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Do you think the recent new shoe technology (advanced 
footwear technology) significantly improved performance in road 
running?

᷉ Start presenting to display the poll results on this slide.



Do you think the recent new shoe technology (advanced 
footwear technology) significantly improved performance in 
sprints and middle-distance running?

᷉ Start presenting to display the poll results on this slide.
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Presentation Outline

üEvolution of Performance in Road Distance Running

üHow Advanced Footwear Technology Works (tentative)?

üWhat about Spiked shoes?

üRegulatory and Ethical Aspects

üKey Points



A Change occurred in Elite Road Running Performance in 2016-2017

Evolution of Running Shoes across Time



Evolution of Top 100 Seasonal Best: 2012-2019
Year

2012 2013 2014 2015 2016 2017 2018 2019
F(7,792), p 

values

Male events

10 km [min:s]
28:13.8 

(00:14.7)

28:07.4 

(00:14.7)

28:14.3 

(00:16.9)

28:14.1 

(00:16.4)

28:19.2 

(00:17.8)

28:13.4 

(00:19.2)

28:07.9 

(00:23.6)

***

27:59.8 

(00:22.3)

***

10.36,     

p<0.001

Half Marathon 

[h:min:s]
01:00:33.8 

(00:43.0)

01:00:38.7 

(00:37.1)

01:00:21.7 

(00:39.0)

01:00:14.9 

(00:28.9)

01:00:31.9 

(00:42.1)

01:00:18.5 

(00:37.3)

01:00:07.0 

(00:34.6)

***

01:00:05.3 

(00:37.5)

***

10.85,      

p<0.001

Marathon [h:min:s]
02:06:58.4 

(01:12.4)

02:07:33.0 

(01:22.5)

02:07:19.1 

(01:18.4)

02:07:42.5 

(01:08.0)

02:07:42.1 

(01:34.9)

02:07:27.9 

(01:22.4)

02:06:54.1 

(01:28.5)

***

02:06:07.2 

(01:20.4)

***

15.70,      

p<0.001

Female events

10 km [min:s]
32:15.1 

(00:28.6)

32:17.5 

(00:26.0)

32:09.4 

(00:26.5)

32:12.2 

(00:29.0)

32:15.5 

(00:33.2)

32:00.0 

(00:38.0)

31:57.3 

(00:33.1)

***

31:39.4 

(00:36.2)

***

16.75    

p<0.001

Half Marathon 

[h:min:s]
01:09:40.2 

(00:01:15.2)

01:09:25.8 

(01:11.2)

01:09:26.9 

(01:00.7)

01:09:31.7 

(01:07.9)

01:09:17.6 

(01:20.3)

01:08:42.9 

(01:25.2)

01:08:19.3 

(01:23.3)

***

01:08:05.1 

(01:16.3)

***

23.05   

p<0.001

Marathon [h:min:s]
02:24:58.2 

(02:31.8)

02:25:54.6 

(02:14.6)

02:26:27.8 

(02:24.9)

02:25:32.4 

(02:14.2)

02:25:40.3 

(02:08.9)

02:25:05.8 

(02:32.7)

02:23:46.7 

(02:23.1)

***

02:22:45.4 

(02:14.9)

***

26.55   

p<0.001

Bermon S et al., Front Sports Act Liv 2021



Possible Confounding Factors?

Doping?

Weather?

More East African Runners?

Bermon S et al., Front Sports Act Liv 2021



Advanced FootwearTechnology(AFT)

üIncreasedMidsoleThickness

üNew MidsoleFoam

üLong StiffPlate (Midsole)

üCurvedOutsole

üLate2016-early 2017



Advanced FootwearTechnology

New MidsoleFoam: Polyamide Block Elastomer

Data obtained from ARKEMA®



Advanced FootwearTechnology

Long StiffElement(Midsole)



Advanced FootwearTechnology

Curved(Concave) Outsole



Statistical Analysis on Top 20 SB
2012 - 2019

Effect of AFT Adoption on Seasonal Best:

- Gender

- Road Running Distance



Evolution of Top 20 Seasonal Best 2012-2019

***: different than 2016 race time: p<0.001

Year

2012 2013 2014 2015 2016 2017 2018 2019
F(7,152), p 

values

Male events

10 km [min:s]
27:50.6 

(00:08.9)

27:431 

(00:07.4)

27:45.9  

(00:11.3)

27:48.1 

(00:07.0)

27:49.9 

(00:9.6)

27:44.8 

(00:16.1)

27:30.7 

(00:14.5)

***

27:24.3 

(00:16.4)

