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ABSTRACT

Background and objective
The purpose of this study is to analyze the effects of short-term off-season training (competition) on body 
composition, physical fitness, and isokinetic muscle functions of XC skiers.

Material and Methods
Seven XC skiers, including two national team members and five reserve national team members, partici-
pated in the study. Short-term off-season XC ski training was conducted for over 4 weeks (August–
September). The physical composition, basic physical fitness, and isokinetic muscle function tests were 
conducted at S hospital in Seoul, South Korea before and after off-season ski training. The training pro-
gram was conducted in New Zealand at S cross-country ski stadium (altitude 1350 m) in afternoons, and 
the ground training was conducted at Y area (altitude 300 m) in afternoons. The main training directions 
were polarized training and core stability. Weight training was not available because of local conditions.

Results
The short-term off-season XC ski training showed no differences (p>0.05) in body composition, such as 
weight, muscle mass, and body fat. There were significant differences (p<0.001) in the chest size and bra-
chial muscle but no significant differences (p>0.05) in the antebrachial, femoral, and crural muscles. Basic 
physical fitness tests showed no significant differences (p>0.05) in strength, flexibility, agility, and 
balance. However, the power ratio between the right and left grip strength showed significant difference 
(p<0.05).
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INTRODUCTION

Specificities required for cross-country (XC) 
skiers include high levels of endurance, maximum 
oxygen uptake (VO2max), anaerobic capacity, 
upper body power, tactical flexibility, and high 
speed techniques.1–3 XC skiers mostly need skiing, 
roller skiing, and running to improve their physi-
ological, technical, and tactical skills. Successful 
elite XC skiers are increasing their ski and roller 
ski training periods.2 During the period when it 
was not possible to train on snow, dry training 
was conducted focusing on roller ski training.2,4–6 
Roller skiing is closely similar to XC skiing with 
the muscles, energy systems, race patterns, and 
equipment used.7,8 However, roller skis and XC 
skis differ in course of difficulty, coefficients of 
friction, and balance requirements. Besides, the 
utilization rates of the upper and lower bodies 
differ between these two training methods.9–11 
Therefore, to improve XC skiing performance, 
it  is very important to perform XC ski train-
ing  rather than roller ski training. There are 
three  main ways to increase ski training during 

off-season. The first is to perform ski training at 
high altitudes.12 The second is tunnel skiing, 
which could be conducted on artificial snow. The 
third is to perform ski training in other countries 
(Australia, New Zealand, Brazil, Chile, and 
Argentina) in opposite seasons (http://www.fis-
ski.com/FISF).13

The advantage of  high-altitude training is to 
improve motor performance at sea levels through 
physiological changes in the blood (erythropoie-
tin, red blood cells, hemoglobin) to adapt to 
high-altitude low-pressure environments, along 
with the enhancement of  ski skills.14–18 A number 
of  studies have also reported that inadequate 
training volume and intensity at high altitudes 
decrease the immune function and reduce per-
formance when returning to sea-level.19–21 There 
is a need to pay more attention to high-altitude 
training. In addition, participating in a competi-
tion is a good way to train tactically. However, 
tactical training is difficult because the competi-
tions are not held at high altitudes. Tunnel skiing 
is also not allowed to host competitions because 
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Peak torque of isokinetic muscle function of knee joints was measured at 60°/s.There were no significant 
differences (p>0.05) in both knee extensions before and after training, but, in contrast, there were 
significant differences (right knee, p<0.01 and left knee, p<0.05) in flexions. The ratio of the right knee 
flexion and extension muscle was significantly different between before and after training measurements 
(p<0.05). The ratio of the left and right knee flexion and extension muscle was signifi-cantly different 
(p<0.05) between before and after training measurements. While comparing the right and left knees, the 
ratio of the knee extension and flexion was not significantly different (p>0.05) between before and after 
training measurements.

Conclusion
Short-term off-season XC ski training (competition) of 4 weeks increased XC skiers’ cross-section area of 
the chest and brachial muscle. It also improved the isokinetic muscle function of knee joints and the power 
of lower body.
Our research is expected to provide basic information for XC skiers who plan ski training and compe-
tition during summer training period. However, further studies on the differences between roller- skating 
and ski training conducted during summers are needed.

http://www.fis-ski.com/FISF
http://www.fis-ski.com/FISF
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of its low and short slopes. High-altitude ski 
training and tunnel ski training, especially 
during the summer period, may be difficult due 
to weather effects.22

Therefore, it is a good idea to participate in 
skiing and competitions during summers 
(July–September) in Australia and New Zealand, 
where the seasons are opposite of those in 
Northern Europe, Asia, and North America. In 
2019, 10 countries participated in the Fédération 
Internationale de Ski (FIS) competition in New 
Zealand (Australia, New Zealand, USA, Japan, 
South Korea, Switzerland, Sweden, China, 
Thailand, and Taiwan)—five more countries as 
compared to 2018. Until now, most of the studies 
on off-season XC ski training have focused on 
high-altitude training,2,23–25 and there is not 
enough research conducted on off-season train-
ing in countries with opposite seasons.

Our study aimed to analyze the effects of 
short-term off-season XC ski training on the 
basic body composition, strength, and muscle 
functions of XC skiers.

