
Klukowska-Rötzler J, et al. BMJ Open Sp Ex Med 2023;9:e001615. doi:10.1136/bmjsem-2023-001615    1

Open access� Original research

Sex differences in sledging injuries: a 
retrospective 10-season study from a 
Swiss level 1 trauma centre

Jolanta Klukowska-Rötzler  ‍ ‍ , Annika Buerzle, 
Aristomenis Konstantinos Exadaktylos, Steffen Niemann, Flavia Bürgi, 
Dominik Andreas Jakob

To cite: Klukowska-Rötzler J, 
Buerzle A, Exadaktylos AK, et al.  
Sex differences in sledging 
injuries: a retrospective 
10-season study from a Swiss 
level 1 trauma centre. BMJ 
Open Sport & Exercise Medicine 
2023;9:e001615. doi:10.1136/
bmjsem-2023-001615

Accepted 9 June 2023

Correspondence to
Dr Jolanta Klukowska-Rötzler;  
​jolanta.​klukowska-​roetzler@​
insel.​ch

© Author(s) (or their 
employer(s)) 2023. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Objectives  Sledging is a popular and traditional winter 
sport in Switzerland. This study examines injury patterns 
of patients who presented to a tertiary trauma centre in 
Switzerland following sledging trauma, focusing on sex 
differences.
Methods  Retrospective single-centre study over 10 
winters (2012–2022), including all patients experiencing 
sledging-related trauma. Injury history was collected 
and analysed from the patient data and demographic 
information. The Abbreviated Injury Scale and the Injury 
Severity Score (ISS) were used to classify injury types and 
severity.
Results  193 patients were identified with sledging 
injuries. The median age was 46 (IQR 28–65), and 56% 
were female. The most frequent mechanism of injury was 
a fall (70%), followed by collision (27%) and other fall on 
slopes (6%). Lower extremities (36%), trunk (20%) and 
head/neck (15%) were the most frequently injured body 
areas. Fourteen per cent of patients were admitted with 
head injuries, whereas females were significantly more 
likely to present with head injuries than males (p=0.047). 
Males were significantly more often admitted with 
fractures to the upper extremities than females (p=0.049). 
The median ISS was 4 (IQR 1–5), without significant 
differences between males and females (p=0.290). The 
hospital admission rate was 28.5% for sledging-related 
injuries. The median length of stay for patients admitted 
to the hospital was 5 (IQR 4–8) days. The total cost for all 
patients was CHF1 292 501, with a median of CHF1009 
per patient (IQR CHF458–CHF5923).
Conclusion  Sledging injuries are common and may 
result in serious injuries. The lower extremities, trunk and 
head/neck are frequently injured and could be specifically 
protected with safety devices. Multiple injuries were 
statistically more frequent in women compared with 
men. Males were significantly more often admitted with 
fractures to the upper extremities, and females were 
more likely to sustain head injuries. The findings can help 
to develop data-driven measures to prevent sledging 
accidents in Switzerland.

INTRODUCTION
Sledging was first recorded in the 19th 
century in Davos, a small mountain town in 
Switzerland. Sledges were originally used as 

transportation tools for large loads during 
winter. With wooden sledges, it was easier 
to manoeuvre the heavy load through thick 
snow than in wheeled carts. The sledgers 
rapidly realised that it was fun to ride with 
empty sledges after the load had been deliv-
ered.1

Nowadays, sledging is a very popular winter 
activity, especially in the alpine region of 
Europe. This outdoor activity is now available 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Sledging accidents are often attributed to high 
speeds and lack of proper control, resulting in colli-
sions with obstacles or other sledgers.

	⇒ Studies have shown that most sledging accidents 
occur on slopes with steep gradients and that head 
injuries are a common outcome, highlighting the 
importance of wearing appropriate protective gear.

	⇒ Publications on sledging accidents emphasise the 
need for increased awareness of safe sledging 
practices, including proper equipment, responsible 
speeds and caution when navigating slopes to pre-
vent injuries and promote safe recreational winter 
activities.

WHAT THIS STUDY ADDS
	⇒ Sledging injuries are common and may result in se-
rious injuries.

	⇒ Multiple injuries were more common in women than 
in men. Men were significantly more likely to be ad-
mitted with upper limb fractures and women were 
more likely to be admitted with head injuries.

