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No long-term injury surveillance programs exist for compe-
titive skiing or snowboarding. The objective of this study
was, therefore, to compare different methods to record
injuries among World Cup athletes in alpine, freestyle,
and cross-country skiing, snowboarding, ski jumping and
Nordic combined. Information regarding injuries sustained
during the 2006-2007 winter season was recorded through
three separate and independent systems: prospective injury
reports by technical delegates (TD) from the International
Ski Federation, prospective medical team registration by
selected teams, and retrospective athlete interviews at the
end of the season. A total of 100 unique injuries to 602

World Cup athletes were identified from any of the three
recording methods. Of these, 91% were registered through
the athlete interviews, 47% by the medical team registration
and 27% by the TD reports. Only 20 injuries (20%) were
captured by all three methods. A total of 64 time-loss
injuries were registered. The interviews captured 60
(94%), the medical team registration 39 (61%), and the
TD reports 23 (36%) time-loss injuries, while 18 (28%)
were registered by all three systems. Retrospective inter-
views with athletes/coaches regarding injuries during the
last 6 months gave the most complete picture of injuries to
World Cup skiers and snowboarders.

Skiing and snowboarding are popular sports and it
has been estimated that there are approximately 200
million skiers worldwide (Hunter, 1999). Skiing and
snowboarding are also popular as competitive sports
and the different disciplines of alpine skiing, freestyle
skiing, snowboarding, ski jumping, cross-country
skiing, and Nordic combined (combination of
cross-country skiing and ski jumping) account for
more than half of all participants in the winter
Olympic Games. According to the International Ski
Federation (FIS), 5393 FIS races were held during
the 2006-2007 winter season in these disciplines (FIS,
personal communication, April 2008). Of these, 298
races were at the World Cup level.

However, in contrast to recreational alpine skiing
and snowboarding, where there are several regional
(Johnson et al., 2000; Dohjima et al., 2001; Langran
& Selvaraj, 2002; Made & Elmqvist, 2004) and even
national (Laporte et al., 2000; Ekeland & Redven,
2006) prospective ski injury recording systems, no
long-term injury surveillance programs exist for
competitive skiing or snowboarding. Therefore, we
only have limited data available on the injury profile

of the elite skier or snowboarder. Although there are
some studies from competitive alpine skiing (Ekeland
& Holm, 1985; Ekeland et al., 1996; Bergstrom et al.,
2001), snowboarding (Torjussen & Bahr, 2005,
2006), freestyle skiing (Dowling, 1982), and ski
jumping (Wright, Jr. et al., 1986; Yamamura et al.,
1993), these are generally small and often limited to
one competition. Except for snowboarding, there are
no recent studies available reflecting the current
performance level of elite athletes in these disciplines.
No data is available from elite cross-country skiing
or Nordic combined. Consequently, as prospective
injury recording systems do not exist, the risk of
being injured for top-level skiers or snowboarders is
unknown.

Establishing reliable systems for injury surveillance
is a key risk management tool. Such recording
systems also represent the important first step in
the sequence of injury prevention research (van
Mechelen et al., 1992). Prospective cohort studies
are recommended to monitor injury patterns and risk
over time (Fuller et al., 2006). To date, injury
surveillance systems have been established for major
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sports events such as World Championships in
individual sports like athletics (Alonso et al., 2009)
and team sports such as football (Junge et al., 2004)
and rugby (Stephenson et al., 1996), as well as multi-
sport competitions such as the Olympic Games
(Junge et al., 2006, 2008) and the US college sports
(National Collegiate Athletic Association Injury Sur-
veillance System) (Dick et al., 2007).

Before the 2006-2007 winter season, FIS took an
initiative to establish a continuous injury reporting
system for all FIS events. In recreational skiing and
snowboarding different methods, reports from ski
patrols, physicians at base-lodge clinics, hospital
reports or self-reports have been used to record
injuries. However, as it was not known which
method would yield the most complete and accurate
record of injuries to elite ski and snowboard athletes,
we wanted to evaluate what would be the best
method to register injuries in this population of
athletes. The information sources potentially avail-
able were the athletes themselves, their medical staff
or FIS personnel responsible for running the event,
namely the technical delegate (TD) and his local
staff, including the official race doctor. Thus, the
aim of this study was to compare three different
methods to record injuries among World Cup skiers
and snowboarders, prospective reporting by the TD,
prospective reporting by the medical staff of selected
World Cup teams and retrospective interviews with
World Cup athletes at the end of the World Cup
season.

