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11.1 Introduction

Skiing and snowboarding are two of the most
popular winter sports today. Skiing has existed in
one form or another for thousands of years, with
the world’s oldest skis being dated from between
6300 and 5000 BC [1]. Snowboarding, in con-
trast, is a more recent sport, with the first snow-
board patent awarded in 1965 [1]. During the
2012/2013 ski season, there were 477 ski resorts
operating in the United States alone [2], with an
estimated 9.67 million active domestic skiers and
snowboarders [3]. It is estimated that snowboard-
ers make up between one-third and one-half of
participants at most resorts [4, 5]. Both skiing and
snowboarding continue to be active on the world
stage, both recreationally and competitively. In
the 2014 Sochi Olympic Games, several new ski-
ing and snowboarding events were introduced
including skiing and snowboarding slopestyle
(men’s and women’s), skiing half-pipe (men’s and
women’s), snowboarding parallel slalom (men’s
and women’s), and women’s ski jumping. Skiing
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and snowboarding, with their ability to travel at
high speeds down snow-covered mountains using
only the force of gravity, skill, and minimal equip-
ment, offer a freedom unparalleled by most sports.
Like most physical activities involving speed and
variable conditions, there are risks associated with
skiing and snowboarding that cause a substantial
number of injuries. This chapter will explore the
current state of literature about skiing and snow-
boarding injuries, examine the most common
injuries typically seen in beginners to experts, and
address potential strategies to minimize the risks
associated with these sports.

11.2 Injuries

Both skiing and snowboarding involve variable
conditions, often high speeds, and navigating
around other slope users of varying ability level.
Unsurprisingly this leads to a fairly high injury
rate among participants of both sports. While
data concerning these injuries can help to under-
stand the risks involved in these sports, the stud-
ies that report on these numbers vary in their
methods for obtaining this data, and the data is
often retrospective in nature. Some studies base
their findings on data collected from on-mountain
first aid clinics and ski patrol data, while others
collect their data from hospitals near the moun-
tains in question. If an injury occurs on the slope,
generally the first responders are professional ski
patrollers. Ski patrol on mountain assessments
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has been reported to be reasonably accurate at
diagnosing injury, as was suggested in one study
where their assessments were demonstrated to be
correct or mostly correct 89.5 % of the time [6].
Other studies have shown ski patrollers were
effective at identifying the location of an injury,
but may misdiagnose the severity of an injury [4].
Many of the studies reporting injury rates have
relied on data from on-mountain ski patrol clin-
ics, and this may affect the accuracy of these
reports. In addition, a substantial proportion of
injured individuals bypass the mountain ski
patrol clinics, choosing to either go directly to the
nearest hospital or avoid treatment altogether. Up
to 40 % of on-mountain injuries may go unre-
ported, and during one season at a Colorado
resort (1996-1997), 31 % of skiers and 29 % of
snowboarders refused medical attention from ski
patrol after an injury [7]. Since skiing and snow-
boarding are popular activities, participation var-
ies by the individual, and participants may ski
everyday of the winter to only once a year. Thus,
instead of reporting the number of skiers injured,
which would lead to extremely variable data, a
useful method of classifying injury rates is the
number of injuries per 1000 skier or snowboarder
days. While this is the most popular method of
reporting on the injury rate in organized sports,
some of the studies vary in the method of quanti-
fying their injury rates, which can make cross
comparison challenging.

Overall skiing injury rates have been reported
to be between 1 and 3/1000 skier days [8, 9].
Snowboarding injury rates appear to be higher
than skiing, at 1.16 and 4.2/1000 snowboarder
days [10-12]. The different mechanics and equip-
ment involved in skiing and snowboarding lead
to very different injury patterns. Skiers tend to
have a high incidence of lower extremity injuries,
especially knee injuries [4, 5, 12, 13] and thumb
injuries [5, 14], while the most frequent injury in
snowboarding has consistently been reported to
be injury to the wrist, either sprains or fractures
[4, 10, 11]. Ankle injuries, both sprains and frac-
tures, are fairly common in snowboarders, but are
less common in skiers [9, 10, 15, 16]. Head and
spine injuries are also fairly common in both ski-
ing and snowboarding [17].
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The vast majority of skiing and snowboarding
injuries, up to 70 % [18], are caused by isolated
falls due to personal error [4, 18-21]. Collisions
with another slope user are often thought to be a
significant cause of injury on the slopes, and it is
commonly thought that snowboarders, with their
different path of traveling down the mountain,
increase the risk of collisions [16]. However, the
rates of serious injury caused by collisions has
consistently been reported to a much smaller cause
of injury than isolated falls [4, 16, 18, 21, 22],
from as low as 2.4 % [18] to as high as 21 % [19].
The large range in the data is likely due to the great
variation in the number of skiers and acreage at
different resorts, and resorts with higher densities
of skiers, either due to popularity or lack of terrain,
will likely have higher rates of collisions. Contrary
to popular belief, skiers are more likely to be
involved in collisions than snowboarders [4, 5, 16,
18, 23], and skiers are more likely to collide with
other skiers than with snowboarders [5]. Falls
when landing from a jump are also a cause of a
large number of injuries and are more likely to be
a cause of injury in snowboarders than skiers [4, 5,
11, 18] (Fig. 11.1).

