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Current & future methods in endurance training to improve & 

maintain performance

Billy Sperlich
Integrative & Experimental Exercise Science │University of Würzburg

Speaker of Section Training Science │ German Society of Sport Science
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Research

Training Science

Elite

Talent Identification

Recreational

Altitude, Heat, Cold
New Technology

Knowledge

transfer
Consultancy

Network

IntEx Group - Integrative and Experimental Training and Exercise Science 

• 1 Professor (100%)

• 2 Post Docs (50%)

• 2 Scientific assistants (75%)

• 30% elite sports

• 30% Recreational

• 30% patients (heart failure, cancer) 

„Jogging“

Cycling/MTB

Muscle tension

Maximum force (1RM)

Hypertrophy↑

Repetitiv muscle contration

Capillary density ↑

Mitochondria density↑

VO2max ↑

10s
ATP-CP

Anaerobic glycolysis

5 min
An/anaerobic glycolysis

H+-buffer

> 120 min

Hiking

Swimming
Marathon/Ultrarun„A

u
s
d
a
u
e
r“

„K
ra

ft
“

Soccer

XC-Skiing

[t]

AoDL

My Research Focus

aerobic glycolysis

Oxidation free fatty acids

pO2 ↓↑ ↓↑ °C
Jumping/Throwing

Sprint

Skiing

Climbing

Olympic weightlifting

1500m

Intermitt. Sprints
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Flagstaff, AZ, USA 2200-2300m üNN

1. Improve fatigue resistance

2. Avoid overtraining

3. Prevent injuries

4. Identify talents

Enhance Fitness 

(peformance) and

maintain health TECHNOLOGY  

NUTRITION

BEHAVIOUR

MENTAL SKILL

ENVIRONMENT

TRAINING

Volume, Frequency, Intensity

Distribution
to improve endurance performance

Future Technology
for personalized training prescription

My Research Focus

Warm-up
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Individual response - Recreational

Med Sci Sports Exerc. 2001 Jun;33(6 Suppl):S446-51; discussion 

S452-3.

+17% after 60 sessions in 20 

Wo (55-75% VO2max; 30-50 min)

# Take Home :

-Huge variance

-(Non)/-Responder

-”Negative” responder

Issues when comparing different sports

Body mass ↑ (absolute)

Sitting => BM isn‘t „carried“

Greater MVC 

Concentric: approx. 50-120 strokes/min

TUT: approx. < 1000 ms/stroke

„Load“: approx. 90% BM/Stroke

ca. 0.9-1.5 Kilotons/week

Body mass ↓ (relative)

BM is carried

Lower MVC

Con./excent. ca. 200 strokes/min

TUT: ca. 120-180 ms/step

„Load“: approx. 300% BM/step

approx. 30 Megatons/week

„moderate“ load

=> sessions/week: 25-30h

High load

„bone-breaking“

=> seesions/week: 10-12h

7

8



©Billy Sperlich

More infos @ www.sportsandscience.de 5

Volume

„Elite“ takes time & „miles“

5 km 

10 km 

½ Ma

Ma

“[…]if you look at any kind of cognitively 

complex field, from playing chess to being 

a neurosurgeon, we see this incredibly 

consistent pattern that you cannot be good 

at that unless you practice for 10,000 

hours, which is roughly ten years, if you 

think about four hours a day."

N = 2303
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24h
approx. 20% of waking time
Fiskerstrand/Seiler, Scand J Med Sci Sports 2004

>1000h per year
Fiskerstrand/Seiler, Scand J Med Sci Sports 2004

Time & organisation in elite/well trained rowers

12-15 h/wk throughout the Olympic cycle 

# Take Home:

Distribution of intensity over time becomes 

important when total training time is ceiling. 

Volume - recreational

6 Sess./wk @ 70-80%HRpeak

30-min „moderate volume“

60-min „high-volume“

2 months

# Take Home :
- Huge variance

- Responder/Non-Responder

11
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Pre-post VO2max (3-9 weeks; 2-5 sessions/week, n=265) 
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Participant ID

Change in VO2peak [%/wk]

Baseline VO2peak

Zone 3 - HIIT: + 1.1% Zone 1 - “basic endurance”: +0.7% Mix: +0.9%

Düking et al. JAP submitted

Zinner et al. MSSE 2018;

Born et al. Front Physiol 2017

Sperlich et al. Front Physiol 2017

Messler al.  J Atten Disord 2016

Schmitt et al. Physiol Rep 2016

Stoggl/Sperlich Front Physiol 2014

Sperlich et al. J Strength Cond Res 2011

Sperlich et al. Eur J Appl Physiol 2010

%-change

Baseline

Frequency
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60 min at 65% of peak power output (Wmax)