***

12.76,     

p<0.001

Half Marathon 

[h:min:s]
59:23.3 

(00:18.7)

59:39.5 

(00:27.0)

59:21.7 

(00:15.1)

59:30.1 

(00:10.6)

59:27.7 

(00:15.3)

59:20.6 

(00:17.6)

59:11.8 

(00:18.2)

59:07.7 

(00:20.2)

*

6.03,      

p<0.001

Marathon [h:min:s]
02:05:02.1 

(00:28.7)

02:05:16.3 

(00:58.7)

02:05:14.3 

(01:03.2)

02:05:56.0 

(00:38.7)

02:05:08.0 

(01:06.2)

02:05:20.9 

(00:49.4)

02:04:33.0 

(00:51.8)

02:03:59.5 

(00:57.6)

**

8.48,      

p<0.001

Femaleevents

10 km [min:s]
31:29.7 

(00:21.4) 

31:38.1 

(00:28.5)

31:26.0 

(00:19.9)

31:25.3 

(00:25.9)

31:23.1 

(00:23.9)

30:59.7 

(00:28.9)

31:05.3 

(00:21.8)

30:41.3 

(00:24.4)

***

11.82,     

p<0.001

Half Marathon 

[h:min:s]
01:07:46.0 

(00:33.0)

01:07:32.6 

(00:42.1)

01:07:59.3 

(00:53.9) 

01:07:42.7 

(01:00.0)

01:07:10.2 

(00:45.8)

01:06:26.8 

(00:51.2)

01:06:09.6 

(00:43.7)

**

01:06:03.2 

(00:23.4)

***

20.97,      

p<0.001

Marathon [h:min:s]
02:20:49.0 

(01:10.5)

02:22:31.1 

(01:13.9)

02:22:30.9 

(01:35.4)

02:22:15.4 

(01:27.1)

02:22:30.9 

(01:12.3)

02:20:57.4 

(01:26.1)

*

02:20:00.3 

(01:13.6)

***

02:19:18.2 

(01:38.3)

***

17.02,      

p<0.001



Effect of AFT on Distance Running Performances

Bermon S et al., Front Sports Act Liv 2021



Statistical Analysis on Top 20 SB
2012 - 2019

Performance-Enhancing Effect of AFT:

- Yes

- Different with Gender and Distance

- Lower than in Recreational/Sub-elite

* 3 to 4% decreasein race time:

Quealy& Katz (2018), 280 k marathons + 215 k HM runs:

* 0.8% decreasein elite male marathoners

* 1.5% decreasein elite femalemarathoners



How Does AFT Improve Performance?
Hypothesis

1. 9ƴƘŀƴŎŜŘ ά/ǳǎƘƛƻƴ wŜōƻǳƴŘέ 9ŦŦŜŎǘ

Optimal load distribution on Foam 
ōȅ ǘƘŜ {ǘƛŦŦ tƭŀǘŜΥ ά{ŀƴŘǿƛŎƘ 9ŦŦŜŎǘέ



How Does AFT Improve Performance?
Hypothesis

2. ά¢ŜŜǘŜǊ ¢ƻǘǘŜǊέ ƻǊ ά/ŀǘŀǇǳƭǘέ 9ŦŦŜŎǘ

Stiff Plate

Curved (Concave) Outsole

Increased Reaction Force at the Heel



How Does AFT Improve Performance?
Hypothesis

3. άDȅƳƴŀǎǘƛŎ {ǇǊƛƴƎōƻŀǊŘέ 9ŦŦŜŎǘ

Curved Stiff Plate

Energy Storage

Energy Return



How Does AFT Improve Performance?
Hypothesis

4. ά{ƭƛƴƎǎƘƻǘέ 9ŦŦŜŎǘ

Stiff Plate

Bending the Metatarsal Joint

Energy Storage

Energy Return

5. Combination of these 
mechanisms



Mechanical Testing
Instron Device (KTH, GIH, Stockholm)

Rear Foot Compression
Test

Forefoot Compression
Test

Tensile Bending Test



Mechanical Testing
Energy Return
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Mechanical Properties

56 different models of Road Running Shoes:
Released on the market 2017 - now

bƻ tƭŀǘŜΦ ¢ƘƛŎƪƴŜǎǎϪмн҈ Җ нф ƳƳ όƴҐмлύ

No Plate. Thickness@12% > 29 mm (n=11)

With Plate (n=35)

12% Internal 
Length

75% Internal 
Length



What About Spiked Shoes?



