nurnber of bieyelists with head mjury.
Eobimson | 19946a) re-exarmined the myury data for Victona and showed that the percenta ge of bie e hist
and pedesinians suffernng head 1njunies when hat by motor sehicles followed sioilar, reducing trends. She
anguested that these frends ray have been canzed by the major road safety ratiatives directed at
spesding and dnnle-downg, which were miroduced at the zame fime as the helrnet weanng law, and
argied that the reduchon m cyeling following the indreduction of ¢ orpnlzory helnet weanng may have
generated a net loss of health benefits az a result of the helmet law. After exarnining injury data for
different states, Bobinzon (1926b) questicned the results of the studies clammyg head mjury reductons
tollowing the mitoduchon of the helrnet weanng legzlahion. He discuszed vanous shoreormnings in the
evalnaticns, in partienlar noting the sirnilar, longer termn trend in the reduction of the proporion of head
mjunes for pedesinans and Wcyeliztz in Western Ausitalia and the difficultier in attnbuiing changes m
I ury Tates over tirne to arny one parbenlar factor when 2o many other factors were alzo changing,

The purpeee of this prezent smdy was to conduct an econctnie evalnation of the mandatory helmet
weanng legslation 1n Western Ausiralia. The study had two main objectives. First, the effectveness of
the helmet weating law n reducing head mjunes to o wlists m Westem Australia was evaluated, talane
mmto account frends in head 1njunes to pedesmans (who were ned az a control gronp for beyelists),
Sevond, the cost-effectivencss of the bicyele helmet legizlation wasz exarmned 1n temns of ite costs and
outeornes. The only cagecrnes meluded in the cost-effecivensss analysiz was the change in the nunber of
head munes to beyclists. Other poeable outecmes, such az the mpact of the legelation on cyeling
achwnty and aszoclated changes n physical filness and related hiealth conditicne, were not included m the
analysiz.



METHOD

The study consizted of three parts: (1) the analysiz of the effectiveness of the bicyele helmet legizlation
n redncing the murnber of head injunes to bicyehiztz, (11) the exarnination of the coet o the corenuraty of
the helmet wearing legislation, and (1) the caloulation of the costeffec iveness of the mardatory helmet
weanng legslaton bazed on the findimgs of parts (1) and ().

The econcrnc evaluation was conducted ower the peniod from the stant of the legzlation m 1922 untl
199% which 1= the last year for which hoepifal data on the murnber of head mjunes 1= curmently available.
Choets relating to the helmet weanng leszlation that were meurmed prics to 1992 were meluded az a cost
ofths law Asocietal perspechve was adopted, sdich means that watkan the seope of the study the
ahalyziz meluded all otz (o matter who pays them) and all benefits (no matter seho recerves thern).
Choets were expressed in 1992 fustralian dollars.

Effectveness of the Bleyele Helm et Leglslatdon

Data Bourees

Imjury data waz obtained from the Westem Ausiralian Eoad Inury Database, which 1z 2 databaze
consirhng of linled records of police crash reports and hospital adrmizsion records of toad crazh
cazualties. The stady used only the hospital cormponent of the Boad njury Databasze. Djury data for
lezz zevere levels of mypury (1.2, camalty attendances and GF consultations) was not available 2o these
mjumes conld not be e luded m the evalnation. Bieye liet fatahities who died before being adratted o
heepital were alao not neluded sinee the manbers in a single year were too low to conduct statistical
analyzes.

Eoad uszer type was 1dentified i the Foad Injury Database using the codes for extemal canses of irgury
of the Infernational classification of diseases (ICDP-CW). Bicyclistz were defined az comprnsmg the
followang codes: 81006 to 225 6 and 226,110 229 1. Pedestnare, who were uzed as a control group,
were defined az 81007 to 825 7 and 826.0 1o 822.0,

Using the diagnosis fields m the hospital data, each record was ¢lazaified az roemlnng etther a head mjury
of 1o head mjury az follesmes:

1922 o 1922 For this penod, diaghoses m the hoepital records were clazsified wang the ICT2-Chd
versioh of the International clazsification of dizeazes. A comnputensed conversion table was used to
convert mjunes coded by ICDS -Ch 1nto body regions and myjury seventy levels of the Abbrewated
Injury Scale (AL%). All mgunes coded to the 813 body region of head were counded as a head mmgury.
1979 o 1987 Bor thas penod, diagnoees in the hospital records weere coded acenrding to the ICD-2
versioh of the Intermational classification of dizeases. The compmienized conversion table only mape
trorn the TCTR-C wersion to the ALS, so head 1xgunes wers coded directly frorn the ICD-2 az falling n
the ranges of 800-304, 850-854, 375.0-2735.1, 900 and 250-251.

