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Abstract
Introduction: Alpine winter sports have become increasingly popular over recent decades, with a similar increase
in accident incidence. This review provides an overview of the most recent literature concerning spinal injury
epidemiology, mechanisms, patterns and prevention strategies in the context of alpine winter sports.
Material and methods: The PubMed, Cochrane Library, and EMBASE databases were searched using the keywords
spine injury, alpine injury, spine fracture, skiing injuries, snowboard injuries. 64 published studies in English and
German met a priori inclusion criteria and were reviewed in detail by the authors.
Results: There are various mechanisms of injury in alpine winter sports (high speed falls in skiing, jumping failure in
snowboarding) whilst regionality and injury severity are broadly similar. The thoracolumbar spine is the most
common region for spinal injury. Spinal cord injury is relatively rare, usually accompanying distraction and rotation
type fractures and is most commonly localised to the cervical spine. Disc injuries seem to occur more commonly in
alpine winter sport athletes than in the general population.
Discussion: Despite awareness of increasing rates and risks of spinal injuries in alpine winter sports, there has been
little success in injury prevention.
Keywords: Trauma, Alpine injuries, Spine injuries, Review

Introduction
Alpine winter sports have become increasingly popular
over recent decades with ever-increasing numbers of
winter resorts as well as greater accessibility. This trend
is mirrored in the media as well as international competitions. Several risk factors are associated with accidents
such as crowded resorts, lack of risk awareness at high
speeds, and technically challenging manoeuvers.
Amongst skiers and snowboarders, Corra et al. observed
a rate of severe injuries of 0.2294 per million uphill rides
per year [1]. The most frequent among these was traumatic brain injury, followed by spinal injuries [1]. Spinal
injuries frequently occur in combination with other body
regions [2, 3]. Whilst the overall injury rate seen with
skiing and snowboarding has decreased, the rate of
spinal injuries has plateaued or slightly increased [4, 5].
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The most frequently observed spinal injuries amongst
skiers and snowboarders are vertebral fractures [4]. Less
than 1% of sports-related spinal cord injuries fully recover
by hospital discharge [6]. Reported fatality rates in skiing
and snowboarding injuries range from 0.8 to 3% [2, 7, 8].
This review provides an overview of the most recent
literature concerning spinal injury epidemiology, mechanisms, patterns and prevention strategies in the context
of alpine winter sports.

Methods - skiing
A literature search was performed using the PubMed
database. The string “Skiing/injuries”[MAJR] yielded 801
records. These records’ titles and abstracts were screened
for “disc”, “back”, “spine”, “spinal”, “freestyle”, “racers” and
“racing”. From this search, 28 eligible studies were identified for qualitative analysis and seven studies provided
data for a quantitative analysis. The literature search
algorithm according to PRISMA Guidelines is illustrated
in Fig. 1.
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Fig. 1 Flow diagram for study inclusion and exclusion

Results - recreational alpine skiing
Epidemiology

Spinal injuries from recreational alpine skiing have been
well studied, demonstrating an increasing trend in spinal
injury frequency [9, 10]. Whilst the overall injury rate
ranges from 1.5 to 6 per 1000 skier days [11, 12], the incidence of spinal injuries ranges from 0.001 to 0.01 per
1000 skier days [13–15]. Concurrent spinal injury
amongst injured skiers ranges from 1.4–13.4% [3, 7, 16].
A similar incidence is reported in the paediatric patient
population ranging from 7 to 15% [17, 18]. The mean reported age of skiers who sustained spinal injury, however, ranges from 26.7 to 41 years [3, 7, 8, 14, 16, 19].
Skiers suffering spinal injuries are predominantly male
[3, 7, 8, 14, 16]. The reason for this predominance remains unclear and requires further elaboration. Of all skiing injuries, about 3% of these can be classified as severe
(ISS > 16) [1]. Amongst severely injured skiers the prevalence of spinal injuries ranges from 35 to 42% [1, 7, 20].
When the spinal cord is affected, spinal injuries are found
to be causal for resultant fatalities [21].

Mechanism of injury

The commonest mechanism of injury is falling [4, 5, 14, 16, 17].
Skiers tend to fall forwards leading to cervical spine
hyperextension. This might partly explain the increased
relative frequency of cervical spine injuries in skiers
compared to snowboarders [22]. Falls involving axial
loading most commonly lead to a burst fracture morphology [9].
Skiing accidents more frequently involved collision
than snowboarding accidents [7, 17, 23], which generally
are associated with more severe injury types [24].

Spinal injury patterns

Whilst trends have been observed, there is no absolute
consensus in the literature regarding the typical site of
spinal injury in skiing accidents. Retrospective studies
included in this study analysed a total of 3309 spinal injuries (Table 1). The lumbar spine represents the most
commonly injured site in the majority of these studies
(range 30.1–64.8%) [3, 5, 7, 8, 14, 16, 19].
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Table 1 Injury region of spinal injuries in alpine skiers
Author

Investigation Period

Number
of injuries

cervical

thoracic

lumbar

sacral

coccygeal

Tarazi et al.

1994–1996

36

30.6

27.8

38.9

0

2.8

Wasden et al.

2001–2006

1137

23.2

31.1

35.1

10.6

0

Yamakawa et al.

1988–2000

91

3.3

19.8

64.8

4.4

7.7

De Roulet et al.

2007–2014

1353

26.6

33.7

30.1

9.6

Hubbard et al.

2000–2008

482

40.7

24.1

35.2

–

–

Wick et al.

