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Abstract
Introduction: Ice-climbing is widely considered to be a hazardous sport with a high risk of injury. To date, there has 

been no scientific analysis to characterize and reveal the prevalence of injury in this sport. The purpose of this study was 
to quantify and rate ice-climbing injuries.

Methods: Eighty-eight ice-climbers (water ice) (13 female, 75 male, mean age 34.6 years) from nine countries completed 
a comprehensive questionnaire on ice-climbing accidents and injuries, climbing frequency and risk taking behaviour. Ice-
climbing hours were quantified and injuries rated according to the NACA (National Advisory Committee for Aeronautics) score. 
To enable comparison to other sports, the injury risk was calculated per 1000 hours of participation in a given sport.

Results: Seventeen athletes (19%) reported a total of 35 overuse syndromes resulting from ice-climbing. Ninety-five 
injuries were retrospectively reported for a consecutive 3-year period. The incidence and respective grading of the acute 
injuries were: 67 for NACA 1, 24 for NACA 2, and 4 for NACA 3. Most acute injuries were open wounds (55.2%) and hae-
matomas (21.9%). These injuries occurred 61.3% of the time while lead climbing, 23.8% while following and the rest during 
belaying, approach or return. The incidence of overuse injury syndromes was 0.77/1000 hours of sports participation. The 
injury incidence was 4.07/1000hr for NACA 1-3 with 2.87/1000hr in NACA 1, and none in NACA 4-7. Body mass index (BMI) 
correlated significantly (P<0.05) with an increased risk of injury. Overuse syndromes correlated significantly with training 
hours (P<0.01), ice-climbing level (P<0.01) and the risk willingness while lead climbing on ice (P<0.01).

Conclusion: Contrary to the popular perception, our study demonstrated that ice-climbing is not a sport with a high 
risk of injury.  All NACA I injuries are of minor medical relevance and would normally not need special treatment or a doc-
tor’s attendance. The results of injury risk per 1000 hours of participation in ice-climbing was comparable to that of indoor 
competition climbing and to other outdoor sports (hiking, mountain biking, kayaking). The injury risk was also much less 
than a standard sport such as soccer.
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Introduction
Ice climbing

Water ice-climbing has become an increasingly 
popular sport over the past 15 years. Ice-climbing 
normally refers to climbing of features of frozen ice 
such as icefalls, frozen waterfalls, and cliffs and rock 
slabs covered with ice refrozen from flows of water. 
However, the term ice-climbing can be broadly divided 
into two sub-disciplines known as alpine ice and water 
ice climbing. These two sub-classes require slightly 
different climbing styles and equipment. Alpine ice is 
found in a mountain environment, usually requires 
an approach to reach the climbing site, and is often 
climbed in an attempt to summit a mountain. Water ice 
is usually found on a cliff or other outcropping beneath 
water flows. Alpine ice is frozen precipitation whereas 
water ice is a frozen liquid flow of water (1).

In contrast to the steep snow and ice slopes that are 
mastered in alpine ice climbing, waterfall ice climbing 
is about vertical or even overhanging ice formations 
that require specialized equipment and climbing 
techniques. Recent technological developments in ice 
climbing equipment, such as special curved ice axes, 
crampons with one single frontal spike and new fast 
twisting ice-screws, reflect the differences in these 
sub-disciplines and have helped advance the graded 
level of difficulty in water ice.

The grading system developed by the UIAA (Union 
International des Associations d`Alpinisme) (2) is 
internationally recognized and reflects the technical 
difficulty required to climb different types of ice for-
mations as well as the level of risk or danger involved. 
For example, water ice-climbing uses the WI-scale 
(Water Ice 1-7), which reflects the angle of the ice 
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wall, the ice quality and the ability to place ‘protec-
tion’, mostly in form of ice screws. Water ice-climbing 
in terrain which combines mixed rock climbing and 
ice-climbing is called Mixed-Climbing and is graded 
accordingly using the M-scale (Mixed 1-13) (3). An 
additional grade numbered I to VII is added to these 
technical grades to independently signify the level of 
risk or danger involved - grade I indicates a relatively 
safe climb, and grade VII indicates a disastrous and 
potentially lethal climb (3).

