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Extra information om uppsatsen 
 
 

o Extern samverkan med: 
…………………………………………………………………………….. 
 
Denna uppsats har utformats och genomförts i samverkan med externa 
intressenter.  
 
Det kan vara att projektidén utvecklats tillsammans med t ex en 
idrottsförening eller en arbetsplats, eller att studenten presenterat en idé som 
en arbetsplats eller idrottsklubb tycker är intressant och där studenten kan 
genomföra sin datainsamling eller kanske till och med kan medverka i 
utformningen av uppsatsen.  
Kort sagt: uppsatsen är intressant och relevant för någon utanför 
universitetets väggar 
 
 
 
 
 

o Del i ett forskningsprojekt: 
…………………………………………………………………………… 
 
Denna uppsats har utformats och genomförts som en del av ett 
forskningsprojekt. 
 
Det kan vara att projektidén utvecklats som ett komplement till ett 
forskningsprojekt, en pilotstudie, reliabilitets/validitetsstudie på en metod, 
nya idéer som fötts i anslutning till ett pågående forskningsprojekt. 
 
 
 
 
 

o Tvärvetenskapligt samarbete med: 
………………………………………………………….. 
 
 
 
Denna uppsats har utformats och genomförts som ett tvärvetenskapligt 
projekt, där individer från olika arbetsplatser och med olika yrken medverkat. 
 
Det kan vara så att studenter från olika program genomfört ett gemensamt 
projekt eller där handledare med olika kunskapsområden medverkat. För att 
detta kryss ska sättas ska samarbetet ha bidragit till att mer kunskap har 
nåtts jämfört med om uppsatsens innehåll belysts från enbart ett 
kunskapsområde 
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Abstract 
	
ACL injuries are severe injuries and also the most common diagnosis among alpine 
skiers. The purpose of this study was to evaluate alpine skiers isokinetic strength and 
the risk of ACL injury. 
 
31 alpine skiers were included in this study, 17 men and 14 women, who had 
conducted physiological assessments between 1999 and 2007 during their active 
careers. The participants were sent an online questionnaire in 2018 regarding ACL 
injuries during their active alpine careers. The risk of injury was then evaluated by 
comparing injured athletes concentric isokinetic strength, hamstring to quadriceps 
ratio and limb symmetry index with non-injured athletes.  
 
Results showed a significant likelihood of injury for having a lower hamstring to 
quadriceps ratio in the left limb but not in the right limb. There was no significant 
likelihood of injury and having a greater limb asymmetry.  
 
Because of the small number of participants and few ACL injured there is difficult to 
draw any conclusions. However, there seems to be a relationship of having a lower 
H/Q ratio on the left limb and the risk of ACL injury. Further research is 
recommended. 
	
	
Keywords: Prevention, Anterior Cruciate Ligament Injuries, Hamstring to 
quadriceps ratio, Limb symmetry index 
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2 Introduction 
 
Alpine skiing is known to be a complex sport with high demands on physiological, 
tactical and technical skill for optimal performance (1-3). The high demands are due 
to the challenging environment the athletes expose themselves for when they are 
competing in high speeds in varying terrain (1, 3). Alpine skiing consists of four main 
competitive disciplines including slalom (SL), giant slalom (GS), super-G (SG) and 
downhill (DH). These disciplines differ from each other regarding the distance 
between gates, turning radius, speed and course length (4). SL and GS disciplines are 
usually described as technical events and SG and DH as speed events. SL and GS 
consist of two runs, and the results are calculated by combining the two times from 
the runs. SL is the discipline with the shortest turns and the run times are between 
45-60 seconds (5). In GS events the gates are further apart, and the turning radius is 
larger than in SL, with run times between 60-90 seconds. In the SG and DH events, 
the athletes compete in one run and the athlete with the fastest time wins. The SG 
events are usually between 1-2 minutes, and the speed is typically between 88-105 
km/h (5, 6). DH is the fastest event with speed recorded up to 160 km/h, but the 
speed is usually ranging between 95-120 km/h (6). DH is the event with the furthest 
distance between turning gates and the run times is ranging from 1-2,5 minutes (6).  
 
The risk of injury in competitive alpine skiing is known to be high and the most 
common body part to injure is the knee (7-10). In the technical events of SL and GS, 
the cause of injury seems to be related to turning radius and turning speed that 
results in high ground reaction forces (4). The high external loads that the skiers are 
exposed to can push them into coming in an out-of-balance situation which increases 
the risk of injury (11). In the speed events, SG and DH, injuries seem to be related to 
high speeds and jumps, which are two known risk factors for injury (9, 12, 13). Of the 
injuries that occur many are classified as “severe” and the most frequent specific 
diagnosis is a rupture of the anterior cruciate ligament (ACL) (9, 10). The ACL is a 
crucial structure in the knee joint and plays a crucial role in joint stability. The ACL 
also contains mechanoreceptors, which provides afferent information giving it a 
proprioceptive function of knee postural changes (14).  
 
