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Introduction
Competitive alpine skiing is a complex and challenging outdoor 
sport, requiring a high level of physical and technical proficiency 
[1, 2]. Alpine ski racing consists primarily of four different disci-
plines – slalom (SL), giant slalom (GS), super giant slalom (SG), and 

downhill (DH) – which all differ from each other regarding speed, 
race duration, turning radius, and vertical offset between the gates 
[3, 4]. The technical disciplines (SL and GS) are often performed on 
relatively steep terrain with frequent and short turns [5–8], result-
ing in low to moderate speeds (20–90 km · h − 1) and race durations 
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Abstract

Competitive alpine skiing is a complex sport that requires high 
physical and technical competence. Testing the physical status 
of athletes may be important to increase their ability to achieve 
elite sport-specific performance. This study aimed to investigate 
the predictive power of the national test battery of the Swedish 
Olympic Committee (Fysprofilen) and anthropometric variables 
in the prediction of competitive performance of elite alpine ski-
ers, indicated by Fédération Internationale de Ski points. Data 
from fourteen Swedish elite female alpine skiers were analyzed 
using bivariate and multivariate statistical methods. Physiolog-
ical test results and anthropometric data could not generate 
significant bivariate or multivariate models for prediction of 
competitive performance. Multivariate regression (R2) and pre-
diction (Q2) models for Fédération Internationale de Ski Slalom 
and Giant Slalom rank reached R2 = 0.27 to 0.43, Q2 =   − 0.8 
to − 0.17, indicating no valid models. The overall interpretation 
of these and previous findings are that future test batteries must 
be validated before implemented, and that test results should 
be treated with caution when it comes to prediction of future 
competitive results. Applying tests that are not validated against 
competitive performance risk misleading coaches and training 
advisors who aim to increase the sports-specific performance of 
the individual athlete.
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of 45–90 s. The speed disciplines (SG and DH) usually are conduct-
ed on longer slopes that result in higher speeds (70–160 km · h − 1) 
and race durations of 90–150 s [4, 9, 10]. Regardless of discipline, 
competitive skiing places the athletes under immense physical 
strains. In GS, for example, skiers must withstand snow reac-
tion ≥ 2000 N during a regular turn [11, 12]. Others who have mon-
itored muscle activity in both leg and lumbopelvic muscle groups 
have indicated that muscular workloads ranging between 50–280 % 
of maximum voluntary isometric contraction (MVC) can be reached 
during large parts of the turn in the examined discipline [13]. In ad-
dition to isometric and eccentric muscle strength, physiological 
qualities such as maximum oxygen uptake [14–16], explosiveness 
[3, 17], and coordination [18] have been suggested as critical phys-
iological qualities for elite skiing performance.

To be successful in this sport (and given the fact that the differ-
ence between first and fifth/sixth placement is often only a few hun-
dredths of a second [19]), the ability to maintain high levels of phys-
ical performance is important [20]. Although it has been suggested 
that performance in alpine skiing is not limited by individual physi-
ological qualities [15, 18], a quantification of variables that can pre-
dict future performance can be of great importance. Numerous test 
protocols have been used over the years [10, 14, 21–30], many of 
which attempt to evaluate the skier’s physical status before and after 
the racing season. One of these protocols is the so-called Fysprofilen 
(Swedish for “Physical Profile”), a test battery initially developed by 
the Swedish Olympic Committee (SOC). The Fysprofilen involves 
tests aimed at evaluating muscle strength, power, and aerobic and 
anaerobic performance. The intent is to provide comparable values 
between different sports and to provide individual athletes with an 
indication of their physical status in relation to the physical demands 
of their sport [31]. According to the SOC, the highest achievable 
score in Fysprofilen (10 on a scale 1–10) is also a strong indication of 
what is optimal for being on an international elite level in a particu-
lar sport [31]. The results of each test converts into points and are 
intended to show how athletes differ between sports and the phys-
iological requirements necessary to be successful in a competitive 
context. Thus, each sport, including alpine skiing, has its specific 
“profile,” however, the predictive power of Fysprofilen for competi-
tive performance, particularly in relation to alpine skiing, has not yet 
been tested.

