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Physiological Background of Muscular Pain During Skiing
and Delayed Muscle Soreness after Skiing
by
Andrzej T. Klimek1
During intensive skiing, at each turn, in particular towards the end of the turning steering phase, eccentric
work of the lower limb muscles occurs (predominantly of the quadriceps femoris), which is the direct cause of dam‐
age within muscle cells. A few or more than ten hours after intensive physical effort the symptoms of delayed onset
muscle soreness may appear, which is mainly a result of the micro‐damage within the myocytes.
The following procedure can be proposed for prevention of muscle soreness for skiers: around a week before first
day of skiing in the season, skiers should perform a series of intensive physical exercises involving eccentric contrac‐
tions, thus inducing delayed muscular soreness. The exercises may involve for example: downhill running, prefera‐
bly down a steep slope, running down stairs, deep knee bend jumps, deep knee bend jumps over an obstacle, jumping
to the ground from a certain height, sit‐ups on one or both feet, etc. The exercises should lead considerable local fa‐
tigue, in particular of the lower limb muscles, so that muscle soreness occurs on the second day, in particular in the
frontal part of the thighs. After approximately two days the pain will alleviate, while after a week the strength of the
muscles will return to its pre‐exercise condition. This should considerably reduce, or even remove, delayed muscle
soreness after skiing, which will not only help skiers use their time more effectively but will also be crucial to the ski‐
ers’ safety..
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Introduction
As we all know, working human skeletal muscles
may utilize aerobic and anaerobic energy processes,
depending on the supply of oxygen. The use of these
processes depends on the mutual relations between
the possibilities of delivering O2 to the working mus‐
cles and the current demand for oxygen.
The demand for oxygen in the muscles depends
first and foremost on the intensity of physical effort.
This relationship is directly proportional, i.e. the
more intensive effort, the higher demand for oxygen.
On the other hand, the amount of O2 delivered to the
muscles depends on the efficiency of the human
body’s mechanisms for supplying oxygen, i.e.
mainly the respiratory system, the circulatory system
and the oxygen capacity of the blood. Thus if these
1

mechanisms deliver a sufficient amount of oxygen to
the muscles, the energy used for the work comes
from aerobic processes. This is the case, for example,
during long‐lasting and low‐intensity effort (for ex‐
ample jogging). If, on the other hand, the oxygen
supply mechanisms are not able to deliver a suffi‐
cient amount of O2, then the energy for the physical
work must be supplied through anaerobic processes
(for example sprint). However, most often, in many
sport disciplines (notably team sports), due to the
frequent changes in the exercise intensity, the body
uses mixed energy sources, utilizing both anaerobic
(e.g. start for the ball, fast change of the position),
and aerobic processes (for example during breaks
and phases of reduced activity).
The interrelations described above relate to any
physical activity, i.e. also Alpine skiing. Depending
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on the work intensity, the muscles, in particular
those of the lower limbs, utilize both aerobic and an‐
aerobic energy processes. Aerobic reactions domi‐
nate mainly during large‐radius turns on low‐in‐
clined slopes, while anaerobic processes during
small‐radius turns and skiing down steep slopes,
when the intensity of muscle work increases radi‐
cally.
The type of the energy‐supplying biochemical
processes taking place in the muscles determines the
types of metabolites produced in the muscles during
exercise. Aerobic reactions produce carbon dioxide
and water, which are the final products of the Krebs
cycle, while anaerobic reactions produce lactic acid,
which is produced during anaerobic glycolysis.
Carbon dioxide and water, produced during
aerobic (low intensity) exercises do not pose a prob‐
lem from the point of view of the physical capacity.
This is because CO2 is removed from the body dur‐
ing gas exchange processes in the lungs, whereas the
water is used by the body, which often suffers from
water deficit during physical effort. This is not the
case with the product of anaerobic processes, i.e.
lactic acid, which is produced by myocytes during
high‐intensity muscle work. Lactic acid is one of the
fundamental causes of fatigue, notably central fa‐
tigue, and blocks the possibilities of sourcing energy
from glycolysis processes.
Referring the information presented above to the
physical effort of a skier, one can conclude, that
during technically proper skiing down a mild slope
with the turns initiated by “edge changes”, the mus‐
cles of a skier do not produce many acidic metabo‐
lites, which are the main cause of fatigue. Dynamic
skiing down a steep slope causes an increase in the
concentration of lactic acid in the muscle cells and
blood, which can lead to a reduction in the capacity
of the working muscles.
One can often hear opinions, that the muscular
soreness felt during ‐ and often for a few days after ‐
intensive physical effort, is a result of muscle “acid‐
ity”. In other words lactic acid is considered to be the
main and direct cause of pain in fatigued muscles.
The paper is a communication regarding the most
significant aspects of physiological background of
muscular pain during and after skiing. The main aim
of this study is to explain to skiers, other sportsmen
and trainers, that the lactic acid is not the main rea‐
son of muscular soreness accompanied most physi‐
cal activities and to propose exercise procedure,
which should considerably reduce, or even remove
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delayed muscle soreness after skiing. During this
study the following questions were formulated:
• What is the main and direct cause of pain in
working and fatigued muscles?
• What kind of physical work intensifies the
pain?
• What should be done to alleviate the symp‐
toms related to delayed muscle soreness?