1971 o 1972 For thiz pened, diagnoees were coded according to the TCT 2 version of the Infematonal
clasmification of diseasez. Head mjunes were coded az the following ranges: 200-204 250-354, 273, 904
and P50-951

If ane of more head wyury diagneses were found i a hoepital recond, then the record was clasafied as
having a head mpury. A1 other moords were classified as not hawing a bead mjury. Two other vanakles
trorn the hoeputal records - gender and age of the casnalty - were alzo nzed n the analysis.



Two indicater vanables were used to reprezent the pre- and poet-lawpeniod when the proenction of the
weanng of teycle helmets started and the pre- and poet-law pencd of the bicyele helmet legzlation.
Prornchon of helret weannge in Western Australia did not eorrnence formally on any parbeular date.
While zotne miner profotional activities tool place in 1984 and 1925, the establishrnent of Bilewest i
1926 waz assumed o be the date that sigmitied the start of the mam carmpaign to promete helmet weanng
In Western Aueiralia. Bilvewest ran a helmet rebate scherne o Decernber 1927 to February 1994, and a
helrnet subsidy scherne was operated through schools betereen 19858 and 1920, The indicator wanables
had two walnes crly: one when the effect wasz operaticnal and zero otherwize,

Statlstheal Methods
Two approaches were uzed o test the effectiveness of the bicyele helmet legislabion in reducing head
1Ty UIIES.

The first method used agoresated data for each year from 1976 to 1998, Least squares regresslon was
uzed to model the rahio of the proporhon of bicyelists with head myury to the properhon of pedestnans
with head injury. Thiz wariable, wath the proportion of pedestians with head irgury in the dencrninator,
was used 1n order to control for the decreazing frend m the proporion of all road weers (neluding
bicyehist: and pedesinans) with head gury (zee Fgure 2.1). Poeable explanations of flos decreasing
trend include changes in moad safety affecting all road user groups, changes in oepifal adrission
procedures, and changes i dia gnostic coding procedures. The propertion of e yelists and pedesinians
with head myury was used m the rrnerator and dencrninater of the rato respechvely, rather than the
rnrnber with head mjury, to control for changes in levels of expoeure for bicyelists and pedestrians. Thas
method of dealing with expoeure was nzed since Elevant mfiorma ion on bicyele use or pedesinian
achnty was not avalable,
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Percemtase of Koad Users with Head Imjury, Western Australa, 1971 to 1998

The explanatory wanables tested i this agoregated data mede] were fine, hme-squared, firne-vubed and
the taro mdicator vanables representing the start of the proenetion of helrmet weanng in 1926 and the
mireduction of the helmet weanng legslation 1n 1992

The model was fitted using the 345 procedure REG (343 Institute, 1920). The forward and bacloeard
steprrize cptions were used whereby explanatory vanables are mtrodnced of remeoved from the maodel
using a set of cntera bazed on the vanable's p-walue. To be considersd in the model, the smnable had to
have a prwalue of 0.3 or less, and a pwalue of leas than 0.1 was required fior the vanable to be lept m the
model.

The sexond approach to testing the effectiveness of the helmet weanng law in reducing head injunes to
bicyehstz need pocled indiidnal data for bieyeliste and pedesinans for 1976 10 1992, Az m the
agoresated data medel, pedestnians were included in the data set to cordrol for the decreasmg trend 1nthe
rnnber of all mad nsers with head injury. Logstic regression was used to model the lehhood of an
mmdirvidual in the data set hawing a head myary. The explanatory vanables meInded in the model were
frne, hrme-squared, the casnalty's age and gender, the mdic ator vanables for the start of helret
proractionand the mtroduc ion of the helnet weanng legslation, and a mad nzer indicator wanable that
differentiated between bicyeliztz and pedesimans. Two interachion terns were alzo meluded: (1) the
nterachon betaresn the road user indicater (le. bieyclist or pedesinan) and the start of the helrnet
prornction carnpaigh, and (1) the interaction between the road wser indicator and the introduchon of the
legzlation. These mieraction vanables toolt on a non-zero value (1.2, one) when the person was a
bicyehizt hoepatalized after the start of the helret promotion carmpaign or after the indroduction of the
helrnet weanng law. The interac ions were designed n fhaz way to deterrane if erther promoting helret
weanng oI the helmet weanng legizlafion had an effect on e yelizte over and abowve any factor affecting
pedestnarns. The model was fitted using the 243 procedure L OGISTIC (345 Inshtute, 1920).

