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Effectiveness of helmets in skiers and snowboarders:
case-control and case crossover study
Brent E Hagel, I Barry Pless, Claude Goulet, Robert W Platt, Yvonne Robitaille

Abstract

Objective To determine the effect of helmets on the
risk of head and neck injuries in skiers and
snowboarders.

Design Matched case-control and case crossover
study.

Setting 19 ski areas in Quebec, Canada, November
2001 to April 2002.

Participants 1082 skiers and snowboarders (cases)
with head and neck injuries reported by the ski patrol
and 3295 skiers and snowboarders (controls) with
non-head or non-neck injuries matched to cases at
each hill.

Main outcome measures Estimates of matched odds
ratios for the effect of helmet use on the risk of any
head or neck injury and for people requiring
evacuation by ambulance.

Results The adjusted odds ratio for helmet use in
participants with any head injury was 0.71 (95%
confidence interval 0.55 to 0.92), indicating a 29%
reduction in the risk of head injury. For participants
who required evacuation by ambulance for head
injuries, the adjusted odds ratio for helmet use was
0.44 (0.24 to 0.81). Similar results occurred with the
case crossover design (odds ratio 0.43, 0.09 to 1.83).
The adjusted odds ratio for helmet use for
participants with any neck injury was 0.62 (0.33 to
1.19) and for participants who required evacuation by
ambulance for neck injuries it was 1.29 (0.41 to 4.04).
Conclusions Helmets protect skiers and
snowboarders against head injuries. We cannot rule
out the possibility of an increased risk of neck injury
with helmet use, but the estimates on which this
assumption is based are imprecise.

Introduction

In 1983, Oh and Schmid argued that helmet use
should be mandatory in skiers up to the age of 17
owing to the risk of severe head injuries." Guided by
compelling evidence that helmets are effective at
preventing head, brain, and facial injuries in bicyclists,
helmet use would seem to be reasonable.” Helmets are
not yet widely recommended in skiers and snowboard-
ers because of the paucity of information on their
effectiveness. The best evidence suggests they are pro-
tective, but this was based on a study that was restricted
to participants aged less than 13 years, had a small
sample size, and lacked control for potential confound-
ers.” Helmets may increase the risk of spinal injury
owing to the biomechanics of the association between
the helmet and the head and neck’ *—a particular con-
cern for children, who have a greater head to body
ratio. A helmet may exert large bending or twisting
forces on the neck in the event of an otherwise
“routine” fall. We determined the effect of helmet use
on the risk of head and neck injuries in skiers and
snowboarders.
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Methods

We invited 20 of the largest ski areas in Quebec,
Canada, to take part in our study over the 2001-2 ski
season (November to April). We asked the ski patrols to
send us their accident report forms every two or three
weeks.

Cases and controls
Cases were those people with an accident report form
completed by the ski patrol for a head (including face)
or neck injury while skiing or snowboarding, as
indicated by the body region recorded (head, face, neck
or cervical spine). We defined potentially severe cases
as people with isolated (one body region) head or neck
injuries who needed to be evacuated by ambulance.
Controls were people with non-head or non-neck
injuries who were reported by ski patrols at the same
ski areas as for cases. We used a case crossover
approach, with cases acting as their own controls by
self reporting on their participation before the day of
injury. We matched controls for ski area, activity (skiing
or snowboarding), date of injury, age (<15, 15-25, and
>26), and sex.

Case crossover methods

For the case crossover approach we used information
from cases with head injuries only. We chose the day
the individual was injured as the case period of time,
and we considered as the control period that same
person’s previous outing for skiing or snowboarding
when they were not injured.

Results

Of the 20 ski areas invited to participate in our study,
one failed to return its accident report forms in time
and was excluded from analysis. The overall response
rate was 70.1% (68.7% (1082 participants) for cases
with head, face, and neck injuries and 70.6% (3295
participants) for controls), similar to snowboarders
(71.9% (2041)) and skiers (68.7% (2335)) and age
group (67.0% (1582) to 73.0% (1726 participants)).
Response rates varied between ski areas (55.1% (27) to
84.7% (133)).

Overall, 693 people had head injuries, with 69.7%
(483) assessed as concussion. Of the 469 participants
with isolated head injuries, 32.4% (152) were evacuated
by ambulance; this proportion increased to 43.2%
(107) when we considered only isolated head injuries
assessed as concussion. In total, 44.3% (58) of the neck
injuries were assessed as sprains, 16.0% (21) were
assessed as fractures, and 6.9% (9) were assessed as
muscle or nerve strains. Of the participants with
isolated neck injuries, 56.1% (23) were evacuated by
ambulance.

