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positive work; acceleration

Negative work; deceleration



LINDSTEDT S. L., LASTAYO P.C., REICH T. E., 2001

The two main functions of eccentric work

Negative work
i.e. “braking”

Elastic storage of
energy



The classical view of muscle
The actin – myosin system

Titin the “third filament”

responsible for
elastic properties
and  lenghtening
behaviour of muscle 

Nishikawa K. NAU and Herzog W.  UCalgary



H.E. Huxley 1957



Leonard, Duval and Herzog Amer.J.Physiol. 299; C1398-1401, 2010

http://ajpcell.physiology.org/content/299/6/C1398/F2.expansion.html


Eccentric exercise has 
three unique properties

1) EE can produce very high torque

2) EE has low metabolic requirements

3) EE challenges coordination

these properties can be exploited
for training andrehabilitation



1) High torque

Hill relationship



(power = torque X angular velocity) 

At negative angular velocities
muscle produces high torques 
and “unlimited” power



2) Low metabolic requirements

work rate

EE uses typically 4 times
less metabolic power to 
produce a given amount of
negative mechanical power

Bigland-Ritchie 1976
Abbott and Bigland-Ritchie 1952

concentric

eccentric



Metabolism

Bigland-Ritchie B., 1976

EMG
3) Difficult coordination          PNS  

coarser control of torque

concentric

eccentric

Bigland-Ritchie 1976 Fang et al. Brain Research, 2004

CNS ? larger activated area,
more time for preparation



Eccentric training modalities:

Drop jumps
Pmax >90 W/kg 
Arampatzis et al. Med.Sci.Sport Exerc. 2001; ground contact, 200ms

Eccentric overload
8 – 12 near maximal contractions/session
total load 4 – 6 tons/session

Moderate load eccentric exercise
4 x 5 min @ 100 – 300W, 2-3/week
total load 40 – 60 tons/session



Moderate load eccentric training: technical implementation

Cyclus 2 
http://www.cyclus2.com/de/eccentric-training.htm

Eccentron BTE
http://www.btetech.com/product/eccentron



Why are technical devices useful or necessary:

- reproducible dosage
because of

- lack of load perception 

Cyclus 2 
http://www.cyclus2.com/de/eccentric-training.htm

Eccentron BTE
http://www.btetech.com/product/eccentron



La Stayo et al. Am. J. Physiol. 2000

Concentric vs. eccentric exercise in untrained young subjects
at the same oxygen consumption rate

High mechanical load at same metabolic load

Proof of Principle study



Concentric vs. eccentric work                                   LaStayo et al. Am. J. Physiol. 2000



Increased muscle stiffness Increased jumping performance

6 weeks of eccentric training
Lindstedt et al., J. Exp. Biol. 2002

College level basketball players
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Junior Alpine Skiers, 6 weeks of eccentric exercise
Change in jumping height (mean +/- SE)


Diagramm1

		concentric training		1.3092522067

		eccentric training		1.4115845465



%delta

jumping height (%inital)

101.4233371174

106.3747718948



Tests

		Personalien										Tests 2002																								Tests Familiarisierung																1. Testwoche

		Laufnummer		Name, Vorname		Geb.dat		Grösse		Gewicht		Bilaterales Defizit		Effect of Prestretch		CMJ_Höhe (cm)		CMJ_vmax (m/s)		CMJ_Pmax (watt/kg)		CMJ_Pave (watt/kg)		SJ_Höhe (cm)		SJ_vmax (m/s)		SJ_Pmax (watt/kg)		SJ_Pave (watt/kg)		Pmax		Pmax_rel		Gewicht		CMJ_Höhe (cm)		CMJ_vmax (m/s)		CMJ_Pmax (watt/kg)		T-Kontakt		CMJ_Höhe normiert		Höhe-Serie		Normiert		Gewicht		CMJ_Höhe (cm)		CMJ_vmax (m/s)		CMJ_Pmax (watt/kg)		T-Kontakt		CMJ_Höhe normiert		Höhe-Serie		Normiert

		1		Aufdenblatten Sämi		09.10.86		171		54.2		-8.8		6.9		45.1		2.81		50.8		26.7		41.5		2.74		52.9		21.4		199		3.67		55.9		50.3		2.99		58.5		212		0.24		26.4		0.125		57.3		49.2						215		0.23		20.8		0.097

		2		Betschart Manuel		25.09.85		171		78.3		-5.6		-0.3		42.0		2.67		45.2		27.3		42.2		2.60		46.5		20.9		240		3.17		77.5		43.6		2.80		50.2		251		0.17		20.9		0.083		80.5		44.8						258		0.17		17.5		0.068

		3		Brogioli Michael		27.05.85		178		73.7		-5.1		4.1		54.5		3.09		56.3		32.7		51.6		2.99		57.2		27.6		240		3.23		73.2		51.5		3.03		57.7		236		0.22		22.9		0.097		77.3		50.6						269		0.19		16.0		0.059

