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Abbreviations  

ACL Anterior cruciate ligament  
AS Alpine Skiing 
ISSS International Society for Skiing Safety 
MDBI 
SB 

Mean Days Between Injury  
Snowboard 

SBD Ski Board 
SLAO Svenska liftanläggningars organisation (Swedish Lift Plants Organisation) 
TM Telemark 

 

 

List of original papers 

I.  Made C, Elmqvist L-G: “Downhill Skiing Injuries in Lapland, Sweden: A Survey Including 
Alcohol Monitoring and One-year Follow-up,” Skiing Trauma and Safety; Tenth Volume, ASTM 
STP 1266, CD Mote Jr and RJ Johnson, Wolfhart Hauser, and Peter S Schaff, Eds., American 
Society for Testing and Materials, 1996, pp. 98–103. 
II.  Made C, Borg H, Thelander D, Elmqvist L-G: Telemark skiing injuries – an 11-year study. 
Knee Surgery, Sports Traumatology Arthroscopy 9: 386–391, 2001. 
III.  Made C, Elmqvist L-G: A 10-year study of snowboard injuries in Lapland Sweden. 
Scandinavian Journal of Medicine & Science in Sports Volume 14 Issue 2 Page 128, April 2004. 
IV.  Made C, Sandström H, Elmqvist L-G: Alpine skiing injuries in a Lapland ski resort in 
Sweden – A 16-year epidemiological study. In manuscript. 
 
 

1989/90 94/95 00/01 2006/07
0

1

2

3

4

5

Dissertation
Alpine skiing 16 year study (IV)

Snowboard 10 years study (III)
Telemark 11-years study (II)
Downhill skiing injuries in Lapland (I)

Time axis for the study

 
Figure 1 Time-axis for the studies 



4 
 

Thesis at a glance 

Study Aims Methods N= Results Conclusion

I To evaluate 
a) alpine 
skiing 
injuries in a 
defined ski 
resort 
 

Case-control 
1989–1992 
Included: All people 
with ski injuries visiting 
the Health Centre 
within 48 hours after 
accident.  
Questionnaire 
 

Injured 
481 
 
 

- Injury rate: 1.3/1000 skier days. 
- Gender: F/M 41%/59%. 
- Mean age 23.  
- Cause: Fall 90%.   
- Location of injury: 
  Knee injuries 28%, head/neck 13%.  
- Type of injury: Fractures 23%, 
  sprains 44% 
- Helmet usage: 83% below age  
  10, 30+ none. 

Low injury rate.
Knee injury dominant  
especially in women. 
 

 b) Use of 
alcohol 
among 
skiers 

Questionnaire 
Alcometer  

363 
Contr.
60 

- 1.1% of injured and
  5% of controls had a positive test 

Significant influence of 
alcohol uncommon 

 c) 
impairment 
one year 
 

Questionnaire sent to 
all injured one year later
 
 

311 
 
 
 

- 58% responders
- 55% had attended medical care at 
  home 
- 28% had sick leave in an average of 
  40 days. 29% had sequelae after one 
  year.  

Many injured with 
sequelae and long sick 
leave 

II To evaluate 
telemark 
skiing 
injuries  

Case-control 
1989–2001 
Study  
All people with ski 
injuries visiting the 
Health Centre within 
48 hours after accident. 
Questionnaire 
 

Injured
94 
 
Contr. 
115 

- Injury rate 1.3/1000 skier
  days. 
- Gender F/M 38%/62%.  
- Mean age 28. Cause: Falls 70% 
- Beginners 15%, average 51%,  
  advanced 35% 
- Location of injury: ankle/foot 
  28%, knee 19%, head/neck 17% 
- Beginners foot/ankle: 35%. 
- Ankle/foot injury decreased  
- over time 

A technical 
modernisation of 
equipment took place 
during the study. 
Leather low-shafted 
boots were replaced with 
high-shafted boots 
increasing from 24 to 
67%. Ankle/foot injuries 
down from 35 to 22% 

 
III 

To evaluate 
snowboard 
injuries  

Case-control 
1989–1999 
 
Method: Same as paper 
II 

568 - Injury rate 3/1,000. 
- Sex F/M: 34%/66%. 
- Mean age 19 years.  
- Location of injury: Low arm  
  beginners 46%, advanced 20%.  
- Advanced suffered more head 
- injuries 17% vs. beginners 13%.  
- Skill level increased. Beginners 
  had higher fall/run ratio but 
  lower risk taking than advanced 

Beginners had higher risk 
of injury, 50% of all their 
injuries were located in 
the lower arm. 
Wrist guard and helmets 
were recommended. 

IV To evaluate 
alpine 
skiing 
injuries 

Case-control 
1989–2005 
 
Method: Same as paper 
II 

1833 - Injury rate: 1.1/1,000 skier days.  
- Gender F/M 45%/55%. Mean age 
   24.  
- Location of injury: Knee f/m 
  39%/23%, ACL 1.5%, Head/neck  
- F/M 9%/14%. Sprain 43%.  
- Beginners more often injured.  
- Helmet usage injured increased  
  from 25% to 58%. 

Injury rate was low, no 
significant change over 
time. Sex, age and skill 
predicted type of injury. 
Sprain to the female knee 
most frequent injury. 
Increased helmet usage 
decreased risk of head 
injury 
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Sammanfattning 

Den alpina sporten förknippas med glädje men 
även med oförutsedda olyckshändelser. Vid 
Tärnaby sjukstuga är skadade från skidbacken 
under skidsäsong en vanlig patientkategori. Går 
det att förebygga skaderisker? Under devisen 
”gräv där du står” påbörjades 1989/90 denna 
longitudinella fall-kontroll undersökning. Syftet 
med studien var att undersöka: vilka och när, 
var, hur man skadas och att jämföra med andra 
studier. Hypotesen var att man i 
Tärnaby/Hemavan skadar sig lika mycket, lika 
ofta och på liknande sätt som i världen i övrigt. 
Med denna baskunskap som grund går man 
vidare och arbetar fram lämpliga 
preventionsstrategier  
Studien har pågått åren 1989/90–2006/07 och 
3696 skadade utförsåkare, varav 2090 slalom, 
1401 snowboard, 136 telemark och 66 övriga, 
har registrerats och analyserats.  
Alla utförsåkare som uppsökte Tärnaby 
sjukstuga inom 2 dygn efter skada inkluderades. 
De erhöll en enkät som på frivillig grund fick 
fyllas i vid ankomsten. Enkäten innehöll 30–35 
frågeställningar som relaterade till individ, 
skidåkning och skadehändelse. Alla blev 
undersökta av en läkare som diagnostiserade, 
bedömde allvarlighetsgrad och behandlade 
skadan. Kontrollintervjuer gjordes av 
slumpmässigt utvalda skidåkare i liftkön. 
Liftbolaget utför systematiska kontroller, 
anbefallda av Svenska liftanläggningars 
organisation (SLAO) vid förutbestämda 
tidpunkter varvid antalet kategorier skidåkare 
registreras. I liftinsläppen automatregistreras 
antal dag besök och lift åk per individ. 
Insamlade data ställdes sedan till studiens 
förfogande. Efter tre år undersöktes 
skadeepidemiologin; alkohol och idrott var 
aktuellt i den allmänna debatten och därför 
gjordes en studie på alkohol och skidåkning. 
En ett års uppföljning av eventuell 
långtidsskada utfördes. Resultaten baserades på 
481 skadade alla skidåkarkategorier (95 % 
skidåkare, 4 % snowboard och 1 % telemark). 
Knä skada var vanligast (28 %), därefter kom 
huvud/nacke (12 %) och underbensskada 
(11 %). Ledbandsskada (44 %) var vanligare än 
fraktur (23 %). För skidåkare under 20 år var 

