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Introduction: Winter sports off the marked slopes are becoming more popular. All sports in uncontrolled and 
mountainous terrain are combined with risks and claim fatalities every year. This study investigates the cir-
cumstances, causes and epidemiological aspects of fatalities of the two most common winter sports outside 
prepared slopes. 
Methods: This retrospective study deals with off-slope fatalities reported to the authorities in the Canton of Berne, 
Switzerland, between 2001 and 2019. The cases were examined for various parameters and statistically evalu-
ated. Ski touring was compared with freeriding. 
Results: Fifty-nine cases were examined. The male/female ratio was 4/1. Freeriders were significantly younger 
than ski tourers when they died (27 ± 9 y vs. 39 ± 15 y, P = 0.005). In 8 cases the cause of death was classified as 
natural, in 51 cases an accident was the reason for the fatality. The most frequent incident was an avalanche 
(63% of all cases). Freeriders had significantly more lacks in their equipment than ski tourers (86 vs. 50%, P =
0.013). 
Conclusion: Our results indicate that fatally injured freeriders were significantly younger, less equipped and 
prepared than ski tourers when skiing uncontrolled winter backcountry. Prevention programs should therefore 
focus on young and unexperienced freeriders who decide to leave the marked slope in ski areas without any 
preparations.   

1. Introduction 

Winter sports are very popular in Switzerland, especially the popu-
larity of ski-/snowboard touring and freeriding is increasing [1]. Ski 
touring is characterized by climbing a mountain without mechanized 
assistance by using special skis or snowshoes and brawn and the 
following descent away from controlled slopes with skis or a snowboard 
[2]. Freeriding is defined by using the infrastructure of a ski area for the 
ascent (e. g. cable car or gondola) and descending on skis or a snowboard 
away from the marked slopes. Marked slopes are defined as downhill 
routes that are managed by a mountain railway company. In addition, 
they are frequently controlled by specialists and secured against alpine 
hazards. In the Alps, that includes all downhill routes on which the cable 
car company can be held liable in case of bad signposting or missing fall 
protection [2]. In Switzerland, it is easy to cross the boundaries from 
marked slopes of ski resorts to the backcountry for freeriding. 

Between 2011 and 2015, on average 34 people died each year while 
skiing and snowboarding in Switzerland. Eighty-five percent of these 

fatal accidents occurred off the marked slopes [3]. In the years 
2000–2015, the Swiss Council for Accident Prevention recorded 8–19 
annual fatalities in freeriders [3]. The Swiss Alpine Club (SAC) recorded 
27 fatal ski touring incidents and 10 fatal freeride incidents in 
Switzerland just in 2019 alone. However, there was no trend in those 
numbers, so that the fluctuations were explained by meteorological 
variations such as snow and weather conditions on occurrence of ava-
lanches [3]. 

Naturally the uncontrolled winter backcountry bears hazards, such 
as avalanches or crevasses and voluntary human exposure to these 
hazards turns them into uncontrollable risks of injury and/or hypo-
thermia [4,5]. 

Avalanches account for approximately 20 fatalities per year in 
Switzerland [2], with a constant avalanche risk per ski tour day between 
1999 and 2010 [6]. 

Among ski tourers, falls are the most common cause of death espe-
cially in steep, rocky or icy terrain [7]. Falls into glacial crevasses were 
fatal in 16 ski touring and 14 freeriding accidents in the Swiss alps 
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between 2000 and 2010 [8]. Beside environmental hazards, behavioral 
errors such as skill overestimation and errors in decision-making ac-
count for a significant number of fatal accidents [9]. 

In a recent review, Faulhaber pointed out, that most studies on 
mountain winter accidents focus on alpine skiing and/or avalanches 
[10]. There are no studies analyzing fatal accidents in ski touring and 
freeriding. In order to design effective programs to prevent fatal 
mountain sport accidents [9], exact definitions of characteristics and 
causes of the accidents are required [11]. 