Discussion
The statement, that lactic acid is the main reason
of muscular pain is not confirmed by scientific re‐
search (Clarkson and Hubal 2002, Cleak and Eston
1992, Coudreuse 2004, Friden 1981, Lieber and Fri‐
den 2002, Schwane et al. 1983). This can be proved
easily in view of the fact that injecting lactic acid di‐
rectly into the veins or muscles does not cause mus‐
cle soreness. What is more, increased acidity of the
muscles persists much longer than muscle soreness
during exercise. It also has to be pointed that during
the second or third day after physical effort, the con‐
centration of lactic acid is not higher than under
resting conditions, yet the soreness is still felt. This is
what skiers experience, for example after the first
day of the skiing season, particularly when they
have not prepared themselves in physical terms. In
such a case, aching muscles of the lower limbs not
only make skiing difficult over the days that follow,
but often also hamper normal movement, such as
walking down stairs, doing a knee bend, etc.
In order to carry out a physiological analysis of
the causes of muscular pain, one has to differentiate
between sharp pain occurring during physical action
and subsiding after it stops, and delayed onset of
muscle soreness (DOMS), which occurs 6 to 12 hours
after intensive physical action and usually persists
for 2‐3 days (Armstrong 1984, Byrnes and Clarkson
1986, Jones et al. 1986, Cleak and Eston 1992). There
are numerous theories of potential etiology of de‐
layed muscle soreness (Armstrong 1984, Cleak and
Eston 1992, Gulick and Kimura 1996, Willoughby
1990). Many researchers have attempted to identify
strategies for prevention of this kind of muscle sore‐
ness (Birk 1999, Claps 2000, Cleary 1995, Isabell et al.
1992, Johansson et al. 1999, Lightfoot et al. 1997, No‐
saka and Newton 2002, Paddon‐Jones and Quigley
1997, Rodenburg et al. 1994, Sharkey 1995, Vickers et
al. 1997, Wessel and Wan 1994).
During skiing, the muscles of the lower limbs
perform isometric contractions for a relatively long
time (increased tension with no changes in the mus‐
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cle length), i.e. under conditions of deficient blood
flow. This is because tense muscular cells (myocytes)
put pressure on the blood vessels, causing local is‐
chaemia, i.e. inadequate supply of oxygen and en‐
ergy substances to the muscles and increased con‐
centration of the effort metabolites, such as lactic
acid, ammonia, phosphates, nucleotides. The main
reason of muscles fatigue is increase of lactate and
H+ concentrations. It is very important, that skeletal
muscles are capable of producing and releasing large
amounts of lactate. The produce and release of lac‐
tate and H+ involve transmembrane transport. This
transport is mediated by MCT (monocarboxylate
transporter) which is a membrane protein important
for pH regulation (Brooks 2000, Brooks 2002, Juel
2001). Scientific researches show the significant in‐
fluence of muscle content of proteins involved in
lactate transport (MCT) and pH regulating mecha‐
nisms on work capacity mainly during supramaxi‐
mal exercises. Monocarboxylate transporter expres‐
sion is important for blood lactate and H+ removal
and in consequence for tolerance to muscle fatigue
(Messonnier et al. 2007, Thomas et al. 2005). The rea‐
son for the training‐induced increase in lactate con‐
centration and H+ release during exercise is a combi‐
nation of an increased density of the lactate and hy‐
drogen yon transporting systems, an improved
blood flow and increased systemic lactate and H+
clearance (Juel et al. 2004).
Modern skiing techniques (carving) cause a rela‐
tively long ischaemia of the working groups of mus‐
cles, which is caused by the longest possible
weighting of the skis during turns and elimination of
unweighting, during which tense muscles could be
relaxed for a short time. Besides, during intensive
skiing, at each turn, in particular towards the end of
the turning steering phase, when the load is the
highest, eccentric work occurs (increased tension
combined with increased stretch), which is the direct
cause of damage within muscle cells (Armstrong
1984, Brown et al. 1999, Cheung et al. 2003, Clarkson
and Hubal 2002, Coudreuse et al. 2004, Friden et al.
1983, Friden et al. 1981, Friden and Lieber 1992, Lie‐
ber and Friden 2002, MacIntyre et al. 1995, McHugh
et al. 1999). This is because tense myocytes are sub‐
