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Abstract

Skiing belongs to a group of activities that take place in special conditions of the external environment, and success in 
skiing primarily depends on morphological characteristics, motor and functional abilities. Accordingly, the aim of the 
research is to identify the structure of longitudinal dimensionality and repetitive power of skiers, and then examine the 
potential influence of longitudinal dimensionality on repetitive power of skiers. The sample of respondents consisted 
of 21 skiers with chronological age 16.04±2.51. The sample of measuring instruments consisted of nine variables, five 
variables for the assessment of morphological characteristics: body height (BH), leg length (LL), upper leg length (LUL), 
lower leg length (LLL) and arm length (LA), and four variables for repetitive strength testing: push-ups until failure 
(PUF), sit ups until failure (SUF), chin ups until failure (CUF) and squats until failure (SQUF). The influence of longitudinal 
dimensionality on the repetitive strength of skiers was determined using linear regression analysis. All statistical 
analyzes were performed with the statistical package IBM SPSS Statistics (Version 20). The results showed that the 
area of longitudinal dimensionality is dominantly defined by body height (BH), while the area of repetitive strength 
is defined by the squat until failure test (SQUF). Using linear regression, it is confirmed that there is a statistically 
significant influence of longitudinal dimensionality on the repetitive strength of skiers.
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Introduction
Skiing is a motorically and energetically complex and demand-

ing individual sports activity (Cigrovski & Matković, 2019). Ac-
cording to the criterion of structural complexity, this sport belongs 
to the group of monostructural activities in which there is one or 
more closed acyclic type movement structures that are successively 
repeated (Andersen & Montgomery, 1988; Cigrovski & Matković, 
2019). Skiing is not only about going down the slope, but also in-
volves turning, climbing, walking, very frequent change of direction 
movements, jumps and different landings that require specific mor-
phological characteristics from the skier, as well as motor and func-
tional abilities (Neumayr et al., 2003; Krsmanović & Lukman, 1993; 
Željaskov, 2004). Without a doubt, it can be suggested that skiing 
requires synthesis of conative characteristics, physical and cognitive 
abilities (Cigrovski & Matković, 2019). Numerous studies were car-
ried out to determine the areas with greatest projections on success 
in skiing. All these studies focused on the influence of morphologi-
cal charcteristics, motor and functional abilities (Ryabov et al., 2023; 

Scherge et al., 2021; Turković et al., 2020). Previous research has 
confirmed that certain morphological characteristics and motor 
skills have a very significant influence on success in skiing (Hadžić 
& Nikšić, 2022). Morphological characteristics and motor abilities 
are closely related to each other and influence the realization of mo-
tor tasks in skiing (Roczniak et al., 2020). Morphological charac-
teristics of a person exclusively mean a certain system of basic an-
thropometric latent dimensions (Simić et al., 2022; Željaskov, 2004; 
Kurelić et al., 1975). Morphological characteristics are of particular 
importance for orientation and selection both in other sports and 
in skiing (Milanović, 1980; Kurelić, 1975). Of the morphological 
characteristics, longitudinal dimensionality has the greatest genetic 
predisposition, voluminousness is somewhat lower, while subcuta-
neous fat tissue is the least affected (Sergienko, 1999; Malacko & 
Popović, 2001; Đurašković, 2001). The longitudinal dimensions of 
the body as the best indicator of the growth of the human organism, 
are the result of a complex process of ontogenetic development and 
the action of biotic and abiotic factors in a certain environment. In 
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addition to the longitudinal characteristics that affect success in ski-
ing, motor abilities are also highlighted, which to a certain extent 
represent an indicator of success in this sport (Delas et al., 2008). 
A motor ability that stands out in addition to explosive strength is 
repetitive strength (Turković et al., 2020). Repetitive strength can be 
defined as the ability of a muscle to exert force in a long-term work 
mode when it is necessary to overcome an appropriate external load 
up to 75% of the maximum (Zatsiorsky & Kraemer, 2009; Kukolj, 
2006; Željaskov, 2004; Kurelić, 1975; Malacko & Rađo, 2004). The 
positive influence of morphological characteristics on the strength 
of skiers has been confirmed in a large number of studies (Joksi-
mović et al., 2011; Mujanović & Krsmanović, 2008). 

The aim of the research is to identify the structure of longi-
tudinal dimensionality and repetitive power of skiers, and then 
determine the potential influence of longitudinal dimensionality 
on repetitive power of skiers.