fraktur vanligare än ledbandsskada. 
Hjälmanvändning för barn under 10 år var hög 
(83 %), men var låg hos vuxna individer. 
Alkoholundersökningen visade få positiva test 
av skadade (1 %), men fler av oskadade i 
backarna (5 %). Resultaten stödde inte 
antagandet att alkoholförtäring ökade eller 
försvårade skadorna.  
Ettårsuppföljningen utfördes genom att 
enkäter skickades ut till alla skadade från året 
innan. Drygt hälften (58 %) svarade varav 49 % 
hade sökt läkarvård på hemorten, 29 % hade 
någon form kvarstående symtom och 36 % 
hade varit sjukskrivna i genomsnitt 40 dagar.  
Telemark skador undersöktes under 11 år och 
omfattade 94 skadade. Män dominerade 
(64 %), genomsnittsåldern var 28 år. Fotled/fot 
var vanligast skadan (28 %), sedan kom 
knäskada (20 %) och huvud/nacke (17 %). 
Nybörjare var överrepresenterade i gruppen 
fotled/fot skada (37 %). Utrustningen 
genomgick förändringar under studien; den 
traditionella kort skaftade läder kängan blev 
successivt ersatt av högskaftade plastkängor 
(från 24 % till 67 %) och under tiden minskade 
fotledsskadan från 35 % till 22 %. 
Snowboard skadade undersöktes under en 10-
årsperiod (n=568). Snowboard åkandet växte 
snabbt under 90-talet från <5 % till 26 %. Den 
skadade snowboardåkaren var en yngre 
(genomsnitt 19 år) riskbenägen man (66 %) 
som kryddade sin åkning med hopp och vågade 
tricks. Skadefrekvensen (3/1,000 
skidåkardagar) var tre gånger större än för 
skidåkare. Skador på övre extremiteterna 
dominerade (54 %). Vanligaste diagnosen var 
underarmsfraktur (20 %) som drabbade 
nybörjarna mest. Avancerade åkare var 
överrepresenterade i huvudskadegruppen. 
Ökad användning av handledsskydd särskilt för 
nybörjare och hjälm bedömdes kunna minska 
skaderisken.  
Skadade slalomåkare undersöktes över 16 år 
(n=1833). Genomsnittsåldern var 24 år och 
skadefrekvensen var 1,1 skadade per tusen 
skidåknings dagar. Nybörjare var mer utsatta 
trots att de tog mindre risker än de avancerade. 
Knäskador drabbade oftare kvinnor (39 %) än 
män (23 %). Huvud skadade var oftare män 
(14 %) än kvinnor (9 %). Barnens (<13 år) 
skada var underbenet (25 %). Ledbandsskador 
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(37 %) var vanligare än frakturer (27 %). 
Användning av hjälm ökade kraftigt från 25 % 
till 58 %.  
Avslutningsvis redovisas trender och 
skadeanalyser från1989/90 till 2006/07. 
Skadeincidensen visade små variationer. 
Specifika diagnoser som t.ex. knä distorsioner 
tenderade att minska. Vissa skador var typiska 
för respektive sport, till skidåkning kan i första 
hand knäledsdistorsioner kopplas, till 

snowboard handledsfrakturer och till telemark 
fotledsskador. Frakturer var vanligast i yngre 
åldrar och distorsioner för äldre. 
Hjälmanvändandet ökade snabbt under 
studiens gång och var 2006/07 uppe i 70 % av 
alla skadade och lika högt i en kontroll grupp 
av oskadade. Hjälm hade skyddande effekt; 
risken för huvudskada var 1,43 gånger större 
för icke hjälmanvändare.  
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Abstract  

Downhill skiing is associated with recreation, 
youth, speed, aerials and crowded courses 
which carry increased risk of injuries. The aim 
of this study was to evaluate downhill sport 
injuries in a Swedish ski resort.  

Material and methods  
In a case-control study ongoing 1989/90–
2006/07, 3,696 injured skiers were registered. 
After informed consent the injured were 
assessed by a physician and asked to answer a 
questionnaire concerning skier, skiing and 
injury. 

Results 
After three years 481 injured skiers (41% 
females, mean age 23) were assessed. The 
injury rate was 1.13/1,000 skier days. Knee 
injury was most common (28%), followed by 
head/neck (13%) and lower leg (11%). 
Fractures were less common (23%) than 
sprains (44%). Among skiers below the age of 
20, fractures outnumbered sprains. Helmet 
usage was high among children (<10 years; 
83%), but very rare in adults. The injured skiers 
rarely tested positive for alcohol (1.1%, 
uninjured 5.0%) and no effect on skiing or 
injury rates were registered. 
A one-year follow-up about the ski injury 
outcome shows that the mean sick leave was 40 
days and that 29% still had symptoms. 
94 injured telemark skiers were assessed over 
11 years (females 36%, mean age 28). The 
ankle was the most common injury location 
(28%), followed by knee injury (19%) and 
injuries of head/neck (17%). Beginners 
suffered most ankle injuries (37%). The use of 
high-shafted boots increased (24% to 67%), 
while injuries to the ankle/foot diminished 
from 35% to 22%. 

568 snowboard injured were studied over 10 
years (females 34%, mean age 19). Snowboard 
riding increased strongly during the period 
(<5% to 26%). The injury rate was 3/1,000 
skier days. Injuries were mostly located in the 
upper extremities (54%). Head/neck accounted 
for 17%. Wrist fracture was the most common 
diagnosis (20%). Beginners had a higher 
incidence of lower arm/wrist injuries while 
advanced riders had more head/neck injuries. 
 1,833 injured alpine skiers were evaluated over 
16 years (females 45%, mean age 24). The 
injury rate was the lowest of all downhill ski 
sports (1.1/1,000 skier days). The lower 
extremity was the most common injury 
location (51%), the knee being the most 
commonly injured body part. Knee injuries 
affected females (39%) more often than males 
(23%). Head/neck injury came second (12%). 
Lower leg injury was most frequent in children 
(<10 y; 32%). Sprains were more common 
(43%) than fractures (22%). Beginners took 
fewer risks, had more falls and were injured 
relatively often. Helmet usage increased (25% 
to 58%). Helmet users reduced their risk of 
head injury. The severity of injury (AIS 3–6) 
decreased (3,4% to 1,6%).  
The over all results (18 years) showed similar 
injury incidences to the separate studies but a 
few specific diagnoses, e.g. knee injuries 
showed variations.  