	⇒ The injury severity is generally minor to moderate, 
and the lower extremities and head injuries are most 
common.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Safety measurements during sledging should take 
into account not only the differences between age 
groups, but especially among adults gender differ-
ences and possible gender differences in sledging 
behaviour.

	⇒ Due to the high number of head injuries, the use of a 
helmet should be considered while sledging.
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at almost every ski resort, as it is an easy alternative to 
skiing and snowboarding, and no previous knowledge 
is required to go sledging. In addition, a sledging slope 
needs less snow coverage and can be any wide hiking 
route or back country road. This makes it even more 
practical.

Compared with sturdy and robust cargo sledges, 
modern recreational sledges are more flexible, smaller, 
lighter and easier to control. This decreases the risk of 
accidents and injuries.2 According to the Swiss Council 
for Accident Prevention (BfU), there are over a million 
injuries each year in Switzerland during free-time activi-
ties (non-occupational injuries), including 400 000 sports 
injuries, 90 000 winter sports injuries and approximately 
6300 sledging accidents.3

Depending on the type of sledge, manoeuvring needs 
practice and experience. Helmets and other protec-
tive gear are used, but not as frequently as on skiing 
slopes.3 4 Therefore, it is no surprise that injuries are 
often sustained during sledging.

Fortunately, most of these are minor, and some do not 
even need medical attention. However, a few accidents 
with serious injuries have consequences for the people 
affected. The statistics show that in Switzerland, each 
year, there is one fatal accident during sledging.5

This study aimed to examine injury patterns of patients 
who presented to a tertiary trauma centre in Switzerland 
following sledging trauma, focusing on sex differences.

METHODS
Study design
This retrospective study was conducted in the emergency 
department (ED) of the Insel Hospital, a University 
Hospital and a level 1 tertiary trauma centre located in 
Bern, the capital of Switzerland. In 2021, the ED treated 
nearly 52 000 patients and had a general catchment 
population of roughly 2 million.6

Data collection
This 10-season retrospective study included patients 
presented to the ED of the Insel Hospital with sledging-
related trauma between 1 December 2012 and 31 March 
2022. The data for this work were generated from the 
database of the management system of Bern University 
Hospital, Switzerland (Ecare, Turnhout, Belgium). We 
included the patients’ data for the following variables: 
demographic data such as age, sex and nationality. 
Information on the process of admission to the ED, 
including season of consultation, time of consultation, 
route of admission (air rescue, ground-based ambu-
lance, self-referral) and discharge (home, hospitalised), 
triage status—from non-urgent to very urgent—treat-
ment method (conservative, surgical), admission to 
hospital department, stay in hospital and necessity of 
the trauma room and the actions taken in the ED, such 
as vital signs and imaging. Furthermore, we analysed 
the injury severity by calculating the Abbreviated Injury 
Scale (AIS)7 for the specific body regions8 and the Injury 

Severity Score (ISS),9 to illustrate the severity of injury for 
each patient. In addition, we further classified the type of 
Injury, concussion, unconsciousness, intracranial haem-
orrhage, abrasions, sprain, skin lacerations, contusion, 
laceration of organs, pneumothorax, luxation, neuro-
logical deficits, fractures and vertebral injury. Finally, we 
also considered the time (night, day) and mechanism of 
the sledging accident (fall, collision, faulty slopes), the 
height of the fall, whether a helmet was worn and the 
medical costs of the treatment. All duplicated data were 
removed before the analysis.

Definitions
The AIS is a tool developed to rank injury severity inter-
nationally. This classifies an injury by specifically defined 
body regions (head, facial, neck, chest, abdominal, 
extremities, external), corresponding to the relative 
severity on a scale from 1 (=minor) to 6 (=maximal).7

The AIS scores for the different AIS body locations 
form the basis for the ISS. The ISS attempts to standardise 
the severity of injuries sustained during a trauma. The 
score is calculated by determining the AIS score for each 
AIS body location separately. The ISS is then generated 
by adding the square of the highest AIS scores for the 
three most severely injured locations. The ISS can range 
between 0 and 75 points.9 If any of the three AIS scores 
is a 6 (unsurvivable), the score is automatically set at 75.

Inclusion and exclusion criteria
We excluded patients treated for sledging traumas 
outside December, January, February and March, those 
who refused general consent and children under the 
age of 16 years. Children were not included, as they were 
admitted to a separate ED. In addition, we excluded 
patients who presented in the ED more than 7 days after 
the sledging accident (12 patients).