Materials and methods
Study design and population

Injuries to World Cup athletes in the different disciplines of
alpine skiing (downbhill, super-G, giant slalom, slalom, com-
bined and super combined), freestyle skiing (moguls, dual
moguls, halfpipe, skicross, aerials), snowboarding (halfpipe,
snowboardcross, parallel giant slalom, parallel slalom, big
air), ski jumping, cross-country skiing and Nordic combined
were registered through three independent and separate meth-
ods during the 20062007 winter season (November 1 until the
end of the respective World Cup season): (1) prospective
injury reports by the TD from FIS (TD reports), (2) prospec-
tive injury reporting throughout the season by medical staff
from selected World Cup teams (‘““Medical team registra-
tion”), and (3) retrospective athlete interviews at the end of
the season (““Athlete interviews”). Athletes from one of six
major skiing nations who had participated in at least one
World Cup event during the season were eligible for inclusion
in this study. The study was approved by the Regional
Committee for Medical Research Ethics, Region Ost-Norge
and by the Norwegian Social Science Data Services.

Injury definition

The injury definition communicated to all parties involved in
the three registration methods was: ““All injuries that occurred
during training or competition and required attention by
medical personnel.” Training included activities on snow
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and basic training not on snow. The three registration systems
used an injury form containing the same information regard-
ing event and injury (Fig. 1). The classification of the type of
injury and body part injured were based on a recent consensus
document on injury surveillance in football (Fuller et al.,
2006). Severity of injury was classified according to the
duration of absence from training and competition as slight
(no absence); minimal (1-3 days), mild (4-7 days), moderate
(8-28 days) and severe (>28 days). Expected time loss was
recorded in the TD reports, as the actual time loss was not
known at the time of registration. A specific diagnosis was also
recorded. If multiple injuries resulted from the same event, all
of these were described on the same form.

Injury registration by the TD reports

A TD is the official FIS representative and is always present at
FIS races, with the responsibility of ensuring that the athletes,
coaches and organizers are satisfied with the outcome of the
competition (FIS, 2005). The primary duties of the TD are to
make sure that the rules and directions of the FIS are adhered
to, to see that the event runs smoothly, to advise the organizers
within the scope of their duties and to be the official repre-
sentative of the FIS (FIS, 2008). TDs were asked to report
injuries to any athlete participating in all events of the World
Cup and World Championships (including official training).
We informed those responsible for TD training in the different
disciplines how to complete the injury forms during informa-
tion meetings at the annual FIS spring and autumn meetings
before the start of the season. We also produced a brochure
with information about the project, as well as description of
roles and responsibilities and this brochure was distributed at
the same meetings. Information was also distributed through
the official FIS website as well as a sub site of the Oslo Sports
Trauma Research Center website dedicated to the project. To
report an injury, TDs were asked to complete a specific injury
form (Fig. 1). The injury form described each injury in detail
with regards to the injury type, body part injured, the injured
side, specific diagnosis, and expected duration of time loss
from training/competition. The TDs were asked to enlist the
help of a medically trained person at the event, preferably the
official race doctor, to complete the specific medical informa-
tion. The TDs completed the forms manually or electronically
and faxed or sent them by e-mail or regular mail to the FIS
office.

Medical team registration

The second registration method was a prospective reporting
by the medical staff for six selected World Cup teams. The
federations of Switzerland, Germany, France, Finland, Ca-
nada and Norway agreed to participate in this study during a
meeting in the FIS Medical Committee in September 2006.
Each of these federations nominated a contact person for each
World Cup team in the disciplines of alpine, freestyle, snow-
board, ski jumping, Nordic combined and cross-country
skiing, preferably the doctor or physical therapist working
and travelling with the team. We sent a letter describing the
purposes and procedures of the medical team registration to
the team contacts. The team contacts were asked to ensure
that all injuries to their World Cup athletes during team
activities and competitions were documented by their medical
personnel. The team contacts were asked to pass on informa-
tion material to all athletes, trainers, medical personnel and
other support staff to inform about the registration. In
addition, written consent was obtained from the athletes.
The team contacts were physicians, physical therapists or
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FEDERATION INTERNATIONALE DE SKI
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INTERNATIONALER SKI VERBAND

Injury report / Verletzungsmeldung / Rapport de blessure

Al injuries that occur during official training or competition and require attention by medical personnel should be reported/ Alle Verletzungen, die
wahrend des offiziellen Trainings oder des Wettkampfes auftreten und Betreuung durch medizinisches Personal erfordern, sollten gemeldet werden/Toutes les
blessures qui se produisent pendant I'entrainement officiel ou la compétition et qui necessitent l'attention du personnel médical doivent étre rapportées

Event information/ Athlete information/
Informationen zum Bewerb/Information sur I'événement Informationen zum Athleten/Données sur I'athléte
Discipline/ Disziplin/Discipline: | | Name/ Name/Nom:

Ort/Lieu: Land/Pays: @ 7 S
Category/ Kategorie/Catégorie: ountry, DDD sl Male/ Mann/Homme
. G h/ ht/
’_QLQ_E—‘ Codex: |:||:| |:||:| Laudiave: esc e Female/ Frau/Femme
Birth date (DD.MM.YYYY)/

Date (DD.MM.YYYY)/ gebun‘sdatum/
Datum/Date: ate de naissance:

Injury information/ Note: Injuries occurring during warm-up, free skiing/snowboarding or
Information zur Verletzung/Information sur la blessure between runs need NOT be recorded/ Anmerkung: Verletzungen die
To be completed in collaboration with event or team medical staff (if wéhrend des Aufwérmens, bei freien Skifahren/Snowboarden oder zwischen

zwei Ldufen passieren miissen NICHT gemeldet werden/Note: Des blessures
se produisant pendant I'echauffement, le ski/snowboarding libre ou entre les
manche/runs n'ont pas besoin d'étre enregistrés

possible)/ Bitte in Zusammenarbeit mit den medizinisch Verantwortlichen der
Veranstaltung oder des Teams ausftillen (wenn méglich)/Svp remplir en
collaboration avec le personnel médical de I'événement ou de

l'équipe (si possible)

Body part injured/ Verletzter Képerteil/Partie du corps blessée: Injury type/ Art der Verletzung/Genre de la blessure:

- . Gesit Ste- Fractures and bone stress/ Frakturen und

NE Head face_/ Kopt _Ges:cht/Tete Face . . [_ Ermidungsbriiche/Fracture et fracture de fatigue

Neck-cervical spine/ Nacken-Halswirbel/Nuque-Vertébre cervicale Joint (non-bone) and ligament/ Gelenke (nicht Knochen) und
[~ Shoulder-clavicula/ Schulter-Schliisselbein/Epaule-Clavicule r Bénder/Joint (articulation) et ligament
r Upper arm/ Oberarm/Bras [ Muscle and tendon/ Muskel und Sehnen/Muscle et tendon
™ Elbow/ Ellbogen/Coudes — ) )
- Forearm/ Unterarmy/Avant-bras Contusions/ Quetschungen/Contusions

) - Laceration and skin lesion/ Fleischwunden und

I Wrist/ Handgelenk/Poignet Hautverletzung/Plaie et lésion de la peau
r Hand-finger-thumb/ Hand-Finger-Daumen/Main-Doigt-Pouce ~ Nervous system including concussion/ Nervensystem inkl,
r Chest (sternum-ribs-upper bac g/ Brustkasten (Brustbein-Rippen- Gehirnerschutterung/Systeme nerveux y compris commotion cerébrale
][_ Brustwirbelsdule)/Thorax (Sternum-Cétes-Haut du dos) N_ Other/ Andere/Autres

Abdomen/ Bauch/Abdomen ; p L . .
— Lower back-pelvis-sacrum/ Lendenwirbelséule-Becken- - g};gmg};on not available/ Information nicht verfigbar/Information non

Kreuzbein/Bas du dos-Pelvis-Sacrum
[ Hip-groin/ Hifte-Leiste/Hanche-Aine Expected absence from training and competition/
I Thigh/ Oberschenkel/Cuisse Voraussichtliche Abwesenheit von Training und Wettkdmpfen/Prévision
][_ Knee/ Knie/Genoux d'absence a l'entrainement et en compétitions:

Lower leg-Achilles tendon/ Unterschenkel-Achillessehne/Jambe- i y
[~ Tendon d’,%chi//e [E No absence/ Keine Absenz/Pas d'absence
[~ Ankle/ Fussgelenk/Cheville 1to 3 days/ 1 bis 3 Tage/1 & 3 jours
™ Foot-heel-toe/ Fuss-Ferse-Zehen/Pied-Talon-Orteils 4107 days/ 4 bis 7 Tage/4 & 7 jours
N_ Informahon not available/ Information nicht verfiigbar/Information [_ 8 to 28 days/ 8 bis 28 Tage/8 a 28 jours

non disponible

>28 days/ >28 Tage/>28 jours
Sier I Right/ Rechts/Droite [— I(;:;ogrqg/téon not available/ Information nicht verfiigbar/Information non
I,e I Left/ Links/Gauche
Seite/Part: X
[ Not applicable/ Nicht anwendbar/Non applicable

Specific diagnosis (if available)/ Genaue Diagnose (wenn verfiigbar)/Diagnostic spécifique (si disponible):