To be of real benefit, a physiological test battery must be relia-
ble and valid to the intended measurement [32]. Commonly used 
physiological test batteries have been criticized for lack of correla-
tion between test results and sport-specific performance [10]. Pub-
lished studies including true athletic performance, such as race re-
sults or ranking [10, 14, 15, 22, 33, 34], often use inappropriate sta-
tistical methods and have not been validated. In addition, none has 
used multivariate statistical methods to predict competitive race 
performance based on a combination of test results. Consequent-
ly, the predictive power based on such test results, or test battery, 
is low. Therefore, the aim of this study was two-fold: first, using 
multivariate data analysis (MVDA) to investigate if physiological 
test results from repeated testing on elite female alpine skiers can 
be used to predict future performance; and second, to examine the 
combined point score from the test battery Fysprofilen as a predic-
tor of race performance (Fédération Internationale de Ski (FIS) rank-
ing) over time.

Material and Methods

Participants
A total of fourteen senior elite female alpine skiers (n = 14), aged 
18–30 years, volunteered to participate in the study (▶Table 1). All 
skiers in this study were, at the time of testing, members of the Swed-
ish national alpine ski team and the majority of them with a top-rank-
ing world status in the investigated disciplines (SL and GS). All par-
ticipants underwent a brief medical examination and completed a 
questionnaire regarding general health status. The exclusion criteria 
for participation were any disease, injury, or use of medication that 
could affect their health or performance. Participants were fully in-
formed of the risks and discomforts associated with all experimen-
tal trials before providing written, informed consent.

Ethical statement
The local ethics committee for the university granted ethical per-
mission 2016-260-31M, and the study was conducted in accord-
ance with the World Medical Association Declaration of Helsinki – 
Ethical Principles for Medical Research Involving Human Subjects 
(2008) and the ethical standards of the International Journal of 
Sports Medicine [35].

Experimental protocol
Participants attended the testing facilities at the Section of Sports 
Medicine on at least five occasions over the course of two days. Vis-
its were conducted in close proximity to the previous or upcoming 
race season, corresponding to the periods from April to May and 
August to October. For 24 h prior to each visit, participants were 
asked to avoid all strenuous physical activity and to follow the same 
routine regarding sleep and nutritional intake.

▶Table 1	 Anthropometric data and physiological test results

Variable (n = 14)

Stature (cm) 171 ± 5.4

Weight (kg) 67.4 ± 3.6

Squats (kg) 111.5 ± 10.7

Bench press (kg) 65.5 ± 6.3

Handgrip strength L (kg) 46.3 ± 4.2

Handgrip strength R (kg) 49.3 ± 5.3

Cleans (kg) 80.2 ± 5.9

Harre´s test (s) 10.3 ± 0.5

SJ (cm) 34.3 ± 4

CMJ (cm) 36.2 ± 3.9

CMJa (cm) 41.2 ± 4.6

20 m (s) 3.2 ± 0.1

Pull-ups (n) 10.1 ± 4.7

Brutal bench (n) 29.6 ± 6

V̇O2peak mL/(kg · min) 49.6 ± 2.7

SJ, squat jump; CMJ, countermovement jump; CMJa, countermove-

ment jump with arm swing; V̇O2peak, peak volume of oxygen uptake. 
Data are mean ± standard deviation.
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For alpine skiing, the Fysprofilen test battery is composed of 13 
different physiological tests that are divided into four main catego-
ries: strength, power, aerobic, and anaerobic. The strength cate-
gory includes tests of one repetition maximum (1RM) in squats, 
bench press, handgrip strength, and the maximum number of rep-
etitions (MR) in pull-ups. The power category includes 1RM in 
cleans, change of direction (COD) ability in Harreʼs test and maxi-
mum jump height in squat jump (SJ), countermovement jump 
(CMJ) and countermovement jump with arm swing (CMJa). The 
aerobic category includes measurement of peak oxygen uptake 
(V̇O2peak) and 3000-m running capacity. The anaerobic category 
includes MR in brutal bench test and sprint performance over a dis-
tance of 20 m. Each test result in all four main categories yields a 
certain score, which in turn are added together to provide a test 
point value for that part of the test. Finally, these values are count-
ed together and thus provide a generalized point value for the en-
tire test battery, scored 0–10 (Fysprofilen).