jected to stretching forces. The higher skiing speed
and smaller turning radius cause the higher stretch‐
ing forces. Then, in particular the quadriceps femo‐
ris, counteracting the centrifugal force created dur‐
ing each turn and forcing the skier into the snow, are
subject to intensive stretching forces. The damages
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thus created and the abovementioned metabolites,
seem to be the most important cause of muscular
soreness, felt as sharp “burning” pain, which usually
forces the skier to stop the action, or if it is possible,
significantly reduce its intensity (reduce the speed or
lengthen the turning radius).
A few or more than ten hours after intensive
physical effort the symptoms of DOMS may appear,
which is a result of the micro‐damage within the
myocytes (Cheung et al. 2003, Newham et al. 1987).
The soreness is caused by inflammatory processes
taking place within the damaged structure of the
muscles, swelling of the muscular cells, impact of the
products produced after muscular damage and the
healing processes, which are aimed to restore the
structure of the myocytes to their pre‐damage con‐
dition (Cleak and Eston 1992, Coudreuse et al. 2004).
As it was mentioned above, mechanical damage
of the muscles is related to the damage of the cell
membrane. That the damage does exist is evidenced
by the penetration of intracellular enzymes, such as
creatine kinase and lactate dehydrogenase, into the
blood (Byrne et al. 2004, Clarkson et al. 1986,
Newham et al. 1986, Newham et al. 1983, Porzęcki et
al. 2004, Sayers and Clarkson 2001, Sayers et al.
2000). These compounds are commonly recognized
markers of muscular damage. This is because they
have isoforms specific to skeletal muscles, which al‐
lows for differentiating micro damage occurring in
this type of muscles from damages of e.g. the cardiac
muscle. Besides, the amount of myoglobin increases
in the blood plasma, which, being a counterpart of
hemoglobin, is a muscle protein responsible for
bonding and storing oxygen. Thus the presence of
the abovementioned compounds in blood, which are
normally contained inside muscular cells, is a proof
that the myocytes are damaged, and the highest con‐
centration of these substances in the blood plasma
corresponds to the peak rigidity and soreness of the
muscles (Clarkson et al. 1986, Clarkson and Ebbeling
1988, Schwane et al. 1983, Tiidus and Ianuzzo 1983).
The most intense DOMS is experienced following
strenuous physical work based involving eccentric
contractions (Cheung et al. 2003, McHugh et al.
1999). Skiers most often complain of pain in the ex‐
tensors of the lower leg, i.e. predominantly of the
quadriceps femoris. Similar pain may be caused for
example by long‐lasting downhill walking or run‐
ning (Byrnes et al. 1985, Schwane et al. 1983).
Mountain hikers suffer from more painful delayed
muscle soreness after descending a mountain than
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ascending it, although, as we know, energy con‐
sumption during uphill climbing is much higher due
to the gravitation. This is because each step uphill is
based on a concentric contraction of the quadriceps
femoris (the muscle shortens), whereas each step
downhill is based on the said eccentric contractions
(the muscle stretches), which are the direct cause of
the aforementioned micro‐damage in the myocytes.
After a physical exercise which causes delayed
muscle soreness, the strength and power of the mus‐
cles weaken considerably (Lieber et al. 1996, Smith
1992) and they are fully recovered only after approx
1‐2 weeks (Cheung et al. 2003). Yet, for the 6‐12
weeks that follow the muscle cells maintain in‐
creased resistance to reoccurring damage (Clarkson
and Hubal 2002, Clarkson and Tremblay 1988,
McHugh et al. 1999, Stupka et al. 2001). Therefore
once DOMS subside, even despite similar or even
much higher strain, the soreness will not reoccur or
it will be much less intense.
The information presented above can be used by
skiers, as they can organize their preparations for a
longer skiing holiday in a more rational manner, in
particular when they intend to make their first con‐
tact with the slope during the season. This applies in
particular to amateur skiers not engaged in everyday
physical activity, although it should also be used by
professional sportsmen, especially after a long break
in training (Cheung et al. 2003).

