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Abstract
Objective—This study analyzes the popu-
lation attributable fraction (PAF) of bicy-
cle head injuries due to non-helmet use.
Methods—The concept of the PAF and
Levin’s formula for its calculation were
used to develop mathematical models for
estimation of: (i) attributable fraction of
bicycle related head injuries in the popu-
lation due to non-helmet use, (ii) expected
proportion of helmeted cases among all
head injuries, and (iii) estimate of the hel-
met use rate in the population based on
patient case information. The PAF was
calculated for a sample of injuries from
Stavanger, Norway.
Results—Levin’s formula was used to cal-
culate the PAF. Two additional math-
ematical models were developed for
calculating the expected proportion of
helmeted cases and the estimation of the
helmet use rate in the population. The
calculation examples for all models were
shown. It was estimated that 133 out of 210
injuries could have been avoided in Sta-
vanger between 1990 and 1996 if all
children aged 0–14 had used helmets.
Conclusions—If applied correctly, the
PAF is a valid and useful indicator for the
population eVects of bicycle helmets. The
models developed in this study may help
to better interpret and predict the popula-
tion eVects of helmet promotion interven-
tions.
(Injury Prevention 2000;6:235–238)
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EVectiveness of bicycle safety helmets to
prevent head injury has been documented in
several case-control studies.1–4 Helmets reduce
the risk of bicycle related head injury by
60%–90%.1 2 Still, many bicycle riders do not
wear helmets. Up to 75% of the bicycle related
head fatalities and approximately 80% of the
bicycle related head injuries in the US that
occurred from 1989 to 1992 might have been
prevented if the riders had worn helmets.5

However not all bicycle related head injuries
are preventable by bicycle helmets. What
portion of bicycle related head injuries in the
population is preventable is influenced by hel-

met eVectiveness in preventing head injury,
and by helmet utilization rate among riders.

This study analyzes the attributable fraction
of bicycle injuries in the population due to
non-helmet use. The fraction is analyzed as a
function of helmet eVectiveness and use rate.
More specifically, the study provides an
estimate of (i) attributable fraction of bicycle
related head injuries in the population due to
non-helmet use, (ii) expected proportion of
helmeted cases among all head injuries, and
(iii) estimate of the helmet use rate in the
population based on patient case information.
The application of the estimation model is
shown using empirical data from Stavanger,
Norway.

Preventable portion of head injuries
The preventable portion of bicycle related head
injuries in the population can be estimated as a
population attributable fraction (PAF).6 The PAF
is the size of the fraction of the incident cases in
the population attributable to the exposure.
Often, it is used as the estimate of the
proportion by which the incidence rate in the
population would be reduced if exposure was
completely eliminated. According to the PAF,
the preventable proportion of bicycle head
injuries in the population is equal to:

This formula is often not applicable because
the required incidences are not known. It
would require a major data collection to calcu-
late them. Another way to calculate this
proportion is to use Levin’s formula.6 Accord-
ing to this formula, the attributable fraction of
bicycle head injuries in the population is equal
to:

where, pnh is proportion of riders who do not
wear a helmet and, RR is the relative risk of
head injury among the non-helmeted riders
compared with helmeted riders.

An example of Levin’s formula:
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Let’s assume that helmets prevent 70% of all
head injuries and that 40% of the bicycle riders
in a hypothetical population use helmets. If
helmet eVectiveness is 70%, the relative risk of
injury among helmeted riders compared with
non-helmeted riders is 0.30. The relative risk
among the non-helmeted riders compared with
helmeted riders is equal to 0.30−1 = 3.33. If
40% of riders use helmets, the proportion of
riders who do not wear helmet is 0.6 (60%).
Thus, the fraction of head injuries attributable
to non-helmet use in the population is equal to:

In other words, of 100 bicycle related head
injuries occurring in the target population, an
estimated 58 would be avoided if every cyclist
in the population (and not only 40%) had worn
a helmet.

Only two pieces of information are required
for Levin’s formula: the proportion of riders
who do not wear a helmet (Pnh) and, the relative
risk for a non-helmeted rider (RR). Incidence
rates of bicycle injuries in the population are
not required. Estimation of RR requires cohort
or experimental studies of helmet eVectiveness
that have not yet been performed. However,
several case-control studies1–4 have reported

odds ratios (OR) for bicycle helmet eVective-
ness. A systematic overview of these primary
studies investigating bicycle helmet eVective-
ness is available on the public web site of the
Harborview Injury Prevention and Research
Center.7 Incidence of head injuries is low, sug-
gesting that these ORs can be used as a valid
proxy for the RR.

