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ARTICLE INFO ABSTRACT

Keywords: Objective: Fixed obstacles, such as trees, rocks and posts, are common within recreational ski areas. Collisions with
Snowsport fixed obstacles (CWO) can have severe consequences with significant physical, emotional and economic costs.
Safety Despite worldwide use of ski area padding, few studies have focused on padding and CWO. The snowsports safety
Obstacle o . . . . . . s . .
Mattress community is now focusing on this topic to improve safety at recreational ski areas. The objectives of this white
attr . . . . . .

Protection paper are to summarize the recent work conducted on ski area padding, to identify unsolved questions about
Prevention CWOs and opportunities to improve safety.

Methods: A review of the current knowledge regarding CWOs and ski area padding was performed, combining
scientific studies and experience from the authors and ski area safety professionals. This review covers: (i) the
epidemiology of CWOs; (ii) the characteristics of CWOs; (iii) padding type and use; (iv) ski area safety professional
practices; and, (v) padding performance and the limits for injury mitigation.

Results: Previous studies focused on epidemiology, padding practices and performance and provide motivation for
further study in the areas of: (i) prevention of CWOs; (ii) padding practices to improve safety on the slopes; (iii)
requirements for padding performance; and, (iv) technological advancement of padding materials and design.
Conclusions: There is a need for an international standard for ski area padding, to address the absence of padding
performance requirements in most countries. Further research studies should also focus on providing guidance to

ski areas on the best practices for choosing, applying, and maintaining ski area padding.

1. Introduction

Globally, skiing and snowboarding are popular winter sports, with
most participation occurring on ski slopes at ski areas. Fear of injury,
including being out of control and colliding with an obstacle may deter
people from trying snowsports and reaping the associated health benefits
[1,2]. Efforts are made by ski areas to reduce the likelihood of snowsports
participants colliding with obstacles. Fixed objects located on or near ski
slopes that are visible from uphill are called “obstacles” in the snowsports
safety community. Objects that are not observable to attentive snow-
sports participants (in particular, skiers and snowboarders) from uphill
are called “hazards.” Obstacles are typically categorized as natural
(mostly trees or rocks) or man-made (typically lifts, snowmaking
equipment, or snow barriers). Because there is no universal term for areas

that are designated for snowsports, we will use the expression “ski
slopes™ to include areas that may be called ski pistes, ski tracks, ski trails,
ski runs or maintained trails; the ski slope itself (that is, the snow surface
ground) and people on it are not included in the term “obstacles”.

Collisions with obstacles (CWO) can result in severe injuries, effecting
the head or torso in over 40% of cases [3]. To reduce the likelihood of a
CWO, and the risk and severity of associated injuries, staff managing the
safety of a ski area often warn participants about the presence of obsta-
cles by mounting colored pads (also called mattresses) on them. Pads are
typically mounted on the uphill side of obstacles. Inspecting and main-
taining these pads is typically the role of ski patrollers, although practices
can vary between ski areas.

In 2003, the frequent use of ski area padding in France led to the
development of a national design standard by the Association Francaise
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de Normalisation (AFNOR) [4]. Unfortunately, there is no evidence to
suggest that the requirements of this standard were based on scientific
studies nor that it led to improvements in padding performance. For these
reasons (and because the standard was published solely in French), the
AFNOR standard has not been adopted globally. Because little work on
this topic had been conducted, the community of the International So-
ciety for Snowsports Safety (ISSS) (that includes engineers, scientists,
medical professionals, and ski area professionals) initiated studies on the
epidemiology, dynamics, and injury likelihood of CWOs. The ultimate
goals of these combined research efforts are to reduce the number of
CWOs and to decrease the severity of injuries in CWOs for recreational
snowsports participants, by providing a better understanding of: (i) the
situations that produce a CWO; (ii) the typical injury mechanisms; and,
(iii) the capabilities and limitations of ski area padding systems
throughout their life cycle.

