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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.



slido

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

~ Start presenting to display the poll results on this slide.
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Evolution of Performance in Road Distance Running
How Advanced Footwear Technology Works (tentative)”
What about Spiked shoes?

Regulatory and Ethical Aspects

Key Points




Evolution of Running Shoes across Time

A Change occurred in Elite Road Running Performance ii2PQ¥6



Evolution of Top 100 Seasonal Best: 20029
o Year ]

F(7,792),
" 2012 2013 2014 2015 2016 2017 2018 2019 [G1P°
28:07.9  27:59.8
: 28:13.8 28:07.4 28:14.3 28:14.1 28:19.2 28:13.4 . . 10.36,
10 km min:s] . . . . . . QUzae) | Euzey
(00:14.7)  (00:14.7)  (00:16.9)  (00:16.4)  (00:17.8)  (00:19.2) p<0.001
*k*k *k*k
01:00:07.0 01:00:05.3
Half Marathon 01:00:33.8 01:00:38.7 01:00:21.7 01:00:14.9 01:00:3L9 01:00:185 (00:34.6) (00:37.5)  10.85,
(h:min:s] (00:43.0)  (00:37.1)  (00:39.0)  (00:28.9)  (00:42.1)  (00:37.3) p<0.001
02:06:54.1 02:06:07.2
R 02:06:58.4 02:07:33.0 02:07:19.1 02:07:42.5 02:07:42.1 02:07:27.9 (01:28.5) (01:20.4) 15.70,
VELCHBIE AR 015 ) 01225)  (01184)  (0108.0)  (01:349)  (01:22.4) p<0.001
31.57.3 31:39.4
: 32:15.1 32:17.5 32:09.4 32:12.2 32:155  32:00.0 . . 16.75
10 km [min:s] . . . . . . Gisad) | (Eeie )
(00:28.6)  (00:26.0)  (00:26.5)  (00:29.0)  (00:33.2)  (00:38.0) p<0.001
01:08:19.3 01:08:05.1
Half Marathon 01:09:40.2 01:09:25.8 01:09:26.9 01:09:31.7 01:09:17.6 01:08:429 (01:233)  (01:16.3) 23.05
[h:min:s] (00:01:15.2) (01:11.2)  (01:00.7)  (01:07.9)  (01:20.3)  (01:25.2) p<0.001
02:23:46.7 02:22:45.4
o 02:24:58.2 02:25:554.6 02:26:27.8 02:25:32.4 02:25:40.3 02:25:058 (02:23.1) (02:14.9)  26.55
VECHENE AT 50100 (0214.6)  (02:24.9)  (0214.2)  (02:08.9)  (02:32.7) 0<0.001
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Bermon S et al., Front Sports Act Liv 202:



Possible Confounding Factors?

Doping?
Weather?
More East African Runne

Bermon S et al., Front Sports Act Liv 2021
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Advanced-ootwearTechnologyAFT)

U IncreasedMidsoleThickness
U0 NewMidsoleFoam

U LongStiff Plate Midsole

U CurvedOutsole

U Late2016-early 2017




Advanced-ootwearTechnology

NewMidsoleFoam Polyamide Blocklastomer

Dg;::‘lgy Energy Loss Factor (ELF)
1.4 ' 1 ,.

Theoretical e

| 1.26 1.26 TPU{
1.2 L
1.1 O ELF = 0.4 - 0.5
1.02 a
1 PE
d

0.9

T

""I ELF = 0.1 - 0.2

0.8

0.7 ,
Pebax® TPE TPU COPE Elongation



Advanced-ootwearTechnology

LongStiff Element(Midsolg




Advanced-ootwearTechnology

Curved Concaveputsole
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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 20029
- vyear [

Male events

10 km [min:s]

Half Marathon
[h:min:s]

Marathon [h:min:s]

Femaleevents

10 km [min:s]

Half Marathon
[h:min:s]

Marathon [h:min:s]

2012

27:50.6
(00:08.9)

50:23.3
(00:18.7)

02:05:02.1
(00:28.7)

31:29.7
(00:21.4)

01:07:46.0
(00:33.0)

02:20:49.0
(01:10.5)

2013

27:431
(00:07.4)

59:39.5
(00:27.0)

02:05:16.3
(00:58.7)

31:38.1
(00:28.5)