		4		Epp Andreas		04.05.84		176		76.8		-12.4		-1.2		53.1		3.10		57.0		34.6		52.8		3.05		59.6		28.5						76.2		55.2		3.14		59.3		180		0.31		23.9		0.133		77.5		52.4						171		0.31		21.8		0.127

		5		Lüönd Vitus		22/10/84		181																												74.6		50.9		2.97		53.2		191		0.27		19.0		0.099		75.8		50.7						175		0.29		26.3		0.150

		6		Rubi Benjamin																																																66.6		43						256		0.17		16.6		0.065

		7		Näf Sandro		08.03.86		181		82.6		-7.9		13.0		40.0		2.59		44.3		22.2		34.8		2.46		42.2		18.2						85.0		40.0		2.60		55.6		278		0.14		18.7		0.067		86.8		40.8						297		0.14		17.3		0.058

		8		Niederberger Armin		02.12.86		179		68.3		-3.2		13.2		47.2		2.89		47.6		27.1		42.1		2.71		48.1		20.3						67.5		48.4		2.93		52.0		264		0.18		14.9		0.056		70.3		50.5						243		0.21		14.3		0.059

		9		Russi Cornel		11.07.84		184		73.4		-15.7		4.6		50.8		2.93		52.9		27.3		47.8		2.80		54.7		21.8		238		3.35		75.2		49.6		2.95		56.9		221		0.22		23.5		0.106		76.7		53.0						205		0.26		25.0		0.122

		10		Scossa-Romano Enzo		18.12.85		178		72.5		-3.4		12.0		52.1		2.98		54.5		31.7		46.4		2.80		52.1		25.5		252		3.49		73.5		56.5		3.13		58.6		198		0.29		19.6		0.099		75.4		52.1						199		0.26		14.7		0.074

		11		Senn Domenic		15/01/83		171																												68.6		58.8		3.32		64.2		205		0.29		18.1		0.088		70.3		58.5						187		0.31		18.7		0.100

		12		Stadler Silvano		17.06.84		176		76.4		-12.2		1.2		47.4		2.94		54.2		29.4		47.2		2.86		54.0		23.0						77.0		52.4		3.00		55.5		212		0.25		18.0		0.085		77.6		49.5						186		0.27		16.1		0.087

		13		Suppiger Raphael		19.05.87		172		60.2		-0.5		5.9		49.1		2.89		53.3		27.6		46.6		2.79		51.9		22.3		250		4.15		62.5		54.0		3.02		58.2		184		0.29		14.8		0.080		64.0		51.9						194		0.27		17.5		0.090

		14		Weber Fabian		09.11.84		182		75.3		-9.5		9.8		49.7		2.89		52.4		28.3		45.5		2.76		51.6		24.2		286		3.72		75.0		50.9		2.99		60.9		182		0.28		20.0		0.110		77.0		50.7						167		0.30		19.2		0.115

		15		Windlin Lars		09.07.87		180		75.9		-2.6		11.5		40.7		2.62		43.4		25.3		37.3		2.51		40.7		18.4		261		3.53		77.4		42.1		2.72		47.8		279		0.15		22.6		0.081		80.0		41.1						269		0.15		18.2		0.068

		16		Zwahlen Jannick		10.03.86		168		68.2		-15.8		4.2		54.2		3.07		59.2		33.3		50.7		2.91		63.4		27.1		250		3.67																		71.2		58.8						227		0.26		13.4		0.059

																																				72.8		50.3		2.97		56.3		220.9		0.24		20.2		0.094		74.0		49.9		0.00		0.0		219.9		0.24		18.3		0.087

																																																				0.00		0.30						0.38		0.48		0.18		0.67

																				Im Quattrojump über F-Kurve (Nullinie) eingestellt





Tests

		





Gruppeneinteilung

		Laufnummer		Name, Vorname		Zeit_E		Zeit_A		Zeit_B		Gew		CMJ_H		SJ_H		T_Kont		CMJ_H_N		Serie_H		T_Kont_N		Stiff		Gruppe		Skitag		Piste		SCMJ1		DJ_H		DJ_Kont		ISOM_H		ISOM_L		Note_E		Note_A		Note_B		Digit_E		Digit_A		Digit_B		Lac_E		Lac_A		Lac_B

		1		Aufdenblatten Sämi		23.28		23.87		23.64		57.3		49.2		47.9		215		0.23		20.8		0.097		ns		c		Do		1		30.2		24.8		192.0		1449		1011		5.50		2.50		5.00		1.75		3.00		2.50		4.07		4.55		3.63

		2		Betschart Manuel		23.67		23.94		23.47		80.5		44.8		41.6		258		0.17		17.5		0.068		ns		c		Do		1		23.9		26.3		208.3		1825		1295		6.00		6.00		5.50		2.50		2.50		1.50		5.50		4.70		4.98		43.8		39.8		263