The aims of this white paper are to relate to the reader the state-of-
the-art in ski area padding and provide the information needed for re-
searchers to further assess and improve ski area padding. To achieve
these goals, the paper is divided into the following sections: (i) current
situation: epidemiology and padding characteristics, practices and per-
formances and (ii) perspectives for future work: prevention, practices,
guidelines and standard.

2. Methods

This paper is based on the authors' research, including laboratory and
on-slope testing and modeling, conference presentations, journal articles,
and scientific discussions from the ISSS. These discussions included ski
area safety professionals (e.g., ski patrollers and ski area safety managers)
who provided information on their practices. An online search (Google)
was conducted using the words “pad”, “padding”, “mattress” to identify
padding manufacturers. Information was extracted from the websites of
manufacturers located in France, US, Canada, Italy, Austria, and Serbia
[5-19]. A narrative, rather than systematic, approach was chosen for the
white paper, combining scientific studies with the authors’ experience
and feedback from ski area safety professionals. Each author has con-
ducted, presented, and published on topics related to recreational ski
area padding and snowsports safety.

3. Current situation
3.1. Epidemiology of CWOs

CWOs represent about 5% of ski patrol reports and rescues in the US
and France [3,20]. According to previous research, the incidence of ski
patrol reports for all incidents ranges from 0.43 to 2.50 per 1000 ski area
visits [20]. Based on this range, the expected incidence of CWO is
0.022-0.13 per 1000 per ski area visits. Despite this low incidence, CWOs
can have severe consequences (Table 1). Indeed, CWOs account for 13%
of all traumatic brain injuries (TBI) and 48% of moderate or severe TBI
[21]. CWO is also the first or second cause of traumatic death (>35% of
accidents), with the most common obstacles being trees (60%),
man-made objects (8%), and rocks (6%) [22,23]. Factors that increase

Table 1
Summary of epidemiological studies related to CWOs.
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the likelihood of a CWO include being male, an alpine skier, <26 yrs-old,
and self-reporting as an advanced or professional skier [3]. This popu-
lation is also known for skiing fast [24,25], with a risk-seeking behavior
[26,27]. Recent work has shown that advanced participants travel at a
mean (standard deviation) speed of 44.5 (11.3) km/h on wide-open,
more difficult slopes (blue square in the US, equivalent to red slopes in
Europe) [28]. In recent years, riding off-piste has become more popular.
Off-piste areas tend to have more obstacles than groomed ski slopes,
particularly natural ones such as exposed rocks and trees, increasing the
risk of a CWO.

In summary, CWOs are rare but can cause severe injury. CWOs mainly
involve a population that skis fast and takes risks, producing high-energy
incidents with substantial emotional and economic costs for the partici-
pants, their families, and the ski areas. To the best of our knowledge,
there are currently no epidemiological studies investigating the rela-
tionship between padding and CWO incidences/injuries.

3.2. Characteristics of obstacles and use of padding

Ungroomed areas (off-piste) between groomed ski slopes often
contain obstacles (e.g. trees, rocks, trail signs, etc.). These ungroomed
areas can reduce the speed of out-of-control participants before a CWO
occurs, and in some cases, can prevent a CWO. After a loss of control at
high speed, however, an off-piste CWO can still occur. Natural obstacles
(e.g. rocks and trees) are rarely padded because they are typically
considered an intrinsic element of ski areas and natural terrain. While
man-made objects are often padded when located on the groomed slope,
those found off-piste are rarely padded. It is impractical to pad all natural
objects located near the ski slopes and doing so would change the
character of snowsports. As a preventative measure, “Caution, trees don't
move” signs are used in some places in the US to increase awareness of
obstacles and reduce the likelihood of CWOs.