Conclusion 
The injury rate was highest in snowboarding 
and lowest in alpine skiing. Knee injury, 
especially in females, was the most common 
injury, the upper extremity in snowboarding 
and the lower extremity in telemark skiing.  
Helmet usage increased rapidly. Helmets have a 
protective effect.  
Ski safety work should focus on risk groups. 
Lift owners need to take the responsibility for 
ski safety work. 
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Background 

The oldest known ski is 5,200 years old and 
was found in Kalvträsk in Västerbotten, only 
250 km from Tärnaby/Hemavan where this 
study was performed. Alpine skiing as we know 
it today took shape in the late 19th century. 
From a shaky beginning the development took 
off and, as often before with sports, it was an 
Englishman who initiated a skiing sport club 
with races on the programme. The first known 
races involved skiing as fast as possible down a 
mountain, but before long, flags were used to 
mark the way and the slalom was born. Slalom 
is originally a Norwegian word for a sloping 
track (sla=slope, lom=track).  
During the 1930’s in Tärnaby, a small village in 
the mountainous part of Lapland, a district 
medical officer and predecessor of the author 
with an interest in downhill skiing, chopped 
birches to make way for skiing in the hill above 
the cottage hospital. He left enough birches to 
form a slalom piste.  

 

Figure 2. The development of the Swedish 
recreational skiing industry in economic 
terms 

As a new and young doctor in Tärnaby at the 
beginning of the 70’s, I learnt that one of the 
most important assignments for a rural doctor 
was to come close to the core of the local 
society and recognise its ethos – the sport of 
downhill skiing. My commitment to downhill 
skiing started in the local alpine sport club 
named TIK Fjällvinden, with an engagement in 
alpine racing sport. Thus downhill skiing injury 
prevention became important for me. My 
dedication coordinated very well with the rapid 
growth of alpine sports in Sweden, which came 

with the huge success of the legendary ski stars 
trained in Tärnaby. The development of the 
recreational ski area industry received a boost 
from Stenmark’s success and the growth has 
since then been extraordinary in Sweden.  
In the early days the equipment was simple. 
Skis and boots were transformed from being 
used for transportation to downhill skiing. The 
skis were made of wood, and before lift 
transport systems came into use, the heels had 
to be loose in order to make it possible to walk 
uphill on skis. The low heel binding was 
introduced during the 1940’s–50’s. The first 
safety bindings released only the toe.  
From being rather long (200–220 cm) and with 
no steel edges, skis have developed into 
modern relatively short (155–190 cm) carved 
skis made of plastic. The variation is broad and 
they are often designed for tricks, and some 
have twin tips and can be of extra width. 
The bindings release both the toe and heel in 
different directions and are nowadays more 
reliable than before. The boots were formerly 
made of relatively soft leather and low-shafted. 
In the early 1970’s the high-shafted stiffer 
plastic ski boot became more frequent.  
Telemark skis have developed towards alpine-
like skis, while boots have been transformed 
from low-shafted leather boots into high-
shafted stiff but still flexible plastic boots. A 
new generation of bindings is on the market, 
some of which are releasable.  
Snowboards have gone from handmade 
wooden boards without steel edges for use in 
deep snow to boards with steel edges made of 
modern stiff material. Better torsion stability 
makes them easier to turn. The bindings do not 
release. The boots are still somewhat flexible.  
Skiboards have gained in popularity over the 
last few years. They are like a short ski with a 
length of 80–130 cm. The bindings are usually 
not releasable. 
The different ski sports require new types of 
courses with jumps, rails, half pipes, etc. 
Special areas for fun skiing are being built for 
the skiing public’s different needs and wishes. 
The competition between ski areas is huge and 
new fun parks are being developed all the time 
with jumps of varying sophistication. 
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Introduction 

The downhill skiing sport has for years had a 
reputation for skiers being afflicted by frequent 
lower leg injuries. A fracture of the lower leg 
and a skier in a cast was the common image of 
the downhill skier. Nowadays knee injuries are 
the most frequent and important type of injury. 
Beside knee injuries wrist, head/neck and 
upper arm injuries are in focus. 

Alpine skiing  
From the 1970’s lower leg injuries began to 
decrease and so did the total incidence of 
skiing injuries. The total number of skiing 
injuries was down 55%, and the twist-related 
lower leg injury decreased by 87% from 1972 
to 2006. The frequency of moderate and mild 
knee sprains has decreased but the anterior 
cruciate ligament rupture has increased 268% 
(Johnson et al 2009) This is believed to be a 
consequence of modern equipment, which was 
designed for and good at preventing lower leg 
injury, but did not prevent ligament injuries to 
the knee. Better bindings are not enough. In 
other sports such as basket boll, soccer, 
handball (Myklebust et al 2003) special 
education programmes for the athletes have 
been developed with successful results. A 
similar programme aimed at protecting the 
ACL in alpine skiing against the so-called 
phantom foot mechanism has been shown to 
reduce the number of ACL injuries (Ettlinger 
et al 1995)  

Year

Percent

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

0
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OtherTelemarkSnowboardSkiing

The Alpine Sport Population in Sweden 1993 - 2009

Source: SLAO

 

Figure 3. Alpine ski sport population in 
Sweden 

Snowboarding 
During the 1990’s the popularity of 
snowboarding increased rapidly (Fig 3) and the 
number of injuries increased by a factor of 

three in relation to downhill skiers (Ekeland et 
al 2005). It was evident that snowboarders were 
affected by other types of injuries than skiers. 
Upper arm, chiefly wrist injuries/fractures, 
increased in many studies (Davidson et 1996, 
Ekeland et al 2005). Preventive gear such as 
wrist guards was proposed. However, the 
injuries to the knee were lower in number than 
those in alpine skiing. Lower death rates have 
been reported for snowboard riders compared 
to alpine skiing (Shealy et al 2006). 

