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Impact of a helmet law on two wheel motor
vehicle crash mortality in a southern European
urban area

Josep Ferrando, Antoni Plasència, Miquel Orós, Carme Borrell, Jess F Kraus

Abstract
Background—In Spain, a federal road
safety law went into eVect in the fall of
1992 extending to urban areas the unre-
stricted use of safety helmets by all two
wheel motor vehicle occupants.
Objectives—To assess the eVect of the law
in reducing fatal motorcycle crash inju-
ries; to estimate the number of lives saved;
and to determine changes in the distribu-
tion of severity and anatomical location of
injuries.
Methods—Pre-test/post-test design of all
deaths of two wheel motor vehicle occu-
pants from 1990–92 (pre-law period) and
from 1993–95 (post-law period) detected
by the Barcelona Forensic Institute and
the city police department. Injuries were
coded using the 1990 version of the abbre-
viated injury scale. Poisson regression
methods were used to model trends in
mortality ratios and to provide estimates
of the number of lives saved.
Results—Between 1993 and 1995, 35 lives
of two wheel motor vehicle occupants were
spared, representing a decrease of 25% in
the observed motorcycle crash mortality
in the post-law period when compared
with what would be expected if no such law
had gone into eVect. The proportion of
deaths with severe head injuries was also
reduced from 76% to 67% in the post-law
period.
Conclusions—This study oVers the first
evaluation of a helmet law using combined
forensic and police data in a large south
European urban area where there is wide-
spread use of motorcycles. Our results
confirm the eVectiveness of the helmet
law, as measured by the reduction in the
number of deaths and mortality ratios
after the law implementation. The find-
ings reinforce the public health benefits of
mandatory non-restricted motorcycle and
moped helmet use, even in urban areas
with lower traYc speeds.
(Injury Prevention 2000;6:184–188)
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In the European Union, the burden of traYc
injuries on premature death and disability has
been consistently higher in southern countries
than in northern countries. Among the former,
Spain ranks third in mortality due to traYc
injuries, with 171 deaths per million
inhabitants.1 One feature of Spain crash deaths
is that one out of every four injury cases is an
occupant of a motorcycle or a moped.2 This
contribution is even more salient in urban
areas, where 46% of traYc injury cases involve
two wheel motor vehicle occupants.2 In Barce-
lona, the second largest city in Spain, two wheel
motor vehicle occupants have a sixfold in-
creased risk of an injury compared with car
occupants, with 45% of those attending an
emergency department for a traYc injury being
motorcycle or moped occupants.3 Moreover,
three of every four of such cases are less than 30
years of age, and account for the largest share
of disabilities resulting from traYc injuries4;
this clearly underscores the importance of
motorized two wheel vehicles in the traYc
injury scenario.

Head injury is a very common, as well as
severe, outcome among motorcyclists who
crash and the motorcycle helmet has been the
principal countermeasure for decreasing such
injuries.5–8 Many studies have concluded that
helmets decrease the severity of injury and the
likelihood of deaths,9–21 together with a reduc-
tion in health care costs.10 12 14 15 17 19 21–26 Re-
search has also shown the eVectiveness of laws
requiring the use of helmets by two wheel
motor vehicle occupants for the reduction of
fatalities and injuries in this user
category.18 22 26–29 Nevertheless, most of these
studies have not looked specifically at the
impact of helmet laws in urban environments,
where crashes tend to involve lower speed
impacts and, hence, result in injuries of poten-
tially lower severity.

In Spain, a federal road safety law went into
eVect in the fall of 1992 extending to urban
areas the unrestricted use of safety helmets by
all two wheel motor vehicle users. In Barce-
lona, a previous study showed a beneficial
eVect of the helmet law, but the assessment was
limited to one year after the law and was solely
based on police data.30
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The purpose of the present study was: (1) to
assess the impact of the road safety law in
reducing fatal motorcycle crash injuries in an
urban area where there is a widespread use of
two wheel motor vehicles; (2) to estimate the
number of lives saved by the use of motorcycle
helmets after the implementation of the law;
and (3) to determine changes in the distribu-
tion of severity and anatomical location of
injuries in fatal cases before and after the law.