01:07:32.6
(00:42.1)

02:22:31.1
(01:13.9)

2014

27:45.9
(00:11.3)

59:21.7
(00:15.1)

02:05:14.3
(01:03.2)

31:26.0
(00:19.9)

01:07:59.3
(00:53.9)

02:22:30.9
(01:35.4)

2015

27:48.1
(00:07.0)

59:30.1
(00:10.6)

02:05:56.0
(00:38.7)

31:25.3
(00:25.9)

01:07:42.7
(01:00.0)

02:22:15.4
(01:27.1)

2016

27:49.9
(00:9.6)

59:27.7
(00:15.3)

02:05:08.0
(01:06.2)

31:23.1
(00:23.9)

01:07:10.2
(00:45.8)

02:22:30.9
(01:12.3)

2017 2018 2019
27:30.7 27:24.3
27:44.8 (00:14.5)  (00:16.4)
(00:16.1)
*k% *kk
59:07.7
59:20.6 59:11.8 (00:20.2)
(00:17.6)  (00:18.2)
02:03:59.5
02:05:20.9  02:04:33.0 (00:57.6)
(00:49.4)  (00:51.8)
*%*
30:41.3
30:59.7 31:053  (00:24.4)
(00:28.9)  (00:21.8)
*kk
01:06:09.6 01:06:03.2
01:06:26.8  (00:43.7)  (00:23.4)
(00:51.2)
*% *kk
02:20:57.4 02:20:00.3 02:19:18.2
(01:26.1)  (01:13.6)  (01:38.3)

*k% *k%k

F(7,152), p
values

12.76,
p<0.001

6.03,
p<0.001

8.48,
p<0.001

11.82,
p<0.001

20.97,
p<0.001

17.02,
p<0.001



Effect of AFT on Distance Running Performance

TABLE 3 | Effects of the advanced footwear technology on top 20 male and female seasonal best times in 10km, half marathon, and marathon.

No AFT

AFT

Male events
10km [min:s]
Half-Marathon [h:min:s]

27:44.7 (00:13.6) n= 130
59:24.8 (00:19.5) n= 140

27:30.7 (00:14.8)n = 28
59:09.2 (00:21.2)n= 20

Marathon [h:min:s]

02:05:18.3 (00:53.6) n = 123

02:04:15.4 (01:09.3)n = 37

Female events
10km [min:s]
Half Marathon [h:min:s]

31:18.4 (00:30.1) n= 136
01:07:15.9 (01:02.2) n = 135

31:01.3 (00:23.8)n = 23
01:06:14.5 (00:29.4)n = 25

Marathon [h:min:s]

02:21:49.9 (01:34.9 n = 124

02:19:39.4 (01:30.6)n = 35

t, p-values Cohen's d
4.85,p < 0.001 1.01
3.32, p < 0.01 0.79
6.06, p < 0.001 1.14
258,p <005 0.58
483, p < 0.001 1.05
7.25, p < 0.001 1.39

Results are presented as mean (standard deviation).

AFT, advanced footwear technology.

TABLE 4 | Comparison of male and female seasonal best times in half-marathon and marathon races in a subgroup of top 20 athletes who competed without and with

the AFT between 2016 and 2019.

Without AFT With AFT t, p-values Cohen's d
Male events
Half-Marathon [h:min:sjn = 7 59:08.4 (00:23.4) 59:00.3 (00:26.6) 0.61, NS
Marathon [h:min:sjn = 8 02:05:07.4 (01:20.6) 02:03:25.6 (01:09.9) 2.70,p < 0.05 1.35
Female events
Half Marathon [h:min:sjn = 6 01:07:04.2 (00:41.4) 01:05:55.4 (00:30.0) 3.29,p < 0.01 1.90
Marathon [h:min:sjn = 6 02:21:56.5 (01:06.7) 02:18:55.9 (02:55.9) 2.35,p < 0.05 1.36

Results are presented as mean (standard deviation)

AFT, advanced footwear technology.

