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1. Six month training study (moderate intensity) with Free 5.0

Deutsche (Goldmann 2005, Diplomarbeit; Potthast et al. 2005)

Sporthochschule Koln

2. Sprint and cutting study with minimal footwear (unpublished
German Sport University Cologne (2l utting study with mini (unpublished)

3. Effects of flex grooves on toe flexor muscle strength after a
fatiguing running protocol (unpublished)

Trainierbarkeit von FuSmuskeln bei
Diabetischer PNP

4. Wire EMG of flexor hallucis longus muscle during barefoot and
shod running on a treadmill
(Goldmann et al. 2006, ISBS Salzburg)

5. The potential of human toe flexor muscles to produce force
(Goldmann et al. 2012, J Anatomy)

Dr. Jan-Peter Goldmann 6. The potential of toe flexor muscles to enhance performance
(Goldmann et al. 2013, J Sports Science)

Institut fir Biomechanik und Orthopédie

7. Athletic training with minimal footwear strengthens toe flexor
muscles (Goldmann et al. 2013, Footwear Science)

After six month moderate training with minimal footwear
>>20% increase in toe flexor strength...

Change of intrinsic foot muscles’ ACSA

AACSA (%)

Six month training intervention with minimal footwear DK TP LK VK FDLFDB AH QP ADMFHL
Experimental shoe group n = 50 (25 MRI)
Control shoe group n = 50

(Goldmann 2005) (Goldmann 2005, Braunstein et al. 2008)

WIRE EMG OF FLEXOR HALLUCIS LONGUS DURING BAREFOOT AND SHOD
RUNNING ON A TREADMILL: A PILOT STUDY

J-P Goldmann®, C Lersch*, W Potthast”, B Segesser™, G-P Briiggemann®

“Institute of Biomechanics and Orthopaedics,
German Sport University Cologne, Germany

Deutsche
Sporthochschule Kéln

German Sport University Cologne
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123 ' Control group

distance [m]

Control group

no training

(n=12;26+2yrs, 77 £5 kg, 181 £ 6cm)

10° dorsal neutral 20° plantar 35° plantar (Goldmann et al. 2013)

50

(Goldmann et al. 2012)

Deutsche
Sporthochschule Kéln Purpose
German Sport University Cologne

Effect of targeted strength training intervention on

Strength training of extrinsic and intrinsic toe flexor 1) merdlpciEngih G vEliieeaE T
. > R ) ) il 2) plantar pressure distribution during walking in diabetic patients with DPNP
muscles in diabetic patients with distal PNP

A Hohnel, K Stécker?, U Miiller-Lung?, GP Briiggemann?, UG Kersting?, JP Goldmann? PRE Test ’ Training ’ POST Test

nstitute of Biomechar}ics and Qrthopaedin.ts, Germ.an Spurt University Cologne, Cologne, Germany MVC, MRI, Dynamometer, MVC, MRI,
*Clinic of Radiology, St. Hildegardis Hospital, Cologne, Germany Pressure distribution Live feedback, Pressure distribution
8 weeks,
3 sessions/week,
24 sessions total

Deutsche Deutsche
. Sporthochschule Kéln Assessment DPNP Sporthochschule Koln
Patients German Sport University Cologne German Sport Universicy Cologne

X - Neuropathy disability score
- 14 patients (female/male: 6/8), - including Achilles tendon reflexes (0-2 points), perception of vibration (tuning fork,
diabetes type 1/2: 6/8, 0-1 points), temperature (tip therm®, 0-1 points) and pain (pinprick, 0-1 points);

duration of diabetes: 16.6 + 9.7 years,

Six Semmes-Weinstein filaments (North Coast Medical, Inc., Morgan Hill, USA,
— age: 56 % 7.2 years, height: 1.76 £ 0.09 m, mass: 94.8 + 14.5 kg, filament-size: 2.83 to 6.65) (Pham et al. 2000);

— body-mass-index: 30.7 £ 4.7 kg/m?,

Classification: mild (3-5 points), medium (6-8 points) and severe (9-10 points)
without an acute ulceration or foot and toe deformities, (Young et al. 1993);

one patient had a fifth toe amputation at the left foot, - DPNP: Inability to feel filament 5.07 (= 10 g) at the minimum of two sites on the

