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Abstract

Background: To increase safety in elite alpine ski racing Injury Surveillance Systems were implemented and pre-
ventive measures introduced. However, studies analysing the change in athletes’injury risk by controlling for their
exposure are still scarce.

Objectives: This study aimed to describe and analyse the risk of in-competition severe injury events (SIE;,y) in €lite
alpine ski racing.

Methods: Data recorded in the Austrian Ski Federation's Injury Surveillance System were used to analyse the SIE
incidence. Information on athletes’ competition exposure was obtained from the o  cial website of the International
Ski Federation. In 23 seasons, 2333 skier seasons were recorded for the Austrian Ski Team. Within a total of 114,531
runs 169 SIE,,, occurred. Generalised Estimating Equation for Poisson Regressions were applied.

Results: The SIE,,, incidence per 1000 runs was 1.48 [95% confidence interval (Cl) 1.26-1.73] for elite alpine ski
racers and 2.21 (95% Cl 1.79-2.75) for the subgroup of World Cup racers. A significant sex di erence was detected for
the subgroup of junior racers with a higher risk for female athletes [risk ratio (RR): 2.97, 95% Cl 1.46-6.05]. Between the
seasons of 1997 and 2020, the seasonal SIE,,,, incidence increased by a factor of 2.67 for elite alpine ski racers and
3.53 for World Cup racers. Downhill (2.75, 95% CI 2.18-3.47) had the highest SIE,,,, incidence, followed by super-G
(1.94, 95% CI 1.30-2.88), giant slalom (1.40, 95% CI 1.06-1.85), and slalom (0.64, 95% CI 0.43-0.96).

Conclusion: Although many preventive measures have been implemented in elite alpine ski racing, the risk of
SIE¢omp has increased over the last two decades.

Keywords: Alpine ski racing, Ski racers, Injuries, World Cup, Sex di erences, Disciplines

Key Findings and Central Implications for elite alpine ski racers and 3.53 for the subgroup of
World Cup racers.

» Between the seasons 1997 and 2020, the seasonal « e overall incidence of SIE,,, per 1000 runs was

incidence of severe in-competition injury events 1.48 (95% CI1 1.26-1.73); in downhill it was 2.75 (95%

(SIE¢omp) PEr 1000 runs increased by a factor of 2.67 Cl 2.18-3.47), in super-G 1.94 (95% CI 1.30—2.88), in

giant slalom 1.40 (95% CI 1.06—1.85), and in slalom
0.64 (95% C1 0.43—0.96).
« Despite the introduction of many preventive meas-
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(i.e. ski federations, equipment suppliers, research-
ers) to search for causes for the ongoing incidence
increase and develop e ective measures for injury
prevention.

Introduction

Problem Statement and Research Questions

Over the past 20 years, many preventive measures such
as competition equipment regulations or safety gate
panels have been introduced to reduce the injury risk in
alpine ski racing. To monitor ski racing-related injury
trends, compare the discipline-specific injury incidence,
and determine potential risk factors, the Austrian Ski
Federation as well as the International Ski Federation
(FIS) implemented Injury Surveillance Systems (ISSs).
In this context, one of the major challenges is the defi-
nition of injuries, especially injury severity, which has
varied across available ISSs data and reported results.
As the extent to which athletes participate in training
and competitions affects their risk of injury, defining
and collecting meaningful exposure data is as important
as collecting information about the injuries. In general,
exposure is quantified as the time during which athletes
are at risk [1]. In ski racing, skier seasons and the number
of runs in competitions and training have been used to
assess the exposure.

When calculating injury incidence, one should con-
sider the numerator and denominator in detail. For this
contribution—and thus in the context of elite alpine ski
racing—we formulated the three following research
questions:

QI What are the injury incidence (per 100 skier sea-
sons and per 1000 runs) and the respective sex-spe-
cific risk ratio (RR) in elite alpine ski racing?