In Sweden, alpine skiing is the second most common activity performed when 
sustaining an ACL injury after soccer (15). There is limited scientific data of risk 
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factors for ACL injury linked to the alpine skier athlete’s external and internal factors. 
Regarding internal factors, Raschner et al. found that ACL injured alpine skiers 
demonstrated reduced core strength compared to non-injured athletes, and also that 
female athletes were at higher risk of sustaining an ACL injury compared to male 
athletes (16). However, these sex differences are not seen among athletes at the world 
cup level (9). Another risk factor for ACL-injury is having a parent who has a history 
of sustaining an ACL injury,  and these findings suggest that there is a hereditary 
factor increasing the risk of injury (17). A common mechanism of an acute ACL injury 
in alpine skiing is the so-called “slip-catch mechanism” (13).  This occurs when the 
skier is turning and comes out of balance in a backward and inward direction and 
loses contact with the snow with the outside ski. The skier then tries to extend the 
knee in search of snow-contact again. When the outside ski then abruptly catches 
snow-contact again with the inside edge, the subsequent forces causes the extended 
knee to fall into flexion and internal femoral rotation, a valgus position that could 
lead to failure of the ACL (13).  
 
Physiological tests are commonly done on alpine skiers to test their physical profile 
(1, 18, 19). Aerobic testing using cycle ergometers are often used to determine skiers 
VO2MAX and onset of blood lactate. For anaerobic testing, different Wingate tests are 
commonly used as well as different jump and sprint tests. Muscular strength is often 
focused on leg and core strength, examples of a test are squat, leg press and different 
sit-up tasks (1). Another test that is commonly used in the laboratory among alpine 
skiers is the isokinetic dynamometry. This apparatus is often used to assess 
concentric, isometric and eccentric leg strength at various joint velocities. One 
modifiable strength variable is the ratio between hamstring and quadriceps (H/Q 
ratio), meaning that low ratios could suggest overtrained quadriceps relative to 
hamstring and there is a weakness in the hamstring that could increase the risk of 
injury (20, 21). Hamstring strength deficits have been suggested to be a factor for 
increasing tibial anterior shear forces, which leads to increased loading of the ACL, 
because of hamstrings nature of being an agonist to the ACL (22). Söderman et al. 
found that a conventional ratio of concentric isokinetic H/Q <55%, measured at 
90°/second increased the risk of ACL injury among female soccer players (23). 
Neumayr et al. reported several explanatory physiological variables when they tested 
the physics of elite alpine skiers (19). They reported an H/Q ratio between 57-60% 
when isokinetic strength was screened at the velocity of 60°/second.  
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Due to the high risk of injury and a high amount of time-loss injuries in alpine skiing, 
the work with preventive measures is of high value (24). To prevent injuries, van 
Mechelen et al. (1992) proposed a model called ‘Sequence of prevention’ for 
approaching injury prevention research (25). This model is commonly used in 
research trying to find and evaluate preventive strategies (17, 24, 26). The first step in 
this model is to identify injury incidence and severity to describe the problem. The 
second step is to describe identified risk factors and mechanism that play a part in the 
occurrence of the injury. The third step is to introduce preventive measures, and the 
fourth step is to evaluate the preventive measures by repeating step one.  
 
It has been noted that there is a lack of scientific studies on lower limb isokinetic 
values effect on the risk of injury among alpine skiers (27, 28). To the best of the 
author’s knowledge, no scientific studies have evaluated the risk of knee injury based 
on isokinetic lower limb strength among elite alpine skier. The purpose of this study 
was therefore to identify modifiable risk factors (step two in van Mechelen’s model), 
which could increase the risk of knee injury. The modifiable factors are based on 
isokinetic strength measurements of the quadriceps and hamstring musculature, 
including relative strength of hamstring to quadriceps and limb muscle strength 
imbalances.  
 
Hypothesis 
-Alpine skiers who sustained an ACL injury had a significant lower H/Q ratio 
compared with athletes who did not sustain an ACL injury.  
-Alpine skiers who sustained an ACL injury had significant greater asymmetric leg 
strength compared with athletes who did not sustain an ACL injury.  
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3 Method 
All data from the physiological tests were collected at Sports Medicine Unit of Umeå 
University, Sweden, from 1999 to 2007. ACL injury data were collected via a 
questionnaire from February to April 2018.  
 
Participants 
A total of 34 (18 men and 16 women) alpine skiers participated in this study (see 
Table 1). 35 skiers were invited to the study, and 34 participants fulfilled the 
questionnaire. The skiers were on an elite level (members of the Swedish national 
teams) and on sub-elite level (Swedish ski high school students).  
 