Costs of the Bleyele Helmet Leglslatdon

Costing fram ework
The tollowing costs of the helmet weaning legizlabon were included in the econoric evaluation:

1. public edu afion carmnpal ore,

2. enforcement,

3. the purchasze of helmets, and

4. the admira st ion of the helmet rebate zcheme.

The reason for only meluding the adrinistration coet of the helret rebate scherne, rather than the fotal
cogt, was that rebates svere 1n effect trans fer payients fiom taxpayers to bieyeliste, Thing a socletal
perspe ive, transfer payrnents are not regatded ag a real coet in econcrnie evaluation studies
(Drournrnond, OBren, Stoddart and Tormance, 1997).

The tollowing costs of the helret weanng law were not 1re lnded m the econorme evaluation:
1. mireduc tion of the legizlation,

2. the adrarmstraticn of the helmet subeidy scherne,
3. e spent buying helmets, putting thern on and taldng thern off,



4. teduced ¢ yeling actisty, and
5. mtangible costs,

The costs associated with the introdnction of the bieyele helmet legislation included the establizhoenent of
a worlang comrittes I 1920 o male recornmendations relating to helmet weanng to the Minster of
Police, the timne spent in prormohng and drafting the helmet weanng legislation, and the parhamentary
tirne spent debating and passing the legslation. These costz (excluding the worlang corenites) were
calenlated az approsnately § 100 000 (19928 dollars), which conld be amerised ower the hife of the
lemslation to prowide anrmal equvalent costs. Sinee the magatade of the anrmal equivalent ¢ et weuld
be relatively small and unlilely o male any difference to the study result, thas cost eormponent was
exclnded fmrn the anal yas.

The helrnet subsidy scherne sz operated thoomgh Parent and Citizen aszociations at Westemn fustralian
schools. Subeidies are alao transfer payments, thus only the admimetration eoet should have been

mcluded az a cost of the helmet weanng lemslation, Howesrer, o infonmation was avatlable fo use az the
hazis to caleulate this cost.

Bicyelists spent firne buying helnets and patting thern on and talang thern off. There wraz an
opporturity coet aszociated with fhaz tirne, which conld have been calenlated on the basiz of the average
firne taleen to perfonmn these achinties. The melusion of this type of lost time factor in econcrnie
evalnation studies 12 controversial, however, and for fhae reason this coet was excluded from the analysiz
(Dnenrnond, O'Bren, Stoddard and Tomanee, 1997).

The enforced weanng of tacycle helrets may have resulted in reduced ¢y ling actnty, whichcould have
tesulted in the loss of health benetits from a decreaze in physical actisnty and negatise envirornenental
effectz due to the mereased wee of motor vehicles. The former cnteorne wonld have occurred if pecple
whi cyeled less becanse of the helrnet weanng law did not substitute cther physical actisty for cyeling,
The latter cntecne would have resalted if people who had eycled az a means of transport changed to
nsing private fransport. The magnitude of these costz are potentally considerable, bat sere cutzside the
seope of this stady.

The final cost itern cmitted foom thiz study waz intang ble costz zuch az the loes of freedormn of cholce to
wearl a helmet, Loss of fresdorn of cholee would have led to a welfare loss for these mdindnals whe
were forced to adopt levels of precanticnary behavwionr in excess of their peresived nsle (WVan Cech,
19035, Public health policy mach az the helret weanng legmslation gives pnonty to zocial health and
safety requirenents or the 'sormmen good' rather than to individual self-interest. Thas i= a complex area
fior which cost caleulations would have been extrernely diffic ult.

Data Bourees

Masz media campatgne promoting helinet weanng were conducted betwresn Decernber 1987 and March
1928, m June and Tuly 1922, and again in Decernber 1222, Bilwewest provided estimates of the coet of
these carnpa gns frorn ite financlal records. From 1991, media carnpaigne and other prometional matenal
enc oragnge helrnet wearing were funded through the Boad Traurna Trast Fand. The cost of these
carpalgns were cbfamed frorm the financial records of the Boad Traurma Tmst Fand.