There are some limitations to our study. Adult 
athletes who specialize in XC skiing are very few 
in comparison to other sports such as soccer and 
baseball. There were about 20 adult XC skiers in 
South Korea, so it was difficult to set up a control 
group.

The same training program should be pro-
vided before off-season and after off-season ski 
training to compare the differences between roller 
ski and ski training.However, the national ath-
letes who participated in the experiment could 
not continue because they had to participate in 
national team training after participating in the 
off-season ski training.

METHODS

Seven male XC skiers aged >20 years (two 
national team members and five reserve national 
team members) from South Korea participated in 
this study. The physical characteristics of the par-
ticipants are given in Table 1.

Design and Procedures
The short-term off-season XC ski training was 

conducted for over 4 weeks (August–September). 
Measurement of body composition, basic physi-
cal strength, and equivalent muscle function tests 
were conducted at S hospital in Seoul before and 
after XC ski training. The off-season XC ski train-
ing program was carried out in the morning 
(arrival altitude: 1350 m) at the S XC ski stadium 
in New Zealand, as shown in Table 2. The ground 
training was conducted in the afternoon in the Y 
area (arrival altitude: 300 m). The training method 
was polarized training. Polarized training is a 
training that combines low intensity (target heart 
rate: 80% or less) high volume (70~80% of total 
annual exercise), and high-intensity interval train-
ing (HIIT).6,26,27 Core-stability training was per-
formed with three sets of supine plank, prone 
plank, side plank, and side plank-leg motions 
statically, with the spine in neutral position. The 
rest period was 60 s. In addition, three sets of 
upper and body roll outs, inclined press-ups, top 
position, single-leg holds, and quadruped motions 
were performed using a Swiss ball (55 cm or 65 
cm), after which the athletes rested for 60 s.5,28 
There were 11 training sessions per week and the 
total exercise time was about 1100 min.

Anthropometric Measurements
A bioelectrical impedance analyzer (Inbody 

3.0, Seoul, South Korea) was used to measure 

TABLE 1 Physical Characteristics of Subjects
Numbers Age (yr) Height (cm) Weight (kg) Body fat (%) Muscle mass (kg)
7 19.0±0.81 175.12±9.09 67.41±7.96 15.12±3.28 53.47±7.32
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height, weight, muscle mass, and the body fat per-
centage of participants (in fasting condition for 
10 h or more). The human circumference anthro-
pometry was done according to the International 
Society for the Advancement of Kinanthropometry 
(ISAK). The circumference of the human body 
was measured thrice without pressing the subcuta-
neous fat tissue using nonelastic flexible tape and 
the average value was used as data.29 The maxi-
mum circumference of the chest was measured 

around the nipple. The upper arm was measured at 
the midpoint of the acromion and the lead protru-
sion with the participant’s arm on the side of the 
body. The forearm was measured at the maximum 
forearm position with the waist and palm facing 
forward and the arm downward. The femur mus-
cle was measured at the maximum circumference 
with participants’ legs in an open position. The 
lower extremity was measured at the maximum 
circumference between the knee and ankle joints.

Intensity Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Core training Total
Heart rate (%max) 60–72 72–82 82–88 88–92 92–100
Time (min) 450 370 30 40 22 200 1112
Training as a % total volume 40.5 33.3 2.7 3.7 1.9 17.9 100
Session 3 3 1 1 1 2 11

TABLE 2 Training Program
Day AM training PM training
Mon Event Classic Ski Running

Time 100 min 90 min
Intensity Zone 2 Zone 2

Tue Event Skate ski Core training
Time 50 min-20 min-50 min 100 min

Intensity Zone 2-3-2 Stability training
Wed Event Classic SkiInterval training Pole walking

Time 5 min/3 min (rest)×5 set 70 min
Intensity Zone 3~4 Zone1

Thu Event Skate ski Recovery
Time 100 min

Intensity Zone 2
Fri Event Classic ski Core training

Time 10 s/120 bpm×12 set 100 min
Intensity Zone 5 Core training

Sat Event Ski athlon Rest
Time 180 min

Intensity Zone 1
Sun Event Rest Jogging

Time 60min
Intensity Zone 1
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Basic Physical Strength Test
Standing vertical jump tests kept both feet flat 

on the floor, with one hand extended as far as 
possible and marked on the wall (M1), then jump-
ing as high as possible on the wall (M2). To mea-
sure the length between M1 and M2, the jumps 
were carried out thrice to evaluate quickness 
using the average value.30

The flexibility test was performed by placing 
the soles of the feet on the “Sit and Reach test 
box” and extending both arms forward. When 
measuring, the legs would be straight without 
bending the knee. Three runs were performed to 
evaluate maximum length.31

Three parallel lines were drawn 120 cm apart 
on the floor. The participant was instructed to 
start from the center, and count the number of 
times the right foot crossed the right line and the 
left foot crossed the left line. When the foot did 
not cross the line completely, the number of times 
was not recognized. This was performed twice for 
30 s to evaluate the best result.32

Muscle strength was measured thrice using the 
hand grip strength test (model 5401, Takei 
Scientific Instruments Co. Ltd., Japan). The aver-
age of the two highest values was used to analyze 
the absolute value. Position and test protocol was 
followed according to the US National Health and 
Nutrition Examination Survey (NHANES) and 
the Muscle Strength Procedures Manual.33 Muscle 
strength tests were performed on both left and 
right sides, and the difference between the left and 
right muscle strength ratios was also measured.