No detailed information on how the physiological test points or 
the Fysprofilen Index are calculated has been reported to the au-
thors of this study and nor, to the best of our knowledge, has it been 
publicly disclosed elsewhere. To calculate the score points and 
Fysprofilen Index, results must be calculated using the Fysprofilen 
official website (www.fysprofilen.se) or be submitted to a Fyspro-
filen representative. The calculated Fysprofilen results are then re-
ported back to the users. For details about Fysprofilen, we refer 
readers to the official homepage at http://www.fysprofilen.se/sv/
default.aspx.

Testing procedures
All physical tests were conducted in accordance with the guidelines 
for Fysprofilen and are categorized according to the SOC definition 
of physical capacity tested [36]. Prior to any physiological testing, 
participants conducted a ~15-minute standardized warm-up in-
cluding easy jogging or cycling as well as dynamic stretching. Fur-
thermore, before the start of each specific test, a self-regulated, 
exercise-specific (increasing load or alternative, light exercise) 
warm-up was conducted. During each test, participants were pro-
vided with verbal encouragement to ensure exercises were per-
formed with maximal effort (e. g., 1RM), or to volitional exhaustion 
(e. g., ̇VO2peak).

Anthropometric tests
Body mass was measured to the nearest 0.1 kg using a standard 
weight scale (Soehnle weighing scale; Leifheit AG, Nassau, Germa-
ny), and body stature was measured to the nearest 0.1 cm using a 
wall-mounted scale (Fosamax stadiometer; Merck & Co. Inc., Ke-
nilworth, NJ, USA).

Strength tests
All 1RM strength and power tests were conducted using calibrated 
competition weights and barbells (Eleiko Sport, Halmstad, Swe-
den). When testing 1RM, the load was incrementally increased fol-
lowing a successful attempt (suggested increase in load was as fol-
lows (set × reps/percent of 1RM): 1 × 8/50 %, 1 × 6/60 %, 1 × 5/70 %, 
1 × 3/80 %, 1 × 2/90 %, 1 × 1/100, 1 × 1/102 %) until failure or volun-
tary discontinuation of more attempts at higher load. The recov-

ery period between each test was ≥ 5 min. The highest 1RM for each 
conducted test was registered.

Squat 1RM (kg) was performed from an upright standing posi-
tion with the test being valid when the participant managed to de-
scend to full depth, with the upper thigh being parallel with the 
floor, and back up again. Bench press 1RM (kg) was performed in a 
supine position on a bench with the test being valid when the par-
ticipant managed to descend the barbell from fully extended arms, 
down to the chest and up again without bouncing on the chest or 
by raising the back of the seat.

The maximum number of pull-up repetitions was assessed with 
a grip slightly wider than shoulder-width and hands facing away 
from the participant. The test started in a hanging position with 
straight arms, and a repetition was approved when the participant 
successfully pulled herself until her chin was above the bar, with-
out jerks or modifying the grip.

Handgrip strength (kg) test was assessed using a calibrated iso-
metric grip dynamometer (T.K.K. 5401 GRIP D; Takei Scientific In-
struments Co., Ltd., Niigata, Japan) in an upright standing position, 
with the arm slightly bent at the practitioner’s side, not touching 
the body. The participant was instructed to squeeze the handgrip 
dynamometer with as much force as possible during 3 s. The best 
performance out of three on each hand was registered.

Power tests
The clean 1RM (kg) test was performed with the barbell either on 
the floor or lifted at the height just below the knees (hang cleans). 
The test was valid when the participant managed to lift the barbell 
in an explosive motion from the starting position up to the chest 
and catch it on the chest in a stable standing position.