		7		Näf Sandro		23.13		22.98		23.19		86.8		40.8		40.2		297		0.14		17.3		0.058		ns		c		Fr		2		19.6		18.6		206.0		1357		784		5.00		5.50		5.50		2.00		2.00		2.00		4.65		4.38		5.00		41.6		37.5		236

		6		Rubi Benjamin		25.14		25.44		25.01		66.6		43.0		45.1		256		0.17		16.6		0.065		ns		c		Fr		2		22.8		18.6		185.0		1410		986		4.50		4.50		5.00		1.50		2.50		2.00		2.85		3.15		2.90		42.3		43		251

		10		Scossa-Romano Enzo		23.23		22.54		22.85		75.4		52.1		50.7		199		0.26		14.7		0.074		s		c		Do		2		33.9		37.1		242.7		2048		1275		4.00		5.25		5.25		2.25		1.50		2.50		4.90		3.40		4.20		55.1		47.6		197

		11		Senn Domenic		23.25		22.76		23.31		70.3		58.5		61.7		187		0.31		18.7		0.100		s		c		Fr		1		41.0		30.7		182.3		2065		1432		5.00		4.00		5.00		2.50		1.75		1.75		5.70		5.63		6.13		58.7		57.4		167

		12		Stadler Silvano		23.16		22.53		22.70		77.6		49.5		51.3		186		0.27		16.1		0.087		s		c		Do		2		33.3		28.0		191.7		2034		1381		3.00		5.50		4.00		2.25		1.25		3.50		5.73		5.65		5.40

		14		Weber Fabian		25.64		25.20		25.10		77.0		50.7		46.9		167		0.30		19.2		0.115		s		c		Fr		1		32.2		34.5		207.7		1509		959		5.00		3.00		5.00		2.25		2.50		1.75		4.35		5.40		4.80		52.9		45.3		179

		3		Brogioli Michael		23.54		23.62		23.49		77.3		50.6		52.8		269		0.19		16.0		0.059		ns		e		Fr		1		31.6		27.0		216.7		1925		1452		5.50		5.00		5.00		1.75		2.25		2.00		4.65		4.68		4.70		53.2		50.1		287

		8		Niederberger Armin		23.33		22.85		22.97		70.3		50.5		50.1		243		0.21		14.3		0.059		ns		e		Do		2		29.7		30.2		217.0		1358		988		4.50		5.00		5.50		2.50		1.50		2.00		5.55		6.00		5.38		54.2		51.4		227

		15		Windlin Lars		22.32		22.37		22.88		80.0		41.1		37.9		269		0.15		18.2		0.068		ns		e		Do		2		21.9		24.6		218.7		1645		1073		5.75		4.50		5.00		1.25		2.25		3.25		4.58		4.63		4.20		43.7		41.8		282

		16		Zwahlen Jannick		23.37		23.78		23.27		71.2		58.8		57.9		227		0.26		13.4		0.059		ns		e		Fr		1		37.7		21.9		194.3		2103		1397		5.50		2.50		4.50		2.25		2.75		1.25		5.00		4.80		4.55		66.5		61		198

		4		Epp Andreas		22.80		23.90		23.76		77.5		52.4		57.6		171		0.31		21.8		0.127		s		e		Do		1		34.0		29.9		178.0		1986		1381		5.50		5.00		4.50		1.00		3.00		3.00		3.43		3.47		4.05		54.9		56		188

		5		Lüönd Vitus		21.88		22.73		22.17		75.8		50.7		49.4		175		0.29		26.3		0.150		s		e		Fr		2		31.4		27.9		181.7		1528		1065		6.00		2.00		5.00		1.50		3.50		1.50		5.73		4.85		5.05		52.6		52.1		167

		9		Russi Cornel		23.76		23.61		23.95		76.7		53.0		51.6		205		0.26		25.0		0.122		s		e		Fr		2		32.6		36.3		190.3		1574		1130		5.50		5.50		3.00		1.75		1.75		3.25		3.90		3.90		4.05		53.1		51.9		192

		13		Suppiger Raphael		22.77		23.35		23.09		64.0		51.9		54.4		194		0.27		17.5		0.090		s		e		Do		1		33.5		20.9		222.3		1464		1045		5.50		4.50		5.00		1.75		2.25		2.50		3.90		3.70		3.57		57.3		56		191

												74.0		49.9				219.9		0.24		18.3		0.087

		T-Test zur Familiarisierung										0.00		0.30				0.38		0.48		0.18		0.67

		Reihe 2 - 9				23.81		23.66		23.66		73.9		48.6				220.6		0.23		17.6		0.083										29.6		27.3		202.0		1712		1140		4.75		4.53		5.03		2.13		2.13		2.19		4.72		4.61		4.63		49.07		45.10		215.50

		Reihe 10 - 17				22.97		23.28		23.20		74.1		51.1				219.1		0.24		19.1		0.092										31.5		27.4		202.4		1698		1191		5.47		4.25		4.69		1.72		2.41		2.34		4.59		4.50		4.44		54.44		52.54		216.50