Specialized equipment
The first records of specialized ice climbing equip-

ment feature footwear. Descriptions of crampons 
- or ‘nailed shoes’ which were the predecessors of 
crampons - were given by the Jewish General and his-
torian Flavius Josephus (37 – 100 A.D.) (4). Josephus 
describes the shoes of the Roman soldiers - the ‘caligae’  
-  that were tough hobnailed sandals with 80 to 90 iron 
nails in an 8mm thick leather sole. Hobnailed foot-
wear greatly aided traction. Modern crampons with 
the prominent frontal spikes have become popular 
with Anderl Heckmaier and Wiggerl Vörg doing the 
first ascent of the Eiger North Face (5) wearing them. 
Nowadays a single frontal spike and even heel spurs 
are state of the art (3).

Ice axes were already in use at the time of the 
first ascent of the Mont Blanc on the 8th of August 
1786 through Pascard and Balmat. They represented 
a major technological development that originated 
from the ‘glacier stick’ described by Josias Simmler 
almost 200 years earlier (6). More recent technological 
advances have witnessed the transformation of these 
long-shafted ice axes into a short-shafted curved 

crossbar that looks like an assault weapon (Figure 
1). It is widely discussed and hotly debated in the 
ice-climbing community whether ice axes should be 
used with or without leashes (3). Leashes, which do 
reduce the stress onto the forearms, can increase the 
risk of injuring oneself during a fall, as they attach the 
ice axes to the body.

In parallel with the technological advancements in 
crampons and ice axes, Erich Friedli from Switzerland 
developed the first real ice-screws. These ice-screws 
have played a pivotal role in increasing the safety of 
the sport. These screws guarantee a comparable pull-
out strength to bolts if placed in good ice and at the 
correct angle (7).

History of ice climbing
Although the first ice-climbing competition was 

held on June 30th 1912 at the Brenva-glacier in 
Courmayeur in Italy, it took almost a century for 
such competitions to have a global appeal with the 
first World-Cup competition taking place in 1999 
and the first World Championships in 2002. For ice-
climbing competitions, the ice axes and the crampons 
are regulated in both size and shape through UIAA 
standards (2). In contrast to climbing on natural ice, 
ice-climbing competition walls are mostly artificial 
with pre-prepared holds, unnatural steep angles and 
dry-tolling sections requiring a different technique. 
Spectacular photographs disseminated by the media of 
the ice-climbing competitions on artificial and bizarre 
structured ice formations have served to increase pub-
lic awareness and participation in the sport. Nowadays 
almost every European Mountaineering School offers 
special ice-climbing courses.

Unfortunately these spectacular competition 
pictures of elite ice climbers pushing the limits have 
contributed to a public perception that all ice-climb-
ing is hazardous and therefore a high-risk sport. In 
Europe many insurance companies limit their cov-
erage to exclude ice climbing. Nevertheless to date, 
there has been no scientific analysis to characterize 
and reveal the prevalence of injury in this climbing 
sub-discipline. Injuries sustained during general rock 
climbing (8-17), indoor climbing (18-20), and com-
petition climbing (21) have already been examined by 
numerous studies so that the injury risk per 1000 hours 
could be analyzed. For ice climbing, data on injuries 
are biased towards serious injuries or deaths because 
they are based on reports by mountain rescue teams 
(22-26) and death analysis by Alpine clubs (22-26). 
In rock climbing the studies of Schussmann et al. (10) 
and Bowie et al. (9) were the first ones to not only col-
lect injuries but to grade the registered injuries with 
a scoring system (ISS-score) and to calculate the cor-
relation between the  injury risk to climbing days (9) 
or to climbing time (10). Nevertheless the ISS-score 

Fig.1. Modern ice axes with a curved crossbar (with permission of Spor-
torthopädie-Sporttraumatologie – Elsevier, FRG)
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showed a weak validity for injury self recall (27). For 
comparison to other sports (28-41) the injury risk 
of ice climbing per 1000 hours of sport exposure is 
important and has not yet been analyzed.