Harreʼs test was performed as previously described by Hoyek, 
Champely, Collet, et al. [37]. Briefly, the test combines a variety of 
coordinative properties with speed, explosiveness, and agility. The 
tests include a somersault, acceleration, direction changes, and 
rapid passages over and under obstacles over a course deployed as 
a cross. The best performance time (s) out of three trials was reg-
istered with the use of validated infrared timing systems: the PF 
MuscleLab MA4020e (Ergotest Innovation AS, Porsgrunn, Norway) 
[38], and the IVAR Jump and Sprint system (Spin Test, Tallinn, Es-
tonia) [39, 40].

The squat jump (SJ, cm) was performed from a standing posi-
tion with knees bent at 90 ° flexion, hips flexed, and hands placed 
on the hips. The test was approved when the participant success-
fully, on the instructor’s command and without remission of the 
knee angle, jumped as high as possible and landed with normal 
knee flexion in the same location as the take-off. The best maximal 
jumping height (cm) out of three trails was registered with the use 
of validated infrared-mat-based systems (PF MuscleLab MA4020e 
and IVAR Jump and Sprint system).

Countermovement jumps (cm) were performed from a stand-
ing position. For CMJ, the hands were placed on the hips during the 
whole test, and for CMJa the arms could be used freely. Both the 
CMJ and the CMJa tests were approved when the participant 
jumped as high as possible and landed with normal knee flexion in 
the same location as the take-off. The best maximal jumping height 
(cm) out of three trails was registered using the same equipment 
described for the SJ test.
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Aerobic tests
V̇O2peak was determined on either a cycle ergometer (Monark 839E, 
Varberg, Sweden) or a treadmill (Rodby Innovation, Vänge, Swe-
den). Two different testing protocols were used because some par-
ticipants experienced back pain when running. These participants 
were allowed to carry out the test using the cycle ergometer. For 
the cycle ergometer test participants began cycling at a starting 
load of 100W and a constant pedal cadence of 60 rpm, after which 
power increased 30 W every 1 min until volitional exhaustion or 
when cadence fell 10 % below the required cadence for more than 
5 sec, despite strong verbal encouragement. For the treadmill run-
ning test, participants began running at a fixed treadmill speed of 
12–13.5 km · h − 1. During the first 3 min, the treadmill incline in-
creased by 1 ° every minute after which the slope increased by 0.5 ° 
every minute until volitional exhaustion, despite strong verbal en-
couragement.

Pulmonary gas exchange was continuously measured through-
out the test with an Oxycon Pro Jaeger System (CareFusion, Hoe-
chberg, Germany) set on mixing chamber mode and calibrated ac-
cording to the manufacturer’s instructions. The highest mean for 
V̇O2peak during a 20-s recording was considered maximum and reg-
istered as ̇VO2peak.

Anaerobic tests
The brutal bench is a test resembling sit-ups [41]. Briefly, the par-
ticipants hang upside down in a vertical position with their backs 
on a backrest and their legs at a 90-degree knee angle. A repetition 
was approved when the practitioner was able to get up from the 
starting position, touched their knees with their elbows without 
bouncing against the backrest at the starting position. The maxi-
mum number of brutal benches performed was registered.

The 20-m running sprint test was performed as fast as possible, 
from a standing start. The same equipment as for Harreʼs test was 
used. Performance time (s) was registered.

Fédération Internationale de Ski points
Slalom and GS FIS points used in this study were collected twice, in 
December (6th list) and April (11th list) and correlated with the pre-
season testing in April to May and September to October. Lists were 
selected because they represented the most significant change in 
FIS ranking over a season. Fédération Internationale de Ski ranking 
was used as a measurement of competitive performance (Y-varia-
bles) in the statistical analysis. For further reading on the FIS points 
system, we refer the reader to the alpine FIS points rules found on 
the official FIS homepage for alpine skiing [42] and [43].