The fraction of bicycle related head injuries
attributable to non-helmet use in the popula-
tion by helmet utilization rate and for various
levels of helmet eVectiveness is shown in fig 1.
For example, if 50% of bicycle riders wear hel-
mets, and if helmet reduces the risk of head
injury by 60%, 47% of bicycle related head
injuries occurring in the population would be
prevented had all bicycle riders worn helmets.
The slope and the shape of the curve depend
on helmet eVectiveness. For high RR values,
the curve is almost linear and horizontal,
except when the use rate reaches high values.
For low values of RR, the attributable fraction
of the cases decreases relatively rapidly with an
increasing helmet use rate. Once the helmet
use reaches 100%, all cases of injuries occur to
helmeted riders. Attributable fraction is 0%,
indicating that no further cases can be
prevented.

Probability that a case is helmeted
Head injuries among bicycle riders occur to
helmeted and to non-helmeted riders. The
proportion of cases who wore helmets can be
calculated by the following formula:

where, H% is a proportion (%) of helmeted
cases, Ph is the proportion of riders wearing
helmets, and RR is the relative risk of injury
among non-helmeted compared with helmeted
riders.

This formula has been derived as follows:

where, Ih is the incidence among the helmeted
riders, Inh is the incidence among the non-
helmeted riders, Pnh is the proportion of the
riders who do not wear helmet, and N is the
size of the population.

Figure 2 shows changes in the percentage of
helmeted riders with head injuries (H%) by
changes in helmet use rate. For example, if
60% of bicycle riders use a helmet (ph=0.6),
and eVectiveness is 70% (RR=3.33), then 31%
of bicycle related head injuries occurring in the
population represents helmet users and 69%
represents non-users. When helmet use rate is
high, a significant fraction of the cases
represents helmeted riders. These cases are not
preventable.

Figure 1 Fraction of bicycle related head injuries attributable to helmet non-use by helmet
use rate and helmet eVectiveness.
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Figure 2 Expected proportion of helmet users among the patients with head injury by
helmet use rate and helmet eVectiveness.
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Figure 2 oVers a possibility to estimate a hel-
met use rate in the population, based on a rep-
resentative case series of head injuries among
cyclists with known helmet use status. For
example, if 11% of the cases wore helmets, and
helmet eVectiveness is 70%, an estimated 30%
of the riders in the population use helmets.

Distribution of cases in the population
Cases of head injury occurring in the population
fall into three categories: (1) injuries among hel-
met users (non-preventable), (2) preventable
cases among non-users, and (3) non-
preventable cases occurring among non-users.

The incidences of head injuries in the popu-
lation by these three categories can be
estimated as follows:

Category (1): IUNP = IB
× PU

× RR−1

Category (2): INUP = IB
× PNU

× (1−RR−1)
Category (3): INUNP = IB

× PNU
× RR−1

where, IUNP is the incidence rate among users
(non-preventable cases among users), INUP is
the incidence rate of preventable cases among
non-users, INUNP is the incidence rate of
non-preventable cases among non-users, IB is
the background incidence rate in the popula-
tion (that is, the incidence rate when no one
uses helmet), PU is the proportion of bicycle
riders who use helmet, PNU is the proportion of
bicycle riders who do not use helmets, and RR
is the relative risk of injury among non-
helmeted compared with helmeted riders.

If the incidence rate is not available it can be
substituted by 1 or by some other index value.
That enables calculation of relative distribution
of the cases in the population by these three
categories. Figure 3 shows the relative distribu-
tion of bicycle related head injuries in the

population by these three categories. The
background incidence rate on the figure has
been substituted by 1. Changes in the inci-
dence rate are directly proportional to the
changes in the proportion of riders who wear
helmets, assuming the exposure and helmet
eVectiveness remains constant.