This is the abridged version of an article that was posted on
bmj.com on 4 January 2005: http.//bmj.com/cgi/doi/10.1136/
bmj.38314.480035.7C
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Table 1 Characteristics of cases and controls and event around
injury. Values are numbers (percentages)

Cases with Cases with
head injuries neck injuries Controls

Characteristic (n=693) (n=131) (n=3295)
Age (years):

<15 257 (37.1) 65 (49.6) 1277 (38.7)

15-25 287 (41.4) 49 (37.4) 1185 (36.0)

>26 149 (21.5) 17 (13.0) 832 (25.3)

Missing data — — 1 (0.03)
Sex:

Male 421 (60.8) 55 (42.0) 1457 (55.8)

Female 272 (39.3) 76 (58.0) 1837 (44.2)

Missing data — — 1 (0.03)
No of days participated in season:

1 160 (23.1) 31 (23.7) 929 (28.2)

2-10 333 (48.1) 49 (37.4) 1690 (51.3)

>11 168 (24.2) 41 (31.3) 591 (17.9)

Missing data 32 (4.6) 10 (7.6) 85 (2.6)
Previous head or neck injury:

No 515 (74.3) 96 (73.3) 2643 (80.2)

Yes 171 (24.7) 35 (26.7) 631 (19.2)

Missing data 7 (1.0 — 21 (0.6)
Hours of participation before injury:

<2 239 (34.5) 50 (38.2) 1322 (40.1)

2-5 396 (57.1) 80 (61.1) 1688 (51.2)

>6 57 (8.2) 1 (0.8) 284 (8.6)

Missing data 1(0.1) — 1 (0.03)
Damage to non-helmet equipment:

No 626 (90.3) 119 (90.8) 3062 (92.9)

Yes 53* (7.7) 9 (6.9) 189t (5.7)

Missing data 14 (2.0) 3 (2.3) 44 (1.3)
Self reported speed:

Slow 155 (22.4) 33 (25.2) 1005 (30.5)

Average 206 (29.7) 46 (35.1) 1171 (35.5)

Fast 231 (33.3) 41 (31.3) 739 (22.4)

Missing (and othert) 101 (14.6) 11 (8.4) 380 (11.5)
Mechanism of injury:

Collision or jump 344 (49.6) 56 (42.8) 1321 (40.1)

Fall 346 (50.0) 75 (57.3) 1949 (59.2)

Missing (and othert) 3 (0.4) — 25 (0.8)
Non-helmet protective equipment:

No 652 (94.1) 122 (93.1) 3159 (95.9)

Yes§ 41 (5.9) 9 (6.9) 136 (4.1)

*Excludes 28 individuals who had damaged either their goggles or sunglasses.
These individuals were considered not to have had equipment damage.
tExcludes 5 individuals who had damaged either their goggles or sunglasses.
These individuals were considered not to have had equipment damage.

FFor example, injured on lift.

§Excludes all yes answers with only “goggles” or “sunglasses” specified.

Cases with head injuries reported a collision or
jump related injury more often than controls (table 1).
Compared with controls, cases with neck injuries were
more likely to be younger, to be female, to have partici-
pated for 11 or more days and for fewer hours before
the injury, and to have had a previous head or neck
injury.

The proportion of participants with head injuries
(25.3%, 175 participants) or potentially severe head
injuries (24.3%, 37) who wore a helmet was similar to
that of controls (28.2%, 929) but was higher among
those with neck injuries (39.1%, 9) (see also bmj.com).
The prevalence of helmet use decreased with
increasing age for all groups. Cases aged less than 15
years with head injuries had a higher prevalence of
helmet use than controls whereas cases aged less than
15 years with potentially severe head injuries had a
lower prevalence of helmet use than controls. The pro-

portion of helmet users among cases aged 15 to 25
with potentially severe neck injuries (37.5%, 3) was
greater than among controls (17.0%, 202), although
this result is based on only eight cases.

Less than 50% of our case-control sets were well
matched for date of injury, age, and sex. Therefore, we
considered age, sex, and environmental conditions for
our conditional logistic regression model. We found no
evidence of effect modification by age. The ideal model
with the 27 covariates produced a helmet effect
estimate of 0.73 (95% confidence interval 0.49 to 1.08)
for any head injury (table 2). A backward deletion strat-
egy produced a final adjusted helmet effect estimate of
0.71 (0.55 to 0.92). A forward selection strategy
produced an adjusted helmet effect estimate for
potentially severe head injuries of 0.44 (0.24 to 0.81).

For those aged less than 15 years the estimate of
the helmet effect for neck injuries was 0.92. After
removal of the product terms from the model and
using a forward selection strategy starting with helmet
use, age and sex, our final model for any neck injury
included age, sex, and days of participation that season.
This gave a helmet effect of 0.62 (0.33 to 1.19).

We carried out no adjustments beyond matching
owing to the limited number (n=13) of discordant sets
for those sustaining neck injuries who were evacuated
by ambulance. The conditional logistic regression esti-
mate was 1.29 (0.41 to 4.04).

For the case crossover analysis we focused on 35
participants with head injuries who had discordant
helmet use on the day of injury compared with their
previous outing (estimated odds ratio for helmet use
0.6, 0.28 to 1.22). The odds ratio decreased to 0.43
(0.09 to 1.83) when we restricted the analysis to those
injured during recreational participation.