Statistical analysis
In sports research, validity and reliability studies usually apply bivar-
iate and multivariate linear regression methods [44]. Due to the com-
plex nature of alpine skiing [1, 10, 20] and the non-linear relationship 
between test results and performance, traditional statistical proce-
dures are not optimal for accurately predicting future performance. 
Therefore, this study used multivariate statistical modeling or pro-
jection analysis, which has proven useful in other similar contexts 
[43, 45]. This statistical method can be especially useful to increase 
the statistical power and facilitate the subsequent interpretation of 
the statistical outcome when collected data is composed of a small 

number of subjects, or there is a high correlation between two or 
more independent variables [46]. Furthermore, with the use of this 
method, data can easily be cross-validated by permutation to esti-
mate the possible prediction error, thus providing additional infor-
mation about the reliability of the models.

Orthogonal projections to latent structures (OPLS) and princi-
pal component analysis (PCA) were used to investigate regression 
and prediction of ranking from all anthropometric and physiologi-
cal test results. Data used in the statistical analysis are compiled of 
Fysprofilen and anthropometric variables (X-variables) and FIS rank-
ings (Y-variables) between the years 2012 and 2014. Data were an-
alyzed using SIMCA 15.1 (Sartorius Stedim Data Analytics AB, 
Umeå, Sweden), as in previous publications by our group [43, 45]. 
A Mann-Whitney two-sample rank-sum test was conducted to ex-
amine whether there were significant differences in the Fysprofilen 
Index between the levels of the lowest and highest SL ranking and 
the lowest and highest GS ranking, respectively. Shapiro-Wilk tests 
were conducted to determine whether the distribution of included 
physiological test variables was significantly different from a nor-
mal distribution. Data were considered normally distributed if 
p > 0.05; however, the data for pull-ups had distributions that dif-
fered significantly from normality: (W = 0.94, p = 0.004) and were, 
therefore, log10-transformed to normality. The Mann-Whitney two-
sample rank-sum test, tests for normality, and log10 transforma-
tion were conducted using JMP 14.0 (SAS Institute Inc., Cary, NC, 
USA). Running capacity for 3000 m was excluded from the statisti-
cal analysis due to a large amount of missing data (e. g., due to sick-
ness or injury).

Results
Anthropometric and physiological test results are presented in 
▶Table 1. No multivariate model could accurately predict (i. e., low 
Q2) competitive performance in slalom (SL) or giant slalom (GS) of 
senior elite female alpine skiers based on included physiological 
test results (▶Fig. 1a). The model (R2) for FIS ranking with physi-
ological test results by OPLS (▶Fig. 1a) indicates separated clus-
tering of FIS points not related to any of the analyzed variables (not 
located in the same area of the plot). The R2/Q2 plot indicates a low 
predictive power (R2 = 0.27 to 0.43, Q2 =  –0.8 to –0.17) for both 
slalom and giant slalom (▶Fig. 1b). Cross-validation by permuta-
tion (▶Fig. 2a–b) confirms the low predictive power demonstrat-
ed in ▶Fig. 1a. Consensus: None of the included physiological tests 
are important for FIS points in any of the disciplines at any time.

A PCA loading plot (▶Fig. 3) indicates that physiological test re-
sults and corresponding scoring points from Fysprofilen are inter-
changeable (specific physiological test results and their corre-
sponding scoring points are located in the same area of the plot). 
Consensus: Specific physiological test results and their correspond-
ing score points from Fysprofilen are highly correlated and can, 
therefore, be used interchangeably.

The Mann-Whitney U test was not significant for any of the ana-
lyzed disciplines (SL; U = 99.5, z = –0.07, p = 0.945, GS; U = 80, 
z = –0.83, p = 0.408). This suggests that the distribution of the 
Fysprofilen Index for the Lowest group was not significantly differ-
ent from the distribution of the Fysprofilen Index for the Highest 
category in either SL or GS. These results are illustrated by the box 
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plot and paired dot-line plot (▶Fig. 4), which demonstrates simi-
lar median values between groups and a substantial individual var-
iation in the Fysprofilen Index for senior elite female alpine skiers. 
Consensus: The Fysprofilen Index and competitive performance 
over time are independent due to a substantial individual variation 
in the Fysprofilen Index, regardless of skiing performance.