The participants were only invited to this study if they had conducted following tests 
at the same test occasion: isokinetic strength testing of the knee extensors and 
flexors, physical parameters as height (cm), body mass (kg) and body composition (% 
body fat). The tests that were used for the study were only the tests that were 
conducted at the beginning of the skiing season (August-November) if the 
participants did not have a test result in this period they were excluded from the 
study. The full test battery is presented in Appendix 1.  
 
The participants were contacted and invited by phone or email in February-April 
2018.  The participants were e-mailed a letter of consent (Appendix 2). When the 
participants gave their consent of participation to the study, they were sent an URL 
Address to get access to the electronic-based questionnaire (Appendix 3) and 
personal code.  
 

 
 

TABLE 1. Subject characteristics 
 Men (N=18) Women (n=16) All (n=34) 
Age (yr) 19.3 ± 3.3 19.6 ± 2.7 19.4 ± 3.0 
Height (cm) 178.7 ± 5.3 168.3 ± 4.1 173.8 ± 7.0  
Mass (kg) 78.1 ± 8.1 65.7 ± 5.6 72.2 ± 9.4 
% body fat 15.6 ± 3.6 22.7 ± 4.9  19.0 ± 5.6 
Data are presented as mean ± SD.  
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Isokinetic strength measurement 
Concentric isokinetic knee flexion and extension strength were measured using a 
Biodex dynamometer (Biodex, New York, N.Y., USA). The subjects sat with their 
thigh and lumbar back supported, with 60 degrees of hip flexion. A lever arm was 
attached just above the ankle, and a belt fixated their pelvis. Isokinetic testing was 
performed at 90 degrees range of motion in the knee joint, with the axis of rotation 
aligned with the knee joint.  The subjects performed five consecutive maximal 
concentric knee flexion, and extension contractions, peak torque (PT) was noted in 
newton metre (Nm). The angular velocity of the isokinetic assessment was set at a 
lower speed of 90°/second and more rapid speed of 210°/second. Test-retest 
reliability of the dynamometer has previously been described having intraclass 
correlation coefficient values of 0.95-0.98 (23). 
 
Body composition measurement 
Body composition was measured using a dual-energy X-ray absorptiometer (DXA, 
Lunar DPX-L, Lunar Co. Wisconsin, USA). The measured variables were fat mass, 
body fat percentage, and lean body mass.  
 
Hamstring to quadriceps ratio and limb symmetry 
The ratio between hamstring and quadriceps was calculated by PT concentric knee 
flexion divided by PT concentric knee extension, at the angular velocity of 90°/second 
and 210°/second.  
For comparing side-to-side strength differences of hamstring and quadriceps, highest 
PT for the non-dominant leg (ND) was divided by the highest PT for the dominant 
(D) leg. In this study, the definition of dominant leg was the leg with the highest 
measured PT (the strongest leg) for each test and non-dominant was the leg with 
lower PT (the weaker leg). 
 
Questionnaire  
An electronic questionnaire (Appendix 3) was designed using SurveyMonkey 
(SurveyMonkey Inc. San Mateo, California, USA) and e-mailed to the participants 
with a personal code when they gave their consent to study participation. The 
questionnaire consisted of thirteen questions. The first part of the questionnaire 
consisted of comprehensive questions about if the participant ever had sustained a 
knee injury during their alpine career and if they had sustained an ACL injury during 
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their career. They were also given a short description of the ACL and its injury 
mechanism. In the second part, the participant answered if they had sustained an 
ACL injury before the age of sixteen and if they had sustained an ACL injury during 
their alpine career, after the age of sixteen. In the third part, the participants 
answered more descriptive questions about when they sustained the ACL injury, if it 
was during skiing, in such case which discipline they injured themselves and which 
knee they injured. The last part the participants answered questions which year they 
quit their alpine careers if they were not still active. In the last part of the 
questionnaire, the participants had an opportunity to fill in an optional comment 
about the questionnaire. The questionnaire was designed for this study and has not 
been validated.  
 
ACL injury 
The definition of ACL injury in this study was “An injury that occurred while skiing, 
either during training or competition”, similar definitions has earlier been used when 
recording injuries among alpine skiers (29). If the participant did not sustain the ACL 
injury while skiing or if they sustained the ACL injury while freeskiing, their test 
results were excluded from the statistical analysis. Also, participants that had 
sustained an ACL injury before the age of sixteen or sustained their ACL injury before 
their first physiological test were excluded from the study.  
 