Q2 How did the injury incidence (per 100 skier sea-
sons and per 1000 runs) in elite alpine ski racing
change over time?

Q3 What are the injury incidence (per 1000 runs)
and the respective sex-specific RR in elite alpine ski
racing’s four major disciplines—i.e. downhill, super-
G, giant slalom, and slalom?

In answering each of these questions, we distinguished
between all injuries and severe injuries only.

State of Research and Objective of the Empirical
Investigation

In a comprehensive literature review, Barth et al. [2]
analysed original epidemiological studies on injuries
in FIS Alpine Ski World Cup (WC) and FIS Alpine Ski-
ing Europa Cup (EC) racing by applying the consensus
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statement for the ‘recording and reporting of epidemio-
logical data on injury and illness in sport 2020’ [1] as an
analysis grid. We based our literature review on Barth
et al. [2] but expanded their work with new analyses.
Table 1 describes central characteristics of currently
available studies.

Previous studies have already examined the injury inci-
dence and respective sex-specific RR in elite alpine ski
racing, which are the subject of Q1. We summarised the
findings in Table 2.

As shown in Table 2, studies referring to elite alpine
ski racing—i.e. studies including WC racers in their sam-
ples—reported an injury incidence per 100 skier seasons
between 33.1 and 36.7; for severe injuries, this incidence
was between 11.3 and 12.9. The injury incidence per 1000
runs was between 8.7 and 9.8; however, with Bere et al.
[4] and Haaland et al. [5] only two studies specifically
analysed severe injuries, reporting an incidence of 2.9
and 3.0. Interestingly, the injury incidence per 1000 runs
analyses were all restricted to WC, FIS Alpine World Ski
Championships, and Winter Olympic Games compe-
titions. However, some WC athletes also race in lower-
level competitions like the EC within one competition
season. Hence, we have no information on the in-com-
petition (severe) injury incidence per 1000 runs in male
and female elite alpine ski racers covering all FIS compe-
titions elite alpine ski racers participate in during a whole
season.

Concerning Q2, which is focused on the change in the
injury incidence over time, literature is scarce. In fact,
only Barth et al. [2] included WC racers and applied
regression analysis to study the injury incidence change
over the course of time. They calculated the average sea-
sonal growth rate for the on-snow severe injury event
incidence (per 100 skier seasons) and reported values of
0.49 for WC racers and 0.57 for EC racers, respectively;
however, it has to be said that they did not correct for
the extent of athletes’ participation—i.e. the number of
runs. Although Bere et al. [4] as well as Haaland et al.
[5] graphically showed the change in the seasonal (time-
loss) injury incidence per 1000 runs, they did not apply
any approach to further quantify a possible decrease
or increase in the seasonal injury incidence. Hence, no
information on the change in the seasonal severe injury
incidence per 1000 runs in elite alpine ski racing is avail-
able at the moment.

Q3 focuses on the injury incidence in elite alpine ski
racing’s four major disciplines. Findings from previous
studies are depicted in Table 3.

In the context of Q3, a clear research gap emerged: At
the moment, there is no information on the discipline-
specific incidence of severe injuries per 1000 runs and
accordingly on the respective sex-specific RR.



Page 3 of 10

(2022) 8:4

Barth et al. Sports Medicine - Open

,dn wuem Jo Bulrys 9214 ‘ajdwiexa 1oy ‘Mous uo A1IA11e 1910 pue Bujulel) wes) ‘Bululesy |e1dyyo, 01 Bulules) paldLIsas oym ‘[] ‘|e 19 puejeeH Jo siaquinu Huipuodsaliod 8yl 01 np uonedyisse|d q

