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Abstract: Previous major knee injuries among the participants in the FIS Freestyle
World Championship 2001 in Whistler/Blackomb, Canada were recorded. Ninety-five
skiers answered the questionnaire (response rate: 63%). Forty-seven percent of the
skiers reported mean 1.6 previous serious knee injuries (range 1-5), female skiers with
a significant higher prevalence than males. Thirty percent of the women and 24% of the
men (p = 0.49) had suffered 1-3 ruptures of the anterior cruciate ligament (ACL) of the
knee. There was no significant difference between the disciplines (mogul and aerial
skiing) in the prevalence of any type of knee injury.

In conclusion, nearly half of the responding FIS freestyle World Championship
skiers had previously sustained one or more major knee injuries and still returned to
such a high level of athletic performance. One fourth of the skiers had sustained one or
more former ACL ruptures. The prevalence of previous serious knee injuries over all
was significantly higher among female than among male skiers.
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Freestyle skiing consists of mogul and aerial skiing. In freestyle mogul skiing the
skier rides down a steep slope with irregular bumps (moguls) that are passed under
time constraint. Mogul skiers exhibit a different pattern of muscle activation, a larger
range of hip- and knee- angle movements, shorter time of movement cycles and higher
hip and knee angular velocity than the traditional alpine racers [/]. In addition to the
two required jumps, the skis are partly off the snow between the moguls, yielding
repetitive
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landings with high levels of impact and
torsional loads (Figure 1). Aerial freestyle
skiers reach a speed of about 65 km/h
entering the prebuilt jumps (called
kickers) from where they do up to three
somersaults and five 360 degree twists,
having a vertical drop of 10-12 m before
landing in a steep downhill which is made
soft in advance by chopping the snow
(Figure 2).

Knee injuries represent a severe
problem in alpine skiing. In general, a
serious knee injury, like meniscal tears,
ligament ruptures (knee sprains grade 2
and 3) and articular cartilage injuries,
often causes long periods of absence from
sport, and increases the risk of long-term
adverse effects — such as abnormal joint
dynamics and early onset of degenerative
joint disease [2]. Although the overall
injury incidence in alpine skiing has

Figure 2 - The aerial skiers do up to 3 inverted
somersaults and up to 5 full twists, descending
10-12 meters before landing.

Figure 1 - Mogul skiing differs from traditional
alpine skiing involving larger range of hip and
knee angular movements, higher hip and knee
angular velocity and repetitive landings with
impact and torsional loads to the knees.

declined over the past 25 years, the
incidence of grade 3 knee sprains has
increased alarmingly during the same
period. Deibert et al [3] found a four-fold
increased incidence of anterior cruciate
ligament (ACL) injuries over a 12-year
period, a figure supported by other
research groups [4,5]. The incidence of
ACL ruptures has reached the level of
ruptured medial collateral ligaments
(MCL), each accounting for 15-20% of all
skiing injuries [5,6]. A previous study has
shown that 45% of all injuries in World
Cup Freestyle skiing are knee injuries [7].
The rate of high-level competitive skiers
returning to their sport after major knee
injuries is unknown, but a previous study
has shown that 31% of alpine Olympic
racers have sustained an ACL injury
during their career [§]. The purpose of the



present study was to determine the prevalence of previous serious knee injuries among
freestyle World Championship skiers.

Material and Methods

At the FIS Freestyle World Championship 2001 a questionnaire was distributed
through national team leaders to the 151 skiers participating. The biographical details
of the skiers, their nationality, discipline (moguls or aerials) and the number of years
World Cup skiing was registered. The skiers were asked if they had ever sustained a
major knee injury. The definition of a “serious” or “major” knee injury may vary in the
literature. However, in the present study we defined a “serious” or “major” injury as a
knee injury excluding the skier from regular training activity for at least 20 days [§-
10]. Given such an injury, the skiers were asked during what kind of activity the injury
occurred, whether the skier had been examined by a magnetic resonance imaging
(MRI) scan or arthroscopy, if so, what the findings were and whether a reconstruction
had been performed in the case of a torn ACL. Simultaneously, similar questionnaires
were distributed to the team coaches as well, asking them the same information about
their skiers, in order to verify the information given by the athletes. Most of the
questionnaires were returned during the week of the championship, while the
remainder were returned afterwards.