Therefore the purposes of this study were to attempt 
to quantify and rate ice-climbing injuries, analyse the 
mechanisms of injuries and overuse syndromes, and 
to identify areas for injury prevention. The question 
as to whether ice climbing should be considered a 
high-risk sport is also evaluated. 

Methods
A 21-page questionnaire (in German and English) 

on ice-climbing accidents and injuries, climbing fre-
quency and risk behavior was developed. This pilot 
questionnaire was adapted following a pre-test on 10 
ice climbers before 200 printed questionnaires were 
distributed throughout Germany in climbing gyms, 
ice-climbing areas, climbing shops, mountain-ranger 
and mountain-guide offices. Twenty questionnaires 
were emailed to well-known ice climbers in Europe, 
Canada and the USA. The questionnaire was simulta-
neously posted onto two German-speaking web pages 
(www.climbing.de and www.bergsteigen.at) and the 
German Climbing magazine “Klettern” posted a note 
on the study.

The data acquisition took 4 months. Ninety 
questionnaires were returned; from which two were 
excluded as the data were incomplete. The remaining 
88 questionnaires (13 female, 75 male, mean age 34.6 
years) from nine countries were used for the study. 
Fifty climbers were further contacted by telephone to 
clarify unclear answers in the questionnaire.

To evaluate the total ice-climbing time over the 
period, a single ice climbing day as well as a multi-pitch 
ice-climb were calculated as 6 hours of ice climbing. 
The rock climbing ability was transferred from the 
US and French grading into the international UIAA 
scale and then into the metric scale (42). The study 

population was then sub-divided by ice-climbing level:  
<=WI 5 and >WI 5.

The injuries were rated according to the NACA 
(National Advisory Committee for Aeronautics) (43) 
(Table 1). The NACA-Score is the most common 
emergency score in Germany and also part of the na-
tionwide standard pre-hospital emergency physicians 
report form (44) and is recommended internationally 
for alpine trauma evaluation (45). To enable compari-
son to other sports, the injury risk was calculated per 
1000 hours of participation in a given sport. For the 
calculation of the injury risk per 1000 hours the ice-
climbing injuries and hours of sports participation of 
the last 3 years were used.

Statistical analysis
Statistical analysis was performed using Microsoft 

Excel XP® for data collection, Microsoft Access® for 
data handling and EPI INFO™ (Version 3.3.2) for 
statistical analysis. All measured values are reported 
as means and standard deviations. The Kologomorov-
Smirnov test was used to check for normal distributi-
on. Homogeneity of variance was investigated using 
Levine’s F-test. For normally distributed ordinal or 
nominal variables the Chi-Quadrat test was used to 
compare groups in cross over tables. For normally 
distributed metrical variables differences within and 
between groups were assessed with paired and un-
paired t-tests. A 5% probability level was considered 
significant (*), and a 1% probability level considered 
highly significant (**).

Results
Participants

Thirteen female and 75 male ice climbers (mean 
age 34.6 ± 8.8 y) from 9 countries (Germany, Austria, 
Switzerland, UK, USA, Hungary, Netherlands, Italy 
and Czech Republic) completed the questionnaire. The 
mean body-mass index (BMI) was 22.81 ± 2.12. Most 
of the climbers (34%) worked in a job that demanded 
a university degree, for the other professions amongst 
the climbers see figure 2.