Ethical and societal considerations 
The material of this study was treated confidentially, and no non-authorized person 
linked to the project was given information regarding the information provided by 
participants, this according to the Declaration of Helsinki (30). Participation in the 
study was voluntary, and all participants were e-mailed a letter of information and 
consent about the study (Appendix 2). The participants were informed about the 
study procedure and their right to withdraw their participation at any time. When the 
participants agreed to study participation, they were sent the questionnaire and 
personal code. All personal data was coded and the register to decrypt the codes was 
stored on a password-protected computer that only authorized persons had access to.  
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Statistical analyses 
All statistical analyses were performed using JMP® 13.1 (SAS Institute Inc., Cary, NC, 
USA).  Descriptive statistics were calculated for each variable and expressed as means 
and standard deviation. Normality of data was assessed by using a Goodness of fit 
test. To compare men and women’s measured strength and H/Q ratio an independent 
t-test was assessed. For evaluating risk of injury a Chi-Square test was used to 
compare ACL injured athletes and non-injured athletes categorical variables. For 
H/Q ratio at 90°/s the cut-off value was set at 55%, dividing the groups in to <55% 
and >55%. The H/Q ratio cut-off value for 210°/s was set after a visual inspection of 
ACL injured athletes to 65%, dividing groups into <65% and >65%.  For LSI the cut-
off value was set at 90%, dividing the groups in to <90% and >90%. The statistical 
significance level was set to α =0.05. 
 
Methodological reflections  
It has been argued that the use of peak to peak H/Q ratio has several limitations for 
predicting injuries among alpine skiers due to its low similarity to the mechanism of 
knee injuries (31). However, they reported another type of ACL injury mechanism of 
injury, characterized by the athlete comes out of balance backward in a “seated 
position”, a pattern of deeper knee and hip flexion. The deeper knee flexion causes a 
disadvantage of the hamstring musculature because of loss of maximum strength due 
to the shortening of the muscle (31). The “slip-and-catch” ACL-injury mechanism is 
not characterized by the same amount of deep knee flexion (13). The cut-off value of a 
55% H/Q ratio was set from a study, which evaluated risk factors for leg injuries 
among female soccer players (23). However, to the authors’ knowledge, no studies 
have evaluated the H/Q ratio and risk for leg injuries among alpine skiers and 
therefore the 55% cut-off value was used. Regarding H/Q ratio at 210°/s no study was 
found using a cut-off value to separate participants into groups, therefore the ACL 
participants descriptive values were first analyzed. After analyzing the 65% cut-off 
value was set. This is a value that is considerably lower than the ratio of 75% at 180°/s 
described by Knapik et al. when they found that female athletes had an increased risk 
of injury if the H/Q ratio was lower than 75% (32).  
 
We measured maximum concentric contractions of both knee flexors and extensors, 
and this is not similar to the muscle actions in alpine skiing where the eccentric 
actions are of dominance over concentric actions (33, 34). The testing sequence is 
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another limitation because some participants had conducted several additional 
different tests compared to participants who had only conducted the test that were 
included in this study. This could have influenced their true maximal physiological 
values.   
 
The main author of this study was handed the results of the testing that was 
conducted between the years of 1999 and 2007 and was not present at the time of the 
testing. Another limitation is the time between when testing was conducted to the 
injury incidence. Not all the participants had done the physiological testing annually 
before their injury and could have had different values when they sustained their ACL 
injury. 
 
Furthermore, when describing the incidence of ACL injuries among the participants, 
we did not take time of exposure in account. This has earlier been described as an 
important factor when studying the incidence of injury (25). However, when studying 
time of exposure retrospectively, the risk of recall bias is high (35). Since the 
questionnaire was in most cases sent out a long time after sports participation, time 
of exposure was excluded from the questionnaire. The type of mechanism that caused 
the ACL injury was not evaluated from the questionnaire, the only inclusion was that 
the athlete had sustained the injury while skiing. So athletes could have sustained 
their injury during a crash and not like the typical “slip-and-catch” mechanism where 
the athlete is still skiing while when sustaining the ACL injury (13). Another risk 
factor for injury is fatigue, which was not evaluated from the questionnaire (24, 28). 
If the participants would have reported perceived fatigue when the injury occurred 
the recall bias would again have been elevated because of a long time from sport 
participation 
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4 Results 

Descriptive values of all the participants’ measured isokinetic strength variables are 
presented in Table 2. Nine participants reported that they had sustained an ACL 
injury during their time as competitive alpine skiers. Three participants were 
excluded from the study because of reporting that they had sustained their ACL 
injury before they conducted their first physiological test. Descriptive data for the 
ACL injured group are presented in table 3.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Table 2. Peak torques (Nm) for knee extension, flexion, H/Q ratio 
(%) and limb symmetry index. 
 Men (N=17) Women (n=14) 
90°/second peak torque 

Extension right 
 
244.7 ± 43.5 * 

 
176.1 ± 21.0 * 

Flexion right 126.3 ± 21.4 * 89.9 ± 12.7 * 
Extension left  237.3 ± 45.3 * 172.6 ± 21.3 * 
Flexion left  132.2 ± 20.0 * 92.4 ± 14.2  * 