Statistical analysis
For the descriptive analysis, the distribution of contin-
uous variables was described as the median and IQR, 
as these variables were not normally distributed. The 
distribution of categorical data was reported as numbers 
and percentages. The Mann-Whitney U test was used to 
compare medians for continuous variables. Categorical 
variables were compared using the χ2 test or Fisher’s 
exact test. Fisher’s exact test was used when more than 
20% of cells had expected frequencies of <5. Bivariable 
analysis was used to identify baseline and outcome vari-
ables differences between female and male patients. 
Variables with p<0.05 were considered significant. In 
addition, a subanalysis according to different age groups 
was carried out. The statistical analysis was performed by 
using SPSS for Windows V.25.0 (IBM, Released 2017. IBM 
SPSS Statistics for Windows, V.25.0., IBM).

RESULTS
A total of 146 414 patients were admitted to Bern Univer-
sity in the 10 winter seasons between 2012 and 2022, of 
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which 198 were sledging related (0.135 %). For trauma 
patients only, the rate of sledging accidents during this 
period amounts to 1.34%.

Overall, 336 patients with sledging injuries were identi-
fied in the Ecare database between 2012 and 2022. One 
hundred and twenty-one patients were excluded, as their 
admission was unrelated to sledging, five patients were 
younger than 16. Twelve patients were excluded from the 
study because the visit was more than 7 days after the acci-
dent and was not for a first aid visit, and five patients were 
excluded due to disagreement with the general consent.

Finally, we included 193 patients with sledging injuries 
who presented in the ED of the Insel Hospital between 
1 December 2012 and 31 March 2022 during December, 
January, February and March (figure 1).

Of the193 patients, 85 (44%) were male, and 108 (56%) 
were female. The overall median age was 46 (IQR 28–65) 
years. The female patients were significantly younger 
than the male patients (30 (23–41) years vs 36 (29–46) 
years, p=0.001)10 (figure 2). Thirty-seven per cent of our 
study’s patients (n=?) were not Swiss, including about 
10% Americans.

The most frequently recorded mechanism of injury 
was a fall, with 70% (n=134), followed by collision (27%, 
n=52) and other mechanism on the slopes (6%, n=3). No 
significant differences were recorded between males and 
females for the mechanism of injury (p=0.742) or trans-
port mode (p=0.116) (table 1).

The majority of admissions to the hospital were self-
referrals (65%, n=126), followed by air rescues (28%, 
n=53) and ground-based ambulances (7%, n=14). 
Overall, 55 patients (29%) were admitted to the hospital, 
compared with 138 (72%) treated as outpatients. Nine-
teen of the 85 male patients (22%) and 36 of 108 female 
patients (33%) were hospitalised (p=0.093). Patients 
admitted to the hospital had a median length of stay of 
5 (IQR 4–8) days. No difference was observed between 
males and females (p=0.901).

Lower extremities (36%), trunk (20%) and head/neck 
(15%) were the most frequently injured body areas. In 
addition, it should be underlined that 20% of all acci-
dents were traumas with multiple body regions. The 
body regions were damaged to varying degrees, which 
the estimated AIS and ISS could characterise. The injury 
locations and severity are presented in table 2.

Overall, 28 patients (14%) were admitted with head 
injuries. Females were significantly more likely to present 
with head injuries than were males (AIS score 1: 5 females 
(5%) vs 1 male (1%), AIS score 2: 15 females (14%) 4 
males (5%), p=0.047). Of the 21 females admitted with 
head injuries, 16 (76%) were ≤35 years. Of the 7 males 
admitted with head injuries, only 2 (29%) were younger 
than 35 years.

Males were significantly more frequently admitted 
with upper extremity fractures than females (17% vs 7%, 
p=0.049). The fractures to the lower extremities were 
equally distributed between males and females (14% vs 
15%, p=0.871). Besides fractures, the most frequent inju-
ries to the extremities were strains and sprains (n=42), 
followed by contusions to bones and ligaments (n=28).

The median ISS was 4 (IQR 1–5), without significant 
differences between males and females (p=0.290). There 
were 9 patients (5%) reported with an ISS greater than 
16 and thus classified as severely injured. Of these, four 
patients were female and five males. The highest ISS was 
recorded for a female patient with an ISS score of 50.

Following the differences in head AIS between males 
and females, a significant difference was seen in concus-
sion (8% in males vs 21% in females, p=0.013) and loss of 
consciousness after the accident (2% in males vs 10% in 
females, p=0.035). In the case of vertebral injuries, there 
was also a trend for increased frequency in females (18% 
vs 30%, p=0.054).