In extreme sports, forensic data may be critical to understand the real 
cause of death and investigate all the factors of an accident, including 
any human error, drugs, medication or alcohol consumption and any 
relevant pre-existing diseases. Therefore, a knowledge of fatality rates 
and accident dynamics is essential for sports and forensic medicine 
specialists. Moreover, epidemiological and autoptic data relative to 
extreme sport fatalities may assist future preventive research, the 
development of safety systems, guidelines and protective clothing [12]. 

We therefore analyzed circumstances, causes and epidemiological 
aspects leading to a fatality during ski touring and freeriding in this 
retrospective study. 

2. Methods 

This retrospective study analyzes fatal winter sport accidents 
occurring off marked slopes in the canton of Berne in Switzerland be-
tween 2001 and 2019. We differentiated between ski touring and free-
riding. The ascent with snowshoes or a split board and the subsequent 
descent with a snowboard ("snowboard touring") was included in the 
group of ski touring. Snowshoeing, winter mountaineering or ice fall 
climbing were not included because of the different nature of those 
sports and the associated risk profiles. 

The ski touring and freeride fatalities for this period were determined 
by using the databases of the SAC, the public prosecutor’s office of the 
canton of Berne and the Institute of Forensic Medicine, University of 
Berne. The following parameters were taken from the corresponding 
investigation files of the responsible public prosecutor’s offices. The 
responsible departments of public prosecution authorized the use of the 
anonymized case data. Due to the retrospective nature of the study no 
further ethics approval was necessary. 

2.1. Personal data 

Sex, age, origin, experience in ski touring or freeriding (having 
experience yes or nor) were studied. Experience was classified as fol-
lows: experience was defined as an education in mountain sports 
received by the SAC or a similar organization, a regular practice of either 
sports for several years and several times per year or being a mountain 
guide or a person in a comparable function. 

2.2. Forensic and medical data 

Kind of forensic investigation of the body (autopsy defined as the 
opening of the body with detailed examination of the soft tissue, skel-
eton and inner organs of the three cavities skull, thorax and abdomen 
combined with a prior postmortem radiological examination or only 
external examination of the body without postmortem radiology), cause 
of death, manner of death (accident or natural), results of toxicological 
investigations (positive result, negative result or not given) and previous 
illnesses (yes or no) were measured. 

2.3. Accident circumstances 

Tour type (ski touring or freeriding), altitude of the event (over 1800 
m or below), cause of the event, equipment (wearing of an avalanche 
transceiver, avalanche airbag and helmet), fall height in cases of a fall 
and tour planning (indications of a planning or no indications) were 

measured. In this study, tour planning is defined as to deal with the 
hazards in the uncontrolled winter backcountry. There were indications 
of tour planning if there was information about consulting the avalanche 
and/or weather forecast, measuring the slope inclination, planning the 
route on a map, defining returning points and times and considering 
special hazards like crevasses or exposed areas. 

The mortality index (number of deaths per number of accidents) is 
given [7] since the mortality risk (number of deaths in all off piste 
athletes) can not be calculated [7]. 

To calculate the mortality index the accident register of the SAC was 
used. In this register, all mountain emergencies related to ski touring or 
freeriding were included. The term "mountain emergency" includes all 
incidents in which mountaineers requested the assistance of the moun-
tain rescue services. Near-misses were also included. An incident that 
nearly resulted in death or serious injury was subjectively defined as a 
near-miss [13]. The incident was mostly averted by mountain rescue. In 
this context, near-misses are also counted among accidents. 

3. Statistics 

Data were analyzed using IBM SPSS software version 27. Most results 
were presented as frequencies in parentheses. The total frequency (in 
percent, ski tourers and freeriders together) is given first; followed by 
the percentage of ski tourers versus the percentage of freeriders. Fre-
quencies of categorizable variables were compared by the chi-square 
test or Fisher’s exact test. For continuous variables, the t-test was per-
formed. For means, the standard deviation (mean ± SD) was given. 
Results were considered statistically significant if the P-value was below 
0.05. 