Frequency – example from recreational cycling

# Take Home :
For some individuals: do more 

sessions

Intensity

15
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Intensitätsverteilung - Ein einfaches Modell

In
te

n
s

it
ä

t

B
lu

tl
a

k
ta

t;
 

H
e
rz

fr
e

q
u

e
n

z
/S

a
u

e
rs

to
ff

a
u

fn
a

h
m

e
 

Zone 1 Zone 2 Zone 3

„moderat“

„einfach“

„intensiv“

„flott“

„sehr 

intensiv“

LT

VT1

Borg <13

MLSS

VT2

Borg <15

0

20

40

60

80

100

Zone 1 Zone 2 Zone 3

%
 T

ra
in

in
g

s
z
e

it

„Grundlagenausdauer“

Zone 1 Zone 2 Zone 3

(Hoch-)intensives 
Intervalltraining (HIIT)
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"Polarisiert“
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„Schwellen-Training"

Mod nach Stöggl/Sperlich Front Physiol 2014

Low-intensity“

In
te

n
s

it
y

1-8h 

„continuous“ 

Duration

Work:Rest

High-intensity

„SIT“

Repeated Sprints

High-intensity interval training

Z 1

Z 2

Z 3

Max Sprint V

V@HRmax/VO2max

“HIIT” spectrum

„Threshold“

exercise

20-60min 1-8min 

3:1-1:1

90-30s 

1:1-1:3

30-10s 

1:5-1:8

10-2s 

1:2-1:5

8-2s 

1:10

V@LT
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HIIT vs moderate-continuous exercise

HIGH-INTENSITY INTERVAL TRAINING HIGH-VOLUME TRAINING

Energy flux Repeated contraction

↑ mitochondria biogenisis ↑ Fat oxidation
↑ GLUT4

↑ Glycogen

Mod. Laursen 2010 SJMSS

AMPK CaMKPGC-1𝝰

„Hauptschalter“

http://www.learnpicu.com/shock
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Zone 1
65-75% HRmax

45 min 

Zone 2
75-85% HRmax

25 min 

Zone 3 
>90 HRmax

15s/15s 

47x15s

Zone 3
>90 HRmax

4x4 min, 

3min P 

*** * *** **

Stroke Volume

VO2max

Mod. Helgerud et al. MSSE 2006

Fick’sche Equation: VO2 = HF  x  SV  x  (aO2 – vO2)

Cardiac output (Q)

„O2-transport“
Arteriovenous Oxygen Difference

„O2-utilization“

8 Wo 3x/Wo

Pre-post VO2max (3-9 weeks; 2-5 sessions/week, n=265) 
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Participant ID

Change in VO2peak [%/wk]

Baseline VO2peak

Zone 3 - HIIT: + 1.1% Zone 1 - “basic endurance”: +0.7% Mix: +0.9%

Düking et al. JAP submitted

Zinner et al. MSSE 2018;

Born et al. Front Physiol 2017

Sperlich et al. Front Physiol 2017

Messler al.  J Atten Disord 2016

Schmitt et al. Physiol Rep 2016

Stoggl/Sperlich Front Physiol 2014

Sperlich et al. J Strength Cond Res 2011

Sperlich et al. Eur J Appl Physiol 2010

%-change

Baseline
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Intensity distribution

A simple model
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Stöggl/Sperlich Front Physiol 2014
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> 2
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LOW LT

R
LT

LOW LT LT
LOW LT

R R
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LOW

R
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R

Training Woche 1 Training Woche 2 Erholungswoche

< 1

1-2

> 2

+ 4,8%

- 4,9%

+ 2,6%

+ 11,7%

9-wk experiment (n=48, VO2max: 63±7 mL/min/kg)

Intensity distribution in endurance sport
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45

Analysis in retrospect

# Take Home:
• High amount Z1 (>70%) in all training- and 

competition periods

• Z2 and Z3 vary

• Sometimes: Pyramidal TID

• Some evidence for polarized TID 

11-wk training experiment – elite rowers (n=14)

Pyramidal Polarized

Zone 1 [%] 93±2 94±3

Zone 2 [%] 3±2 1±1

Zone 3 [%] 2±1 6±3

25
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# Take Home:
“Optimal” TID might need a “clear” 

Polarized index (>2 a.u. Pol-Index)!? 

Polarized Index

Experiment – recreational runners 

<3%

3-9%

>9%

peak oxygen uptake running economy

V @ LT T 5000 m

# Take Home :
“Based on the individual response of 

recreational runners the relative risk of 

non-responding is greater with HIGH 

and POL compared to LOW.”