Helrmnet weanng 1= erdoreed by the Bicycle Safety Section of the Westem Australian Police Sernce and
by cther police officers on duty who can apprehend bieyeliste not weanng a helmet. Only the costof
the erdoreerment camed out by the Bieycle Safety Section was meluded in flas stady, Appresinately
40%% of the offences of the Bicyele Safety Section dunng the post-law period were for failing to wear, or



correctly wear, a bieyele helinet. This proporion of the zalary cost of the Bieyele Safety Section was
allacated as the cost of police resourees wzed o exndorce the helmet weanng legslation,

Several assurnptions had to be uzed to appomion a cost of helmet purchases to the beyele helimet
legzlation. The obeervational surveys conducted by the Police, and in one year by Bilvesest, shemred
helrnet wreanng inereasing to arcund 2296 1n the poet-law years. Tt was assurned that this rate of helinet
weanne was mstained through to 1993 for all types of cyelists (Le regular, imegular and occazsional).
The rarnber of all types of bieyelizte wer asmuned to increase at an anrmal rate of 1.5%6, which has been
the popnlation growth rate in Western Ausitralia in the 1990z, A telephone survey conducted m
Septernber 1996 1n 25 stores n Western Australia that sold bicyele helrets asled zales representatives
to egtirnate how often they thought cyelists replaced their helmets. Helmets were estirnated o last for
5.2 years on average. Itwas assurned that only regmlar cyclists, narely thoee wwho eycle at least cnee a
weelr, would replace their helmets dumng the evaluation peniod. A1 heltnets bought before 1992 were
azzurned to have been purchazed wolunfanly (1.e. would have been bonght whether or not the legslation
was ntroduced), while theee bonght m the post-law peniod unhl the heltnet weanng rate levelled off at
arcund 82% in 1923 were bought inwolurdanly. Forty-five percent of the poet-legislation purehases of
nesr [due to popmlation grosrth) or replacernent helmets after 1993 were azsumed to have been bought
voluntarily, This latter azsurnption was bazed on the fact that 379% of bieyelists swere estimated to be
weannge helrnets in 1991, the year befiore the legislation, and this increased to around 82% i the post-law
penied. If1t can be assumed that the cycehists seho were sreanng helmets 1n the pre-law penod bonght
thern voluntanly, then approximately 45%6 of cyelizte (Le. 37/82=459%) wore helmets wolurdanly in the
peet-law period. The coet of helmets srere only included az a eoet of the legizlation for those eyelists
who bonght them involuntanly. In the survey of stores selling helmets, respondents were also asled o
egtimnate the average coot of a helmet, This averags cost wasz $39.00. Thiz cost was azsurned o hawe
applied thronghont the stody penod.

The final cost to be estirnated swas the admmostraton cost of the helinet rebate scheme. Bileswrest
prowided this infommation from it firancial records.

Cost-effectveness of the Bleycle Helmet Leglslatdon

Two meamres of the ¢ cet-effectiveness of the helmet weaning legislation were calenlated: the cost per
head-1rgured ey lizt prevented and the IMet Prezent Value of the bicyele helrmet legzlation, which 1=
calenlated az the discounted walue of the difference between the benefite and coets of an 1rdervention over
the evaluation peniod.  In this study, fiuture benefitz and coets were not included in the stody, thus there
was no need to dizeount. Bernefits and costs were only caleulated until 1922 which wras base year used
fior the calewlations. In ader to convert the rounber of head ingunes (which was the only outecene
rneamured) into a monetary value when caleulating the et Present Value, anaverage coet of a head mgjury
of $76 900 waz applied (Hendne, Mullan & BEyan, 1999).

RESULTS
Effectiveness of the Bleyele Helm et Leglslatlon

Agsresated Data MModel

The rezultz of the least aquares regTession analysiz are presented 1n Table 3.1 The crly variable that
was shown to have a sigroficant effect oo the ratio of the proporhon of bieyelists with a head mjury o
the proporion of pedestnians with a head mpury was the mdicater for the helmet weanng lemzlahon.
Thiz ratio waz modelled az a discontinnons honzontal line, Frorn 19746 to the end of 1971, the modelled
Tatio waz 1.0 (e the proporicn of bieyelists with a head ingury was on average 696 higher than the



proporion of pedestnians with a head mjury). From 19922 cnwards, this modelled ratio decreazed to
0.84 (1. the proportion of bicyelizte wath a head mjury waz on average 16% lesz that the proporion of
pedestnians with a head mgury). The meodel and the real data are shown i Figure 3.1