The mean ice-climbing experience was 10.98 ± 
8.47 years. Climbing preferences showed 55% climbed 
mainly on water ice, 17% mainly in mixed climbing 
terrain, 9% mainly in alpine terrain and 6% mainly 
on artificial ice structures. First ascents on ice climbs 
were reported by 33% of the climbers. The ice climbers 
reported climbing in 12 different countries in Europe 
and North America at 116 different ice-climbing areas. 
Virtually all ice climbers (99%) participated regularly 
in other mountain sports - 99% alpine climbing, 98% 
sport climbing, 82% combined alpine ice and rock 
climbing. Almost a fifth of the climbers (21%) partici-
pated in ice climbing competitions. The mean training 

Table 1. The National Advisory Committee for Aeronautics 
(NACA) Score (43)

Patient Status Score Level
Not an acute life-threatening disease  
or injury 1

Acute intervention not necessary;  
further diagnostic examination needed 2

Severe but not life threatening disease or 
injury; acute intervention necessary 3

Development of vital (life threatening) 
danger possible 4

Acute vital (life threatening) danger 5
Acute cardiac or respiratory arrest 6
Dead 7
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time for climbing (all sub-disciplines) per week was 
7.43 ± 5.66 hours. The average (lead climbing) ice-
climbing level was WI 5+ for ice falls, M 9- for mixed 
climbing, 6.7 metric (7- UIAA) for alpine climbing, 7.7 
metric (8- UIAA) for sport climbing and 7.7 metric 
(8- UIAA) for indoor climbing.

Epidemiology
Female climbers were injured more often (76.9%) 

when compared to male climbers (58.7%). Climb-
ers having children, thus having more responsibility 
and probably being more careful, reported injuries 
in 58.3%, those who had no children in 62.5%. The 
younger (under 30 y) ice climbers had a higher injury 
incidence than did older climbers (over 50 y). More 
than 10 years of ice-climbing experience resulted in a 
lower injury risk (see table 2). Most ice-climbers had 
a university degree. Figure 2 displays other professions 
noted amongst the climbers.

The injury rate (number of injuries divided 
through number of ice climbers within the respective 
population group) was the highest amongst profes-
sions demanding a university degree (1.54), followed 
by students (1.38), policemen/soldiers/fire-fighters 
(1.25), professional climbers and/or mountain guides 

(1.18), technical assistants (1.05) to skilled labourers 
(0.29). The overall average injury rate was 1.23. This 
injury rate was not correlated to years of ice-climbing. 
It was the highest for climbers with 6-10 years of ice 
climbing experience (1.44), then for climbers with 
over 20 years experience (1.36), than for climbers with 
less than 5 years of experience (1.06) and least for the 
group of climbers with 11-20 years of ice climbing 
experience (0.67).

In the climbing level ≤ WI-5 more people (63.4%) 
were injured than in > WI-5 (52.9%). Age, gender, 
ice climbing years, climbing level in water ice and 
rock, performance of first ascents, training hours, 
job profile, family responsibility and self perception 
of risk willingness while lead climbing in ice was not 
significant for the development of ice-climbing inju-
ries. However, a high BMI was significant for getting 
less ice-climbing injuries (P = 0.017).

Subjective risk perception
From the subjective questions asked in the ques-

tionnaire, 82% of the ice climbers felt that ice climbing 
was of no higher risk for the development of overuse 
injuries than rock climbing. More than half of the 
climbers (65%) felt a subjectively higher injury risk 

Table 2. Injury distribution in correlation to age groups and ice-climbing experience

Injury distribution in different age groups Injury distribution related to years of ice-climbing  
experience

 Injuries Injuries

Age in years n % Ice-climbing 
years n %

<30 17 68.0% Ł 5 22 68.8%
30 - 40 24 61.5% 6 - 10 13 72.2%
40 - 50 11 61.1% 11 - 20 12 50%

> 50 2 40.0% >20 7 50%
All age groups 54 61.4% 54 61.4%

Fig. 2. Distribution of professions and injury percentage within the respective group
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while ice climbing in comparison to rock climbing. 
The most common reported causes of acute injury, in 
descending order, were: ice and rock falls, avalanches, 
weak belay points and potentially more dangerous falls 
of climbers with injuries related to their own equip-
ment (crampons, ice axes etc.)

Sixty-five percent of climbers reported using ice 
axes with leashes (42% always and the others only 
sometimes).  