Note: If there are multiple injuries resulting from the same accident, please describe the most serious injury above and the less serious
injuries here/ Anmerkung: Wenn aus dem gleichen Unfall mehrere Verletzungen resultieren, bitte beschreiben sie die schwereren Verletzungen oben und
die leichteren Verletzungen hier/Note: S'il y a des blessures multiples résultant du méme accident, veuillez décrire les blessures les plus sérieuses ci-dessus
et les blessures moins sérieuses ci-dessous:

Contact information to obtain further medical information/ Kontakt fiir weitere medizinische Informationen/Contact pour obtenir des informations
médicales supplémentaires:

Name/ Mobile telephone/

Name/Nom: Mobiltelefonnummer/

| Numéro mobile:

E-mail: |

Please complete page 2/ Bitte vervollstdndigen Sie Seite 2/Svp remplir page 2

Fig. 1. Injury form with the standard injury information used in all three registration methods.

athletic trainers, depending on the organization of the differ- sages every 2-3 week throughout the season and they sent
ent teams. Regular communication was established with the injury reports either by e-mail, fax or mail continuously during
team contacts through e-mail, telephone calls and text mes- the season.



Florenes et al.

F |/s

PARTNER
Fis IMJURY
SURVEILLANCE
SYSTEM

Athlete Name:

Injury Surveillance
Study - Interview

FIS World Cup Alpine, male, 2006/07

Oslo Sports Trauma

Nation: Discipline:
Contact (e-mail/cell):
W | ome Ste compei SO MY i°yes”on fu il outform
n
44 1511 [ ]
45 12.11.2006  Levi, FIN sL L1 [
(6.-12./11) [ ]
46 13.-19/11 (]
47 25.11.2006 Lake Louise, CAN DH L1 [
26.11.2006 Lake Louise, CAN sG (1 L[]
(20.-26./11) [ ]
30.11.2006 Beaver Creek, USA scon [ ] []
30.11.2006 Beaver Creek, USA SC (SL) |:| |:|
48 01.12.2006 Beaver Creek, USA DH (1 L[]
02.12.2006 Beaver Creek, USA GS |:| |:|
03.12.2006 Beaver Creek, USA SL |:| |:|
(27.-3./12) |:|
10.12.2006 Reiteralm, AUT scse) [ ] []
49 10.12.2006 Reiteralm, AUT scsb [ ][]
(4.-10./12) [ ]
15.12.2006 Gardena/Groeden, ITA sG (1 L[]
50 16.12.2006 Gardena/Groeden, ITA DH L1 [
17.12.2006  Alta Badia, ITA Gs L1 [
(11.-17.112) [ ]
18.12.2006 Alta Badia, ITA sL (1 L[]
51 20.12.2006  Hinterstoder, AUT sG L1 [
21.12.2006  Hinterstoder, AUT as L1 [
(18.24./12) []
5 28.12.2006  Bormio, ITA DH (1 L[]
29.12.2006 Bormio, ITA DH (1 L[]
(25.-31./12) [ ]
06.01.2007 Adelboden, SUI as L1 [
! 07.01.2007 Adelboden, SUI sL (1 L[]
(1.-7.1) (1 L[]
13.01.2007 Wengen, SUI DH L1 [
2 14.01.2007 Wengen, SUI scon [ ] []
14.01.2007 Wengen, SUI scsy [ ] L[]
(8.-14.1) []

Fig. 2. Example of an interview form with week-by-week schedule. Part of the form from alpine skiing.

Athlete interviews

The third registration method was a retrospective interview
with World Cup athletes and/or their team managers/doctors/
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physical therapists at the end of the 2006-2007 winter season
regarding injuries the athletes had sustained during the season.
Athletes having started in at least one World Cup/World
Championship event in each of the disciplines of alpine,



freestyle, snowboard, ski jumping, Nordic combined and
cross-country skiing from the same six nations participating
in the medical team registration were identified from the
official FIS database. The interviews were carried out at one
of the season-ending World Cup events for each discipline. At
these events, all athletes who were present from the selected
nations were interviewed in person. For those athletes who
were not present (due to injury or other reasons), their coaches
and/or team physicians/physical therapists were interviewed.
Information regarding the purpose and procedures of the
interviews was given at the team captain’s meeting, where
head coaches from all nations are required to be present, and
they were asked to inform their athletes. Research teams from
the Oslo Sports Trauma Research Center (physicians, physical
therapists and medical students) conducted the interviews,
normally in the finishing area in connection with official
training or competition for the different disciplines, in some
cases at their hotel. Athletes from the freestyle discipline
halfpipe and the snowboard disciplines big air, parallel giant
slalom and parallel slalom were not interviewed because of
event cancellations and scheduling conflicts. The interviews
were structured based on a form outlining the week-by-week
schedule of the World Cup program for each respective
discipline, to facilitate athlete recall of missed participation
due to injury (Fig. 2). If an injury was recorded, an injury form
was completed.