Tahle 3.1 Least Squares Regresston of Faetors Affectng the Ratle of the Froporton of
Bicyellsts with a Head Injury to the Proportdon of Pedestrtans with a Head Injury

Warlahles Parameter Standard F P
Esfimate Error

Intercept 1.0891 0.0313 1167 .28 n.0001

Indicater for the -0.2248 0.05&¥ 1571 n.o0oy

helrnet weanng

lemslation

Two polnts ale worth noting when companng the modelled ratio wath the real ratio. Firet, a considerable
devreaze i the eal ratio ocowred i 1991, the year before the mtrodne ton of the helmet weanng
legislation.

In thaiz year, the awilable data frorm the obeervational survesys of helret weanng sugoested that the
overall helrnet weanng rate had increased to 379% from 539 in 1990 (calculated from data presented in
Baxter & Malzey, 1920 and Dobbe and Maisey, 1921 respectively). Helmet weanng waz estimated to
hawve mereazed to 7% m 1992 and 23% 10 1993 (calenlated from data presented in Healy and Maisesy,
1992 and Heatheote, 1993 respectively). These post-law increazes in helmet weaning were culy
azzoclated wath relativel y small changes in the rafio of the proporion of cyclizts wath head myury to the
proportion of pedestnans with head injury. Second, in the real data the ratio ofthe proporion of
eyclists with head mjury to the proporion of pedestiians with head injury fluctnated fairly wadely in
the post -law penicd.
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Eaty of Proportdons of Bleyelsts 4o Pedestrians with a Head Inmjury, Westerm Auszrala, 1976 to
1998 (Agoregate Data Model)

The least zquares regression model can be used to eshimate the expected rrmber of bicyehstz with head
myury betwesn 1992 and 1992 if the helnet weanng legslation had net been introduced. By sublracting
the teal munber of bicyelists with head mgury froem thiz expected rrober, an estirnate 12 provided of the
change m the rorober of tieychsts with head mgury due to the legslaton (zee Table 3.2 and Flgure 3.2).
Thiz estirnated change m the rurnber of teyclists with head myury fluctuated - from a reduchon of 71
bicyehiztz with head myury in 1997 10 an increase of 13 1n 1995, Cuerall, between 1922 and 1998 the
rnnber of bicyelizte wath head myury was eshirnated o have decreased by 307 due o the helrnet weanng
lemslation, which mves an average arrmal reduction of head-1rgured heyelists of 44 over the penod.

Tahle 3.2 Estimated Number of BleveHsts whth Head Injury without the Lemslatdon, Real
Number of Bloycllsts with Head Injury, and the Estmated RKeducton in the Number of BleyoHsts
with Head Injury, 1992- 1998 (A ssresated Data Model)

Yiear Estimated Tarnber of Eeal Marnber of Estimated Beduchon
Bicyclizts with Head Bicyclizts with in the Thrnber of Bicyclists
Injury withont the Head Injury with Head Injury
Legizlahon

1992 184 129 S

1993 197 lal 36



1994 223 14% T4

1995 183 196 -13
19%6 234 187 49
1997 236 145 21
1998 210 195 15
Total roarnber 1 462 1 1a2 anv
1992- 1998
Arerage antal 210 146 44
nurnber1®92- 19548
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Eeal Mumhber of BleyeHlsts Hospitallsed with Head Imjury and Modelled (Least Squares) Number
of BleveHsts with Head I'mjury with and without the Leglslaton, Western Auwstrala, 1976 to 1998

Pooled Individual Data Kodel

The remltz of the logizhe regression analyas neing mdindnal data that modelled the hilehbood of
bic e hists and pedestnans hawving a head mjury are presented i Table 5.3, The age vanable was
rernoved frorn the rmodel az it had a p-walue of 06118, The hlehhood of a bieyelist or pedesinan
suztaining a head myury generally decreased over tune (OR=0926) but increased with the ime squared
vanable (OR=1001). Fermales had a lower nsk of sustarang a bead injury (OR=0.225), and ower the 23
weal peniod bieyelist swere more el y o have mistamed a head myury than pedesinans (OR=1.155).