Isokinetic Strength Test
Isokinetic motor function was measured using 

the Biodex system 3 (Biodex Medical Systems, 
Shirley, NY, USA). The peak torque (Nm) was 
measured using the maximal test of a four-time 
repetition. Each maximal test was performed at 
an angular velocity of 60°/s. Measured values 
were evaluated by dividing the values by the 
left and right muscle power. Measurements were 

performed according to the Biodex System 3 
Operation Manual (Biodex Medical System).

Statistical Analyses
We used the SPSS (v.25.0 IBM SPSS, New 

York, USA) program to calculate the mean value 
(M) and standard deviation (SD) for all data. We 
used a paired t-test to analyze the significance of 
off-season XC ski training on body composition, 
physical fitness, and the isokinetic muscle strength 
of XC skiers. The statistical significance level was 
set at p<0.05.

RESULTS

As shown in Table 3, percentage values of 
body weight, body muscle mass, and body fat 
were not significantly different (p>0.05) between 
before and after training measurements.

In addition, the chest and brachial muscle size 
was significantly different (p<0.01) between before 
and after training measurements. However, size of 
the antebrachial muscle, femoral muscle,and cru-
ral muscle was not significantly different (p>0.05) 
between before and after training measurements.

As shown in Table 4, left and right grip 
strengths were not significantly different (p>0.05) 
between before and after training measurements. 
However, the ratio between right and left grip 
strengths was significantly different (p>0.05) 
between before and after training measurements. 
Power was significantly different (p<0.05) between 
before and after training measurements. Flexibility, 
agility,and balance were not significantly differ-
ent  (p>0.05) between before and after training 
measurements.

As shown in Table 5, the right and left knee 
extension was not significantly different (p>0.05) 
between before and after training measurements.

However, the right and left knee flexion was 
significantly different (p<0.01) between before 
and after training measurements.

The ratio of the right knee flexion and exten-
sion muscles was significantly different (p<0.05) 
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TABLE 4 Change of Basic Physical Test (Mean Values ± SD)
Variable Pre-test Post-test p
Strengthen (kg) G-S left 40.42±4.15 43.72±45.42 0.267

G-S right 45.44±3.44 43.68±2.61 0.085
B-S ratio (%) 11.21±7.63 −0.65±13.62 0.025*

Power (cm) Standing high jump 45.42±4.15 47.85±4.45 0.043*
Flexibility (cm) Anterior oysters 11.21±5.88 13.52±5.94 0.294
Agility (rd) Side step 32.42±2.93 32.57±2.82 0.925
Balance (sec) Unicycle closed eyes 39.71±23.67 38.96±28.02 0.929

G-S = grip strengthen, B-S = both sides; SD = standard deviation.
*p<0.05 pre test vs post test.

TABLE 5 Change of Knee Joint Isokinetic Muscle Function (Mean Values ± SD)
Variable Pre-test Post-test p
Right knee extension (Nm) 184.58±52.09 182.18±44.74 0.737
Left knee extension (Nm) 179.40±72.93 186.24±53.74 0.800
Right knee flexion (Nm) 111.15±34.91 155.22±34.35 0.004**
Left knee flexion (Nm) 100.42±39.44 139.70±36.97 0.033*
Right knee Flexion/extension (%) 60.21 85.20 0.016*
Left knee Flexion/extension (%) 55.97 75.01 0.012*
Extension Left knee/right knee (%) −2.80 2.22 0.394
Flexion Left knee/right knee (%) −9.73 −9.99 0.778

SD = standard deviation.
*p<0.05 pre test vs post test, **p<0.01 pre test vs post test.

TABLE 3 Change of Physical Characteristics (Mean Values ± SD)
Variable Pre-test Post-test p
Weight (kg) 67.41±7.96 67.52±7.92 0.356
Body muscle mass (kg) 53.47±7.32 53.54±7.23 0.798
Body fat (%) 15.12±3.28 15.48±3.25 0.563
Chest size (cm) 90.81±6.46 93.94±7.21 0.000**
Brachial muscle(cm) 29.13±1.97 29.95±2.35 0.022*
Antebrachial muscle (cm) 25.64±1.48 25.78±1.22 0.339
Femoral muscle (cm) 49.77±2.12 50.15±2.66 0.292
Crural muscle (cm) 36.32±1.69 36.44±1.72 0.469

SD = standard deviation.
*p<0.05 pre test vs post test, **p<0.001 pre test vs post test.
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between before and after training measurements. 
The ratio of the left knee flexion and exten-
sion muscles was significantly different (p<0.05) 
between before and after training measurements.

The ratio of the right and left knee extension 
was not significantly different (p>0.05) between 
before and after training measurements. The ratio 
of the right and left knee flexion was not signifi-
cantly different (p>0.05) between before and after 
training measurements.

DISCUSSION

This study aimed to provide data for XC skiers’ 
annual program planning by identifying the 
effects of off-season XC ski training on body com-
position, physical fitness, and isokinetic muscle 
functions.