During the registration period, neither the TDs nor the
team medical staff was aware that we would perform athlete
interviews at the end of the season.

Data analyses

To compare the accuracy and completeness of the three
registration methods, injuries recorded to any athlete from
the six nations covered by all three methods were compared.
The comparison was limited to injuries occurring during
World Cup/World Championships (including official train-
ing), as the TD reports did not cover training injuries outside
these events. Injuries reported during the season-ending event
were not included in the comparison between the different
methods. We defined the information reported by the athletes
themselves regarding injury type and the duration of absence
from competition and training as the reference to which the
other methods were compared. If an injury was not reported in
the athlete interview, we then used the report from the team
medical personnel as the reference.

Statistics

Kappa (k) correlation coefficients were calculated for agree-
ment between methods (Altman, 1991). Coefficients of 0.81—
1.00 are generally interpreted as very good, 0.61-0.80 as good,
0.41-0.60 as moderate, 0.21-0.40 as fair and <0.20 as poor
(Altman, 1991).

Results

During the 2006-2007 winter season, 3297 athletes
competed in the FIS World Cup according to the
official FIS database; 455 in alpine skiing, 1475 in
cross-country skiing, 79 in Nordic combined, 459 in
freestyle skiing, 141 in ski jumping and 620 in
snowboarding. Of these, 612 were from the World
Cup teams of the six countries covered by all three

Recording injuries in skiing and snowboarding

TD reports
n=27
Athlete Medical team
interviews registration
n=91 n=47

Fig. 3. Venn diagram of injuries reported through the three
registration methods within the cohort covered by all three
methods (rn = 100).

registration methods and we were able to obtain
interview information about 602 athletes (98%);
141 from alpine skiing, 153 from cross-country ski-
ing, 41 from Nordic combined, 117 from freestyle
skiing, 50 from ski jumping and 100 from snow-
boarding.

A total of 100 unique injuries, which potentially
could have been reported in all three registrations
were identified (injuries to the 602 athletes inter-
viewed occurring in World Cup/World Champion-
ship events until the date of the interviews). Of these,
91 injuries were recorded through the athlete inter-
views, 47 by the medical team registration and 27 by
the TD reports. Only 20 injuries were recorded by all
three registration methods (Fig. 3).

For the time-loss injuries (injuries leading to an
absence of > 1 day), a total of 64 unique injuries
were identified from at least one of the three record-
ing systems. Sixty injuries were reported from the
athlete interviews, 39 by the medical team registra-
tion and 23 through the TD reports. Eighteen injuries
were recorded by all three registration methods
(Fig. 4).

Of the 100 unique injuries recorded through the
three recording systems, 29 were in alpine skiing, 12
in cross-country skiing, four in Nordic combined, 25
in freestyle skiing, six in ski jumping and 24 in
snowboarding. Among the 29 alpine skiing injuries,
10 (34%) were detected by the TD reports and 21
(72%) through the medical team registration. The
corresponding figures for cross-country skiing were 0
and 4 (33%), for Nordic combined 0 and 3 (75%),
for freestyle skiing 11 (44%) and 10 (40%), for ski
jumping 2 (33%) and 4 (67%) and for snowboarding
4 (17%) and 5 (21%) for the TD reports and medical
team registration, respectively.

As shown in Table 1, 44 (60%) of the 73 injuries
that the TDs did not record were minor injuries with
no absence or a 1-3 day time loss from training and
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TD reports
n=23

/)

Athlete Medical team
interviews registration
n=60 n=39

Fig. 4. Venn diagram of time-loss injuries (absence > 1
day) reported through the three registration methods within
the cohort covered by all three methods (n = 64).

Table 1. Comparison of reported severity between technical delegates
(TD) reports and all recorded injuries (n = 100)

TD reports All recorded injuries Total
0 13 47 828 =28 Un-
days days days days known
0 3 1 4
1-3 days 1 1
4-7 days 1 1 1 2 5
8-28 days 2 2
> 28 days 1 5 6
Unknown 1 1 1 6 9
Not recorded 32 12 3 14 11 1 73
Total 36 14 5 18 26 1 100

Results are shown as the number of cases in each severity category,
classified according to the number of days of absence from training and
competition (0: no time loss, 1-3 days, 47 days, 8-28 days and >28
days).

