
18.09.2025

1

DIE FUNKTION DES MENSCHLICHEN FUßES: 
INNOVATIVE DIAGNOSTIK- UND TRAININGSMETHODEN

FÜR SPORT UND KLINIK

Dr. Jan-Peter Goldmann
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2.6 N/kg
1125 N/s

35 N/rad

Flexible spring (Ker 1987) vs stiff lever (Hicks 1954)

Energy absorption (TD) vs force transfer (PO)

Interaction of active and passive structures

(Holowka et al. 2022, Kessler 2020, Farris et al. 2019, 
Kelly et al. 2018, 2019)

DYNAMIC STIFFNESS

(Farris et al. 2020)
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Vor ca. 3 Millionen Jahren…

(Sockol et al. 2007)

MenschSchimpanse

MORPHOLOGISCHE ANPASSUNGEN

(Latimer & Lovejoy 1990)

DORSALFLEXION ZEHENGRUNDGELENK

(Oishi et al. 2009)

Druckverteilung unter dem Fuß 
(Ferris et al. 1995; Hamel et al. 2001)
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(Farris et al. 2020)

Biegemomente und Kompressionsspannungen an den Metatarsalia
(Stokes et al. 1979; Ferris et al. 1995; Sharkey et al. 1995; Donahue & Sharkey 1999; Arndt et al. 2002)

(Donahue et al. 2000, Arndt et al. 2002)

DIE KNÖCHERNE BEANSPRUCHUNG…

Regulierung von Kompressionsspannungen durch Muskelaktivität
(Pauwels et al. 1965; Lu et al. 1997; Arndt et al. 2002; Sverdlova et al. 2010)

(Arndt et al. 2002)
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Walking

(Goldmann et al. 2006)

1.2 BW

REGULIERUNG VON BIEGEMOMENTEN

UND ZUGSPANNUNG…

Lange 
Zehenbeuger

Kurze Zehenbeuger

Knochenmarködem Os Naviculare nach 
Ermüdungsbruch
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ISOMETRISCHE MAXIMALKRAFTTESTS UND TRAINING

(Goldmann et al. 2012) 
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(Goldmann et al. 2012)

Highest moments in 
10° to 0° ankle dorsiflexion 
and > 25° MPJ dorsiflexion

http://assets.heart.co.uk/2016/33/usain-
bolt-shares-joke-with-andre-de-grasse-
1471509166.jpg

Experimental group: strength training of toe flexor muscles
(n = 15; 24 ± 4 J, 77 ± 9 kg, 185 ± 7 cm)

Training: 90% - 7 weeks - 28 sessions - 5 rep - 4 sets - 3 s 
contraction - 3 s rest period
(total 560 contractions)

Control group: no training
(n = 12; 26 ± 2 J, 77 ± 5 kg, 181 ± 6 cm)

+ 60-70% strength after 7 weeks training

*** p < 0.001 PRE to POST
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(Goldmann et al. 2013) 
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ISOMETRIC STRENGTH TRAINING
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Horizontal jumpVertical jump

** p = 0.006 PRE to POST

+ 7 cm (3%)

(Goldmann et al. 2013) 

PERFORMANCE ENHANCEMENT
2014

2024 2025
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Strength training of toe flexor muscles in the diabetic foot significantly…

…reduces plantar peak pressure by 11% (p < 0.05) during walking. 

…and volume

by 6.4% and...

…increases strength

by 49-62%...

***p < 0.001 *p < 0.05
(Höhne et al 2013)

TFM STRENGTH TRAINING IN ELITE BALLET DANCERS

(Schrefl et al. submitted)

Heel raise 
group

Control 
group

TFS training 
group

+ 15%

EINZELFALLSTUDIE

Schwere, austherapierte Sprunggelenksfraktur 
(mehrfragmentäre distale Tibiafraktur und Spiralfraktur der Fibula)

Kraftdefizit von 30% am verletzten Fuß
Gesund 2.45 N/kg 
Verletzt 1.71 N/kg

Gezieltes Krafttraining der Zehenbeuger führt bereits 
nach vier Trainingswochen zu 20% Kraftzuwachs
PRE: 1.71 N/kg; 
POST: 2.10 N/kg

(Goldmann unpublished)
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https://www.joe-nimble.com/int/p/big-toe-power-
pro-training-device-009029-001-os
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Passive MPJ stiffness associated with 
performance enhancement

(Man et al. 2016, Jia et al. 2022)

Plantar soft tissues stiffen in people 
with diabetic foot syndrome 
(Klaesner et al. 2002, D’Ambrogi et al. 2005, 

Chao et al. 2011, Kwak et al. 2020) (modified, Sichting et al. 2020, Blanpied & Smidt 1992)

MPJ

Toe 
dorsiflexion

Force Medial longitudinal arch

Intrinsic foot muscles Plantar fascia

PASSIVE MPJ STIFFNESS

Resistance of the joint 
against toe dorsiflexion

Long toe 
flexors

https://www.joe-nimble.com/int/p/big-toe-power-pro-training-device-009029-001-os
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Pneumatic  
actuator
(Festo, Esslingen, Germany)

1 bar = 41 N

Potentiometer
(MCP05, linearity 1%, 
Megatron, Putzbrunn, 
Germany)

PASSIVE STIFFNESS

(Goldmann et al. 2025, Wenzel et al. 2025)

Load cell
(DMS, HBM, Darmstadt; 
accuracy 99%)

MECHANICAL LINKAGE

(modified, Shiotani et al. 2022, Sichting et al. 2020, Cheung et al. 2006, Erdemir et al. 2004)

Increased stiffness

RESULTS

Reliability: between-day and within-day ICC = 0.99, p < 0.001 
(Wenzel et al. 2025)

***p < 0.001

19 subjects
(13 m, 6 f, 24 ± 6 yrs, 75.4 ± 9.6 kg, 
1.79 ± 0.08 m, forefoot length 8.01 
± 0.6 cm)

(Goldmann et al. 2025)

EFFECTS OF SHORT-TERM LOADING
n = 13 men

(Lüdorff 2025)

Hopping Running
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v = 3.5 m/s
t = 15 min

38 N at 3 cm elongation
1 rep per second

until fatigue
t = 45 s

both feet
barefoot *p < 0.05
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ACTIVATION TOE FLEXOR MUSCLES (n = 163)
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