For elite XC skiers, high intensity and large 
volume of training can cause training maladjust-
ments such as weight and muscle mass loss, while 
low intensity and low amount of training can 
reduce performance by increasing body weight 
and body fat proportion.34–36 Therefore, it is very 
important to set an appropriate level of exercise 
intensity and training volume. In the present 
study, the absence of changes in body composi-
tion suggested that exercise intensity and training 
volume in the short-term off-season XC ski train-
ing were at an appropriate level.

Upper body power is highly correlated with 
athletic performance in XC skiing. Among the XC 
skiing sub-technique, upper body power is the 
driving force behind the double pole technique 
(classic style) and the V2 (skate-style) technique.37

In order to win a competition, it is important 
to increase the use of  double pole and V2 tech-
niques based on high upper body power. As the 
use of  double poles and V2 increases, the physi-
ological benefits of  low maximum oxygen intake, 
low heart rate, and low lactate accumulation are 
obtained.4,7,38–41 Sprint skiers from Sweden, 
Austria and Norway were measured for the 
number of  repetitions, power and 1 RM 

(repetitions maximum)  of  bench presses and 
bench pools. As a result, the athletes with supe-
rior upper body power have higher performance 
and technical skills (double polling, diagonal 
stride, and V2).42

An increase in muscle strength could be 
attributed to an increase in muscle mass, muscle 
hypertrophy, and activation of the nervous 
system.43,44 In addition, it is important for elite 
endurance athletes to increase muscle cross-sec-
tion area (CSA) without increasing their weight.45 
In this study, increase in the size of the chest and 
brachial without weight gain could be inferred 
from improvement in the upper body strength. 
XC skiers perform a variety of strength exercises, 
including weight training, double pole training 
with roller skis, and pull-up exercises to increase 
upper body strength.37,46,47 In this study, increase 
in chest and brachial size without general strength 
training, such as roller-ski double pole training, 
weight training, and pull-ups, could be inter-
preted as a positive effect of short-term off-sea-
son XC ski training on upper body strength.

The effect of  short-term off-season XC ski 
training showed little improvement on the 
strength, flexibility, agility, and balance of  XC 
skiers. However, the result of  the reduced width 
of  the two-sided grip strength used for measure-
ments of  muscle strength could be resulting from 
equal use of  both hands and feet in the XC skiing 
sub-technique. These findings are in line with a 
study that showed that 3 weeks of  high-altitude 
ski training reduced the gap between the left and 
right femoral maximal muscle ratios in college 
skiers.5

The importance of lower body movement and 
power in XC skiing is related to the complexity of 
the sport and the speed improvement through the 
timing of the upper and lower body. Thus, it is 
recommended that speed training be performed 
during off-season, with a focus on large amounts 
of endurance movements.2,38 In this study, 
improvement in the standing jump measurements 
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could be inferred from the relationship between 
XC skiing training and speed, and it may be a 
good practice to conduct jump training by using 
plyometrics to increase the XC skiers’ speed.

Cross-country skiing is divided into two main 
events: classical and V2 techniques. Depending on 
the slope, speed, and condition of the snow, vari-
ous sub-technique are used.48–50 The sub-technique 
of all XC skiing requires lower body balancing 
and strength. Especially, double-pole technique, 
which is the main technique for XC skiing, is an 
upper body-centered technique. However, to 
improve double-polling performance, emphasis 
must be made on the ability to move strongly and 
quickly on the bending and stretching motion of 
the lower body knee joints.42,51–53

In this study, there was a trend toward the 
increased femoral and crural muscle size, 
although not statistically significant. In addition, 
flexion isokinetic ability of  knee joints was 
improved. Thus, it could be interpreted that 
short-term off-season XC ski training contrib-
utes in improving the muscular functions of  knee 
joints, including the quadriceps muscles and 
hamstring muscles.

The results show that the maximum power of 
the knee isokinetic muscle function has a low 
correlation to the performance of  elite XC ski-
ers.42,54 High-altitude skiing training also has 
been shown to reduce muscle strength in isoki-
netic muscle function of  knee joints.33 The reason 
why this study shows a contrast with the previous 
study is due to various parameters such as age, 
physique and different fitness levels of  subjects, 
timings of  measurements, training methods, and 
training volume.

All sports events require specificities of physi-
ology, technique, and tactics, and it is important 
to identify the specificities required for each sport 
to win competition and conduct appropriate 
training.1,55 Most XC skiers perform off-season 
training comprising roller skiing, Nordic walk-
ing, strength training, cycling, and running. This 

is (roller skiing, Nordic walking, strength train-
ing, cycling, and running) because the equipment, 
muscle and energy systems, and the techniques 
used are very similar to the XC skiing specifici-
ties.2,4–6 However, these exercises cannot reflect all 
physiological, technical, and tactical specificities 
of XC skiing. Therefore, successful skiers around 
the world are conducting high-altitude skiing and 
tunnel skiing training to increase their XC skiing 
training during off-seasons.12,22 This study found 
that short off-season ski training in countries 
with opposite seasons had a positive effect on 
body composition, basic fitness, and isokinetic 
muscle function of XC skiers. Therefore, short-
term off-season ski training in countries with 
opposite seasons could be helpful for XC skiing 
specificity training along with high-altitude and 
tunnel skiing training.