11.3 Skiing Injuries

The mechanics of skiing involve a separate ski
attached to each leg with a binding designed to
release in the event of high forces. The indepen-
dent nature of the two skis means that one ski
may move in isolation of the other. During a fall,
a ski may catch on the snow and act as a lever
arm, creating a torque at the knee. While ski
bindings are designed to protect against tibial
fracture, they are less effective at protecting the
soft tissues of the knee. Consequently, about one-
third of all ski injuries involve damage to the soft
tissues of the knee [8, 24, 25]. The two most
common knee injuries in skiers are medial col-
lateral ligament (MCL) sprains, which can usu-
ally be treated non-operatively, and complete
ruptures of the anterior cruciate ligament (ACL)
which often require surgical intervention [8].
ACL tears in particular, due to their debilitating
nature and poor long-term prognostics, are of
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Figs. 11.1
Snowboarding jump
(Photo by Jack Antal)

special concern. Three distinct mechanisms have
been identified as the primary causes of ACL
tears in recreational skiers [26-28]. The first type
of injury known as the boot-induced anterior
drawer (BAID) mechanism of ACL injury occurs
from an off-balance landing from a jump. If the
skier lands with his weight back, the tails of the
skis will strike the snow first. The reaction force
from the snow creates a moment which drives the
ski tips downward. This causes the boot to apply
a “passive anterior drawer load” to the tibia which
can eventually strain the ACL to rupture [8, 27,
29]. A second mechanism of injury is known as
“flexion-internal rotation” or “phantom foot.”
This occurs when the skier’s weight is centered
over the back of their skis, known in skiing termi-
nology as being in the “backseat.” The skier then
loses his/her balance and sits backward toward
the slope. The inside edge of the tail of a ski
catches the snow and produces a sudden internal
rotation of the hyperflexed knee, which tears the
ACL. The third mechanism for ACL tear is
“valgus-external rotation” also known as a “for-
ward twisting fall.” In this mechanism, the medial
edge of the anterior portion of the ski engages the
snow, and the skier is propelled forward by their
downhill momentum, causing the lower leg to be
externally rotated and abducted relative to the
thigh [8, 26, 27]. The MCL is thought to be the

primary ligament injured in this type of fall, but
in 20 % of cases, the ACL is also torn [26, 27].
The phantom foot mechanism of ACL injury
was long thought to be the most common cause
of ACL injury. However, in the mid-1990s,
shorter, specially designed carving skis began to
replace traditional longer skis. Since then, the
forward twisting fall mechanism has overtaken
the phantom foot mechanism as the dominant
form of ACL injury in skiers [24, 25, 30]. It is
possible that the shorter length of these skis, usu-
ally up to the skier’s nose or chin instead of above
their heads which was common for traditional
skis, limits the ability of the tails to catch the
snow and internally rotate the leg while the wider
nose of carving skis, designed to help initiate a
turn, may itself catch the snow and lead to an
increase in the valgus-external rotation of the
lower leg during a fall. This pattern seems to hold
true for elite level skiers as well. In 2009 Bere
et al., described three mechanisms of ACL injury
observed in World Cup alpine skiers [29]. One of
these mechanisms occurred when the skiers
landed out of balance with their weight backward
from a jump and appeared similar to the BIAD
mechanism described in recreational skiers,
although the authors suggested there may be
multiple loading conditions that could stress the
ACL during such a landing in addition to anterior
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tibial drawer. The other two mechanisms, the
“slip-catch” mechanism and ‘“dynamic snow-
plow,” occurred when an out-of-balance skier
attempted to reestablish snow contact with a ski
and the inside edge of their ski abruptly caught
the snow surface, forcing the knee into internal
rotation and/or valgus relative to the lower leg
[29]. Although the conditions leading up the
injury are different, the forces applied to the leg
seem to be similar to the forward twisting fall
seen primarily in recreational skiers in that the
inside edge of their carving skis caused forced
internal rotation and valgus of the knee, injuring
the ACL. Note that while the forward twisting
fall mechanism is also known as the “valgus-
external rotation,” it is the ski which is being
externally rotating while the knee is driven into
internal rotation in response.

Knee injuries and especially ACL injuries are
several times more common in women than in
men [8, 21, 25, 30], possibly due to relative quad-
riceps weakness in women, lower intercondylar
notch dimensions, increased joint laxity, or hor-
monal differences [8]. In a study of knee injuries
of skiers using carving skis, Reudl et al. noted
that the bindings did not release in 82 % of falls
that resulted in ACL tears in women, while they
released in 64 % of similar falls in men [24].
Currently, binding release settings are based on
height, weight, foot size, and skier ability, but not
gender [31]. It has been suggested that reducing
the binding release values by 15 % in female ski-
ers could reduce knee injuries [25].