Events in Spiked Shoes
World Athletics Scoring Table

Top 20 Male Athletes



Events in Spiked Shoes
World Athletics Scoring Table

Top 20 Female Athletes



Discussion

²ƻǊƭŘ !ǘƘƭŜǘƛŎǎΩ ǘŜŎƘƴƛŎŀƭ ǊǳƭŜ мпоΣ ǇŀǊŀƎǊŀǇƘ рΦнΥ 

άΧŀǘƘƭŜǘŜǎ Ƴŀȅ ŎƻƳǇŜǘŜ ōŀǊŜŦƻƻǘ ƻǊ ǿƛǘƘ 

footwear on one or both feet. The purpose of 

shoes for competition is to give protection and 

stability to the feet and a firm grip on the ground. 

They must not give athletes any unfair assistance 

or advantage. Any type of shoe must be 

reasonably available to all in the spirit of the 

ǳƴƛǾŜǊǎŀƭƛǘȅ ƻŦ ŀǘƘƭŜǘƛŎǎΧέ



The Topic from a World Athletics Perspective

üάtǊƻǘŜŎǘƛƻƴ ŀƴŘ {ǘŀōƛƭƛǘȅέ ǾŜǊǎǳǎ tŜǊŦƻǊƳŀƴŎŜ 9ƴƘŀƴŎŜƳŜƴǘ

üInnovation as a driving force for manufacturers:
üSports Regulations vs Business Development

üWhat is an unfair advantage?

üReasonably available to all
üRetail market?

üPrototype

üAthletes targeted by the Regulations:
üElite vs sub-elite vs recreational runners

üSpirit of the Universality of Athletics

üInjury Rates?



Regulatory Aspects

ü²ƻǊƭŘ !ǘƘƭŜǘƛŎǎ ǳǇŘŀǘƛƴƎ ƛǘǎ ά{ƘƻŜ wǳƭŜǎέ

üDistance Running, Throws and Jumps

üMoratorium from end July 2020 to end 2022

üNew Rules to come:
üVoted by World Athletics Council (Competition Commission)

üDiscussed by a Working Group:
ü Development and Manufacturing Workstream

ü Science and Medicine Workstream

ü Certification and Control Workstream



Ongoing Regulations

üMaximal thickness of the sole:

ü40 mm: road running shoes and Race Walking

ü25 mm: track events from 800m and above + Triple Jump

ü20 mm: track event up to 800m (not included) and field events

üOne stiff plate maximum

üPublished List of Approved Shoes: World Athletics website

üDeclaration prior to the competition (WAS events)

üCheck and Analysis post competition (if needed)

üShoe Check for World Records



KEY POINTS

üSignificant Decreases in Top 20/100 SB post 2016:
ü 10 km, Half Marathon, Marathon

üAdoption of AFT accounts for a part of this decrease:

ü Women & Long Distance

üVarious Biomechanical Explanations:

ü Combined effect of stiff plate and the foam

ü Increased energy return

ü Tensile Bending properties

üWorld Athletics in the process of updating its Rules:

ü Protect athlete's health and safety

ü Preserve some innovation from manufacturers

ü Prevent unfair assistance and maintain competition integrity

ü Respect the spirit of Universality of Athletics



SELECTED READINGS

üWorld Athletics Technical Rules #5

üNew York Times, 13 Dec 2019 article by K Quealyand J Katz

üDyer B, Sports Medicine, 2020

üNiggBM et al. , Brit J Sports Med, 2020

üHoogkameret al., Sports Med, 2018

üHoogkameret al., Sports Med, 2019

üBermon et al. Front Sports Act Liv, 2021

üBermon J Sports Med Phys Fitness, 2021



THANK YOU



According to your experience, does Advanced Footwear 
Technology influence injury rates?

᷉ Start presenting to display the poll results on this slide.



Do you think Advanced Footwear Technology in 
Elite Athletics:

᷉ Start presenting to display the poll results on this slide.



Specific Solutions in Supporting Science in 
Athletics: a National and Global Perspective

Rainer Knöller (GER)
Head of Science of German Athletics Association

Email: rainer.knoeller@leichtathletik.de



Prof. Dr. Rainer Knöller / Head of Science  
German Athletics Association

Science ςCoordinationfrom inside

Change - managementof German Athletics

Adviserof the Head of Board

ÅHelpingto evaluatethe status

ÅCreatingnetworks

ÅFindingexpertiseoutside

ÅAcademieashomeof scienceand education

Å Innovation and projects

ÅBridgingthe gapbetweenscienceand coaches



Imagine youhaveseveretoothache
Dental clinic



Science and IT-basedprocedure
Personal ςhistory- status- diagnose- treatment



Science and Experience
Wouldyoutrust me?

Wouldyoutrust a studentor beginner?