The data were analysed with the SPSS software package using Chi-square test to
compare the prevalence of injuries between gender and disciplines, and independent
sample t-tests to compare continuous variables between groups. An alpha level of less
than 0.05 was considered significant.

Results

Ninety-five of the 151 World Championship skiers completed and returned the
questionnaires, giving a response rate of 63%. The responders consisted of 55 men and
40 women, aged 18-36 (mean 24.7). Sixty-two of the responders (65%) were mogul
skiers, whereas 33 (35%) were aerial skiers, reflecting the relative number of
participants in the two disciplines. Forty-five (47%) of the responding skiers, twenty-
four women (60%) and 21 men (38%; p = 0.035), reported a total of 74 former major
knee injuries excluding them from regular training for at least 20 days. The number of
major knee injuries among the previously injured skiers ranged from 1 to 5 (mean 1.6),
with the majority of the injured skiers (60%) having suffered only one injury (Table 1).
Twenty-nine (39%) of the injuries were verified by MIR. Twenty-five (26%) of the
skiers, twelve women (30%) and 13 men (24%; p = 0.49), reported a total of 34 former
ACL injuries, accounting for 46% of all knee injuries. The number of ACL injuries
ranged from 1 to 3, with 7 (28%) of the 25 ACL-injured skiers having suffered more
than one ACL rupture (mean 1.4). Some of the ACL injured skiers reported additional
occasions of knee injuries as well. Three men and three women, all mogul skiers, had
sustained bilateral ACL ruptures, whereas three skiers (12% of those with ACL
rupture) had suffered a graft rupture of the reconstructed ACL in one knee (Table 2).
Five of the 34 torn ACLs were not reconstructed. In four of these cases the skier had
not been examined by arthroscopy. One of the ACL injuries not reconstructed or



arthroscoped had been verified by MRI. Sixty-seven (91%) of the 74 knee injuries
involved either the

Table 1 - Number of skiers with previous major knee injuries categorized according to discipline
and gender and the number of injuries suffered.

Discipline  One Two Three  Four Five

and gender injury injuries injuries injuries injuries Total

Moguls men

(n=36) 10 3 0 1 1 25 injuries in 15
skiers

Moguls

women 6 7 2 0 0 26 injuries in 15

(n=26) skiers

Aerials men

(n=19) 4 1 1 0 0 9 injuries in
6 skiers

Aerials

women 7 1 0 0 1 14 injuries in

(n=14) 9 skiers

Total (n=95) 27 12 3 1 2 74 injuries in 45

skiers

n = total number of skiers in each category; injured and non-injured skiers.

Table 2 - Number of skiers with previous ACL injuries categorized according to discipline and
gender and the number of ACL injuries suffered.

Two injuries Three injuries

Discipline One  Bilateral in one knee (re-rupture

and gender injury injuries  (re-rupture) in one knee) Total

Moguls men

(n=36) 6 2 0 1 13 ACL injuries in
9 skiers

Moguls

women 4 2 0 1 11 ACL injuries in

(n=26) 7 skiers

Aerials men

(n=19) 3 0 1 0 5 ACL injuries in
4 skiers

Aerials

women 5 0 0 0 5 ACL injuries in

(n=14) 5 skiers

Total (n=95) 18 4 1 2 34 ACL injuries in

25 skiers

n = total number of skiers in each category, injured and non-injured skiers.