Bermon S et al., Front Sports Act Liv 2021



Statistical Analysis on Top 20 SB
2012- 2019

PerformanceEnhancing Effect of AFT:
- Yes
- Different with Gender and Distance

- Lower than in Recreational/Stdhte
* 3 to 4%decreasen race time:
Quealy& Katz (2018), 280 k marathons + 215 k HM runs:
* 0.8%decreasen elite malemarathoners
* 1.5%decreasen elite femalemarathoners




How Does AFT Improve Performance?
Hypothesis

1. 9y KF YOSR &/ dzaKA2Y wSo02dzyRé 9FFSOI




How Does AFT Improve Performance?
Hypothesis

2. A ¢SSUOSNI ¢200GSNE 2NJ &/ FOF Lddzf G ¢ 9FFSC

Figure 1. Schematic illustration of the teeter-totter effect when the force of the runner (black arrow) is applied at the front pant
of the shoe and the reaction force at the heel of the foot (red amow) during early/mid stance (left orientation} and push off (right
ornentation). Modified from Bums and Tam (2020).




How Does AFT Improve Performance?
Hypothesis

3.GDYYIFrauAO {LINAYyIo2l NRE 9FFSOI




How Does AFT Improve Performance?
Hypothesis

4. G{tAy3aK20¢ 9FFSOI

5. Combination of these
mechanisms




Mechanical Testing
Instron Device (KTH, GIH, Stockholm)

Rear Foot Compression Tensile Bending Test Forefoot Compression
Test Test




Mechanical Testing
Energy Return
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Mechanical Properties

56 different models of Road Running Shoes:
Released on the market 201 now

tf 0SSP ¢CKAOlTYSaax

l | No Plate. Thickness@12% > 29 mm (n=11)
/ \ With Plate (n=35)

12% Internal 75% Internal
Length Length



What About Spiked Shoes?



Events in Spiked Shoes
World Athletics Scoring Table

Top 20 Male Athletes
Men - Outdoor/Indoor

2021

: Rank
ECE 1217 1217 1206 1210 1206 1176 1217 121120 5.80 1
FEEO 1212 1207 1207 1220 1214 1176 1211 121200 -1,00 4
ES 1216 1201 1199 1216 1218 1165 1216 1210,00 6.00 2
1199 1198 1183 1198 1196 1187 1210 119480 1520 1
FEE 1220 1195 1193 1200 1213 1196 1219 1204,20 1480 2

E T 1176 1201 1186 1189 1166 1187 1206 118360 ( 2240 1 )
Sl 1179 1189 1190 1170 1198 1172 1200 118520 1480 1
1182 1190 1190 1159 1188 1170 1190 118180 8,20 1
1200 1200 1193 1189 1191 1160 1210 119460 1540 1

BTG 1188 1187 1192 1189 1190 1141 1195 118920 \L 5.80 1
Kool 1173 1176 1186 1172 1198 1145 1185 1181,00 400 3
| High JJump [EEELJ 1206 1188 1197 1179 1179 1188 119340 -5,40 4
I 1212 1203 1212 1225 1214 1214 1214 121320 0.80 2
TR 1184 1188 1184 1193 1184 1164 1194 1186,60 7.40 1
| Triple Jump S 1173 1183 1184 1189 1168 1182 117960 2,40 4



Events in Spiked Shoes
World Athletics Scoring Table

Top 20 Female Athletes

Women - Outdoor/Indoor

S
4

Rank
FUT 1202 1191 1193 1195 1191 1152 1204 119440 9,60 1
O 1199 1193 1191 1194 1189 1167 1219 119320 25,80 1
ET 1173 1179 1175 1188 1168 1155 1201 1176,60 24,40 1
1183 1182 1179 1183 1180 1169 1197 118140 15,60 1
BT 1181 1185 1191 1191 1194 1191 1200 118840 \___ 1160 ),
E o 1163 1167 1183 1193 1194 1177 1189 1180,00 9,00 3
ESH 1158 1193 1180 1157 1189 1173 1185 1175.40 9,60 3
1158 1178 1170 1147 1185 1161 1194 116760 | 26,40 ¥ |
100mH 1185 1182 1184 1188 1189 1146 1198 118560 12,40 1
ETCEE 1164 1175 1177 1169 1169 1142 1174 1170,80 3,20 3
1174 1182 1183 1185 1177 1123 1193 118020 | 1280 g
| HighJump  [BEN( 1180 1160 1160 1180 1140 1180 117000 | 10,00 1|
IO 1177 1186 1164 1180 1186 1164 1177 1178,60 -160 4
IR 1183 1183 1169 1174 1183 1149 1191 117840 [ 12,60 1
BT 1141 1150 1149 1158 1162 1136 1170 115200 | 18,00 1




