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Abstract

Alpine skiing is characterized by a great number of leg movements with muscle contractions in eccentric regime. The
role of these movements is to absorb gravitation and inertial forces, manage skis more precisely and maintain balance.
Recent studies have determined the volume, duration and intenisty of eccentric contractions as well as the basic char-
acteristics of movement amplitudes and velocities. Based on the previous findings the experiments involving eccentric
training using a bicycle ergometer confirmed a positive impact that this kind of training has on increasing maximum
power, strength, endurance, coordination, injury prevention, metabolic work efficiency, more efficient work with longer
muscle length and its role in miming skiers’ movements. This paper is an rewiev of the studies so far in the field of kine-
matics, skiing dynamics and the effect of eccentric training on the development of athletes’ performances.
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INTRODUCTION

Alpine skiing, either recreational or competitive,
implies movements on skis down a slope, under the
gravitation force, where a skier performs movements
in order to change direction and control speed. The
movements are performed under conditions of con-
centric (CON), isometric (ISO) and eccentric (ECC)
muscle contractions. Due to gravitation and inertion
a great number of movements are performed un-
der conditions of ECC regime of leg extensor mus-
cle work (Berg & Eiken, 1999). The ability to control
the power of knee extensor muscles in ECC regime
may be a key limiting factor of the proper and suc-
cessful skiing technique manifestation. The findings
regarding the characteristics of ECC training regime,
dynamic and kinetic characteristics of alpine skiing,
may contribute to training session planning and im-
proving competitors’ performances. The aim of this
paper was to determine the adequate methods and
means for enhancing the skiers’ leg strength, based
on the findings about the importance of the eccen-
tric regime of extensor muscle work during skiing.
The research included a rewiev of PubMed, Medline

and Google search engine bases of papers. The papers
were selected by combining the key words: alpine ski-
ing, strength training, and eccentric contraction. The
overview included the papers relevant for the topic
published in the period between 1955 and July 2016.

CHARACTERISTICS OF ECCENTRIC
MUSCLE WORK REGIME

Eccentric contraction implies muscle work in the
conditions where external load exceeds muscle pow-
er, which causes the lengthening of muscle-tendon
system and muscles work in the so-called ,,eccentric
regime-ECC“ (Lindstedt, Reich, Keim, & LaStayo,
2002). ECC contraction is important for decelerate,
brake or absorbing energy reducing, interrupting or
absorbing the energy of movement. The absorbed en-
ergy may be dissipated as heat or as elastic energy. In
the first case, when the movements are slower, the ef-
fect of muscle work is load absorption such as in ski-
ing, running downbhill or during landing movements.
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In the second case, during fast and cyclic movements
(sprints, jumps), the absorbed energy is dissipated
and enables a more eflicient “stretch-schortening cy-
cle” (SSC). The reasons for such effects of ECC con-
traction have not been fully explained. Some authors
believe that the absorbed energy at the end of ECC
contraction is released as elastic energy in tendons,
during a fast movement which follows (in a srping-
like manner). In order to make use of a reverse effect,
the time between the end of ECC and the beginning
of CON contraction (“coupling time”) needs to be
short since otherwise elastic energy would be trans-
formed into heat. Originally, it was believed that the
time cannot be longer than 0.15 ms, and then Wilson,
Elliot and Wood (1990) concluded that the effects of
lower intensity may be used within the period of 4
seconds. Other authors believe that the enhanced ef-
fect of CON contraction is a result of the effect reflex
has on stretching. Others still believe that ECC con-
traction allows muscles to establish their (pre)activa-
tion at a higher level and start CON contraction with
a greater activation capacity (Linthorne, 2001).

Eccentric training and adaption processes

Compared with the movements in CON regime,
the muscle work in ECC regime is more efficient in
terms of energy and metabolism, even up to 50%
(Isner-Horobeti, Dufour, Vautravers, Geny, Coud-
eyre, & Richard, 2013). Thus, in ECC training there
is a possibility to load muscles significantly more and
with lower metabolic requirements - “more efficien-
cy with less effort” (LaStayo, Pierotti, Pifer, Hoppeler,
& Lindstedt, 2000). During ECC ergometer cycling
the consumption of O, may amount to 1/6-1/7 of the
consumption in relation to the cycling in CON re-
gime (Biglan-Ritchie & Woods, 1976). Vorgt (2011)
achieved the total volume of work of 240 tons per
training session in his experiment with ECC cycling
on a bicycle ergometer, which is almost impossible to
achieve by the cycling in CON regime. La Stayo et al.
(2000) in their experiment involving cycling on a bi-
cycle ergometer, with the work intensity of 65% VO,
max, recorded the work with the loads four times
greater in ECC regime (489 W) compared to a group
working in CON regime (128 W).

Adaptation processes under the influence of ECC
training reflect in the changes in nervous and muscle
system. Muscle mass is increased due to the hyper-
trophy of fast-twitch muscle fibres of type Ia and IIx
(Folland & Williams, 2007; Friedmann-Bette et all,

2010; Guilhem, Cornu, & Guevel, 2010; Baroni, Rod-
rigues, Franke, Geremia, Rassier, & Vaz, 2013). The
adaptation changes upon ECC training result in an
increase in contraction velocity and muscle spindle
length as well as an increase in the capacity to use the
accumulated elastic energy in muscle-tendon system
(Lindstedt, et al., 2002) more efficiently, an increase
in overall work efliciency and improved injury pre-
vention.

Fatigue is an important factor of the manifestation
of elastic muscle features, since it reduces the effect of
muscle activity. By applying different training models
it has be found that muscles need more than 24 hours
to recover after hard ECC training and, due to a high
volume of work, it is possible to apply the maximum
of 2 or 3 ECC training sessions per week (LaStayo,
2000; Vogt & Hoppeler, 2009).

The effect of eccentric training on strength

development

The advantages of ECC training in relation to CON
training method have been proven in several exper-
iments in untrained subjects. Several experiments
lasting 7-10 weeks have shown a positive effect on in-
creasing maximum isometric power of 36% (LaStayo
et al., 2000) and strength in sets of high jumps by 7%
(Elmer, Hahn, McAllister, Leong, & Martin, 2012) as
well as that the method of ,,high volume-low intensi-
ty“ exercises in ECC regime has shown better results
compared to the ,high intensity-low volume“ meth-
od. In two experiments of similar duration (number
of trainings x number of sets x number of repetitions),
(Guilhem, et all., 2010; Guilhem, Cornu, Maffiuletti,
& Guevel 2013) applied two methods in ECC regime
exercises: isotonic and isokinetic. Finally, it has been
determined that the participants in the isokinetic
experiment performed twice the volume of work on
average, yet a greater effect on strength increase was
achieved by the isotonic method (2.4%).

