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a  b  s  t  r  a  c  t

Previous  research  suggests  that  snow  park  (SP)  injuries  are  proportionally  more  frequent  and  more  likely
to be  more  severe  than  those  sustained  on  traditional  slopes.  The  aim  of  this  study  was  to  calculate  skiers’
overall  and  feature-specific  injury  rates  and determine  potential  risk  factors  for  severe injury  in  an  SP.

This  is a retrospective  study  conducted  during  the  2013/2014  winter  season  in  the  SP  of a major  winter
resort  located  in  the  Spanish  Pyrenees.  Cases  were  skiers  who  suffered  feature-related  injuries  in  the  SP.
Denominator  data  consisted  of the  estimated  total  number  of skier  runs  and  the  estimated  total  number
of times  each  feature  was  used  by  a skier.  Injury  rates  were  calculated  and  logistic  regression  used to
determine  the  feature-specific  odds  of  injury.

A  total  of 113  cases  met  the inclusion  criteria.  The  overall  injury  rate  was  of  0.9  per 1000  skier  runs.
Rates  of  injury  were  highest  for Big  jumps  (2.9/1000  uses)  and lowest  for Rainbow  boxes  (0.1/1000  uses).
Compared  with  Boxes,  there  were  increased  odds  of  severe  injury  versus  minor  injury  for  C-rails  (OR  9.1;
95% CI  0.6–13.18),  Half-pipe  (OR  4.5;  95% CI  0.3–6.27)  and  Big  jumps  (OR  3.0;  95%  CI 0.3–3.53).  Higher
feature-specific  ski injury  rates  and increased  odds  of injury  were  associated  with  features  that  require
a very  clean  technique  or promote  aerial  maneuvers  and  result  in  a larger drop  to the  ground.

©  2016  Elsevier  Ltd.  All  rights  reserved.

1. Introduction

In an attempt to address safety issues by reducing collisions
between regular slopes users and freestylers, ski resorts began to
delimit specific areas for the latter called snow parks (SPs) (Langran,
2014). Before long, resorts worldwide were competing to create
the best SP and the vast majority now have one (Carús, 2014). SPs
are facilities designed to contain a variety of man-made features
that allow users to perform a wide range of maneuvers and stunts
(Audema et al., 2007; Langran, 2014; Moffat et al., 2009). Russell
et al. (2011) classify these features into two groups: aerial features
or ‘jumps’ and non-aerial features or ‘jibs’.

Aerial features comprise half-pipes and several forms of jumps.
Various tricks, such as twists, grabs, somersaults or spins, may  be
performed while airborne after jumping. Jibs commonly include
different shapes of rails and boxes on which to slide that can be
ridden parallel or perpendicular to the ground, or while spinning
around (Moffat et al., 2009). In both cases design variables, such as
height, width, length, shape or launch and landing angles, condi-
tion their complexity and, therefore, the amount of risk involved
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in maneuvering in them (Carús, 2014). Descriptions of the various
features are available at: http://www.whitelines.com/trick-tips/
how-to-freestyle/snowpark-features.html/13, and at http://www.
arenasnowparks.com/rails-and-boxes/overview/.

Freestyling in SPs involves serious risks to freestylers. According
to Brooks et al. (2010) no less than 26.7% of all injuries registered at
two US ski areas over five seasons occurred in SPs, and Goulet et al.
(2007) deduce that the increase in the rate of injuries experienced
in Québec ski resorts from 1995 to 2000 coincides with an increase
in the number of ski areas where SPs are offered, suggesting an
association between them and an increased risk of injury.

Furthermore, specific studies comparing skiing and snowboard-
ing injuries sustained in SPs with those sustained on regular slopes
provide evidence that injuries sustained in the former were more
likely to be more severe than those sustained in the latter (Goulet
et al., 2007; Laporte et al., 2011; Greve et al., 2009; Moffat et al.,
2009; Brooks et al., 2010; Ekeland and Rodven, 2011; Henrie et al.,
2011).

While pioneering research enables us to begin describing injury
patterns seen in SPs (Goulet et al., 2007; Moffat et al., 2009; Ruedl
et al., 2013; Russell et al., 2013), authors such as Brooks et al. (2010)
and Russell et al. (2011) observed that rather less was  known about
risk factors for SP features in particular and feature-specific injury
profiles in SPs had yet to be examined.
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A first step into this line of research was taken by Russell et al.
(2014). Their study began to help to bridge this gap through insights
into snowboarders’ overall and feature-specific SP injury rates and
through determining potential risk factors for snowboard injuries
in an SP.

They found that the overall injury rate was 0.75/1000 runs;
feature-specific injury rates were highest for jumps and half-pipe,
and lowest for rails and quarter-pipes. They concluded that higher
feature-specific snowboard injury rates and increased odds of
injury were associated with features that promote aerial maneu-
vers or a large drop to the ground.

Further research is now needed to identify injury rates and risk
factors for skiers in SPs in relation to injury mechanisms. Conse-
quently, the aim of the present study is to add feature-specific SP
injuries in skiers to the literature by investigating skiers’ overall
and feature-specific SP injury rates and determining potential risk
factors for severe injuries in an SP.

2. Methods

This is a retrospective study conducted during the 2013/2014
winter season in the SP of a major winter resort located in the
Spanish Pyrenees. The SP was delimited, its layout and the type
and number of features remained unchanged during the season,
and its grounds were groomed daily. Helmets were mandatory in
the SP.