Methods
A sample of respondents

The research was conducted on a sample of 21 skiers, whose 
age was defined on the basis of chronological age, so that the re-
search included respondents from 16.04±2.51 years. Respondents 
who participated in this research had to meet several conditions: 
they were male, they were permanent members of their ski clubs, 
they were healthy (not injured) and they were registered members 
of the ski association. For each participant in this study, their par-
ents gave written consent prior to participation.

Sample variables
The following variables were used to measure the longitudinal 

dimensionality of skiers: body height (BH), leg length (LL), upper leg 
length (LUL), lower leg length (LLL) and arm length (LA). The re-
petitive strength of the skiers in this study was tested with the follow-
ing battery of tests: push-ups until failure (PUF), sit ups until failure 
(SUF), chin ups until failure (CUF) and squats until failure (SQUF).

A sample of measuring instruments
Measurements and testing of skiers were carried out in the 

premises of the clubs for which the skiers perform in the morn-
ing hours. Before repetitive strength testing, general and specific 
warm-up exercises that increase the range of motion of individual 
body parts were performed.

Statistical analysis
In order to adequately determine the structure of the ob-

served spaces of repetitive strength and longitudinal dimension-
ality of the tested skiers, the method of principal components will 
be applied. The influence of longitudinal dimensionality on the 
repetitive strength of skiers will be examined using linear regres-
sion analysis. All statistical analyzes were implemented within the 
statistical package IBM SPSS Statistics (Version 20).

Results
The results of descriptive statistical analysis of studied popula-

tion are presented in Table 1.

Table 1. Descriptive analysis studied population

N Min Max Mean SD S-W

CUF 21 11.00 17.00 13.90 1.51 0.634

PUF 21 13.00 22.00 17.85 2.26 0.929

SUF 21 40.00 47.00 43.47 1.80 0.833

SQUF 21 52.00 66.00 58.23 4.82 0.083

BH 21 156.00 185.00 170.38 6.62 0.898

LL 21 79.02 95.00 88.43 4.30 0.771

LUL 21 43.60 52.00 47.51 2.22 0.634

LLL 21 30.30 45.00 40.97 3.31 0.001

LR 21 43.00 53.50 48.59 2.99 0.534

Legend: CUF - chin ups until failure; PUF – push-ups until failure; SUF - sit ups until failure; SQUF - squats until failure; BH - body height; 
LL - leg length; LUL - upper leg length; LLL - lower leg length; LA - length arm

Parameters of the arithmetic mean and standard deviation show 
the expected values for this level of the group of respondents taking 
into account their chronological age. In order to determine the nor-

mality of the distribution of the investigated parameters, the Sha-
piro-Wilk was applied. The Shapiro-Wilk normality test indicates 
that the lower leg length variable (LLL) had a statistically significant 

Table 2. Factor analysis of the longitudinal dimensionality studied population

Variable
Factor

1

BH 0.954

LL 0.914

LUL 0.873

LR 0.938

Eigenvalue 3.389

% of Variance 84.716

Cumulative % 84.716

KMO 0.769

Legend: BH - body height; LL - leg length; LUL - upper leg length; LA - length arm
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deviation from the normal distribution in one test. The lower leg 
length (LLL) variable will be removed from further tests as it does 
not meet the conditions of a normal distribution. After the statisti-
cal analysis and normality tests were applied, an exploratory analy-
sis of the main components was performed below in order to isolate 
the number of specific factors that describe the space.

The result of the KMO (Kaiser-Meyer-Olkin) measure of sam-

ple adequacy indicates that the stated value of 0.769 is satisfactory. 
These parameters show the justification of applying the method of 
principal components to the selected set of variables. In Table 2, 
it is noted that one component extracted is a significant variable 
which explains 84.71% of the total variance. Looking at Table 2, 
it can be concluded that it is body height (BH) with an isolated 
factor of 0.954.

The result of the KMO (Kaiser-Meyer-Olkin) measure of sample 
adequacy indicates that the stated value of 0.770 is satisfactory. These 
parameters show the justification of applying the method of princi-
pal components to the selected set of variables. In Table 3, it can be 
seen that one component extracted is a significant variable which 
implies 94.64% of the total variance. Analyzing the Table 3, we note 

that it is squats until failure (SQUF) with an isolated factor of 0.984.
Using factor analysis, latent dimensions were extracted and 

factorially calculated scores using regression methods. After these 
procedures, linear regression was applied to establish a potential 
statistically significant influence of longitudinal dimensionality 
(LD) on repetitive strength (RS) of skiers.