27
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Pre-post VO2max (3-9 weeks; 2-5 sessions/week, n=265) 
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Participant ID

Change in VO2peak [%/wk]

Baseline VO2peak

Zone 3 - HIIT: + 1.1% Zone 1 - “basic endurance”: +0.7% Mix: +0.9%

Düking et al. JAP submitted

Zinner et al. MSSE 2018;

Born et al. Front Physiol 2017

Sperlich et al. Front Physiol 2017

Messler al.  J Atten Disord 2016

Schmitt et al. Physiol Rep 2016

Stoggl/Sperlich Front Physiol 2014

Sperlich et al. J Strength Cond Res 2011

Sperlich et al. Eur J Appl Physiol 2010

%-change

Baseline

Adpataion to „free-living & exercising-biology“

a) Activities of daily living

b) Sleep

c) Recovery procedures e.g:

▪ Massage & Stretching & Foam Rolling

▪ Active/passiv recovery

▪ Compression clothing 

▪ Cold water immersion

d) Nutrition Pre-, intra-, post Training 

e) Environment (UV, Heat, Altitude, Cold, Ozone, 

particulate matter, noise…)

f) Circadian Rhythm

g) Psycho-social aspects (work, familiy, friends, 

sponsors, finance, media, travel)

h) Alcohol, drugs…

i) Doping

j) Factor x, y, z 

24h

Max. waking time:

20%0.5 – 4h

29
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Wearable sensors

Düking, Sperlich Curr Sports Med Rep 2018 

Düking, Sperlich Sensors 2018

Düking, Sperlich JMIR Mhealth Uhealth 2018 

Düking, Sperlich Front Physiol 2018 

Sperlich et al. Front Physiol 2017 

Sperlich/Holmberg Front Physiol 2017 

Düking, Sperlich  Front Physiol 2017

Düking, Sperlich Front Physiol 2016

• Technology not (often) validated

• Some variable (not yet) to meassure

• Urgent need for evaluation

24h-continuum & intensity zones

00:00 06:00 12:00 18:00 24:00

60

80

140

180

160

200

120

100

[h}

H
e
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rt

 R
a
te

 [
S

/m
in

]

90-100%

80-90%

70-80%

60-70%

50-60%

40-50%

30-40%

<30%

SleepWaking timeTrainingWaking timesleep

Polar M600; Kempele, FIN

Android based

1Hz HR-recording

ca. 36-48h batterie life

31
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Long-term 24h-Monitoring - „Beginner“
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(without Training)

60-100% HRmax: 14±12%60-100% HRmax: 3±4%

Runner  1
VO2max: +3.2%

Ruderer 2Runner  2
VO2max: +6.3%

%-HRmax

Example 24h-monitoring – Elite rower
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19/12/18 19/06/19

Waking time
(without Training)

17/06/19

60-100% HRmax: 28±20%60-100% HRmax: 14±18%

Rower 1 Rower 2

%-HRmax
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Perspectives: 24-h continuum

Sleep

Waking time
AKTIVE/PASSIV

Recovery

Nutrition

TRAINING

E
n

v
ir

o
n

m
e

n
t

• Interactions 

• Scalable

• Integration of novel (24h-) technology (blood pressure, 

near-infrared spectroscopy, pulserate variablity etc.)

• Long-term studies

• Multi-center designs

• Pattern recognition

• Prediction of changes

• Recommendations for course of action 

• Situation-adapted adjustability of training stimuli

O
F

F
-T

R
A

IN
IN

G

Pre-

Test

Post-

Test

Week

“Individual Training prescription” e.g.

Group A: 3x/week 45 min at 65%-75% HRmax

or

Group B: 3 Session 4x4min at >90% HRmax

„Typical“ training intervention

(Random) selection of subjects based on certain 

inclusion/exclusion criteria e.g.

gender, age, fitness level, activity level, biomarker, 

etc. to fit primary outcome variable

Monitoring/Controlling

- HR/GPS & numerous other variables during session

- Often diaries for activity, nutrition, well-being, etc.

Interpretation based on traditional group & 

pre-post comparison
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Pre-post VO2max (3-9 weeks; 2-5 sessions/week, n=265) 
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Participant ID

Change in VO2peak [%/wk]

Baseline VO2peak

Zone 3 - HIIT: + 1.1% Zone 1 - “basic endurance”: +0.7% Mix: +0.9%

Düking et al. JAP submitted

Zinner et al. MSSE 2018;

Born et al. Front Physiol 2017

Sperlich et al. Front Physiol 2017

Messler al.  J Atten Disord 2016

Schmitt et al. Physiol Rep 2016

Stoggl/Sperlich Front Physiol 2014

Sperlich et al. J Strength Cond Res 2011

Sperlich et al. Eur J Appl Physiol 2010

%-change

Baseline

billy.sperlich@uni-wuerzburg.de
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