Telemark skiing 
Telemark skiing accounts for a minor portion 
of skiing. Ankle injuries were most common 
but a decrease was seen when telemark skiing 
equipment was modernised. (Ekeland et al 
2005) 

Ski boarding 
Ski boards are the latest example of renewals 
on the ski slopes. Lower leg injuries among 
skiboarders have almost the same incidence as 
that of alpine skiing in the 1960’s–70’s 
(Greenwald et al 2009)  

Preventive initiatives 
Prevention of ski injuries is the main topic 
when dealing with skiing injuries. In 1974 an 
international conference about skiing injuries 
and their prevention was held at Riksgränsen in 
Sweden on the initiative of professor Ejnar 
Eriksson. Three years later the first meeting of 
“The International Society for Ski Safety” 
(ISSS) was held in Sierra Nevada in Spain. The 
meetings have since been held every other year 
at various ski resorts around the world. The 
ISSS has been an important organisation for 
researchers with interest in skiing injuries and 
prevention. Many authors have published their 
papers in the volumes of “Skiing Trauma and 
Safety” (ASTM), which is printed after each 
meeting.  
The four studies presented here aim to 
contribute to a better understanding of skiing 
injury mechanism and lead to better prevention 
and lower the numbers of injured participants 
in ski sports. 
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Aims 

To investigate alpine ski sport injuries in 
Tärnaby/Hemavan over time 
To gain knowledge about why, who, when, 
where and how alpine ski sporters get injured 
To work out preventive strategies based on this 
knowledge 

 

Subjects and methods 

Design 
This case control study ran for 18 years (1989–
2007), assessing injured alpine ski sporters 
from Tärnaby/Hemavan, a Swedish ski resort 
(180,000 ski visits, 2007) in southern Lapland 
with two ski mountains within 20 km distance.  
There is only one medical clinic (MC) within 
120 km. It is 100 km to the closest Norwegian 
hospital and 230 km to the closest Swedish 
hospital. The physicians working on site were 
on call for 24 h. They were mostly general 
practitioners, some with orthopaedic training. 
The main assignment for the clinic is to 
provide primary care to the local community 
(1,600 inhabitants) on a yearly basis. During 
some busy weeks there was one physician 
assisting the ski patrols on one mountain. They 
referred injured skiers to Tärnaby MC only 
when there was a need for treatment. 
The injured skiers were registered when 
attending the Medical Clinic in Tärnaby within 
48 hours after injury. The definition of ski 
injury was all kinds of injuries incurred during 
downhill sport activity or lift transportation.  
All injured in need of transport by ambulance 
or helicopter were delivered to the Medical 
Clinic, with a few exceptions. It is supposed 
that the drop-outs of injured skiers requiring 
health care are very small because of the 
geographical location of the ski resort.  
Each injured skier was given a questionnaire 
after informed consent was obtained. The 
questionnaire included 30–35 items detailing 
personal information, skiing and injury-related 
questions. Self-estimated skill level was rated as 
beginner, good or advanced. Self-estimated risk 
behaviour was rated on a visual analogue scale 

(VAS, 1–10). The physician examined and 
treated the injured skiers, registered the 
anatomical location of the injury, diagnosis and 
classified injury severity according to the 
Abbreviated Injury Scale (AIS 1976) where 0 is 
no injury and 6 is a fatal injury.  
A control group of uninjured skiers (n=3,762) 
was selected at random from the slopes at 
different times over the years. They answered 
the same questionnaire with the exception of 
the injury questions. The number of ski visits 
and the proportion of ski sports (AS, SB, TM 
and SBD) were given by the local Lift 
Company according to the rules of SLAO. 
With these general data and injury statistics the 
injury rates were calculated. Injury rate, number 
of injuries/number of ski visits *1,000 and 
MDBI – the number of ski days needed to 
generate a ski injury (number ski visits/number 
of injuries) (Belanger et al 1996) 
The study was approved by the Ethics 
Committee at the University of Umeå (312/94) 
The data analysis was generated using 
SAS/STAT software (version 9.1.3 of the SAS 
System for Windows, Copyright 2002, SAS 
Institute Inc.), and EPI Info 3.5.1 (Centers for 
Disease Control and Prevention, CDC). 
Ordinary descriptive statistical methods have 
been used; χ2 test and/or Fisher’s exact test for 
difference in distributions as well as the 
association between categorical dependent 
variables with categorical independent variables 
have been used. Odds ratios have been 
calculated to estimate risks. Student’s t-test was 
used for testing differences in continuous 
variables, i.e. age, number of falls. A p-value < 
0.05 is considered to be statistically significant, 
but this has always been judged in the light of 
clinical significance.   

 

 

 

Results 

The presentation of results includes injuries in 
alpine ski sports in Tärnaby/Hemavan 
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registered during 1989/90–2006/07. It begins 
with epidemiology and demographics and is 
followed by a presentation of the published 
studies I–III and study IV (in manuscript). 
Finally, a summary of trends for the whole 
period and the latest statistics regarding knee 
injuries, head/neck and helmet usage are 
presented. 
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OtherTelemarkSnowboardSkiing

The alpine sport population
 in Tärnaby/Hemavan 1989/90 - 2006/07

 
Figure 4. The distribution of skiers in the ski 
resort of Tärnaby/Hemavan 1989–2007 
 

Skiing epidemiology 
During the 18-year study 2.74 million skier 
visits, 3,696 injured and 3,762 controls were 
recorded. At the beginning of the study period 
alpine skiers accounted for the vast majority of 
the visitors. During the season 1993/94 there 
was an increase in snowboarders, with a peak 
during the late 1990’s (Figure 4).  When 
studying the distribution of injuries we found 
that alpine skiers were in the majority during 
the first years, but as snowboarding became 
more popular there was an increase in injured 
snowboarders along with a decrease among 
alpine skiers. For telemark skiers the rate has 
been on a fairly constant level. On the average 
over the period the proportion of injured 
alpine skiers was 57%, snowboarders 38%, 
telemark skiers 4% and others 2% (mainly 
skiboarders at the end of the period) (Figure 5). 
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Figure 5. The proportion of injured skiers at 
the medical clinic in Tärnaby 1989–2007 
The yearly number of injuries varied between 
149 and 285. This reflects the increase in 
visitors during the period (140,000–
190,000/year). After the 2000/01 season the 
number of injured alpine skiers increased. 
Snowboard and telemark injuries were fairly 
constant during the second half of the study.  

Demographics 
Males were the most frequent participants in all 
current disciplines. The number of skiboarders 
was small and is not further commented on 
(Tables 1–2). 
 