(£00T se passaidxe £0/9007 uoseas ‘6:9) Jeak buipus ay1 yum passaidxe uoseas ,

dn) plaop IS auld]y Si4 ‘DM ‘9]qe|ieAe elep ou ‘y/N ‘WalsAS adue|[19AIng Ainfu] uoresapa4 IS [euolieusaiu] ‘ss| si4 ‘dn) edoang buiys auid)y S|4 O3

siskjeur sAnounsiq

uonnadwod pue bul
-UleJ} wolj aduasqe Jo skep G <

aNoy
185U0 UBppNS

Buluren mous-uo ‘uonnadwo)
44

666T INOYUM ‘8TO0Z—L66T

(Indy
0g-Ael\ T) uoseas a1|dwio)

wiea) I3s ueLasny
ay1 ul s1aoel s suidie auj3

esny
ON
Apmis 110y02 annoadsold

1uaAa Jad 1ed Apoq auQ

uonnadwod pue Buluren
WwioJ) 92Udsqe Jo skep gz <

annnadal ‘a1noy

195U0 [enpell ‘18suo uappns
Buiuren mous- o

‘Buiuren; mous-uo ‘uonnadwo)

S

810¢—¥10¢

(Judy
0e—Ael\ T) uoseas a19|dwio)

siaoel 03

aoue
ON
Apms 110402 aAadsold

V/N

uonnadwod pue Bulures}
woJ) 92Udsqe Jo skep gz <
anoy

195U0 UBPPNS

Buluren mous-uo ‘uonnadwo)
6

GT10¢-,00¢

(s;uana DM IsE)
0] 1ST) uoseas uonnadwod HM

sI99.1 DM

V/N ‘feuoneussiu
SOA
[BUOI29S-SS010 BA1309ds0.19Y

V/N
uonnadwod pue Bulures}
woJ} 92Udsqe Jo skep gz <

anoy
195U0 UBappNS
qPuluren

MOUSs-Uo ‘uonadwo)

9

¢10¢-,00¢

(uoseas M yruow-g aya Bul
-Inp) uoseas uonadwod

SI99R1 M

([€] 21 995) suoneu ual
SOA
[BUOI1985-SS0.19 8A1D30S0119Y

1uaAa Jad ued Apoq auQ

uonnadwod pue Buluren
WwioJ) 82Udsqe Jo skep 8z <

anoy

19SU0 UappNS
Buiuren mous- o
‘Buiure; mous-uo ‘uonnadwo)

[4

800¢-L00¢

(suonnadwod

DM [eul} Z 3Y1 JIUN ‘Uoseas

ay3 Jo uonnadwod JMIST 8yl
‘J3111e8 J1 10 Jaquwianop T uo bul
-1Je3s) uoseas uonnadwod HM

s199el DM

(Aluo 8002)

BIUSAOQ|S 'PUBJISZIMS ‘USPamS
‘RemlioN ‘Ae1) ‘Auewias ‘souel
‘puejulq ‘epRUR) BLISNY

SOA

[eu011935-55010 dAdadsonay

poy1aw unod Ainfur sjdnniy

Ainlur a1aAas Jo uoniuyaq

(wsiu
-eyoaw) 18suo Anfur Jo apoy

(uoney
-uasaid) 19suo Ainfur Jo apoy

Auanae 1ods Jo adA]
(u) suoseas

(suoseas
0} ,UOSeas WoJy) poliad

(suonduosap sioyine 01
Buipiodoe) uosess Jo BullsAo)

a|dwes

sa1unNo/Auno)
SSI SI4 wolj ereq
ubisaq

[2] Te 10 yrreg

[9] ‘fe 10 pnowiweyy

[s] ‘e 18 puereey

[¥] ‘e 18 aseg

[€] ‘e 18 seuaigl4

([] e 18 yrieg wouy papusaixa pue pardepe) Buidel H3 pue M Ul salinful uo saipnis [ealbojoiwapidy T ajqeL



Barth et al. Sports Medicine - Open (2022) 8:4

Table 2 Incidence of (severe) injuries per 100 skier seasons and per 1000 runs and sex-specific RR
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Injury severity category Sex Measure Flgrenes et al. Bere etal. [4] Haaland etal.[5]  Alhammoud et al. [6] Barth etal. [2]
[3]