Overuse syndromes
Seventeen (19.3%) athletes reported a total of 35 

overuse syndromes from ice climbing. 18 (51%) of 
these occurred within the study protocol time frame 
between 2003 and 2006. 94.4% occurred on the upper 
extremity, 15 (83.3%) were NACA 1 and three (16.7%) 
were NACA 2. Lost work time due to an overuse syn-
drome was reported by only one climber. Persisting 
medical problems were not reported by any climbers. 
One climber with an overuse syndrome required in-
patient care, 3 needed a physician’s attendance, and 
five received physiotherapy. In 72.2% poor ice-clim-
bing technique was perceived to be the cause of the 
overuse syndrome. 

The overuse syndromes were: muscle strains in the 
arm (5), in the shoulder (1), in the calf (1), tendonitis 
in the arm (3), the fingers (4), and the shoulder (4). 

The correlation of training time with the risk 
for development of overuse syndromes was highly 
significant (P < 0.01). The BMI did not significantly 
correlated with overuse syndromes. How much risk the 
climber was willing to take lead ice-climbing (self per-
ception, scale from 1-4) correlated highly significantly 
with overuse syndromes (P < 0.01). Also the climbing 
level in water ice correlated highly significantly with 
overuse syndromes (P < 0.01).

Acute ice climbing injuries
Fifty four (61.4%) athletes reported one or several 

acute injuries during ice-climbing, while 34 (38.6%) 
did not. Ninety five acute injuries were reported for 
the interval from 2003 - 2006, 67 NACA 1, 24 NACA 2 
and 4 NACA 3. Most acute injuries were open wounds 
(55.2%) and haematomas (21.9%) (see table 3)

The ‘other injuries’ were eye injuries (3), contu-
sions (1), meniscal injury of the knee joint (1), finger 
contusions (3), multiple contusions (2), intercostal 
muscular sprain (1), skin injury caused through the 
crampon spokes (1), torn muscle (1), ankle sprain (1) 
or dental fractures (3). For the location of these injuries 
and their distribution see table 4.

Most of the acute injuries (61.3%) occurred while 
lead climbing, 23.8% while climbing second, the rest 
was rare (6.3% belaying, 3.8% on return and 2.5% 
on approach, other 2.5%). Most of the acute injuries 
(73.4%) happened in a waterfall, few in glacier ice walls 

(11.4%) and on artificial ice walls (2.5%) (12.7% other 
places). Climber fall related acute injuries amounted 
10.5%. During injury events, 75.8% of the climbers 
were wearing a helmet. Although over a quarter 
(27.3%) of the injuries needed to be seen by a doctor; 
only few (5.7%) needed hospitalisation. Moreover, per-
manent damage occurred in 22.7% of the injury cases. 
The permanent damage consisted of: dysaesthesia (2), 
cartilage damage (1), skin scars (6) and dental damage 
(2).  The climbing purpose was in most cases (73%) 
climbing a waterfall, very few (16.4%) during training 
in the ice and one case (1.4%) during a competition 
(other: 1.4%). For injury cause see table 5. 

Table 3. Ice-climbing injuries

Injury n %
Frostbite 9 8.8

Open wounds 53 52
Fractures 2 1.9

Haematoma 21 20.6
Other injuries 17 16.7

total 102 (in 95 incidences) 100

Table 4. Location of Injury and distribution 

Body part n %
Head 49 40.8
Finger 16 13.3

Leg 15 12.5
Foot 6 5
Arm 6 5

Shoulder 3 2.5
Chest 3 2.5
Back 2 1.7
Neck 1 0.8

Perianal 1 0.8
Others 18 15
Total 120 99.9

Table 5. Cause of injury

Cause n %
Ice fall 48 52.7

Technical deficit 24 26.4
Cold 5 5.5

Rock fall 3 3.3
False belay 2 2.2
Equipment 

failure 1 1.1

Others 8 8.8
Total 91 100
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The climbers thought that the injury would have 
been avoidable in 65.9%. To avoid the acute injury a 
better climbing technique was recommended in 44.4%, 
a better tactic in 31.5% and improvements in the used 
equipment in 24.1%. 