CONCLUSION

Short-term off-season XC ski training (com-
petition) of 4 weeks increased XC skiers’ chest 
and brachial muscle CSA. In addition, four weeks 
of XC skiing training reduced the difference 
between left and right hand grip strength and 
improved standing high jumps. The peak torque 
of isokinetic muscle functions of knee joints 
increased significantly in flexion rather than 
extension.

FUTURE PERSPECTIVES

The most important element in XC skiing is to 
train and compete on snow. However, an increas-
ing number of competitions are canceled due to 
the influence of warm winter weather. In addi-
tion, ski training conducted at high-altitudes 
during summer and autumn seasons is also diffi-
cult due to the factors of weather. XC skiers are 
to find different areas to increase their training 
time. Ski training in Australia, New Zealand, 
Argentina, Brazil, and Chile are good alternatives 
to the seasonally opposite North America, Asia, 
and Northern Europe. In addition, quite a 
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number of studies on off-season XC ski training 
are also needed for seasonally opposite countries. 
In conclusion, the results of this study are valu-
able and provide pertinent information for XC 
skiers who want to conduct ski training during 
the summer season.

CONFLICT OF INTERESTS

The authors declare that there are no potential 
conflicts of interest with respect to the research, 
authorship, and/or publication of this article.

FUNDING

There was no support or funding from any 
individual or organization to conduct this study.

REFERENCES

1. Mahood NV, Kenefick RW, Kertzer R, Quinn TJ.
Physiological determinants of cross-country ski
racing performance. Med Sci Sports Exerc
2001;33(8):1379–84. https://doi.org/10.1097/
00005768-200108000-00020

2. Sandbakk Ø, Holmberg H-C. A reappraisal of
success factors for Olympic cross-country skiing.
Int J Sports Physiol Perform 2014;9(1):117–21.
https://doi.org/10.1249/MSS.0000000000000862

3. Stoeggl TL, Holmberg H-C. Double-poling
biomechanics of elite cross-country skiers: Flat
versus uphill terrain. Med Sci Sports Exerc
2016;48(8):1580–9. https://doi.org/10.1519/00124278-
200008000-00007

4. Alsobrook NG, Heil DP. Upper body power as a
determinant of classical cross-country ski perfor-
mance. Eur J Appl Physiol 2009;105(4):633–41.
https://doi.org/10.1007/s00421-008-0943-z

5. Losnegard T, Mikkelsen K, Rønnestad BR,
Hallén J, Rud B, Raastad T. The effect of heavy
strength training on muscle mass and physical
performance in elite cross country skiers. Scand J
Med Sci Sports 2011;21(3):389–401. https://doi.
org/10.1111/j.1600-0838.2009.01074.x

	 6. Sandbakk Ø, Hegge AM, Losnegard T,
Skattebo  Ø, Tønnessen E, Holmberg H-C. The
physiological capacity of the world’s highest
ranked female cross-country skiers. Med Sci Sports 

Exerc 2016;48(6):1091. https://doi.org/​10.1249/​
MSS.0000000000000862

7. Holmberg H-C, Lindinger S, Stöggl T, Eitzlmair
E, Müller E. Biomechanical analysis of double
poling in elite cross-country skiers. Off J Am
CollSports Med 2005;37(5):807–18. https://doi.
org/​10.1249/01.MSS.0000162615.47763.C8

8. Losnegard T, Hallén J. Elite cross-country skiers
do not reach their running VO2max during roller
ski skating. J Sports Med Phys Fitness 2014;54(4):
389–93.

9. Hoffman MD, Clifford PS. Physiological aspects
of competitive cross-country skiing. J Sports Sci
1992;10(1):3–27. https://doi.org/10.1080/0264041
9208729903

	10. Millet GP, Boissiere D, Candau R. Energy cost of
different skating techniques in cross-country
skiing. J Sports Sci 2003;21(1):3–11. https://doi.
org/10.1080/0264041031000070903

	11.	 Millet GY, Hoffman MD, Candau RB, Clifford PS.
Poling forces during roller skiing: Effects of grade.
Med Sci Sports Exerc 1998;30(11):1637–44. https://
doi.org/10.1097/00005768-199811000-​00013

	12. Ronsen O, Rusko H. Special and practical issues
in cross country skiing. Handbook of sports
medicine and science: Cross Country Skiing.
Germany Blackwell Science 2003; 141–75. https://
doi.org/10.1002/9780470693834.ch5F

	13. http://www.fis-ski.com/FISF.
	14. Brugniaux JV, Schmitt L, Robach P, et al. Eighteen 

days of “living high, training low” stimulate
erythropoiesis and enhance aerobic performance
in elite middle-distance runners. J Appl Physiol
2006;100(1):203–11. https://doi.org/10.1152/jap-
plphysiol.​00808.2005

	15. Cuzzolin FSL, Rossi L, Pasetto M, Benoni G.
Plasma nitrite/nitrate and erythropoietin levels in
cross-country skiers during altitude training. J
Sports Med Phys Fitness 2002;42(2):129.