ACL, the articular cartilage, the
menisci, the MCL or combinations of
these. Nineteen (56%) of the 34 ACL
injuries were combined with either
injuries to the articular cartilage,
meniscal tears or MCL injuries.
Eighteen skiers reported articular
cartilage injuries, 15 in combination
with an ACL injury. Nineteen skiers
(20%) reported isolated MCL injuries,
whereas 10 reported isolated meniscal
tears (Figure 3). Seven “other” injuries
(9%) did not involve the above 10
mentioned four structures. Meniscal
Forty-eight percent of the mogul  tears

skiers reported previous major knee
injuries compared to 46% of the
aerialists (p=0.78). The mean number
of injuries per injured skier was 1.7 in
mogul skiing and 1.5 in aerial skiing, but the numbers were not significantly different.
Furthermore, there was no significant difference between disciplines nor genders in the
prevalence of any of the specific types of injuries. The mean number of years World
Cup skiing in the group of skiers with previous knee injuries was 5.7 years compared to
3.2 years for those without previous knee injuries (p<0.001). Thirty-four percent of the
injuries occurred during freestyle skiing competitions, 45% during freestyle training
and 21% during other activities.

ACL Cartilage

injuries

MCL
injuries

Figure 3 - The sixty-seven injuries involving
different combinations of injury to the ACL, the
cartilage, the meniscii and the MCL.

Discussion

In the present study the response rate was 63%. Similar studies of elite athletes in
other sports are lacking, except in alpine skiing where a response rate of 21% has been
reported [§]. The term “serious” or “major” knee injury in this study is defined as a
self-reported injury to the knee that restricted training activity for at least 20 days. The
definition of this term, however, may vary from study to study, thus complicating the
comparison process. The diagnoses given in this study are self-reported as well.
However, the diagnosis of an ACL rupture was verified by the skier confirming ACL
reconstruction in all but 5 cases. One of those 5 cases was verified by arthroscopic
examination, and another by MRI scan. Skiers at this level seem to be very aware of
their knee status, making the self reported diagnosis more reliable.

The main finding in this study was that nearly half (47%) of the responding freestyle
World Championship skiers had suffered one to five previous major knee injuries.
Furthermore, one fourth (26%) of the skiers had previously suffered one to three ACL
ruptures, some of them reporting additional injuries as well. These high figures agree
with previous reports of the prevalence of former serious knee injuries in elite alpine
skiers [8]. The prevalence of former major knee injuries was significantly higher in
women than in men. This is in agreement with most reports of skiing injuries [//-13].



However, there was no significant difference in the prevalence of former ACL injuries
or any other specific knee injury between male and female skiers. This is in
disagreement with reports of the incidence of ACL injuries both in alpine skiing as well
as in other non-contact and contact sports [8,/4-16]. However, our numbers are small
and need to be interpreted with care.

In the present study, ACL injuries accounted for 46% of the knee injuries. This
proportion is lower than the corresponding 72% found by Ekeland et al. among elite
alpine skiers [8]. In a previous study among freestyle skiers that also included minor
injuries, 7% of all injuries during one season were ACL injuries, accounting for 16% of
the knee injuries [7]. In that same study isolated MCL injuries accounted for 69% of
the knee injuries, whereas the present study found that 20% of the knee injuries were
isolated MCL injuries. The definition of an injury in the previous study was one which
made the skier stop skiing the day it occurred, whereas the definition of the present
study was exclusion from skiing or training for at least 20 days. Grade 1 MCL injuries
often excludes the skier from skiing less than 3 weeks, which may explain the different
findings of these two studies.

Of the 25 skiers reporting a former ACL injury, three skiers (12%) had suffered a
re-rupture of the reconstructed ACL graft. In comparison, the incidence of ACL re-
ruptures in female European handball players is 22% [/7]. Again, our figures must be
interpreted with care, since the numbers are small. Besides, the true figures for re-
ruptures among freestyle skiers may not have been detected in this study, since a re-
rupture might be an occasion causing the skier to quit. Anyhow, figures from different
sports are not easily comparable. A higher incidence of ACL ruptures and re-ruptures
in one sport compared to another might be due to different gender distribution within
the two populations, different sport specific knee demands and/or different sport
specific ACL injury mechanisms in the two sports.