Another injury unique to skiers compared to
snowboarders is a tear of the ulnar collateral liga-
ment (UCL) of the first metacarpophalangeal
(MCP) joint [5, 11, 14, 32, 33]. This often occurs
when a skier lands on an outstretched hand while
holding a ski pole, which causes forced abduc-
tion of the thumb and thus ligament damage. This
injury is historically so common in skiers that it
is also known as “skier’s thumb.” Depending on
the severity of the injury, treatment can range
from immobilization and eventually gentle phys-
ical therapy to, in the case of avulsion, surgical
management [32].

Due to the potential high velocities in skiing,
it is unsurprising that various fractures occur,
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most often to the tibia, though these are much
less common than knee soft tissue injuries [11,
12, 14]. A substantial number of head, neck, and
spine injuries also occur [11, 12, 14, 34], with
head injuries being most common among chil-
dren [12, 34]. This underlies the importance of
helmet use, which will be discussed later in this
chapter.

11.4 Snowboarding Injuries

The unique mechanics of snowboarding com-
pared to skiing lead to a different injury pattern
than seen in skiers. By far the most common
injury seen in snowboarders is a wrist sprain or
fracture [4, 9—12, 14]. These make up anywhere
from 22 to 37.8 % of all snowboarding injuries [4,
9, 11]. Since snowboarders generally do not carry
poles, when they fall they often attempt to catch
themselves with an open hand, which puts them at
risk for injuring their wrist. The shoulder joint is
also a common upper extremity injury in snow-
boarders, especially in experienced riders [9].
Lower extremity injuries are less common in
snowboarders than skiers. When they do occur,
the leading leg is injured much more frequently
than the trailing leg [10]. The mechanism behind
this phenomenon is unknown and requires fur-
ther investigation [10]. Ankle injuries are slightly
more common in snowboarders than in skiers,
including both ankle sprains and fractures [9, 10,
15, 16]. One particular ankle injury unique to
snowboarding is a fracture to the lateral process
of the talus, also known as ‘“snowboarder’s
ankle.” The proposed mechanism from this injury
is a combination of compression and forced
inversion or dorsiflexion which may occur when
landing from a jump [4, 35]. This injury is impor-
tant to note because it is frequently missed on
plain radiographs and misdiagnosed as a severe
ankle sprain [4, 11]. However, conservative man-
agement of this type of injury, such as that which
would likely occur with an ankle sprain misdiag-
nosis, can lead to significant disability and osteo-
arthritis if anatomic alignment is not appropriately
maintained [4, 35]. Thus, other imaging tech-
niques such as computed tomography or mag-
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netic resonance imaging are recommended if a
snowboarder presents to a clinic with an injured
ankle after falling from a jump.

Knee ligament tears are much less common in
snowboarding than skiing, most likely due to the
fact that the nonreleasable binding system in
snowboarders also prevents valgus stress from
being applied on one leg, as is seen in the forward
twisting fall mechanism of ACL tears common in
skiers [14]. ACL tears predominantly occur in
expert snowboarders during an improper landing
from a large jump, called a flat landing. Normally
skiers and riders attempting large jumps in a ter-
rain park aim for the sloped transition of the
jump, but when a rider misses the transition,
either by jumping too far or not far enough, they
land on a flat surface with all the force directed
vertically through the leg. During such a landing,
the flexion moment on the legs would be resisted
by quadriceps. This high level of activation of the
quadriceps and low activation of the hamstrings
could, in combination with a slightly flexed leg,
eccentrically load the knee and strain the ACL to
rupture [36]. Studies have reported that another
time ACL tears sometimes occur is when only
one foot is attached to the snowboard [11].
Snowboarders typically ride with one foot
attached to the snowboard when loading and
unloading from chairlifts and also when travers-
ing a long, flat area. Falls during these times
would allow the snowboard to act as a lever arm
in a similar manner to skis and have the potential
to injure the ACL.

Snowboarders tend to be at a higher risk of
spine injuries and head injuries than skiers [14,
17, 37]. This is mostly likely due to the mechan-
ics of snowboarding which allow for falling
backward, thus causing spinal and potentially
head trauma. These effects seem to be especially
pronounced in beginners [17, 37].

11.5 Skill-Specific Differences

The injury patterns in skiers and snowboarders
tend to vary greatly depending on the skill of the
participant. Beginners in both sports are respon-
sible for the most injuries though this trend is
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more pronounced in snowboarding where begin-
ners make up 30—60 % of snowboarding injuries
but only 18-34 % of skiing injuries [4, 5, 19, 22,
38]. However, some studies suggest that the inju-
ries sustained by experts in both sports may be
more severe [39], which makes sense given the
higher travel speeds and more advanced terrain
utilized by experts. Expert skiers tend to have
greater rates of head, trunk, and upper extremity
injuries than beginners. Expert snowboarders
tend to have lower rates of upper extremity inju-
ries, especially wrist injuries and head injures
[19, 39]. When expert snowboarders experience
head and neck injuries, they tend to be less severe,
while upper extremity injuries tend to be more
severe [39]. Expert snowboarders also suffer a
disproportionate number of ACL injuries com-
pared to beginners [10]. As noted above, the pre-
dominant mechanism for ACL injuries in
snowboarders is jumping related, an activity far
more likely to be attempted by experts.