Discussion

22NI R 'GKESUAO0AQ USOKYAOIFf NHzS MnmnoZX LI NI =
AXIFOGKESGSa YIEe O2YLISGS o0FNBF220 2N gAlGK

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 assistang
or advantage. Any type of shoe must be
reasonably available to all in the spirit of the
dzy A OSNRI ft AGeée 2F | 0KE S

#NOHUMANISLIMITED



The Topic from a World Athletics Perspective

Uat NEGSOGAZ2Y YR {GFroArfAadGeés OSNBd&A t

U Innovation as a driving force for manufacturers:
U Sports Regulations vs Business Development

U What is an unfair advantage?

U Reasonably available to all
U Retail market?
U Prototype

U Athletes targeted by the Regulations:
U Elite vs sukelite vs recreational runners

U Spirit of the Universality of Athletics
U Injury Rates?



Regulatory Aspects

022NI R ! 0Kf SGAOA dzLJRIFOAY3I A0a da{K2S
U Distance Running, Throws and Jumps
U Moratorium from end July 2020 to end 2022

U New Rules to come:
U Voted by World Athletics Council (Competition Commission)

U Discussed by a Working Group:
U Development and Manufacturing Workstream
U Science and Medicine Workstream
U Certification and Control Workstream



Ongoing Regulations

U Maximal thickness of the sole:
U 40 mm: road running shoes and Race Walking
U 25 mm: track events from 800m and above + Triple Jump
U 20 mm: track event up to 800m (not included) and field events
U One stiff plate maximum
0 Published List of Approved Shoes: World Athletics website
U Declaration prior to the competition (WAS events)
U Check and Analysis post competition (if needed)
U Shoe Check for World Records



KEY POINTS

U Significant Decreases in Top 20/100 SB post 2016:
0 10 km, Half Marathon, Marathon

U Adoption of AFT accounts for a part of this decrease.:

U Women & Long Distance

U Various Biomechanical Explanations:
U Combined effect of stiff plate and the foam
U Increased energy return

U Tensile Bending properties

U World Athletics in the process of updating its Rules:
U Protect athlete's health and safety
U Preserve some innovation from manufacturers
U Prevent unfair assistance and maintain competition integrity
U

Respect the spirit of Universality of Athletics



SELECTED READINGS

World Athletics Technical Rules #5

New York Times, 13 Dec 2019 article IQudalyand J Katz
Dyer B, Sports Medicine, 2020

NiggBM et al. , Brit J Sports Med, 2020

Hoogkametet al., Sports Med, 2018

Hoogkametet al., Sports Med, 2019

Bermon et al. Front Sports Act Liv, 2021

Bermon J Sports Med Phys Fitness, 2021

C. C. C. Cr Cr C: . .






slido

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

~ Start presenting to display the poll results on this slide.
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Do you think Advanced Footwear
Elite Athletics:

~ Start presenting to display the poll results on this slide.

echnology In



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

Rainer Knoller (GER)

Head of Sciencef German Athletics Association

Email:rainer.knoeller@leichtathletik.de




Prof. Dr. Rainer Knoller / HeatlScience

German Athleticé\ssociation

Science Coordinationfrom inside

Change managemenbf German Athletics
Adviserof the Headof Board

A Helpingto evaluatethe status

A Creatingnetworks

A Findingexpertiseoutside

A Academieashomeof scienceand education
A Innovation andorojects

A Bridgingthe gapbetween scienceand coaches



Imagineyouhavesevergoothache
Dentalclinic



Science and Hbasedprocedure
Personak history- status- diagnose- treatment

QO OODOGC
NODVVODDD

Universal Base Conical Connection RP 1.5mm REF 38214 LOT 13121664

Monteret med stramning af skrue p& 35 NcM  llagt Teflontape for afdaekning af skruegang efter forudgaende skylning med
Kiorhexidin 2%. herefter Plast (Tetnc Ceram) Pris=6966 :
Universal Base Conical Connection RP 1. 5mm REF 38214 LOT 13121664

Monteret med stramning af skrue pa 35 NcM . liagt Teflontape for atdakning af skruegang efter forudgdenda sb‘nhgmed
Klorhexadin 2%. herefter Piast (Tetnc Ceram) Pns=5966

Indkation: Kontrol af implantat. Pt accept. Rentgen viser fine forhold. U/B

pris=-200

5045582

Udskrevet regning 5045682
Teknixseddel

Indxaldt via email




Science and Experience

Wouldyoutrust me?
Wouldyoutrust a studentor beginnef?