In the present study, fifty-six percent of the ACL injuries were combined injuries.
These figures appear similar to alpine recreational skiing where MCL injuries in
combination with ACL injuries are common and meniscal tears occur in approximately
50% of ACL injuries [/§].

The prevalence of former major knee injuries was not significantly different in the
two disciplines moguls and aerials, neither as a total nor for any specific knee injury
type. The mean number of previous injuries per skier was not significantly different
between the two groups either. This appears in contrast to a previous study, where the
injury risk in general was found to be significantly higher in aerials than in mogul
skiing [7]. But again, the numbers in each category of the present study are small.

The freestyle skiers reporting a former knee injury had been involved in World Cup
skiing significantly longer than those skiers with no former injury. This is not
surprising, since the more experienced skiers have been exposed to injuries for a longer
period of time. Thirty-four percent of the reported injuries occurred during freestyle
competitions whereas 45% occurred during freestyle training. Since the skiers spend
much more time training than competing, these numbers probably do not reflect the
true injury risk in competition compared with training [9].

Conclusion



Nearly half of the responding FIS freestyle World Championship skiers had
previously sustained one or more major knee injuries and still returned to such a high
level of athletic performance. One fourth of the skiers had sustained one or more
former ACL ruptures. The prevalence of previous serious knee injuries over all was
significantly higher among female than among male skiers, although the prevalence of
any specific type of knee injury, such as former ACL injuries, did not show significant
difference between genders.

Acknowledgements

The Oslo Sports Trauma Research Center has been established at the Norwegian
University of Sport & Physical Education through generous grants from the Royal
Norwegian Ministry of Culture, the Norwegian Olympic Committee & Confederation
of Sport, Norsk Tipping AS, and Pfizer AS.

Joe Fitzgerald as the FIS freestyle coordinator, the organizers of the World
Championship in Backcomb, Canada and the freestyle skiers, coaches and team leaders
from Austria, Bella Russia, Canada, China, Denmark, Finland, France, Great Britain,
Germany, Italy, Japan, Kazakhstan, Norway, Slovakia, Sweden, Switzerland, Ukraine
and USA made this study possible.

References:

[1] Berg, H. E. and Eiken, O., “Muscle Control in Elite Alpine Skiing”,
Medicine & Science in Sports & Exercise, 1999,Vol. 31, No. 7, pp.
1065-1067.

[2] Natri, A., Beynnon, B. D., Ettlinger, C. F., Johnson, R. J. and Shealy, J. E.,
“Alpine Ski Bindings and Injuries. Current Findings”, Sports Medicine,
1999, Vol. 28, pp. 35-48.

[3] Deibert, M. C., Aronsson, D. D., Johnson, R. J., Ettlinger, C. F., and
Shealy, J. E., “Skiing Injuries in Children, Adolescents, and Adults”,
Journal of Bone and Joint Surgery (Am), 1998, Vol. 80, pp. 25-32.

[4] Jarvinen, M., Natri, A., Laurila, S. and Kannus, P., “Mechanisms of
Anterior Cruciate Ligament Ruptures in Skiing”, Knee Surgery, Sports
Traumatology and Arthroscopy, 1994, Vol. 2, pp. 224-228.

[5] Warme, W.J., Feagin, Jr. J.A., King, P. et al., “Ski Injury Statistics, 1982 to
1993, Jackson Hole Ski Resort”, American Journal of Sports Medicine,
1995, Vol. 23, pp. 597-600.

[6] Paletta, G.A. and Warren, R.F., “Knee Injuries and Alpine Skiing.
Treatment and Rehabilitation”, Sports Medicine, 1994, Vol. 17, No. 6,
pp- 411-423.