4. Results 

The records from the Institute of Forensic Medicine of the University 
of Berne indicated a total of 62 fatalities during ski touring or freeriding 
activities in the canton of Bern between 2001 and 2019. We were able to 
investigate 59 cases. In 3 cases the files were missing. On forensic 
investigation, the cause of death was classified as natural in 8 cases 
(14%) and accident related in 51 cases (86%). That death was natural 
was confirmed by autopsy in one of eight cases. Thirty-five (69%) fatal 
accidents occurred during ski touring and 16 (31%) during freeriding. 

The mean age of all deceased was 36 ± 15 years. Freeriders were 
significantly younger than ski tourers at the time of death (39 ± 15 y vs. 
27 ± 9 y, P = 0.005). In both groups, far more men came to death than 
women (proportion of men: 80%; 83% vs. 75%). The proportion of Swiss 
citizens predominated foreigners in both groups (69%; 74% vs. 56%). 

Thirteen cases (25%) were autopsied. In the other 38 cases (75%), 
only an external inspection of the body was carried out. The causes of 
death (Table 1) were either confirmed by an autopsy or mostly suspected 
by the external inspection. In very few cases, a toxicological study was 
performed (14%; 17% vs. 6%). Results were negative in all cases. 

Types of events are detailed in Table 2. Most avalanche victims died 
of asphyxiation (69%; P < 0.001) and most fall-related victims of 
traumatic brain injury (47%; P < 0.001). Of note, fall height was much 
higher in ski touring than in freeriding (299 ± 253 m vs. 50 ± 24 m; P =
0.021). 

Utilization of safety equipment (avalanche transceiver, airbag and 
helmet) was significantly different between ski tourers and freeriders 
(Table 3). In 11 cases the use of a helmet could not be determined. In 
cases where victims died from traumatic brain injuries, no accumulation 
of traumatic brain injuries could be found among non-helmet wearers 
(44% helmet worn vs. 44% helmet not worn, 1 case unknown). 

Ski tourers and freeriders with no experience had more lacks in their 
equipment (75% vs. 23%, P = 0.004). The accident victims with no 
evidence of tour planning had often a shortage of equipment (67% vs. 
15%, P = 0.001). However, there was no significant age difference be-
tween well and poorly equipped victims (36 y vs. 34 years). 
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In 15 cases, there were no data on any tour planning and in 7 cases 
the skiers experience could not be elucidated. Ski tourers planned their 
tour more frequently than freeriders (51% vs. 25%, P = 0.127) and no 
planning of the tour at all was found in 63% of all freerides as compared 
to 11% in ski tourers (P < 0.001). No difference was found regarding the 
experience in both groups (experienced 54% vs. 50%). 

The SAC recorded a total of 813 snow sports accidents off marked 
slopes in the canton of Berne in the years 2004–2019. Two hundred and 
seven accidents occurred during freeriding and 606 accidents during ski 
touring. Based on those data the mortality index in this series was 7.2% 
while freeriding and 6.6% during ski touring. 

5. Discussion 

People who ski away from the marked slopes face a higher risk of 
dying in an accident than those who ski on the marked slopes [14]. 

In our study, the mortality index of an accident while freeriding was 
7.2% and 6.6% in ski touring. The German Alpine Association reported 
165 mountain emergencies from their members related to ski touring in 
2016/17; six people lost their lives [15]. Based on this information, this 

represents a mortality index of 3.6%. In a French study, a mortality 
index of 8% for ski touring was reported [16]. 

Comparing the data with other mountain sports shows that mortality 
indexes are similar or even higher. The mortality index for ski touring 
and freeriding is higher than the mortality index for alpine climbing 
with 6% (13/220 injured athletes) [17] and significantly higher than the 
mortality index found for mountain air-sports including paragliding, 
hang gliding and speed flying with 2.5% (42/1637 injured athletes) 
[18]. 

The average age of ski tourers, snowboard tourers and snowshoers in 
Switzerland is 49 years [2]. The Swiss Council for Accident Prevention 
expected that the average age for freeriding is significantly lower than 
for ski touring [2]. A significant difference between these two groups 
was also found in the data collected. 