Conclusion
In order to avoid the adverse symptoms of mus‐
cular soreness, skiers should take into account the
following information when preparing themselves
for skiing:
• intensive muscle work involving eccentric
contractions causes micro‐damage in the in‐
ner structures of the muscle,

•

after around 1‐2 weeks the muscles recover
their original strength and power,
• for 6‐12 weeks the muscles will show a
higher resistance to repeated damage and
muscle soreness.
Summing up the information presented above,
the following procedure can be proposed: around a
week before skiing, skiers should perform a series of
intensive physical exercises involving eccentric con‐
tractions, thus inducing delayed muscular soreness
as a result of micro‐damage within the quadriceps
femoris. The exercises may involve for example
downhill running, preferably down a steep slope,
running down stairs, deep knee bend jumps, deep
knee bend jumps over an obstacle (e.g. a bench),
jumping to the ground from a certain height (e.g.
from a chair, gym wall bars), sit‐ups on one or both
feet, etc. The skiers may end each exercise with
adopting the downhill skiing position, as the struc‐
ture of the movements during the exercises should
resemble, as much as possible, the specific character
of the action during skiing. Naturally, each series of
exercises should be preceded by a suitable warm‐up,
and the strain adjusted to the physical capacity of the
individual so that their motor system is not over‐
strained. Therefore it is absolutely necessary to in‐
crease the level of difficulty gradually. It should be
stressed that the exercises should lead considerable
local fatigue, in particular of the lower limb muscles,
so that muscle soreness occurs on the second day, in
particular in the frontal part of the thighs. After ap‐
proximately two days the pain will alleviate, while
after a week the strength of the muscles will return
to its pre‐exercise condition. This should considera‐
bly reduce, or even remove delayed muscle soreness
after skiing, which will not only help skiers use their
time more effectively and derive more pleasure from
the first contact with the snow, but will also be cru‐
cial to the skiers’ safety, which is one of the most im‐
portant aspects of skiing.

References
Armstrong R.B. Mechanisms of exercise‐induced delayed onset muscular soreness: a brief review. Med Sci Sports
Exerc, 1984; 16 (6): 529‐538
Birk T.J. Preventive interventions can minimize delayed onset muscle soreness. Sports Med Alert, 1999; 5 (6): 47‐49
Brooks G.A. Intra‐ and extra‐cellular lactate shuttles. Med Sci Sports Exerc 2000; 32: 790‐799
Brooks G.A. Lactate shuttle – between but not within cells? J Physiol, 2002; 541: 333‐334
Brown S., Day S., Donnelly A. Indirect evidence of human skeletal muscle damage and collagen breakdown after
eccentric muscle actions. J Sports Sci, 1999; 17 (5): 397‐402