11.6 Risk Factors

Skiing and snowboarding are both high-velocity
sports and contain inherent risks. However, there
are many factors, both internal and external, that
can increase the level of risk (Fig. 11.2).

A common factor in injury is skiing or snow-
boarding past one’s ability level. Attempting a
trail above one’s abilities is likely to increase the
potential for a fall. Skiing on a run that is too
challenging also could have the effect of causing
the skier or snowboarder to increase their speed
more rapidly than is comfortable and cause them
to lose control. Hasler et al. identified “low
readiness for speed” as a common cause of injury
in snowboarders [40]. Such a situation could
arise on a slope that is too steep or too icy for a
beginner or intermediate rider or skier.

Skiing and snowboarding are physically
demanding sports that require careful focus,
awareness, and good form to perform safely, and
thus, it is unsurprising that fatigue could increase
the risk of injury. Studies show that the majority
of ski injuries occur in the afternoon, when skiers
and snowboarders are more fatigued [14]. This
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Risk factors for Injury
Internal Risk Factors
«  Skill level
5 Susceptible
« Gender to Injury
= Age
» Physical conditioning
* Leg muscle mass
* Resistance to fatigue

: Exposure to External Risk Factors
« Trail difficulty
« High speed
« Fatigue
+ Variable weather or snow conditions
« lce

+ Ungroomed trails
= Poor visibility

» Trail congestion

= Lack of protective equipment
= Lack of maintained equipment
= Venturing off-piste

« Jumping

Fig. 11.2 Internal and external risk factors present in skiing and snowboarding

trend is even present in professional alpine skiers,
as most injuries occur during the last fourth of the
race [13]. Fatigue has also been shown to have a
negative effect on balance [13, 41, 42]. Finally
fatigue may cause reaction time to decrease,
which could lessen the ability to absorb an impact
from an irregularity in the trail or to navigate an
obstacle.

High traveling speed has been reported by
several sources to be a risk factor for injury
[13, 43, 44]. While one source did not report any
increase in injury rates in World Cup downhill
skiing events with increased travel velocities, the
authors suggested that speed could have major
impacts on the injury risk in general, which would
reduce the ability to anticipate rough terrain and
turns, especially when traveling off-piste [40].
Between variable snow conditions, unmarked
obstacles, and unpredictable other slope users,
a skier and snowboarder must remain in control
and able to adapt to their surroundings. However,

traveling at a high speed, especially beyond their
ability level, reduces the amount of time possible
to adjust to these changing conditions. Speed also
increases the force of any impact, whether during
a fall or with another slope user.

As mentioned above, skiing and snowboard-
ing take place outdoors and while resorts may
have some control over snow conditions, for
example, creating a more consistent surface by
grooming a trail, conditions can change rapidly
due to changing temperatures, precipitation, or
ski traffic. Soft snow can rapidly turn into an
irregular, bumpy surface which can be challeng-
ing to navigate especially for beginners. The risk
of sustaining a concussion has also been reported
to be 2.5 times greater on ungroomed or rough
snow compared with soft snow [17]. Skier traffic
can scrape off snow and expose ice. Icy condi-
tions have been identified as risk factors in injury
[40, 45]. Ice can make it difficult to turn in order
to control speed and direction and can also harden
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the snow, creating a less forgiving surface in the
event of a fall. Poor weather and visibility have
also been suggested to play a role in the risk of
injury. This can be explained by the fact that poor
visibility would limit the skier or snowboarder’s
ability to navigate around obstacles or prepare for
snow irregularity [40, 45].

Finally, the choice of equipment can alter the
risk of injury. Using unfamiliar equipment, as is
common with beginners using rentals, may pre-
vent a skier or snowboarder from performing
optimally. Older equipment may not have effec-
tive safety features and, if not maintained, may
also perform worse on hard and icy conditions.
Specific to skiing, bindings which are not prop-
erly adjusted for the skiers’ weight and ability
level could either not release early enough during
a fall, which could create a torque on the knee
with the potential to create injury, or release too
soon during normal skiing, causing a fall on their
own [20, 46].

11.7 Injury Prevention

Due to the high medical costs incurred by skiing
and snowboarding injury, it is important to inves-
tigate how we can reduce the number and sever-
ity of these injuries. Most studies that have
examined strategies to reduce the number of inju-
ries have focused on equipment or behavioral
approaches [33].

