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    Abstract
Background: Limited knowledge exists on injuries among professional alpine skiers.
Objective: To describe the risk of injury and the injury pattern among competitive World Cup alpine skiers during the competitive season.
Methods: Retrospective interviews were performed with all World Cup athletes from 10 nations at the end of the 2006–7 and 2007–8 winter seasons, and all acute injuries occurring during the 4.5-month competitive season were recorded. If the athlete was not present, their coaches or medical personnel were interviewed.
Results: A total of 191 acute injuries were recorded among 521 World Cup alpine skiers. As many as 86 injuries (45%) occurred during World Cup/World Ski Championship competitions, corresponding to an injury rate of 9.8 injuries per 1000 runs (95% CI 7.8 to 11.9). The injury rate was found to increase with increasing speed (slalom 4.9 injuries per 1000 runs, 95% CI 2.5 to 7.4—giant slalom 9.2, 5.1 to 13.3—super-G 11.0, 5.2 to 16.8—downhill 17.2, 11.6 to 22.7). The most frequently injured body part was the knee, with 68 injuries (36%), and 37 of these were severe. The overall injury rate was higher in males than in females, but not for knee injuries.
Conclusions : The risk of injury among World Cup athletes in alpine skiing is even higher than previously reported. The knee is the most commonly injured body part and with many severe injuries. Injury rate increased with a higher speed and was higher among males than in females.
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    Alpine skiing has been on the Olympic programme since 1936. The first World Cup ski race was held in 1967, and today the World Cup alpine skiing events include downhill, super-G (super giant slalom), giant slalom and slalom. The International Ski Federation (FIS) arranged 3087 and 3625 alpine races internationally during the 2006–7 and 2007–8 season, respectively. The number of races for the alpine skiing World Cup was 71 and 74 for the same two seasons and 453 and 443 athletes competed in these competitions. The alpine World Cup is popular, and TV audiences of up to 250 million watch an event (FIS, personal communication, 2009).
While the injury risk for recreational skiers has been well documented based on prospective injury recording systems since the early 1970s,1 2 3 there are almost no data published on the injury pattern and injury risk for competitive alpine skiers. Recent data on professional skiers competing in diverse disciplines from downhill with high speed, long jumps and minimal protection to slalom with technical demands are limited to two single-event studies (Olympic Games 1994 and Junior World Championships 1995).4 5 However, several cross-sectional studies among active skiers have shown that 72–83% of world class skiers have sustained at least one previous serious injury.6 7 8 9 Although these studies are decades old, they indicate that the risk of injuries is high.
The aim of this study was therefore to describe the risk of injury and the injury pattern among competitive World Cup alpine skiers during the competitive season.
Methods
Study design and population
We conducted retrospective interviews with World Cup alpine skiers from 10 nations at the end of the 2006–7 and the 2007–8 winter seasons because a methodological study10 found this to be the best method available to record injuries among World Cup ski and snowboard athletes. We defined the winter season as starting on 1 November or, if earlier, the first World Cup race of the season, lasting until the interviews took place. For the 2006–7 season, the first World Cup alpine event was in Levi, Finland on 11–12 November. The first races scheduled in Sölden, Austria 28–29 October were cancelled because of a lack of snow. Therefore, the injury registration started on 1 November in this season, and we conducted the interviews at the two final World Cup events in Kvitfjell, Norway (8–10 March 2007) and Lenzerheide, Switzerland (14–18 March 2007). For the 2007–8 season, the first World Cup alpine event was in Sölden, Austria on 27–28 October, and the registration for this season started there. We conducted the interviews at the two final World Cup events in Kvitfjell, Norway (27 February to 2 March 2008) and Bormio, Italy (10–16 March 2008).
From the official FIS database, we identified athletes who had started in at least one World Cup (WC)/World Ski Championship (WSC) event in downhill, super-G, giant slalom, slalom, combined or super combined. We included all athletes from the teams of Germany, Switzerland, Canada, Finland, France, Norway, Italy, Sweden, Austria and Slovenia (2007–8 only). These represent large teams in the different disciplines, and we expected most of their athletes to speak English fluently.
At the events, we interviewed the athletes from the selected nations who were present in person. If the athlete was not present (due to injury or for other reasons), we interviewed their coaches. Some coaches directed us to their team physician/physical therapist to obtain the information needed. We also asked the team coaches to control and complete the list of athletes from their nation. Athletes not defined as being on the World Cup team roster by the coaches were excluded (eg, national athletes starting in races in that country on the national quota).
We explained the purpose and procedure of the interviews at the team captain’s meeting, where head coaches from all nations were required to be present. At this meeting, we also asked the coaches to inform their athletes of the interviews. A letter describing the interviews was distributed by email to all head coaches/team leaders in the alpine World Cup prior to the 2007–8 registration. Research teams from the Oslo Sports Trauma Research Center consisting of physicians and physical therapists conducted the interviews. The research teams performed the interviews in the finishing area in connection with official training or competition, or, in some cases, at the team’s hotel. To facilitate athlete recall of participation and time loss due to injury, we used a form outlined as the week-by-week calendar of the alpine World Cup season as an interview tool.10
The Regional Committee for Medical Research Ethics, Region Øst-Norge and the Norwegian Social Science Data Services approved the study.
Injury definition
The injury definition was “All injuries that occurred during training or competition and required attention by medical personnel.” This definition, as well as the classification of the type of injury and body part injured, was based on a recent consensus document on injury surveillance in football.11 Training included activities on snow, and basic training not on snow. We classified the severity of injury according to the duration of absence from training and competition as slight (no absence); minimal (1 to 3 days), mild (4 to 7 days), moderate (8 to 28 days) and severe (>28 days) as also recommended in the consensus report.11 For each injury, we recorded the body part injured, the injury type, as well as the specific diagnosis. If multiple injuries resulted from the same event, we described all of these on the same form. We also recorded information on where the injury happened, during World Cup/World Ski Championship competition/official training, other competition/official training, other training activity on snow (ie, regular training) or basic training not on snow (ie, running, weightlifting, soccer, etc). For injuries recorded during the interviews, the interviewer completed an injury form containing the above-mentioned information.10
Statistics including injury incidence and exposure
To present the most complete picture of injury risk, we have expressed injury incidence as the absolute injury rate (expressed as the total number of injuries per 100 athletes per season) as well as the relative injury rate (expressed corrected for exposure as the number of injuries per 1000 runs), both with their corresponding 95% CIs. When calculating the absolute injury rate we included all injuries during the season, in competition as well as during training. To calculate the relative injury rate, we included injuries in World Cup/World Ski Championship competitions, as these were the only competitions where it was possible to relate injuries to the number of started runs (exposure) across the different disciplines. For each of the skiers, we calculated their competition exposure as the exact number of started runs during the 2006–7 and 2007–8 winter seasons based on information from the FIS database. The database includes information on race completion, and we included the run if the athlete was disqualified afterwards but counted only one run if the athlete was disqualified after the first run in slalom and giant slalom (where there are two runs per event).
We based our calculation on the Poisson model and used a Z test for comparing injury risk between disciplines and computing the corresponding 95% CI. We computed relative risks (RR) with their 95% CIs to compare injury rates between male and female athletes for severity, distribution with regard to body part injured and the relative risk between the different disciplines for all injuries and knee injuries. A two-tailed p level of ⩽0.05 was considered statistically significant.

