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Summary

QUESTIONS UNDER STUDY/PRINCIPLES: Analysis
of changes in the behaviour of wearing protective equip-
ment by alpine skiers and snowboarders after injury, per-
formed at a level I trauma centre in Switzerland.
METHODS: We present a study, using a standardised ques-
tionnaire, assessing behaviour on ski slopes by adult pa-
tients admitted between Oct 2007 and April 2008. Patients
were re-interviewed after the 2008/2009 season. McNemar
tests were used to analyse differences in protective clothing
wearing rates between the two seasons. Multiple logistic
regression with age, gender and injury severity score (ISS)
as predictors, was used to compare findings in those who
started wearing protective equipment and those who did
not.
RESULTS: A total of 104/132 patients from the 2007/2008
season were questioned about wearing protective equip-
ment in 2008/2009. 20 patients could not be reassessed (7
declined, 13 had abandoned winter sports). A total of 84
patients were reassessed (61 alpine skiers and 23 snow-
boarders). The median age of participants was 39 years and
70.2% were male. Helmet and back protector wearing rates
increased from 40.5% to 78.6% (p <0.001) and from 14.3%
to 23.8% (p = 0.021), respectively. Snowboarders more
than doubled their helmet wearing rate (39.1% to 82.6%,
p = 0.002). Skiers showed a trend towards doubling their
back protector wearing rate (6.6% to 14.8%, p = 0.063).
Younger skiers started wearing back protectors more often
than older skiers.
CONCLUSIONS: Sustained injury might provide skiers
and snowboards with a potent trigger to change their atti-
tude towards the use of protective equipment. The psycho-
logical processes influencing the use of protective equip-
ment require further investigation.
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Introduction

During a single skiing season throughout Switzerland,
around 1000 alpine skiers and snowboarders per day
present with injuries serious enough to require medical
treatment [1]. Some are minor, but others are associated
with increased morbidity and mortality [2–5]. Head and
spinal trauma are among the most devastating injuries and
can cause costs for the individual and the community [2,
7, 8]. Insurance companies therefore regularly launch large
injury prevention campaigns [1, 6].
Our prior research has focused on risk factors in alpine ski-
ing and snowboarding, and found a trend towards lower
helmet wearing rates in injured snowboarders [3–5]. Very
little is known, however, about the way injuries influence
subsequent behaviour. For example, do these patients con-
tinue skiing or snowboarding in the next season, and are
they more likely to wear protective clothing? Such findings
may provide important information for prevention and in-
tervention campaigns.
We therefore investigated the association between ski and
snowboard injuries and changes in the use of protective
equipment in the subsequent season.

Patients and methods

Participants
This study compared protective clothing wearing rates
amongst injured alpine skiers and snowboarders in the
2007/2008 and 2008/2009 seasons. All injured adult (≥16
years) alpine skiers and snowboarders who were admitted
to a level I trauma centre during the 2007/2008 skiing sea-
son were eligible to participate and were interviewed about
wearing protective equipment (e.g., helmet and back pro-
tectors) on the slopes [3, 4]. Patients were excluded who
were not able to be contacted by phone in 2008/2009 after
three attempts or who did not agree to take part in the study.
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Procedures and outcome
During the 2007/2008 season, patients injured when alpine
skiing or snowboarding had been interviewed on admission
to the emergency department or during their hospital stay,
using a standardised questionnaire about behaviour on the
slopes [3, 4]. Patients were excluded if they were severely
intoxicated or had suffered intracranial bleeding, skull frac-
tures, or persistent retrograde amnesia, or exhibited a Glas-
gow Coma Score (GCS) <14. Patients with concussion
were included if their GCS was 15 and they were able to
fully and coherently understand and answer the questions.
The questionnaire was available in English, French and
German.
The same patients were contacted by phone by a trained
medical student at the end of April 2008/2009 and were re-
interviewed about wearing protective equipment. Particip-
ation in the study was voluntary and anonymous, and con-
fidentiality was guaranteed. Data were collected, stored,
analysed and shared according to the ethics committee
standards of the Inselspital Bern. The injury severity score
(ISS) was calculated for all patients, using the 2008 Abbre-
viated Injury Scale [9]. The primary outcome was the dif-
ference in protective equipment wearing rates between the
two seasons.