Table 3. Factor analysis of the repetitive strength studied population

Variable
Factor

1

CUF 0.981

PUF 0.980

SUF 0.946

SQUF 0.984

Eigenvalue 3.786

% of Variance 94.642

Cumulative % 94.642

KMO 0.770

Legend: CUF - chin ups until failure; PUF – push-ups until failure; SUF - sit ups 
until failure; SQUF -  squats until failure

Table 4. Linear regression analyses

Variables Repetitive strength

B SE β t p
95% CI

LL UL

Longitudinal dimensionality 0.961 0.063 0.961 15.135 <0.0001 0.828 1.094

The results in Table 4 indicate a high correlation between the 
variables of repetitive strength and longitudinal dimensionality 
(R=0.961), while this observed high correlation is statistically 
significant (p<0.0001). Regression analysis was used to examine 
whether there is a statistically significant effect of longitudinal di-
mensionality on skiers’ repetitive strength. The regression analysis 
indicates that longitudinal dimensionality explains 92.3% of the 
variance of skiers’ repetitive strength. Based on this, it can be con-
cluded that longitudinal dimensionality significantly affects the 
repetitive strength of skiers.

Discussion
The results in this research showed that the space of longitu-

dinal dimensionality is dominantly defined by body height (BH), 
while the space of repetitive strength is defined by the squat until 
failure test (SQUF). Using linear regression, it is confirmed that 
there is a statistically significant influence of longitudinal dimen-
sionality on the repetitive strength of skiers.

Morphological characteristics describe the structure of the 
body, that is, the somatotype characteristics of athletes (Mila-
nović, 1980). Today we know that the overall constitution and 
structure of the body is a predisposition that, along with other 
external factors, will be an important component for success 
in sports, including skiing. However, the review papers of Jarić 

(2002) and (2003) show that the influence of morphological char-
acteristics on the results of motor ability tests is often neglected, 
that is, that the normalization of measurement results is inade-
quate or even non-existent. Given that the aim of this research 
was to explore the latent structure of the longitudinal dimension-
ality and repetitive strength, as well as to determine the influence 
of longitudinal dimensionality on the repetitive strength of skiers, 
one factor was isolated in the space of longitudinal dimensional-
ity, named body height (BH), and the space of repetitive strength 
of skiers was dominantly defined by one factor that describes that 
dimension named squats until failure (SQUF). The squat test is 
a valid and reliable test for the assessment of lower extremity 
performance considering its correlation with the isokinetic test, 
as well as its excellent relative and acceptable absolute reliability 
(Beato et al., 2021). Zoppirolli et al. (2020) in the conducted re-
search reported that the success in skiing is more influenced by 
the strength of the lower extremities as opposed to the upper ex-
tremities. Especially with the constant change of direction during 
the movement. Using linear regression, a statistically significant 
influence of longitudinal dimensionality on the repetitive strength 
of skiers was established. The results obtained in this research are 
in accordance with previous research when it comes to the in-
fluence of body height (BH) on the manifestation of repetitive 
strength of the muscles of the lower extremities, i.e. test squats 
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until failure (SQUF) (Vuković & Srdić, 2015). Also, in the research 
conducted by Mujanović & Krsmanović (2008) on a large number 
of respondents, they came to the conclusion that morphological 
characteristics significantly affect success in skiing, and that the 
most dominant morphological characteristic is body height (BH). 
Branković et al. (2012) obtained a statistically significant influ-
ence of morphological characteristics on repetitive strength in 
elementary school students. Joksimović et al. (2011) conducted 
research with the aim of determining the degree of influence of 
morphological characteristics and motor skills on the efficiency 
of performing technical elements. They obtained a statistically 
significant influence of morphological characteristics and motor 
skills on the success of performing technical elements in skiing 
(Joksimović et al., 2011), again in line with our findings.

Conclusion
Morphological characteristics and motor skills are recognized 

as very important factors in the final success in skiing and in other 
sports, both in theory and in practice. The results showed that the 
space of longitudinal dimensionality is dominantly defined by the 
measure body height (BH), while the space of repetitive strength 
is defined by the variable squats until failure (SQUF). In addition, 
we observed a statistically significant influence of longitudinal 
dimensionality on the repetitive strength of skiers. Since the lim-
itation of this research is the small number of participants which 
are males, it is very important to focus future research on a larger 
sample and inclusion of female participants as well.
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