210°/second Peak Torque 
Extension right 

 
174.8 ± 32.4 * 

 
127.9 ± 18.0 * 

Flexion right 103.3 ± 18.1 * 77.2 ± 11.4 * 
Extension left  170.2 ± 34.1 * 126.1 ± 15.0 * 
Flexion left  1o8.8 ± 22.0 * 77.3 ± 12.6 * 

H/Q ratio 90°/second  
Right  

 
51.9 ± 6.0 

 
51.1 ± 3.9 

Left 56.4 ± 7.4 53.8 ± 6.9 
H/Q ratio 210°/second  

Right 
 
59.5 ± 5.9 

 
60.5 ± 3.9 

Left 64.8 ± 10.9 61.2 ± 5.8 
LSI ND/D 90°/second   

Quadriceps 93.7 ± 4.3 93.6 ± 5.6 
Hamstrings 92.2 ± 5.3 95.0 ± 5.1 

LSI ND/D 210°/second   
Quadriceps 94.5 ± 4.7 95.3 ± 4.2 
Hamstrings 91.8 ± 6.2 95.0 ± 5.9 

Data are presented as mean ± SD. H/Q ratio= Hamstring peak torque divided by 
Quadriceps peak torque in the same limb and is presented as percentage (%). 
LSI= Limb symmetry index, non-dominant (ND) limb divided by dominant (D) 
limb and is presented as percentage (%). *= statistical significant (P=<0.05) 
difference between groups 
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Type of discipline participated in when sustaining the ACL injury is presented in 
figure 1. Five women reported sustaining their ACL injury in the discipline of GS, and 
one man sustained his ACL injury in the discipline of SL. No participants reported 
any ACL injuries in the disciplines of SG or DH.  

 
Figure 1. Type of discipline participated in when sustaining an ACL injury. 
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Table 3. ACL injured characteristics 
 Men (N=1) Women (n=5) 
Age when injured (yr) 19 ± - 23.2 ± 3.3 
Last test before ACL injury (yr) 2.6 ± -  4.8 ± 3.7 

Type of activity when injured 
Competition 

 
1 

 
1 

Training 0 4 

H/Q ratio injured leg, 
90°/second 

47.2 ± - 51.1 ± 3.5 

H/Q ratio non-injured leg, 
90°/second 

39.0 ± - 51.9 ± 5.6 

H/Q ratio injured leg, 
210°/second 

51.4 ± - 61.1 ± 2.9 

H/Q ratio non-injured leg, 
210°/second 

50.7 ± - 59.9 ± 6.2 

LSI ND/D 90°/second 
Quadriceps 

 
87.8 ± - 

 
93.7 ± 3.5 

Hamstring 94.1 ± - 98.2 ± 1.4 
LSI ND/D 210°/second 
Quadriceps 

 
95.8 ± - 

 
94.6 ± 4.2 

Hamstring 97.2 ± - 97.9 ± 2.0 
Data are presented as mean ± SD.  H/Q ratio= Hamstring peak torque divided 
by Quadriceps peak torque in the same limb and is presented as percentage 
(%). LSI= Limb symmetry index, non-dominant (ND) limb divided by 
dominant (D) limb and is presented as percentage (%). 
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There was significant (P=<0.05) likelihood of ACL injury if the participant had a H/Q 
ratio under 55% in the left limb at the isokinetic speed of 90°/second and also a ratio 
under 65% at the speed of 210°/second in the left limb.  The results from the Chi-
square tests are presented in table 4 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Table 4. 	Comparison of limb strength ratios between injured and non-
injured 
 Injured  

(n) 
Non-injured 
(n) 

P 

H/Q ratio 90°/second  
left  

<55% 

 
 
5 

 
 
9 

 
0.0318* 

>55% 1 16  
H/Q ratio 90°/second  
right 

<55% 

 
 
5 

 
 
19 

 
0.6918 

>55% 1 6  
H/Q ratio 210°/second  
left 

   
0.0141* 

<65% 6 14  
>65% 0 11  

H/Q ratio 210°/second  
right 

   
0.5447 

<65% 5 23  
>65% 1 2  

LSI 90°/second  
Quadriceps 

   
0.9683 

<90% 1 4  
>90% 5 21  

LSI 90°/second  
Hamstring 

   
0.0625 

<90% 0 6  
>90% 6 18  

LSI 210°/second  
Quadriceps 

   
0.7659 

<90% 1 3  
>90% 5 22  

LSI 210°/second  
Hamstring 

   
 

<90% 0 6 0.0881 
>90% 6 19  

H/Q ratio= Hamstring peak torque divided by Quadriceps peak torque in the same limb. 
LSI= Limb symmetry index, non-dominant (ND) limb divided by dominant (D) limb. 
*= statistical significant (P=<0.05)  
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5 Discussion 
The first hypothesis of this study that ACL injured alpine skiers had significant lower 
H/Q ratios compared to non-injured skiers was partly confirmed. There was only a 
significant likelihood of an ACL injury if the participants displayed a ratio <55% at 
90°/s and <65% at 210°/s on the left side, this was not statistically significant on the 
right side. The second hypothesis that ACL injured alpine skiers had significant 
greater asymmetric leg strength compared to non-injured skiers was rejected.  
 