Incidence per 100 skier seasons

All severities Total Incidence 36.7 362 331 73.7(124.8) N/A
Male Incidence 421 39.7 35.7° 709 (1215) N/A
Female Incidence 297 319 29.7° 77.8(129.6) N/A
Male/female RR 142% 124% 1.20%° 0.91° (0.94°) N/A
Female/male  RR 0.70%° 0.80%° 0.83*0 1.10° (1.07°) N/A

Severe injuries Total Incidence 113 129 12.9 26.3(38.3) 115 (15.7)2
Male Incidence 11.6 137 N/A N/A 9.7 (1227
Female Incidence 109 120 N/A N/A 13,6 (20.1)2
Male/female RR 107 114 N/A N/A 0.72*2(0.61%%)
Female/male  RR 094° 088° N/A N/A 1.39* (165%)

Incidence per 1000 runs

Level of competition WC/WSC compe-  WC/WSC/WOG  WC/WSC/WOG N/A N/A

titions competitions competitions

All severities Total Incidence 98 93 8.7° N/A N/A
Male Incidence 127 113 102° N/A N/A
Female Incidence 62 71 7.0 N/A N/A
Male/female RR 2.05* 158* 1.46*° N/A N/A
Female/male  RR 0.49*° 063* 0.68* N/A N/A

Severe injuries Total Incidence N/A 29 30P N/A N/A
Male Incidence N/A 36 N/A N/A N/A
Female Incidence N/A 21 N/A N/A N/A
Male/female RR N/A 170* N/A N/A N/A
Female/male RR N/A 0.59*° N/A N/A N/A

N/A, no data available; RR, risk ratio; WC, FIS Alpine Ski World Cup; WOG, Winter Olympic Games; WSC, FIS Alpine World Ski Championships

For Alhammoud et al. [6] and Barth et al. [2]: figures without parenthesis: incidence of in-competition season (severe) injuries; figures in parenthesis: incidence of in-

and out-of-competition season (severe) injuries
* Sig. result in the risk ratio of male vs. female athletes
2 Information provided by the authors

b Calculated based on article information

Table 3 Injury incidence per 1000 runs and respective sex-
specific RR in downhill, super-G, giant slalom, and slalom

Discipline Study Total Male Female RR
Downhill Flgrenesetal. [3] 172 193 139 139
Bere et al. [4] 181 206 145 142
Haaland etal.[5] 166  N/A N/A N/A
Super-G Flgrenesetal.[3] 110 145 7.7 190
Bere et al. [4] 111 140 8.2 170
Haaland etal.[5] 109  N/A N/A N/A
Giantslalom  Flgrenes et al. [3] 9.2 128 51 251
Bere et al. [4] 8.0 10.8 52 207*
Haaland et al. [5] 78 N/A N/A N/A
Slalom Flgrenes et al. [3] 49 75 15 5.16*
Bere et al. [4] 40 40 41 0.98
Haaland et al. [5] 34 N/A N/A N/A
RR, risk ratio

* Sig. result in the RR of male versus female athletes

2 Calculated based on article information

To address the identified research gaps, the objective
of this study’s empirical investigation was threefold: first,
describing the incidence per 1000 runs and sex-specific
RR of in-competition severe injury events (SIE ) in
elite alpine ski racing; second, examining the change in
the seasonal SIE_,, incidence per 1000 runs over 24
seasons; and third, comparing the SIE_,,, incidence per
1000 runs and the respective sex-specific RR in downhill,

super-G, giant slalom, and slalom.

Methods

Data Collection

Injury data used for the analysis stem from the Aus-
trian Ski Federation’s ISS, which was already established
in 1993. Until 2009, data collection was done by using a
paper-and-pencil questionnaire. Since then, an adapted
online version of this instrument has been applied and
continuously developed further (e.g. integration of an
atlas of anatomy). To reduce a potential recall bias, all
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team members were advised to record injuries immedi-
ately after occurrence. At the end of each season records
were checked (for more details see Barth et al. [2]). Due
to methodological issues, data from the seasons 1993 to
1996 as well as 1999 had to be discarded; thus, data from
23 seasons over a time span of 24 seasons were analysed.
A season lasted from 1 May to 30 April of the following
year.