Discussion

Wearing a helmet while skiing or snowboarding may
reduce the risk of head injury by 29% to 56%—that is,
for every 10 people who wear helmets, three to six may
avoid head injuries. This may even be an underestimate
if, as in cycling, the helmets were worn incorrectly or
were in poor condition,’ or were not designed for
skiing or snowboarding.” The effect of helmet use on
neck injuries is less clear. Although we found no statis-
tically significant estimates for neck injury and no evi-
dence of effect modification by age, our sensitivity
analysis suggests an increased risk of neck injuries with
helmet use.

Limitations

When we included non-responders in the analyses, we
found few differences for all outcomes except
potentially severe neck injuries, where the estimate
increased (see sensitivity analysis on bmj.com). This
suggests possible under-response in helmet users. Few
of these injuries, however, produced considerable
random error and precluded the addition of potential
confounders.

We did not include in our injured control series
those who fell and hit their heads but did not sustain an
injury because they were wearing a helmet. Including
these individuals would have increased the protective
effect of helmets.
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Table 2 Effect of helmet use

Outcome variable compared Matched odds ratio
with control (95% CI)*

Partially adjusted matched
odds ratio (95% CI)t

Ideal matched
odds ratio (95% Cl)}

Final adjusted matched
odds ratio (95% Cl)

Any head injury 0.81 (0.64101.02)

0.78 (0.61101.0)

0.73 (0.49 to 1.08) 0.71§ (0.55100.92)

Potentially severe head injury 0.67 (0.40t01.11)

059 (0.34101.0) —

0.44** (0.24 10 0.81)

Any neck injury 1.11 (0.67 t0 1.83)

0.96 (0.56 to 1.66) —

0621t (0.33101.19)

Potentially severe neck injuryl 1.29 (0.411t04.04)

Age=<15, 15-25, >26; days of participation that season to day of injury=1, 2-10, >11)

*Helmet use only.
tHelmet use, age, and sex; adjusted for activity through matching.

FAdjusted for age, sex, ability, seasons of participation, days of participation that season to day of injury, lessons (yes, no), education (high school or less, college
or professional diploma, university or graduate degree), previous head or neck injury, hours of participation on day of injury (1, 2-5, 26), damage to non-helmet
equipment (yes, no), self reported speed in relation to average (slower, average, faster), mechanism of injury (collision or jump, fall), type of participation on day of
injury (recreation, lessons, or school outing), run difficulty (easy, difficult, very difficult to extreme), other protective equipment besides helmet (yes, no), visibility
(good, average to fair), snow conditions (groomed to hard pack ice, other), temperature (<—10°C, —10°C to —1°C, >0°C); adjusted for activity through matching;
interaction of age and helmet use (<15 and 15-25) initially tested in full model; age and sex forced into model.

§Adjusted for age, sex, days of participation that season to day of injury adjusted for activity through matching; age and sex forced into model; backward deletion

modelling strategy.
flEvacuated by ambulance.

**Adjusted for age, sex, days of participation that season to day of injury, and wearing other protective equipment besides helmet at time of injury (yes, no); age

and sex forced into model; forward selection modelling strategy.

ttAdjusted for age, sex, and days of participation that season to day of injury; age and sex forced into model; forward selection modelling strategy.

Where appropriate we adjusted for personal char-
acteristics and events at the time of injury. The small
number of neck injuries, however, precluded control
for more than a few covariates. As 13 of the
participants with neck injuries who required evacua-
tion by ambulance were in discordant matched sets, we
did not consider further adjustment beyond that
provided by the matching.

Recall on the day of injury of a participant with
head injuries was confined to a specific event for the
case crossover analysis,” whereas recall on the previous
outing may have been less accurate. If cases had
over-reported previous helmet use then the protective
effect of helmets would have been overestimated, but
we found a consistent helmet effect between the
matched case-control and case crossover analyses.

Comparison with previous research

To our knowledge only one other case-control study
has been carried out to determine whether helmets
protect skiers and snowboarders against head injuries.’
Those investigators evaluated combined head, face,
and neck injuries in participants aged less than 13
years. After adjustment for activity, helmets were asso-
ciated with a 43% reduction in the risk of head, face,
and neck injuries, and no serious neck injury occurred
in those using helmets. Our estimates for all age
groups confirm the protective effect of helmets on
head injuries found by this previous study.” Although
other investigators have examined the relation

What is already known on this topic

Helmets protect bicyclists against head injuries

Evidence is limited on the effectiveness of helmets
against head and neck injuries in skiers and
snowboarders

What this study adds

Helmets may reduce the risk of head injuries in
skiers and snowboarders by 29% to 56%

Evidence is limited on the relation between helmet
use and the risk of neck injury
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between helmet use and risk of neck injury in skiers
and snowboarders, unlike us they did not examine this
in isolation or did not report an effect estimate.” *
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Endpiece
Strength enough

Nous avons tous assez de force pour supporter les
maux d’autrui. [We all have enough strength to
bear the misfortunes of others.]

Duc de la Rochefoucauld (1613-80), Maximes 19
Fred Charatan, retired geriatric physician, Florida
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