While efforts are made to limit the presence of obstacles on or near
groomed slopes, particularly man-made ones, it is not always practical or
possible to do so. To help draw attention to obstacles and warn participants
of their presence, bright, contrasting-color (e.g. red, orange, or yellow)
padding is often placed on on-slope, man-made objects within a ski area
(e.g. tower lift, snow making equipment, etc.). It is uncommon for ski areas
to pad an object with a color that blends in with the surrounding envi-
ronment. Though each ski area may have its own practices for when and
where to apply padding, there are no international standards nor univer-
sally agreed guidelines related to the use of ski area padding. According to
interviews with ski area safety professionals, the decision to place a pad on
an obstacle is typically based on: (i) the obstacle type (man-made or nat-
ural); (ii) the obstacle distance from the ski slope; (iii) the type of ski slope
(groomed or ungroomed); and, (iv) the ski slope difficulty. In summary,
there are no global, unified recommendations on the obstacles requiring
padding and on the practices of applying padding.

3.3. Types of padding

Three main categories of padding can be found at ski areas: air
padding, standard foam padding (typically between 5 and 30 cm thick)

Study Country and years studied Population Frequency of CWOs (%) Complementary information
Jenkins et al. [29] US 1972-1982 Ski area medical offices N = 3536 8.7
Lystad [30] Norway 1982-1986 Ski area medical offices N = 883 6.9

Dorsemaine et al. [3] France 2014-2019 Ski area medical offices (Med) and Med: 3
Ski patrol rescues (SP) N = 88 351 SP: 1
Shealy et al. [20] US 2010-2011 Ski patrol rescues N = 13 145 4.5

Bailly et al. [21] France 2013-2015 TBIN = 366 All TBI: 13 M-S TBI": 48
Ruedl et al. [23] Austria 2005-2010 Traumatic deaths N = 97 35 CWO: 2nd cause of death
Shealy et al. [22] US 1991-2005 Traumatic deaths N = 562 ~74 CWO: 1st cause of death

# M-S TBI: Moderate or Severe Traumatic Brain Injury (TBI).
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and thicker foam padding (often 30 cm thick or more). Air padding and
thicker foam padding are only used in ski racing competitions, whereas
standard foam padding is used on recreational ski slopes. Padding used
for ski racing differs from that used on recreational ski slopes because of
the differences in skier characteristics (such as speed and equipment). Ski
racing padding is often larger, more difficult to install and remove, and
requires more frequent maintenance and adjustment. There are publi-
cations on the efficacy of ski racing padding [31,32], but the relationship
between the requirements for racing and recreational padding systems is
currently unknown. Further work on padding related to both competitive
and recreational snowsports could reduce injury likelihood and severity
of both. The rest of this white paper focuses on standard foam padding for
recreational ski slopes.

There are various pad shapes to match the different obstacles found at
ski areas. These pads can usually be categorized as one of two types
(Fig. 1):

e Type A —flat (cuboid) padding, which is the most common and can be
placed on various objects (from small posts to large lift towers or
snow barriers). The width of this type of padding is typically between
25 and 400 cm. Its thickness is typically between 5 and 10 cm in
North America and between 6 and 30 cm in Europe. Type A padding
can also be combined to create padding with a “U” shape or a “V”
shape.

e Type B — padding with a shape adapted to a specific obstacle. It in-
cludes cylindrical, half-cylindrical or square padding. This padding
type is mostly used on small posts or on the upper part of snow
making equipment. For Type B padding, the obstacles can be up to 30
cm wide (outer diameter), with a padding wall thickness between 2.5
and 5 cm in North America and up to 15 cm in Europe.

Overall, padding is typically thicker in Europe than in North America
(for both types of padding).

Ski area padding is typically made of a polymer foam. This foam is
either closed- or open-cell with a cover often made of vinyl, poly-
urethane, or nylon. Closed-cell foam is typically much stiffer than its
open-cell counterpart, as air cannot pass between cells during compres-
sion induced in impacts. To prevent water or moisture from entering the
foam and then freezing, the covers used for open-cell foam pads are
either welded (Europe) or stitched (US). Some closed-cell foam pads do
not have a cover because the closed cellular structure prevents water
from entering the foam. The cellular size and density of foam also varies

Type A

b)
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between pads and manufacturers. Sometimes different foams are layered
in one pad (sandwich construction), presumably to enhance overall
performance.