Between the seasons 1997 and 2020, 2333 skier sea-
sons (1291 of male athletes; 1042 of female athletes)
were recorded for the Austrian Ski Team and can be
assigned to its four different squads: Team National
(n=501), Team A (n=462), Team B (n=732), and Team
C (n=638).

The criteria used to ascribe athletes to Team National,
Team A, and Team B were primarily based on the World
Cup Start List (WCSL), i.e. the points systems used to
determine the start positions at races. Team National
consists of the best racers (e.g. WCSL top 10, medal
winner at Olympic Games or World Championships). A
WCSL position from 11 to 15 qualifies a racer for Team
A. For Team B not only the WCSL position, but also age
is considered as qualification criterion. The qualification
criteria for Team C are also based on competition results.
Although further criteria (e.g. EC ranking, FIS rank-
ing, coach judgment) are used and criteria were slightly
adjusted between 1997 and 2020, it seems justified to
conclude that Team National, Team A, and Team B rac-
ers represent some of the best ski racers in the World
and in Europe; Team C comprises some of the best junior
racers.

Injury events were classified as severe when the absence
from training and/or competition lasted longer than five
weeks. Since data on the number of training runs were
not available for all seasons, we had to restrict our analy-
sis to severe injury events occurring during FIS com-
petitions, including the official downhill training runs
(hereinafter: SIE ;). Injury data from all seasons from
1997 to 2020 except 1999 were available for the analysis.
Of the 371 severe injury events that occurred, 169 were
classified as SIE ..

Information on every athlete’s exposure to risk in terms
of participation in FIS competitions including the official
downbhill training runs was obtained from the official FIS
website [7]. We counted the number of runs (and not the
number of competitions), which means that giant slalom
as well as slalom competitions counted as two runs if an
athlete managed to qualify for and started in the second
run. When an athlete did not finish a run or was dis-
qualified, we counted the respective run as a full run. In
combined competitions, we assigned the runs as well as
injuries that occurred to the respective disciplines. Until
the season 2007/08 (hereinafter: 2008), official downhill
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training runs were not included in the FIS database. Thus,
we calculated sex- and team-specific ratios of competi-
tions and official trainings from the season 2008 onwards
to obtain multiplicators for the seasons before 2008. The
respective multipliers were then used to calculate an ath-
lete’s downhill exposure—i.e. the number of runs in com-
petitions and official training an athlete did.

In sum, Austrian Ski Team athletes participated in
114,531 runs (male athletes: 64,395; female athletes:
50,137; Team National: 18,153; Team A: 17,978; Team B:
39,226; Team C: 39,174). For further analyses, we pooled
Team National and Team A as Team World Cup (Team
WC). Team B—consisting largely of racers competing in
the EC—is hereinafter referred to as Team Europa Cup
(Team EC). Team C comprised junior alpine ski racers
and is hereinafter called Team National Junior (Team NJ).

Data Analysis

Following the approach of the previous empirical stud-
ies (see Tables 1, 2, 3), we expressed injury incidence as
the number of SIE ., per 100 skier seasons or per 1000
runs. We applied Generalised Estimating Equation for
Poisson Regression (package gee, version 4.13-20 [8]),
which allowed us to take into account the dependence
within clusters—i.e. the fact that athletes are commonly
members of the Austrian Ski Team for several years and
therefore the measurements for one and the same athlete
were dependent. For an easier interpretation, estimated
coefficients and their respective 95% (Wald) confidence
intervals (CIs) were exponentiated.