		T-Test stiff vs non-stiff				0.065		0.417		0.245		0.966		0.349				0.944		0.749		0.442		0.552										0.527		0.988		0.965		0.924		0.637		0.066		0.666		0.292		0.078		0.384		0.667		0.780		0.818		0.662		0.167		0.047		0.966

		Reieh 1 - 4				23.80		24.06		23.83		72.8		44.5				256.5		0.18		18.1		0.072										24.13		22.05		197.83		1510		1019		5.25		4.63		5.25		1.94		2.50		2.00		4.27		4.19		4.13		42.57		40.10		250.00

		Reihe 5 - 8				23.82		23.26		23.49		75.1		52.7				184.8		0.29		17.2		0.094										35.11		32.57		206.08		1914		1261		4.25		4.44		4.81		2.31		1.75		2.38		5.17		5.02		5.13		55.57		50.10		181.00

		Reihe 9 - 12				23.14		23.16		23.15		74.7		50.3				252.0		0.20		15.5		0.061										30.24		25.95		211.67		1758		1227		5.31		4.25		5.00		1.94		2.19		2.13		4.94		5.03		4.71		54.40		51.08		248.50

		Reihe 13 - 16				22.80		23.39		23.24		73.5		52.0				186.3		0.28		22.7		0.122										32.84		28.76		193.08		1638		1155		5.63		4.25		4.38		1.50		2.63		2.56		4.24		3.98		4.18		54.48		54.00		184.50

																		42.1																												1.19		0.44

																		36.6																												1.20		0.70

																																																0.4739133471





Sheet3

				contact time		type A ski		type B ski		ttest																								before		after		CMJ_delta		%delta

		low-stiffness		254.3		4.44		5.13		0.10																						Aufdenblatten Sämi

		high-stiffness		185.5		4.34		4.59		0.71																						Betschart Manuel		44.8		43.8		-1.0		97.8

		ttest		0.00		0.89		0.09																								Näf Sandro		40.8		41.6		0.8		102.0

																																Rubi Benjamin		43.0		42.3		-0.7		98.4

		SD																														Scossa-Romano Enzo		52.1		55.1		3.0		105.8

		low-stiffness		24.2		1.21		0.33																								Senn Domenic		58.5		58.7		0.2		100.3

		high-stiffness		12.7		1.19		0.71																								Stadler Silvano

																																Weber Fabian		50.7		52.9		2.2		104.3

		c																														Brogioli Michael		50.6		53.2		2.6		105.1

		c																														Niederberger Armin		50.5		54.2		3.7		107.3

		c																														Windlin Lars		41.1		43.7		2.6		106.3

		c																														Zwahlen Jannick		58.8		66.5		7.7		113.1

		c																														Epp Andreas		52.4		54.9		2.5		104.8

		c																														Lüönd Vitus		50.7		52.6		1.9		103.7

		c																														Russi Cornel		53.0		53.1		0.1		100.2

		c																														Suppiger Raphael		51.9		57.3		5.4		110.4

		e		5.00		5.00																																0.04

		e		5.50		5.50																								mw		concentric training		48.3		49.1		0.30		101.4

		e		5.00		5.50																										eccentric training		51.1		54.4		0.00		106.4

		e		4.50		5.00																												0.38		0.17

		e		4.50		5.25																								se		concentric training		2.7		3.0				1.3

		e		5.00		5.00																										eccentric training		1.7		2.2				1.4

		e		3.00		4.00

		e		5.00		5.00																								%mw		concentric training		100		101.6

																																eccentric training		100		106.5

																														%sd		concentric training		5.6		6.1

																																eccentric training		3.4		4.1
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Tests

		Personalien										Tests 2002																								Tests Familiarisierung																1. Testwoche

		Laufnummer		Name, Vorname		Geb.dat		Grösse		Gewicht		Bilaterales Defizit		Effect of Prestretch		CMJ_Höhe (cm)		CMJ_vmax (m/s)		CMJ_Pmax (watt/kg)		CMJ_Pave (watt/kg)		SJ_Höhe (cm)		SJ_vmax (m/s)		SJ_Pmax (watt/kg)		SJ_Pave (watt/kg)		Pmax		Pmax_rel		Gewicht		CMJ_Höhe (cm)		CMJ_vmax (m/s)		CMJ_Pmax (watt/kg)		T-Kontakt		CMJ_Höhe normiert		Höhe-Serie		Normiert		Gewicht		CMJ_Höhe (cm)		CMJ_vmax (m/s)		CMJ_Pmax (watt/kg)		T-Kontakt		CMJ_Höhe normiert		Höhe-Serie		Normiert

		1		Aufdenblatten Sämi		09.10.86		171		54.2		-8.8		6.9		45.1		2.81		50.8		26.7		41.5		2.74		52.9		21.4		199		3.67		55.9		50.3		2.99		58.5		212		0.24		26.4		0.125		57.3		49.2						215		0.23		20.8		0.097