Results
In total, 521 alpine athletes (292 males and 229 females) were interviewed during the 2006–7 and the 2007–8 winter seasons from the selected nations. Of these, 207 interviews (40%) were done with the athletes and 314 (60%) with coaches/medical personnel. Five athletes were interviewed via the telephone/email within 4 weeks after the interviews. This represents a 100% response rate for athletes on the World Cup teams selected for the study.
A total of 191 acute injuries (123 among males and 68 among females) were recorded. The absolute injury rate, expressed as the number of injuries per 100 athletes per season, is shown for all injuries within the different severity categories for males and females in table 1. There was a higher risk for males compared with females for all injuries, while no significant gender difference was detected for time-loss injuries only.
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Table 1 Absolute injury rates with 95% CIs for all recorded injuries (n = 191) among males and females related to injury severity



As many as 155 (81.1%) of the injuries recorded were time-loss injuries; the majority of these were moderate and severe injuries. Overall, 111 (58.1%) were located in the lower extremity. The most commonly injured body part was the knee (n = 68, 35.6%), and 37 (54.4%) of these were severe with an absence of >28 days (table 2). The second most frequently injured body parts were the lower leg, where 31.8% were severe injuries, and the lower back region, where only 4.5% were severe (table 2). The injury distribution is shown separately for males and females in fig 1. There was no difference in the absolute rate for knee injuries between males and females (RR 1.06, 95% CI 0.65 to 1.71).
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Figure 1 Distribution by body region of all reported injuries (n = 191) expressed as the percentage of the total number reported for males (n = 123; open bars) and females (n = 68; hatched bars).
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Table 2 Distribution of all recorded injuries (n = 191) with respect to body part injured and severity category (classified according to the number of days of absence from training and competition)