Table 2. Comparison of reported severity between medical team regis-
tration and all recorded injuries (n=100)

Medical team  All recorded injuries Total
registration
0 13 4-7 828 =28 Un-
days days days days known

0 8 8
1-3 days 4 1 1 6
4-7 days 2 1 3 6
8-28 days 2 7 1 10
> 28 days 16 16
Unknown 1 1
Not recorded 28 8 1 7 8 1 53
Total 36 14 5 18 26 1 100

Results are shown as the number of cases in each severity category,
classified according to the number of days of absence from training and
competition (0: no time loss, 1-3 days, 47 days, 8-28 days and >28
days).

competitions, while 14 injuries (19%) were moderate
injuries with an absence of 8-28 days and 11 (15%)
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severe injuries (>28 days). In one case, we did not
have any information about the duration of time
loss.

When comparing the medical team reports to the
athlete interviews as the reference, 36 (68%) of the 53
injuries they did not record were minor with no or 1—
3 days of absence from training and competition,
while 7 (13%) were moderate (8-28 days) and 8
(15%) severe (>28 days) (Table 2).

In the athlete interviews, 9 injuries reported by the
TDs or medical staff were missed, and, of these, 5 did
not lead to any absence, 2 to 1-3 days of missed
training and competition, while 2 were moderate (8—
28 days).

When comparing the information on injury type
reported by the TDs with the reference, the informa-
tion was accurate in all but 3 cases (two fractures and
one joint/ligament injury) (Table 3). More than half
of the fractures were reported by the TDs, while
muscle, tendon and contusion injuries were only
reported in 13-14% of the cases.

When the information provided by the medical
team was compared with the athlete interviews, the
same injury type was reported in 40 of the 47 cases
reported by both registration methods, while there
was a discrepancy in seven cases (15%) (Table 4).
Through the medical team reporting six of eight
(75%) fractures were reported and six of 11 (55%)
nervous system/concussion injuries were reported.
On the other hand most of the muscle and tendon
(10 of 14 cases, 71%), as well as contusion injuries
(17 of 24 cases, 71%) were not reported by the
medical team.

The TDs reported the correct body part injured for
23 of 27 (85%) injuries, while the team medical
registration information on body part was correct
in 43 of 47 (91%) reported cases.

k correlation coefficients are shown in Table 5.
There was good to very good agreement for the body
part injured and injury type, while agreement for
severity varied from poor to good.

Discussion

The main finding of this study was that retrospective
athlete interviews with athletes/coaches was the best
method to detect injuries sustained during one World
Cup season, better than prospective registration by
team medical staff and better than prospective TD
reporting. This was unexpected, as previous studies
from football (Junge & Dvorak, 2000), physical
education students (Twellaar et al., 1996) and pre-
school children (Fonseca et al., 2002) have shown
that prospective registration recorded more injuries
than retrospective registration. Junge & Dvorak
(2000) found in a study of 264 football players that



Recording injuries in skiing and snowboarding

Table 3. Comparison of reported injury type between technical delegates (TD) reports and all recorded injuries (n= 100)

TD reports All recorded injuries Total
Fracture Joint/ Muscle/ Contusion Skin/ Nervous Other
ligament tendon laceration system/
concussion
Fracture 5 5
Joint/ligament 1 10 11
Muscle/tendon 2 2
Contusion 1 3 4
Skin/laceration
Nervous system/ 1 4 5
concussion
Other
Not recorded 1 30 12 21 1 7 1 73
Total 8 4 14 24 1 11 1 100
Table 4. Comparison of reported injury type between medical team registration and all recorded injuries (n= 100)
Medical team registration All recorded injuries Total
Fracture  Joint/ Muscle/  Contusion  Skin/ Nervous system/  Other  Unknown
ligament  tendon laceration  concussion
Fracture 6 1 7
Joint/ligament 19 1 20
Muscle/tendon 1 3 1 5
Contusion 1 5 6
Skin/laceration
Nervous system/concussion 1 6 7
Other 1 1
Unknown 1 1
Not recorded 2 20 10 17 1 3 53
Total 8 4 14 24 1 11 1 100

Table 5. Kappa (k) values with 95% CI for agreement between the different registration methods

Variable Registration method

TD reports vs interview Medical team vs interview TD reports vs medical team
Severity 0.14 (—0.19 t0 0.47) 0.65 (0.46-0.84) 0.39 (—0.01 to 0.78)
Injury type 0.83 (0.65-1.00) 0.79 (0.63-0.94) 0.71 (0.46-0.96)
Body part 0.81 (0.63-0.98) 0.88 (0.77-0.99) 0.82 (0.63-1.00)

TD, technical delegates.

