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Performance Diagnostics in the Feedback

Loop of Training Control

Ist-Wert
(Entwicklungsstand)

—_—

Soll-Wert
(Anforderungsprofil)

L

Gesamteinschdtzung zur Leistung und Leistungsentwickliung

\ Standard- und Sportart- _
:Iedizlnls:m ] ‘ Sty Uk Trainings Wettkampf-
Symasy /I diagnostik (Labor und Feld) Atsiyee lyse
Sm=”
Leistungs-
b Training =
:I':\ 'lu:'a:nlnp- (Methoden, Prozess) Wettkampf
Internationale Entwicklungen — Wettkampfanalyse
(Leistungsprognose)

Maier et al. (2016)




Objectives of Performance Diagnostics
in the Context of Exercise Science

1. Assessment of the current
performance level

2. Assessment of performance
development

3. Optimisation of training control

4. Estimation of performance
potential

Trainingswirkungsanalyse

/7 LIHPS

(Input-Output-Relation)

Trainingsverlaufsanalyse Leistungsverlaufsanalyse
(Ist-Soll-Vergleich) (Ist-Soll-Vergleich)

Trainingsauswertung
Trainingsprotokollierung Leistungskontrolle
(Ist-Daten-Erfassung) (Ist-Daten-Erfassung)

Trainingskontrolle

Training > Athlet Leistungsfahigkeit >

Hohmann (1994)



Field of Tension in Elite Sports

Nicht unmittelbar
handlungsrelevantes
Wissen der
Trainingswissenschaft

\
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=
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wissenschaft

Wissenschaftlich
bewahrtes Wissen
der Trainingslehre

Nicht wissenschaftlich
bewadhrtes Wissen
der Trainingslehre

Praxiswissen
auRerhalb der
Trainingslehre

needs-

oriented

mod. nach Hohmann et al. (2002)

evidence- practice-

based relevant
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Metabolism and Performance

fat [ ] carbohydrates

\ 4

anaerobic metabolism

aerobic metabolism

energy
mod. nach Neumann et al. (2013)

und Heck et al. (2022)




Key Parameters — Performance Diagnhostics

Power at individual
anaerobic threshold
[W]

Maximum Maximum aerobic
anaerobic power / j R power /
VLamax VOZmax
[mmol/l/s] [ml/min]

™ Lumembourg Frstitute for
ﬂ‘ High Performance in Spens




Key Parameters — Performance Diagnostics /27 LIHPS

Maximum adaptation is the focus not
maximum training

Physiology of Performance

,/\

Minimising energy expenditure in performance Potential for energy turnover
——GaEEER ,/’ \_
Tactical method Preparedness Aerobic Anaerobic

N /N AN

o] T N\

© Dan Lorang

Pacing Energy Anthropometric I Ergogenic Lactate VO2max Anaerobic [ Power ]
expend Threshold Capacity
Fast-start Optimal body CHO drink Peripheral
Even pace Drafting mass Bicarbicitrate Max & uptake 20905 reps
b Minimal Body comp Caffeine - lactate Volumeiwk 1-2 sessions/wk Explosive starts
distance Fat oxidation - Post- Sieadly state CHO Intake CHO intake/ Sprint
covered Camitine CHOMBCAA S Central delivery protein mechanics
arink vwWeo2max reps Bi-carb Caffeine
Lung fitness B-alanine Creatine
Miteage
High resistance Hill reps
reps Mech/S&C
High Intensity Glut/Ham
T e o i ———) warm-up
Drills
ﬁ Post - 15 min | Core stability
- R cool down —n Compression
ice bath stockings
I Fat oxidation




Key Parameters — Performance Diagnhostics

E——

]

Potential for energy turnover

Aerobic | Anaerobic
®
/ Economy\ I /
Lactate VO2max Anaerobic Power
Threshoid Capacity
Peripheral
uptake 20-90s reps Plyometrics
'::: "‘:::. Volume/wk 1-2 sessionsiwk Explosive starts
sleady CHO Intake CHO intake/ Sprint
e Central delivery protein mechanics
wo2max reps Bi-carb Caffeine
Lung fitness g-alanine Creatine
Milcage Alttude Resistance
Hill reps Hb training
Mech/S&C Ferritin stores Hormonal
Glut/Ham 8lood volume response
strength Tissue
Drills hydration
Core stability Immune
Compression function
stockings

Fat oxidation
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Lactate Threshold Tests /2 LIHPS

Lactate-to-performance-curve:

Verschiedene Protokolle

Heart rate (bpm)

Lactate (mmol/L)

220 161
3 min. 30 Watt 5 min. 20 Watt 2min. 40 Watt =0 # g i | Lactate
1801 12 P EE, S‘i w7 ““Heart rate
© INSCYD g g
160 1 101 H 2 e 8
. 1404 8- o g
Verschiedene Schwellen = BE
~H 3
1201 61 o T 3 a
100{ 4 - 'AT\/
W
; s0{ 2 L1 ./
2mmol./ 3 mmol.’ 4mmol. / IAS ' IANS / LT's = :
Mader / Kindermann / Stegmann 'VT’s ' RCP —— :
ch etc 60' 0 J T T T v T |: T T T
0 50 100 150 200 250 300 350 400
© INSCYD Power (Watts)
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Spiroergometry & /7 LIHPS
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Example: Combined Test Protocol /4 LIHPS

L R e S TR ..