The most common injury type in alpine skiing was joint and ligament injuries (44.0%) followed by fractures and bone stress (18.8%) (table 3). For both injury types, the majority were severe injuries (42.9% for joint and ligament injuries and 41.7% for fractures and bone stress). As shown in table 4, the knee accounted for 57 (67.9%) of all joint and ligament injuries, and knee ligament injuries were the most frequent injury type (table 4). Of these, ACL injuries was the most frequent specific diagnosis (n = 26). We found no difference between males and females in the risk for ACL injuries (RR 1.08, 95% CI 0.50 to 2.36). Concussions followed as the second most common specific injury type (n = 11).
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Table 3 Distribution of all recorded injuries with respect to injury type and severity category (classified according to the number of days of absence from training and competition)
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Table 4 Distribution of all recorded injuries (n = 191) with respect to body part injured and injury type



Of the 191 injuries, 86 (45.0%) occurred during World Cup/World Ski Championship competitions, 31 (16.2%) during official training for these competitions, while 48 (25.1%) injuries occurred during regular training on snow. Of the remaining injuries, 24 (12.6%) occurred during other competitions/official training and 2 (1.0%) during basic training not on snow. Based on the FIS database, we estimated the total exposure during World Cup/World Ski Championship competitions for the athletes interviewed to be 8734 runs (table 5). The relative injury rate, estimated as the number of injuries per 1000 runs, was 9.8 (95% CI 7.8 to 11.9). Of the 86 injuries, 67 led to time loss from training/competition, corresponding to a relative rate of 7.7 injuries per 1000 runs for time-loss injuries. The relative injury rate across the different disciplines for all injuries (n = 86) as well as knee injuries (n = 28) is shown for males and females in table 5. For all injuries, the highest incidence was found for downhill followed by super-G and giant slalom, while the incidence was lowest in slalom. There was a significant difference between downhill (RR 3.48, 95% CI 1.93 to 6.25) and super-G (RR 2.23, 95% CI 1.09 to 4.56) compared with slalom, as well as for downhill compared with giant slalom (RR 1.87, 95% CI 1.07 to 3.25). Slalom was the only discipline where there was a difference in relative injury rate between males and females (RR 5.16, 95% CI 1.17 to 22.7). However, there was no difference in the relative rate for knee injury between males and females in any discipline.
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Table 5 Number of all injuries (n = 86) and exposure (the total number of runs, n = 8734) in the different disciplines during World Cup/World Ski Championship competitions