Youbetter trust them
Science , Expertise , Experience build Trust

Scientific data helpto diagnose

Treatment needsthe experiencedexpert



Science and Training  

Whenhuman beingsadvisehuman beings

Science ςExpertise - Experience ςTrust

Builda four piecechainof success

Missinga singlepiecewouldweakenthe whole



Evidence based medicine ςα9ǾƛŘŜƴŎŜ ōŀǎŜŘ ǘǊŀƛƴƛƴƎ ǎŎƛŜƴŎŜά??

Intervention-studies with group design ςand power analysis?
Peer reviewed journals?

We have to differentiate between:

basic scientific research N>15
applied scientific work N= ??
consulting high performance sports N=1

Research - Scenario in Sport science 
Gap betweenscientificworld and coaches'world



SupportingScience in Athletics

4 fieldsto applyScience- basedwork

ÅScience and experience/expertise in education yes

ÅScience in performance diagnostics yes

ÅScience in monitoring load / regeneration partly

ÅScience in competition performance future

(mastering human factors)



German Athletics Academy

Science and Coach- Education

ÅNat.coacheducationon div. levels

ÅNat. annual sciencecongresswith DSHS

Å Int. renownprojectswith experts

ÅProjects with other German federations

Å Int. Congressfrom 2024 ff.?

Research and Education must gohandin hand

to build up science-basedknowledge!



German Athletics Association

New Cooperationwith German Sports University Cologne



New Scientific Committee of German Athletics 

Prof. Dr. Carmen BorggrefeUniversity of
Stuttgart/ Professor of Sport Sociologyand 
Management

Prof. Dr. Ulrich Hartmann University of Leipzig / 
Professor of Training Science and Performance 
Physiologie

Prof. Dr. Dr. Karsten HollanderMSH Medical 
School Hamburg  / Sportscientistand Professor of
Sports Medicine

Prof. Dr. Veit Wank Eberhard Karls University 
Tübingen / Professor of Biomechanicsand 
Movement Science

50

ÅProf. Dr. Rainer Knöller German 
Athletics Association/ Head of Science

ÅProf. Dr. Harald Lange University of
Würzburg / Professor of Sports 
Education

ÅProf. Dr. Jan Mayer TSG ResearchLab
Director/ Professor of Sports 
Psychologie

ÅProf. Dr. Petra Platen Ruhr University 
Bochum / Professor of Sports Medicine 
and Sports Nutrition



Conference Monitoring in Cologne 02/2022 

with German University of Sports 

Monitoring strategiesin High Performance Sports

Å12 expertsin high performancesports
Å Prof. Dr. Dr. Karsten HollanderςMSH Hamburg & DLV
Å Prof. Dr. Ulrich Hartmann ςUniversity of Leipzig
Å Prof. Dr. Petra Platen ςRuhr University Bochum
Å Prof. Dr. Tim Meyer ςUniversity Saarland & DFB
Å Prof. Dr. Ingo Fietze ςCharité Berlin
Å Prof. Dr. Ian NeedlemanςEastman Institute London/UK
Å Prof. Dr. Jan Mayer ςTSG ResearchLabDirector
Å Prof. Dr. Michael Braumann ςUniversity of Hamburg
Å Prof. Dr. Ilka SeidelςGerman Olympic Sports Confed.

scheduledagainthe 28/01/2023
Identify and developpotentials



National Conference running/walkingin Frankfurt 
11/2021 with German Triathlon Union DTU

ÅDan Lorang and Patrick Sang and Science Board 
discussQ+As

ÅGerman Athletics and Triathlon Union

ÅHybrid format with 200 participants



Science in Performance diagnostics

ÅEstablishedOlympic Test Centres

ÅWell establishedmethods

ÅParameters like distance, time, pace, load, heart
ǊŀǘŜΣ ŜǘŎΧ

ÅWecanalmostmeasureeverythingin the lab

ÅWhat happensin the time betweentests?



Science producesabstractdata that needtransfer

Erwin Schrödinger (1887 ς1961)

1933 Nobel Prize winnerPhysics

ΧǿŜ ǎƘƻǳƭŘƴȫǘ  ƳŀƪŜ ǘƘŜ 
error to confound our 
scientific data with the 
complex reality outside we 
want to describe.



Training 

Froma cyberneticmodelto processmanagement?