Discussion
The main finding of this study indicates that the physiological var-
iables determined as part of the Fysprofilen test battery cannot pre-
dict future performance among senior elite female alpine skiers on 
a group level. These results are consistent with findings in a similar 
study by Impellizzeri, Rampinini, Freschi, et al. [47], where no cor-
relation between physiological tests and competitive performance 
could be identified, but in contrast to others where correlations be-
tween skiing performance (time-trial and ranking) and results of 
physical test were demonstrated [10, 15, 21, 33, 34, 48]. However, 

the results from these studies are not homogeneous, presumably 
due to differences in study designs and different testing protocols, 
which impede the overall interpretation of their findings.

Several studies investigating the usefulness of one or more of 
the physiological tests included in this study also reported incon-
sistent results. For example, White and Johnson [3], Emeterio and 
Gonzalez-Badillo [28] and von Duvillard and Knowles [48] found a 
low to moderate correlation between performance in vertical jump 
tests and skiing performance, whereas Impellizzeri, Rampinini, Fre-
schi, et al. [47] found no such relationship. In addition, some stud-
ies [14–16] have reported significant correlations between skiing 
performance and VO2max, whereas others [43, 49, 50] have not 
found similar results. The contradictory results could be attributed 
to the use of different statistical approaches, selection of test var-
iables, heterogeneity of tested subjects, and the absence of statis-
tical validation. One issue with the different statistical approaches 
utilized may lie in the use of parametric versus non-parametric data 
where, for example, FIS points demonstrate a non-linear (sigmoi-

▶Fig. 1	 a-b. Correlations between physiological test results and SL and GS ranking. Data from fourteen senior elite female alpine skiers between 
the years 2012 and 2014. a) Orthogonal partial least squares (OPLS) loading scatter plot (X = 15, Y = 2; n = 14) visualizes correlations between vari-
ables. Physiological test results and FIS-rankings located in the same or opposite part of the loading plot are correlated. The horizontal axis displays 
the X- and Y- loadings of the predictive component, and the vertical axis the X- and Y-loadings for the first Y-orthogonal component. A high value 
(max=1) means that the component is aligned with the original variable, a value close to zero shows that it has no influence. A low value (min = –1) 
indicates an opposite influence. b) The X/Y overview plot shows the models' cumulated R2 (variance explained) and Q2 (variance predicted) values. 
The plot indicates a low predictive power of the models (Q2 < 0.1).
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dal) distribution [43], and as such linear statistical methods do not 
apply. Another concern is the lack of cross-validation whereby cor-
relations may be due to chance [51], and when applying models to 
novel datasets correlations cannot be repeated. Contradicting re-
sults can also be found despite apparently standardized protocols, 
exemplified by findings from two different studies in which results 
from a 30-s maximal sprint Wingate cycling test were correlated 
[3] and not correlated [10] to alpine skiing performance. Lack of 
correlation on a group level, despite standardized testing protocols 
such as the Wingate test, indicate that the importance of such tests 
have large individual variations, suggesting that individual profil-
ing is needed.

The lack of performance-predictive power of commonly used 
tests is clearly a consequence of the fact that alpine skiing is a com-
plex sport [1, 15], in which performance is the result of several dif-
ferent interacting qualities [10, 15, 18, 19, 52], many of them not 
tested in this study. For example, previous research suggests that 
variables such as balance [53, 54], coordination [18], flexibility [18], 
and eccentric and isometric muscle actions [6, 13, 22, 55, 56] are 
essential for the sport-specific performance in alpine skiing. The 
performance variables examined in the present study were con-
ducted according to Fysprofilen’s instructions and were therefore 
not initially intended to test the unique requirements of alpine ski-
ing; rather it was the athletes’ physical capacity in a variety of var-
iables that were tested. Some previous studies (one of which is a 