		2		Betschart Manuel		25.09.85		171		78.3		-5.6		-0.3		42.0		2.67		45.2		27.3		42.2		2.60		46.5		20.9		240		3.17		77.5		43.6		2.80		50.2		251		0.17		20.9		0.083		80.5		44.8						258		0.17		17.5		0.068

		3		Brogioli Michael		27.05.85		178		73.7		-5.1		4.1		54.5		3.09		56.3		32.7		51.6		2.99		57.2		27.6		240		3.23		73.2		51.5		3.03		57.7		236		0.22		22.9		0.097		77.3		50.6						269		0.19		16.0		0.059

		4		Epp Andreas		04.05.84		176		76.8		-12.4		-1.2		53.1		3.10		57.0		34.6		52.8		3.05		59.6		28.5						76.2		55.2		3.14		59.3		180		0.31		23.9		0.133		77.5		52.4						171		0.31		21.8		0.127

		5		Lüönd Vitus		22/10/84		181																												74.6		50.9		2.97		53.2		191		0.27		19.0		0.099		75.8		50.7						175		0.29		26.3		0.150

		6		Rubi Benjamin																																																66.6		43						256		0.17		16.6		0.065

		7		Näf Sandro		08.03.86		181		82.6		-7.9		13.0		40.0		2.59		44.3		22.2		34.8		2.46		42.2		18.2						85.0		40.0		2.60		55.6		278		0.14		18.7		0.067		86.8		40.8						297		0.14		17.3		0.058

		8		Niederberger Armin		02.12.86		179		68.3		-3.2		13.2		47.2		2.89		47.6		27.1		42.1		2.71		48.1		20.3						67.5		48.4		2.93		52.0		264		0.18		14.9		0.056		70.3		50.5						243		0.21		14.3		0.059

		9		Russi Cornel		11.07.84		184		73.4		-15.7		4.6		50.8		2.93		52.9		27.3		47.8		2.80		54.7		21.8		238		3.35		75.2		49.6		2.95		56.9		221		0.22		23.5		0.106		76.7		53.0						205		0.26		25.0		0.122

		10		Scossa-Romano Enzo		18.12.85		178		72.5		-3.4		12.0		52.1		2.98		54.5		31.7		46.4		2.80		52.1		25.5		252		3.49		73.5		56.5		3.13		58.6		198		0.29		19.6		0.099		75.4		52.1						199		0.26		14.7		0.074

		11		Senn Domenic		15/01/83		171																												68.6		58.8		3.32		64.2		205		0.29		18.1		0.088		70.3		58.5						187		0.31		18.7		0.100

		12		Stadler Silvano		17.06.84		176		76.4		-12.2		1.2		47.4		2.94		54.2		29.4		47.2		2.86		54.0		23.0						77.0		52.4		3.00		55.5		212		0.25		18.0		0.085		77.6		49.5						186		0.27		16.1		0.087

		13		Suppiger Raphael		19.05.87		172		60.2		-0.5		5.9		49.1		2.89		53.3		27.6		46.6		2.79		51.9		22.3		250		4.15		62.5		54.0		3.02		58.2		184		0.29		14.8		0.080		64.0		51.9						194		0.27		17.5		0.090

		14		Weber Fabian		09.11.84		182		75.3		-9.5		9.8		49.7		2.89		52.4		28.3		45.5		2.76		51.6		24.2		286		3.72		75.0		50.9		2.99		60.9		182		0.28		20.0		0.110		77.0		50.7						167		0.30		19.2		0.115

		15		Windlin Lars		09.07.87		180		75.9		-2.6		11.5		40.7		2.62		43.4		25.3		37.3		2.51		40.7		18.4		261		3.53		77.4		42.1		2.72		47.8		279		0.15		22.6		0.081		80.0		41.1						269		0.15		18.2		0.068

		16		Zwahlen Jannick		10.03.86		168		68.2		-15.8		4.2		54.2		3.07		59.2		33.3		50.7		2.91		63.4		27.1		250		3.67																		71.2		58.8						227		0.26		13.4		0.059

																																				72.8		50.3		2.97		56.3		220.9		0.24		20.2		0.094		74.0		49.9		0.00		0.0		219.9		0.24		18.3		0.087

																																																				0.00		0.30						0.38		0.48		0.18		0.67

																				Im Quattrojump über F-Kurve (Nullinie) eingestellt
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Sheet3

		Laufnummer		Name, Vorname		Zeit_E		Zeit_A		Zeit_B		Gew		CMJ_H		SJ_H		T_Kont		CMJ_H_N		Serie_H		T_Kont_N		Stiff		Gruppe		Skitag		Piste		SCMJ1		DJ_H		DJ_Kont		ISOM_H		ISOM_L		Note_E		Note_A		Note_B		Digit_E		Digit_A		Digit_B		Lac_E		Lac_A		Lac_B