Head injuries are an important area of con-
cern. While they account for between 3 and 15 %
of all injuries, they make up 50-88 % of all skiing
and snowboarding fatalities [17]. Helmets are a
common-sense protective measure, the effects of
which have been investigated in multiple studies.
Helmets may reduce the risk of head injuries by
15-60 % [34, 47]. One criticism of helmets is
that they might add additional weight to the head
and thereby increase the risk of neck injury, a
concern especially for children where their head
already constitutes a large percentage of their
weight. While one study suggested a possible
slight increase in risk for neck injury [47], other
studies have found no increase in neck injuries in
adults [34, 48, 49] or children under 13 [50].
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Another concern raised about helmets is the pos-
sibility of risk compensation, in which a skier or
snowboarder will ride more recklessly due to the
added sense of protection imparted by the hel-
met. However, studies have shown that wearing a
helmet does not increase the risk of non-head-
related injuries, and thus, no evidence exists for
risk compensation [47, 51, 52]. Based on these
results, we universally recommend that skiers
and snowboarders wear helmets. This is an area
where ski resorts can focus their efforts to reduce
injuries, such as by requiring children under a
certain age to use a helmet. Many provinces in
Austria have established mandatory helmet laws
for children and adolescents under the age of 16.
Interestingly, Ruedl et al. reported that provinces
with legislation were shown to increase their hel-
met use by a smaller percentage than provinces
without legislation. Thus, they concluded that
mandatory laws may increase rates of helmet use
in provinces where use is already low, but public
education may be as effective as mandatory laws
[53]. Helmet use was also observed to be lower in
adolescents 16 and older in provinces where hel-
mets were not mandatory [53]. A more recent
study of Austrian children reported that helmet
laws in combination with an educational cam-
paign increased self-reported helmet use to 99 %
for children under 16, which then decreased to
91 % for children 16 and older. Interestingly
enough, the rate of helmet use for adolescents
over 16 was lower in provinces where helmet use
laws were in effect than in provinces where they
were not, suggesting that making helmets manda-
tory decreases compliance in children above the
restricted age, where they may view the option to
not wear helmets as a new freedom [54]. Several
public education campaigns to promote helmet
use are already in existence, for example, the
“Lids on Kids” campaign promoted by the
National Ski Areas Association (NSAA) in
the United States, which encourages the use of
helmets in children. Due in part to these cam-
paigns, helmet use in skiing and snowboarding is
higher than it has ever been in the United States,
with 70 % of all skiers and snowboarders, 80 %
of skiers and snowboarders under the age of 18,
and nearly 90 % of children ages 9 and under
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wearing them [55]. Note that these rates of hel-
met use are much lower than in Austria, but also
note that the overall helmet use rates in Austria
were higher than the United States in all prov-
inces, regardless of mandatory helmet laws, sug-
gesting a cultural difference in attitudes toward
helmet use between the two countries. Whether
mandatory helmet laws are the best method for
increasing helmet use is a topic for debate.

Since the most common injuries in snowboard-
ers are wrist sprains and fractures, wrist guards
have been investigated as a potential tool to reduce
the rate of these injuries. Wrist guards have been
shown to reduce the risk of wrist and forearm
injuries between 52 and 82 % [56-58]. Despite
this, very few snowboarders choose to wear them.
While wrist guards may decrease the risk of wrist
injuries, some studies have found an increase in
shoulder and elbow injuries when wrist guards are
used [56]. Landing on the forearm with an
extended elbow while wearing a wrist guard may
make the arm act as a lever with the fulcrum at the
point of impact and transfer a torque to the shoul-
der joint. Furthermore, the studies that have
looked at the use of wrist guards have generally
ignored the many different designs of wrist
guards, and thus, not enough study has been done
to say which, if any wrist guards provide the most
protection while reducing the risk of shoulder
injury. At this time there is not enough evidence to
universally recommend the use of wrist guards for
experienced snowboarders where the risk of wrist
injuries is already relatively low, and more
research should be done to determine if they
should be recommended for beginners, who are at
the highest risk of wrist injury.

As noted above, properly maintained equip-
ment, especially properly adjusted ski bindings,
can help reduce the risk of injury [20, 46].
Properly adjusted bindings will release when the
forces generated by a fall are sufficient, and bind-
ings that are too tight will not release in the event
of a fall and can potentially generate enough
torque to injure a skiers’ knee. Regularly sharp-
ened skis can more easily maintain purchase and
help skiers maintain control on hard and icy con-
ditions, which have been noted as a risk factor in
injury [40, 45].
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Another substantial cause of injury is overesti-
mating one’s ability level or not properly assess-
ing the snow conditions. Fortunately, virtually all
ski resorts in North America and most through-
out the world grade and mark their trails with a
difficulty rating from beginner to advanced
terrain. While this is important, the categories
can be broad and the difference, for example,
between a beginner and intermediate trail is rela-
tive to the other trails on the mountain.
Furthermore, conditions can easily change what
would normally be an easy run into a hazardous
one. Many mountains post daily condition reports
which state whether a trail is groomed, ung-
roomed, has fresh powder, or other important
slope information which can give a skier or rider
an idea of the conditions prior to attempting a
trail. Another way that this could be addressed is
to include training about assessing conditions
and also understanding one’s limits when taking
lessons. Counterintuitively, taking ski or snow-
board lessons has not been shown to decrease the
risk of injury [38, 46]. This may be because les-
sons tend to be focused on the rapid acquisition
of skill as opposed to safety education and that
individuals who take lessons often take them spo-
radically which may not be enough to instill safe
habits. Ski lessons could potentially improve the
rates of injury by placing an emphasis on acquir-
ing this knowledge as well as learning physical
techniques.