	16. Ingjer F, Myhre K. Physiological effects of
altitude training on elite male cross-country
skiers. J Sports Sci 1992;10(1):37–47. https://doi.
org/​10.1080/02640419208729905

	17. Robach P, Schmitt L, Brugniaux JV, et al. Living
high–training low: Effect on erythropoiesis and
maximal aerobic performance in elite Nordic

https://doi.org/10.1097/00005768-200108000-00020
https://doi.org/10.1097/00005768-200108000-00020
https://doi.org/10.1249/MSS.0000000000000862
https://doi.org/10.1519/00124278-200008000-00007
https://doi.org/10.1519/00124278-200008000-00007
https://doi.org/10.1007/s00421-008-0943-z
https://doi.org/10.1111/j.1600-0838.2009.01074.x
https://doi.org/10.1111/j.1600-0838.2009.01074.x
https://doi.org/10.1249/MSS.0000000000000862
https://doi.org/10.1249/MSS.0000000000000862
https://doi.org/10.1249/01.MSS.0000162615.47763.C8
https://doi.org/10.1249/01.MSS.0000162615.47763.C8
https://doi.org/10.1080/02640419208729903
https://doi.org/10.1080/02640419208729903
https://doi.org/10.1080/0264041031000070903
https://doi.org/10.1080/0264041031000070903
https://doi.org/10.1097/00005768-199811000-00013
https://doi.org/10.1097/00005768-199811000-00013
https://doi.org/10.1002/9780470693834.ch5F
https://doi.org/10.1002/9780470693834.ch5F
http://www.fis-ski.com/FISF
https://doi.org/10.1152/japplphysiol.00808.2005
https://doi.org/10.1152/japplphysiol.00808.2005
https://doi.org/10.1080/02640419208729905
https://doi.org/10.1080/02640419208729905


Effect of short-term off-season cross-country ski training

J Mens Health Vol 16(1):e63-e74; 25 March 2020
This article is distributed under the terms of the Creative Commons Attribution-Non
Commercial 4.0 International License. ©2020 Jung-Kyu Kim and Yong-Chul Choi

e72

skiers. Eur J Appl Physiol 2006;97(6):695–705. 
https://doi.org/10.1007/s00421-006-0240-7

	18. Wehrlin JP, Zuest P, Hallén J, Marti B. Live high-
train low for 24 days increases hemoglobin mass
and red cell volume in elite endurance athletes.
J  Appl Physiol 2006;100(6):1938–45. https://doi.
org/10.1152/japplphysiol.01284.2005

	19. Bailey DM, Davies B. Physiological implications
of altitude training for endurance performance at
sea level: A review. Br J Sports Med 1997;31(3):
183–90. https://doi.org/10.1136/bjsm.31.3.183

	20. Tiollier E, Schmitt L, Burnat P, et al. Living high–
training low altitude training: Effects on mucosal
immunity. Eur J Appl Physiol 2005;94(3):298–304.
https://doi.org/10.1007/s00421-005-1317-4

	21. Wolski LA, McKenzie D, Wenger H. Altitude
training for improvements in sea level perfor-
mance. Sports Med 1996;22(4):251–63. https://
doi.org/10.2165/00007256-199622040-00004

	22. Čepulėnas A. Training loads cross-country skiers
during skiing practice on snow in summer and
autumn mesocycles. Science Nordic Skiing. Meyer
& Meyer Verlag; 2007. 69–80.

	23. Fudge BW, Pringle JS, Maxwell NS, Turner G,
Ingham SA, Jones AM. Altitude training for elite
endurance performance: A 2012 update. Curr
Sports Med Rep 2012;11(3):148–54. https://doi.
org/10.1249/JSR.0b013e31825640d5

	24. Sandbakk Ø, Holmberg H-C. Physiological capac-
ity and training routines of elite cross-country
skiers: Approaching the upper limits of human
endurance. Int J Sports Physiol Perform 2017;12(8):
1003–11. https://doi.org/10.1123/ijspp.2016-0749

	25. Videman T, Lereim I, Hemmingsson P, et al.
Changes in hemoglobin values in elite cross-
country skiers from 1987 to 1999. Scand J Med
Sci  Sports 2000;10(2):98–102. https://doi.org/
10.1034/j.1600-0838.2000.010002098.x

	26. Rønnestad BR, Hansen J, Thyli V, Bakken TA,
Sandbakk Ø. 5-week block periodization increases 
aerobic power in elite cross-country skiers. Scand
J Med Sci Sports 2016;26(2):140–6. https://doi.
org/10.1111/sms.12418

	27. Stöggl T, Sperlich B. Polarized training has greater
impact on key endurance variables than threshold,

high intensity, or high volume training. Front Physiol 
2014;5:33. https://doi.org/10.3389/fphys.2014.00033

	28. Marshall PW, Murphy BA. Core stability exercises
on and off a Swiss ball. Arch Phys Med Rehabil
2005;86(2):242–9. https://doi.org/10.1016/j.apmr.
2004.05.004

	29. ACSM. American college sports medicine,
ACSM’s guidelines for exercise testing and pre-
scription. 9th ed. Philadelphia, PA: Lippincott
Williams & Wilkins; 2013.