In both groups, more men than women died. This does not corre-
spond with the percentage of women who practice ski touring in 
Switzerland. It is estimated that 53% of all people who practice sports in 
uncontrolled winter backcountry are women [2]. A possible reason for 
the higher proportion of men among fatalities could be a higher risk 
behavior of men [19]. 

Although only complete autopsies and toxicological examinations 
are able to delineate all injuries and the cause of death as well as the 
failure of certain safety equipment, the autopsy rate in this and other 
studies on mountain fatalities [20,21] remains low. In a study of 1060 
deaths, of which 1023 were autopsied, there was no concordance be-
tween the external inspection and autopsy confirmed diagnosis in 45% 
of men and 48.8% of women [22,23]. 

Toxicological investigations were even less frequently performed 
(17% vs. 6%) than autopsies. Specifically, the use of alcohol is a 
recognized cause of accidents in adventure and extreme sports. Studies, 
especially from air-sports, have shown that accidents occur increasingly 
after alcohol or drug abuse [24,25]. Exposure to drugs and alcohol can 
have a relevant impairment of motor and psychological abilities in 
winter sports [21], which suggests an increased likelihood of accidents 
in the presence of alcoholization. Toxicological investigations are the 
only way to clarify alcohol or drug associated psychomotor impairment 
as potential cause of death. Furthermore, they might furthermore be of 
significant legal importance. 

The cause of death was not different between the two groups, with 
asphyxiation being the most frequent cause of death in this study. This 
was clearly related to avalanches. Also in a number of other studies, 
asphyxiation was the most common cause of death in avalanches 
[26–29]. 

In this study, traumatic brain injury as cause of death was caused by 
falls. Accidents caused by falls are a frequent incident in mountain sports 
[30,31]. In these cases, traumatic brain injury represents the most 
common cause of death [20]. 

The most frequent cause of a fatal accident in our study was an 
avalanche (63%). Even in mechanically aided skiing, avalanches 
contributed to the overall risk of death in 77% in a Canadian trial [5]. 
Interestingly, even though the number of people in uncontrolled winter 
backcountry increased between 1977 and 2006, Harvey et al. were able 
to demonstrate that the number of victims completely buried by an 
avalanche remained constant [32]. Even more, they found a decrease in 
the mortality rate of avalanche accidents due to better training and 
utilization of safety equipment and improved information on snow 
conditions and avalanche situations [32]. 

In our study, ski tourers were better equipped than freeriders, by 
wearing significantly more avalanche transceivers. Avalanche trans-
ceivers reduce mortality significantly by shortening the average burial 
time and increasing spontaneous and successful rescues by companions 
[33]. An Austrian study demonstrated that the avalanche transceiver 
plays a minor role in freeriding, as freeriders are more often rescued by 
organized rescue than by companions [33]. Immediately available 
rescue dogs and helicopters of the Austrian Mountain Rescue Service 
were found to have favorable survival rates even for freeriders without 

Table 1 
Causes of death in the two investigated groups. The values are given in absolute 
and relative frequencies.   

Total 
(n =
51) 

Cause of death 
confirmed by 
autopsy (n =
13) 

Ski 
Touring 
(n = 35) 

Freeriding 
(n = 16) 

P- 
value 

Asphyxiation 
(n) (%) 

24 
(47) 

10 ( 42%) 18 (51) 6 (38) 0.384 

Traumatic 
brain injury 
(n) (%) 

9 (18) 2 (22%) 5 (14) 4 (25) 0.436 

Blood loss (n) 
(%) 

5 (10) 0 (0%) 3 (9) 2 (13) 0.643 

Multiple 
trauma (n) 
(%) 

5 (10) 0 (0%) 3 (9) 2 (13) 0.643 

Neck fracture 
(n) (%) 

4 (8) 0 (0%) 3 (9) 1 (6) 1.000 

Hypothermia 
(n) (%) 

2 (4) 1 (50%) 2 (6) 0 (0) 1.000 

Heart failure 
(n) (%) 

1 (2) 0 (0%) 0 (0) 1 (6) 0.314 

Unclear (n) (%) 1 (2) 0 (0%) 1 (3) 0 (0) 1.000  

Table 2 
Type of event in the two investigated groups. The values are given in absolute 
and relative frequencies.   