Overuse syndrome and acute injury rate per 1000 
hours sport participation

The incidence of overuse syndromes per 1000 
hours of sport participation was smaller than the acute 
injury incidence. In both groups (OS and I) NACA 1 
conditions were the most frequent (see table 6):

the sport for one week per year and lack in experi-
ence and technique. Furthermore, some of them are 
quite skilled rock climbers and possess a very good 
physical trained status and are eager to climb higher 
ice grades than their level of ice climbing experience 
and technique allows. 

Injury risk
The overall injury rate is comparable to other out-

door sports (10, 19-21, 28, 32). What was perhaps most 
remarkable and unexpected was the finding that most 
of the acute injuries were of minor severity (i.e. NACA 
1 rating). The acute injury rate was also not correlated 
to the number of ice climbing years, suggesting a more 
experienced ice climber was just as likely to get injured 
as a less experienced climber. However, the sample size 
was rather small for showing clear distinctions. It was 
difficult to get a higher number of corresponding ice 
climbers for the study as the overall number of athletes 
who perform ice climbing on a regular basis is small.

Ice climbing is a popular sport, nevertheless very 
few data on injuries are existing. Pub med (assessed 
11.09.2007) gives only one article in prose style (46) but 
no scientific study. We found one report on ice-climb-
ing injuries in a non-review journal „Bergundsteigen“, 
a risk-management magazine of the German-, Swiss 
and Austrian Alpine Club. Mosimann (22) evaluated 
46 injured ice climbers who were rescued by the Swiss 
mountain rescue service in a 6 year period. The inju-
ries were rated according to the NACA-Score. 31% had 
no injury (NACA 0) and 13% (6 climbers) had a fatal 
injury (NACA 7). 42% had injuries of NACA 2-3, 8% of 
NACA 4 and 6% of NACA 5. The most frequent injury 
causes were falls with 55%. However, no fatal injury 
was caused by a fall. The percentile death risk, which 
the author defined as the percent of deaths related to 
the sum of all known emergencies, was 13%. The au-
thor suggested this risk is higher in ice climbing than 
in mountaineering (8%), ski mountaineering (7.5%) 
and rock climbing (4%), but no reference was given 
for these data. 

Fatalities
Our study cannot give a percentile death risk, as it 

was conducted through a retrospective questionnaire. 
However, the general death numbers in ice-climbing 
can be analysed as all mountaineering accidents are 
very well recorded in North America. The Canadian 
(26) and the American Alpine Club (25) have statis-
tically recorded and analysed all mountain accidents 
since 1951. In the USA, up to the year 2005, there 
were 6111 incidents involving 11 089 mountaineers 
recorded by the American Alpine Club (25). Of these, 
5931 (53%) were unharmed (NACA 0) and there 
were 1373 (12%) fatalities (NACA 7) (25). 254 (4%) 
of the accidents happened in ice, though no further 

Table 6. Incidence of overuse syndromes and acute injuries 
per 1000 hours of ice climbing

Type Overuse 
syndromes Injuries

Overuse 
syndromes 
and injuries

Total 0.77 4.07 4.84
NACA 1 0.64 2.87 3.51
NACA 2 0.13 1.03 1.16
NACA 3 0 0.17 0.17

NACA = The National Advisory Committee for Aeronautics Score 43

Discussion
This cross-sectional study is the first to evaluate ice-

climbing injuries. More males (85%) actively climbed 
ice than females which is almost identical to the figures 
of Gerdes et al. (13) and Bowie et al. (9). In contrast to 
Bowie et al. (9) we found that most of the injuries were 
reported by women (76% of all injuries). We found 
no difference for ice climbers having or not having 
children (different level of responsibility) and with or 
without performing first ascents. Considering the vari-
ous professions within our ice-climbers the injury rate 
was the highest in professions demanding a university 
degree and the lowest in skilled labourers. Climbers in 
professions demanding a university degree may be less 
well trained in manual techniques that may translate 
to ice climbing skills. The quite high acute injury rate 
found in professional climbers and mountain guides 
was remarkable and unexpected. 