		1		Aufdenblatten Sämi		23.28		23.87		23.64		57.3		49.2		47.9		215		0.23		20.8		0.097		ns		c		Do		1		30.2		24.8		192.0		1449		1011		5.50		2.50		5.00		1.75		3.00		2.50		4.07		4.55		3.63

		2		Betschart Manuel		23.67		23.94		23.47		80.5		44.8		41.6		258		0.17		17.5		0.068		ns		c		Do		1		23.9		26.3		208.3		1825		1295		6.00		6.00		5.50		2.50		2.50		1.50		5.50		4.70		4.98		43.8		39.8		263

		7		Näf Sandro		23.13		22.98		23.19		86.8		40.8		40.2		297		0.14		17.3		0.058		ns		c		Fr		2		19.6		18.6		206.0		1357		784		5.00		5.50		5.50		2.00		2.00		2.00		4.65		4.38		5.00		41.6		37.5		236

		6		Rubi Benjamin		25.14		25.44		25.01		66.6		43.0		45.1		256		0.17		16.6		0.065		ns		c		Fr		2		22.8		18.6		185.0		1410		986		4.50		4.50		5.00		1.50		2.50		2.00		2.85		3.15		2.90		42.3		43		251

		10		Scossa-Romano Enzo		23.23		22.54		22.85		75.4		52.1		50.7		199		0.26		14.7		0.074		s		c		Do		2		33.9		37.1		242.7		2048		1275		4.00		5.25		5.25		2.25		1.50		2.50		4.90		3.40		4.20		55.1		47.6		197

		11		Senn Domenic		23.25		22.76		23.31		70.3		58.5		61.7		187		0.31		18.7		0.100		s		c		Fr		1		41.0		30.7		182.3		2065		1432		5.00		4.00		5.00		2.50		1.75		1.75		5.70		5.63		6.13		58.7		57.4		167

		12		Stadler Silvano		23.16		22.53		22.70		77.6		49.5		51.3		186		0.27		16.1		0.087		s		c		Do		2		33.3		28.0		191.7		2034		1381		3.00		5.50		4.00		2.25		1.25		3.50		5.73		5.65		5.40

		14		Weber Fabian		25.64		25.20		25.10		77.0		50.7		46.9		167		0.30		19.2		0.115		s		c		Fr		1		32.2		34.5		207.7		1509		959		5.00		3.00		5.00		2.25		2.50		1.75		4.35		5.40		4.80		52.9		45.3		179

		3		Brogioli Michael		23.54		23.62		23.49		77.3		50.6		52.8		269		0.19		16.0		0.059		ns		e		Fr		1		31.6		27.0		216.7		1925		1452		5.50		5.00		5.00		1.75		2.25		2.00		4.65		4.68		4.70		53.2		50.1		287

		8		Niederberger Armin		23.33		22.85		22.97		70.3		50.5		50.1		243		0.21		14.3		0.059		ns		e		Do		2		29.7		30.2		217.0		1358		988		4.50		5.00		5.50		2.50		1.50		2.00		5.55		6.00		5.38		54.2		51.4		227

		15		Windlin Lars		22.32		22.37		22.88		80.0		41.1		37.9		269		0.15		18.2		0.068		ns		e		Do		2		21.9		24.6		218.7		1645		1073		5.75		4.50		5.00		1.25		2.25		3.25		4.58		4.63		4.20		43.7		41.8		282

		16		Zwahlen Jannick		23.37		23.78		23.27		71.2		58.8		57.9		227		0.26		13.4		0.059		ns		e		Fr		1		37.7		21.9		194.3		2103		1397		5.50		2.50		4.50		2.25		2.75		1.25		5.00		4.80		4.55		66.5		61		198

		4		Epp Andreas		22.80		23.90		23.76		77.5		52.4		57.6		171		0.31		21.8		0.127		s		e		Do		1		34.0		29.9		178.0		1986		1381		5.50		5.00		4.50		1.00		3.00		3.00		3.43		3.47		4.05		54.9		56		188

		5		Lüönd Vitus		21.88		22.73		22.17		75.8		50.7		49.4		175		0.29		26.3		0.150		s		e		Fr		2		31.4		27.9		181.7		1528		1065		6.00		2.00		5.00		1.50		3.50		1.50		5.73		4.85		5.05		52.6		52.1		167

		9		Russi Cornel		23.76		23.61		23.95		76.7		53.0		51.6		205		0.26		25.0		0.122		s		e		Fr		2		32.6		36.3		190.3		1574		1130		5.50		5.50		3.00		1.75		1.75		3.25		3.90		3.90		4.05		53.1		51.9		192

		13		Suppiger Raphael		22.77		23.35		23.09		64.0		51.9		54.4		194		0.27		17.5		0.090		s		e		Do		1		33.5		20.9		222.3		1464		1045		5.50		4.50		5.00		1.75		2.25		2.50		3.90		3.70		3.57		57.3		56		191