A few studies, in trained athletes, also indicated a
positive effect of ECC training. Various experiments
where two groups applied CON and ECC training
regime lasted 3-10 weeks, 3-4 training sessions per
week. Despite different methodology of the exper-
iments, the groups with ECC regime showed better
results than the groups with traditional CON train-
ing regarding the enhancement of: jumping height
(8%), movement frequency by 11% (Lindstedt, et al.,
2002), maximum isometric hamstring muscle power
by 11%, torque at the velocity of 60°/s by 0.4% per
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session (Mjolsnes, Arnason, Osthagen, Raastad, &
Bahrl, 2004); jumping height by 11% (Sheppard, et al.,
2008); percent of IIa fibre type; strength and jumping
height by 5% (Cook, Beaven, & Kilduff, 2013).

The effect of eccentric training on

coordination

CON and ECC muscle contractions differ in the
process of movement programming at the level of the
central nervous system (CNS). The study by Guilhem
et al. (2010) has shown a higher level of EEG activi-
ty of the cortex with ECC contraction in relation to
CON contraction. At muscular level, with similar
power intensity a lower level of EMG activity was re-
corded during ECC compared to CON contraction
(Biglan-Ritchie & Woods, 1976). The authors sup-
pose that a smaller number of motor units are acti-
vated during ECC contraction in relation to the CON
contraction of the same intensity. This results in an
increase in mechanical load per an activated motor
unit. Therefore it is harder to control and coordinate
movements during ECC contraction.

Eccentric training modalities

According to the studies so far there are two mod-
els of ECC regime training that are frequently applied
(Roig, et all., 2009; Vogt & Hoppeler, 2009; Guilhem,
et all, 2010; Elmer, et all., 2012; Isner, et all., 2013;
Elmer & Martin, 2013):

1. ,High intensity - low volume® approach is a
training with heavy loads (around 1 repeti-
tion maximum (RM), and a small number of
sets, mainly performed in a ,,pure eccentric” or
»mixed eccentric and concentric contraction®
manner, with ,,isotonic“ or ,,isokinetic“ exer-
cises. It is generally performed using ergome-
ters with additional load.

2. ,Low intensity — high volume“ approach is a
training characterized by a greater number of
repetitions and submaximal load. It is most fre-
quently performed with ECC ergometers.

ECC training with supramaximal and maximal

load (=1RM) increases maximum power and muscle
mass. By submaximal loads (<1RM), the enhance-
ment of power and muscle tone is achieved. In order
to develop these performances the training includes
exercises with overload (=1RM), plyometric exercis-
es, exercises using one’s own body (e.g. ,Nordic ham-
string exercises“) or exercises using ergometers (iner-
tial load ergometers and bicycle ergometers).

CHARACTERISTICS OF LEG
MUSCLE ACTIVITY IN SKIERS

Contrary to the belief that alpine skiing repre-
sents a dynamic activity with lots of explosive move-
ments, the angular velocities in knee and hip joints
show that skiing is a sport which is not characterized
by maximum movement velocity (Berg, Eiken, &
Tesch, 1995; Patterson, Raschner, & Platzer, 2009).
Average angular velocities in the knee joint range
between 20-40 °/s and the maximum recorded ve-
locities of 69 °/s are far from the angular velocities in
the knee joint of sprinters and jumpers (1000°/s) or
cyclists (200-400°/s) (Berg & Eiken 1999. The speed
of power generation is lower and maximum values
are reached later on and what makes skiing different
from the majority of other sports is that a greater
part of a turn is dominated by ECC contractions,
due to the movement down a slope. Body moving
continuously down a slope with an increased veloc-
ity (30-100 km/h) generates kinetic energy and thus
a heavy load to the knee joint extensors. The loads
that skiers endure during a turn are 2-4.5 G (Hoppe-
ler, 2014), i.e. 58-112% of maximum voluntary iso-
metric contraction (MVC). The duration of ECC
contraction phase is 84.5% in slalom (SL) and 88.2%
in giant slalom (GSL) out of the total turn duration,
which indicates a large volume of ECC regime of
muscle work in order to manage inertial forces and
maintain position (Berg, Eiken, & Tesch, 1995).

Regarding the role of certain fibre types, the re-
search by Vogt & Hoppeler (2012) indicated a small
but significant dominance of slow-twitch (I) in re-
lation to fast-twitch fibres (II) in the sample of elite
skiers as well as correlation between successfulness
in competition results (FIS competition points) and
slow-twitch fibre type (I). It is assumed that the ve-
locity and intensity of the entire ECC and CON con-
traction cycle depends on the type of muscle fibres
and their length.

Movement amplitudes, knee joint angles, dura-
tion, velocity and frequency of movements as well
as the characteristics of muscle activity indicate that
the movements in skiing may be classified between
slow SSC and shock absorbing function. The specified
characteristics represent a challenge for planning and
implementation of ECC exercises in strength training
of alpine skiers.