To describe the change in the SIE,, incidence
throughout the time span of 24 seasons (using data from
23 seasons) as well as to assess the models’ adequacy [9]
we made two graphical representations of the predic-
tions, their 95% Cls (package stats, version 4.0.2 [10]),
and the observations concerning the SIE.,,, incidence
(expressed as SIE,,, per 100 skier seasons and 1000
runs) in each season for all Austrian Ski Team racers as
well as for the subgroup Team WC.

The value of the exponentiated coefficients corre-
sponded to the sex-specific RR, which was reported as
female/male ratio. Incidence and RR were presented with
their 95% ClIs. A two-tailed p <0.05 was considered sig-
nificant. Implementation of all analysis was done with R
(version 4.0.2).

Results

SIE¢omp INcidence and Corresponding Sex-Speci ¢ RR
During 23 seasons, 169 SIE,,,, were recorded. Table 4
displays the SIE_,,, incidence per 1000 runs and the cor-
responding sex-specific RR in total as well as for Team
WC, Team EC, and Team NJ.
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Table 4 Team-specific results: number of runs, number of SIE
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SIE¢omp incidence per 1000 runs, and RR with 95% CI

comp!
Total Male Female
Runs = SIE,,, Incidence Runs  SIEg,, Incidence Runs  SIE;y, Incidence Female-male RR
(n) (n) (95% Cl) (n) (n) (95%Cl) (n) (n) (95% Cl) (95% Cl)
Total 1145531 169 148(1.26-173) 6439 82 127(1.01-160) 50137 87 1.74(1.39-2.16) 1.36(0.99-1.87)
TeamWC 36,131 80 221(1.79-275) 19692 42 213(157-289) 16440 38 231(1.71-313) 1.08(0.71-1.67)
TeamEC 39226 51 130(097-173) 22049 28 127(086-186) 17178 23 1.34(0.87-2.07) 1.05(0.59-1.88)
TeamNJ 39174 38 097(0.70-1.35) 22655 12 053(0.29-0.96) 16519 26 157(1.06-2.33) 297 (1.46-6.05)

Cl, confidence interval; RR, risk ratio; SIE
Cup

comp’

In total, the SIE,,, incidence per 1000 runs was 1.48
(95% CI 1.26-1.73). The RR was 1.36 with a 95% CI of
0.99-1.87, which means the difference between female
and male racers was close to falling below the statistical
significance threshold of 5% (p=0.06). When addition-
ally controlling for age in the regression, the empirical
p value was below 5%; a significant sex difference, with
female ski racers showing a higher injury risk than their
male counterparts (1.46, 95% CI 1.07-2.00, p=0.02).

Analysing the respective teams yielded more differenti-
ated results: Neither for Team WC nor for Team EC a sig-
nificant sex difference was detected (Team WC: p=0.71;
Team EC: p=0.86; see Table 4; controlling for age, the
respective p values were 0.72 and 0.63). In Team NJ the
SIEomp incidence was significantly (»<0.01) higher in
female ski racers compared to their male counterparts.
Controlling for athletes’ age did hardly change this result
(RR=2.94, 95% CI 1.46-5.89, p<0.01).

Change in the Seasonal SIE.,,, Incidence

Figure 1 displays the number of skier seasons and the sea-
sonal SIE,,,, incidence per 100 skier seasons for all rac-
ers in the Austrian Ski Team as well as for the subgroup
Team WC from the seasons 1997 to 2020.

The average seasonal growth of the SIE_,,, incidence
per 100 skier seasons (predictions for seasons 1997-
2020) was computed to be 0.22 for all Austrian Ski Team
racers and 0.32 for Team WC. This means that the sea-
sonal SIE_  incidence for all ski racers in the Austrian
Ski Team doubled (2.11) between the seasons of 1997 and
2020. The respective factor for Team WC was 2.59.

Figure 2 displays the number of runs per season and
the seasonal SIE,,, incidence per 1000 runs for all rac-
ers in the Austrian Ski Team as well as for the subgroup
Team WC.