There were six ACL injured participants included in this study, five of these 
participants were women, and one was a man. However, a total of nine (26%)(7 
women, 2 men) participants reported that they had injured their ACL while skiing 
after the age of sixteen, which is in line with the findings by Pujol et al. suggesting 
that 28% of alpine skiers have injured their ACL during their active careers (36). 
Three of these participants were excluded because of sustaining their injury before 
their first physiological test. None of the participants reported that they had injured 
their ACL before the age of sixteen. 44% of the women and 11% of the men reported 
that they had injured their ACL during their active alpine skiing careers. This is in 
line with previous findings suggesting that female alpine skiers are at greater risk of 
sustaining an ACL injury compared to male skiers (8, 16). Five of six ACL injuries 
occurred in the discipline of GS, and the sixth injury occurred in SL. No ACL injuries 
were reported in the speed disciplines (DH, SG). All ACL injuries except one injury 
occurred before the International Ski Federation (FIS) changed the regulations for 
the racing skis in all disciplines except for SL (37, 38). These equipment changes 
seem to have lowered the injury rate among alpine skiers. However, the ACL injuries 
do not seem to have changed significantly (7).  
 
Four participants had injured their ACL in their left knee, and two had injured their 
right. These findings are consistent with previous studies suggesting that alpine 
skiers are at greater risk of injuring their left lower extremity (10). The results of the 
present study showed a significant relationship of having an H/Q ratio <55% on the 
left side measured at the velocity of 90°/s and the likelihood of an ACL injury. There 
was also a significant relationship of an H/Q ratio <65% on the left side measured at 
the velocity of 210°/s and the likelihood of an ACL injury. However, it must be taken 
into consideration the lack of participants and the small number of ACL injured 
participants in this study. It should also be taken into consideration that the use of 
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the cut-off value of 55% were based on previous findings of ACL injury risk among 
female soccer players (23). This cut-off value would not work for both female and 
male soccer players because of the H/Q ratio sex differences (39). The H/Q ratio cut-
off value at 210°/s of 65% was set after a visual analysis of the ACL injured 
descriptive values, and to the author’s knowledge, no previous studies have been 
using this cut-off value. This limitation makes it difficult to draw any conclusions 
about the cut-off value of 65%. However, using an H/Q ratio of 75% that was 
described by Knapik et al. would not have been appropriate because of the females 
H/Q ratio values ranged between 51-71% and the men’s values ranged between 46-
93% (32). 
 
Previous studies have described significant sex differences in lower limb isokinetic 
H/Q ratios when measured at a higher angular velocity, with women presenting a 
lower H/Q ratio compared to men (40). These lower H/Q ratios measured at higher 
velocities have been found to increase the risk of an ACL injury among female 
athletes, which is thought due to the inappropriate recruitment of muscles stabilizing 
the knee joint (40, 41). However, we could not see any significant sex differences 
regarding H/Q ratio neither at the lower isokinetic speed of 90°/s nor 210°/s when 
comparing alpine skiers, even though there were significant differences regarding 
strength. However, strength was evaluated from absolute values and not normalized 
to body mass which has been recommended when comparing sexes (42). When 
strength was normalized to body mass, Jordan et al. did not find any strength 
differences between male and female alpine skiers (43). Neumayr et al. reported 
higher H/Q ratio mean values (range 57-60% at 60°/s) compared to our findings 
(range 51-56% at 90°/s)(19). However, they only tested world cup athletes of the 
Austrian national ski team, and our participants were ranging from skiers at ski high 
schools (not at Word cup or Europa cup level) to skiers at World cup level.  
 
The testing velocity of 210°/s is not equivalent to the velocities in alpine skiing with 
average knee-angle velocities of 34°/s in GS and 69°/s in SL (34). However, the 
testing of maximal and explosive strength has been suggested when assessing 
strength among alpine skiers (43). This is because of the importance of rapid 
hamstring coactivation during knee extension for stabilizing the knee joint and 
preventing the tibia from gliding anteriorly relatively to the femur (44). In skiing the 
hamstring musculature functions as a knee flexor during the transition phase 
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between to turns when the skier is exposed to a lower ground reaction force and 
functions as a knee stabilizer during the turning phase when the quadriceps is 
contracting eccentric (33, 45).  
 