Ropret R. The role of eccentric regime..., PHYSICAL CULTURE 2017; 71 (1): 5-11

THE EFFECT OF ECCENTRIC
REGIME EXERCISES ON SKIERS’
PERFORMANCES

In accordance with the previous findings, some
studies on the effect of ECC training on skiers’ pow-
er, endurance and coordination enhancement have
been conducted. Vogt (2011) applied a 6-wk train-
ing using an eccentric cycle ergometer in his exper-
iment with skiers. The control group performed a
traditional CON training 3 times a week lasting 60
min, while the experiment group had 40 CON + 20
ECC minutes of training with cycle ergometer. Both
groups recorded an increase of 10% in ISO power,
whereas only the experiment group recorded an in-
crease of 7.9% in a high jumping test. Gross, Luthy,
Kroell, Muller, Hoppeler and Vogt (2010) and Vogt &
Hoppeler (2012) carried out the 5-week experiments
with elite skiers. In addition to a traditional strength
training (without jumping), the skiers also applied a
set of 20 minutes on ECC cycle ergometer1-2 times
a week. The load was gradually increased and finally
it was 140% of the initial load (from 404 to 965 W).
An increase was recorded in isometric power (12%),
leg muscle mass (1.9%), maximum strength in high
jumps (8.8%), squat jumps (92%) and power in ECC
contraction as well (100% BM). Despite the intense
but gradual load increase, the occurrence of “mus-
cles soreness” was not recorded. The above men-
tioned studies indicate that the implementation of
ECC training affects the enhancement of maximum
strength and power, without jumps. The research by
Vogt, Dapp, Blatter, Weisskopf, Suter and Hoppeler
(2003), using an ECC ergometer showed that more
successful skiers have better coordination of move-
ments (the relation between load and demonstrated
strength). The correlation between these results was
recorded in the skiers in SL and GSL but not in DH
(downbhill). This result is understandable when we
take into account the movement dynamics (longer
and slower movements in DH) and the protocol of
the test used (higher movement frequency). The re-
sults of ECC training indicate that good coordina-
tion and power manifested in ECC contractions are
the main attributes of elite skiers, especially in SL.
Having in mind that parts of the brain spheres ac-
tivated during ECC contraction are different from
those active during the movements involving CON
contraction, from the control aspect, it is necessary
to practice the tasks involving ECC contractions un-

der specific conditions and exercises that mime the
movements in the snow (Fang, Siemionow, Sahgal,
Xiong, & Yue, 2004).

PRACTICAL APPLICATIONS OF
ECCENTRIC TRAINING IN SKIING

Alpine skiing represents a complex integration of
various physiological systems neither of which may
be more important than the other in their total capac-
ity. When developing and assesing the success factors,
the specificities of skiing kinematics and dynamics
must be taken into account (Ropret, 2015). One of the
specific features of skiing is a considerable volume of
ECC regime of leg muscle work where the movement
mechanics significantly differs from other sports.

Intense muscular strains that require a high lev-
el of maximum muscle power, strength endurance
lasting for 1-2 min, high level of coordination of the
movements (balance and precise leg movements)
on unstable surface, under specific conditions of in-
creased altitudes (rarefied air, cold) are undisputable.
The loads of 2-4.5 G require training with additional
load for the development of maximumn power and
particularly in ECC contraction regime. A greater
number of repetitions of the movements and dura-
tion of the activity (30-70 turns during 1-2 min) re-
quire the development of great endurance.

Effects of ECC training have manifold significance
for skiers” training: increase in maximum power and
strength, optimum ratio between strength and mus-
cle length, intra and intermuscular coordination
enhancement, injury prevention, explosive strength
increase without application of intense jumping exer-
cises, more efficient metabolic work, development of
great endurance, larger volume of work, work involv-
ing the movements similar to skiing, improvement of
the relations between agonist and antagonist muscle
power.

The ability to absorb kinetic energy and good neu-
ro-muscular movement control in ECC regime must
be practised in specific conditions or conditions as
similar to skiing as possible. Preference is given to the
exercises using ergometers compared to traditional
plyometric exercises for several reasons: skiing move-
ments are slower, amplitudes of the knee joint move-
ments are higher, power generation lasts longer and
coupling phase is not that important in relation to
plyometric exercises. In addition, stretching and fold-
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ing movements in skiing are not ultimately aimed at
high takeoff, but at absorption and dosage of the load
caused by gravitation and inertion, along with con-
trol of fine leg movements at such heavy loads. Unlike
the exercises using ergometers, plyometric exercises
are performed in motion of low amplitude with small
changes in joint angles, which is not characteristic of
skiing. Because of this, the exercises in ECC regime
using ergometers have an advantage over jumping
exercises.

Using metabolically favorable ECC method pro-
vides the opportunity to apply a “high volume-low in-
tensity” method, which is particularly important for
the development of an endurance component in leg
strength in skiers.
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ROLLE DES EXZENTRISCHEN ARBEITSREGIMES DER BEINMUSKELN
IN DER ALPINEN SKIFAHRT

Zusammenfassung

Die alpine Skifahrt charakterisiert eine grofie Anzahl von Beinbewegungen mit Muskelkontraktionen in einem exzen-
trischen Arbeitsregime. Die Rolle dieser Bewegungen ist die Absorption von Gravitations- und Inertionskraft, prazise
Fithrung der Skier und die Erhaltung des Gleichgewichts. Bisherige Untersuchungen haben Umfang, Dauer und Inten-
sitdt der exzentrischen Kontraktionen festgelegt sowie die Grundeigenschaften der Bewegungsamplituden und -ge-
schwindigkeiten. Auf Grund fritherer Erkenntnisse wurden Experimente mit einem exzentrischen Training auf einem
Fahrradergometer durchgefiihrt, durch die ein positiver Einfluss dieses Trainings auf die Steigerung der Maximalkraft,
der Ausdauerkraft, der Koordinierung, der Verletzungspravention, der metabolischen Leistungsefhizienz, der effizien-
teren Leistung bei groflerer Muskelldnge und auf die Rolle in der Nachahmung der Bewegungen der Skifahrer besttigt
wurde. Diese Arbeit stellt eine kurze Ubersicht der bisherigen Untersuchungen aus dem Bereich der Kinematik, der Dy-
namik des Skifahrens und der Rolle des exzentrischen Trainings in der Entwicklung der Fahigkeiten der Skifahrer dar.

Schliisselworter: TRAINING / KRAFT / EXZENTRISCHE KONTRAKTION / PRUFUNG
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YJIOTA EKCOEHTPUYHOI PEJKUMA PAJA MUIIINKA HOT'Y ¥
AJIIICKOM CKUJABY

Podept Pomper

Yuusepsuter y beorpany, ®akynTeT copra 1 pU3NYKOT BaCIIUTaba

CaxxeTrak

Anncko cKujame KapakTepyille BelMuKy dpoj IOKpeTa HOTy ca MUIIMNHMM KOHTPaKIMjaMa y eKCLeHTPUIHOM PeXXu-
My pajja. Yora TUX IOKpeTa je alcOopIlliMja IPaBATALMOHE U MHEPLVOHUX CUJIA, IPELM3HO yIpaB/balbe CKujaMa 1
ofip)xaBambe paBHOTexXe. Jlocajialliiba UCTPAXKMBaba Cy YTBPAWIA 00MM, Tpajare X MHTEH3UTEe eKCLEHTPUYHMX KOH-
TpaKIyja Kao 1 OCHOBHe KapaKTePMUCTUKe aMIUINTYa 1 Op3yHa mokpera. Ha 0CHOBY IpeTXOHMX ca3Hamwba BpIIEHN
CY eKCIIEPMMEHTH Ca eKCLIeHTPUYHUM TPEHMHTOM Ha OUIMK/I-eproMeTpy KojiMa je HOTBphHeH Mo3UTNBaH yTUIIaj OBOT
TpeHNHTa Ha HoBehame MaKcUMaHe CUjIe, CHare, U3P>K/bUBOCTI, KOOPAMHALIje, IpeBeHINjy IoBpehuBama, MeTa-
dommuxy edukacHocT paja, epukacHuju paj npu Behoj gy>xuHu Muumha u yaory y MMUTaLuji IOKpeTa CKIMjalla.
Pap mpepicraB/ba KpaTak Iperyief] HOCAAIlb/X NCTPKUBAba 13 0d/IaCTU KMHEMATHUKe, JMHAMUKe CKIjarba 1 yIore

€KCEHTPNYHOI TPEHMHIa Ha pa3Boj CIIOCOOHOCTI CKI/IjaIIIa.