												74.0		49.9				219.9		0.24		18.3		0.087

		T-Test zur Familiarisierung										0.00		0.30				0.38		0.48		0.18		0.67

		Reihe 2 - 9				23.81		23.66		23.66		73.9		48.6				220.6		0.23		17.6		0.083										29.6		27.3		202.0		1712		1140		4.75		4.53		5.03		2.13		2.13		2.19		4.72		4.61		4.63		49.07		45.10		215.50

		Reihe 10 - 17				22.97		23.28		23.20		74.1		51.1				219.1		0.24		19.1		0.092										31.5		27.4		202.4		1698		1191		5.47		4.25		4.69		1.72		2.41		2.34		4.59		4.50		4.44		54.44		52.54		216.50

		T-Test stiff vs non-stiff				0.065		0.417		0.245		0.966		0.349				0.944		0.749		0.442		0.552										0.527		0.988		0.965		0.924		0.637		0.066		0.666		0.292		0.078		0.384		0.667		0.780		0.818		0.662		0.167		0.047		0.966

		Reieh 1 - 4				23.80		24.06		23.83		72.8		44.5				256.5		0.18		18.1		0.072										24.13		22.05		197.83		1510		1019		5.25		4.63		5.25		1.94		2.50		2.00		4.27		4.19		4.13		42.57		40.10		250.00

		Reihe 5 - 8				23.82		23.26		23.49		75.1		52.7				184.8		0.29		17.2		0.094										35.11		32.57		206.08		1914		1261		4.25		4.44		4.81		2.31		1.75		2.38		5.17		5.02		5.13		55.57		50.10		181.00

		Reihe 9 - 12				23.14		23.16		23.15		74.7		50.3				252.0		0.20		15.5		0.061										30.24		25.95		211.67		1758		1227		5.31		4.25		5.00		1.94		2.19		2.13		4.94		5.03		4.71		54.40		51.08		248.50

		Reihe 13 - 16				22.80		23.39		23.24		73.5		52.0				186.3		0.28		22.7		0.122										32.84		28.76		193.08		1638		1155		5.63		4.25		4.38		1.50		2.63		2.56		4.24		3.98		4.18		54.48		54.00		184.50

																		42.1																												1.19		0.44

																		36.6																												1.20		0.70

																																																0.4739133471





				contact time		type A ski		type B ski		ttest														before		after		CMJ_delta		%delta		before		after		SJ_delta		%delta

		low-stiffness		254.3		4.44		5.13		0.10												Aufdenblatten Sämi										47.9

		high-stiffness		185.5		4.34		4.59		0.71												Betschart Manuel		44.8		43.8		-1.0		97.8		41.6		39.8		-1.8		95.7

		ttest		0.00		0.89		0.09														Näf Sandro		40.8		41.6		0.8		102.0		40.2		37.5		-2.7		93.3

																						Rubi Benjamin		43.0		42.3		-0.7		98.4		45.1		43		-2.1		95.3

		SD																				Scossa-Romano Enzo		52.1		55.1		3.0		105.8		50.7		47.6		-3.1		93.9

		low-stiffness		24.2		1.21		0.33														Senn Domenic		58.5		58.7		0.2		100.3		61.7		57.4		-4.3		93.0

		high-stiffness		12.7		1.19		0.71														Stadler Silvano										51.3

																						Weber Fabian		50.7		52.9		2.2		104.3		46.9		45.3		-1.6		96.6

		c																				Brogioli Michael		50.6		53.2		2.6		105.1		52.8		50.1		-2.7		94.9

		c																				Niederberger Armin		50.5		54.2		3.7		107.3		50.1		51.4		1.3		102.6

		c																				Windlin Lars		41.1		43.7		2.6		106.3		37.9		41.8		3.9		110.3

		c																				Zwahlen Jannick		58.8		66.5		7.7		113.1		57.9		61		3.1		105.4

		c																				Epp Andreas		52.4		54.9		2.5		104.8		57.6		56		-1.6		97.2

		c																				Lüönd Vitus		50.7		52.6		1.9		103.7		49.4		52.1		2.7		105.5

		c																				Russi Cornel		53.0		53.1		0.1		100.2		51.6		51.9		0.3		100.6

		c																				Suppiger Raphael		51.9		57.3		5.4		110.4		54.4		56		1.6		102.9

		e		5.00		5.00																						0.04								0.00

		e		5.50		5.50														mw		concentric training		48.3		49.1		0.30		101.4		48.2		45.1		0.00		94.6

		e		5.00		5.50																eccentric training		51.1		54.4		0.00		106.4		51.5		52.5		0.23		102.4

		e		4.50		5.00																		0.38		0.17						0.33		0.05

		e		4.50		5.25														se		concentric training		2.7		3.0				1.3		2.4		2.9				0.6

		e		5.00		5.00																eccentric training		1.7		2.2				1.4		2.2		2.0				1.7

		e		3.00		4.00

		e		5.00		5.00														%mw		concentric training		100		101.6						100		93.6

																						eccentric training		100		106.5						100		102.1

																				%sd		concentric training		5.6		6.1						4.9		6.4

																						eccentric training		3.4		4.1						4.3		3.8
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• Increased jumping performance (+7%), ecc-group only
• Improved eccentric coordination (+50%), ecc-group only
• ecc-group increased leg muscle mass (+1.9%), ecc-group only
• Improved maximal isometric strength (+10%), both groups