Bicycle related head injuries in Stavanger
The applicability of the model is shown on data
from the prospective ongoing injury regis-
tration system operated by the Central Hospi-
tal and emergency ward in Stavanger, Norway.
The registration system is described in detail
elsewhere.8 9 We selected all bicycle related
upper head injuries (injuries to scalp, forehead,
and brain) occurring to children from Sta-
vanger aged 0–14 years from 1990 to 1996
(n=210). Helmet eVectiveness in preventing
upper head injury was assumed to be 70%
(RR=3.33). Use rate estimates for these
children are based on a national survey.10 Table
1 shows that approximately 133 (63%) of these
injuries would be avoided if all children wore a
helmet every time they rode a bike.

Discussion
The PAF has been used for many years to help in
making health policy decisions. The PAF is a
useful indicator but it has significant limitations.
Researchers frequently make computational
mistakes and misinterpretations when using
PAF.11 The most common misinterpretation is
that the PAF represents the true preventable
portion of disease. In most situations, the PAF
overestimates the true preventive potential
because there are competing risks and con-
founding factors. Researchers and policy makers
should use the PAF with great caution and only
as an indication of potential benefits of health
interventions. True benefits of interventions can
be reliably estimated only from intervention
studies. The validity of the PAF estimates is also
an issue. The validity of PAF estimates depends
on the validity of estimates used in the
calculation of PAF. In the case of bicycle helmets
these are helmet use rates and helmet eVective-
ness (RR). Bicycle helmets protect from head
injuries, but the exact level of protection is
unknown. The available estimates of helmet
eVectiveness1–4 are based on observational stud-
ies only, and are open for many possible sources
of bias and confounding. PAF estimates can be
adjusted for confounding12 provided that the
information about cofounders is available. This
is rarely the case in studies of bicycle helmets.
Probably the best approach, given the current
state of knowledge, is to apply a range of eVective-
ness estimates, as shown in the current study.

The validity of estimates of current helmet
use aVects the validity of PAF estimates. If the
use rate is overestimated, the PAF will
underestimate the preventive potential and vice
versa. Use rates are estimated from samples
and can be inaccurate. If PAF estimates are
used to make global policy decisions, modest
inaccuracies in use rate estimates are unlikely
to significantly impact the policy decision. For

Figure 3 Expected distribution of head injuries by helmet use rate (helmet eVectiveness =
70%).
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Table 1 Estimated number of preventable cases of bicycle related bicycle injuries in
Stavanger, Norway, 1990–96

Age (years)
Bicycle related head
injuries 1990–96

Bicycle helmet
utilization rate PAF*

Estimated No of
preventable cases

0–2 3 0% 70% 2
3–11 156 30% 62% 97
12–14 51 15% 66% 34
All ages 210 133

*Assumed RR = 3.3 (70% risk reduction), and helmet utilization rate = 100%.
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other applications of the PAF, inaccuracies may
have a substantial impact. An additional issue is
the definition of helmet user. A portion of rid-
ers use helmets only sometimes. Depending
how these users are classified (into users or
non-users) a degree of misclassification bias on
exposure will be introduced in the estimates
and the PAF will under or over-estimated.

The PAF is usually calculated for a total
eVect attributable to a specific factor. That is
an unrealistic expectation for the interventions
to promote bicycle helmets. Such interventions
can improve use rates up to 40% over baseline
levels,7 and that only among children. Our
study oVers a simple way of estimating eVects
associated with diVerent levels of increase in
helmet use rates.

In spite of the above limitations, the PAF is
an appropriate and useful measure for inter-
ventions to promote helmet use. The protective
eVects of helmets are well established, the
eVect is not confounded by previous non-use,
and there is no evidence of competing risks
replacing the ones removed by helmet use.
These conditions are the basic epidemiologic
criteria for external validity of PAF estimates.11

Implications for prevention
An increasing number of bicycle riders around
the world benefit from the protective eVect of
bicycle safety helmets. The changes in helmet

use rates influence the occurrence of bicycle
injuries in the population. This study helps
researchers and program personnel to better
interpret and predict these changes and to
improve estimates of the potential eVectiveness
of helmet promotion interventions.
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Duty of care and sport safety equipment

A Melbourne school baseball player has lost a damages relating to a teacher’s duty of care.
An exclusive girl’s school was cleared of responsibility after a pupil was hit in the face playing
baseball. The 18 year old student sued the school for $20 000 (Aus) after she was hit in the
face during baseball practice causing two front teeth to be loosened and ongoing dental
treatment. The magistrate found that a supervisor was not in breach of her duty of care in
telling the student not to wear a face mask during a training drill and dismissed the complaint
(The Age, 24 December 1999).
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