Table 1 Demographic data for uninjured skiers 

 Females Males Age N= 3,762 
Alpine ski 49% 51% 30 2,497 (67%) 
Snowboard 43% 57% 20 909    (24%)
Telemark 40% 60% 30 296    (8%) 
Skiboard 64% 36% 22 39      (1%) 
 
Table 2 Demographic data for injured skiers 
 Females Males Age N= 3,692 

Alpine ski 45% 55% 24  2,089 (57%)
Snowboard 36% 64% 19 1,401 (38%)
Telemark 37% 63% 28 136    (4%) 
Skiboard 17% 83% 20 66      (2%) 

Study I 
A total of 481 injured skiers of all skiing 
categories (AS 95%) were followed up 
1989/90–1991/92; 41% were females and the 
mean age was 23 years. The injury rate was 
1.13/1,000 skier days.  According to skiers’ 



12 
 

self-estimation of skill, beginner accounted for 
21%, good 47% and advanced 32%. 
The most usual cause of injury was a fall (90%). 
Knee injury (28%) was the most frequent single 
injury followed by head/neck injury (13%) and 
lower leg 11%. Females had more knee sprains 
(31%) than males (18%).  
Sprains were most common (44%) followed by 
fractures (23%).  Ninety-five percent of the 
injuries were AIS <2. 
Helmet usage was studied, showing marked 
differences between the age groups. Of skiers 
under 10 years of age, 83% used a helmet while 
those above the age of 20 rarely used a helmet. 
Alcohol use during skiing was assessed in both 
injured and uninjured skiers. Only one percent 
of the injured and five percent of the uninjured 
group tested positive. Thus alcohol did not 
appear to be any major problem in the ski 
slopes. 
One year after injury a questionnaire was 
mailed to the injured skiers with questions 
concerning consequences of the injury, and 
58% of the previous injured skiers answered 
the form. The results showed that 29% had 
remaining symptoms and the mean sick leave 
was 40 days.  

Study II 
Telemark injuries were evaluated over 11 years 
from 1989/90 to 2000/01. A total of 94 
injured telemarkers were recorded; males were 
most common (62%) (mean age 28 years). A 
control group of 115 skiers was interviewed as 
well. Telemark skiing accounted for a small 
proportion of the monitored snow sports (5%). 
Falls were reported as the most common cause 
of injury (70%) and beginners were more prone 
to fall than the more skilled. The results 
showed the ankle as the most common injury 
location (28%), followed by knee injury (19%) 
and head/neck (17%).  
There was a higher proportion of beginners in 
the injured population, and they had a higher 
fall/run ratio (0.7) compared to average and 
advanced skiers (0.3). The ankle/foot injuries 
decreased (35%–22%) in the seasons 1989–
1995 to 1995–2000. Beginners had more 
ankle/foot injuries than skilled participants. 
Severe ankle/foot injuries (AIS >2) decreased 
from 33% to 21% during the study period. 

Leather boots among injured were more 
commonly used (73%) than plastic (27%). We 
found no association between boot material 
and ankle/foot injuries. The proportion of high 
boots with two or more buckles was 51%. The 
proportion of high-shafted boots increased 
(24%–67%) during the studied period. High 
boots appeared to be protective against 
ankle/foot injuries. Ankle/foot injury was the 
most common injury location but the rate 
decreased over time, as did their severity. 

Study III 
Snowboard riders were in focus during 
1989/90–1998/99 (n=568, females 34%). 
Snowboarding increased quickly during the 
1990’s (from <5% to 26%). The incidence of 
snowboard injuries rose (4%–56%). The injury 
rate was three times higher than in alpine 
skiing. The mean age was low (19 years) and 
with no difference between the sexes. The 
control group had a similar distribution. The 
self-estimated skill increased during the study. 
Injuries were mostly located in the upper 
extremities (54%). The lower arm was the most 
commonly injured part of the body (35%), 
followed by shoulder/upper arm/elbow (16%) 
and head/neck injury (15%). Fractures (34%) 
were more common than contusions (27%) 
and sprains (26%). Falls (50%) were reported 
to be the commonest cause of injury followed 
by jumps (31%) and collisions (9%). The most 
frequent diagnosis in snowboarders was 
fracture and sprain of the lower arm 
(20%/12%) and then came head concussion 
(9%), upper arm fractures (4%), shoulder 
dislocations (3%), clavicle fractures (3%) and 
foot/ankle fractures (1%). Beginners were 
more injured than experienced riders. The 
severity was registered, showing that 7 riders 
had severe injuries (>AIS 3). The cause of 
injury was impact with birch trees (3) and 
jumps (3). Estimation of the snowboard riders’ 
habits, such as the number of lift runs, falls and 
risk behaviour, showed a downward trend of 
falls. Advanced snowboarders injured 
themselves in the half pipe (49%), but average 
riders and beginners who tried riding there 
were also injured (33%/9%). 
Helmets were used by few (1%) at the 
beginning of the study, but usage increased 
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(9%) by the end of the study. For injury 
prevention, wrist guards and helmets were 
recommended for snowboard riders. 

Study IV 
The study ran for 16 years, 1989/90–2004/05, 
during which time 1,833 injured alpine skiers 
with a mean age of 24 years were studied, the 
majority males (55%). The proportion of skiers 
declined in the 1990’s and then increased. The 
injury rate was low (1.1/1,000 skier days). 
Beginners were overrepresented in the injured 
group (31%) in relation to controls (18%). The 
cause of injury differed between the sexes; 
males were commonly injured in jumps (20%), 
four times as often as females (5%) but 
collision rates were similar (12%–13%). Sprains 
(43%) were the most common injury followed 
by fractures (22%). The lower extremities were 
the most common injury location (51%). Knee 
injury to a female was the most frequent single 
diagnosis (38% of all female injuiries), a 
significant difference from males (22%) even 
when corrected for difference in skill. 
Head/neck injury was more frequent among 
males (14%) than females (12%). Lower leg 
injury was the children’s injury (18%), the 
median age of this injury being low (15 years). 
In the lowest ages <12 years 40% had a 
fracture, usually of the lower leg. The use of 
helmet increased fast over the studied time 
period (25%–58%). Advanced skiers used a 
helmet more often (61%), than beginners 
(49%) and average skiers (24%). 

Trends up to date - 2007 
Mean days between injuries (low MDBI values 
mean a worsening) decreased until 2003 and 
then improved.  
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Figure 6 Injury trends (MDBI) did not change 
significantly, 1989–2007 

Mean days between injury for skiing and 
snowboard did not show any significant 
changes for the 18-year period. MDBI in alpine 
skiing was 1,091 days and in snowboard 378 
days.  