Journal of Human Kinetics volume 23 2010,

http://www.johk.awf.katowice.pl

by Andrzej T. Klimek

59

Byrne C., Twist C., Eston R. Neuromuscular function after exercises‐induced muscle damage. Theoretical and
applied implications. Sport Med, 2004; 34: 49‐69
Byrnes W.C., Clarkson P.M. Delayed onset muscle soreness and training. Cli Sports Med, 1986; 5 (3): 605‐614
Byrnes W.C., Clarkson P.M., White J.S., et al. Delayed onset muscle soreness following repeated bouts of downhill
running. J Appl Physiol, 1985; 59 (3): 710‐715
Cheung K., Hume P.A., Maxwell L. Delayed onset muscle soreness: treatment strategies and performance factors.
Sports Med, 2003; 33 (2): 145‐164
Claps F. Soothe the burn: 11 ways to extinguish post‐workout pain. Men’s Fitness 2000. 16 (5): 104‐107
Clarkson P.M., Apple F.S., Byrnes W.C., et al. Creatine kinase isoforms following isometric exercise. Muscle Nerve,
1986. 10 (1): 41‐44
Clarkson P.M., Byrnes W.C., McCormick K.M., et al. Muscle soreness and serum creatine kinase activity following
isometric, eccentric and concentric exercise. Int J Sports Med, 1986. 7: 152‐155
Clarkson P.M., Ebbeling C. Investigation of serum creatine kinase variability after muscle damaging exercise. Clin
Sci, 1988; 75: 257‐261
Clarkson P.M., Hubal M.J. Exercise‐induced muscle damage in humans. Am J Phys Med Rehabil,
2002; 81 (11): 52‐69
Clarkson P.M., Tremblay I. Exercise induced muscle damage, repair and adaptation in humans. J Appl Physiol,
1988; 65: 1‐6
Cleak M.J., Eston R.G. Delayed onset muscle soreness: mechanisms and management.
J Sports Sci 1992. 10 (4): 325‐341
Cleak M.J., Eston R.G. Muscle soreness swelling, stiffness and strength loss after intense eccentric exercise.
Br J Sports Med, 1992; 26 (4): 267‐272
Cleary M.A. The time course of the repeated bout effect of eccentric exercise on delayed onset muscle soreness.
Philadelphia (PA): Temple University, 1995
Coudreuse J.M., Dupont P., Nicol C. Delayed post effort muscle soreness. Ann Readapt Med Phys,
2004; 47 (6): 290‐298
Friden J., Lieber R.L. Structural and mechanical basis of exercise induced muscle injury. Med Sci Sports Exerc,
1992. 24 (5): 521‐530
Friden J., Sjostrom M., Ekblom B. A morphological study of delayed onset muscle soreness. Experentia,
1981; 37: 506‐507
Friden J., Sjostrom M., Ekblom B. Myofibrillar damage following intense eccentric exercise in man. Int J Sports
med, 1983; 4: 170‐176
Gulick D.T., Kimura I.F. Delayed onset muscle soreness: what is it and how do we treat it? J Sport Rehab
1996; 5: 234‐243
Isabell W.K., Durrant E., Myrer W, et al. The effects of ice massage, ice massage with exercise, and exercise on the
prevention and treatment of delayed onset muscle soreness. J Athletic Train, 1992; 27 (3): 208‐217
Johansson P.H., Lindstrom L., Sundelin G., et al. The effects of preexercise stretching on muscular soreness,
tenderness and force loss following heavy eccentric exercise. Scand J med Sci Sports, 1999; 9 (4): 219‐225
Jones D.A., Newham D.J., Round J.M., et al. Experimental human muscle damage: morphological changes in
relation to other indices of damage. J Physiol, 1986; 375: 435‐448
Juel C. Current aspects of lactate exchange. Eur J Appl Physiol. 2001; 86: 12‐16

© Editorial Committee of Journal of Human Kinetics

60

Physiological Background of Muscular Pain During Skiing and Delayed Muscle Soreness after Skiing