2000–2011

210

28.6

42.9

28.6

–

–

In contrast, Hubbard et al. found the cervical spine to
be the most commonly affected region [3]. Cervical
spine involvement was reported in 40.7% whilst the lumbar spine accounted for only 35.2% of injuries.
Wick et al. reported fractures of the thoracic spine to
be the most frequent [10]. This finding is reflected in
the majority of the literature studied, with thoracic spine
involvement being at least the second most common region affected (R 19.8–31.1%) [7, 16, 19]. Injuries with
thoracic spine involvement tended to be more severe [8].
Amongst spinal injuries, vertebral body fractures predominate [14, 16]. Two studies reported these as primarily compression type fractures [16, 19] (see Table 1). In
contrast, Tarazi et al., described compression type fractures in only 40% whilst burst fractures accounted for
nearly 60% of the injuries studied [14]. The more severe
distraction type fractures and rotation type fractures
were rarely reported [19].
Yamakawa et al. reported transverse process fractures
in over a quarter of skiing injuries [16]. By contrast, Tarazi et al. did not describe the occurrence of transverse
process fractures but commented on the high incidence
of cervical facet fractures [14].
Spinous process, odontoid peg and tear drop fractures
are seldom reported in skiing injuries [14, 16].
In general, many studies lack systematic fracture
classification. Only three studies sufficiently characterised a total of 188 spinal fractures from skiing accidents [14, 16, 19] (see Table 1).
The incidence of spinal cord injuries (SCI) amongst skiers
has increased over the last two decades [9, 25]. Neurological deficits were most commonly reported in the context of cervical spine fractures [3, 10, 12, 13, 20, 26].
Hyperflexion of the cervical spine may also lead to isolated
spinal cord injury without concomitant fracture or subluxation [27], especially in pediatric patients e.g. as seen in
SCIWORA Syndrome (Spinal Cord Injury Without Radiographic Abnormality). Cervical SCI without skeletal injury
was described by Yamakawa et al. in 2.2% of skiers who sustained spinal injuries [16].
The reported prevalence of neurological deficits
with spinal cord injury amongst skiers varied greatly
depending on the cohort studied, ranging from 0.93–

24% [3, 9, 14, 16, 19]: Spinal fractures were associated
with neurological deficits in roughly a third of the
cases analysed by Reid et al. [9]. Gertzbein et al., who
decribed 54 thoracolumbar vertebral fractures from
skiing accidents, reported no neurological deficits of
any kind [19].
Again, neurological injury and outcome were not systematically classified according to a recognised scoring
system such as the ASIA-Score. As the inclusion criteria
were very diverse, comparison of available data is difficult,
and neurological impairment stratification in skiing injuries is not possible. Tables 1 and 2 summarize the current
data for the region of injury and the pattern of injury in alpine skiing.
Injury prevention strategies

Education Prevention should include education concerning risk factors such as fatigue and alcohol leading to poor
decision-making and decreased coordination. Behaviours
such as speed reduction, avoidance of technically challenging tricks, use of appropriately fitted equipment should
be encouraged. Listening to music whilst downhill skiing
should be avoided [28]. Slope design should incorporate
injury prevention as a priority with the aim of reducing
overcrowding, clear demarcation of obstacles, and creation of dedicated terrain parks with instruction of safe
jumping techniques [4]. Skiing injuries in adolescents occurred with highest frequency in the afternoon which may
point to fatigue as a possible risk factor for injury [17, 25].
One study suggested introducing instruction courses for
optimising both ski course design as well as skiing technique with ample breaks to prevent fatigue [17].
In a meta-analysis of 12 studies, helmet use was found
to significantly reduce the risk of head injuries in skiers
and snowboarders without any additional increase of
neck injuries [29, 30]. The benefit of spinal protection
devices is controversial, with some authors arguing they
reduce the incidence of back and spinal injuries [4, 17].
In one survey, 76% of winter sports participants felt that
spinal protection devices conferred protection [31]. 29%
of participants regularly wore a spinal protection device
[13]. Stainsby et al., however, found that nearly one third
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Table 2 Injury types in skiers
Author

Investigation m:f (%) Fractures Mechanism Compression Burst
Distraction Rotational Other Fractures (%) percentage
period
mean included
Type (%)
Type (%) Type (%)
Type (%)
and site of
age
SCIa

Gertzbein et al.

2005–2010

34y

61

-

63.9

26.2

8.2

1.6

–

–

Yamakawa et al. 1988–2000

67: 33
26.7y

91

fall

85.7

14.3

0

0

12.1
sacrococcygeal
1.1 spinous
process
27.5 transv.
Proc.
1.1 cervical
facet
2.2 odontoid
2.2 tear drop

9.9
cervical

Tarazi et al.

70: 30
34.5y

36

fall

40

60

0

0

13.9
sacrococcygeal
0 spinous
process
11.1 cervical
facet
2.8 odontoid
2.8 tear drop

24
cervical

1994–1996

a

SCI Spinal Cord Injury

of Canadian ski coaches surveyed believed that spinal
protective devices conferred little or no benefit in preventing back injuries [32]. Knöringer et al. demonstrated
that designs of commercially available spinal protection
devices do not address the commonest biomechanical
injury mechanisms (hyperflexion/hyperextension, rotational or axial compression) [13]. In addition, spinal protection devices provide no cervical spine protection and
provide little support in high energy trauma situations
[13]. Paradoxically, the resulting increased rigidity of the
thoracic spine may potentially lead to more severe cervical spine injury.