retrospective interviews with the players for the
previous 2 months reported only 1/3 of injuries
compared with a prospective follow-up every week.
Fonseca et al. (2002) compared the incidence of
injuries in preschool children obtained from diaries
filled in by the children’s caretakers with injuries
reported by interviews of the same caretakers cover-
ing the last 30 days. They found that diaries captured
a higher number of injuries during these 30 days than
did retrospective interviews. Twellaar et al. (1996)
prospectively recorded information on sports injuries
every 3 weeks for 4 years in a group of 136 physical
education students and retrospectively asked 59

students to recall all injuries. They concluded that
even in a well-supervised population, prospective
injury registration is not complete and the reliability
of retrospective injury registration is even poorer.
The current results demonstrate that the suitability
of injury recording methods depends on the setting
where they are applied. The main limitation of
retrospective injury reporting is recall bias, as de-
scribed by Twellaar et al. (1996). To help athletes and
coaches remember participation and injuries sus-
tained throughout the season, we used interview
forms outlined as week-by-week schedules of the
World Cup program in each respective discipline in
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the same way as in a previous study on injuries
among beach volleyball players (Bahr & Reeser,
2003). The athlete interviews recorded 91% of all
the injuries identified by any of the three methods
and 94% of all time-loss injuries. Thus, it seems that
recall bias was minimal when recording injuries to
elite ski and snowboard athletes during a limited
period of one World Cup season. The explanation
for this may be the setting; highly committed profes-
sional athletes may be expected to remember injuries
that have affected their performance during the
competitive season. The fact that 40% of the inter-
views were carried out with coaches (for athletes not
present at the event where interviews were per-
formed) did not seem to affect the capture rate
significantly. Our impression was that the coaches
had a very good recall of injuries to their racers,
which is perhaps not surprising considering that each
coach is responsible for a limited number of athletes
and that the World Cup teams travel and live
together during the entire competitive season. Per-
forming the interviews the way we did, based on
forms outlining the competition schedule, therefore
seems to have facilitated recall of injuries by athletes
and coaches. Still, we can not rule out the possibility
that there were injuries that were not captured by any
of the recording systems used. The interviews were
mainly performed after an official training session or
race and athletes may still have been focused on the
race or simply did not want to share their injury
history with the researchers.

The two prospective registration methods in this
study captured 61% (Medical team registration) and
36% (TD) of time-loss injuries. Only a few studies
have compared prospective injury registration pre-
viously. One study (Olsen et al., 2006) compared two
prospective registration methods of injury reporting
in youth team handball; match reporting by score-
keepers at each match and coach reporting. They
found that coach reports were the best method.
Another study (Emery et al., 2005) found for 21
adolescent soccer teams (age 12—18) in Canada (317
participating players) a high rate of completion of
injury report forms (96.2%) by a team designate (a
volunteer coach or parent) and therapist assessment
forms (85.9%) but a low rate for physician diagnosis
forms (36.4%).

We were somewhat surprised to see the low capture
rate of the medical team registration in this setting.
The six nations participating in our study were picked
because they had the necessary medical staff and
organization to carry out the registration. Also, we
were in close contact with the selected contact persons
for each discipline in each nation throughout the
season. Despite this, there are a number of factors
that can explain the low capture rate. First, in some
cases the doctor or physiotherapist did not always
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travel with the team. Second, some teams had a
number of doctors and physiotherapists sharing re-
sponsibility and taking turns travelling with the team,
which may have hindered communication about the
registration system and injuries sustained within the
team. Third, the teams travel almost continuously
during the winter season and it may have been a
challenge to send in the injury form, e.g. because of
poor internet access and a busy schedule. Finally, it is
possible that athletes did not even seek help for
injuries, especially minor injuries with no or 1-3
days of absence time loss, as also described by Olsen
et al. (2006). We do not know which of these factors
were the most important, but the findings suggest that
an injury registration system based on medical staff
reports is unreliable in this setting.

The low capture rate of the TD registration was
not unexpected. We included TD registration as a
third injury recoding system because — if successful —
this would be an attractive option whereby injuries
could be recorded at low costs using an available
resource. The TD is the official FIS representative,
who is always present at FIS events, and not just at
the World Cup level. A number of steps were taken
to inform the TDs of their responsibility to record
injuries and the procedures to be followed, including
training sessions with FIS representatives and those
responsible for educating TDs, TD training seminars
and distribution of a presentation and brochure with
information about the registration and the roles and
responsibilities of the TD. However, the results show
that the TD registration captured only 1/3 of the
time-loss injuries. There are several possible explana-
tions for the low capture rate. First, even if TDs have
a supervisory role, they were probably not aware of
all injuries occurring during the race. We recom-
mended that TDs involved the race doctor at each
event to help complete forms for injuries seen by the
event medical staff. This probably did not happen in
all cases, and some athletes sustaining an injury may
have elected to seek medical care from their own
medical team without involving the event medical
staff. TDs also have a number of official tasks and
forms to complete, and we do not know how they
prioritized the injury recording.