Juel C., Klarskov C., Nielsen J.J. et al. Effect of high‐intensity intermittent training on lactate and H+ release from
human skeletal muscle. Am J Physiol Endocrinol Metab, 2004; 286: 245‐251
Lieber R.L., Friden J. Morphologic and mechanical basis of delayed‐onset muscle soreness. J Am Acad Orthop
Surg, 2002; 10 (1): 67‐73
Lieber R.L., Thornell L.E., Friden J. Muscle cytoskeletal disruption occurs within the first 10 min of cyclic eccentric
contraction. J Appl Physiol, 1996; 80: 178‐184
Lightfoot J.T., Char D., McDermott J., et al. Immediate post‐exercise massage does not attenuate delayed onset
muscle soreness. J Strength Cond Research, 1997. 11 (2): 119‐124
MacIntyre D.L., Reid W.D., McKenzie D.C. Delayed onset muscle soreness: the inflammatory response to muscle
injury and its clinical implications. Sports Med, 1995; 20 (1): 24‐40
McHugh M.P., Connolly D.A., Eston R.G., et al. Exercise‐induced muscle damage and potential mechanisms for
the repeated bout effect. Sports med, 1999; 27 (3): 157‐170
Messonnier L., Kristensen M., Juel C. et al. Importance of pH regulation and lactate/H+ transport capacity for work
production during supramaximal exercise in humans. J Appl Physiol, 2007; 102: 1936‐1944
Newham D.J., Jones D.A., Edwards R.H.T. Plasma creatine kinase changes after eccentric and concentric
contractions. Muscle Nerve, 1986; 9: 59‐63
Newham D.J., Jones D.A., Gosh G, et al. Repeated high‐force eccentric exercise: effects on muscle pain and
damage. J Appl Physiol, 1987; 63 (4): 1381‐1386
Newham D.J., Mills K.R., Edwards R.H.T. Large delayed plasma creatine kinase changes after stepping exercise.
Muscle Nerve, 1983. 6: 380‐385
Nosaka K., Newton M. Repeated eccentric exercise bouts do not exacerbate muscle damage and repair. J Strength
Cond Res, 2002; 16: 117‐122
Paddon‐Jones D.J., Quigley B.M. Effect of cryotherapy on muscle soreness and strength following eccentric
exercise. Int J Sports Med, 1997. 18: 588‐593
Porzęcki S., Staszkiewicz A., Hubner‐Woźniak E. Effect of eccentric and concentric exercise on plasma creatine
kinase (CK) and lactate dehydrodenase (LDH) activity on healthy adults. Biol Sport, 2004. 21: 193‐203
Rodenburg J.B., Steenbeek D., Schiereck P., et al. Warm up, stretching and massage diminish harmful effects
of eccentric exercise. Int J Sports Med, 1994. 15 (7): 414‐419
Sayers S.P., Clarkson P.M. Force recovery after eccentric exercises in males and females. Eur J Appl Physiol, 2001.
84: 122‐126
Sayers S.P., Clarkson P.M., Lee J. Activity and immobilization after eccentric exercise: II serum CK. Med Sci Sports
Exerc, 2000; 32: 1593‐1597
Schwane J.A., Hatrous B.G., Johnson S.R., et al. Is lactic acid related to delayed‐onset muscle soreness? Phys Sports
Med, 1983; 11 (3): 124‐127
Schwane J.A., Johnson S.R., Vandenakker C.B, et al. Delayed‐onset muscular soreness and plasma CPK and LDH
activities after downhill running. Med Sci Sports Exerc, 1983; 15 (1): 51‐56
Schwane J.A., Johnson S.R., Vandenakker C.B., et al. Delayed‐onset muscular soreness and plasma CPK and LDH
activities after downhill running. Med Sci Sports Exerc, 1983; 15: 51‐56
Sharkey J. Delayed onset muscle soreness. Ultrafit, 1995; 5 (7): 3
Smith L.L. Causes of delayed onset muscle soreness and the impact on athletic performance: a review. J Appl
Sport Sci Res, 1992; 6 (3): 135‐141

Journal of Human Kinetics volume 23 2010,

http://www.johk.awf.katowice.pl

by Andrzej T. Klimek

61

Stupka N., Tarnopolsky M.A., Yardley N.J., Phillips S.M. Cellular adaptation to repeated eccentric exercise‐
induced muscle damage. J Appl Physiol, 2001; 91 (4): 1669‐1678
Thomas C., Perrey S., Lambert K. et al. Monocarboxylate transporters, blood lactate removal after supramaximal
exercise and fatigue indexes in humans. J Appl Physiol 2005; 98: 804‐809
Tiidus P.M., Ianuzzo C.D. Effects of intensity and duration of muscular exercise on delayed soreness and serum
enzyme activities. Med Sci Sports Exerc, 1983; 15 (6): 461‐465
Vickers A.J., Fisher P., Smith C., et al. Homeopathy for delayed onset muscle soreness: a randomized double blind
placebo controlled trial. Br J Sports Med, 1997; 31: 304‐307
Wessel J., Wan A. Effect of stretching on the intensity of delayed‐onset muscle soreness. Clin J Sports Med,
1994; 4 (2): 83‐87
Willoughby D.S. Delayed onset muscle soreness: a possible physiological etiology and practical implications for
coaches. Texas Coach, 1990; 35 (1): 34‐36

Corresponding author
Andrzej T. Klimek,
Institute of Human Physiology, Department of Physiology and Biochemistry,
University School of Physical Education in Kraków
Al. Jana Pawła II 78, 31‐571 Kraków, Poland,
Phone : +4812 683 12 06
Fax : +4812 683 11 21
e‐mail: andrzej.klimek@awf.krakow.pl

© Editorial Committee of Journal of Human Kinetics