	30. Klavora P. Vertical-jump tests: A critical review.
Strength Condit J 2000;22(5):70–5. https://doi.
org/10.1519/00126548-200010000-00020

	31. Sporis G, Vucetic V, Jovanovic M, Jukic I, Omrcen 
D. Reliability and factorial validity of flexibility
tests for team sports. J Strength Condit Res
2011;25(4):1168–76. https://doi.org/10.1519/JSC.
0b013e3181cc2334

	32. Choi J, Park H, Lee W, Hong K. Effects of 3D
compression pants and kinesio taping on isoki-
netic muscular function of leg during knee joint
flexion motion. J Korean Soc Cloth Text (JKSCT) 
2016;40(2):240–57. https://doi.org/10.5850/
JKSCT.​2016.40.2.240

	33. Choi YC. The effect of 3 weeks high altitude
skiing training on isokinetic muscle function of
cross-country skierst. J Korea Convergence Soc
2018;9(11):465–77.

	34. Bergh U, Forsberg A. Influence of body mass on
cross-country ski racing performance. Med Sci
Sports Exerc 1992;24(9):1033–9. https://doi.org/
10.1249/00005768-199209000-00013

	35. Lippl FJ, Neubauer S, Schipfer S, et al. Hypobaric 
hypoxia causes body weight reduction in obese
subjects. Obes Soc 2010;18(4):675–81. https://doi.
org/10.1038/oby.2009.509

	36. Stöggl T, Enqvist J, Müller E, Holmberg H-C.
Relationships between body composition,
body  dimensions, and peak speed in cross-
country sprint skiing. J Sports Sci 2010;28(2):
161–9. https://doi.org/10.1080/02640410903
414160

	37. Terzis G, Stattin B, Holmberg HC. Upper
body  training and the triceps brachii muscle
of  elite cross country skiers. Scand J Med Sci

https://doi.org/10.1007/s00421-006-0240-7
https://doi.org/10.1152/japplphysiol.01284.2005
https://doi.org/10.1152/japplphysiol.01284.2005
https://doi.org/10.1136/bjsm.31.3.183
https://doi.org/10.1007/s00421-005-1317-4
https://doi.org/10.2165/00007256-199622040-00004
https://doi.org/10.2165/00007256-199622040-00004
https://doi.org/10.1249/JSR.0b013e31825640d5
https://doi.org/10.1249/JSR.0b013e31825640d5
https://doi.org/10.1123/ijspp.2016-0749
https://doi.org/10.1034/j.1600-0838.2000.010002098.x
https://doi.org/10.1034/j.1600-0838.2000.010002098.x
https://doi.org/10.1111/sms.12418
https://doi.org/10.1111/sms.12418
https://doi.org/10.3389/fphys.2014.00033
https://doi.org/10.1016/j.apmr.2004.05.004
https://doi.org/10.1016/j.apmr.2004.05.004
https://doi.org/10.1519/00126548-200010000-00020
https://doi.org/10.1519/00126548-200010000-00020
https://doi.org/10.1519/JSC.0b013e3181cc2334
https://doi.org/10.1519/JSC.0b013e3181cc2334
https://doi.org/10.5850/JKSCT.2016.40.2.240
https://doi.org/10.5850/JKSCT.2016.40.2.240
https://doi.org/10.1249/00005768-199209000-00013
https://doi.org/10.1249/00005768-199209000-00013
https://doi.org/10.1038/oby.2009.509
https://doi.org/10.1038/oby.2009.509
https://doi.org/10.1080/02640410903414160
https://doi.org/10.1080/02640410903414160


Effect of short-term off-season cross-country ski training

J Mens Health Vol 16(1):e63-e74; 25 March 2020
This article is distributed under the terms of the Creative Commons Attribution-Non
Commercial 4.0 International License. ©2020 Jung-Kyu Kim and Yong-Chul Choi

e73

Sports 2006;16(2):121–6. https://doi.org/10.1111/​
j.1600-0838.2005.00463.x

	38. Gaskill SE, Serfass RC, Bacharach DW, Kelly
JM. Responses to training in cross-country skiers.
Med Sci Sports Exerc 1999;31:1211–17. https://
doi.org/10.1097/00005768-199908000-00020

	39. Mikkola J, Laaksonen M, Holmberg H-C,
Vesterinen V, Nummela A. Determinants of a
simulated cross-country skiing sprint competition
using V2 skating technique on roller skis. Sports
Biomech 2010;24(4):920–8. https://doi.org/10.1519/
JSC.0b013e3181cbaaaf

	40. Staib JL, Im J, Caldwell Z, Rundell KW.
Cross-country ski racing performance predicted
by aerobic and anaerobic double poling power.
J  Strength Condit Res 2000;14(3):282–8.
https://doi.org/10.1519/00124278-200008000-
00007

	41. Stoggl T, Muller E, Lindinger SJr. A specific
upper body testing and training device and con- 
cept for strength capacities in cross-country ski
racing. Science and skiing. Oxford: Meyer and
meyer Sport; 2005. p. 326–39.

	42. Stöggl T, Mueller E, Ainegren M, Holmberg HC.
General strength and kinetics: Fundamental to
sprinting faster in cross country skiing? Scand J
Med Sci Sports 2011;21(6):791–803. https://doi.
org/10.1111/j.1600-0838.2009.01078.x

	43. Hae-Chan Park, Sun-Hee Park. Correlation on
body composition and muscle strength of strength 
training during 8 weeks. J Korean Data Anal Soc
2014;16(5):2651–60.