The disciplines differ with regards to race settings,
environment and task requirements, as well as char-
acteristics of the injuries and their mechanisms.
These are factors that could complicate the use of
one system for all the different disciplines. We found,
however, that the retrospective interviews captured
most injuries across all disciplines (75-100%). The
capture rate by the medical team registration varied
from 21% to 75%, but was higher than the capture
rate from the TD registration in all disciplines except
in freestyle skiing (TDs 44% vs 40% for the medical
team registration). The caveat is that there are few



injuries for a valid comparison for some disciplines,
but our results strongly indicate that retrospective
interviews best reflect the injury rate across all dis-
ciplines.

We found that there was good to very good
agreement between the three registration methods
for body part injured and injury type, while agree-
ment was from poor to good for severity. If the
information from two methods differs, we cannot
know for sure which is correct. However, the results
for body part and injury type are encouraging,
suggesting that the information provided is quite
accurate, regardless of the recording method. In
contrast, while agreement for severity was good
between the athlete interviews and the medical team
registration, the severity estimates provided by the
TD registration differed widely with those reported
by the other methods. The simple explanation for
this is that severity was reported as the duration of
absence from training and competition, and while the
TDs were asked to estimate this at the time of injury,
the athletes and medical staff generally reported
injuries after the athlete had returned to compete
and the duration of time loss was known. We also
noted that in 36% of the cases reported by the TDs
they were unable to include information on the
estimated duration of absence from sports, i.e. injury
severity. This may not be surprising, considering that
they may not have had access to a qualified medical
opinion when completing the forms. Consequently,
our results demonstrate that inaccurate or missing
severity estimates represent an additional limitation
of the TD reporting method. This is interesting, as
the surveillance systems established in football
(Junge et al., 2004), athletics (Alonso et al., 2009)
and the Olympic Games (Junge et al., 2006, 2008) are
also based on severity estimates provided at the time
of injury, albeit by a team physician.

As outlined above, there are a number of factors
that may explain the difference in performance be-
tween the three different recording systems. How-
ever, it should be noted that the study was carried out
of a subgroup of athletes and teams, and we do not
know if the results are representative for the entire
population of World Cup skiers. We included a
clearly defined population of six nations and ob-
tained information on 98% of their World Cup
athletes. They represented large teams in the different
disciplines, chosen because they were thought to have
adequate resources and well-organized medical
teams to complete the registration. Consequently, it
seems likely that a registration system based on
medical staff reports would function even worse if
smaller nations with fewer resources were involved.
On the other hand, smaller teams are more reliant
on the event medical staff if they suffer injuries,
which could increase the capture rate of the TD

Recording injuries in skiing and snowboarding

registration. We would expect interviews to function
equally well among all World Cup teams, regardless
of level.

Perspectives

According to the consensus statement from football
(Fuller et al., 2006), one should aim at prospective
study designs when establishing injury registration
systems in sports. However, our study indicates that
it is important to consider the characteristics of the
setting in each sport before constituting an injury
registration system and that retrospective interview
with athletes/coaches may represent a better alter-
native. Our experience with this and a previous study
(Bahr & Reeser, 2003) also indicates that when
performing retrospective interviews, using a struc-
tured form based on the week-by-week schedule of
the competition calendar (as shown in Fig. 2) may be
an important tool to secure a high compliance and
reduce recall bias.

Establishing a continuous recording system for elite
skiing and snowboarding is an important priority to
be able to monitor injury risk and pattern over time.
One purpose of such a system is to document the
consequences of changes in equipment (e.g. carving
skis) or competition rules (e.g. new disciplines, course
designs). Motivation among everyone involved; orga-
nizers, officials, members of the different teams and
especially those required to provide information is
essential to obtain complete data in injury recording.
The current findings show that the best reporting
system is retrospective interviews with a sample of
athletes/coaches. Medical team registration did not
function as expected, probably because medical cover-
age is less consistent than in professional team sports
such as FIFA competitions or professional hockey or
basketball. As mentioned above, TD registration is an
attractive option, as injuries could be recorded from
all regions around the world at low costs using an
available resource and at all FIS events, not just at the
World Cup level. However, it is not known whether it
is possible — with improved TD training and more
active involvement of event medical staff — to improve
the capture rate to acceptable levels. Also, another
limitation of the TD recording system is the inaccurate
severity estimates provided.

In conclusion, retrospective interviews with ath-
letes/coaches regarding injuries sustained during one
World Cup season (5-6 months) gave the most
complete picture of injuries to elite ski and snow-
board athletes.

Key words: skiing, snowboarding, snow sports, ath-
letic injuries, epidemiology.
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