Methods
The study use a pre-test/post-test design31 to
evaluate the eVect of the law by comparing data
on traYc related deaths among two wheel
motor vehicle occupants before and after
implementation of the law. The study period
compared all deaths of two wheel motor vehicle
occupants from January 1990 to December
1992 (pre-law period) with those from January
1993 to December 1995 (post-law period)
detected by the Barcelona Forensic Institute
and the city police department. The former
provided autopsy information on cause of

death and injury description for all deaths of
two wheel motor vehicle occupants involved in
crashes within the city boundaries. City police
records provided information on the circum-
stances of the crash. Highway police records
were also checked to exclude deaths resulting
from crashes outside Barcelona. Data on the
number of registered vehicles were provided by
the city vehicle registry. Data on vehicle
kilometres and number of motor vehicle
crashes were obtained by the city traYc
authority. Finally, data on helmet use were
obtained from the Catalan Institute for High-
way Safety (L’ús del casc a Catalunya. Barce-
lona: Institut Català de Seguretat Viària,
unpublished data).

The variables considered in the analysis were
demographic (age and sex), user position
(driver or pillion), and the anatomic location
and severity of injury. All injuries were coded
by trained personnel using the 1990 version of
the abbreviated injury scale (AIS).32

Mortality ratios using number of registered
two wheel vehicles, vehicle kilometres, and
number of two wheel crashes as exposure
denominators were computed and 95% confi-
dence intervals (CI) were calculated according
to the exact Poisson distribution Poisson
regression methods,33 were used to model
trends in mortality ratios and to provide
estimates of the number of lives saved attribut-
able to the road safety law. More specifically,
the model allowed the estimation of the
expected mortality ratios for 1993–95 based on
the observed trends for the 1990–92 period
(pre-law period), and then allowing for the cal-
culation of the diVerence between the number
of observed and expected deaths for the
1993–95 period (post-law period). Statistical
analyses were performed using the SPSS
software package.34

Results
The total number of motorcycle and moped
occupant deaths during the study period was
280. Most of these deaths involved men (85%),
motorcycle drivers (85%), and young riders: 25
years (SD 12.4), without any significant diVer-
ences between the pre-law and the post-law
period (table 1).

The number of fatalities decreased from 60
in 1990 to 32 in 1995. Mortality (95% CI)
decreased annually, from 49.6 (37.9 to 63.8)
deaths/10 000 000 two wheel kilometres in
1990 to 26.2 (17.9 to 37) in 1995 (fig 1). Mor-
tality also decreased, from 33.5 (25.6 to 43.2)
deaths/100 000 registered motorcycles in 1990
to 14.1 (9.7 to 19.9) in 1995. When crashes
were taken into account, mortality declined,
from 6.9 (5.2 to 9.1) to 5.2 (3.6 to 7.4) deaths/
1000 reported two wheel motor vehicle
crashes. Although the inflection of the fre-
quency distribution began in 1993, after the
implementation of the law, it did not become
statistically significant until 1994.

The Poisson regression model, using mor-
tality ratios per number of registered vehicles,
showed that between 1993 and 1995, 35 lives
of motorcycle occupants were spared. This is a

Table 1 Mortality in two wheel vehicle users (Barcelona
1990–95)

Pre-law
(1990–92)

Post-law
(1993–95)

Gender (%)*
Male 141 (82.9) 96 (87.3)
Female 29 (17.1) 14 (12.7)

User type (%)*
Driver 145 (85.3) 93 (84.5)
Passengers 25 (14.7) 17 (15.5)

All 170 (100) 110 (100)

Mean (SD) age* 25 (12.4) 25 (8.2)

*Not significant.