Analysing the acute injury patterns, it is remarkable 
that no injury was sustained by using leashes on the 
ice axes. Thus, the argument by many climbers against 
the use of leashes, citing the increased risk of self-in-
jury caused through dangling ice axes while falling, 
would appear to be unfounded based on the results 
of the present study. This argument concerns natural 
ice-climbing only as in competition ice-climbing no 
leashes are allowed. As climbing technique deficits 
were the cause of the injury in about one quarter, 
this is a risk factor that the ice climbers can influence 
through training and practice. While rock climbing 
can be performed throughout the year, ice climbing 
is seasonable, thus some ice climbers only perform 
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evaluation of the ice-climbing injuries was given. 
Nevertheless if 4% of all injuries are to be accounted 
to ice-climbing, also 4% of the deaths can be assumed 
to be related to ice-climbing. This would calculate to 
55 fatally ice-climbing injuries in 54 years; in average 
one ice-climbing fatality per year within the USA. In 
the same time frame 958 accidents in 2003 moun-
taineers were recorded in Canada (26). 715 (36%) 
mountaineers were injured, 292 (15%) fatal. 163 (17%) 
of the Canadian accidents occurred on „ice“-terrain. 
In 30 years, 92 mountaineers were injured while ice-
climbing, 30 fatally. The German Alpine Club (DAV) 
records ice-climbing accidents that are reported to 
their insurance carrier. In the years 2004-2005, 150 
climbing accidents were recorded, which was 12% of 
all accidents in mountain sports (1270) (23). Alpine 
mixed climbing accounted for 8% of all accidents and 
water ice-climbing for 6%. It is not possible to preci-
sely determine the death risk from these numbers, as 
the absolute number of ice climbers in these areas is 
unknown. The major ice climbing countries, Swit-
zerland and Canada, report about one death per year 
(22) (26). Further prospective study will be necessary 
to determine the true incidence of mortality related 
to water ice-climbing.

Overuse syndromes
In the ice-climbers 94% of the overuse syndromes 

occurred in the upper extremity, which is similar 
to the findings for rock climbing (14, 47-51). Most 
overuse syndromes were minor severity and consisted 
of strains and tendonitis. Four ice-climbers reported 
tendonitis of the fingers which is surprising given that 
the predominant hand position in ice-climbing is on 
the large grip of the ice tool, and does not require the 
crimping position responsible for tenosynovitis of the 
finger flexor tendons in sport climbers (49, 52-56). It 
is possible that ice-climbers initially develop finger 
tendonitis during indoor rock climbing training and 
this is subsequently exacerbated by use of the ice 
tool, applying local pressure onto already inflammed 
tendon sheaths. Most ice-climbers also train in rock 
climbing, making a differentiation of the origin of 
overuse syndromes difficult.

Injury risk in comparison to rock climbing
When comparing ice to rock climbing, one has to 

take into account that outdoor rock climbing is very 
diverse, and it is difficult to run exact scientific studies 
on the injury risk of outdoor climbing because the risks 
and the precautions taken are different, depending on 
the type of rock climbing chosen by each individual 
(57). Bowie at al. (9) reported an injury risk of 0.2-
0.4% per rock climbing day in the Yosemite National 
Park, equaling 37.5 injuries / 1000 hours of exposure 
(assuming one day of climbing in Yosemite is 8 hours). 

Schussmann et al. (58) reported an accident incidence 
of 0.56 injuries per 1000 hours of mountaineering 
(Teton National Park, USA). No other study on out-
door rock climbing gives a number on an injury rate. 
A lower risk potential was observed for indoor climb-
ing. Limb (20), assuming an average of two hours per 
visit, found 0.027 injuries / 1000 hours and Schöffl et 
al. (19) 0.079 injuries / 1000 hours of performance. 
For indoor competition climbing the injury risk was 
3.1/1000 hours (21).