Results - freestyle skiing
Epidemiology

In a retrospective study, Brooks et al. demonstrated that
back injuries occurred with higher frequency in terrain
parks than on slopes [11]. Terrain park injuries occurred
most likely in 13 to 24-year-old self-rated expert males
who owned their equipment and wore a helmet [11].
In several international competitions freestyle skiing
yielded a higher injury rate amongst the disciplines featured (Vancouver 2010 and Sochi 2014) [33, 34] and the
shortest average time to injury in terms of elapsed activity time (Granada Winter Universiade 2015) [33].
Flørenes et al. reported an injury rate of 15.6 injuries per
1000 runs, of which one third were characterised as severe [34]. The highest incidence was found in halfpipe
skiing, (23.9 injuries per 1000 runs) followed by aerial,
ski cross and moguls [34].

Mechanism of injury

Whilst detailed analysis of injury mechanisms and typical spinal injury patterns in freestyle skiing has not been
performed, some conclusions can be drawn: the majority
of back injuries in freestyle skiing tend to occur in the
lower back, followed by the upper back and the cervical
spine [34]. However, in the cervical spine, injuries involved muscles, tendons and ligaments only, whereas
bony injuries occurred both in the upper and the lower
back [34].
Prevention

The epidemiologic data point to a high level of risk associated with freestyle skiing. In general, the prevention
measures suggested for alpine skiing are similar to those
for freestyle skiing.
Results - Freeskiing, ski touring, snowkiting and
telemarking
Epidemiology

Freeskiing is, by definition, predicated upon risk-taking
and thrill-seeking behaviour [35]. Among slope tourers,
Ruedl et al. reported an injury rate of 6 per 1000 tours.
The average age of skiiers in this category was 38.8
years[28]. With telemark skiers, injuries were more likely
to occur in ski resorts than in backcountry areas [36].
Mechanism of injury

Backcountry skiers are inherently at increased risk of injury from avalanches, crevasse falls and falls from a
height. Regarding slope-tourers, falling was the most
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common mechanism of injury [28]. In snowkiting,
speeds of over 100 km/h and jump heights of up to 10 m
above ground are reported, which predisposes participants to high-energy injuries [37]. Moroder et al. (n =
80) reported an injury rate of 8.4 injuries per 1000 [37].
In telemark skiing, spinal injuries are commonly reported, occurring in 12.1% of all injuries [38].

intact bovine caudal intervertebral discs [38]. Furthermore, increased time of torsion led to down-regulation
of MMP-13, and significantly decreased disc volume
[38]. Application of torsion-compression for 2–4 h per
day tended to increase the glycosaminoglycans/hydroxyproline ratio, thus indicating that optimal load duration
may be capable of promoting matrix synthesis [38].

Spinal injury patterns

Spinal injury patterns

The regionality of spinal injuries as well as typical injury
patterns in these disciplines has not been described in
the literature to date.
Prevention

Injuries in slope tourers occurred with higher frequency
in participants who used spinal protection devices and
in those who listened to music whilst touring [28]. Half
of the injured snowkiters investigated by Moroder et al.
used a spinal protection device [37].
Results - professional alpine skiing
Epidemiology

Since spinal injury patterns of professional skiers are comparable with those of recreational skiers [39, 40], we focused on chronic back pathology in this cohort. Witwit et
al. demonstrated high rates of radiological intervertebral
disc pathology in young elite skiers (82% in skiers and 54%
in controls) [41]. However, there was no significant difference in lifetime prevalence of back pain and MRI abnormalities in skiers showed no correlation with development
of back pain [41].
Mechanism of injury

Radiological abnormalities of the spine are frequently reported in athletes who undergo repetitive spinal strain e.g.
disc degeneration, disc herniation, apophyseal ring injury,
and pars interarticularis fractures [42]. Spörri et al. described a typical spinal loading pattern with combined
frontal bending, lateral bending and torsion in a loaded
spine creating a high-stress environment for intervertebral
discs. This spinal loading pattern is associated with the development of lower back pain [43, 44]. The combination
of flexion with torsion was shown to reduce nuclear pressure required for radial tears that involve cartilaginous
endplate failure in bovine models [45].
Moreover, torsional movements increased the disc
wall’s resistance to radial tears that do not involve cartilaginous endplate failure [36].
Chan et al. investigated the biological response of the
intervertebral disc to a physiological magnitude of torsion, as a function of the duration of applied torsion and
recorded a statistical significant reduction of cell viability
in nucleus pulposus cells to below 70%, when torsion
was applied for 8 h per day in an artificial model using

Todd et al. compared the radiological parameters of the
spino-pelvic sagittal alignment in 75 young elite skiers
and 27 healthy non-athletes from plain radiographs
taken in the long-standing position [39]. The study
found a significant difference in the sagittal vertebral
axis and a significantly higher prevalence of Type I
spinal curvature according to Roussouly [39] among elite
skiers, which has been associated with increased disc degeneration in the thoracolumbar region.
To date, no literature exists which characterises the
distribution, frequency and severity of chronical spinal
injuries in skiers.
Prevention

In a kinematic study, Spörri et al. investigated the effect of
increased gate offset on overall trunk kinematics (including frontal bending, lateral bending, torsion angle) and
their resulting ground- reaction forces and compared
these between giant slalom and slalom skiers [44]. In slalom, ground-reaction force peaks were significantly lower
with gate offset, whereas in giant slalom, an increase of
gate offset did not result in any significant force difference.
They concluded that in order to reduce the magnitude
spinal loading in slalom skiers, reduced gate offsets should
be avoided [44]. Interestingly, this finding runs contrary to
frequent anecdotal claims by athletes. Furthermore, prevention measures in giant slalom should include reduction
of the magnitude of frontal bending and lateral bending in
the loaded trunk by superior core stability or the use of
lumbar corsets [44]. In a similar study, Fasel et al. found
standing height to be a potential measure to reduce the
skier’s overall back loading, though this may have a
smaller preventive effect compared to those benefits conferred by increased gate offsets [40].