The indicator variables for the start of helmet promotion and the helmet weaning lemslaion were included
n the model becanze of the miteractions. The helmet promotion mdicater was protective (OR=0.259),
which sugoested that bicyehstz and pedesinians az a cornbaned group were at lower nsle of a head 1xgury
in 1986 and in subsequent years after contmlling for all the other vanables in the model. The helinet
legzlation indicater was not proteciive (OR=1.156], which suggests that lacyelists and pedestnans az a
corbined group were at lagher el of a head 1xgury florn 1992 enwards after controlling for all other
vanables.

The mteraction of the road user mdicater (1e. beyelist) and the helmet proemohion ndieator was
protectse (OR=0.586), but waz not sigraficant at the 59 lewvel (p=0.0766). The interaction of the road
nzer ndicater (1.e. ey lizt) and the helmet legslation was also protective (OR=0.752], and was
sigraficant at the 596 lewel (p=0.0001). Tlaz latter mdicated that after controling for tirne, frne squared,
mender, road uzer type (e bleyelist of pedestrian), the start of helroet proenction and the helinet weanng
legzlation, the effect of the mtrmduc tien of the helmet weanng law on bieyelists was to reduce the
lilelheod of a head myury. Thiz finding sugoested that the bicyele helinet legizlation had an effect
reducing the nurnber of headinjured bicyelists in Western Anstralia.

Tahle 3.3 Loglsthe Regression of Factors Affecting the Likelhood of BleyeHsts and
Fedestrlan: Sustaining a Head Injwry

“ariahles Pararneter Standard p Oddz Ratio
Eszfimnate Error

Intercept 03129 00573 n.00o1 -

Time -0.07 &Y nol1z n.00o1 0226

TimE:qulaIE-'d n.0a1n 0.000% 00572 1.001

Crender -0.1224 0.0x04 n.00o1 0285

Indicator fior

Eli-:grclist 0.1443% 00422 0.0006 1.155

Indicator fior

helrnet pI-:pm':-ﬁ':pn -0.151%9 0.0706 0.031e 0259

Indic ator for

hE]metlegislaﬁ-:-n 0.1454 00234 00815 1.15&

Interacticn of

bicyehiztz and

mdicator for

helrnet I:IIGITL':lﬁ.DI'I. -0.1206 0.0&8a 0.0v7es 0.28a

Interaction of

bicyehst and

ndicater for



helrnet legislation -0.2855 0.074% 0.0001 0752

Table 3.4 showrs the esitnated change in the number of bieyeliste with head myury due to the helmet
lemalation calenlated using the indisndnal pooled medel. The estirnated narnber of bacye lists with head
g ury, withont the legislation from 1992 to 1998, was denved from the model equation, and the eal
rnnber of bicye =tz writh head myury was subiracted from these figures. The estirnated reduction in the
rnnber of bieyelizts with head 1ngury was lower wsing this mdividnal pocled data model than the
agoregate data rmodel. Tt was estirnated that 157 fewer bicyelists sustained a head mjury as a result of the
helrnet lemslation from 1992 to 1998, o an average of 20 fewer per year. Flgure 3.3 shows the modelled
rnnber of bieyelizte wath head inury with and without the helmet legizlation and the real munber of
bicyelizts wath head mgury.

Tahlke 3.4 Estimated Number of Bleyclsts with Head Injury without the Leglslatdon, Keal
MNumher of Bloyelsts with Head Imjury, and the Estmated Reducton in the Number of BleyoHsts
whth Head Injury, 1992- 1998 (Individual Pooled Kodel)

Yiear Eshmated Tharnber of Aetual Mharober of Bieyclists Eshmated Eeducticn
Bicyclizt wath Head with Head Injury i the Marnber of
Injury without the Bicyelists wath Head
Legizlahon Injury

JRClci lak 12 ag

ik 121 1al 20

1994 Ire 149 a0

JRClch I'ra 19& -17

1994 129 127 2

1997 195 145 >0

ik 214 195 1%

Total

nurnker

19921998 1303 11a2 143

Averame

Anrmal

Tharnber

1992- 1998 126 16 20
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Eeal Number of Bleyelsts Hospitalised with Head Injury and Modelled (Loglstle Regression)
MNumber of Bievelsts with Head Injury whth and whhout the L eglslatdon, Weasterm Awstrala,
1976 to 1998

Costs of the Blevele Helmet Leglslatdon

Table 5.5 presents the estimated cost of the helrnet weanng legslaticon bazsed on the azsurn phions and
rnethods discussed in Becfions 2.2.1 and 2.2.2. Between 1992 and 1993, the compmlzory heliet weanng
legzlation was esfimated to have cozt $21.6 million. Purchasing helmets cost $20 2 million, or 2495 of
thiz total cost.