Overall, 148 patients (77%) were treated conserva-
tively; 44 patients (23%) received surgery (table 3), but 
the differences between males and females were not 
statistically significant (p=0.868).

Two patients were admitted to the intensive care unit. 
These patients were male, 45 and 66 years old, and 
required ventilation.

During our study, no fatal outcome occurred, either in 
the ED, during hospitalisation or up to 30 days after the 
accident.

The total cost for all 193 patients amounted to CHF1 
292 501, corresponding to a median of CHF1009 per 
patient (IQR CHF458–CHF5923). No statistically 

Figure 1  Flow chart illustrating the exclusion and inclusion 
procedure in this study.

Figure 2  Age distribution between males and females 
presenting after sledging-related injuries. The central bar 
represents the median, the box the IQR and the bars the data 
range. The dots represent mild outlier patients.
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significant differences (p=0.190) in median costs per 
patient were observed between males and females (1191 
(IQR CHF484–CHF6607) in females vs 837 (IQR 
CHF422–CHF3077) in males).

Thirty-five patients caused individual costs of over 
CHF10 000 each, resulting in 79.89% of the total costs. 
Hospitalised patients accounted for 89% of the total cost

DISCUSSION
This study examined the characteristics of sledging-
related injuries that resulted in ED visits between 2012 
and 2022, focusing on sex differences. During this period, 
we included 198 adult patients with sledging-related 
injuries. According to the Schweizerische Unfallversi-
cherungsanstalt, the most frequent winter sports injuries 
in Switzerland occur while skiing (58%), snowboarding 
(12%) or playing ice hockey (11%). Sledging accidents 
account for 7% (6300) of all winter sports injuries in Swit-
zerland.11

While many studies have investigated injuries associated 
with winter sports, such as skiing and snowboarding,12–17 
only a few studies have focused on injuries related to 
sledging, particularly in adult patients.18–21 Severe injury 
leading to disability is mainly suffered by adults between 
17 and 64 years of age.22 More than a quarter (28.5%) of 
patients evaluated in our ED after sledging injuries were 
followed up as inpatients, with a median hospital length 
of stay of 5 days. One hundred and forty-eight patients 
(77%) were treated conservatively, and 44 patients (23%) 
needed surgical treatment, of whom 91% required frac-
ture reduction.

In single studies, the severity of sledging injuries has 
been estimated based on ISS.18 21 Corra and De Giorgi 
found that about two-thirds of the injuries were minor 
(ISS<4). Severe injuries (ISS>14) occurred in only 4 of 
356 cases during the study period. Sledgers with mild 
injuries were most often between 25 and 34 years old, 
while those with intermediate injuries (ISS 4–14) were 
between 15 and 24 years old.18 These results are in line 
with our findings. The median ISS in our study was 4, 
with half of the patients having an ISS between 1 and 5. 
Only 5% had an ISS of ≥16.

The study by Heim et al was conducted in the same 
Swiss region between 1996 and 2009; the median ISS 
for sledging injuries has not changed and remains at ISS 
4.21 This suggests that sledging-related injuries have not 
increased in severity.

The most frequently injured body location in Heim 
et al was the lower extremities, which is also reflected by 
our findings.21 In our study, head injuries (15%) were 
more frequent than in the study by Heim et al (9.7%). 
Furthermore, Heim et al found that upper body inju-
ries with AIS 2 and higher occurred more frequently in 
younger patients. In contrast, our study has shown that 
upper body injuries with AIS 2 and higher were predomi-
nantly found in patients 45 years and older. The different 
inclusion criteria may explain these differences. Heim et 
al included all patients and did not focus on adults alone. 
The median age was 22 years compared with 33 years in 
our study. In addition, the patients in Heim’s study were 
collected nearly 15 years ago. Differences in sledging 
activity and sledging designs, slope safety precautions or 

Table 1  Epidemiological and clinical characteristics of patients presented after sledging-related injuries

Total
N=193 (%)

Male
N=85 (%)