Other training methods to reduce injury may
be of interest. Ettlinger et al. demonstrated that
injuries to the ACL could be reduced by 62 %
using a training session in which participants
were involved in interactive video and physical
instruction to identify movement patterns which
could contribute to the phantom foot mechanism
of ACL injury [59]. Using instructional ski vid-
eos alone, Jgrgensen et al. were able to show a
30 % reduction in ski injuries compared to those
who had not been shown the videos [60]. Since
the publication of these articles, the sport of ski-
ing has evolved substantially, especially with the
advent of carving skis in the mid-1990s which
altered the pattern of ACL injuries such that the
forward twisting fall mechanism of ACL tear is
now the more dominant. However, these two
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approaches could be adapted using modern ski
equipment, with focus on the forward twisting
fall mechanism of ACL tear. If these methods
prove to be effective, instructional videos could
be spread using the internet and social media ser-
vices to reach the largest number of skiers.
Finally, one area that could be addressed is
musculoskeletal conditioning regimens and neu-
romuscular training specific to skiing and snow-
boarding. A similar strategy has been
implemented in soccer using a program known as
the “FIFA 11+” which includes cardiovascular
conditioning, core and leg strength, and balance
and agility, can be completed in 20 min as a
warm-up prior to a match or training, and has
been shown to reduce training injuries by 37 %,
match injuries by 29 %, and severe injuries by
50 % [61]. A skiing-specific training regimen
was suggested by Morrissey in 1987 which
included stretches, resistance, and cardiovascular
training specific to the activities involved in ski-
ing [62]. While parts of this training could be
applied to modern skiing, with the advent of
shaped skis, the mechanics and musculature
involved in skiing are likely very different.
Furthermore, to our knowledge, nothing similar
has been proposed for the sport of snowboarding,
which utilizes completely different mechanics
than skiing. Such neuromuscular training could
be useful for preventing skiing and snowboarding
injuries. However, there currently exists minimal
information in the literature that suggests condi-
tioning or strength training routines or even indi-
vidual exercises that could be used to prevent
injury in skiing or snowboarding [33]. Further
research must be conducted to identify exercises
which could be incorporated into neuromuscular
training programs specific for skiing and snow-
boarding and would ideally include activities that
can be performed easily in ski and snowboard
boots prior to taking the first run of the day.

11.7.1 Extreme Terrain
11.7.1.1 Off-Piste Terrain

The vast majority of skiing and snowboarding
accidents take place on maintained slopes run by

ski resorts (“on-piste””). However, it is common
for advanced and expert skiers and snowboarders
to venture off the relative safety of these main-
tained slopes into unmaintained trails in search of
fresher snow, more challenging terrain, and fewer
crowds. This is known as going “off-piste.” While
most of the normal risks of alpine skiing and
snowboarding are still present when venturing
off trail, additional risks present themselves,
including natural hazards such as the risk of ava-
lanche, cliffs, rocks, and other unmarked obsta-
cles, as well as additional risks encountered when
traveling in isolated regions in the mountains
such as frostbite, hypothermia, dehydration,
fatigue, acute mountain sickness, and sunburn.

Many ski resorts have large areas of ungroomed
terrain geared toward the advanced and expert ski-
ers seeking this experience. These areas are usu-
ally avalanche controlled, accessible by ski lifts,
and patrolled by professional ski patrollers. For
those individuals who seek a more remote experi-
ence with the possibility of untouched snow, back-
country skiing and snowboarding have become
increasingly popular. Traditionally, backcountry
skiing and snowboarding utilize specialized equip-
ment to ascend a trail, such as snowshoes or skis
equipped with specialized bindings and “‘skins,”
removable coverings which provide traction on
snow. “Split-boards,” specialized snowboards that
can be separated lengthwise and used in a similar
manner as cross-country skis while ascending a
trail and then reattached when descending, are
increasingly popular among snowboarders as well.
This equipment allows access to terrain inaccessi-
ble by ski lift and promises a more remote experi-
ence. Other skiers and snowboarders use services
such as chartered helicopters (known as the activ-
ity of heli-skiing) or snowcats, vehicles with an
enclosed cab and tracks for traveling on snow.
Regardless of the method of accessing the terrain,
backcountry skiing and snowboarding carry a high
level of risk.