Youbetter trust them
Science , Expertise , Experiebeld Trust

Scientifiadata helpto diagnose
Treatmentneedsthe experienceaxpert




Science and Training

Whenhumanbeingsadvisehumanbeings

Science; Expertise Experience; Trust

Buildafour piecechainof success

Missinga singlepiecewould weakenthe whole



Research Scenario in Sport science
Gapbetweenscientificworld and coachestorld

Evidence based medicimex 9 A RSy OS o0l aSR? NI AyAy3d aOASyOSa

Interventionstudies with group desiggand power analysis?
Peer reviewed journals?

We have to differentiate between:

basic scientific research N>15
applied scientific work N= ?7
consulting high performance sports N=1

ol

.
=
z
=
a
i
[
=3
A
i
a

z
=



SupportingScience In Athletics

4 fieldsto apply Sciencebasedwork

A Science and experience/expertisesiducation
A Science iperformance diagnostics
A Science imonitoring load / regeneration

A Science irompetition performance
(mastering human factors)

yes

yes

partly

future



German Athletics Academy

Science and Coacdhducation

A Nat.coacheducationon div.levels

A Nat. annuabkciencecongressvith DSHS
A Int. renown projectswith experts

A Projectswith other Germanfederations
A Int. Congresd$rom 2024 ff.?

Research and Educatianustgo handin hand
to build up sciencebasedknowledgé




German Athleticé\ssociation

NewCooperatiorwith German Sports University Cologne

LYV

DEUTSCHER LEICHTATHLETIK VERBAND

T/ TRUEATHLETES




New Scientific Committesf German Athletics

Prof. Dr. CarmerBorggrefeUniversityof
Stuttgart/ Professoof SportSociologyand
Management

Prof. Dr. Ulrich Hartmantuniversityof Leipzig /
Professoiof Training Science and Performance
Physiologie

Prof. Dr. Dr. KarsteilollanderMSH Medical
School Hamburg $portscientisand Professoof
Sports Medicine

Prof. Dr. Veit Wankeberhard Karls University
Tubingen / Professaof Biomechanicand
Movement Science

A Prof. Dr. Rainer KnolleBerman
AthleticsAssociation Headof Science

A Prof. Dr. Harald Langéniversityof
Wirzburg / Professoof Sports
Education

A Prof. Dr. Jan MayeTSGResearchLab
Director/ Professorof Sports
Psychologie

A Prof. Dr. Petra Rken Ruhr University
Bochum / Professanf Sports Medicine
and Sports Nutrition

50



Conference Monitoring in Cologne 02/2022

with German Universitgf Sports

Monitoring strategiesin High Performance Sports

A 12 expertsin highperformancesports

Too oo oo Too To Too Too Too To

Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.

Dr. Dr. KarsteHollander¢ MSH Hamburg & DLV
Dr. Ulrich Hartmanaq Universityof Leipzig

Dr. Petra Plateq Ruhr University Bochum

Dr. Tim Meyet University Saarland & DFB

Dr. Ingo Fietze Charité Berlin

Dr. larNeedlemanc Eastman Institute London/UK
Dr. Jan Mayey TS(ResearchLabDirector

Dr. Michael Braumarm Universityof Hamburg

Dr. llka Seidet German Olympic Sportonfed

scheduledagainthe 28/01/2023
|dentify and developpotentials




National Conferencaunning walkingin Frankfurt
11/2021with German Triathlon Union DTU

A Dan Lorang and Patrick Sang and Science Board
discus+As

A German Athletics and Triathlon Union
A Hybridformat with 200 participants




Science Iin Performanceagnostics

A Establishedlympic Tes€Centres
A Well establishednethods

A Parameters likelistance time, pace load, heart
NI 0SZ SuOX

A We canalmostmeasureeverythingin the lab

A What happensin the time betweentests?