— one patient had a fully healed plantar ulcer. plantar surface (Frykberg et al. 1998)
(Hohne et al. 2013) (Hohne et al. 2013)
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Deutsche Deutsche
Degree of Muscle At rophy Sporthochschule Kéln Strength Traini ng Intervention Sporthochschule Kdln
German Sport University Cologne German Sport University Cologne
- MRI at fifth Metatarsal Head 70% of MVC, 8 weeks, 3 sessions per week, 4 sets, 12 rep.
- Five-Point Atrophy-Score (Bus et al. 2006) with 3 s loading/3 s relaxation, 90 s rest (1152 contractions)
9
8 100% MVC
7
T 6
Score 2 é 5
=2 54
53
Atrophy-Score: g
- no atrophy 2
- mild atrophy 1
- moderate atrophy 0
- severe atrophy
- almost or no muscle tissue 0 10 20 30 40 50 60 70
(Hhne et al. 2013) time [s] (H6hne et al. 2013)
Contact time Peak pressure
Deutsche (#4ROP) (kPa)
Results Sporthochschule Kéln PRE POST EOST
German Sport University Cologne
Lateral heel 61476 605298
50 strength +49-62% - volume + 6.4% R Saday sk
A 15 <0.001 B *p<0.05 R F
25 Fhk 80 * Lateral midfoot 65.6=10.1 637105 1528991 1456+£84.2
i & Medial midfoot 504294 48.6=108 1184 =492 113.0 =406
£ 20 § 70
= ‘;‘ Metatarsal | 81.7£50 80659 420.8 = 201.5 403.0 £ 165.0
S =
QE) = % 60 Metatarsal 2 85134 846236
(= >
€ 10 50 . Mtwiss], 869239 859234
5 40 T 7 Hallux 6412148 6691141  468.6+2348 452712851
0 30 Second toe 5343132 559+ 146 199.0 £94.5 1993+ 1046
1234567809 o
wesk PRE POST Toes 3, 4.5 57.0=17.4 57.0= 186 138.6+83.7 136.4 +89.0 (Hohne et al. 2013)
(Hohne et al, 2013) *p<0.05,** p<0.01, *** p<0.001
Results e schule Kol Strength training of toe flexor muscles in the diabetic foot significantly...
German Sport University Cologne
11% reduction of plantar peak pressure in walking ...increases strength _..and volume
by 49-62%... by 6.4% and...
30 90
A 0
= 2 80
(-9 u— =
=3 £ 20 5
E g 15 E 60 a
2 £ 3 B
] £ 10 Z 50
: 5 40
g 0 30
-8 123456789
week PRE POST
~ .
> P <0.001 p<0.05
i R X¥
:,";36‘?3 L & & (Hohne et al. 2013)
%0 <0001 ~ 4 ) )
(Hohne et al. 2013) reduces plantar peak pressure by 11% (p < 0.05) during walking.
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Deutsche
H Sporthochschule Kéln
Conclusion Outlook
— Muscle function and tissue loss in diabetic feet can be counteracted by — Quantitative assessment of foot muscle strength
strength training of short and long toe flexor muscles. allows clinicians to detect early onset of muscle

function loss in diabetic patients.

— Although strength was severely compromised in the diabetic patients,

strength improvements continuously increased during the intervention and — We recommend the inclusion of targeted foot
were associated with a significant muscle volume gain. muscle strength training into diabetic patient

education as a preventative and rehabilitative

— Strength and volume gains were associated with reductions of plantar peak measure for ulcer prevention and mechanical

pressure at common ulceration sites. stability of the foot.

\Jre Alimble—

BIG TOE POWERPRO

https://www.joe-nimble.com/int/p/big-toe-power-
pro-training-device-009029-001-0s

Outlook

Plantar soft tissues stiffen in people with diabetic foot syndrome

— Measurements of diabetic foot (Klaesner et al. 2002, DAmbrogi et al. 2005, Chao et al. 2011, Kwak et al. 2020)

stiffness based on the findings of

previous studies that reported

— Angular velocities

40-50°/s - ' = |oad cell

(Man et al. 2016, (DM, HBM, Darmstadt;
Blanpied & Smidt 1992) 5 g accuracy 9

increased stiffness in diabetic feet.

— Statistics: Potentiometer
One-way ANOVA - (MCPOS, linearity 1%,
Megatron, Putzbrunn,

(Goldmann et al. 2025, Wenzel et al. 2025) Germany)
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PASSIVE MPJ STIFFNESS Shorhoehschule Ksln MECHANICAL LINKAGE Srarthochschule Ksln

German Sport Uniersity Cologne German Sport University Cologne

Long toe n

flexors

Force

3
dorsion 2%
orsifiexion Increased stiffness %"%
( £
Intrinsic foot muscles Plantar fascia
Resistance of the joint
against toe dorsiflexion .)

PF
(modified, Sichting et al. 2020, Blanpied & Smidt 1992)

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

Deutsche
Sporthochschule Kln
German Sport UniversityCalogne

bet day and within-day ICC = 0.99, p < 0.001
(Wenzel et al. 2025)
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ankle angle How can we make the foot softer?
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https://www.linkedin.com/in/dr-jan-peter-
In goldmann-13b67274/