Figure 1 Mortality trends among two wheel vehicle users, Barcelona, 1990–95. Mortality
ratio (a) = × 107 vehicle km; (b) = × 105 two wheel vehicles; (C) = 103 two wheel crashes.
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Figure 2 DiVerences between post-law fatality ratios observed and expected (by a Poisson
regression model: log (ratio) = 1.309−0.1039 (year)), Barcelona, 1993–95.
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total decrease of 25% in the observed motorcy-
cle crash mortality in the three year period after
helmet law implementation compared with
what would be expected if no such law had
gone into eVect (fig 2).

The proportion of motorcycle deaths show-
ing no injuries or low severity injuries (maxi-
mum AIS (MAIS) <2) to the head increased
from 8.1% in the pre-law period to 17.3% in
the post-law period. Similarly, the proportion
of deaths with severe head injuries (MAIS =
3–4) was reduced from 76% to 67% in the
post-law period (table 2). The distribution of
injuries by anatomic region also changed in
both periods, with a 24% post-law decrease in
the proportion of deaths in which the head was
the region most severely injured. In the
post-law period, however, other regions, such
as the thorax, had a higher contribution to the
most severe injuries. Mean injury severity score
was higher in the pre-law period (25.8) than in
the post-law period (31.3) (table 2).

Expectedly, and as a consequence of the
reduction in the number of two wheel motor
vehicle occupants dying as a result of a head

injury in the post-law period, there was in
increase in proportion of fatal cases with more
severe injuries (AIS >4) in anatomical regions
other than the head, such as the thorax and the
abdomen (table 3).

Discussion
This study oVers the first evaluation of a motor-
cycle helmet law using combined forensic and
police data in Barcelona area where motorcycle
use is widespread. Our results confirm the eVec-
tiveness of the helmet law, as measured by the
reduction in the number of deaths and in
mortality ratios after law implementation. The
fact that mortality per motor vehicle crash
decreased less than mortality per vehicle and per
vehicle kilometre is due to the fact that the
number of crashes involving two wheel motor
vehicles in the post-law period increased less
than the number of such vehicles as well as the
number of vehicle kilometres.

Our study indicates that the introduction of
the road safety law was followed by a 25%
reduction in the expected relative mortality
among two wheel motor vehicle occupants in
the subsequent three year period. Despite diY-
culties when comparing these results with
similar interventions reported for other set-
tings, these results are consistent with what has
been observed in the US states where a helmet
law has been passed, reductions ranging from
42% and 66% in Louisiana,22 37.5% in
California,19 and 12.6% in Texas.27 Conversely,
motorcycle crash mortality increased by 40%
as a result of the derogation of the law,28 29

which was again followed by a new decrease of
38% in states where the law was reintroduced.26

The results are also consistent with a previous
study that showed a beneficial eVect of the hel-
met law in Barcelona,30 although the assess-
ment was limited to one year after the law’s
implementation, and did not look at injury dis-
tribution and severity.

The results indicate that the helmet law
seems also to have contributed to a reduction
in head involvement in fatal cases, as indicated
by the increase in the proportion of fatalities
without any head injuries, as well as the
decrease in the proportion of fatalities in which
the head was the region with the highest sever-
ity. This is consistent with studies reporting
that mortality among motorcycle users attrib-
utable to head injuries decreased after the
introduction of a helmet law.8 35 Similarly, like
in Barcelona, other studies have found that the
introduction of such a law resulted in a 22%
reduction in severe head injuries (AIS = 3),26 a
57% decrease in emergency department ad-
missions with severe head injuries (AIS = 4),24

a 20% decrease among fatally injured riders
with severe head injuries,19 and a 34%
reduction in subsequent impairments resulting
from a head injury.36

The fact that in Barcelona, mortality has
been shown to decrease in the post-law period
after taking into account exposure (defined
either in terms of two wheel motor vehicle kilo-
metres, number of licensed vehicles and
number of crashes, together with the lesser

Table 2 Head injury severity and anatomical region with
most severe injury in two wheel vehicle user deaths
(Barcelona 1990–95); results are number (%)