Female
N=108 (%) P value*

Demographics  �   �

 � Age (years), median IQR 33 (26–44) 36 (29–46) 30 (23–41) 0.001

  �  16–25 47 (24) 13 (15) 34 (32) 0.015

  �  26–35 68 (35) 28 (33) 40 (37)  �

  �  36–45 35 (18) 21 (25) 14 (13)  �

  �  >45 43 (22) 23 (27) 20 (19)  �

Mechanism of injury  �   �

 � Fall 134 (70) 61 (73) 73 (68) 0.742*

 � Collision 52 (27) 21 (25) 31 (29)  �

 � Other on the slope 6 (3) 2 (2) 4 (4)  �

Transportation mode  �   �

 � Air rescue 53 (28) 21 (25) 32 (30) 0.116

 � Ground-based ambulance 14 (7) 3 (4) 11 (10)  �

 � Self-referral 126 (65) 61 (72) 65 (60)  �

The Mann-Whitney U test was used to compare continuous variables, and the χ2 test to compare categorical variables unless indicated 
otherwise.
The cumulative numbers may not reach 100% due to missing values. Mechanism of injury was not documented in one case.
Statistically significant values have been highlighted in bold (p <0.05).
*Fisher’s exact test.
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protective equipment may all contribute to the different 
findings.21

The age group between 26 and 35 was the most 
frequently injured in the present study. It is inter-
esting that in the younger age groups (≤35 years), 
more females than males were injured, while in older 
age groups (≥36 years), more males were injured. All 
in all, there were more female injuries reported than 
male. This contrasts with the findings from another 
study, where more injured males were reported.18 In 

an accident database from the USA, males contributed 
to more than 75% of injured patients. According to a 
study by Ashby and Cassell, men were over-represented 
only among patients treated as outpatients, while no 
sex difference was found for injuries requiring inpa-
tient hospitalisation.23 In our case, more women were 
observed among out and hospitalised patients. In the 
Italian study, patients with minor injuries (ISS<15) were 
approximately equally represented, while patients with 
severe trauma (ISS≥15) were all men.18

Table 2  According to AIS and ISS, injury locations and severity in patients admitted after sledging-related injuries

Total
N=193 (%)

Male
N=85 (%)

Female
N=108 (%) P value*

No head injury 165 (86) 78 (92) 87 (81) 0.047*

 � Head, AIS 1 6 (3) 1 (1) 5 (5)

 � Head, AIS 2 19 (10) 4 (5) 15 (14)

 � Head, AIS 3 3 (2) 2 (2) 1 (1)

No facial injury 180 (93) 78 (92) 102 (94) 0.053*

 � Face, AIS 1 4 (2) 3 (4) 1 (1)

 � Face, AIS 2 6 (3) 1 (2) 5 (5)

 � Face, AIS 3 3 (2) 3 (4) 0 (0)

No neck injury 182 (94) 84 (99) 98 (91) 0.076*

 � Neck, AIS 1 5 (3) 0 (0) 5 (5)

 � Neck, AIS 2 5 (3) 1 (1) 4 (4)

 � Neck, AIS 3 1 (1) 0 (0) 1 (1)

No chest injury 159 (82) 69 (81) 90 (83) 0.956*

 � Chest, AIS 1 14 (7) 7 (8) 7 (7)

 � Chest, AIS 2 9 (5) 4 (5) 5 (5)

 � Chest, AIS 3 9 (5) 4 (5) 5 (5)

 � Chest, AIS 4 1 (0.5) 1 (1) 0 (0)

 � Chest, AIS 5 1 (0.5) 0 (0) 1 (1)

No abdominal injury 154 (80) 69 (81) 85 (79) 0.866*

 � Abdominal, AIS 1 18 (9) 9 (11) 9 (8)

 � Abdominal, AIS 2 15 (8) 5 (6) 10 (9)

 � Abdominal, AIS 3 5 (3) 2 (2 3 (3)

 � Abdominal, AIS 4 0 (0) 0 (0) 0 (0)

 � Abdominal, AIS 5 1 (0.5) 0 (0) 1 (1)

No injury to the extremities 77 (40) 27 (31.8) 50 (46) 0.217*

 � Extremity, AIS 1 52 (27) 27 (32) 25 (23)

 � Extremity, AIS 2 55 (28.5) 27 (32) 28 (26)

 � Extremity, AIS 3 9 (5) 4 (5) 5 (5)

No external injury 146 (76) 66 (78) 80 (74) 0.728*

 � External, AIS 1 43 (22) 18 (21) 25 (23)

 � External, AIS 2 4 (2) 1 (1) 3 (3)