	44. Koh YJ, Man Gyoon Lee, Sung Ah Kong.
Comparison of  body composition, physical
fitness, and isokinetic Leg strength according
to  competition level in collegiate and high
school taekwondo players. Exerc Sci 2007;16(4):
411–20. https://doi.org/10.15857/ksep.2007.
16.4.411

	45. Rønnestad BR, Hansen EA, Raastad T. Effect of
heavy strength training on thigh muscle cross-
sectional area, performance determinants, and
performance in well-trained cyclists. Eur J Appl
Physiol​2010;108(5):965–75.​https://doi.org/
10.1007/​s00421-009-1307-z

	46	 Børve J, Jevne SN, Rud B, Losnegard T. Upper-
body muscular endurance training improves per-
formance following 50 min of double poling in 
well-trained cross-country skiers. Front Physiol 
2017;8:690. https://doi.org/10.3389/fphys.2017.​
00690

	47. Skattebo Ø, Hallén J, Rønnestad BR, Losnegard
T. Upper body heavy strength training does not
affect performance in junior female cross-
country skiers. Scand J Med Sci Sports
2016;26(9):1007–16. https://doi.org/10.1111/
sms.12517

	48. Rindal O, Seeberg T, Tjønnås J, Haugnes P,
Sandbakk Ø. Automatic classification of sub-
techniques in classical cross-country skiing using a
machine learning algorithm on micro-sensor data.
Sensors 2018;18(1):75. https://doi.org/10.3390/
s18010075

	49. Sakurai Y, Fujita Z, Ishige Y. Automatic identifi-
cation of subtechniques in skating-style roller ski-
ing using inertial sensors. Sensors 2016;16(4):473.
https://doi.org/10.3390/s16040473

	50. Stöggl T, Holst A, Jonasson A, et al. Automatic
classification of the sub-techniques (gears) used in
cross-country ski skating employing a mobile
phone. Sensors 2014;14(11):20589–601. https://
doi.org/10.3390/s141120589

	51. Krenn O, Werner I, Lawrence E, Valero-Cuevas
FJ. The lower extremity dexterity test quantifies
sensorimotor control for cross-country skiing.
Science and Skiing VI. Meyer & Meyer Verlag;
2015. p. 439–45.

	52. Lindinger SJ, Stöggl T, Müller E, Holmberg H-CJ. 
Control of speed during the double poling tech-
nique performed by elite cross-country skiers.
Med Sci Sports Exerc Sci 2009;41(1):210–20.
https://doi.org/10.1249/MSS.0b013e318184f436

	53. Ronsen O, Rusko H. Biomechanics of cross coun-
try skiing. Handbook of Sports Medicine Science: 
Cross Country Skiing. Germany Blackwell
Science; 2003. p. 32–61.

	54. Carlsson M, Carlsson T, Hammarström D, Tiivel
T, Malm C, Tonkonogi M. Validation of physio-
logical tests in relation to competitive perfor-
mances in elite male distance cross-country skiing. 

https://doi.org/10.1111/j.1600-0838.2005.00463.x
https://doi.org/10.1111/j.1600-0838.2005.00463.x
https://doi.org/10.1097/00005768-199908000-00020
https://doi.org/10.1097/00005768-199908000-00020
https://doi.org/10.1519/JSC.0b013e3181cbaaaf
https://doi.org/10.1519/JSC.0b013e3181cbaaaf
https://doi.org/10.1519/00124278-200008000-00007
https://doi.org/10.1519/00124278-200008000-00007
https://doi.org/10.1111/j.1600-0838.2009.01078.x
https://doi.org/10.1111/j.1600-0838.2009.01078.x
https://doi.org/10.15857/ksep.2007.16.4.411
https://doi.org/10.15857/ksep.2007.16.4.411
https://doi.org/10.1007/s00421-009-1307-z
https://doi.org/10.1007/s00421-009-1307-z
https://doi.org/10.3389/fphys.2017.00690
https://doi.org/10.3389/fphys.2017.00690
https://doi.org/10.1111/sms.12517
https://doi.org/10.1111/sms.12517
https://doi.org/10.3390/s18010075
https://doi.org/10.3390/s18010075
https://doi.org/10.3390/s16040473
https://doi.org/10.3390/s141120589
https://doi.org/10.3390/s141120589
https://doi.org/10.1249/MSS.0b013e318184f436


Effect of short-term off-season cross-country ski training

J Mens Health Vol 16(1):e63-e74; 25 March 2020
This article is distributed under the terms of the Creative Commons Attribution-Non
Commercial 4.0 International License. ©2020 Jung-Kyu Kim and Yong-Chul Choi

e74

J Strength Condit Res 2012;26(6):1496–504. 
https://doi.org/10.1519/JSC.0b013e318231a799

	55. Hedelin R, Wiklund U, Bjerle P, Henriksson-
Larsén KJ. Pre- and post-season heart rate

variability in adolescent cross-country skiers. 
Scand J Med Sci Sports 2000;10(5):298–303. 
https:/ /doi.org/10.1034/j .1600-0838.2000.​
010005298.x

https://doi.org/10.1519/JSC.0b013e318231a799
https://doi.org/10.1034/j.1600-0838.2000.010005298.x
https://doi.org/10.1034/j.1600-0838.2000.010005298.x