Type of injury  

Skiing type

Percent

Alpine skiing Snowboard Telemark
0

10

20

30

40

50

ContusionFractureDistorsion

Diagnosis-type divided on skiing type

 
Figure 7. Type of injury ski sport 
The main diagnoses were sprains (37%), 
fractures (27%), contusions (17%), wounds 
(5%) and dislocations (3%). 
Sprains were more frequent in skiing. The risk 
of getting a sprain for an alpine skier was 1.86 
times that of a snowboarder (p=0.000, OR 
1.86). The risk of having a fracture for a 
snowboarder was 1.93 time that for a skier 
(p=0.000, OR 1.92). 
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Figure 8. Type of injury related to age  
Fractures were more frequent among children 
than adults (30+). The risk of incurring a 
fracture for a child was 1.7 times that for an 
adult (p=0.000, OR 1.7). 
Sprains were more frequent in adults than in 
children. The risk for a sprain in an adult was 
1.76 times that for a child (p=0.000, OR 1.76)  



14 
 

Knee injury 

Ski season

MDBI

1989/90 94/95 00/01 2006/07
0

1000

2000

3000

4000

5000

6000

Knee Injury

 
Figure 9. MDBI for knee injuries 
Among alpine skiers 37% of the females and 
22% of the males had a knee injury (p<0.001). 
Over the years the rate of knee injuries 
irrespective of sex showed small variations. 
The odds for a female knee injury are 2.15 the 
odds for a male having a knee injury (p<0.000). 
Among snowboarders there is almost the same 
rate of knee injuries between sexes, 7.5% 
females and 7.8% males. 
In the telemark group there were 24% knee 
injuries among females compared to 16% 
among males. The odds for a knee injury 
among female telemark skiers were 1.7 times 
the odds for a male telemark skier. This 
difference is not statistically significant, but it is 
similar to the pattern among alpine skiers. 

Wcrist 
People with wrist injuries numbered 636 (17%), 
with no sex difference; 78% of all wrist injuries 
were SB, 20% were AS and 0.3% were TM. 
The mean age was 18.8 years, otherwise injured 
23.0 years. Beginners accounted for 42% and 
advanced 15% (Figure 10).  
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Figure 10. MDBI for wrist injury. 

Lower leg 
Lower leg injuries were incurred by 528 skiers 
(14.3%), no sex difference, with 70% injured in 
AS, 20% in SB and 8% in TM. The mean age 
was 20 years (median 17 years). Thirty percent 
of the injured were below 13 years of age. 
Within the age group <13 years in AS, 30% 
had a lower leg injury. 
Fun Park injuries 
The number of people injured in the Fun Park 
area has increased from 1989–1998 (4%) to 
1999–2007 (12%). 

Head/neck injury 
Head/neck injuries numbered 485 (13%) when 
all snow sports were included. In alpine skiing 
there was a significant difference between 
sexes, 10% among females and 14% among 
males (p=0.002). The odds for a male alpine 
skier incurring a head/neck injury were 1.6 
times the odds for female head/neck injury. 
The mean age was 21 years in the head-injured 
group, similar to that for injuries in other 
locations. There were no statistically significant 
differences in head/neck injury between the 
snow sports, although the rate of injury among 
telemark skiers was 17% compared to 12% for 
alpine skiers and 14% among snowboarders. 
The MDBI for head injuries did not change 
over time. 
Fifty-two percent of head injuries were cerebral 
concussions, the rest were facial injuries, minor 
fractures or cuts. The change of MDBI over 
time for concussion was not significant.  
Eight cases with head injury had AIS >3 and 
six died, most of them occurring in the first 
half of the study. One was killed after a jump 
during a race in downhill skiing (using a 
helmet), one in a high-speed collision with a 
tree (no helmet), one hit a tree during off-piste 
skiing (no helmet), one skier fell over a steep 
ridge and broke his neck (no helmet), one off-
piste rider hit rocks (no helmet) and in one case 
the circumstances were not known in detail.  

Helmet usage 
There were 1,387 (39%) helmet users in the 
injured group when all skiers were included. 
Helmet usage differed significantly between 
skiers in the different disciplines. Of alpine 
skiers 45% used a helmet, 31% of 
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snowboarders, and 23% of telemark skiers. 
Helmet users were 9.7 years younger, all skiers 
included. Alpine skiers were the youngest (15 
years) followed by snowboard (18 years) and 
telemark (27 years). Helmet usage increased 
steadily and in 2006/07 it reached 70% of the 
injured and 71% of controls (figure 11). 
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Figure 11. Helmet use increased quickly from 1999 
to 2007 

 
There was a significant difference in incidence 
of head/neck injury between helmet users and 
non-users for all skier categories. Non-users 
were hit by head injury at a rate of 15% and 
users 11% (p=0.001), with the odds of 

incurring injury being 1.43 times that for 
helmet users. The odds for head/neck injury 
among snowboarders are 1.91 for non-users 
compared to helmet users. For alpine and 
telemark skiers there was no excess risk of head 
injuries irrespective of helmet use. 

Jumpers and attitude to risk  
To find out skiers’ attitude to risk and 
prevention all skiers were selected, who had 
given the explanation “jump” for injury 
(n=629): skiers 27%, snowboarders 66% and 
telemarkers 2%. Males stated jump as cause to 
injury 31% versus 10 % for females (p <0.000, 
OR was 3.91). The mean age was lower than 
for other injured 19 versus 23 years. Jumpers’ 
helmet usage was lower than other causes for 
injury (38% versus 42% other injuries). 
Females used helmet in 52%, males 35% 
(p=0.001, OR 1.96). The selfestimated skill of 
the injured was higher than other injured 
(advanced, 38% / 23% advanced other 
injuries), good; 55/42%) and beginner; 
7/36%). Jumpers risk taking was higher 5.7 
(4.1 no jumper, VAS-scale 1-10). 

General Discussion 

The objective was to describe the injury pattern 
of downhill skiing and to find out why, who, 
where and when skiers get injured on the slopes 
of Tärnaby/Hemavan. Preventive strategies will 
then be discussed.   
There are a variaty of studies treating the 
epidemiology of downhill skiing injuries from all 
over the world (Bladin et al 2004, Burtscher et al 
1996, Cadman et al 1996, Davidson et al 1996, 
Deibert et al 1998, Ekeland et al 2009, Ettlinger 
et al 1996, Goulet et al 1999, Greenwald et al 
2009, Hagel et al 2005, Lamont 1993 Laporte et 
al 1999, Macnab et al 2002, Sulheim et al 2006, 
Zacharopulos et al 2009). However there are few 
studies stretching over decades from one ski 
resort and with physician-assessed injured skiers 
(Johnson et al 2009, Lystad et al 1989, Made et al. 
2003). From northern Vermont in USA comes 
the most wellknown, largest and still ongoing 
skiing research project (Johnson et al 2009). Most 
other studies are based on ski patrols, hospital 

reports or different kinds of registers (Sandegård 
et al 1991, Ekeland et al 2009, Laporte et al 
2009).  
For many reasons, we believe that mountain 
based medical clinics are in advantage, when 
describing skiing injury epidemiology. The clinical 
contact with the injured gives better diagnostic 
possibilities and the drop-outs are realtively small.  
One strength of this study is that the material 
comes from a small ski resort with one project 
supervisor at the one and only primary health 
care centre, where all community health care is 
organised including emergency and ambulance 
service. The distance to the nearest hospital is far, 
the injured have no alternative choices when 
injured and impaired, than to see the local 
physician. Additionally ambulance transfer is free, 
the consultation fee is low and for children free 
of charge, so there are no financial reasons to 
avoid seeing a doctor. This make it presumable 
that the material is homogeneous and the drop-
outs are low with small variations. Drop-outs 
therefore had probably minor influence on the 
results even though there are no specific control 
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data from the slopes or parking lots to confirm 
this assumption.  However, over the last few 
years people from nearby Norway (100 km) have 
been more frequent visitors to the ski resort. 
Perhaps some Norwegians seek treatment at 
home, but the impression after years of 
experience from the clinic is that this does not 
happen in many situations. No major changes in 
visit patterns have been seen. 