Ski resorts that receive a large amount of natu-
ral snow hire trained personnel for the purpose of
avalanche prevention. These professionals deto-
nate strategic explosives and dislodge any slides
prior to opening those areas to the public, thus
minimizing, though not completely eliminating,
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the risk of avalanche inside resort boundar-
ies. Backcountry skiers and riders have no such
protection and must rely on personal knowledge
acquired through avalanche safety training and
personal experience to mitigate their risk. Deaths
due to avalanches are most often caused by
asphyxia from snow burial, although trauma from
impact with debris such as trees and rocks or due
to being swept off a cliff also contributes to ava-
lanche fatalities [63, 64]. The chance of surviving
being buried by an avalanche has been estimated
to be 92 % if the survivor is rescued within 15 min
and then drops to 30 % at 35 min [65]. Thus,
rapid rescue in the event of a snow burial is cru-
cial. Most backcountry travelers carry specialized
equipment such as avalanche transceivers, probes
or telescopic poles, and lightweight snow shovels
which are necessary to quickly locate and extricate
a buried partner. These systems have been shown
to significantly increase the chances of survival in
the case of complete burial [66]. Other special-
ized equipment has been developed to improve
avalanche survival including the Aval.ung (Black
Diamond Limited, Salt Lake City, UT) which
helps to create an artificial air pocket in the event
of aburial and deployable air bags such as the ABS
system (ABS Peter Aschauer GmbH, Grifelfing,
Germany) that help an individual remain on the
surface of the snow during a slide. Deployable air
bags have been reported to significantly increase
the chance of survival in an avalanche [66], and
tests of the Aval.ung system have been reported
to maintain an adequate breathing supply for up to
60 min when used properly [67]. While a combi-
nation of these devices is recommended for back-
country travelers, personal avalanche training and
knowledge of current avalanche conditions are the
first line of defense to avoid such a situation.
Another cause of fatalities among skiers and
snowboarders venturing off-piste is non-avalanche-
related snow immersion death (NARSID), or more
appropriately snow immersion asphyxiation. This
typically occurs when a skier or snowboarder falls
upside down into a deep hole surrounding a tree,
known as tree well, although it may occur in deep
snowbanks absent from trees as well. The skier or
snowboarder then is unable to extricate themselves
from the well and asphyxiates [68]. Preventative
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measures to avoid accidents of this sort are similar
to those recommended for avalanche safety, such as
skiing with a beacon, probe, and shovel and always
remaining within visual and vocal range of a buddy.

It is clear that backcountry travel poses addi-
tional safety concerns to the sports of skiing and
snowboarding in addition to the risks already
attached to simply riding down a groomed trail.
The terrain accessed by backcountry travel can
be more extreme than that encountered on-piste,
and thus, injuries sustained can sometimes be
equally extreme in nature. To illustrate this point,
we present the case of a 55-year-old male skier.
The patient reported that he had been dropped at
the top of a run with two friends while heli-skiing
when the cornice they were standing on col-
lapsed, causing him to fall 800 feet down a gla-
cier. The patient suffered a closed knee dislocation
of the left leg. He presented with complete ACL,
PCL, MCL, posterolateral corner, and MPFL
tears, as well as bucket-handle tears of both the
medial and lateral menisci (Figs. 11.3 and 11.4).

Unsurprisingly, these injuries required major
surgical repair and long-term rehabilitation. This
case illustrates the trauma that can occur even for
experienced skiers and snowboarders when trav-
eling on extreme and unpredictable terrain in the
backcountry. Thus, proper gear, knowledge of
conditions, and avalanche safety are critical when
venturing off-piste.

11.7.2 Terrain Parks

Terrain parks are designated areas on the moun-
tain which contain man-made features such as
jumps, rails, boxes, and half-pipes for the perfor-
mance of technical maneuvers such as grinds,
spins, grabs, and flips. These areas became com-
mon in the mid-1990s and have continued to
increase in popularity, primarily among snow-
boarders, but increasingly among skiers as well.
Terrain parks became especially popular with
snowboarders after the Nagano Olympics in
1998, the first Olympics to feature a snowboard-
ing half-pipe event. The popularity of terrain
parks among skiers may begin to increase as
well, as the 2014 Sochi Olympics was the first to
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Fig. 11.3 MRI images of 55-year-old injured skier with
total knee dislocation. Top: coronal view. Damaged struc-
tures are as follows: (A) MCL tear, (B) medial meniscus
bucket-handle tear, (C) lateral meniscus bucket-handle
tear, and (D) popliteus tendon tear. Botfom: sagittal view.
Damaged structures are as follows: (E) PCL tear and (F)
ACL tear

include a skiing half-pipe event as well as skier
and snowboarder slopestyle events. Generally
speaking, the average demographic of terrain
parks seems to be young, male snowboarders
[69], of which all three factors are associated
with risk-taking behaviors and consequently
injury rates. Furthermore, taking off and landing
jumps in skiing and snowboarding are associated
with a high risk of injury [4, 11, 70], and due the

nature of the tricks, which often involve high
velocities and often rotational forces, it would be
expected that these areas would have a high inci-
dence of injury and possibly a unique injury pat-
tern as well. In fact, the data suggests that the
overall injury rate may actually be lower in ter-
rain parks than other parts of the mountain [71]
but injuries that do occur may be more severe and
result in more ambulation. These studies found
that fractures, concussions, and injuries to the
head face and back were more common in terrain
parks than on other slopes [69, 71, 72]. Another
study, however, disagreed with their findings and
found that both terrain park users and non-terrain
park users had similar rates of hospital admission
and total hospital length of stay and the majority
of injured patients were discharged home in both
groups, suggesting that the injuries sustained in
terrain parks do not seem to be more severe than
other injuries [73]. Interestingly, the rate of
advanced and expert skiers and snowboarders
injured in terrain parks is higher than on other
parts of the mountain, while the rate of injuries of
beginners, possibly recognizing their lack of skill
and avoiding park features all together, is quite
low [69, 71, 72]. The high number of injuries
among experts is due to the fact that this demo-
graphic likely attempts larger jumps and more
challenging tricks, which could lead to higher
energy transfer during crashes [72]. This trend is
far different than for the general skiing and snow-
boarding population where the highest injury
rates occur among beginners [4, 5, 19, 22, 38]. In
addition to the typical pattern of a high rate of
upper extremity injury in snowboarders and high
rate of lower extremity injury in skiers, snow-
boarders in terrain parks were also more likely to
injure the chest, upper abdomen, and shoulder,
while skiers also tended to injure the face and hip
[69].