Kmyune peun: TPEHVIHI / CHATA / EKCLUEHTPVYHA KOHTPAKIIMJA / TECTUPAILE

YBOJI

AJIIICKO CKMjabe, PEKPEaTMBHO MM TaKMUYap-
CKO, TIpeJCTaB/ba KpeTame Ha CKMjaMa HU3 HafluHY,
II0J1 yTULajeM TpaBUTalLje, IIPY YeMy CKUjalll BPILN
HOKpeTe y LM/by ITPOMEHe IPaBIia ¥ KOHTPoJIe dp3u-
He. IlokpeTn ce Bplle y yc/l1oBMMa KOHLIEHTPUYHNUX
(KOH), msomerpujckux (MI30) m ekcueHTpUYIHMX
(EKC) xonTpaknuja mumuha. 3dor mejcTBa rpaBu-
Talyje ¥ MHepLMje 3Ha4ajaH JIeo MTOKpeTa ce OfBMja
y ycnosuma EKC pexxuma paja myumha ompyskada
Hory (Berg & Eiken, 1999). CrnocodHOCT KOHTpO-
nMncamwa cuwie Mummha ompykada 3rmoda KosmeHa y
EKC pexumy pasa Moxke OuTH KIbYYHY TMMUTHPA-
jyhm dbaxTop y ycremHocT 1CrnobaBamba IpaByUIHe
TeXHMKe y cKujary. CasHama 0 KapaKTepUCTMKaMa
EKC pexuma paja, JMHAMMYKMM ¥ KUMHETUYKUM
KapaKTepUCTMKaMa ajIICKOT CKMjaiba MOI'y 3HAa4ajHO
JIONIPUMHETH Y TTAHMPAky TPEHMHIA ¥ HOJO0/bLIAY
criocodHocT Takmmyapa. Immb pama je ma ce, Ha
OCHOBY Ca3Harba O y/J03M eKCLIEHTPUYHOT Paja MU-
muha eKCTeH30pa TOKOM CKUjamba YTBPJie afieKBaTHe
MeTOJIe U CPENCTBA 3a pa3BOj CHare HOr'y KOJ CKMja-

ma. VicrpaxxnBame je odyxsaruio nperyes dasa pa-
nosa PubMed, Medline n Google nperpaxusaya. Pa-
IOBU Cy U3adpaHu KOMOMHOBAmbeM K/bYYHUX PedM:
QJITIICKO CKMjarbe, TPEHNHT CHare, eKCLEHTPUYHA KOH-
tpakuyja. [Ipernenom cy ogadpanu pajjoBu y CKIa-
Iy ca TeMoM, odjaBjbeHN y nepuony of 1995. no jyma
2016. roguHe.

KAPAKTEPUMCTUKE EKCHEHTPUY-
HOT PEJXXMMA PAJA MUIIINKEA

ExclieHTpuYHa KOHTpakKIyja IOfpasyMeBa MH-
mhHy paj y ycnoBMMa Kajia CIOJballlibe OITepe-
hemwe mpesaswnasu cwny mmmnha, 3dor yera goma-
311 JI0 M3AY>KMBamba MUIIMNHO-TETUBHOT CUCTEMA U
mumh pagu y Tako3BaHOM ,,IIONYIITajyheM pexu-
my“ (Lindstedt, Reich, Keim, & LaStayo, 2002). EKC
KOHTpAKIVja IMa Y/IOTY y CMatbetby, IPeKUaby Un
alCoOPIILVjU eHepruje KpeTawa. AicopdoBaHa eHep-
ruja Moxxe dutu ocmodobheHa y BuAy TOIIOTE WK
Kao ellacTM4Ha eHepruja. Y IpBOM CIIy4ajy, Kajja cy
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HOKpeTN Cropuju, epexar paga mumnha je arncopn-
1uja onrepehema, Kao Ha IPUMeEP y CKUjamby, TPUYABY
HU3OPIO MM cacKoIMa ca BUCHHE. Y JPyrOM CIIy-
4ajy, TOKOM Op3MX M LMKINYHUX MOKpeTa (CHPUHT,
CKOKOBM), ancopdoBaHa eHepruja ce ocnodaba u
omoryhaBa edukacHMjy HapeIHy KOHTPaKIUjy y T3B.
»hospattrom pexcumy paga muwuha“ (IIPPM). Pa-
3nmo03n 3a oBakse epekre EKC KoHTpakmuje HKUCY Y
nornyHocTy odjammenn. [lojenyam aytopu cMaTpa-
jy ma ce ancopdoBaHa eHepruja Ha Kpajy EKC kon-
Tpakyje ocnodabha kao enacTMyHa eHepruja y TeTu-
BaMa, Y Op30M HOKpeTy Koju crefy (Kao MCTeTHyTa
emacTyHa omnpyra). Jla du ce moBpaTHM edekar uc-
Kopuctuo norpedHo je fa Bpeme nsmeby kpaja EKC n
novetka KOH xonTpakuuje (,8peme ciiajara”) dyne
Kpatko jep he ce y cynmpoTHOM efacTuyHa eHepruja
IpeTBOpUTH y TOIIOTHY. [IpBoduTHO ce cMaTpano
lia To BpeMe He Moxke dutu myxe of 0.15 Mc ma on
Buncon, Emuor u Byn (Wilson, Elliot, & Wood, 1990)
3aK/BYYM/IN A ce e(eKTV Mamer MHTeH3UTeTa MOTY
VICKOPUCTUTH y TIepuofy fio 4 cek. JIpyru ayropu
cMartpajy fa je mojauan epexkar KOH koHTpakumje
Hnoc/ennua fiejctea pediekca Ha mcrTesame. Tpehmn,
cMatpajy ga EKC xonTpakuuja omoryhasa mummhy
fla YCIIOCTaBM CBOjYy (IIpe)aKTMBaIyjy Ha BUIIEM HU-
Boy 1 fia KOH xoHTpakuujy sarnoyse ca Behum akTu-
BaryjckuM norernyujanom (Linthorne, 2001).