Power atindividual 8 min step test (lactate at 4’ and &)
anaerobic threshold

[W] starting at 100W with steps of 40W until a
>1mmol/l rise from min 4 to 8 is measured

A\ 4

Maximum aerobic

s ~ Ramp of 25W/min until voluntary i
i l/min] exhaustion immediately after step test -+ | f}:j}j_f
"I // il g
E ot - o | -
_ V,J‘.\ ‘r\‘.:é':!// H

. " W W w =

Maximum anaerobic
power / VLa
[mmol/l/s]

A\ 4

15s isokinetic sprint incl. pre and post
lactate measurements

max

+ validation using calculations according to Weber (2003) and Hauser (2012)

© LIHPS
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Metabolic Simulations

,2-Kompartment-Modell nach Mader”
( cf. Heck et al. 2022)

206s | cycling | 1.43
- 240s I cycling | 1.19
-~ 360s | cycling | 1.56
— 360s | cycling | 1.34

(T 5 OAET )
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W AT

Lactate concentration [mmol/]

I 4
LB RS B L T T N R B B T e L O T e D R AT o o R e e B e ]

100 200 300 400 500 600 700
waltt
Run Power [watt] Time [mm:ss] Max Lactate [mmol/l]
1 365 06:00 27
2 400 06:00 45
3 440 04:00 7.0
4 480 03:26 111

¥ © LIHPS



Metabolic Simulations — Re-Test

— 206s | cycling | 1.43
- 240s | cycling | 1.19
-~ 360s | cycling | 1.56
— 360s | cycling | 1.34

-k
o

([ VR VS WU T [T AT )

-t
L=

o
W AT

Lactate concentration [mmol/]

A

')

A

100 200 300 400
waltt
Run Power [watt) Time [mm:ss]
1 365 06:00
2 400 06:00
3 440 04:00
4 480 03:26

VO2

max

[ml/min/kg]
73,45 0,39

4 4
| FRALTTY E E E B T e e DR b e e ) D

Max Lactate [mmol/l]
27
45

7.0

Anaerobic
threshold [W]

393

-
o

YU NSNS (O )

Lactate concentration [mmol/]
o )

VO2
[ml/min/kg]

/ Lusembouwrg Frstitute for

~ 145s | cycling 1 1.00
— 490s | cycling | 1.00 | [ "

: /
' 1 L\l 1 LS L I LI 1
100 200 300 400 500 600 700
watt
Run Power [watt] Time [mm:ss] Max Lactate [mmol/I]
376 08:10 25
2 567 02:25 143

max

80,55 0,43 408

Anaerobic
threshold [W]
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Functional threshold power (FTP)

i i i i E.9. |: 6 riders had a 60 min avg power
FTP60 and FTP20 relationship Individual differences T e o0l e P
mode! development by regression analysis in threshoid power estimates by... power estimated by 20 min avg x 0.95
; ‘ o goq Il: 3 riders had an FTP estimated by
Tt s s O ok B Ay o T e, Dk Ao o & (bial, Soere Cotsors &5 o A: FTP60 and FTP20 (8ominavg W - 20min avg W x085) 20 min avg x 0.95 thal was 40-50 W
60 min from the line " These riders wil cievisie sigrificantly from the 0.95 relafionship B: FTP20 and lactate profile test (FTP20 - LPT) "'%{"f’ !rhaln their estimale by lactate
average power  betwoen 80 and 20 min power outpuls. profile testing.
w w
0.95 35 50 7
1 rider 3 riders
1.01 ] 2 riders
O 4 riders 30
nders above line: X
relationship > 31.35 15 . 2 1 rider
2 riders -
5 o 4 riders
reiationenp < 0.9 A 5 riders L 1 rider
6 riders “ampe, 4 riders
-15 1 rider
1 rider -20
=25 1 rider
2 rider -30 -
. i . 3 riders
= 2 riders oo 3 rid OXam
NB! These data points are hypothetical. They are infended to 20 min -45 50 riaers Ple j)
0 mimic and damaonstrate what is offen seen in reqQression analyses. average power it
g AWtk adapted from Borszecz et al 2018

© wattkg.com



Functional threshold power (FTP)

FTP IS NOT A GOOD MEASURE
FOR PROGRESS

FTP

Unclear Progress Indicators:
/ 8 Increases in FTP don't specify

improvements in aerobic or
y anaerobic power.

0 Misleading Metric: FTP changes
might not align with athletes’
specific training goals.

LIMITATION OF FTP

FTP DOESN’T PREDICT
PERFORMANCE

FTP

Limited Race Insight: Mainly

o € reflects time trial performance,
; not diverse racing conditions.

there

0 Lacks Comprehensive Analysis:
Doesn't account for endurance
or sprint dynamics in races.

-----
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FTP CANNOT BE USED FOR
TRAINING ZONES

FTP

Inaccurate Training Zones: FTP-

/ Q based zones may not reflect

individual metabolic differences.