Statistical methods
The data were analysed in two steps. Firstly, McNemar
tests were used to determine overall differences in protect-
ive clothing wearing rates between the two seasons. Se-
condly, the study attempted to identify participants who
had not worn protective clothing before their injury. Mul-
tiple logistic regressions, with age, gender and ISS as pre-
dictors, were used to compare findings in those who started
wearing protective equipment after injury and those who
did not [9].

Results

Study population
As shown in figure 1, 132 patients (92 alpine skiers, 40
snowboarders) were interviewed during the 2007/2008 sea-
son. A total of 28 patients were no longer able to be contac-
ted at the address provided, leaving 104 patients (76 alpine
skiers, 28 snowboarders) to be interviewed for the 2008/
2009 season, 7 of whom declined. A total of 10 skiers and
one snowboarder had abandoned winter sports due to their
injury, and 2 snowboarders had quit snowboarding for oth-
er reasons (pregnancy, costs of winter sports).
We therefore had a sample of 84 patients who had contin-
ued with winter sports in the 2008/2009 season, of whom
61 were alpine skiers and 23 were snowboarders. The pa-
tients had a median age of 39 years (interquartile range
[IQR] 27.00–48.50), and 59 (70.2%) were male. The me-
dian ISS was 4 (range 1–29). A breakdown of patients in-

cluded in the study is shown in table 1. The distribution of
injured body regions and the injury severity are shown in
table 2.

Comparison of the 2007/2008 and 2008/2009 seasons
Table 3 summarises the changes in protective equipment
wearing rates between the two seasons. After sustaining an
injury, 32 patients (22 alpine skiers and 10 snowboarders)
started to wear a helmet and 8 patients (5 alpine skiers and
3 snowboarders) started to wear a back protector (table 3).
None of the patients who had worn a helmet or back pro-
tector prior to injury abandoned wearing these after the in-
jury. In contrast, total numbers of patients wearing knee
and wrist protectors dropped from 6.0% to 4.8% and from
13.1% to 11.9%, respectively, after sustaining an injury
(table 3). Overall, helmet and back protector wearing rates
increased from 40.5% to 78.6% and 14.3% to 23.8% re-
spectively. The helmet wearing rate more than doubled in
snowboarders (from 39.1% to 82.6%, p = 0.002). The back
protector wearing rate more than doubled in alpine ski-
ers, although this difference was not statistically signific-
ant (from 6.6% to 14.8%, p = 0.063). The changes found
for knee or wrist protectors, which were worn by only a
minority of patients in the present study, were not statistic-
ally significant (table 3).
As shown in table 4, younger injured alpine skiers decided
to wear back protectors more often in the subsequent sea-
son than older skiers. There was no significant age effect
in injured snowboarders. No difference was observed for
gender or ISS in injured alpine skiers or snowboarders who
started wearing a helmet or back protector in the subse-
quent season.

Figure 1

Flow chart of study patients.

Table 1: Demographics (n = 84).

Kind of winter sport
(n [%])

Age
median (range)

Male
n (%)

ISS
median (range)

Alpine skiers: 61 (72.6)
Snowboarders: 23 (27.3)

44 (18–81)
28 (19–47)

39 (63.9)
20 (87.0)

4 (1–24)
4 (1–29)

Total 39 (18–81) 59 (70.2) 4 (1–29)
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Discussion