Injury Severity Score (ISS), median (IQR) 4 (1–5) 4 (1–5) 4 (1–5) 0.290

The Mann-Whitney U test was used to compare continuous variables.
Statistically significant values have been highlighted in bold (p <0.05).
*Fisher’s exact test.
AIS, Abbreviated Injury Scale; ISS, Injury Severity Score.
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According to several international studies based on ED 
data, sledders most frequently suffered injuries to the 
head18 24 25 and lower extremities.23 25 26 The proportion 
of head injuries in the available studies varies between 
10% and 55%, and for the lower extremities, between 
12% and 63%.18 21 23 26 27 These differences may result 
from the selected study population (average age), the 
methodology of the studies (hospital studies, definition 
of the localisation) and the area and period for the study. 
In our study population, the body parts most at risk for 
injury were the lower extremities (36%), trunk (20%), 
followed by the head and neck (15%) and the upper 
extremities (10%). Special attention must be focused on 
the different injury patterns between males and females. 
Men more frequently sustained lower limbs and chest 
injuries, whereas women had more head injuries. The 
phenomenon is difficult to explain, as there were no sex 
differences in the mechanism of injury (fall, collision or 
other mechanism on the slopes). The speed at which 
the accident occurred and possible differences between 
men and women in using protective equipment may 
contribute to the different injury patterns. Generally, it is 
important to emphasise that a helmet protects the head 
much better. The crash test by the General German Auto-
mobile Club (ADAC) shows that the head trauma caused 
by the impact was reduced by more than 70 percent if a 
helmet was worn. The probability of a severe head injury 
(eg, a fracture of the cranial bone) dropped from 90% 
without a helmet to 10% with a helmet.28 According to the 
ADAC, a crash similar to the one in the test is comparable 
to a frontal car crash at 50 km/hour, in which the head 
impacts an airbag or the unprotected steering wheel. The 
test arrangement may, therefore, also be applied for a 
high-speed sledging injury. The ADAC crash tests showed 

that even at the rather moderate speed of 25 km/hour, 
serious injuries occurred even with a helmet.

It is necessary to note that our population does not 
include cases that ended fatally at the site of an accident. 
Only patients with vital signs are brought to the ED. 
Statistics on fatal sledging accidents can be found in the 
general accident statistics. The BfU reported 12 fatalities 
between 2000 and 2019.29 This corresponds to an average 
of less than one death per year from sledging in Switzer-
land. The mortality risk during sledging per 1 million 
sledging hours in the years 2015–2019 in Switzerland 
was estimated at 0.3.30 Fatal accidents may occur due to 
disregarding safety rules or during risky environmental 
conditions. For example, in 2022, a fatal accident in Swit-
zerland occurred in which a 33-year-old female collided 
with a snow grooming vehicle while sledging shortly 
before midnight.31 Another study by Niedermeier et al, 
published in 2019, discussed mortality in winter sports 
and emphasised differences in data on fatality in recre-
ational sledging.32 This study calculated that the fatality 
risk was 0.7 per 1 million days of exposure yearly in Swit-
zerland. In Austria, the calculated mean was less than 1.6 
deaths per year of sledging. This again emphasises the 
very low number of fatal outcomes.32

Fifty-five of the 193 included patients (28%) admitted 
to the hospital account for almost 90%of the total costs. 
An Italian study from South Tyrol estimated the cost share 
for hospitalised patients at only 48%.18 These differences 
must be explained in the context of the structure of the 
hospital and the various medical costs in each country. 
The high percentage of costs generated by admitted 
patients in our study may be because patients from across 
the region are admitted to our hospital with severe symp-
toms, and minor injuries are usually treated in small 

Table 3  Treatment, outcomes and case costs in patients admitted after sledging-related injuries

Total
N=193 (%)

Male
N=85 (%)

Female
N=108 (%) P value*

Treatment

 � Conservative 148 (77) 66 (78) 82 (77) 0.868

 � Surgical 44 (23) 19 (22) 25 (23)

Hospital admission 55 (29) 19 (22) 36 (33) 0.093

Outcomes

 � Mortality 30 days 0 (0) 0 (0) 0 (0) 1.000

 � ICU admission 2 (1) 2 (2) 0 (0) 0.193*

 � Ventilator requirements 1 (0.5) 1 (1) 0 (0) 0.258

 � Hospital LOS† 5 (4–8) 5 (4–8) 5 (3–10) 0.901

Case costs (Swiss francs), median (IQR) 1009 (458–5923) 837 (422–3077) 1191 (484–6607) 0.190

The Mann-Whitney U test was used to compare continuous variables, and the χ2 test to compare categorical variables unless indicated 
otherwise.
*Fisher’s exact test.
†For the 55 patients who were admitted to the hospital.
ICU, intensive care unit; LOS, length of stay. U
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regional hospitals near sledging slopes. This hypothesis 
is confirmed by the much higher hospital admission rate 
of 29% in our study—compared with less than 12% in 
the Italian study. This contributes to the higher costs for 
admitted patients.