Pre-law
(1990–92)

Post-law
(1993–95)

Head injury severity*
MAIS = 0–2 13 (8.1) 18 (17.3)
MAIS = 3–4 122 (76.3) 70 (67.3)
MAIS = 5–6 25 (15.6) 16 (15.4)
Total 160 (100) 104 (100)

Mean MAIS** 3.7 3.7
Anatomical region with most severe injury*

Head 117 (73.5) 58 (55.8)
Chest 26 (16.7) 33 (31.7)
Abdomen 9 (5.6) 12 (11.5)
Other 8 (4.2) 0 (0)
Total 160 (100) 104 (100)

Mean injury severity score*** 25.8 31.3

*p<0.01; **non-significant; ***p<0.05.
Neck, face, upper and lower extremities, spine, external are not
shown due to lack of cases in those categories.

Table 3 Most severely injuries to anatomic regions in two wheel vehicle use deaths; results
are number (%)

Anatomical region*

Pre-law (1990–92) Post-law (1993–95)

Total injuries AIS >4 Total injuries AIS >4

Head 392 (100) 109 (27.8) 239 (100) 59 (24.7)
Chest 167 (100) 62 (37.1) 186 (100) 77 (41.3)
Abdomen 115 (100) 35 (30.4) 118 (100) 41 (34.7)

*p<0.05.
Neck, upper and lower extremities, and external are not shown due to lack of cases in those cat-
egories.

Figure 3 Mortality trends and prevalence of helmet use, Barcelona, 1990–95.
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involvement of head injuries after the law) is
consistent with the protective eVect of an
increase in helmet use by motorcyclists.
However, compliance with the law remains a
critical issue. Although limited, there is only
partial evidence indicating that the motorcycle
helmet law in Barcelona was associated with an
increase in helmet use. In 1992, before the law,
the prevalence of helmet use in the city was
about 36%. It increased to 90% in 1993 (L’ús
del casc a Catalunya. Barcelona: Institut Català
de Seguretat Viària, unpublished data) (fig 3).
Most studies evaluating the impact of helmet
laws have shown a substantial increase in
helmet use after its implementation.18 23 26 The
increase is greater when such laws are
mandatory28 and less when only
voluntary.22 23 30 37

In the post-law period, other anatomical
regions such as the thorax and the abdomen
showed a greater relative contribution to more
severe injuries. This is similar to what has been
reported elsewhere,19 although some studies
point out that the severity in those regions was
similar between those who wore a helmet and
those who did not.11 12 The importance of more
intensive eVorts towards the prevention of tho-
racic and abdominal injuries has been raised by
some authors.11 In Barcelona, the contribution
of spine injuries with a higher severity did not
vary substantially after the road safety law. This
reinforces the observation that the use of
helmets does not increase the risk of spine
injuries.5 11–13 17 26 38

In our study we found that the overall injury
severity, as defined by the injury severity score,
was higher in post-law than in pre-law deaths.
This is likely due to a higher seriousness of the
crashes leading to death in the post-law period.
Unfortunately, we could not verify this hypoth-
esis since we don’t have information about the
characteristics of the crashes.

Our results are based on analyses of forensic
data, allowing for inclusion of all deaths,
because traYc deaths beyond 24 hours after
the crash are generally not identified in police
records. No data were available on hospitalized
motor vehicle injury cases. Social, environmen-
tal, or regulatory diVerences between pre-law
and post-law period (other than the helmet use
law) may have accounted for a portion of the
reduction in fatalities. This might in part
explain why the reduction observed was more
important in the second year after the law,
despite an apparent high use of helmets in the
first year. Even so, it is not known whether such
high use was homogeneous in the population,
or if it took longer to obtain high use levels
among subgroups of motorcycle riders at a
higher risk of a crash. Moreover, the actual
enforcement of the use of helmets complying
with European standard regulations did not
begin until 1994.