In alpine skiing, you should be able to perform right, and left turns equally good, 
suggesting that lower limb strength should be symmetrical (46). In a study by Ruedl 
et al. they found that female recreational skiers were at higher risk of sustaining an 
ACL injury in their non-dominant limb compared to their dominant limb (47). They 
defined dominant limb as the preferred leg to kick a ball with, and we defined 
dominant limb as the limb with the highest measured isokinetic strength PT. We did 
not find any relationship of limb asymmetry at neither the velocity of 90°/s nor 
210°/s and the likelihood of an ACL injury. There was, however, a trend (P=0,0625) 
of having a hamstring symmetry over 90% and likelihood of an ACL injury, which is 
opposite of the stated hypothesis. Limb asymmetry in this study was defined as 
having more than 10% strength deficit between limbs. Different cut-offs have been 
suggested in previous studies for injury prevention, ranging from deficits, of e.g., 5%, 
10% and 15% (32, 48, 49). The LSI cut-off in this study was based on the 
recommendations for “return to play” after sustaining an ACL injury, which is one 
limitation because we evaluated the strength deficits before the time of injury (50).  
 
Because of the low number of participants and ACL injuries, only one injury among 
the male participants and five among the females, it is difficult to draw any specific 
conclusion about the results. Also, the injury time after the latest test was several 
years in most cases (mean time among the females: 4,8 years) which most possibly 
could mean that the participants had different isokinetic strength values at the time 
of the injury. Still, it seems that lower H/Q ratio values increase the risk of ACL 
injuries, but to fully accept this hypothesis more controlled studies are necessary. 
Neuromuscular training has been stated to decrease the risk of ACL injury, and 
because of the high eccentric quadriceps loading in alpine skiing, it could be favorable 
to have a high coactivation of quadriceps and hamstring to increase the dynamic 
stability of the knee joint (26, 28, 33, 51, 52). This type of training should also include 
a component of neuromuscular control of the core because of deficient core strength 
increases the risk of ACL injuries among young alpine skiers (16).  
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5.2 Ethical and societal considerations  
Because of the long time since the participants had conducted the physiological tests 
many of the participants had forgotten the tests when they were contacted via 
telephone and invited to the study. They were however informed about the tests if 
they had any questions, the tests were also described in the letter of consent which 
was sent out via email after they were contacted via telephone.  

The questionnaire evaluated ACL injuries among the participants, which could have 
brought hard memories among participants due to the severity of ACL injuries and 
long-term consequences (53). Some of the athletes reported that their ACL injury was 
a career-ending injury, which also reflects the severity of the injury.  

The low number of included participants does not represent national epidemiology 
because the participants were all from Sweden. The study gives a slight insight about 
Swedish competitive alpine skiers lower-limb isokinetic strength values and the risk 
of ACL injury.  

5.3 Future research 

To the best of authors’ knowledge, this was the first study to evaluate alpine skiers 
isokinetic strength and the risk of injury. In previous literature, it has been 
recommended to do this type of study and we can present some results that could be 
of interest for alpine skiing scientist. Such a study should include a larger population 
with annual retests and injury surveillance.  

6 Conclusion  
Because of the small number of participants, few ACL injured and a long time from 
test to injury it is difficult to draw any conclusions. However, there seems to be a 
relationship of having a lower H/Q ratio on the left limb and the risk of ACL injury 
among competitive alpine skiers. Further research is needed including a higher 
number of participants, continues testing and injury surveillance. 
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8 Appendices 
Appendix 1. Testbattery  
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Appendix 2. Informed consent  
Till dig som har utfört fysiska tester  
vid idrottsmedicinska enheten i Umeå. 
 
Hej! 

Mitt namn är Olle Hörnfeldt och jag skriver just nu min magisteruppsats inom idrottsmedicin 

vid Umeå universitet. Jag kontaktar dig eftersom du tidigare har gjort fystester på 

idrottslabbet vid idrottsmedicinska enheten i Umeå under din karriär som alpin skidåkare. Du 

tillfrågas nu om att delta i en studie vars syfte är att undersöka riskfaktorer för knäskador 

inom alpin skidåkning, kopplat till tidigare fysiska tester. 

 

Knäskador ett stort problem inom idrotten och inte minst inom den alpina sporten där skador 

på det främre korsbandet är bland de större problemen. För att förebygga att dessa skador 

behövs det dock mer kunskap. På idrottmedicinska enheten testas skidåkares fysik innan och 

efter tävlingssäsong, bland annat med testet som mäter maximal styrka i framsida och baksida 

lår kallat Biodex. Med dessa mätningar går det bl.a. att undersöka styrka, styrkeskillnader i 

framsida lår jämfört med baksida lår samt sidoskillnader, alltså t.ex. hur stark en person är i 

höger ben jämfört med vänster.  

 

Du efterfrågas nu att svara på ett frågeformulär om knäskador du kan ha ådragit dig under din 

alpina karriär. Frågeformuläret tar endast några minuter att svara på. Oavsett om du under din 

karriär hållit dig skadefri eller om du skadat dig så uppskattar vi att du svarar på 

frågeformuläret. Dina svar kommer sedan att jämföras med dina tidigare fysiska testresultat. 