Vogt M et al., Sportmedizin & Sporttraumatologie, 51(4), 2003

Coordination in alpine skiers



Eccentric exercise with cardiac 
patients

• Patients from ambulatory cardiac Rehab-Program
• Prospective randomized intervention 
• Age 42-66 y, trainings 30 min, 3/week, 8 weeks
• Right heart catheter after 5th week
• Constant load after catheter



Right heart catheter

Meyer et al. Med. Sci. Sports Exerc. 2003 



Training characteristics
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Maximal strength of concentric group (CET)
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Sarcopenia

Vandervoort, 1989, Eur J Appl Physiol 
Occup Physiol.

Farazdaghi and Wohlfart, 2001 Clin. Physiol.
6: 682-687 (data on women)

Risk of falls is increased

Strength and endurance decrease with age

Mister Universe Governor of California

NFP-53 Muskuloskelettale Gesundheit –
Chronic Eccentric Exercise Training for the Elderly



Studydesign:
Chronic eccentric exercise training for the elderly (n=62)

Pre-
test

Post-
test

EET Eccentric exercise 12 weeks, 2x45min/week

RET Strength training 12 weeks, 2x45min/week

CT Cognitive training 12 weeks, 2x45min/week

Cognitive Eccentric3 Groups
23 EET16 CT 23 RET

None 13 14

Resistance

Biopsies



NFP-53 Muskuloskelettale Gesundheit – Chronische Schmerzen; Chronic Eccentric Exercise Training for the Elderly
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NFP-53 Muskuloskelettale Gesundheit – Chronische Schmerzen; Chronic Eccentric Exercise Training for the Elderly
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NFP-53 Muskuloskelettale Gesundheit – Chronische Schmerzen; Chronic Eccentric Exercise Training for the Elderly
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NFP-53 Muskuloskelettale Gesundheit – Chronische Schmerzen; Chronic Eccentric Exercise Training for the Elderly

Change of gene expression (Post/Pre)
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Rehab after ACL rupture

skiing and pivoting sports

http://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&docid=XpXX_cqOugf44M&tbnid=jEihQ8B7z4cj9M:&ved=0CAUQjRw&url=http%3A%2F%2Fhighschoolsports.pennlive.com%2Fschool%2Fcarlisle-carlisle-high-school%2Fgirlssoccer%2Fphotos%2F&ei=5PQSU5zEK4HO0AX9nYCoDA&bvm=bv.62286460,d.ZGU&psig=AFQjCNHim34SUpCwjDLovxLbx_P614PkhQ&ust=1393837584983816


n=10 in each group



20% reduction in 
M. semitend volume 
in gracilis-semitend. graft

14 cm proximal tibio-femoral joint



Pivoting sports
The ACL is essential for 
sports performance and ruptures
during „normal“ sports activity

Skiing
The ACL is not essential
for sport and ruptures 
only with catastophic control 
failure

http://www.sportmedbc.com/SportMedBlog/wp-content/uploads/2011/01/joe-cole-acl.jpg
http://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&docid=tfN2zi8p-TgULM&tbnid=H_smfkBrP8BHLM:&ved=&url=http%3A%2F%2Fwww.nydailynews.com%2Fsports%2Fmore-sports%2Flindsey-vonn-airlifted-hospital-austrian-crash-article-1.1255642&ei=o_kSU6HeDPOZ0AX04IGYBw&bvm=bv.62286460,d.ZGU&psig=AFQjCNHLx_To-pwAbK8Bp9WbIm_Zd7PRiA&ust=1393838823109707


concentric activation of right index, BOLD, TR=2000ms, 204vol, Blocklänge 24 sec, z>2.3

BOLD-fMRI concentric and eccentric movements of the index

eccentric activation of right index, BOLD, TR=2000ms, 204vol, Blocklänge 24 sec, z>2.3

unpublished Wiest, Abela, Rummel, Bieri, Hoppeler



Zusammenfassung
Sofortiger Effekt einer exzentrischen Ueberlastung

Reduktion der Leistungsfähigkeit (-10% CMJ)
Muskelzellschaden (DOMS)

Exzentrisches Training (3 x 20 min/Woche)

Zunahme der Muskelkraft und Muskelquerschnitt
Abnahme des Fettgehalts (local und systemisch)
Verbesserung der Koordination exzentrischer Bewegungen
Zunahme der Stiffness  der Muskel-Sehneneinheit
Hohe mechanische Belastungen bei niedrigern metabolen Belastungen
“Krafttraining” bei geringen Gelenkbelastungen

ABER: Die oxidative Kapazität der Muskulatur nimmt ab
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