Methods - snowboarding
A literature search was performed using the PubMed
database. The string “Skiing/injuries”[MAJR] yielded 801
records. These records’ titles and abstracts were
screened for “snowboard”, “snowboarding” or “snowboarder”. The 94 remaining records’ abstracts were
screened for “disc”, “back”, “spine” or “spinal”. Seventeen
eligible studies were identified for qualitative analysis
and 9 studies provided data for a quantitative analysis.
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The literature search algorithm according to PRIMA
Guidelines is illustrated in Fig. 2.

Results - recreational snowboarding
Epidemiology

Because snowboarders have fixed boot-bindings and
tricks involving catching air are common, typical injury
characteristics are substantially different to other alpine
sports. Snowboarding represents the most dangerous
sport after football and ice hockey [41]. Snowboarders
sustain more injuries which are typically less severe than
with skiers [1, 46], although spinal injury rates are higher
[4] [25]. According to a Japanese study, about 80% of
snowboarders who had undergone spinal surgery
returned to work but none returned to playing sports at
an average follow-up of almost 4 years [47].
The prevalence of spinal injuries amongst injured
snowboarders ranged from 2% to approximately 20%
[3, 7, 16, 41, 45]. Regarding severely injured snowboarders with an ISS > 15, the prevalence of spinal
injury of up to 47% was reported [1, 8]. High

Fig. 2 Literature search algorithm for snowboard injuries
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incidences of spinal injury were also reported in child
and adolescent snowboarders [18].
Spinal fractures in snowboarders are frequent. Gertzbein
et al. reported a likelihood for sustaining a spinal fracture of
0.009% per snowboard day [19]. Unlike in skiing, snowboarders with spinal injuries were relatively young at time of
injury (20 to 34 years) [3, 7, 8, 14, 16, 19, 45, 47]. Young men
were most commonly affected [3, 7, 8, 13, 16, 23, 41–45].
Novice snowboarders more commonly sustained spinal injuries than novice skiers [16, 23].
Mechanism of injury

Jump landing failure was the leading mechanism for spinal
fractures amongst snowboarders [4, 5, 16, 23, 45, 47].
Snowboarders tend to fall backwards [48], which may
result in axial loading leading to anterior compression
fractures [4]. Steenstrup et al. described a typical
crash sequence in order of contact with the ground:
snowboard, upper extremities, buttocks/pelvis, back,
trunk/chest followed by the head [48]. As in skiing,
snowboarding on terrain slopes is a risk factor associated with spinal injury [11, 30, 49] [16, 23].
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Spinal injury patterns

The lumbar spine was reported to be the most commonly affected region for injuries and fractures. Spinal
injuries were located in the lumbar spine in 34.5 to
69.4% of the cohorts studied [3, 7, 8, 14, 16, 45, 47]. The
thoracic spine was the second most commonly affected site
(21.8 to 43.9% of spinal injuries) [3, 7, 8, 14, 16, 45, 47].
Most authors reported a relatively high frequency of cervical spine injuries and fractures (up to 23.6% of spinal injuries in snowboarders) [7, 8, 14, 16, 45]. Sacrococcygeal
spinal injury was found in 6.8 to 17.4% of snowboarders
with spinal injuries [7, 8, 14, 16, 45]. The coccygeal spine
was injured with higher frequency than the sacral
spine [16, 45].
Overall, vertebral fractures represented the most
common spinal injuries (R 48.9 to 70.3%) [14, 16, 45].
Transverse process fractures were reported in three
studies [5, 16, 45]. As with skiing, spinous process
fractures, cervical facet, odontoid peg, and tear drop
fractures are infrequent [14, 16, 45]. Compression
type fractures occur in about 80% of snowboarders
with vertebral fractures [19, 45].
By contrast, a smaller study found that burst fractures
predominate [14]. Distraction type and rotation type
fractures occurred seldom and were reported in only
one study (14.5% distraction and 2.7% rotation fractures
among vertebral fractures). Snowboarders who sustained
spinal cord injury and consequently underwent spinal
surgery were mostly shown to have fracturedislocations (about 70% of cases) [47]. The distribution of vertebral fracture patterns according to the
AO Spine Injury Classification is comparable to that
in skiers. Ishimaru et al. reported type-A fractures in
82.8%, type-B fractures in 14.5% and type-C fractures
in 2.7% of their 221 cases [45].
Hubbard et al. reported SCI in 1.07% of snowboarding
injuries [3]. 25% of those were younger than 18 years. A
primary diagnosis of SCI in snowboarding injuries
ranged from 7 to 10% [14, 16]. Spinal cord injury occurs
primarily in the context of spinal fractures. Other rarer
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mechanisms, such as traumatic disc rupture, have been
described, however [27]. Spinal cord injury resulting
from fracture-dislocation is often devastating [47]. The
most commonly reported mechanism for injury leading
to quadriplegia is an axial compressive force applied cranially in neck flexion. Injury is further precipitated by
the absence of the protective cervical lordosis and cervical vertebral alignment [25].
As with skiing, SCI also occurred in the context of cervical spine injury in snowboarders [3, 14, 16, 20, 26].
Masuda et al., however, reported SCI to predominantly
occur in the thoracolumbar junction [47]. In this cohort
more than 60% of snowboarders sustained severe paralysis (Frankel grades A and B) [47]. Only two of six patients with initial Frankel grade A paralysis improved to
Frankel grade D paralysis during the follow-up period
[47]. Nearly 70% of these cases had persistent neurological bladder dysfunction [47]. Tables 3 and 4
summarize the current data for the region of injury and
the pattern of injury in snowboarding.
Prevention