Limited Training Application:

0 Not suitable for diverse training
needs, especially high-intensity
and sprint training.

© INSCYD
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Metabolic Diagnostics

— Transfer to Training | o

ENDURANCE

TERMINOLOGY

Routine

© fluidathletics.com

Output/Power/Effort/Intensity/Speed
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Lactate Threshold
2(LT2)

Lactate Threshold 1

(LT1)

3 Zone Model

Zone 1

Rate of Ferceived Exertion

Basic RPE (1-10)

1 2

e - 5 6 7 8 9 10

Borg RPE 6-20

g 9 16 11

12 13 i4 1S 6T

5 Zone Model
Friel/7 Zone

z0 z1

22 z3 24

—————————————————

Common Terms

Recovery | Basy

Endurance | Tempo

Approx Time

~All Day ~150°  ~60° =70 ~7%

to Failure*

Heart Rate*

508 65-72% 72-80% 80-85% 85-924 92-100%

el

T ) 12
Pyt

Jack Daniels

Lactate

~0.7-1.5

“1.0-2.5 ~2-4 ~3-5 <5-15 ~10-20

in mmol/L

100%

Primary Energy
Source*
Carb vs. Fat

804
60%
40%

20%
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Time trial — Pacing Recommendations A LIHP

Lactate: recovery & accumulation

3 / R Power Time Max Lactate
lactate recovery / [watt] [mm:ss] {mmol/I]
25 - la.-accumulation / : 210 15:00 53
/
/ 2 231 10:00 9.0
E 2 f
E " 3 273 05:00 126
= / : ).
g 15 /
E Fat & carbohydrate combustion
1 /
j / 1600
— fat 350
0.5 1400
FatMax zone
/ 300
1200
T L] Ll L 1 Ll Ll Ll L] [ L) Ll L L] ] L] /V T L] ] L L] Ll L) P carbohydrate
100 150 200 250 1000 max. carb. intake 250
watt = ©
T v T T 1 T T T T 1] T T T T 1 T T T T 1 T T T T 8 800 200 3
1.79 2,68 3.57 4.46 <
watt/kg 600 150
400 100
200 50
Recommendation. 220 W 0 L L] L L] | ] L L L 1 1 L] L] ' T L L} L L] ] L] L L] L] 0
. 100 150 200 250
watt
Ll Al L Ll 1 L] L] Ll Ll 1 ] A L Ll Ll ] Ll L \ ] Ll ] L Ll L) L]
1.79 2.68 3.57 4.46
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Time Trial = Competition Results

-4

= D= — 200
o | P
= . | | ~ / | |
\ 2\ P {] e~ !l A
‘ a | | l
\ (A g J / | '}l -
].‘ A [l : \' I‘,‘ ; [/ IJ L' “j \ Duration Distance TSS
| . v 8 ‘l‘ I [ | | 15 g
AN A 1 Iy ) | | I fi"e 2714 19.0m 46
: 1Y W T air R , ' T | ™Y Work | 362 kJ F o 1.01
oo ! y i R NP 223 W Vi 1.01
| |
| ’ PwHr | 9.07% £ 1.14
] 100
! El. Gain 10m Grade | =--
, L El.loss  10m VAM | 22 mvh
| \
Wikg @ 4.27
S0
MIN AVG MAX
Power 0 221 516 w
Heart Rata 169 195 200 bpm
0 Cadonce 9 97 109 rpm
2.0 ¥m 4.00 ¥m @00 km 00 km 100 km 120 km 140 km 16.0 km 8.0 xm

Speed 30.2 41.8 48.0 kph
Pace 01:59 01:26 01:15 min/km
Elevation 13 19 27 m

Temperature 16 17 18 (o-



Luembourg Frstitute for

Heat Ramp Test 7 IHPS

375 40
350
325 39,5
300
275 a8 R
CCQE r W'y CORE
250 e
-—d_’ﬂ-'—“ 38,5 }) -
225 "
\n ur 37.82°C
200 &= »i
38 - B _
175 T "
150 37,5
125
100 37
75 © greenTEG AG
50 36,5
25
0 36
00:00:00 00:05:00 00:10:00 00:15:00 00:20:00 00:25:00 00:30:00 00:35:00 00:40:00 00:45:00
Heart rate [bpm] Power output [W] Core body temp. [°C] Urine specific gravity before test 1,0144
A body mass pre / post test 1.100g
© LIHPS Heart rate at the end of ramp-up phase [bpm] 163
Power Output at the end of ramp-up phase [W] 350
Time during test (constant heart rate) phase [min] 11:30
Power output at the end of test (constant heart rate) phase [W] 280
Core body temp. at the end of test (constant heart rate) phase [°C] 38,45
Max. core body temp. post test [°C] 38,58

Recommended heat training zone [°C] 37,95- 38,15



Power measurement

© SRM

© Rowing in Motion

© Trainesense

© Catapult

© cyclingweekly



Continuous Lactate Measurement

© clearsafeproducts

Epxlormis

Tehrani et al. (2022)



Questions?
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