Total (n =
51) 

Ski Touring (n 
= 35) 

Freeriding (n =
16) 

P- 
value 

Avalanche (n) (%) 32 (63) 24 (69) 8 (50) 0.228 
Fall from height (n) 

(%) 
17 (33) 9 (26) 8 (50) 0.115 

Fall into a crevasse 
(n) (%) 

2 (4) 2 (6) 0 (0) 1.000  

Table 3 
Safety equipment components in the two investigated groups. The values are 
given in absolute and relative frequencies.   

Total (n =
51) 

Ski touring (n 
= 35) 

Freeriding (n =
16) 

P- 
value 

Avalanche 
transceiver (n) (%) 

38 (75) 30 (86) 8 (50) 0.013 

Helmet (n) (%) 18 (35) 10 (29) 8 (50) 0.327 
Avalanche airbag (n) 

(%) 
2 (4) 2 (6) 0 (0) 0.483  
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avalanche transceivers [33]. When freeriding, the awareness of the 
danger off the marked slope is sometimes not present in view of already 
existing tracks or the decision to leave the marked slope is made spon-
taneously [2]. This could also be a reason for a lack of equipment in 
freeriding. 

Safety equipment further includes avalanche airbags. They may 
prevent a total burial and thereby minimize fatal asphyxiation when 
caught in an avalanche [34]. The limiting factor of avalanche airbags is 
timely inflation. In prior studies, avalanche airbags reduce the mortality 
risk in avalanches only by 8–16% [35,36]. Also in the present study, 
avalanche airbags were used only in two fatal avalanche accident, 
indicating either a successful prevention of a fatal outcome or the scarse 
use. Nevertheless, avalanche airbags remain important as one of few 
avalanche emergency devices available [36]. 

Also, the fact that only about one third of all fatally injured athletes 
in our study were wearing a helmet does not reflect the observation on 
marked slopes. Here, the rate of helmet usage is 92%, at least in 
Switzerland [3]. That high rate was achieved through extensive pre-
vention campaigns [37]. For this reason, it could be suspected that 
prevention campaigns for wearing helmets, which specifically target 
winter sports enthusiasts next to the marked slopes, could increase the 
rate of helmet usage. 

Nevertheless, no accumulation of non-helmet wearers and traumatic 
brain injury was found. Whether wearing a helmet could have mini-
mized the number of fatal accidents cannot be determined from the 
available data. Non-fatal head injuries can be reduced by wearing a 
helmet, but that does not reduce the overall death rate when skiing and 
snowboarding on piste [38]. The fact that wearing a helmet reduces 
head injuries can also be seen in other mountain sports such as mountain 
biking [39,40]. 

In 11 cases, it was unclear whether a helmet was worn or not. In 
events like an avalanche or a fall, it is possible that a worn helmet was 
lost during the event and that it was not found during the rescue or the 
investigation of the scene itself. Regarding the avalanche airbag and the 
avalanche transceiver, the loss of this kind of equipment is rather un-
likely as long as it was worn correctly. 

Freeriders were also less well prepared for the tour than the ski 
tourers. One explanation for this result could be that freeriding is a more 
spontaneous decision than ski touring [2]. In Switzerland, it is easy to 
leave marked slopes and follow prior tracks in unmarked terrain. 
Therefore, poorly equipped alpine skiers may easily decide to freeride on 
a snow sports day. 

6. Limitations 

There are a number of limitations in this study, mostly attributable to 
the retrospective nature and the data retrieval from databases designed 
for other purposes than forensic research. Therefore, when comparing 
data bases from the public prosecutor’s office with other data bases we 
found complete cases of single data points that might have been inter-
esting for our analysis missing. This was due to different sources 
reporting the cases, regulations on reporting or contents of collected 
information. 