Thiz estimate of the cost of the heltnet weanng lemslation was cbwionsly sensitive to the assunphions
tnade about purchaange helrets. For exarnple, if it was assurned that 45%% of the helmets bonght m 1992
and 1995 were bonght wolurtanly and wenld have been bonght without the legislation, then the cost of
buying helrnets decreased to £ 13,5 million and the total cost of the legslation decreazed to $14.2 rallon.

Tahlke 3.5 Estmated Costs of the Blevele Helmet Leglslatdon

et Itemn Expenditure

Foon 2
Public education carnpal gre T2k 34
Police erforcerment 402 2.5

Purchaze of helmets 20214 kA



b Arvpinistration of helrnet
rehate s heme 146 0.y

Total 21581 100.0

* Bztirnated for later years and o be revised.

Cost-effectdveness of the Bleycle Helmet Leglslatdon

Twao meamres of the cost-effeciveness of the helmet weanng lemzlation are shown in Table 5.6, The
cogt-effechveness mio showed a coet per head-rgured cyelist presented of $70 200 if the ageTesated
data rodel wasz nzed to prediet the rnber of head mjunes prevented and §150 200 if the individual
poaled data model sz nzed.

The second measure presented the Met Present Value of the helrnet weaning lemizlation. On the basiz of
the rarnber of head 1nunes saved wsing the agoresate data medel, the et Present Value of the lemzlahon
was egtimated az $2.0 malies If the head injury reductions were estirnated frorn the ndividual pecled
data rocodel | the Iet Present Value wasz estirnated az -5 106 rnillicn. This was a wide range, and was
sensiiive o the underlying assumphons. For exarnple, if the coet of 2 head-mmgured bieyehist 12 assurmned
to ke $45 500 rather than £76 200 - the fonner 12 the coet of 4 moderate head 1nury (as defined by the
Abbreviated Irgury Seale) for a heepitalized road crash camalty - then the Tt Present WValnes fell to -
F7émilionard -$15.1 milhonusing the ageregated data and the pooled mdindual data medels
respectively. Bighty four percent of hoepatalised bicyclists weith a head ingury had a mederate lews] of
mjury seventy (Hendne, Kirew & Cibbe, 1998).

Tahle 3.4 Economic Bvaluation of the Bieyele Helm et Leglslatdon

Cost-etfet men e ratio

ot per head-ingured cpclist prenentad Agmrarats dat roodal F70 300 per haad mjury s=aved
Individual pooled dateroodz] F150 Q00 per head mjury saed

et present valoe
Banafite veinus costs (F) Aggrarts dats roodal 227 O
Individual pooled dateoodsl F-10 584 Gl

DEECUSSI0ON

In fhaz smdy the helnet weanng legslation wasz shown to have rednced the number of head-1rgured
bicwe hzte in the post-law peniod. Uking a method based on agorerated data for each vear, the legizlation
was found to have reduced the rrnber of bicye lists wath head injury by 307 from 1992 to0 1998, An
alternative method based on mdindual lesel data found that the ranber of head-1nured bicye hete had
decreased by 147 due o the legislation ower this period. Depending on which of thess methods was
applied in the econornic evaluation, the cost-effechveress rafio for the helmet weanng leg=lation vaned
trorn $70 300 per head 1rgury zaved to

£ 150 200 per head myury saved. The Met Present Walue of the bicye le helinet legizlation ranged betaeen
F2.0millien and -$10.6 milhon.

A shrength of this study was that it was able fo condrol for the dowmsrard trend m the proporhon of all
toad users with head myury owver the penied. Prewnonz studies have not accounted for thiz simalar, longer



tern trend for all road wser groupe, and may have attributed reductions in the proportion of bieye lists
with head ingury to the helmet weanng legislation when in fact other factors such az a gemeral
wnprovernent 1n road safety aceounted for these trends. The study alzo undertoclt an ecotcen:
evalnation, which enabled coetz and benefits to be azsessed sirnultanecusly. Only two other studies -in
Mew Fealand and Ismel - have conducted econoric evaluatiore of hicyele helet legislation (Ginshers &
Slverbergs 1994 Hansen & Scuffharn, 1995). Heowewer, netther of these econorme evalnations uzed
effectiveness data for helmets eollected fromm their cwn junsdictions. In the Israch stady, Gineberg and
Slverbergs used a rudpoint range of several international estirnates of the effectiveness of helmetz m
redueing roortality and merkidity, while Hanzen and Senftharn m the Tew Zealand study used Seatile
and Victonan data on the effectiveness of bieycle helinets (Thempeonet al., 19829; Finch et .| 1993).