EXCIeHTpUYHN TPEHNMHT UM aJalTallIOHN

npouecun

Y nopebhemy ca nokpernma y KOH pexumy, pany
EKC pexxumy je eHepreTckn 1 MeTadonmukn eduka-
cunju, n 5o 50% (Isner-Horobeti, Dufour, Vautravers,
Geny, Coudeyre, & Richard, 2013). Tume ce npyxa
moryhnoct fa ce EKC TpenmHrom 3HavajHO BuIe
onrepere Mumnhy, y3 HKe MeTadomIKe 3aXxTeBe -
»BHIIIe eekTa y3 Mame ynarame” (LaStayo, Pierotti,
Pifer, Hoppeler, & Lindstedt, 2000). Toxom EKC me-
flanupama Ha OMIMK/I-epromMerpy mnorpouma O,
MOyKe U3HOCUTH 1/6-1/7 moTpollbe y OfIHOCY Ha Ile-
pampame y KOH pexxumy (Biglan-Ritchie & Woods,
1976). Bort (Vogt, 2011) je y excnepumenty ca EKC
nefjaIMpameM Ha SUIIMKII-eproMeTpy OCTBAPUO YKY-
naH oduM pazia of 240 TOHA 11O TPEHUHTY, IITO je To-
ToBO Hemoryhe nmoctuhm nepampamem y KOH pe-
xumy. JTaCrajo u capagunun (LaStayo, et all., 2000)
CY Y eKCIIepMMeHTY Ilefla/iuparba Ha OUIMKII-eproMe-
TPY, IPY MHTEH3UTETY paja off 65% VO, max, sade-
XU paf ca dyeTupy myTa Behum onrepehemem
y EKC pexxumy (489 W) y ogHocy Ha rpymy Koja je

paguna y KOH pexumy (128 W).

Apanrannonu nponecu nox yrunajem EKC Tpe-
HIMHTA Ce UCIO/baBajy IpOMeHaMa y HEepBHOM M
munimhaoM cucremy. ITosehaBa ce munmmhua maca
ycnen xuneprpoduje mMummhHMX BlakaHa Op3or
tumna - Iau IIx (Folland & Williams, 2007; Friedmann-
-Bette et all, 2010; Guilhem, Cornu, & Guevel, 2010;
Baroni, Rodrigues, Franke, Geremia, Rassier, & Vaz,
2013). Apanranuone npomene HakoH EKC Tpennnra
moBofie o noBehamwa dpsuHe KOHTpakiuje, Ly>Ku-
He MuiuhHOr BpereHa, nmoBehame KamanureTa 3a
edukacHuje Kopuurheme aKyMyaMpaHe eTacTUYHe
eHepruje y Mumnhno-retnsHoM cucremy (Lindstedt,
atall., 2002), ykynne edukacHocTu paja u dobe npe-
BeHI[uje off moBpehuBama.

3aMop je BakaH (aKTOp Y MCIIO/baBaY eIacTUy-
HIX cBojcTaBa Muinha jep ymamyje edexar mummh-
He aKTUBHOCTH. [IpMIMEeHOM pasInunTiX MOfierIa Tpe-
HMHTa yTBpheHo je fa je moTpedHO Buie off 24 cata 3a
onopaBak munmha Hakon HanopHor EKC tpennHra
Kao 1 fia je, 3dor Benmmkor oduma paja, moryhe npu-
MemwuBaTy Hajsuile 2 fo 3 EKC TpeHnHra Hefie/bHO
(LaStayo, et all., 2000; Vogt & Hoppeler, 2009).

YTumaj eKCiieHTpMYHOT TPEHMHTA HAa Pa3Boj

CHare

IIpepgnoctn EKC nag KOH MmeTomoMm TpeHmHra
IOKa3MBaHe Cy Y HEKOJIMKO eKCIlepuMeHaTa Ha HeTpe-
HYpaHMUM ucruTannnyma. Hekonmmko ekxcriepumeHara
y Tpajamby of 7-10 Heme/ba, IOKa3ajo je MO3UTUBAH
yTuiaj Ha noBehame MakcuMaIHe M30METPUjCKe CITIe
oxt 36% (LaStayo, et all., 2000) u cHare y cepujama cko-
koBa y BucuHy 3a 7% (Elmer, Hahn, McAllister, Leong,
& Martin, 2012) kao 1 a METO]I ,BENIUKN 0OMM-HIU3aK
nHTeH3uTeT  Bexkdn y EKC pexxumy mokasyje dome
pe3ynTaTe y OfHOCY Ha METOJ ,BE/IUKY VHTEH3UTET-
-HM3aK oduM". Y /1Ba eKCIIepMMEHTa CIMYHOT TPajaba
(Opoj TpennHra x dpoj cepuja x Opoj moHaspama), [y-
wixeM u cap. (Guilhem, et all., 2010; Guilhem, Cornu,
Maffiuletti, & Guevel 2013) npumMeHnnu cy iBa MeToAa
y Bexxdama ca EKC pexxumom paga muimha: nsoro-
HIYHM U M30KuHeTnuKu. Ha kpajy je yrpheHo ma cy
YIeCHUIM M30KMHETUYKOT eKCIIEPUMEHTa MIPOCEYHO
odaBmmm paj gBocTpyko Beher oduma, anu na je Behn
edekar Ha moBehame cHare ocTBapeH M30TOHNYHUM
MeTonoM (2.4%).