The nature of extreme sports in general, often practiced alone or in 
small groups in remote places, adds challenges to data collection. This is 
a common problem when studying adventure/extreme sports, hence the 
retrospective nature of many such studies [41]. 

Also only cases of the last 20 year period could be analyzed, since 
files of the public prosecutor’s office are kept only for a maximum of 20 
year in the canton of Berne, while a longer time interval could have 
increased the number of cases. 

Another limitation was the definition of certain parameters like level 
of experience or tour planning. 

Also causes of death were not confirmed by autopsy in all cases, but 
were the result of an external examination of the body. Therefore higher 
autopsy rates are essential for future investigations of the cause of death 

in ski tourers and freeriders. 

7. Conclusion 

This study showed that fatally injured freeriders were significantly 
younger, poorly equipped and less prepared than ski tourers. Since lack 
of equipment and preparation are simply avoidable risk factors for a 
fatal accident, prevention programs could be useful. These should point 
out the importance of good preparation and safety equipment in the 
uncontrolled winter backcountry and inform about the dangers (eg, 
avalanches) of spontaneously leaving the marked slopes. Prevention 
should be aimed in particular at young and unexperienced freeriders. 

Prospective studies on preparation (tour planning, risk management, 
safety equipment) in ski touring and freeriding should be considered to 
obtain a general comparison of these two sports. 

Performing an autopsy, as well as a toxicological examination in case 
of fatal accidents in the uncontrolled winter backcountry would be 
important, as their results may change the focus of prevention policies. 
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[16] B. Soulé, B. Lefèvre, E. Boutroy, The dangerousness of mountain recreation: a 
quantitative overview of fatal and non-fatal accidents in France, Eur. J. Sport Sci. 
17 (7) (2017) 931–939, https://doi.org/10.1080/17461391.2017.1324525. 

[17] W.S. Bowie, T.K. Hunt, H.A. Allen Jr., Rock-climbing injuries in Yosemite National 
Park, West J. Med. 149 (2) (1988) 172–177. 

[18] F. Feletti, A. Aliverti, M. Henjum, M. Tarabini, E. Brymer, Incidents and injuries in 
foot-launched flying extreme sports, Aerosp. Med. Hum. Perform. 88 (11) (2017) 
1016–1023, https://doi.org/10.3357/AMHP.4745.2017. 

[19] J.P. Byrnes, D.C. Miller, W.D. Schafer, Gender differences in risk taking: a meta- 
analysis, Psychol. Bull. 125 (3) (1999) 367–383. 

[20] S. Zürcher, C.A. Schön, C. Jackowski, Circumstances and causes of death of hikers 
at different altitudes: a retrospective analysis of hiking fatalities from 2003–2018, 
Forensic Sci. Int. 310 (2020), 110252, https://doi.org/10.1016/j. 
forsciint.2020.110252. 

[21] S.N. Kunz, T. Keller, C. Grove, S. Lochner, F. Monticelli, Tödliche Skiunfälle – eine 
gerichtsärztliche Übersicht am Beispiel des Landes Salzburg. Archiv für 
Kriminologie, Salzburg. 

[22] D. Modelmog, Die Todesursachen in Görlitz 1986/87 - Ergebnisse der “Görlitzer 
Studie”, Ber. Naturforsch. Ges. Oberlausitz. 3 (1994) 43–50. 

[23] B. Madea, M. Rothschild, The post mortem external examination, Dtsch. Arzteblatt 
Int. 107 (33) (2010) 575–586. 

[24] T. Rekand, The epidemiology of injury in hang-gliding and paragliding, Med. Sport 
Sci. 58 (2012) 44–56, https://doi.org/10.1159/000338581. 

[25] F.W. Ast, G. Kernbach-Wighton, H. Kampmann, E. Koops, K. Püschel, H.D. Tröger, 
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