Similar prevention strategies apply to snowboarding as
to skiing. In addition, wrist guards are advisable in preventing wrist injuries frequently arising from propping.
As spinal injuries from snowboarding frequently result
from jump landing failure, teaching of safe jumping
technique and clear terrain demarcation restricted to expert snowboarders are recommended [25]. 6.7% of
snowboarders with spinal fractures wore a spinal protection device at the time of the injury, but the evidence
surrounding their use is controversial [45].
Results - professional freestyle snowboarding
Epidemiology

As terrain park use is associated with a higher injury risk
[11, 46, 50] and given adjudication criteria in halfpipe
and big air events favour height and rotation [51], injuries in professional freestyle snowboarders are arguably
more frequent, of greater severity, and of differing

Table 3 Spinal fracture patterns in snowboarding injuries
Author

Investigation
Period

Number of
injuries

cervical

thoracic

lumbar

sacral

coccygeal

Tarazi et al.

1994–1996

27

18.5

22.2

37

14.8

0

Wasden et al.

2001–2006

81

17.2

29.7

42.9

9.9

0
3.6

Yamakawa et al.

1988–2000

252

2

21.8

69.4

3.2

De Roulet et al.

2007–2014

1216

23.6

33.2

34.5

8.6

Hubbard et al.

2000–2008

113

25.3

27.1

47.6

Masuda et al.

1997–2009

19

31.6

68.4

–

–

–

–

Ishimaru et al.

2005–2012

431

1.6

22.7

61

4.6

7

Franz et al.

2000–2006

10

–

–

60

–

–
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Table 4 Injury types in snowboarding injuries
Author

Investigation m:f (%) Fractures Mechanism Compression Burst
Distraction Rotational Other
period
mean included
Type (%)
Type (%) Type (%)
Type (%) Fractures (%)
age

Ishimaru et al.

2005–2012

65.7
26.3

431

jump

82.8

14.5

2.7

–

–

Gertzbein et al.

2005–2010

34

51

–

80.4

19.4

0

0

–

–

Masuda et al.

1997–2009

94.7
24.5

19b

jump

0

31.6

0

68.4

–

89.5
thoracolumbar

Yamakawa et al. 1988–2000

68.5
22.3

252

jump

91

9

0

0

6.8
6.7
sacrococcygeal cervical
0.8 spinous
process
39.9 transverse
proc.
0.8 cervical
facet
0.8 odontoid
2 tear drop

Tarazi et al.

100
22.4

27

jump

36.8

63.2

0

0

14.8
9
sacrococcygeal cervical
7.4 spinous
process
3.7 cervical
facet
0 odontoid
0 tear drop

a

1994–1996

SCI Spinal Cord Injury,

b

percentage
and site of SCIa

Only fractures with SCI were included in this study

nature to other alpine sports. Moreover, increased impairments in activities of daily living are reported in retired snowboarders [41].
Injury incidence varies widely between different alpine
sports [50, 51]: Torjussen et al. found the injury rate in
big air snowboarding to be highest (2.3 per 1000 runs),
followed by snowboard cross (2.1 injuries per 1000 runs)
and halfpipe (1.9 per 1000 runs) [51]. Lower injury incidence was found in parallel slalom and parallel giant slalom skiing (0.3 and 0.6 per 1000 runs, respectively) [51].
Russell et al. reported a similar injury distribution [50].
The injury rate was highest for jumps and halfpipe, both
with 2.56 injuries per 1000 runs [50].
Spinal injuries are common in snowboarding, accounting for 13% of all injuries [51]. Furthermore, 18% of 122
overuse injuries in the study by Torjussen et al. involved
back injuries [51].

Wearing a helmet is mandatory in snowboarding competitions. However, only 30% of 258 professional athletes
interviewed by Torjussen et al. reported routine helmet
use, whilst 35% reported only using helmets during competitions [51]. 62% reported using spinal protection devices [51].
Active professionals reported more frequent helmet
use than retired professional snowboarders (74 and 37%,
respectively) [41]. Freestyle snowboard athletes used less
protection equipment than snowboarders participating
in speed or snowboard cross [41].

Mechanism of injury

Results - other alpine winter sports

Falling is the most common injury mechanism in freestyle snowboarding except for snowboard cross, where
collisions predominate [51].

Tobogganing
Epidemiology

Spinal injury patterns

The regionality of spinal injuries in professional freestyle
snowboarders has not yet been investigated.
Torjussen et al. showed that injury patterns in professional snowboarders differ from those of recreational

snowboarders [51]. Overall, professional snowboarders
sustain fewer wrist injuries but more knee and back injuries [51]. Further work is required to characterize back
injuries in this population.
Prevention

The mean age for Toboggan injuries is higher than
might be expected (22 to 38.1 years) [52] [53] [54].
Spinal fractures in this group tend to occur in a somewhat younger subpopulation, however. Reid et al. reported a mean age of 19 years amongst 11 tobogganers
who sustained spinal fractures. Approximately a third of
this group was aged under 15 at the time of injury [9].
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Mechanism of injury

The main mechanism of injury is high-speed collision,
often resulting from lapses of judgement [9, 49, 53, 55].
Ruedl et al. showed that most injuries were the result of
a fall following loss of control of the toboggan [54]. Increased flexion of the vertebral column typical to tobogganing increases risk of spinal injury, particularly at the
more mobile thoracolumbar junction [56]. Heim et al.
reported the spine as being the fourth most common injured region amongst tobogganers [52].
Spinal injury patterns