Manu dpoj ucTpaxkuBama, Ha TPEHUPAHUM CIIOP-
TUCTMMA, Takohe je ykasao Ha HO3UTMBAH YTUILA]
EKC Tpenunra. Paznuunty ekcliepMMeHTH, Y KOju-
Ma cy ziBe rpyne npuMemusane KOH un EKC pexxum
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pana, Tpajanu cy 3-10 Hepierba, 3-4 TpeHMHTIA Hefleb-
HO. YIPKOC Ppas3IMyuUTOj METOMONOTVjU eKCIIepu-
MeHTa, rpyne ca EKC pexnumom cy mokasane dorbe
pesynTare of rpyna ca Tpagunyonansum KOH Ttpe-
HVHTOM Y NOSO/bIIakbY: BUCKHE CKOKOBa (8%), ppe-
KBeHIVje mokpeTa 3a 11% (Lindstedt, et all., 2002);
MaKCUMajHe M30MeTpujcke cwie Muimmha 3apgme
noxe 3a 11%, odpTHOr MOMeHTa Tipu Op3uHU 60°/s
3a 0.4% o Tpenunry (Mjolsnes, Arnason, Osthagen,
Raastad, & Bahrl, 2004); Bucunm ckokoBa 3a 11%
(Sheppard, et all., 2008); nponenTy Ila Tuna Brakana
(Friedmann et all, 2010); y cHa3u u BUCHHY CKOKOBa
3a 5% (Cook, Beaven, & Kilduft, 2013).

YTunaj ekciieHTMYHOT TPEeHMHTA HAa KOOPAM-

HaLMjy

Msmehy KOH n EKC konTpakiuje munmrha mo-
CTOje pasiMKe y HpOIeCy IporpaMmpama IOKpe-
Ta Ha HUBOY llenTpannor HeBHor cucrema (ITHC).
VcrpaxmnBame I'ynnxema n capagunka (Guilhem, et
all., 2010) moxasasno je Behu HuBo EEI akTuBHOCTH
kopTekca npunukoMm EKC xoHTpak1uje y ofHOCY Ha
KOH. Ha mumnhHoM HUBOY, 3a C/IMYaH NHTEH3UTET
cune 3adenexeH je HkyM HuBo EMI akTmBHOCTH
tokoM EKC y ogrocy Ha KOH konTpakiujy (Biglan-
-Ritchie & Woods, 1976). AyTopu npeTnocrasbajy,
na ce npu EKC koHTpakumju akTuBMpa Mamu dpoj
MOTOPHUX jeguHu1a, y ofHocy Ha KOH koHTpakuujy
UICTOT MHTEH3NUTETa. Y TOM CIIy4ajy JO/Masu o IoBe-
hama mexannykor ontepehema o akTMBMpPaHOj MO-
TOPHO] jenyHNIIM. 30T TOTa je TeXke KOHTPOINUCATY U
koopaunucary noxpere npu EKC koHTpakumjn.

BapujaHTe eKCIIeHTPUYHOT TPEHIHTa

ITpema ckopujum wucrpaxusamyuma (Roig, et
all,, 2009; Vogt & Hoppeler, 2009; Guilhem, et all.,
2010; Elmer, et all.,, 2012; Isner, et all., 2013; Elmer &
Martin, 2013) nHajuenthe ce mpyuMemyjy ABa Mozena
TpenuHra ca EKC pexxumom:

1. “Bucok MHTeH3uTeT-Mamyu oduM’ je TPEHMHT
ca BeMkMM onrtepehemnma (oko 1 moHaBba-
jyher makcumyma (1RM), n mamum Opojem
cepuja, YITTABHOM Ca ,9MCTOM eKCIIeHTPHUjoM "
VI ,MEIIOBUTOM eKCIeHTPUYHO-KOHIIEH-
TPUYHOM KOHTPAKLMjOM“ IIpU 4eMy Cy Bexxde
LVI3OTOHMYHE WIN ,,M30KMHETNUYKe . YIIaB-
HOM ce TIpUMemYyje Ha TpeHaHXepuMma ca Jo-
IaTHMUM onTepehemeM.

2. ,Hmsax uHTeH3uUTeT-BeMMKM OOMM“ je Tpe-
HVHT ca BehuM dpojem noHaB/bama 1 cyOMax-

cumanuum ontepehemwem. Hajuernhe ce mpu-
Membyje Ha eproMeTpuMa 3a eKCIeHTPUYHM
PeXnM paja.

EKC TpeHuHrom ca cynnpaMaKCUMaTHUM M MaK-
cumanuuMm ontepehewem (=1PM) mnosehaBa ce
MakcuManHa cuiaa u mumuhaa maca. Cydmakcu-
manHuM onrtepehemnma (<1 PM) octBapyje ce no-
dospiiame y cHasu u MumphHom ToHycu. TpeHMHT
3a pas3Boj oBUX cIOCOdHOCTM odyxBara Bexde ca
HagontepeheweMm (>1 PM), minomerpujcke Bexde,
Bexxde comcrBeHuM TenoM (Hmp: ,Hopaumjcka Be-
xda 3a 3aimy M0XY") mm Bexxde Ha eproMeTpuMa
(TpeHaH)Xepu ca MHepuMjalmHuUM omnrtepehemeM n
dunuki-epromerpn).

KAPAKTEPVICTUKE MUIINEHE
AKTMBHOCTMU HOT'Y KOJJ,
CKUJAIIIA

HacynpoT yTucky fia je ajnIcko cKujambe AVHa-
MIYHa aKTMBHOCTM Ca IYHO eKCIUIO3VBHMX ITOKpe-
Ta, yraoHe dp3mHe y 317100y KOJIEHa U KYKa ITOKa3yjy
Jla CKMjarbe HMje CIIOPT KOju KapaKTepuile MaKCH-
MmasnHa Op3nHa nokperta (Berg, Eiken, & Tesch, 1995;
Patterson, Raschner, & Platzer, 2009). IIpoceune
yraose dp3uHe y 317100y KojeHa ce Kpehy y pacriony
20-40°/s, a MmakcumainHe 3adenexeHe, o 69°/s, cy fa-
JIEKO Off yTaOHNX dp3MHa y 317100y KOJIeHa CIIpMHTepa
n ckakada (1000°/s) wmm dumuknaucra (200-400°/s)
(Berg & Eiken 1999). bpsuna renepucama cune je
CIIopuja M MaKCUMajlHe BPEJHOCTH Ce TOCTIDKY Ka-
cunje (Patterson, et all., 2009). Ono mTo cKujare
YYHY PasIM4IuTUM off BehuHe Apyrux croprosa je
o y BeheM fieny 3aokpeta, 300r KpeTamwa HU3 Ia-
puny, tomuanpajy EKC konrpakumje. Kontunynpa-
HO KpeTame Te/la Hu3 IafiuHy nosehanom dps3mHoM
(30-100 km/h) reHepmine KMHETHYKY eHeprujy, a
TUMe U BeMuKo onrtepeheme 3a onpyskade y 3rmody
korneHa. Onrepehema Koja ckujaim caBiafjaBajy To-
KOM 3aokpera nsHoce 2-4.5 G (Hoppeler, 2014), ox-
HOCHO 58-112% MakcuMalHe BO/bHE U3OMETPUjCKe
kouTpakuyje (MBK). Tpajame ¢asze EKC xonTpak-
nuje y cnanomy (CJI) nsnocu 84,5%, a y Benecimanomy
(BC) 88.2% op yKyIHOT Tpajara 3a0KpeTa, IITO To-
Bopu 0 BenkoM odumy EKC pexxuma paja mymnmtha
y LMY CYyHpOTCTaB/balbha MHEPIVIOHMM CUIaMa U
oppkaBama nonoxaja (Berg, Eiken, & Tesch, 1995).