We could not identify any significant changes
in legislation, weather conditions, traYc vol-
ume, or other factors that would have signifi-
cantly altered exposure to a crash or subse-
quent injury. We have observed a greater
reduction of crashes in the post-law period in
two wheel motor vehicles (20%) than in cars

(17%). This finding reinforces the role of the
road safety law in the decrease of traYc crashes
in two wheel motor vehicle users. Changes in
the criteria for case inclusion, or in the quality
of the data recorded throughout the study
period did not occur. Thus, the absence of
other major environmental events that could
potentially explain the observed decrease in
mortality supports our conclusion about the
benefits of the helmet law in Barcelona.

The findings of this study reinforce the pub-
lic health benefits of mandatory, non-restricted
motorcycle helmet use, even in urban areas
with lower traYc speed intensity. Such benefits
are even more salient on traYc mortality in
areas with a high use of two wheel motor vehi-
cles, as is the case for Barcelona. This
underscores the importance of maintaining
high levels of helmet use through permanent
enforcement and education. Countries in the
European Union that still apply restricted hel-
met laws, such as Italy, Belgium, Germany, and
the Netherlands, should seriously reconsider
their current policies and extend the compul-
sory use of helmets to all two wheel motorcycle
riders, even in the case of low speed mopeds
riding in urban areas.

The authors wish to express their appreciation for the contribu-
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script preliminary review: X Vilaró and O Comabasosa (Guar-
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Pública, Barcelona), Dra T Tortosa (Institut Anatòmic Forense,
Barcelona), A Riu (Dirección General de Tráfico), and L
Thorson. This study was supported in part by the Southern
California Center for Injury Research and Prevention at the
UCLA School of Public Health.
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More from the journals

A letter by John Lott of the Yale University School of Law appeared in the March 1 issue of
JAMA criticizing a paper by Wintemute on firearm violence prevention. Lott claims that
Wintemute’s description of the research on laws regarding concealed handguns and other
gun laws is inaccurate. He asserts that 14 studies have found that concealed handgun laws do
not reduce violent crime and that no national study has found a significant adverse eVect of
right to carry arms. The letter concludes that state waiting periods either increase violent
crime or have no eVect (JAMA 2000;283:1137).

In a paper published in the BMJ, a team under the direction of Ian Roberts concludes that of
279 randomized controlled trials involving head injuries, most are seriously flawed because
they are “too small and poorly designed to detect or refute reliably moderate but clinically
important benefits or hazards of treatment”. The authors add that “Limited funding for
injury research and unfamiliarity with issues of consent may have been important obstacles”
(BMJ 2000;320:1308–11).

Editors note: I strongly suspect that the same finding would apply to most other injury
related topics, and probably most trials in other areas as well. InsuYcient power is a preva-
lent failing in all too many studies.

In the US pedestrian fatalities are 36 times higher, and bicycling fatalities 11 times higher,
than those of car occupant fatalities per km traveled. But the Netherlands and Germany have
much lower fatality rates; pedestrian fatalities per billion km walked are less than a 10th as
high, and bicyclist fatalities are only a quarter as high, as in the US. Over the past two dec-
ades the Netherlands and Germany have undertaken a wide range of measures to improve
safety: better facilities for walking and bicycling; urban design sensitive to the needs of non-
motorists; traYc calming of residential neighborhoods; restrictions on motor vehicle use in
cities; rigorous traYc education of both motorists and non-motorists; and strict enforcement
of traYc regulations protecting pedestrians and bicyclists.

Editors note: I found this while browsing the Listserver, Pednet. I was surprised because I
had assumed that the strong pedestrian safety movement in the US would have achieved bet-
ter results than what I have seen in much of Europe. This, and other equally valuable mate-
rial related to pedestrian safety, can be found at the Victoria Transport Policy Institute web
site: www.vtpi.org. Tod Litman is the genius behind this initiative (Pucher J, Dijkstra L,
Making walking and cycling safer: lessons from Europe. Transportation Quarterly 2000;54(3)).
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