Definition of goals
andstandards

Knöller 1997 ref. to Grosser et al 1992

Training Performance and
trainingresult

Performance and
trainingevaluation

Process-
Evaluation

Training - Plan



Training

Management asa cyberneticmodel

Definition of goals
andstandards

Knöller et al.  ref. to Grosseret al 1992

Training Performance and
trainingresult

ProcessςEvaluation via 
Monitoring of load/recovery

Training ςPlan

Individualisation



Science in monitoringtraining

Functionalcapacityand load

Onlypartly linear dependence

Turnover to no further adaptation

Highlyindividual pattern



Load and Recovery dependon eachother

Monitoring loadandrecovery

measureloadin parameters

and

measurerecoveryin parametersand validated
questionnairein psychometrics

Combine

measuring, observingand psychometricfeedback



Load and Recovery

Injured ? = load & recovery insufficient ? 

better individualisation?

Need more information about the process



Load and Recovery

Optimising performance:

Optimising the interaction of 

Loadand Recovery



Wefocuseda lot on training itself

Functions, Advantages, and Disadvantages of some 
Markers

Marker Function Advantages Disadvantages

Testosterone and 
cortisol

May indicate anabolic and catabolic balance.
Can be measured in saliva and blood. One of the simplest 

assays.
Analysis is costly.
Variability is high.

Epinephrine and 
norepinephrine

Have important roles in force production, energy 
availability, and muscle contraction.

Indicate response to stress and reflect acute demands of 
exercise

Require blood samples. Analysis is complicated and 
expensive.

Growth hormone
Has a role in anabolic status and a wide range of 

metabolic functions
Can indicate differential response to forms of exercise

Require blood samples. Analysis is complicated and 
expensive.

IGF-1 and IGFBP-3
Involved with anabolism of bone and skeletal 

muscle
Can be measured in saliva and blood. IGFBP-3 may be 

reflective of training load.
Analysis is complicated and expensive.

Glutamine and 
glutamate

Glutamine-to-glutamate ratio indicates excessive 
training stess.

Are potential biochemical markers of overreaching
Require blood samples. Analysis is costly and time 

consuming

Creatine kinase Provides information on muscle damage
Has been widely researched, and evidence exists for its 

utility during periods of heavy training loads
Require blood samples. Analysis is costly and time 

consuming. Degree of variability is high

Hematological 
measures

Are standard clinical tests of red blood cell count, 
hemoglobin, and leukocyte count

Are useful for determining health status.
Require a blood test. Have low utility for determining 

overreaching and overtraining.

IgA
IgA and other antimicrobial proteins are an 
important first line of defense against URTI.

/ŀƴ ōŜ ƳŜŀǎǳǊŜŘ ƛƴ ǎŀƭƛǾŀΦ wŜƭŀǘƛǾŜ ŘŜŎƭƛƴŜ ƛƴ ŀǘƘƭŜǘŜΩǎ 
salivary IgA over the 2 to 3-weerk period before a URTI 

appears to precede and contribute to risk

Variability of measures is high. Analysis is time-
consuming and expensive.

Cytokines
Important in the acute and chronic inflammatory 

exercise response in athletes.
A number of analyses are possible form single blood 

samples. Assays are being developed for saliva.
Analysis is extremely costly and complicated.

HeckstedenA, Pitsch W, Julian R, Pfeiffer M, Kellmann M, FerrautiA, Meyer T: A newmethodto
individualizemonitoringof musclerecoveryin athletes. Int J Sports PhysiolPerform 12, 2017: 1137-1142.



Regman Study confirms 
Testingin the field is costly and complicated

HeckstedenA, SkorskiS, Schwindling S, Hammes D, Pfeiffer M, Kellmann M, FerrautiA, Meyer T: Blood-borne Markers of Fatigue in 
CompetitiveAthletesςResultsfrom SimulatedTraining Camp. PLOS ONE, 11, 2016: e0148810. doi: 10.1371/journal.pone.0148810



Group averageґ {ƛƴƎƭŜ case

Spread

Wide ĂNorm rangeñ

difficult definition of the single case
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HeckstedenA, Pitsch W, Julian R, Pfeiffer M, Kellmann M, FerrautiA, Meyer T: A newmethodto individualize
monitoringof musclerecoveryin athletes. Int J Sports PhysiolPerform 12, 2017: 1137-1142.



Individualisingthe Reference

Significantlower mistakeratescomparedwith optimisedgroup-baseddata
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HeckstedenA, Pitsch W, Julian R, Pfeiffer M, Kellmann M, FerrautiA, Meyer T: A newmethodto individualize
monitoringof musclerecoveryin athletes. Int J Sports PhysiolPerform 12, 2017: 1137-1142.



Science andmonitoringtraining



Ask them!

Psychometricsinsteadof measures?

What does the doctordo?

He askshispatient first?

In-time, for free, inside-view !!