▶Fig. 2	 a-b. Validation of predicted FIS SL a and GS b ranking. Both models show cross-validation by repeated permutations. The plots indicate the 
risk that the OPLS model is spurious, i. e., the model just fit the training set well but does not predict Y well for new observations. Goodness-of-fit (R2 
and Q2) of the original model is compared with the goodness-of-fit of models based on data where the order of the Y observations has been ran-
domly permuted, whereas the X matrix has been kept intact. For the selected Yvariable (SL and GS), on the vertical axis for both models, the values of 
R2 and Q2 for the original model (far to the right) and of the Y-permuted models further to the left. The horizontal axis shows the correlation be-
tween the permuted Y-vectors and the original Y-vector for the selected Y. The original Y correlates 1.0 with itself, defining the high point on the 
horizontal axis. The plots above strongly indicate that the original models are NOT valid. The criteria for validity are that all blue Q2 values to the left 
are lower than the original points to the right, or the blue regression line of the Q2 points intersects the vertical axis (on the left) at or below zero.
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published master’s thesis) have used a similar approach, where the 
correlation of commonly used training exercises (such as squats) 
to competitive performance has been investigated [28, 33]. How-
ever, the use of parametric statistics or the lack of validation limit 
the usefulness and applicability of these results.

Consequently, the lack of predictive power (i. e., cross-validat-
ed Q2) of the tests included in this study is perhaps not surprising, 
despite selecting tests well described for prediction of physical per-
formance in general. In alpine skiing, the use of nonvalidated test 
batteries seems common, and the scientific rationale behind this 
study was specifically to investigate one of these test batteries and 
thereby be able to illustrate this potential problem further. Indeed, 
attempts to enhance the correlation and predictive power of con-
ducted physical tests by introducing a scoring or ranking system, 

such as the investigated Fysprofilen Index, will ultimately not 
change the inherent lack of correlation between test results and 
athletic performance. Instead, our results indicate that the sport-
specific performance and Fysprofilen Index for alpine skiers are in-
dependent (▶Fig. 4) and that physiological test results, and the 
given point by each specific test, can be used interchangeably 
(▶Fig. 3).

One limitation of the present as well as previous studies is the 
use of FIS points as the outcome of race performance. Because the 
FIS points formula is a mathematical function that displays a non-
linear distribution [43], parametric statistical methods cannot be 
applied. The system has also been criticized for not being fair [57], 
primarily due to how the points are calculated and that it encour-
ages opportunistic behavior in less skilled skiers in that they con-

▶Fig. 3	 Principal component analysis of physiological test results and corresponding score points. Loading scatter plot visualizes the correlation 
between variables. Physiological test results and score points located in the same area of the loading plot are correlated. Physiological test results, 
green squares; Score points; blue squares. Included variables (X) = 13.
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sciously attend competitions where only a few elite athletes par-
ticipate. An alternative outcome could be time trial performance 
on a standardized intervention course [21], with a limitation in sam-
ple size that is not representative of a genuinely competitive situ-
ation. Individual competition results can be another outcome var-
iable, but due to technical limitations and strategical reasons 
[10, 57], this will not represent performance over time. Further-
more, the use of two different V̇O2peak protocols can be viewed as 
a limitation. However, the potential variation in results caused by 
the use of different protocols (ergometer cycling vs. treadmill run-
ning) is alleviated by the low statistical impact of ̇VO2peak observed 
in the models.

This study has demonstrated that physiological test variables 
cannot predict competitive performance of senior elite female al-
pine skiers on a group level, neither alone nor in combination. Even 
when the test scores are converted into a summarizing Fysprofilen 
Index, they fail to discriminate athletes on an individual level. Fu-
ture studies should include validation of selected test batteries be-
fore implementation, and careful attention must be paid when pre-
dicting future competitive results. As this study has also suggest-
ed, correlations in one dataset do not imply a prediction in 
another. Individual profiling is needed and more specific testing 
procedures need to be developed.
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