The average seasonal growth of the SIE_,,, incidence
per 1000 runs (using predictions for seasons 1997 and
2020) was 0.06 for all Austrian Ski Team racers and 0.12
for Team WC. This means that the seasonal SIE

comp

in-competition severe injury events; Team EC, Team Europa Cup; Team NJ, Team National Junior; Team WC, Team World

incidence increased by a factor of 2.67 for all Austrian
Ski Team racers and by a factor of 3.53 for Team WC
between the seasons 1997 and 2020.

Discipline-Speci ¢ SIE,mp Incidence Per 1000 Runs

and Sex-Speci cRR

While no significant (p=0.44) difference in the SIE,,,
incidence was detected between downhill (2.75, 95%
CI 2.18-3.47) and super-G (1.94, 95% CI 1.30-2.88),
the incidence for giant slalom (1.40, 95% CI 1.06—1.85)
was significantly (p<0.01) lower than that for downhill.
Moreover, the SIE_,,, incidence per 1000 runs was sig-
nificantly lower in slalom (0.64, 95% CI 0.43-0.96) com-
pared to all other disciplines (downhill: p <0.01; super-G:
p<0.01; giant slalom: p=0.01). Descriptively, all RR
were above 1.0; however, we could not detect any signifi-
cant sex-specific difference (downhill: p=0.24; super-G:
p=0.24; giant slalom: p=0.21; slalom: p=0.80). In this
context, the lower number of injuries in the sex- and
discipline-specific subsamples (see Table 5) should be
considered. Table 5 displays the total number of runs and
SIE¢omp as well as the SIE,,, incidence and the respec-
tive RR in male and female Austrian Ski Team racers,
separated into the four major disciplines.

Discussion

In this study we first described the SIE,,, incidence
per 1000 runs for elite alpine ski racers and calculated
the sex-specific RR. Second, we analysed the change in
the seasonal SIE,,, incidence in alpine ski racing over
more than two decades. Third, the SIE_ incidence in
elite alpine ski racing’s four major disciplines—downbhill,
super-G, giant slalom, and slalom—was determined and
compared.

Referring to QI: The only comparable information
in the context of SIE,,, incidence per 1000 runs stems
from the studies of Bere et al. [4] and Haaland et al. [5],
which both refer to WC racers (see Tables 1, 2). With

an SIE incidence of 2.21 (95% CI 1.79-2.75) for WC

comp
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racers, our results do not significantly differ from those of
Bere et al. [4] (2.9, 95% CI 2.2-3.5) and Haaland et al. [5]
(3.0, 95% 2.5-3.5; calculated by authors).

When additionally controlling for age in the regres-
sion analysis, we found a significant sex-related differ-
ence in elite alpine ski racers. However, this result must
be viewed and interpreted in a differentiated manner. We
did not observe a sex difference in the subgroup of WC
racers (RR 1.08, 95% CI 0.71-1.67); a result contradicting
the up to now only available result, which is that of Bere
et al. [4], who identified a higher risk for male than for
female WC racers (RR male/female: 1.70, 95% CI 1.07—
2.70). Also for EC racers no sex-specific difference was
found. However, we detected a significant sex-specific
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difference for the subgroup of elite junior alpine ski rac-
ers with female athletes showing an alarming three times
higher injury risk (RR 2.97, 95% CI 1.46-6.05) than their
male counterparts. All subgroup results were constant
when additionally controlling for athletes’ age in our
regression analyses.