Alpine skiing 
In the very beginning alpine skiing was the totally 
dominating skiing discipline. Snowboard skiing 
then suddenly increased from being almost non-
existent to become a major factor in alpine ski 
sports, while telemark skiing was fairly constant 
during the whole study period. From the turn of 
century the number of snowboard riders began to 
decrease. Alpine skiing gained new popularity and 
supporters as a result of modernised equipment, 
making skiing more attractive and fun (SLAO). 
The  injury rate in downhill skiing in this study is 
less or roughly half of that in France, Scotland 
and USA (Laporte et al 2000, Langran et al 2002, 
Johnson et al 2009 but similar to Norwegian 
studies (Ekeland et al 2009) This indicates that 
the local ski culture e.g., that many Scandinavian 
people start skiing as children and acquire more 
experience and a higher level of skill than the 
average once-a-year skier from the snow-free 
parts of the American and European continents. 
Scandinavian ski resorts are, furthermore, 
generally less crowded and smaller with less steep 
slopes than many North American and 
continental European ones.  
The over all incidence of alpine skiing injury 
increased slightly during the nineties in this study, 
but from 2003 a decrease was seen (see fig 6). 
These variations could be explained by the 
changing popularity of snowboarding.   

Knee 
The knee injury is still the most common injury 
although minor improvements were seen in this 
study (fig 9). The prevalence of female knee 
injury is twice that for males. Similar results are 
found in most other studies (Ekeland et al 2009, 
Johnson et al 2009) Since females are afflicted 
mostly, there are studies proposing different 
explanations (Ekeland et al 2009). The bindings 
are as they are constructed not the solution, lower 

release values will not lower the number of ACL 
injuries (Johnson et al 2009). It is more 
complicated than that. The explanation to why 
the female knee is more vulnerable than in men 
was suggested to be of anatomical reasons: the 
female pelvis is wider, resulting in a valgus 
positioning in the knees. The muscles are not as 
strong as in males. When put into tension to a 
higher degree because of the valgus positioning, 
the female knee is more vulnerable. It is also 
suggested that females do not have the same 
proprioception and neuromuscular coordination 
as males (Myklebust et al 2003, Burtscher et al 
2009). As the prevalence for knee injury in elderly 
and less skilled women was higher, these theories 
are plausible. According to some authors the 
aetiology of the tibia plateau fracture in elderly 
skiers is similar (Mc Conkey et al 1988, Shealy et 
al 2003), the osteoporotic skeleton crashing 
before the more rigid ligament. 
There are surprisingly few ACL injuries in this 
study compared to other studies, especially those 
from the Alps and the USA (Laporte et al 2000, 
Johnson et al 2003). The task for the medical 
clinic in Tärnaby is triage and the diagnosis is 
therefore perhaps more suitable for 
epidemiological studies than treatment, which 
could be an explanation. 
The diagnosis were made by general practitioners, 
usually with orthopaedic training. We know that 
between 30 and 60% of all ACL injuries are 
reported to go undetected, even after 
examination by trained orthopaedic surgeons 
(Blauth et al 1988, Strand et al 1997). Thus some 
of the knee injuries are probably later diagnosed 
as ACL injuries. However, the differences in 
ACL-rate between this and other studies cannot 
be explained only by diagnostic difficulties, 
especially since there are other Scandinavian 
studies with similar rates (Lystad et al 1989.  

Lower leg 
Lower leg injury rates went down during the 
1970’s, but during the last twenty years the rates 
change are minor. But still the lower leg injury is 
relatively frequent, especially among children up 
to 12 years of age (Ekeland et al 2005, Hagel et al 
2005, Meyers et al 2007). In this material 48% of 
all lower leg injuries were children two thirds 
were fractures. Injuries, sprains and fractures of 
the lower leg are often related to malfunction of 



17 
 

the release system (Hagel et al 2005, Ettlinger et 
al  2006). As much as 50–80% of lower leg 
injuries can be prevented according to a recent 
study (Ettlinger et al 2006). The functioning and 
maintenance of the equipment must be improved 
(Ettlinger et al 2005). An annual check-up of the 
ski equipment seems resonable. The quality work 
of the ski shops could be better, and there is a lot 
to gain from a better service systems in ski 
resorts, according to several studies. (Ettlinger et 
al 2006, Johnson et al 2009). 

Snowboard 
Snowboarding increased rapidly during the 1990’s 
and gathered new riders in large numbers. They 
behaved differently and were perceived as odd 
birds in the ski fields and were not welcome in 
some places (Sutherland et al 1996). Injury rates 
are in this study almost three times that for 
skiing, but there are studies saying the same 
number as in skiing (Bladin et al 1993, 2004). 
With snowboarding the over all injury incidences 
changed, we had to rethink when describing the 
injury pattern (Lamont 1996, Davidson et al 
1996, Ekeland et al 2005). The riders were much 
younger and the mean age was significantly lower 
than in skiing (Ekeland et al 2006). Snowboard 
injuries affected the upper extremity in more than 
50% of cases and the injury rate was almost three 
times higher than in skiing (Ekeland et al 2006). 
Fractures were more frequent than sprains, an 
inverse relationship compared to skiing and 
mostly located in the lower arm. Our findings 
were in line with most other studies (Ekeland et 
al 2000, Machold et al 2000) 
When a snowboarder loses balance, with both 
feet attached to the board, there is no stick to 
lean on, few choices are left. The snowboarder 
falls sideways, forward or backwards and tries to 
parry the fall with the hands – the most common 
injury mechanism.  
The skilled riders do not fall as often as the 
beginners (fall/run ratio 0.4 vs. 1.0) and fall more 
smartly, avoiding force strain on the wrist 
(Machold et al 2000). The advanced riders on the 
other hand have head injuries more frequently, 
although their balance seems to be better. They 
ski more adventurously and do more jumps. 
With snowboarding the number of wrist fractures 
increased very fast (Idzikowski et al 2000). It was 
evident that something had to be done to protect 

the lower arm (Machold et al 2000). The team 
members of this study started to work on 
developing a wrist guard. This was conducted in 
close collaboration with orthopaedic engineers 
and snowboarders from the local snowboard 
school. In laboratory settings encouraging results 
were obtained (Bromee 1995). The wrist guard 
was marketed and was well accepted and used by 
many.  
Several authors have recommended wrist guards 
for snowboarders (Schieber et al 1996, Lewis et al 
1997, Idzikowski et al 2000, Rönning et al 2001). 
There is still a low usage (Idzikowski et al 2000) 
probably because of a persistent myth among 
snowboarders that the wrist guard only moves 
the injury higher up on the arm (Hagel et al 
2005). No evidence has been found for this 
assumption (Rönning et al 2001). 