Discussion
This is the first large cohort study to examine the overall injury risk and detailed injury pattern among World Cup alpine skiers during the competitive season. The main findings were that the injury rate for elite alpine skiers was higher than reported previously, that the injury rate increased with skiing speed and that the absolute and relative injury rate was higher among males compared with females. The knee was the most commonly injured body part, with a majority of severe injuries.
To describe overall injury risk and enable a comparison with other studies and sports, we have estimated both the absolute rate (per season) and relative rate (per run). Through the FIS database, we could extract a complete record of the exact numbers of runs during World Cup/World Ski Championship competitions for each of the athletes interviewed. Therefore, the relative rate of 9.8 injuries per 1000 runs (7.7 injuries per 1000 runs for time-loss injuries) represents a reliable estimate. There are only two previous studies available on World Cup alpine skiers, which reported an incidence of 1.9 and 4.0 injuries per 1000 runs, respectively.4 5 However, these studies were based on data from just one major event with few injuries recorded, and the injury definition, with regard to severity, was not clearly defined. Our findings indicate that the injury risk in WC/WSC competition is at least twice as high as previously suggested. One limitation of our approach is that exact exposure data were only available for World Cup/World Ski Championship competitions, not training outside these competitions. Obtaining documentation on the number of runs performed or the time spent in active training is challenging, and much of the technical training cannot be attributed to one specific discipline.
When comparing the injury risk between disciplines, it should also be borne in mind that the length of a run varies between disciplines. Downhill consists of only one run and has the longest course (ranging from around 2000 to 4500 m), the largest vertical drop (800 to 1100 m for males, 450 to 800 m for females) and hence the highest speed (average 95 to 105 km/h, maximal speed can exceed 140 km/h).12 At the other end of the spectrum is slalom, with two runs, the shortest course, the lowest vertical drop (180 to 220 m for men, 140 to 220 m for women), and frequent turns (on average 60 gates) designed to combine speed with neat execution and precision of turns.12 Another difference is that ski and safety equipment varies between disciplines, although crash helmets are compulsory in all competitions. One study from the 1980s showed that two-thirds of the injuries were reported to have occurred downhill,7 and two more recent single-event studies have an incidence of 1.1 and 8.3 injuries per 1000 runs, respectively.4 5 Our results confirm that downhill is associated with the highest injury risk but also document that the incidence, 17.2 injuries per 1000 runs, is much higher than previously reported. We also found that the risk of injury increased with increasing speed, from the lowest in slalom to the highest in downhill. Notably, among World Cup alpine skiers the injury rate increases with severity; as many as 38% of all time-loss injuries cause an absence of >28 days. This is in contrast to most other sports, where severe injuries are the least frequent. If we consider the challenges involved—manoeuvring down an icy, steep mountainside on a pair of skies with minimal protection, often above the speed limit—these findings are not surprising. However, whether there has been an increase in severe injuries or in downhill because of the development of the sport and its equipment, or the actual risk has been higher than previously reported, is difficult to know. Continuous injury surveillance is needed to follow such trends.
While several studies have shown that the knee is the most commonly injured body part among adult recreational skiers,13 14 15 16 there is less evidence on elite alpine skiers. One study among top-ranked skiers from the 1980s found knee ligament injury to be the most frequent injury type, while a lateral ligament ankle sprain was the most frequent specific diagnosis.7 We also found the knee to be the most commonly injured body part among World Cup skiers, accounting for 36% of all injuries, while ankle sprains were rare. ACL injury was the most commonly reported specific diagnosis, accounting for 38% of knee injuries. Moreover, we have most likely underestimated the number of ACL injuries, as the person interviewed in several cases could not give a precise diagnosis. However, about half of the knee injuries were severe, causing >28 days of time loss from sports. Our findings are supported by a recent study by Pujol and coworkers,17 who observed a high frequency of ACL injuries among top-ranked French alpine skiers during a 25-year period. Preventing severe knee injuries should therefore be a priority.
Several mechanisms have been described to cause ACL injuries in alpine skiing,18 19 20 21 22 23 24 but as most of this research has been done on recreational skiers, we do not know if these are relevant for alpine skiers at the World Cup level. The boot-induced anterior drawer mechanism, which occurs during hard landings in deep knee flexion after a jump, has been described to be more common among high-level skiers.24 Our data show that the incidence of knee injuries was highest in downhill and lowest in slalom. This suggests that not only can the high technical demands and forces involved in the technical disciplines (giant slalom and slalom) cause the ACL to tear, but also the high-speed disciplines may be even more risky. However, at present we do not even know if the injuries are caused by loads occurring while the athlete is still skiing, or if the ACL is torn in crashes where the athlete tumbles down the slope, with the heavy ski acting as a lever. Before preventive measures can be suggested, the injury mechanisms need to be characterised.
Our data suggest that the injury risk is higher for male than female elite skiers. The injury incidence in World Cup/World Ski Championship competitions was twice as high in males. The overall injury risk during the winter season was also higher in male skiers. Our results are in contrast with data from the 1994 Olympic Games4 and the 1995 World Junior Championships,5 where females had a significantly higher injury incidence than males. No sex differences were, however, reported among national competitive skiers during the 1981/2 season.25 The present study is the first to report a higher injury incidence among males, although it should be noted that we found no significant differences when only time-loss injuries were included.
For knee injury risk, however, we detected no sex differences. Our findings are in line with Pujol and coworkers,17 who found no sex differences in ACL injury risk among elite French national team athletes during 25 years. Ekeland and coworkers,4 on the other hand, reported a significantly higher percentage of previous ACL injuries in Olympic female alpine racers, but this was a study of 54 competitors4 with a response rate of only 21%. Several studies among recreational skiers have reported a twofold greater risk of knee injuries among women compared with men.1 3 26 27 28 In team sports like soccer and team handball, women have a four- to sixfold higher rate of non-contact ACL injuries than men.29 30 31 32 Perhaps the speed, technical demands and high forces associated with World Cup skiing over-rule any vulnerability factors related to sex.
Some limitations must be kept in mind when interpreting the results from this study. Recall bias is a challenge with retrospective interviews. However, we did find this to be the best method available to record injuries among skiers and snowboarders.10 If not all injuries were captured through the interviews, the injury rate in alpine skiing will have been underestimated. However, this is the most comprehensive survey conducted among World Cup skiing athletes to date. Another limitation is that we have recorded injuries only through the World Cup winter season, and we do not know what occurs in the training season. Although the athletes do much of their training on snow all year round, some changes in the overall pattern and injury risk would be likely if we had been able to include the entire year.
What is already known on this topic
	There are no data from large cohort studies on the injury risk and pattern among elite alpine skiers.

	There are conflicting study findings regarding sex differences in injury risk among competitive alpine skiers.



What this study adds
	The injury rate among World Cup alpine skiers during the competitive season is high, particularly for severe knee injuries.

	Injury rate across disciplines increases with increasing speed.

	Males have an increased risk compared with females.
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