Most spinal injuries are localised to the lumbar spine [9, 53].
Gröber et al. reported stable L1 fractures in 3.6% of toboggan injuries without any reported neurological impairment
[53]. Reid et al. reported burst fractures in the thoracolumbar spine as occurring most frequently [9].
Prevention

Tobogganing should be performed in designated,
obstacle-free areas that are specially prepared and children
should always be supervised by adults [52]. Forward speed
in a sled should be moderated [57]. Furthermore, individuals should adapt their behaviour according to track, visibility and weather conditions [54]. Although becoming
more popular, protective equipment is rarely worn by tobogganers [24, 37, 53, 55]. Ruedl et al. demonstrated, however, that 13.3% of injured adult tobogganers wore spinal
protection devices [54]. Alcohol is likely to be a risk factor
in its effect on judgement capacity [54].

Discussion
Alpine winter sport injuries usually involve high energy
trauma and are associated with severe spinal trauma.
Spinal injuries most commonly affect young men and
occur more commonly in snowboarders than skiers. The
mechanisms of injury in alpine winter sports differ (high
speed falls in skiing, jumping failure in snowboarding)
whilst regionality and severity of injuries are broadly
similar. The thoracolumbar spine is the most commonly
affected region. Compression type and burst fractures
seem to be the most common spinal injuries. Spinal cord
injury is relatively rare, usually accompanying distraction
and rotation type fractures and is most commonly localised to the cervical spine. Disc injuries seem to more
commonly occur in alpine winter sport athletes than in
the general population. Despite awareness of increasing
rates and risks of spinal injuries in alpine winter sports,
there has been little success in prevention of these. Discrepancy between the requirements and efficacy of
spinal protection devices has been reported, as they arguably do not prevent the most common spinal injury
mechanisms. Whilst spinal injuries in skiing and snowboarding have been reported over many years, modern
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alpine winter sports such as freestyle or backcountry
touring, freeride, telemarking, snowkiting have yet to be
systematically studied with regard to their risk for sustaining spinal injury.
In our study, a narrative approach was used. This is
mainly due to the relative sparsity and heterogeneity of
data. As further literature becomes available with greater
study numbers, a systemic review will doubtless provide
valuable information where, for example, injury patterns
and localisations have differed greatly in the various included studies. Another limitation is that the included
studies were not all sufficiently indexed. This again is related to the sparsity of available data. The included studies
also had individual limitations including publication bias,
as well as greatly varying data collection and presentation
(e.g. non-uniform fracture classification.)

Conclusion
As the practice of alpine winter sports continues to
change, so too do spinal injury patterns and incidence.
Accordingly, further work is required to improve prevention and management.
Acknowledgements
None.
Authors’ contributions
SFB, CEA and JG crafted the study design and lead the selection process. SH
and LMB helped with data selection and evaluation. AKE and PGF helped
completing the manuscript with writing and editing the proposed paper. All
authors read and approved the final manuscript.
Funding
There has been no funding for this paper.
Ethics approval and consent to participate
No patient-related data was used in our work, therefore there is no need for
approval by an ethics committee.
Consent for publication
All authors gave consent for submission and publication.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Traumatology and Orthopaedic Surgery, Inselspital University
of Bern, Freiburgstrasse, 3010 Bern, Switzerland. 2Department of Emergency
Medicine, Inselspital University of Bern, Freiburgstrasse 16C, 3010 Bern,
Switzerland.
Received: 21 December 2018 Accepted: 5 July 2019

References
1. Corra S, Girardi P, De Giorgi F, Braggion M. Severe and polytraumatic
injuries among recreational skiers and snowboarders: incidence,
demographics and injury patterns in South Tyrol. Eur J Emerg Med. 2012;
19(2):69–72.
2. Hasler RM, Schmucker U, Evangelopoulos DS, Hirschberg RE, Zimmermann
H, Exadaktylos AK. Improving prehospital trauma management for skiers
and snowboarders - need for on-slope triage? J Trauma Manag Outcomes.
2011;5(1):5. https://doi.org/10.1186/1752-2897-5-5.

Bigdon et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine

3.
4.
5.

6.
7.
8.

9.
10.

11.

12.
13.
14.
15.
16.

17.
18.

19.

20.
21.
22.

23.
24.

25.
26.
27.

28.

29.

