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RESEARCH ARTICLE
lons in gibbon locomotion: springs or strings?

ereecke’* and Anthony J. Channon?

R Kulak, KU Leuven, 3000 Leuven, Belgium and Structure and Motion Laboratory,
ary College, Hatfield, Hertfordshire ALY 7TA, UK

rrespondence (Evie.Vereecke@kuleuven-kulak.be)
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Dampfungs-Syste

A bisserl
Physik, bitt” schon!

Spannung (Stress)

A

< (f  Spannung (Stress): Kraft pro Flacheneinheit

Dehnung (Strain): relative Langenanderung
unter Krafteinwirkung

Ruptur
Steifigkeit (Stiffness): Kraft pro Langenanderung

E-Modul: Spannung pro Dehnung

»

Dehnung'(Strain)

E = Elastizitdtsmodul
Young’'s Modulus




Spannungsverhalten:

e Limitierung dF/dt

* Keine Spannungsspitzen

e Reduzierung der Kontraktionsgeschwindigkeit

Kraft=F |

Geschwindigkeit = v



Power-System
Energie-Speicher o

A it — *
Kraft Arbeit = Kraft * Weg

Hysterese
= Energieverlust




Sehne als potentieller Energiespeicher

in vivo / Studien am Menschen
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Muskel_Titin: Neue Hypothesen......

What Is the Role of Titin in Active Muscle?

Jenna A. Monroyl, Krysta L. Powersl, Leslie A. Gilmorel, Theodore A. Uyeno2, Stan L. Lindstedtl,
and Kiisa C. Nishikawal, Exercise and Sport Sciences Reviews, 2012
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Muskel-Sehne

Muskelfaser
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Tendon elastic strain energy in the human ankle plantar-flexors
and its role with increased running speed
Adrian Lai, Anthony G. Schache, Yi-Chung Lin and Marcus G. Pandy*
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% Anwendungsforschung

Was ist da trainierbar??

Wie ist das trainierbar??
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Human

Tendoncollagen synthesis
(%/hour)

Fold increase
4 _

2_ IlII

Animal

Procollagen expression
(mRNA/mg tendon)
Fold increase

Rest Runn. Runn. Knee Strength

Rest Conc. Ecc. Isom.

36 km 36 km 60 min 8x70% RM 1100 2000 1600

Achilles Patella Patella Patella

24 h after acute bout of exercise

g/sec g/sec g/sec

Kjaer et al 2009



Myofibrillar FSR %."
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Are Sport-Specific Profiles of Tendon Stiffness
and Cross-Sectional Area Determined by
Structural or Functional Integrity?

Hans-Peter Wiesinger'*, Florian Rieder', Alexander Késters', Erich Miiller’, Olivier
R. Seynnes?

1 Department of Sport Science and Kinesiology, University of Salzburg, Salzburg, Austria, 2 Department of
Physical Performance, Norwegian School of Sport Sciences, Oslo, Norway

Table 1. Anthropometric characteristics of subjects.

Ski Jumper Runner Water Polo Control Fa.35 P-Value
Sample size 10 10 9 10
Age (yrs) 222 +2 Qi e+ 315146 2424321 Txxx 31.0+5.1 13.08 <0.001
Body height (cm) 176.3+4.5 180.9+8.2 182.416.5 182.9+72 1.96 0.140
Body mass (kg) 64.3 1 3.97555% = 72.8+7.6% 84.3+10.8 83.9+12.3 10.72 <0.001
BMI (kg/m?) 20.7 £1.0555 % 2221 1.7% 253+28 25.0+2.8 10.33 <0.001
Values are expressed as mean + SD. BMI, body mass index;
TP <0.05;
T P <0.001 compared with runners;
SP<0.05;
%5 P <0.001 compared with water polo players;
*P <0.05;

*#* P <0.001 compared with controls.
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Mehrwdchiges Krafttraining -
Verdnderung der Sehnen-Steifigkeit

Trainingsgruppe Kontrollgruppe
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Boer et al. 2007
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TIME COURSE OF CHANGES IN MUSCLE AND

TENDON PROPERTIES DURING STRENGTH

MVC TRAINING AND DETRAINING

KUBO et al. 2010

8 Training; 6 Detraining: 22y; 175 cm
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Figure 4 Forest plot for the meta-analysis of the effect of mechanical loading on tendon properties. [llustrated are the exercise
intervention-induced changes on tendon stiffness (black), Young's modulus (white), and cross-sectional area (C5A, gray), respectively, featun BOhm et al, 2015
single-study effect sizes (SMD, circles), the corresponding confidence intenvals (Cls, error bars), and study weight in the overall comparison
well as the respective weighted average effact sizes (random-effects model, diamends) with the overall effect test and heterogeneity analy
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Effects of resistance training on tendon mechanical properties and rapid force
production in prepubertal children