Multiple strategies have been attempted by
resorts to help reduce the number of terrain park
injuries. Some methods suggested by authors
include creating terrain parks for beginners with
smaller features, making helmets mandatory in
these areas, and creating training programs for
terrain park skiing and snowboarding to reduce
the risk of injury [69, 71]. Fortunately, in the
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Fig. 11.4 X-ray image of reconstructed knee. The follow-
ing indicate sites of reconstruction or repair (note that we
are only pointing out metallic fixation, and the MCL femur,

United States at least, some measures are being
taken to address some of these risks. The “Smart
Style” safety initiative promoted by the National
Ski Areas Association promotes education about
terrain park safety and etiquette in the form of
signs and also safety videos. This initiative also
encourages grading terrain park features by size,
which helps to create a logical progression and
alleviate the issue of terrain park novices becom-
ing injured by attempting maneuvers far above
their skill level [74]. In addition, due to the tech-
nical nature of these maneuvers, many of which
would benefit from professional instruction,
some ski and snowboard instructors’ associa-
tions, such as the Professional Ski Instructors
Association (PSIA) and American Association of
Snowboard Instructors (AASI), offer certifica-
tions to train instructors how to effectively teach
these skills [75]. This has the added benefit of
further emphasizing safety education to riders.
Many mountains require the use of helmets in the
terrain parks and some even require that partici-
pants who want to use terrain parks purchase a

FCL fibula, and popliteofibular ligament and popliteus on
the tibia are translucent bioabsorbable screws): (A) ACL,
(B) PCL, (C) MCL, (D) popliteus, (E) POL, and (F) FCL

special pass and watch a training video prior to
entering the parks. These approaches are all fairly
recent however, and not enough study has been
conducted to evaluate whether these measures
will reduce the rates or severity of injury in the
terrain park.

11.7.3 Future Directions

While skiing and snowboarding have been the
subject of extensive study, many questions
remain unanswered about how to most effec-
tively address the high risk of injury that a typi-
cal skier and snowboarder faces. As described in
the preceding sections, more information must
be obtained about training and education pro-
grams to prevent ACL injury in skiers and
research into protective equipment such as wrist
guards. Another issue is how to most effectively
encourage the general populous, who may only
ski for a single weekend in a year and may not be
educated in these matters, to adopt safe habits on
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the mountain and wear protective equipment
such as helmets and, should they prove benefi-
cial, wrist guards. One possible avenue is to
ensure that safety information is emphasized in
ski lessons. Many children are involved in sea-
son-long snow sports programs, and this would
be a good area to increase education about hel-
met use and to also put into practice ACL injury
prevention training. Some of these programs
already require the use of helmets for all chil-
dren involved. Vail Resorts in the United States
took another approach and now requires that all
employees wear helmets, hoping that seeing
high-level ski instructors, ski patrol, and other
employees wearing helmets will have the effect
of setting an example and encourage public adop-
tion of helmets. Whether these programs will help
to reduce severe head trauma remains to be seen.

Most skiers and snowboarders spend a large
portion of their time on the mountain waiting in
lines to ride the chairlift and sitting on the chair-
lift itself. Another possible strategy to promote
safety awareness would be to post safety educa-
tion, such as helmet awareness information, on
signage throughout the mountain, in the lodges,
in the lift lines, and on chairlift towers. Most
mountains currently use these areas for advertise-
ment space, and some of these signs could easily
be converted to educational purposes. Videos
describing ACL injury prevention, which as
described above have been effective in the past to
reduce knee injuries, could be placed in some of
the longer lift lines, effectively reaching a large,
captive audience. Finally, mountains could set
aside space at the base for individuals to perform
warm-up exercises and provide information
detailing neuromuscular training exercises spe-
cific for skiing and snowboarding as described
above.

Some of these strategies could be imple-
mented immediately, while others, such as the
warm-up area, require more research before they
can be implemented. These approaches require
the cooperation of the ski resorts themselves, but
with the encouragement of the medical commu-
nity, as well as public support, most are feasible
and could help reduce the number of injuries that
occur due to skiing and snowboarding.

Conclusions

Skiing and snowboarding are extremely popular
sports but come with a relatively high risk of
severe injury for the average individual. Risk
factors that can increase this potential for injury
include skiing at high speeds, skiing above
one’s ability level, poor snow conditions, and
fatigue. The risk of serious injury can be miti-
gated, and most literature that suggests strate-
gies for reducing risk focuses on both
on-mountain policies such as setting up enforce-
ment of slow-speed zones, posting signage
detailing safety information, and also equip-
ment strategies, such as encouraging the use of
helmets. Strength and conditioning strategies,
as well as video and training protocols, could be
beneficial to help reduce the rate of injury, but
further research is needed in these areas.
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