Genom att du bidrar med ditt deltagande till denna studie hjälper du till med det 

skadeförebyggande arbetet inom alpin skidåkning.  

 

Hantering av data 

Tidigare testresultat samt svar på frågeformulär kommer att hanteras med sekretess och inga 

obehöriga kommer kunna ta del av vad du bidragit med.  

 

Publicering av resultat 

Resultat kommer användas till ett magistersarbete inom idrottsmedicin. Resultaten kan 

komma att publiceras i vetenskapliga tidskrifter och presenteras vid konferenser. Det kommer 

ej gå att koppla ihop resultat med enskilda deltagare vid studiepresentation. Dina resultat 

kommer alltså inte kunna härledas till dig vid studiepresentation.   
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Det är helt och hållet frivilligt att delta i denna studie. Om du efter du skickat in frågeformulär 

ångrar ditt deltagande så har du rätt till att avbryta till deltagande. Dina svar tas då bort.  

 

- Jag bekräftar att jag tagit del av denna information angående studien.  

- Jag ger mitt samtycke till att delta i studien och vet att mitt deltagande är helt frivilligt.  

- Jag är medveten om att mina resultat från tidigare fysiska tester kommer att användas till 

studien. 

- Jag är medveten om att jag när som helst och utan förklaring kan avbryta mitt deltagande. 

 

Genom att besvara detta mejl samtycker du att delta i studien och kommer därefter få en 

personlig kod samt en länk för att få tillgång till att besvara enkäten. Du som samtycker att 

delta i studien kan eventuellt att vid ett senare tillfälle få skriva under ett skriftligt samtycke 

som kommer att skickas till dig via post. Du kommer alltså eventuellt att behöva fylla i ditt 

samtycke vid två tillfällen.  

 

Vid frågor eller funderingar kontakta gärna oss.  

Tack på förhand! 

 

Olle Hörnfeldt, Magisterstudent Umeå universitet  

olle.hornfeldt@gmail.com 

070-999 57 29  

 

Handledare och ansvarig för studien:  

Apostolos Theos, Universitetsadjunkt vid institutionen för samhällsmedicin och  

rehabilitering, Umeå universitet 

apostolos.theos@umu.se 

Bihandledare 

Robert Nilsson, Doktorand vid institutionen för samhällsmedicin och rehabilitering,  

Umeå Universitet  

Tom Pietilä, Universitetsadjunkt vid institutionen för samhällsmedicin och rehabilitering,  

Umeå Universitet  

  



25 

Du har kontaktats för att svara på en enkät om knäskador under din tid som alpin skidåkare.

Frågeformuläret tar några minuter att svara på. 

Tack för att du medverkar!

1. Var god fyll i Din personliga kod. Koden ska du ha fått i ett mail skickat till dig. *

2. Har du under din karriär som alpin skidåkare ådragit dig en knäskada?*

Ja

Nej

Vet ej

3. Har du under din karriär som alpin skidåkare ådragit dig en främre korsbandsskada?*

Ja

Nej

Vet ej

Det främre korsbandet (ACL) är ett ligament som stabiliserar knäleden. Det främre korsbandet kan gå av

helt eller delvis vid kraftiga vridningar i knät.

Appendix 3. Questionnaire  
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4. Ådrog du dig en främre korsbandsskada innan du fyllt 16 år?

Ja

Nej

Vet ej

5. Ådrog du dig en främre korsbandsskada under din tid som alpin utförsåkare, efter du fyllt 16 år?

Ja

Nej

Vet ej

År

Månad

6. När skedde korsbandsskadan? Skriv år och månad.

7. Skedde skadan när du åkte skidor?

Ja, under tävling. 

Ja, under träning.

Ja, under friåkning (ej ordinarie träning).

Nej

Vet ej

Annat (var god förklara)
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 8. Om du svarat "Ja" på föregående fråga, inom vilken disciplin skadade du dig?

Slalom

Storslalom

Super-G

Störtlopp

Annat (var god beskriv)

9. Vilken sida skadade du? Har du skadat korsbandet flera gånger, var god fyll i kommentarsrutan.

Höger

Vänster

Båda

Skadat flera ggr. Skriv : År, månad, Sida (tex 2004, mars, höger. 2006, februari, vänster)

Kontrollera att du svarat på frågorna så gott du kan. Har du någon övrig kommentar så kan du fylla

i detta avsnitt.

Avslutande frågor

10. Är du fortfarande aktivt tävlandes inom alpin skidåkning? 

Ja

Nej (var god fyll i vilket år du slutade)

11. Godkänner du att dina svar på denna enkät används för att koppla ihop med dina tidigare testresultat

från idrottsmedicinska enheten, Umeå universitet?

Ja

Nej

12. Övriga kommentarer