C. M. Waugh,' T. Korft,! F. Fath,' and A. J. Blazevich'?
'Centre for Sports Medicine and Human Performance, Brunel University, London, United Kingdom; and *Centre for Exercise
aned Sports Science Research, Edith Cowan University, Joondalup, Western Australia, Australia
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Key points

e Tendons are highly responsive to increased
mechanical loading and adapt through changes of
their mechanical, material, and morphological
properties.

e Changes in tendon stiffness seem to be more
attributed to adaptations of the material rather than
morphological properties.

e An effective training intervention for the tendon
should apply a high loading intensity over a longer
intervention duration (>12 weeks).|

Bohm et al. Sports Medicine - Open (2015)
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Evidence of imbalanced adaptation between muscle and tendon
in adolescent athletes

A =10J;99: adolecent (15,9 y) (Volleyball)
MA = 8 ;10 Q: middle-age (46,9 y) (Volleyball)

F. Mersmann'?, S. Bohm'2, A. Schroll'?, H. Boeth??, G. Duda®?, A. Arampatzis'?

no significant age effect on the physiological cross-
sectional area of the VL and knee extension moment

patellar tendon PCSA was significantly smaller

. g * *
and the tendon stress was significantly 180 70 4
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In vivo measurements of muscle specific tension in adults and children et

| I
vissenschaft

Thomas D. O'Brien, Neil D. Reeves, Vasilios Baltzopoulos, David A. Jones

and Constantinos N. Maganaris Exp Physiol 95 pp 202-210
Each: N =10
Table 4. The volume, PCSA and specific tension of the entire quadriceps muscle Men 28 y
Group Volume (cm?) PCSA (cm?) Specific tension (N cm—2) Women 27y
Men 2052.7 £ 4531 2318+ 555 55.02+ 11 BOYS 9 Y
Women 13592+267.8 16282938 573126 Girls 9y
Boys 708.6 +136.3 104.6 + 20 54.06 +14.2
Girls 793.8 £ 145 108.2 £ 18.5 59.77 £15.3
Post hoc significant differences M = W, B, G* M > W, B, G* — Prepuberal (Tanner)
W =B, G* W =B, G* —

Significant differences between men (M), women (W), boys (B) and girls (G), *P <= 0.01)

Man

Woman
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6000 T ~ — _é%‘_
5000 Y ° F & Girls -
~ . 5 - * Men
% 4000 ,: | = 7 . 5 ° Women
o 2 K . I
IE 3000 - . o® % * o o A —
S ¢ c '. oeo A:;A A“
E 2000 - ) K ..o° 5? _\Aﬁf{?ﬂ— _% 20 - -uc 0 3 Aﬁa ““ oA
1000 ..G ° B ﬁ‘ii‘". - 10 - ..Da o &agu g “&
., ﬁ.c _AJD‘ 4% 4 . .:m a i ok
0 Al —A : : ; 0 - ‘ ‘ ‘
1 2 3 5 6 7 0 5 10 15 20
Tendon Elongation (mm) Tendon Strain (%)
Fascicle Muscle Fascicle : Tendon Fascicle :
length (mm) length (mm) muscle length length (mm) tendon length
Men 85.9%9 (2.5)  349.7®9 (10.6) 0.25 (0.01) 51.7 (3.4) 1.7 (0.1)
Women 77.7° (1.9)  326.9%9 (5.7) 0.24 (0.01) 49.7 (4.8) 1.7 (0.17)
Boys 62.6™" (2) 258.4™% (6.2) 0.24 (0.01) 42.2 (3) 1.6 (0.13)
Girls 66.4™ (2.5) 274.7™%W (8.3) 0.24 (0.01) 42.2 (2.8) 1.6 (0.11)

, 1hese findings indicate that the
strength gains as a result of

maturation are not due to an
improved ‘muscle quality’.”

O’ Brian et al. 2009
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What does this mean ?

Muscle:

The proportional contribution of each muscle head to total
quadriceps PCSA remained constant in each group.

> Thus, with respect to the cross-sectional size of the
muscle, children can be considered as small-scale adults.

O’ Brian et al. 2009



Ist ein spezifisches Training im
Nachwuchsleistungssport notwendig?

Ja, aber....

b
« Importance of general physical preparation and the multiple
health, fitness and performance benefits of structured

N resistance training.

- * Young athletes who engage in resistance training are more likely
Prepube  +9 sustain elite-level performance and less likely to suffer a
sports-related injury.
Faigenbaum et al. BTSM 2015

Muscle - Tendon .
Adaptation V| el en Dﬂnk
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