In our study, helmet wearing rates doubled in snowboarders
and back protector wearing rates doubled in alpine skiers
after injury. Younger alpine skiers decided to wear back
protectors more often after sustaining an injury than older
alpine skiers. Protective gear was worn more frequently by
snowboarders than by alpine skiers.
Participation in interviews for both seasons (2007/2008
and 2008/2009) was voluntary. In the first season, we had
excluded patients who were unconscious, heavily intox-
icated, or suffered life-threatening injuries, which did in-
troduce a certain selection bias. For practical reasons, for
the present study, only patients interviewed at our level I
trauma centre in 2007/2008 were re-interviewed about the
subsequent season (patients had also been interviewed at
two regional hospitals in the 2007/2008 season). Our res-
ults are based on self-reported data, and it is possible that
some participants use protective equipment less regularly
than others, and that some people over-reported protect-
or wearing rates. Small differences between these data at
the two time points are possible. Unfortunately, our data-
base did not collect data on the duration of injury-related
constraints, which might differ widely between individuals,
or multi-morbidity, which is strongly correlated to the pa-

tients’ age. The median age of our study population was
39 year, with interquartile ranges from 27.0–48.5, indicat-
ing that most of our study population was unlikely to suffer
from multi-morbidity.
A population-based survey on non-injured alpine skiers
and snowboarders, conducted by the Swiss Council for Ac-
cident Prevention (BfU) in the same periods as our study,
showed only a small increase in helmet wearing rates from
55% to 63% in alpine skiers and from 70% to 71% in snow-
boarders [10]. In this survey, the rate of wearing back pro-
tectors increased from 6% to 13% in alpine skiers and de-
creased from 41% to 38% in snowboarders [11]. Further
studies on the effect of wearing protective equipment after
an injury in winter sports should include case-control stud-
ies comparing the attitudes to wearing protective clothing
in injured and non-injured alpine skiers and snowboarders
over several skiing seasons.
There is growing evidence that wearing a helmet protects
skiers and snowboarders from head injuries [12, 13]. Des-
pite the inherent risks of not wearing protective equipment,
helmets are not mandatory on ski slopes in Switzerland.
Many skiers and snowboarders might regard them as an en-
cumbrance. However, some countries, notably Italy, Croa-
tia and Austria, have made helmet use for children com-

Table 2: Injured body regions of included patients (n = 84).

Body region* Alpine skiers (n [%]) AIS** (median [IQR]) Snowboarders (n [%]) AIS (median [IQR])

Head 10 (16.4) Concussion only 5 (21.7) Concussion only

Face 7 (11.5) 2 (1.75–2.00) 4 (17.4) 2 (2.00–2.00)

Chest 6 (9.8) 1 (1.00–2.00) 3 (13.0) 1 (1.00–2.00)

Abdomen 1 (1.6) 2 (2.00–2.00) 0 (0) 0

Pelvis 7 (11.5) 2 (1.50–4.00) 2 (8.7) 1 (1.00–1.00)

Spine 8 (13.1) 2 (1.00–2.00) 4 (17.4) 2 (1.00–2.00)

Upper extremities 21 (34.4) 2 (1.00–2.00) 7 (30.4) 2 (1.00–2.00)

Lower extremities 15 (24.6) 2 (1.00–2.00) 5 (21.7) 1.5 (1.00–2.00)

* Multiple entries possible, ** Abbreviated injury scale

Table 3: Comparison of protective equipment wearing rates between the 2007/2008 and 2008/2009 seasons (n = 84).

Type of protective equipment 2007/2008
(n [%])

2008/2009
(n [%])

p-value

Helmet 34 (40.5) 66 (78.6) <0.001

Alpine skiers
Snowboarders

25 (41.0)
9 (39.1)

47 (77.0)
19 (82.6)

<0.001
0.002

Back protector 12 (14.3) 20 (23.8) 0.021

Alpine skiers
Snowboarders

4 (6.6)
8 (34.8)

9 (14.8)
11 (47.8)

0.063
0.380

Knee protector 5 (6.0) 4 (4.8) 1.000

Alpine skiers
Snowboarders

2 (3.3)
3 (13.0)

2 (3.3)
2 (8.7)

n.a.
1.000

Wrist protector 11 (13.1) 10 (11.9) 1.000

Alpine skiers
Snowboarders

2 (3.3)
9 (39.1)

3 (4.9)
7 (30.4)

1.000
0.690

*not available

Table 4: Association with age, gender and severity of injury.