Telemark 
Telemark equipment underwent considerable 
technical changes during the nineties concerning 
skis, bindings and boots to be more like those in 
alpine skiing (Made et al 2001). In this study 
ankle injury was the most common injury, 
followed by knee and head. There are not many 
telemark studies published, the subjects are 
relatively few and it is difficult to collect enough 
subjects to do a study. For this reason the 
interpretation of results are difficult. Most other 
studies have knee injury as most frequent and 
with a low number of ankle injuries.(Federiuk et 
al 1997, Tuggy et al 2000, Ekeland et al 2000)  
Ankle injuries are decreasing and even though the 
results were not significant, we believe there is a 
connection to the modernisation of the 
equipment, especially the changes to the boots. 
They are nowadays high-shafted and made of 
stiff plastic material (Made et al 2001).  

Head/Neck 
Head/neck injury incidence was lowest in alpine 
skiing and highest in telemarking in this study, 
but the differences were not significant. In alpine 
skiing males had head/neck injury 1.6 times more 
often than females. Overall head injury incidence 
has not changed until the last few years, when we 
have seen a slight positive trend. In updated 
injury trends here is a significant decrease of head 
injuries in favour of helmet users in 
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snowboarding as well as in other studies (Macnab 
et al 2002)  

Helmet 
The advantage of helmet as a preventive measure 
is undisputed the last ten years. These findings 
are stated from a lot of authors (Sulheim et al 
2006, Macnab et al 2002, Hagel et al 2005). There 
used to be a reluctance to wear a helmet because 
of a belief that it increased the risk of neck injury. 
The Professor E Eriksson was a pioneer in this 
field and fought hard for helmet usage during the 
1970’s. Helmets have a protective effect for the 
head, shielding not only from concussion but also 
from minor cuts and face fractures. (Mueller et al 
2008). In a laboratory setting it has been shown 
which forces are involved in a head impact 
against the ground under different conditions and 
what protective effect a helmet gives (Scher et al 
2006). However, when the speed is high enough 
an impact with a tree can be devastating even 
when using a helmet. The kinetic energy is 
proportional to the second power of velocity 
(Shealy et al 2005). Some authors claim that 
helmet usage gives a false sense of security, which 
can lead to reckless skiing (Hagel et al 2004). But 
this seems to be a little far-fetched. Now, 
consensus prevails that helmets should be worn 
in all alpine sports.   

Alcohol 
Investigating the role of alcohol in alpine ski 
sports is not easy for many reasons, practical, 
ethical and methodological. It was not 
uncomplicated for a doctor to test for alcohol 
when the patient had a broken leg and was in 
pain. Some drop-outs were unavoidable. Few 
positive breath tests for alcohol in injured were 
monitored. It is to be expected that some injured 
skiers came the next day if they had had alcohol 
intake on the day of injury and therefore the 
results reflect an underestimation. In the ski fields 
there were more positive tests. The conclusion of 
the results was that “drunk skiing” is not a major 
problem in this ski resort also found in other 
investigations (Salminen et al 1996, Meyers et al 
1997). 

Prevention 
The follow-up investigation showed that 
impairment after injury was not uncommon. 
Most of those with symptoms and long sick leave 
had knee ligament injuries. A broken leg usually 
heals in a couple of months but a ligament tear in 
a joint can give symptoms years afterwards due to 
degenerative joint disease. The joints are the 
weakest links in the locomotor system.  
Many preventive measures have been suggested 
in alpine ski sports (Evans et al 2009). In two 
studies showing video ski safety instructions for 
skiers in busses on their way down to the Alps 
has had positive effects with decreased injury 
rates (Bouter 1988, Jörgensen et al 1998 ). 
Among professional ski patrollers a prevention 
programme teaching fall techniques decrease in 
ACL injuries (Ettlinger et al 1995). Helmet loan 
programmes have resulted in a decrease in 
injuries (Levy et al 2007). 
In a pilot study in Tärnaby it was for free 
supplied wrist guards to snowboarders. In an 
unpublished pilot study we found an increased 
use we  use of wrist guards. 
Parents (without a helmet) look after their 
children and force them to use a helmet. When 
the child is grown up it is natural to use helmet. 
Much indicates that this is one of the most 
important reasons for the strong increase in 
helmet wearing. Other factors are, more fancy 
design and the compulsory helmet use by 
professional skiers.  
In preventive work there is a paradox: Skiing 
must be a little bit exciting – the skiers like to test 
and extend the borders of their skills. An example 
of this is the “jumpers” attitude to helmet, lower 
usage by males, higher usage by females this 
potentially dangerous doing. Fun goes before 
security at least for males.  
Flat pistes would indeed be safe but boring. This 
may turn the young risk takers to other and 
probably even more dangerous activities. Since 
injured and impaired skiers spend less money on 
ski gear and lift cards, it seems to be a good idea 
money-wise for the skiing industry to campaign 
for injury prevention by a not-to-difficult before-
ski programme (Dickson 2009). The marketing 
could be spiced with palatable ingredients from 
an à la carte menu of fitness, happiness and 
general health buzz words, used in commercials 
for all products. Such programmes may be 
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targeted at and designed in, say, 3–4 levels from 
beginners to experts. Now with better equipment 
and ski slopes it is time to focus the prevention 
on the individuals after all the most important 
factor is placed one to two metres above the skis. 

Summary and Conclusions  

 Injury rates are relatively low in this study in 
comparison to other studies 

 Knee injury is the most common injury in 
alpine skiing. Females are at greater risk 

 Lower leg injury is the typical injury of a 
child below 13 years in alpine skiing.  

 Snowboarder are nearly three times more 
injured than skiers 

 Wrist/lower arm injury is the most common 
injury in snowboarding 

 Ankle injury is most common in Telemark 
skiing 

Recommendations 

 Injury prevention program should target risk 
groups 

 Maintenance program for ski release systems 
should be launched 

 Snowboarders should use wrist guards 
 Helmets should be used by all alpine skiers  
 Ski safety certification is needed 
 Ski resorts should take the responsibility for 

injury prevention. 
 Training program for knee injury prevention  
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