L ditficulty intrying to detennine the effechvernsss of any road safety countenrneasure in reducing the
rnrnber andior severity of irjunies to road users is that the cnly source of roufinely collected mftrmation
In Western Anusiralia prosnding neeful inury detailz 1= the hospital admizsions data collected by the
Health Departnent of Westemn fustralia. Thas study was therefore lirnited bay thisz lack of data on less
severe njunies (1.e. not adrnitted o hoepatal), and the evaluation of the effectivensss of the helimet
weanng legslation was not able to tale 1nfo account any effect of the legislation m reducing the narber
of cyclists mztairing less severe head mjunes not requnng hospital adraszsion. In Victona, Mew South
Walez and Cueensland, motor vehicle personal injury insurers alzo collect reasona e mjury data. Shadies
evalnating the effechvenssz of the bieyele helmet legislation m Victona have nzed this data mn their
analyzes (Carmercn et al., 1992; Finch et al .| 1993; Mewstead etal | 1994; Carr et al., 1925,

In terms of the econcrmic evalnation, the study relied on several assumpticns about the purchasing of
helrnetz, in pathicular with regard to the proporton of helinets that swould hawve been bonght wathout the
lemzlation. The asswrnphicns that swere made wete by necessity arhitary ance Iittle infonmation was
avallable to baze themn on. Estimates of the cost-effec iveness of the helmet weanng lemslation, m
particular the calenlatons of the Met Present Walue of the bieyele helrnet legizlation, were extremely
sensitive to changes in these asswrnptions.

An rnportant Dritation of this study was the namow meamire of outecrne adopted. The crnly ropact of
the bicyele helmet legizlation ineluded in the study was the changs in the enber of cyelists with head
myury. Thiz meant that the evaluation was a partial analysiz only since the enforced weanng of helmets
tnay have resulted 1n reduced ¢ yeling actsnty, which conld have resulted m the loes of health benefits or
negative envirornnental effectz. The health benefits of eyeling hawe been well doournented by Roberts,
Ogen, Lumb and MacDengll (1925,

The findings ofthiz study suppert thoee o fevaluations in other Anstralian states that found reductions
n the rarnber of cyehete with head ingury following the mirodue ion of the bieyele helret legzlation.
The magrnitnde of the decreases sugoested by this study are belowr thoee found by Carr et al. (199511
Victema, Their findings were that the mzpnber of beyelists heeptalized with a head myury had dechined
by 40%; 11 the first four years of the heltnet weanng legislation m Victona. The findimgs of the present
shady sugoested smaller reductions of betwesn 11% and 219% 1 the pnber of bcyelists heepitalized
with a head injury.

The study prowided noclear answer az to whether the helrmet weanng legslabion had been an effective
counteIrneasure Inan econotls sense. There are no establizhed thresholds agamst whach to mea e the
value of a cost-effectiveness rafio mn the range of $70 300 per head-irqured cychist prevented o £150 217
per head-mjured cyelizt presernted, and a decision about its net werth st be made by 2ocial agreermnent
between policy malers and the corenuraty. In menetary terrns, 1t 1z unlilely that the helimet seanng



lemslation would have achieved net zavnings of any sizeable magritade. Under the assurophions ueed
the study, the mest favourable esiimate of the Tdet Prezent Value of the bicyele helmet legizlation was
£2.0 milhon, and thaz caleulation excluded arny coste azsociated wath reduced ¢ yeling achaty.

Lddional stdy of the wider impact of the cornpmlsory helmet legizlation 1= needed to prownde a mere
cornprebensive analysis of the econcroe woplications of the bieyele helrnet legzlation. s safetyirpact
in terrne of potecting bicye lists from mstaining head injunies could be further exploed by extending the
ahalyziz underfaleen in this study i Western Anstralia to a nafional evaluation of the effectiveness of the
coripulzory helrnet weanng legislation in reducing the rrnber of head-irgured bieyclists.
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