Hubbard ME, Jewell RP, Dumont TM, Rughani AI. Spinal injury patterns
among skiers and snowboarders. Neurosurg Focus. 2011;31(5):E8.
Kary JM. Acute spine injuries in skiers and snowboarders. Curr Sports Med
Rep. 2008;7(1):35–8.
Franz T, Hasler RM, Benneker L, Zimmermann H, Siebenrock KA, Exadaktylos
AK. Severe spinal injuries in alpine skiing and snowboarding: a 6-year review
of a tertiary trauma Centre for the Bernese abs ski resorts, Switzerland. Br J
Sports Med. 2008;42(1):55–8.
Puvanesarajah V, Qureshi R, Cancienne JM, Hassanzadeh H. Traumatic
sports-related cervical spine injuries. Clin Spine Surg. 2017;30(2):50–6.
Wasden CC, McIntosh SE, Keith DS, McCowan C. An analysis of skiing and
snowboarding injuries on Utah slopes. J Trauma. 2009;67(5):1022–6.
De Roulet A, Inaba K, Strumwasser A, Chouliaras K, Lam L, Benjamin E,
Grabo D, Demetriades D. Severe injuries associated with skiing and
snowboarding: A national trauma data bank study. J Trauma Acute Care
Surg. 2017;82(4):781–6.
Reid DC, Saboe L. Spine fractures in winter sports. Sport Med. 1989;7(6):393–9.
Wick MC, Dallapozza C, Lill M, Grundtman C, Chemelli-Steingruber IE,
Rieger M. The pattern of acute injuries in patients from alpine skiing
accidents has changed during 2000-2011: analysis of clinical and
radiological data at a level i trauma center. Arch Orthop Trauma Surg.
2013;133(10):1367–73.
Alison Brooks M, Evans MD, Rivara FP. Evaluation of skiing and
snowboarding injuries sustained in terrain parks versus traditional slopes. Inj
Prev. 2010;16(2):119–22.
Davidson TM, Laliotis AT. Alpine skiing injuries. A nine-year study. West J
Med. 1996;164(4):310–4.
Knöringer M. Rückenprotektoren im wintersport. Sport Orthop. 2013;
29(4):283–7.
Tarazi F, Dvorak MFS, Wing PC. Spinal injuries in skiers and snowboarders.
Am J Sports Med. 1999;27(2):177–80.
Prall JA, Winston KR, Brennan R. Spine and spinal cord injuries in downhill
skiers. J Trauma. 1995;39(6):1115–8.
Yamakawa H, Murase S, Sakai H, Iwama T, Katada M, Niikawa S, Sumi Y,
Nishimura Y, Sakai N. Spinal injuries in snowboarders: risk of jumping as an
integral part of snowboarding. J Trauma. 2001;50(6):1101–5.
Greier K. Skiing injuries in school sport and possibilioties to prevent them.
Sportverletzung Sportschaden. 2011;25(4):216–21.
Selig HF, Hüpfl M, Trimmel H, Voelckel WG, Nagele P. Pediatric trauma in
the Austrian Alps: the epidemiology of sport-related injuries in helicopter
emergency medical service. High Alt Med Biol. 2012;13(2):112–7.
Gertzbein SD, Khoury D, Bullington A, John TAS, Larson AI. Thoracic and
lumbar fractures associated with skiing and snowboarding injuries
according to the AO comprehensive classification. Am J Sports Med. 2012;
40(8):1750–4.
Levy AS, Smith RH. Neurologic injuries in skiers and snowboarders. Semin
Neurol. 2000;20(2):233–45.
Morrow PL, McQuillen EN, Eaton LA Jr, Bernstein CJ. Downhill ski fatalities:
the Vermont experience. J Trauma. 1988;28(1):95–100.
Nakaguchi H, Fujimaki T, Ueki K, Takahashi M, Yoshida H, Kirino T.
Snowboard head injury: prospective study in chino, Nagano, for two
seasons from 1995 to 1997. J Trauma. 1999;46(6):1066–9.
Chow TK, Corbett SW, Farstad DJ. Spectrum of injuries from snowboarding.
J Trauma. 1996;41(2):321–5.
Ruedl G, Sommersacher R, Woldrich T, Kopp M, Nachbauer W, Burtscher M.
Risikofaktoren von kopfverletzungen auf Oesterreichischen skipisten. Dtsch
Z Sportmed. 2010;61(4):97–102.
Boden BP, Jarvis CG. Spinal injuries in sports. Neurol Clin. 2008;26(1):63–78.
Floyd T. Alpine skiing, snowboarding, and spinal trauma. Arch Orthop
Trauma Surg. 2001;121(8):433–6.
Ecker TM, Kleinschmidt M, Martinolli L, Zimmermann H, Exadaktylos AK.
Clinical presentation of a traumatic cervical spine disc rupture in alpine
sports: A case report. Scand J Trauma Resusc Emerg Med. 2008;16:14.
https://doi.org/10.1186/1757-7241-16-14.
Ruedl G, Pocecco E, Kopp M, Burtscher M. Erratum: Frequencies of injuries
and causes of accidents during ski touring on ski slopes - A pilot study
(Sportverletzung-Sportschaden (2015) 205:29 (46–50)). Sportverletzung
Sportschaden. 2015;29(1):E1.
Russell K, Christie J, Hagel BE. The effect of helmets on the risk of head and
neck injuries among skiers and snowboarders: a meta-analysis. Cmaj. 2010;
182(4):333–40.