Referring to Q2: From season 1997 to 2020, the SIE,,,,
incidence per 1000 runs increased for elite alpine ski
racers by the factor 2.67 and for WC racers by the fac-
tor 3.53; the SIE,,, incidence per 100 skier seasons
increased by the factor 2.11 for elite alpine ski racers
and by the factor 2.59 for WC racers. Thus, for both ana-
lysed groups, the incidence per 1000 runs is higher com-
pared to the incidence per 100 skier seasons. This shows
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Table 5 Discipline-specific results: number of runs, number of SIE,,, SIEcom, incidence per 1000 runs, and RR with 95% CI

Total Male Female

Runs  SIEgy, Incidence Runs  SIEgy, Incidence Runs  SIEgy, Incidence Female—-male RR

(m) (n) (95% CI) (m) (n) (95% CI) (m) (n) (95% CI) (95% CI)
Downhill 22200 61 2.75(218-347) 12824 31 242(175-335) 9377 30 320(2.30-4.46) 1.32(0.83-2.11)
Super-G 13419 26 194 (1.30-288) 7300 11 151(082-277) 6119 15 245(145-4.14) 163(0.73-3.63)
Giant 41482 58 140 (1.06-1.85) 23036 27 117 (0.76-1.81) 18446 31 168 (1.17-241) 143(0.82-252)
slalom
Slalom 37430 24 0.64(043-096) 21,235 13 061(0.34-1.11) 16,195 11 0.68(0.39-1.17) 1.11(0.50-2.48)

Cl, confidence interval; RR, risk ratio; SIE o, in-competition severe injury events
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that the increase in SIE ., is not caused by athletes’
increased competition participation.

Referring to the Q3: Downbhill showed the highest
SIE omp incidence per 1000 runs, followed by super-G,
giant slalom, and slalom; the incidence was significantly
lower in slalom than in all other disciplines and in giant
slalom compared to downhill and super-G. The lower
risk in slalom is partly in line with previous studies that
analysed all injury severities [4, 5]. The fact that we did
not detect significant sex-specific differences in any
of the four disciplines should be assessed against the
background of the subsamples’ low numbers of injuries.
On a descriptive level, it was again remarkable that the
sex-specific RR pointed to a higher risk for female than
for male athletes in all disciplines, which is contrary to
other studies [3, 4].

One of this study’s major strengths is that we were
able to collect and incorporate appropriate individual-
level data for athletes’ exposure—i.e. the amount of
competition participation per athlete per season. Fur-
thermore, these worldwide unique data on injuries in
elite alpine ski racing comprise standardised and thus
comparable information collected over more than two
decades.

However, this study is not without limitations. We
applied a prospective cohort study design with data stem-
ming from only one national ski federation. This may limit
the generalisability of the study results. Moreover, we want
to stress that especially the results of our subgroup analy-
ses should be treated with caution due to the small samples
in terms of severe injuries. Unfortunately, training data for
a determination of athletes’ exposure to injuries were not
available for the whole period of time. Thus, we could ana-
lyse only 46% of all recorded severe injury events, which
reduces our possibilities for (further) analysis. Further-
more, we defined severe injuries with an absence period of
five weeks (instead of the commonly used period of four
weeks); thereby, we follow Barth et al. [2] and stick to the
definition the Austrian Ski Federation has continuously
been using since the introduction of its ISS in 1993. How-
ever, the higher strictness of our definition of severe inju-
ries limits the comparability of our results only slightly:
There were only very few cases of injuries that caused an
absence of four but not 5 weeks. Finally, we want to stress
at this point that our models were not set up to predict
the seasonal incidence, but to assess the central trend. We
would like to encourage researchers to conduct studies
on other nations’ ski teams to gain more insights into this
important field of research. Collecting meaningful expo-
sure data in competitions and training is as important as
collecting information about the injuries.
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Conclusion
The main conclusion of this study is that in spite of the
many efforts to reduce injury risk in alpine ski racing,

SIE omp risk has increased over the last 20 years. In alpine

ski racing—and particularly in FIS Alpine Ski World Cup
competitions—many preventive measures have been
introduced in the last years. Nevertheless, our results
revealed a still rising risk of SIE ;... This calls for further
efforts by all stakeholders (i.e. ski federations, equipment
suppliers, researchers) to search for causes for the ongo-
ing incidence increase and develop effective measures for
injury prevention, including the evaluation of existing
measures.
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