3.4. Padding: practices

The following information is based on the experience of the authors
and mostly reflects the practices in French and US ski areas, where most
padding studies were conducted. Ski area padding is typically attached to
obstacles during the winter season and otherwise stored indoors. Some
ski areas leave padding in place all year, either to protect from a CWO
during summer operations (such as mountain biking) or to avoid
handling and storage issues. At many ski areas, padding is checked each
morning by ski area safety professionals before the area opens. During
this check, they will examine the pad's position on the obstacle and adjust
when necessary. For example, the height of the pad may be adjusted
based on changes in the snow level. In France, if ski area safety pro-
fessionals notice that a pad cover is damaged (for example after a contact
by a snow groomer or the sharp edge of snowsports equipment), they will
make necessary repairs to allow the pad to remain in use. More sub-
stantial repairs of cuts or other damage to the covers are typically done at
the end of the winter season using three possible solutions: (i) by placing
a patch over the damaged region; (ii) by returning the pad to the
manufacturer to replace the cover; or, (iii) by replacing the whole pad.
These and other patching techniques may also be used by ski areas in
other countries.

There are currently neither international standards nor universally
agreed guidelines for the use and maintenance of ski area padding. In
France and the US, ski patroller training courses may include instruction
about how to transport padding, how to install it on obstacles, how to
control and store it after the winter season, and on what types of padding
are available and should be used [33]. Such training is recent but is
becoming more common. There is still a need of complementary guid-
ance regarding the best practices for ski area safety professionals.

3.5. Padding: performance to protect from injuries

As well as enhancing the visibility of obstacles, padding can provide
energy attenuation during CWOs. The capabilities and limitations of
padding for reducing injury severity has been experimentally investi-
gated with crash testing and computer simulations. Using a partial
Hybrid-III anthropomorphic testing device (ATD), a recent study [34]

Type B

Fig. 1. Left: Type A padding with a) a rectangular shape, and b) a “U” shape, and Right: Type B padding with c) a cylindrical shape, d) a square shape and e) a

“U” shape.
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examined the effectiveness of ski area padding in reducing the likelihood
of head and neck injury during a headfirst CWO. In this testing, the ATD
impacted a padded wooden pole at 15 km/h (Fig. 2a). While the padding
reduced linear head accelerations and Head Injury Criterion (HIC;s)
scores below skull fracture and severe TBI thresholds [35], none of the
examples tested significantly reduced the rotational head kinematics or
the likelihood of severe cervical spine injury.

Multibody computer simulations have been used to model over a
thousand scenarios of a skier colliding with an unprotected obstacle
under representative CWO conditions (initial skier speeds of 30, 45, and
60 km/h) [36]. The predictions of these simulations underlined the need
to protect against both head and trunk injuries, as these body regions
often impacted the obstacle at high speed (head: 30 &+ 15 km/h, trunk:
24 + 15 km/h). Based on these numerical results, two experimental
studies were performed that included impacts with an EN 960 compliant
headform [37] at 25 km/h on flat padding of varying thicknesses (mostly
10, 15, 20 and 30 cm) placed on a solid floor [38,39] (Fig. 2b). When the
metallic headform was dropped from 3 m onto a 15 cm thick pad, the
peak linear acceleration was 38 + 3.9 g (mean =+ standard deviation)
[39]. This peak linear acceleration was three times lower than for similar
impacts also performed from 3 m but on hard snow (138 + 6.2 g) [40]
and 27 times lower than when a Hybrid III headform (Humanetics) was
dropped from 3 m onto a fixed steel anvil (1043 g) [41]. Padding
thickness influenced performance, with 10 cm thick pads, as sometimes
used, failing to reduce head accelerations below mild or severe TBI
thresholds [39]. Similar head impacts on padding attached to poles more
often exhibited foam densification or “bottoming out” (due to more
concentrated loading around the pole) and linear accelerations above a
mild TBI threshold.