Change 2007/2008 to 2008/2009 Age
(mean group 0 and 1 / p-value)

Gender
(OR [female/male] / 95% CI / p-value)

ISS
(mean group 0 and 1 / p-value)

Wearing a helmet 43.4, 39.0 / 0.292 1.17 / 0.30–4.6 / 0.825 6.0, 3.2 / 0.120

Alpine skiers
Snowboarders

48.1, 43.5 / 0.095
27.0, 29.0 / 0.600

2.0 / 0.73–5.3/ 0.180
1.17 / 0.30–4.6 / 0.825

5.1, 3.1 / 0.370
9.0, 3.3 / 0.280

Wearing a back protector 41.7, 32.4 / 0.076 0.0 / 0-Inf / 0.71 5.1, 2.2 / 0.176

Alpine skiers
Snowboarders

44.6, 30.2 / 0.043
27.9, 35.3 / 0.145

0.0 / 0-Inf / 0.76
0.0 / 0-Inf / 0.83

5.0, 2.0 / 0.239
5.4, 2.5 / 0.556
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pulsory [7]. Empirical studies have so far provided less
robust evidence that back protectors prevent spinal injuries
[14].
Similarly to prior publications, this study showed that
snowboarders wear protective equipment more frequently
than alpine skiers [3, 4]. This might be due to the younger
median age of snowboarders (28 years vs. 44 years). Fur-
thermore, we observed that younger alpine skiers changed
to wearing protective equipment after injury more often
than older alpine skiers. Therefore, a possible strategy to
encourage helmet wearing and change attitudes towards
protective equipment might be via advertisements aimed at
young adults, for example by involving persons with a so-
cial impact promoting the benefits and ‘coolness’ of pro-
tection. Similar approaches have been used successfully
for HIV, tobacco and car-injury prevention campaigns [15].
The evidence is even less clear on the human factors which
may influence the decision to buy protective devices. In
one of the few studies published, Jung et al. observed that
neurosurgeons in Austria who have treated patients with
head injuries were more likely to wear helmets themselves
than a control group of surgeons who had not treated head
trauma patients [7].
It is evident that a broad range of psychological processes
have to be involved in research into such complex judge-
ment- and decision-making processes as choosing whether
to wear protective equipment when skiing [16]. In addition
to conscious processes, subconscious processes may play
an important part, and affective processes may be just as
important as cognitive processes, such as weighing up the
risks and benefits of helmet use. A further factor involved
is unrealistic optimism, which may be broader and more
pronounced in some individuals than the perceived risk of
sustaining an injury without protection [17]. Research in-
to long-term behaviour in the use of protective equipment,
specifically whether its use is maintained, increases or de-
creases, will also be necessary for the efficient design of in-
formational programmes to encourage its use.

Conclusion

Injuries could be a trigger for skiers and snowboarders to
start wearing protective equipment, such as helmets and
back protectors. This might be especially true for young
adults. Those who do not yet use protective equipment may
be convinced to do so by high-profile media campaigns,
including reports from ski or snowboard injury survivors,
rather than by ‘textbook advice’. The psychological pro-
cesses influencing the use of protective equipment require
further investigation.
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Appendix I

Characteristics of patients with injuries from winter sports in the season 2007/2008 who had abandoned winter sports in the season
2008/2009.

Snowboarders
Age Gender Reason Injured body region AIS Type of protection
44 F Pregnancy Head 1 Helmet

32 M Price of ski ticket Lower extremity 1 Wrist protector

33 M Injury Upper extremity 2 Helmet

Alpine skiers
Age Gender Reason Injured body region AIS Type of protection
72 M Injury Lower extremity 3 None

44 F Injury Lower extremity 2 None

63 F Injury Upper extremity 2 None

63 M Injury Lower extremity 2 None

54 F Injury Lower extremity 1 None

24 F Injury Head, lower extremity 1 None

73 M Injury Lower extremity 1 None

34 M Injury Lower extremity 1 None

31 M Injury Lower extremity 2 None

33 F Injury Lower extremity 1 None
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Figures (large format)

Figure 1

Flow chart of study patients.
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