During the COVID-19 pandemic seasons of 2020/2021 
and 2021/2022, our ED reported no significant patient 
increase after sledging injuries. On the contrary, the 
2019/2020 season was unusually quiet, with only three 
injured patients in the present study. This is interesting 
because a study from Clos et al on the number of inju-
ries in children in France during the 2020/2021 season 
showed an increase in sledging-related injuries.11 33 This 
may be because France closed the ski slopes during the 
pandemic, and people may have started enjoying alter-
native winter sports, including sledging. In Switzerland, 
most of the ski resorts stayed open during the pandemic.

Suggestions for prevention
Since data regarding protective equipment use was often 
unavailable in the reports, it was not possible to assess 
the impact of these protective measures. But—as other 
publications suggest—the percentage of people wearing 
helmets in sledging is still very low compared with skiing 
or snowboarding.34 35 Other studies have shown that chil-
dren are particularly prone to head injuries.27 Moreover, 
having the right shoes with appropriate soles for braking 
is essential in preventing injuries. Furthermore, appro-
priate clothing should be promoted on sledging slopes, 
especially to decrease skin lacerations. Gear for protecting 
the extremities, such as warm, padded winter clothing or 
even protectors, could also be beneficial in decreasing 
the number of sledging injuries, as the extremities are 
still the most frequent location of the body to be injured. 
Also, back protectors can help prevent injuries.36

Another approach would be to encourage sledging on 
designated slopes, as these slopes must fulfil an extensive 
safety and security catalogue to ensure the environment 
is as safe as possible. Strict implementation of safety 
measures on sledging slopes can be a tool to prevent 
further traumas.

It is equally important to influence the behaviour 
of people who sledge. In skiing, the Federation Inter-
national de Ski37 has developed a set of rules that are 
applied on all slopes where skiers are trained in safety.38 
These concepts have also been developed by the BfU with 
their rules for sledging. These can be found on desig-
nated slopes but are rarely displayed in locally popular 
sledging spots. These rules are easy to understand, and 
if they were displayed in local sledging sites or even in 
schools as an educational measure, this could be bene-
ficial in preventing injuries in the coming years. Future 
research should concentrate on the state of sledging 
slopes, protective equipment and the behaviour of sled-
gers.

It is observed that sledging is also popular among 
foreign tourists, who often are not trained for this sport. 
More than 30% of the patients in our study were not of 

Swiss nationality, of which about 10% were from other 
continents (America, Asia and Africa). Therefore, safety 
information brochures should be prepared in several 
languages, and rental centres should inform international 
tourists about safety rules, particularly the importance of 
using a helmet.

Limitations
This is a recent study evaluating sledging injuries in 
Switzerland during the last 10 years. However, this is 
also a retrospective study, and therefore, it is also associ-
ated with various limitations. As the University Hospital 
Bern is a level 1 trauma centre, it is more likely to treat 
severe accidents. Less severe injuries may not have been 
admitted to our centre and were more likely to be treated 
by a general practitioner. This might lead to a selection 
bias.

Furthermore, as this was a single-centre study, the data 
reflect the catchment area around Bern. Still, it does 
not necessarily mean that this data can be reproduced 
in other regions of Switzerland or other alpine regions 
where people practice sledging.

Finally, it is important to add that missing data on protec-
tion gear also makes it impossible to analyse the potential 
change in behaviour from prevention campaigns.

CONCLUSION
Sledging injuries are common and may be serious. This 
study shows that sledging trauma is an important topic 
for prevention in winter sports, especially in the alpine 
regions. Lower extremities, trunk and head/neck are 
frequently injured and could be specifically protected 
with safety devices. Observed patterns of injuries and 
ED characteristics differ between women and men. 
Males were significantly more often admitted with frac-
tures to the upper extremities than females. Additional 
sex-specific studies in sledging must be encouraged, espe-
cially in head injuries, including prevention measures 
such as using a helmet.
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