In another study [42], multibody simulations were used to predict the
ability of padding to protect against head and thoracic injuries. Over
three-thousand simulations of CWOs were modeled with different skier
size, initial speed (from 30 to 60 km/h), slope angle, obstacle shape,
padding thickness, and distance between the skier and object that initi-
ated the fall (Fig. 2c). These simulations indicated that padding has po-
tential to reduce the risk of severe head injuries, particularly for impact
speeds below 29 km/h. However, padding was unable to reduce head
accelerations below injury threshold for higher-speed impacts (above 43
km/h). This study also highlighted the protection offered by thicker
padding for impact speeds above 29 km/h, as already observed experi-
mentally [34,38,39].

c) =
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The performance of padding depends on more than just its thickness
and the impact speed. The foam material, the impactor (mass and shape),
and its positioning on an obstacle also influence the energy attenuation
capacities of a pad and the related injury metrics [34,39]. Other pa-
rameters, such as the impact location, the outside temperature, its age, or
cover type, have not shown significant influence on padding performance
[39].

There is limited knowledge of the material property characteristics
of the foams used in current padding (e.g., material type or density).
This gap in knowledge prevents us from quantifying the influence of the
material properties on the effectiveness of the pads and it makes com-
parisons between those of different manufacturers difficult. It is not
possible currently to identify which pads may offer sufficient energy
attenuation to reduce injury likelihoods across most reasonable impact
conditions. When material property information is available on a
manufacturers’ catalogue, it is for new, unused padding and does not
consider the potential for environmental effects (such as UV exposure
or the temperature changes experienced by padding in ski areas). Other
parameters are also yet to be considered, such as a cut on the cover or
foam (or both), the object geometry under the pad (for example, a
ladder on a lift tower that could create stress concentrations), and the
surface friction. More work is needed to assess the protective capabil-
ities and limitations of padding and the factors that influence its
performance.

3.6. Current standards

The authors are aware of only one ski padding standard: Pistes de
ski—Fabrication des matelas pour dispositif de protection, 2003, from
AFNOR in France [4]. This is a design standard for ski padding covering
impact performance, traction resistance of the cover and of the weld, and
water absorption. There is no evidence to suggest that the tests in this
standard are based on scientific research, particularly peer-reviewed,
academic publications. The impact performance tests are conducted at
room temperature with the padding laid flat on a solid floor. Two 30 kg
impactors are used, a half-sphere with a diameter of 15 cm and a cylinder
with a diameter of 20 cm, with respective impact energies of 100 and
440 J (corresponding to striking speeds of 9.3 and 19.5 km/h). Five
impacts are performed on the same pad location with each impactor,
with the last three from each set used to evaluate maximal accelerations.
The main limitations of this standard are:

Wi

Fig. 2. Experimental tests performed with a) an ATD [34] and b) an isolated headform [39] and c¢) numerical simulation of a collision with an obstacle covered by a

20 cm thick padding [42].
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e The impact conditions are not representative of critical impacts on ski
padding, being a head or trunk impact, regarding the impactor mass,
shape, and striking speed;

e The repetition of five tests at the same location may create a condi-
tioning (e.g., plastic deformation to the structure of the underlying
foam or rupturing cells in closed-cell foams) of the padding that is not
representative of the situation on ski areas;

e The potential influence of temperature on padding behavior is not
considered;

e Padding is only evaluated when laid flat on the floor with no test on
the performances on an obstacle;

e The standard does not favor padding repair (cover replacement).

As such, there is a need for an international standard to provide
minimal energy absorption abilities of padding used worldwide to make
up for the absence of such specifications. This standard should also
address the limitations of the current French standard.