Scienceroducesabstractdata that needtransfer

Erwin Schrodinger (18871961)

1933 Nobel Prizevinner Physics

XS akKz2dzZ Ry O
error to confound our
scientific data with the
complex reality outside we
want to describe.

Erwin Schrodinger

a

STATISTICAL
THERMODYNAMICS

Y18



Training
Froma cybernetianodelto processnmanagement

Definitionof goals Training- Plan Training Performanceand
andstandards training result
Process Performanceand

Evaluation training evaluation

C\(“
o trme feed??
0& n\

prooe™

Knoller 1997 ref. to Grosser et al 199



Training
Managementasa cybernetianodel

Definitionof goals Trainingg Plan Training Performanceand
andstandards training result
Procesg Evaluation via
Monitoring of load/recovery

Individualisation

Knoller et al.ref. to Grosseret al 1992



Science imonitoringtraining

Functionalcapacityandload

Onlypartly lineardependence

Turnoverto no further adaptation

Highlyindividualpattern

100
90
80 -
70
60
%' )
40

20 +
10 —

Hypertrophie

___________ P

mittlere Funktions-
kapazitat

maximale Funktionskapazitat

Anpassungs-Reserve

At

Belastungsreserve

bei positiver
Anpassung

Funktions-Reserve

bei negativer

2

N belastete
Funktions-

--------- v kapazitat

3-6% PR = los i
S e e P_:'.);_;:..'__f{"-'-;-',-' s R S ¢ I Be|as1ungs_
g T | I | T j o |
0 B vinal i 2 6w by

; : Leistungssteigerung i Uberlast-
l : +  Toleranz r

Abb. 1-19: Relation von maximaler Funktionskapazitat proportional zur Proteinmasse und relativer Auslastung de
maximalen Funktionskapazitat in Abhangigkeit von der funktionalen Belastung. Zu unterscheiden ist der Bereict
der positiven Belastungsanpassung (blau) mit Steigerung der Funktionskapazitat bei niedriger Belastung der Funk
tionsreserve (< 15%) vom Uberlastbereich mit abnehmender Funktionskapazitat (rot) und zunehmender Beanspru
chung der Funktionsreserve (> 15%). Die Funktionsreserve wird gleich null, wenn die Einstellung des Steady State
der Proteinmasse nicht mehr maglich ist (nach Mader et al., 1994)



Load and Recovedependon eachother

Monitoring load andrecovery

measureloadin parameters
and

measurerecoveryin parametersandvalidated
guestionnairein psychometrics

Combine
measuringobservingand psychometrideedback

100
90 4
80 4
70
60
% 50
40 4
30
20
10 -
0

————————————————— maximale Funktionskapazitdt ---------- =g

Hypertrophie

________ e

mittlere Funktions-
kapazitat
v

V'

Anpassungs-Reserve

oA

Belastungsreserve
bei positiver

Anpa i
i

Funktions-Reserve '
belastete

N Y Funktions-
________ kapazitat
0 :
iR ™ 15% ;
S \L : Belastungs-
S T T I T T T T T T
0 Ch e mrae 2 5 10 15 20 30 oo
Leistungssteigerung Uberlast-

Toleranz

Abb. 1-19: Relation von maximaler Funktionskapazitat proportional zur Proteinmasse und relativer Auslastung de
maximalen Funktionskapazitat in Abhangigkeit von der funktionalen Belastung. Zu unterscheiden ist der Bereict
der positiven Belastungsanpassung (blau) mit Steigerung der Funktionskapazitat bei niedriger Belastung der Funk
tionsreserve (< 15%) vom Uberlastbereich mit abnehmender Funktionskapazitét (rot) und zunehmender Beanspru
chung der Funktionsreserve (> 15%). Die Funktionsreserve wird gleich null, wenn die Einstellung des Steady State
der Proteinmasse nicht mehr méglich ist (nach Mader et al., 1994)



Load and Recovery

Injured ? = load & recovery insufficient ?

better individualisation?
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Load and Recovery

Optimising performance:

Optimising the interaction of

Loadand Recovery



Wefocuseda lot ontraining itself

Functions, Advantages, and Disadvantages of some -
J J ~“REGMan

Markers

Marker

Testosterone and

cortisol
Epinephrine and
norepinephrine

Growth hormone

IGF1 and IGFBB

Glutamine and
glutamate

Creatine kinase

Hematological
measures

IgA

Cytokines

,'. REGENERATIONSMAMAGEMENT IM SPORT
Function Advantages Disadvantages
May indicate anabolic and catabolic balance. Can be measured in saliva and blood. One of the simp Ana_llys_l_s is co_stly.
assays. Variability is high.
Have important roles in force production, energy Indicate response to stress and reflect acute demands oRequire blood samples. Analysis is complicated and
availability, and muscle contraction. exercise expensive.
Require blood samples. Analysis is complicated and

Has a role in anabolic status and a wide range of - : . .
: : Can indicate differential response to forms of exercise
metabolic functions

Involved with anabolism of bone and skeletal, Can be measured in saliva and blood. IGEBRy be o . .
) - Analysis is complicated and expensive.
muscle reflective of training load.

CUE NS O-gIEES D IS e Are potential biochemical markers of overreaching

expensive.

Require blood samples. Analysis is costly and time

training stess. consuming
. : . Has been widely researched, and evidence exists for|itsRequire blood samples. Analysis is costly and time
Provides information on muscle damage o ) : L . L
utility during periods of heavy training loads consuming. Degree of variability is high

Require a blood test. Have low utility for determinil
overreaching and overtraining.

o : /'y 6S YSIadaNBR Ay alftAgdl o wSilFLiAPdS RSOfAYS. IO Kf§
IgA and other antimicrobial proteins are an salivary IgA over the 2 to8eerk period before a URTI Varlg\f)TQﬁty of measures |sﬁ1|gh. L_nal?//sls is én}é
consuming and expensive.

Are standard clinical tests of red blood cell count, -
: Are useful for determining health status.
hemoglobin, and leukocyte count

important first line of defense against URTI. appears to precede and contribute to risk
Important in the acute and chronic inflammatory A number of analyses are possible form single blood _ :
. . . . Analysis is extremely costly and complicated.
exercise response in athletes. samples. Assays are being developed for saliva.

HeckstederA, Pitsch W, Julian R, Pfeiffer M, Kellmanr-dtrautiA, Meyer T: Aiew methodto
individualizemonitoringof musclerecoveryin athletes Int J Sport$hysiolPerform 12, 2017: 1137142.



Regman Study confirms
Testingin the field is costly ancdomplicated

, B

L 2

Parameter Ausdauer
X * - -
Harnstoft .. 0 0
Wachstumshormon 0 0 0
IGF-1 e 0 0
IGF-BP3 0 0 0
ﬂ f-Testosteron + 0 0
Cortisol 0 0 0
B {Testo / Corti + 0 0
ACTH 0 0 0
ACTH / Corti 4+ 0 0
Glutamin (GIn)
Glutamat {(Glu) 0
Gin/Glu
mp CRP + + (+) :
TNF-a 0 0 0
iL-6 0 0 0
iL-1 0 0 0
Hamatokrit - ? +

! ! \~"REGMan

REGENERATIONSMANAGEMENT IM SPORT

HeckstederA, SkorskiS, Schwindling S, Hammes D, Pfeiffer M, KellmarfreMautiA, Meyer T. Bloodborne Markersof Fatigue in
CompetitiveAthletes¢ Resultdrom SimulatedTraining Camp. PLOS ONE, 11, 2016: e014881LA.0.1371/journal.pone.0148810
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HeckstederA, Pitsch W, Julian R, Pfeiffer M, Kellmanri-dtrautiA, Meyer T: Aew methodto individualize \ REG I I Ia n
REGENERATIONSMAMAGEMENT IM SPORT

monitoringof musclerecoveryin athletes Int J Sport$hysiolPerform 12, 2017: 1137142.
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HeckstederA, Pitsch W, Julian R, Pfeiffer M, Kellmanr-dtrautiA, Meyer T: Aew methodto individualize o7 | REGENERATIONSMANAGEMENT IM SPORT
monitoringof musclerecoveryin athletes Int J Sport$hysiolPerform 12, 2017: 1137142.
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im Ausdauersport

Rechnergestiitzte Trainingsanalyse im Schwimmen,
Radfahren und Laufen unter Einbeziehung des sport-
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Ask them!

Psychometricensteadof measure8

What doeghe doctordo?
Heaskshis patient first?

In-time, for free, insideview !!