(2019) 27:69

Page 10 of 11

30. Bridges EJ, Rouah F, Johnston KM. Snowblading injuries in eastern Canada.
Br J Sports Med. 2003;37(6):511–5.
31. Schmitt KU, Liechti B, Michel FI, Stämpfli R, Brühwiler PA. Are current back
protectors suitable to prevent spinal injury in recreational snowboarders? Br
J Sports Med. 2010;44(11):822–6.
32. Stainsby B, Law J, Mackinnon A. A survey of Canadian alpine ski racing
coaches regarding spinal protective devices for their athletes. J Can Chiropr
Assoc. 2014;58(4):428–35.
33. Gallo-Vallejo MÁ, de la Cruz-Márquez JC, de la Cruz-Campos A, de la CruzCampos JC, Pestaña-Melero FL, Carmona-Ruiz G, Gallo-Galán LM. Sports
injuries and illnesses during the Granada Winter Universiade 2015. BMJ
Open Sport Exerc Med. 2017;2(1):e000123.
34. Flørenes TW, Heir S, Nordsletten L, Bahr R. Injuries among world cup
freestyle skiers. Br J Sports Med. 2010;44(11):803–8.
35. Frühauf A, Hardy WAS, Pfoestl D, Hoellen FG, Kopp M. A qualitative
approach on motives and aspects of risks in freeriding. Front Psychol.
2017;8:1998.
36. Veres SP, Robertson PA, Broom ND. The influence of torsion on disc
herniation when combined with flexion. Eur Spine J. 2010;19(9):1468–78.
37. Ruedl G, Pocecco E, Kopp M, Raas C, Blauth M, Brucker PU, Burtscher
M. Factors associated with the use of protective gear among adults
during recreational sledging. Sportverletz Sportschaden. 2015;29(3):
180–4.
38. Chan SCW, Walser J, Ferguson SJ, Gantenbein B. Duration-dependent
influence of dynamic torsion on the intervertebral disc: an intact disc organ
culture study. Eur Spine J. 2015;24(11):2402–10.
39. Todd C, Kovac P, Swärd A, Agnvall C, Swärd L, Karlsson J, Baranto A. Erratum
to: Comparison of radiological spino-pelvic sagittal parameters in skiers and
non-athletes. J Orthop Surg Res. 2016;11(1):148.
40. Spörri J, Kröll J, Fasel B, Aminian K, Müller E. Standing Height as a
Prevention Measure for Overuse Injuries of the Back in Alpine Ski Racing: A
Kinematic and Kinetic Study of Giant Slalom. Orthop J Sports Med. 2018;
6(1):2325967117747843. Published 2018 Jan 8. https://doi.org/10.1177/2325
967117747843.
41. Ehrnthaller C, Kusche H, Gebhard F. Differences in injury distribution in
professional and recreational snowboarding. Open Access J Sports Med.
2015;6:109–19. Published 2015 Apr 16. https://doi.org/10.2147/OAJSM.
S78861.
42. Witwit WA, Kovac P, Sward A, Agnvall C, Todd C, Thoreson O, Hebelka
H, Baranto A. Disc degeneration on MRI is more prevalent in young
elite skiers compared to controls. Knee Surg Sports Traumatol Arthrosc.
2018;26(1):325–32.
43. Spörri J, Kröll J, Haid C, Fasel B, Müller E. Potential mechanisms leading to
overuse injuries of the Back in alpine ski racing: a descriptive biomechanical
study. Am J Sports Med. 2015;43(8):2042–8.
44. Spörri J, Kröll J, Fasel B, Aminian K, Müller E. Course Setting as a
Prevention Measure for Overuse Injuries of the Back in Alpine Ski
Racing: A Kinematic and Kinetic Study of Giant Slalom and Slalom.
Orthop J Sport Med. 2016;4(2).
45. Ishimaru D, Matsumoto K, Ogawa H, Sumi H, Sumi Y, Akiyama H.
Characteristics and risk factors of spinal fractures in recreational
snowboarders attending an emergency Department in Japan. Clin J Sport
Med. 2016;26(5):405–10.
46. Kim S, Endres NK, Johnson RJ, Ettlinger CF, Shealy JE. Snowboarding injuries:
trends over time and comparisons with alpine skiing injuries. Am J Sports
Med. 2012;40(4):770–6.
47. Masuda T, Miyamoto K, Wakahara K, Matsumoto K, Hioki A, Shimokawa
T, Shimizu K, Ogura S, Akiyama H. Clinical outcomes of surgical
treatments for traumatic spinal injuries due to snowboarding. Asian
Spine J. 2015;9(1):90–8.
48. Steenstrup SE, Bakken A, Bere T, Patton DA, Bahr R. Head injury mechanisms
in FIS world cup alpine and freestyle skiers and snowboarders. Br J Sports
Med. 2018;52(1):61–9.
49. Björnstig U, Tordai P. Tobogganing and sledging accidents: mechanisms
and injuries. Scand J Public Health. 1986;14(2):83–6.
50. Russell K, Meeuwisse WH, Nettel-Aguirre A, Emery CA, Wishart J, Romanow
NTR, Rowe BH, Goulet C, Hagel BE. Feature-specific terrain park-injury rates
and risk factors in snowboarders: a case-control study. Br J Sports Med.
2014;48(1):23–8.
51. Torjussen J, Bahr R. Injuries among competitive snowboarders at the
national elite level. Am J Sports Med. 2005;33(3):370–7.

Bigdon et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine

52. Heim D, Altgeld K, Hasler RM, Aghayev E, Exadaktylos AK. A 13-year analysis
from Switzerland of non-fatal sledging (sledding or tobogganing) injuries.
Injury. 2014;45(1):338–41.
53. Gröber J, Maurer F, Eingartner C, Weise K. Tobogganing Injuries.
Sportverletzung Sportschaden. 1998;12(3):114–7.
54. Ruedl G, Pocecco E, Raas C, Brucker PU, Greier K, Burtscher M.
Unfallursachen und Risikofaktoren bei erwachsenen Rodlern: eine
retrospektive Studie. Sportverletzung Sportschaden. 2017;31(1):45–9.
55. Kim PCW, Haddock G, Bohn D, Wesson D. Tobogganing injuries in children.
J Pediatr Surg. 1995;30(8):1135–7.
56. Herkowitz HN, Samberg LC. Vertebral column injuries associated with
tobogganing. J Trauma. 1978;18(12):806–10.
57. Huh S. How can we reduce injuries and illnesses among athletes during the
PyeongChang 2018 Olympic Winter Games? J Exerc Rehabil. 2017;13(6):615–
6. Published 2017 Dec 27. https://doi.org/10.12965/jer.1735184.592.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

(2019) 27:69

Page 11 of 11