4. Perspectives

The previous section emphasized recent work conducted to better
understand the issues related to ski area CWO and padding. It also
identified the missing elements related to this topic and the need of
further studies to improve safety at ski areas. This section focuses on
future work related to CWOs with the goal of improving skiing safety and
reducing injury likelihood.

4.1. Prevention of CWOs

The first way to improve safety on slopes is to reduce the number of
CWOs. While slope design is part of this process, it is not always possible
to keep participants away from obstacles, particularly with changes in
snow levels and conditions. Indeed, many participants actively seek to be
near obstacles — for example, skiing in the trees and jumping off tree
stumps or rocks. To reduce the risk of CWOs, ski areas may consider: (i)
marking or making more apparent the presence of an obstacle; (ii)
awareness campaigns to highlight that even high-skilled participants can
sustain severe injury in a CWO; and, (iii) inform that padding is a last
resort that cannot guarantee protection from severe injuries, even at
typical skier speeds.

4.2. Evaluation of padding performance

Future studies should focus on improving the understanding of
padding performance and the factors that affect it, such as aging, cuts and
repairs, the position on large flat obstacles versus small ones (e.g. post),
or the variations from different padding manufacturers. For that, the
combination of full-scale testing with ATDs, the use of isolated impactors
(partial ATDs, headforms, or rigid impactors as for helmet testing), and
numerical modeling seem promising. ATD impacts would allow for: (i)
impact simulations that represent actual accident conditions; (ii)
consideration of multiple body impacts; and, (iii) data that can be used to
determine injury risks. They could also fill the missing experimental data
on the kinematics of CWOs and provide additional validation data for
numerical models. Impact testing with isolated impactors is simpler,
more accessible (for wide laboratory testing), can be more repeatable,
favoring the analysis of padding behavior and performance. Future
studies should evaluate the ability of padding to reduce head, neck,
thoracic and spine injury risks.

There is a need of an international standard for ski area padding
covering three main aspects: the impact energy attenuation capacities of
padding, its waterproofness, and the cover resistance (when present).
This standard should target the critical points of CWOs, being head and
trunk injuries. For that, it is essential to not only have representative
impact energies, but also representative impacting mass, size, and speed
to consider the padding viscoelastic behavior. It should also evaluate
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padding in representative cold temperature and its performance when
positioned on various obstacles, representative of its intended use.
Relevant publications on TBI, helmets and other safety devices could
inform the development of such an international standard. In response to
ecological and recycling issues, an innovative aspect could be to facilitate
padding repairs (described in section 4.4).

Providing the specifications for additional padding characteristics
(e.g., padding design, foam material, foam density, and type of cells) by
manufacturers would also be beneficial to objectively compare between
products, manufacturers, and studies. It would also help to further
develop fundamental knowledge on how padding can prevent injuries. In
summary, there is a need for an international standard on recreational ski
area padding and for additional scientific studies to better understand
padding performance to protect from injuries and the parameters
affecting this protection.

4.3. Technological evolutions

Given the research on foams used in body padding and helmets, we
can also imagine future research on foam technologies for ski area
padding. Such studies could focus on the choice of material, density, and
cellular structure to improve the performance of padding to reduce the
injury likelihood.

A disruptive technology that offers potential to improve safety is
auxetic (negative Poisson's ratio) materials. Auxetic open-cell foams have
been proposed for padding [43,44] and have potential to improve the
impact energy attenuation. More recent work has presented simple
methods for making auxetic closed-cell foam [45-48] that could also
bring benefits to ski area padding. Unfortunately, these auxetic materials
and methods have not been thoroughly tested and implemented for
padding application. A current barrier for using auxetic foams in ski area
padding is the difficulty in producing it in sufficiently large dimensions.

Additively manufactured materials with specifically designed archi-
tectural structures have also been proposed for impact protection appli-
cations [44,49]. Mass producing such structured metamaterials in the
required size for padding, such as via additive manufacturing or molding,
would be more challenging than the established method of using foam. In
the future, these new materials could be researched further and their
commercial production advanced to improve the energy attenuation
capabilities of ski area padding.