Y mnorneny ynore onpeheHor Tuma BrakaHa, Mc-
TpaxuBamwe Borra u Xomenepa (Vogt & Hoppeler,
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2012) ykasyje Ha Maiy, aay 3HAYajHy TOMMHALUjY
criopux (I) y ogHocy Ha dp3a BmakHa (II) y y3opky
eIMTHUX CKMjallla, Kao U Jla IIOCTOjU KOpenanuja ns-
Meby ycmemHocT y TaKMUYapcKMM pes3yaTaTuma
(PHIC dopmonu) m Tuma BrakaHa cropor tp3aja (I).
[TpernocTaBKa je ga Op3MHA M MHTEH3UTET LIeIOKYII-
Hor nukiayca EKC n KOH konTpakuumje 3aBucu of
TUIIa MUMIMDHNX B/IaKaHa U BIXOBE Ty>KIHe.

AMIIMTYyZe MOKpeTa, YITIOBUM Y 317100y KOJeHa,
Tpajame, dp3uHa 1 ppekBeHIMja TOKpeTa Kao U Ka-
pakTepucTuke mMuninhHe akTMBHOCTY YKasyjy ja ce
HOKpeTy y CKMjamy Mory Knacuguxosatu nsmeby
criopor IIPPM n dyskumje ancopnmmje ygapa. Ha-
BeJleHe KapaKTepUCTHUKe CYy M3a30B 3a IIAHMpalbe
u npumeny EKC Bexxdu y TpeHUHIy CHare ajmcKmx
CKMjalla.

YTUILIA] BEJKBU CA
EKCHEHTPUYHUM PEXKVIMOM
MUNHIINKRHOG PAIJA HA
CIIOCOBHOCTM CKMJAIIA

Y ckmany ca MpeTXOMHNUM Pe3yITaTiMa, BpIIeHa
cy onpehena ncrpaxnbama o yrunajy EKC tpennn-
ra Ha pasBoj CHare, U3 p>K/bUBOCTU U KOOPAVHAIN-
je ckmjama. Bort (Vogt, 2011) je y excriepuMeHTy ca
CKMjalllyMa IPUMEHNO TPEHUHT Ha eKCIIeHTPUIHOM
OUIKI-eproMeTpy y Tpajamy of 6 Hememba. KoH-
TponHa rpyna je umana xnacudad KOH rpenunr 3
IIyTa HeMIe/bHO y Tpajamby off 60 MIH, a eKCIIepUMEeH-
tanHa 40 KOH + 20 EKC mMunyTa TpeHuHra Ha du-
uKi-epromerpy. Ode rpyme cy 3adenexxme noseha-
we off 10% y 130 cum, oK je caMo eKcliepyMeHTal-
Ha 3adenexma nosehame oy 7.9% y TecTy cKoka y
B1C 13 MecTa. Ipoc, Jlytu, Kpoen, Munep, Xonenep n
Bort (Gross, Luthy, Kroell, Muller, Hoppeler, & Vogt,
2010) u Bort n Xomnenep (Vogt & Hoppeler, 2012) cy
CIIPOBENN eKCIIepUMMeHTe ca BPXYHCKUM CKMjalluMa
TOKOM 5 Hepierba. [lopesi K/TacM4HOT TPEHMHTA CHare
(8e3 ckOKOBa), CKMjalIN Cy MpUMemMBaIM 1-2 myTa
Hefle/bHO, cepujy of 20 muH Ha EKC dunmki-epro-
metpy. Onrepeheme ce mocreneno nosehasano u Ha
Kpajy je nsHocmno 140% mouetHor (om 404 mo 965
W). 3adenexxeHo je mosehamwe y 130MeTPMjCKOj CUIN
(12%), mumuhuoj macu Hory (1.9%), MakCMMaJIHOj
CHa3M KOJi CKOKOBa y BUC U3 MecTa (8.8%), n3 uyu-
ma (9.2%), xao u cune y EKC xonTpakunju (100%
COIICTBEHE TEXMHe). YIIPKOC NHTEH3VBHOM, Ay T10-
crenieHoM nosehamwy onrepehema Huje 3adenexena

nojaBa ,ymane muimnha“ HaBefieHa mcTpaxuBama
yka3yjy ga mpumena EKC TpennHra yTude Ha 1odosm-
IIame MaKCMMaJHe Cjle Kao U CHare, 0e3 IpMMeHe
cKoKoBa. VicTpaxxuBama Bort u capagHuka, (Vogt,
Dapp, Blatter, Weisskopf, Suter, & Hoppeler, 2003) Ha
EKC epromerpy, mokasana Cy Aa YCIIEIIHUjU CKMja-
I TI0Ka3yjy do/by KOOpAMHALMjy IOKpeTa (OfHOC
ontepehema 1 ucnopeHe cHare). IloBesaHocT pesyi-
Tara je 3adene>xeHa KoJ CKMjalla y AVCLUIUIMHAMA
CJI n BC amu e n y [IX (cmycT). Pesynrar je pasy-
M/BVB KaJja Ce ¥IMa Y BU/y IMHAMUKA TTIOKpeTa (y>Ku
u ciopuju okpeTn y JIX) 1 IpoTOKO/I IpyMeHeHOr
tecta (Beha ppexBenunja mokpera). Pesynraru EKC
TPEHMHTA YKa3yjy /ia Cy odpa KoOpAMHaLMja 1 CVIa
ucnomee y EKC KoHTpakuMjama OCHOBHM aTpu-
dyTn BpxyHCKux ckmjama, Hapounto y CJL. Vmajy-
hu y Buny ma cy rokom EKC xoHTpakImje akTuBHM
PasIMYNTHU JIeTIOBY MOX[AaHUX cdepa y OFHOCY Ha
nokpete ca KOH xoHTpakiujom, ca ympaBbadyKor
acrekTa, moTpedHo je ma ce 3ajanu ca EKC koHTpak-
njaMa yBexxdaBajy y cenudpuIHuM CUTyamyjama u
BeXXdaMa Koje mMuTHpajy mokpere Ha cHery (Fang,
Siemionow, Sahgal, Xiong, & Yue, 2004).