Injury risk in comparison to other sports
To compare the injury risk in ice climbing to 

other sports the injury risk per 1000 hours of sport 
performance is important. Gabbet et al. (30) found a 
high injury risk in rugby players (283 injuries/1000h 
participation). Gissane et al. (33), also studying rugby 
players, reported approximately 150 injuries per 1000 
hours of participation in summer and 52 per 1000h 
in winter. A high injury rate is also reported for ice-
hockey (83/1000h (59)), handball (50/1000h (40)) 
and soccer (competition / training: 31.6/ 3-5 (60)). All 
these more mainstream sports demonstrated a much 
higher injury risk compared to our ice climbing study 
(4.07/1000h) (figure 3). Other general sports such as 
kite surfing have a general minor injury rate (7/1000 h) 
(37) but the injury severity rate is also high with even 
fatal injuries in 235 kite surfers prospectively evaluated 
over 6 months (235 kite surfers, 6 month prospectively, 
124 injuries, 11 severe injuries and 1 fatal). Other 

Fig. 3. Ice climbing in Val di Cogne (Tuborg WI 4+/5), Italy (with permission 
of Sportorthopädie-Sporttraumatologie – Elsevier, FRG)
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general sports as horse riding, skiing or bicycling (es-
pecially racing) also obtain the risk of severe or fatal 
injuries according to the definition of Kajtna and Tusak 
(61), nevertheless according to public opinion they are 
considered as a normal sport activity. Nevertheless no 
general scoring system exists to compare these relative 
injury risks of various sports, as the injury definition 
and grading varies between the studies. A general 
score, as the NACA score is important and we propose 
to use the NACA score for further studies. 

Conclusion: Is ice-climbing a high-risk sport?
Many sports enjoyed by large portions of the 

population are widely considered to be safe (62). Ice 
climbing, which is presented through the media with 
spectacular pictures, is widely considered as a high-
risk sport. Analysing ice-climbing, it is obvious that 
the ice climbers are confronted with many objective 
dangers: weapon-like equipment, variable ice forma-
tions, weak protection, extreme weather conditions, 
avalanche risk, ice and rock fall, difficult approaches 
and high mental and physical stress. Nevertheless all 
these factors are considered before attempting such 
climbs. Ice climbers are no different to the majority of 
participants in other sports – they do not want to get 
injured or even die pursuing their passion.

Meyers Encyclopaedia (63) defines extreme sports 
as the performance of exceptional sport disciplines in 
which the athlete deals with high mental and physical 
stress. If the sport contains an objective or subjective 
risk of damage to health or life it is considered a high 
risk sport. Meyers´s definition is accurate though it 
does not define any real risk for the athlete. Kajtna 
and Tusak (61) define high risk sports as any sport in 
which one has to accept the possibility of severe injury 
or death as an inherent part of the activity. This would 
make many sports “high risk”, including bicycling, ski-
ing, horse riding, etc.. There is clearly a distinct divide 
between what different bodies (including insurance 
companies) consider as high-risk sports. 

It is the task of science to evaluate the injury risk, 
injury severity and the fatality rate of various sports. 
Therefore standards and scores should be defined to 
allow appropriate comparisons. The injury risk per 
1000 hours of sport participation is an established 
parameter to assess relative injury risk. Most important 
for future studies is a standardized injury score such 
as the NACA- Score (43) used in this study which 
provides the necessary accuracy. 

In our study ice-climbing had, in comparison to 
many other sports, a low injury risk. Considering the 
above definition of high risk, ice climbing must be 
considered a high-risk sport. Severe and fatal injuries 
are possible. Nevertheless the overall injury risk is 
small and the average injury severity is minor. 

The sample size of our study was small and it con-

tains all disadvantages of a retrospective study. Also, 
the questionnaire was not anonymous which is another 
limitation. Future studies with larger subject numbers 
that are conducted in a prospective way are necessary. 
This way the death risk can be obtained.

To evaluate the overall seriousness of a sport and 
the injury risk as well as injury severity, a combination 
of NACA score, lethality and injury risk evaluation 
is necessary, and a robust and comprehensive sport-
specific scoring model must be developed. Ultimately 
such continued analysis can then target interventions 
to reduce the incidence of sport-specific injuries 
and improve the safety records of sports such as ice 
climbing. 
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