Cases were skiers injured in the SP who were examined by either
an experienced and medically trained ski patroller and/or by an
emergency physician at the only nearby (five kilometers by road)
emergency, trauma, and medical hospital (ETMH). If a skier was
examined by both, the physician’s diagnosis was used instead of the
ski patroller’s assessment. Severe cases were defined as fractures
of any type or location, concussions, ruptures, sprains, strains, and
dislocations, while minor injuries were defined as abrasions, lacer-
ations, bruises, grazes, and swellings. Non-feature related injuries
(e.g., collisions with people or objects other than features) were not
included because these are not related to the specific risks of using
freestyle elements.

Case data were collected from ski-patrol Accident Forms (AF),
which are mandatory for anyone injured and assisted by patrolmen,
and ETMH medical records. Data collection included contact infor-
mation, date, and time of injury, gender (male or female), age group
(<20, 20–40 or >40), self-reported skill level (novice, intermediate,
advanced or expert), type of feature used when the injury occurred
(Half-pipe, Big jump [∼4 m],  Jump [∼1m], Flat rail, C-rail, Flat box
or Rainbow box), type of injury, and injured anatomic location.
Missing data were collected by telephone.

Actual data on environmental conditions – snow, weather, vis-
ibility, and wind – were obtained from the resort’s daily weather
forecasts issued online on a three-hour basis (∼07:30, ∼10:30, and
∼13:30) and recorded on a daily basis. Snow, weather, and visibility
conditions were checked onsite on the days making up the sample.

Similar to the methodology used by Russell et al. (2014) for col-
lecting data on SP and feature use, two teams of three observers
took turns to cover the six hours (10:00–16:00) the SP opened to
gather denominator data on skier runs and on feature use. Skier
runs were counted by one member at the entrance to the SP, who
also checked skier gender and asked skiers entering the SP about
their skill level and, when in doubt, about the age group they
belonged to. The two remaining members were located in the mid-
dle of the upper half of the hill and in the middle of the lower half of
the hill, respectively, so that every feature was fully visible to one
or the other. They recorded use of those features allotted to each of
them as they were within their domain.

Data were gathered as described above for the days that made
up the sample. These days were chosen on the basis of two sets
of computer-generated random numbers: one set of random num-
bers was generated to select a representative subsample among
the population of working days in the season, and the other set
was generated to select a representative subsample from among
the population of public holidays (weekends, bank holidays, Christ-
mas, and Easter). Denominators were calculated as the addition of
the subsample means multiplied by their respective populations
(working days/public holidays).

The overall injury rate was  calculated as injuries per 1000 runs;
the numerator was the number of injured skiers over the season
and the denominator was  the estimated total runs. Feature specific
injury rates were also calculated; the numerators were the number
of skiers injured on each particular type of feature, and the denom-
inators were the estimated total number of times each type had
been used. Gender, age group, and self-rated skill level injury rates
were also calculated; the numerators were the number of injured
skiers belonging to each gender/age group/self-rated skill level, and
the denominators were the total number of runs estimated for each
gender/age group/self-rated skill level, respectively.

The distributions of potential risk factors between severe cases
and minor cases were compared using proportions for dichoto-
mous/polytomous variables. Unadjusted OR with 95% CIs were
calculated. Logistic regression was used to determine the associ-
ation between severe injury versus minor injury and feature using
backwards elimination (Visauta, 2007). Potential confounders were
gender, age group, self-rated ability, and environmental conditions
(snow, weather, visibility, and wind). These were entered into the
model containing the feature (Half-pipe, Big jump, Jump, Flat rail,
C-rail, Flat box, and Rainbow box). A crude model was generated
where the exposure was  an injury and the outcome was a feature,
with boxes as the base outcome. Data on the features with the
lowest injury rates (Rainbow box and Flat box) were regrouped.
Analyses were conducted in SPSS 22.0.

3. Results

A total of 113 cases (21 ski patrol only, 82 ski patrol and ETMH
and 10 ETMH only) met  the inclusion criteria, reflecting an overall
injury rate of 0.9 per 1000 skier runs. When skiers that had only
been assisted by the ski patrol were contacted, they were asked
whether they had seen another health-care provider on account of
their injury, but none of them acknowledged having done so.

A summary of the characteristics of all injured skiers is shown
in Table 1. Substantially, the highest proportions of the skiers
that sustained feature-specific injuries were male (81.4%), were
younger than 20 years of age (54%), and were self-rated as
having an advanced level (46%). Predominant environmental condi-
tions when injuries occurred included grippy snow (63.7%), sunny
weather (52.2%), good visibility (62.8%), and calm wind (77%). The
odds of severe versus minor injuries were significantly higher for
novice skiers (OR 2.4; 95% CI 1.2–3.6) compared with advanced
skiers, and in medium wind conditions (OR 4.3; 95% CI 2.4–6.1)
compared with calm wind conditions.

Jumps are the most used features in the SP. The highest per-
centage of all injuries (29.2%) and also of both severe and minor
injuries occurred while skiers were using them (Table 2). Females
had a slightly lower injury rate than males, and visibly lower rates
of severe versus minor injuries, and of severe injuries compared to
males. Though skiers under 20 years of age had the highest rates
of severe injuries, injury rates were similar across the age groups.
Regarding skill level, expert skiers had the lowest rates of both all
and severe injuries (Table 3).
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