Another area for future development is the use of recyclable and
recycled material for both the cover and foam to reduce environmental
costs. This would require consideration of the entire life cycle of the
padding, from its design to end-of-life recycling. The use of materials
with small environmental impact should also be encouraged.

Padding is not just foam in many cases. Future studies should inves-
tigate the coupling between the foam, the cover, and the air trapped
inside to optimize energy dissipation when pads are placed on both large
and small obstacles. The adjustment of the padding on the obstacle is
another key point for future research to optimize its performance, espe-
cially for obstacles with prominent edges such as a lift tower ladder or
snow making equipment. A potential evolution could also come from ski
racing, where padding is placed uphill of the obstacle (but without
contact) rather than in direct contact with the obstacle. This position
leaves residual space between the fully compressed padding and the
obstacle. Another alternative could be to combine the use of padding on
an obstacle with another uphill device (e.g. another pad or fence) to
deflect the skier away from the obstacle. New designs and solutions to the
CWO problem should be investigated in future studies.

4.4. Padding use

Related to the development of an international standard for ski area
padding, it is essential to define best practices for ski area safety pro-
fessionals. Such practices could form the basis of a universally agreed
upon guideline document for ski area padding. This document could
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include information on:

The choice of whether to protect an obstacle regarding the slope
environment and define what obstacles fall under the responsibility of
the ski area. For example, whether padding is needed for obstacles on
or near the ski slopes (groomed, ungroomed), off-piste, between
slopes, etc. The next step would include definitions of which obstacles
should be protected and how (removed, marked, padded);

The type of padding or performance suggested based on specific en-
gineering principles. This section of the guidance document could
refer to the (proposed) international standard for ski area padding to
ensure only certified padding is used and that the padding is used in
the manner for which it was certified;

The proper padding position regarding the snow level, the skier tra-

jectories, the adapted tightening, etc., with a discussion of how

environmental conditions (e.g., fast, heavy snowfall) could affect ski
area padding adjustments;

The controls that should be done during the winter seasons;

The management of padding, regarding repairs and replacement (due
to aging or damage). In particular, encouraging ski areas to repair
padding without performance reduction would be interesting for both
economic and ecological reasons. If a pad needs to be replaced, foam
and cover recycling should be promoted;

The implementation of a traceability system of padding associated
with a unique identification of each pad to improve padding man-
agement (repair, replacement, performance follow-up);

The steps to take following an incident, to prevent recurrence.

Working groups composed of researchers and ski safety professionals

are currently trying to identify the best practices for padding.

5.

Conclusion

This white paper provides an overview of CWOs at ski areas and the

ski area padding used, including the epidemiologic characterization of
CWOs, studies examining padding performance, and ski area safety
professional practices. Much remains to be done to improve ski area
safety regarding padding issues. In particular, future research should
focus on:

Improving the understanding of parameters influence on padding
performance such as pad aging, damage (cut), repairs (cover
replacement), temperature influence and the coupling between the
foam, the cover, and the air;

Evaluating padding performance, specifically the capabilities of
padding to protect from head, neck, trunk, and spine from injury
when placed on different obstacles, including some with prominent
edges;

Evaluating the protection potential achieved by padding placed uphill
of an obstacle, but without contacting the obstacle;

Improving the energy attenuation capacity of padding using new
foam and material technologies.

Based to the current work on ski area padding, the next step should be

the promotion of an international standard for ski area padding design
including requirements on:

Impact performance evaluated in representative conditions of CWOs
and focusing on protecting from head and trunk injuries;

Padding waterproofness, to prevent water from entering the foam and
freezing

Permissible colors and requirements for carrying handles

Finally, a universally agreed guidance document should be defined

for ski areas to help them on padding management regarding:
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The decision to place a pad on an obstacle and the choice of the
appropriate type of padding;

The proper position of the padding;

The controls that should be done during the winter season;

The general management of padding: repairs, replacement, storage,
etc.
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