[10]

[11]

[12]

[13]

[14]

[15]

Heir, S., Krieg, R. and Ekeland, A.,“Injuries in World Cup Freestyle
Skiing”, Scandinavian Journal of Medicine and Science in Sports, 1995,
Vol., No. 5, pp. 119

Ekeland, A., Nordsletten, L., Lystad, H., and Lereim, ., “Previous Skiing
Injuries in Alpine Olympic Racers”, Skiing Trauma and Safety:
Eleventh
Volume, ASTM STP 1289, R. J. Johnson, C.D. Mote, Jr., and A.
Ekeland, Eds., American Society for Testing an Materials, 1997, pp. 7-
13.

Margreiter, R., Raas, E., and Lugger, L. J., “The Risk of Injury in
Experienced Alpine Skiers”, Orthopaedic Clinics of North America,
1976, Vol. No. 1, pp. 52-54.

Raas, E., “Some Aspects of Injuries in Competitive Skiers”, Skiing Trauma
and Skiing Safety IV, W. Hauser, J. Karlsson, and M. Magi, Eds.,
TUEV Edition, Munich, 1982, pp. 202-206.

Shealy, J.E., and Ettlinger, C.F., “Gender-related Injury Patterns in
Skiing”,
Skiing Trauma and Safety: 10th Volume, ASTM STP 1266, C.D. Mote,
Jr., R.J. Johnson, W. Hauser, and P.S. Schaff, Eds., American Society
for Testing and Materials, West Conshohocken, PA 1996, pp. 45-57.

Cadman, R., and Macnab, A.J., “Age and Gender: Two Epidemiological
Factors in Skiing and Snowboarding Injuries”, Skiing Trauma and
Safety, 10th Volume, ASTM STP 1266, C.D. Mote, Jr., R.J. Johnson,
W. Hauser, and T.S. Shaff, Eds., American Society for Testing and
Materials, West Conshohocken, PA , 1996, pp. 58-65.

Ekeland, A. and Redven, A., “Injuries in Alpine Skiing, Telemarking, and
Snowboarding”, Skiing Trauma and Safety: Thirteenth Volume, ASTM
STP 1397, R.J- Johnson, P. Zucco, and J.E. Shealy, Eds., American
Society for Testing and Materials, West Conshohocken, PA, 2000, pp.
87-94.

Arendt, E. and Dick, R., “Knee Injury Patterns among Men and Women in
Collegiate Basketball and Soccer”, American Journal of Sports
Medicine, Vol. 23, 1995, pp. 649-701.

Ellman, B. R., Holms III, E. M., Jordan, J., and McCarty, P., “Cruciate
Ligament Injuries in Female Alpine Ski Racers”, Skiing Trauma and
Safety: Seventh International Symposium, ASTM STP 1022, R.J.



Johnson, C.D. Mote, Jr. and M.-H. Binet, Eds., American Society for
Testing and Materials, Philadelphia, 1989, pp. 105-111.

[16]

Ireland, M. L., “Special Concerns of the Female Athlete”, Sports Injuries:
Mechanism, Prevention and Treatment, F. H. Fu and D. A. Stone, Eds.,
Williams & Wilkins, Baltimore, 1994, pp. 153-187.

[17]

Myklebust, G., “ACL Injuries in Female European Handball Players”,
American Journal of Sports Medicine, Submitted for publication 2002.
[18]
Duncan, J.B., Hunter, R., Purness, M. and Freeman, J., “Meniscal Injuries
Associated with Acute Anterior Cruciate Ligament Tears in Alpine
Skiers”, American Journal of Sports Medicine, 1995,Vol. 23, No. 2.,
pp. 170-172.



	Stig Heir,1,2 Tron Krosshaug,3  and  Arne Ekeland 4
	The Prevalence of Previous Serious Knee Injuries in Freestyle World Championship Skiers
	Results
	Discussion
	Conclusion