ITPAKTUYHA ITPUMEHA
EKCHEHTPYHOG TPEHVMHGA Y
CKUJAIBY

AJITIICKO CKMjambe NpefCTaB/ba CJIOKEHY MHTeTpa-
IVjy PasmMIUTUX U3MONMOIIKIX CUCTEMA, Off KOjUX
HIjeflaH He MO>Ke OUTM BaKHUjM Off IPYTOT y YKYII-
HOj crtocodHOCTH. Y pasBojy M IpoleHM Qakropa
YCIIELTHOCTY MOpa ce BOAUTH padyHa o crenndud-
HOCTMMa KMHeMarTyKe U [UHaMIKe ckujama (Pomper,
2015). JenHa opf cienpMYHOCTY CKUjamba je 3HaYajaH
odum EKC pexxnma pajia HOTy 110 4eMy ce MeXaHMKa
MOKpeTa 3Ha4ajHO PA3/IMKYje Off IPYTUX CIOPTOBA.

Hecnopna cy nHTeHsnBHa MuimuhHa Hampesama
KOja 3aXTeBajy BUCOK HMBO MAaKCHMaJHe CUJIe MU-
mha, M3EPXX/BUBOCT Y CHa3M y Tpajamy of 1-2 MuH,
BIICOK HMBO KOOpJIMHAIMje TIOKpeTa (paBHOTEXa 1
IpPeNM3HNU TIOKPeTH HOTY) Ha HeCTadu/IHOj TIOII031,
y crenmduyHNM ycnoBuMa yBehaHne HafMOpCKe BH-
cuHe (paspebheH Basnyx, xmagHoha). Ontepehemwa of
2-4.5 G 3axTeBajy TPeHMHT ca JofaTHuM onrepehe-
IbEM 32 pa3BOj MAaKCUMaJlHe CHIe a HAapO4MUTo y pe-
xumy EKC xonTpaxnmje. Behn dpoj monasmama mo-
KpeTa I Tpajame akTuBHOCTY (30-70 3a0KpeTa TOKOM
1-2 MUH) 3aXTeBajy Pa3Boj CHaXKHEe U3IP>K/BUBOCTIL.
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Edextn EKC TpenmHra cy BuIecTpyko 3Ha4ajHM
3a TPEHUHT CKMjala: moBehame MaKkcuMaTHe Cuie 1
CHare; ONITMMA/IHU OfHOC CHare M Ay>KuHe Muinha;
nodospinate yHyTap um Mehymmmmmmhue xoopamua-
Huje; IMpeBeHIuja o noBpehusama; mosehame ex-
CIITIO3VBHE CHare 0e3 IMpuMeHe MHTEeH3MBHUX BeXXOu
CKOKOBa; MeTadO/MMIKN eKOHOMUYHMjU Pafl; Pa3Boj
CHa)KHe M3JPX/bUBOCTY; Behn oduM pazia; pan y mo-
KpeTuMa CIMYHMM Kao y CKUjamby; M0O0/bIIabe Ofl-
HOCa CMJIe aTOHMCTA M aHTArOHMCTA.

CnocodHOCT amncopruuje KMHeTUYKe eHepruje 1
nodpa HepBHO-MuINhHa KOHTpoTa nmokpera y EKC
peXMMy Mopajy fia ce Bexdajy y crenndnaHIM U
yCIOBMMa LITO CAMYHUjUM TOKOM CKujama. Ilpen-
HOCT Majy Bexde Ha eproMeTpyMa y OfHOCY Ha K/la-
CUYHe IUIMOMETpPHjcKe Bexde 13 HEKOIMKO pasjiora:
IIOKPETH y CKUjarby Cy CIIOPUjU, AMIUIATY/E IIOKpe-
Ta y 317100y KorneHa cy Behe, reHepucame cume Tpaje
nyxe u ¢asa crajarma HeMa TOMMKY 3HAYAj Y OHOCY
Ha IwmoMetpujcke Bexxde. Takobe, mokpern ompy-
XKama U Iperndama y CKMjamby HeMajy Kao Kpajibu
Wb CHAXAH ofipa3 Beh arcomnuujy u gosupame OIl-
tepehema 13a3BaHOT [IejCTBOM IpaBUTALMje U MHEP-
nyje, y3 KOHTpOMy GMHUX HOKpeTa HOTy IIPU OBAKO
BemMKMM onrtepehemyMa. 3a pasnmmky of BexOM Ha
eproMeTpuMa, INMOMeTpHjcKe Bexde ce BplIle Y I10-
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ROLLE DES EXZENTRISCHEN ARBEITSREGIMES DER BEINMUSKELN
IN DER ALPINEN SKIFAHRT

Zusammenfassung

Die alpine Skifahrt charakterisiert eine grofie Anzahl von Beinbewegungen mit Muskelkontraktionen in einem exzen-
trischen Arbeitsregime. Die Rolle dieser Bewegungen ist die Absorption von Gravitations- und Inertionskraft, prazise
Fithrung der Skier und die Erhaltung des Gleichgewichts. Bisherige Untersuchungen haben Umfang, Dauer und Inten-
sitdt der exzentrischen Kontraktionen festgelegt sowie die Grundeigenschaften der Bewegungsamplituden und -ge-
schwindigkeiten. Auf Grund fritherer Erkenntnisse wurden Experimente mit einem exzentrischen Training auf einem
Fahrradergometer durchgefiihrt, durch die ein positiver Einfluss dieses Trainings auf die Steigerung der Maximalkraft,
der Ausdauerkraft, der Koordinierung, der Verletzungspravention, der metabolischen Leistungsefhizienz, der effizien-
teren Leistung bei groflerer Muskelldnge und auf die Rolle in der Nachahmung der Bewegungen der Skifahrer besttigt
wurde. Diese Arbeit stellt eine kurze Ubersicht der bisherigen Untersuchungen aus dem Bereich der Kinematik, der Dy-
namik des Skifahrens und der Rolle des exzentrischen Trainings in der Entwicklung der Fahigkeiten der Skifahrer dar.
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