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Bench press:    85 kg  (1.1xBW)
Bench pull:       75 kg  (1.0xBW)
Power clean:     90 kg  (1.2xBW)
Back squats:   130 kg  (1.7xBW)

Bench press:   60 kg  (1.0xBW) 
Bench pull:      55 kg  (0.9xBW)
Power clean:   57.5 kg  (1.0xBW)
Back squats:    92.5 kg  (1.6xBW)

The Physiology of Two Champions

BW = 75 kg BW = 59 kg1RM

OG/WCh
4 Gold
7 Silver
3 Bronze

OG/WCh
4 Gold
7 Silver
3 Bronze



Bench press:    135 kg  (1.6xBW)
Bench pull:       120 kg  (1.4xBW)
Power clean:     95 kg  (1.2xBW)
Back squats:   100 kg  (1.2xBW)

The Physiology of Two Champions

BW = 75 kg
1RM

OG/WCh
4 Gold
2 Silver
1 Bronze

Bench press:    85 kg  (1.1xBW)
Bench pull:       75 kg  (1.0xBW)
Power clean:     90 kg  (1.2xBW)
Back squats:   130 kg  (1.7xBW)

BW = 82 kg

OG/WCh
4 Gold
7 Silver
3 Bronze



The Physiology of Two Champions

1RM

Bench press: (1.9xBW)
Bench pull: (1.6xBW)
Power clean: (1.4xBW)
Back squats: (1.8xBW)

Bench press:    135 kg  (1.6xBW)
Bench pull:       120 kg  (1.4xBW)
Power clean:     95 kg  (1.2xBW)
Back squats:   100 kg  (1.2xBW)

OG/WCh
4 Gold
2 Silver
1 Bronze

BW = 82 kg
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TRANSFER





Peak power output: >1100 W (10 s)
360-400 W (1-min)



Very good at 5000 m 
Slow start (fibre composition, power, technique

Lassi Karonen



It is notable that enhanced power is 
often described as an important benefit 
of tapering, whereas endurance training 
with high volumes often produces the 
opposite effect. 







Endurance



Racing time: 30 s to 1 min 



Racing time: 1 to 6-7 min



Racing time: 25 min-~2 hrs



VO2 max (peak)

Fractional
utilization of VO2

Strength/Power

Important Factors for Performance

Fibre type/
characteristics

Work economy/
efficiency

Technique





VO2 max



81.7 ml kg-1 min-1

6.0 l min-1



Cardiac output 
36 ± 4.7 L
(42.3 L)

Stroke volume
189 ± 18.8 mL

(212 mL)

VO2 max 
5.6 L min-1

(6.17 L min-1)

80 mL kg-1 min-1
The value of 85.1 ml/kg is the highest 

reported so far… 



Marit Björgen
32 medals OG/WC
(6/14 Golds)
75 W Cup wins

Therese Johaug
17 medals OG/WC
(1/7 Golds)
41 W Cup wins

166 cm
65 kg

162 cm
48 kg

Abs_VO2: 4.6
Rel_VO2: 70

Abs_VO2: 3.7
Rel_VO2: 78

High absolute VO2peak, skiing efficiency and O2 deficit
Large training volumes: ~1000 h/year



Upper vs Lower Body;% VO2 peak
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Performance
VO2: 6.2/6.4        HR: 178/183       VE: 189/205



Heart

Lungs
>200 L min
(250 L min)

Muscles
2-3 x untrained

>200 mL beat
>40 L blood min

VO2 max 
> 6 L min-1

> 80 ml kg-1 min-1

Work duration:
4x2-4 min 
approx. 2 hrs

The ”Human Engine”



SaltinV. Hall Holmberg UrstadCalbet

VO2 + blood flow

Rosdahl



SaltinV. Hall Holmberg UrstadCalbet

VO2 + blood flow

Rosdahl



1/3 1/3 1/3
> 50% of time < 10% of time

MODERATE/HIGH INTENSITY ENDURANCE TRAINING

Gold 50 K + Silver 15 F
World Championships ITA 2012-2013

Johan Olsson >85 ml⋅kg-1⋅min-1



5-10 x 1000 m 
(19 km hr-1)

Hannes Kolehmainen

Gold 10,000 m 
1912 Olympics 

1920 (14 min 36 s 5000 m) 

Paavo Nurmi
(The Flying Finn) 

6x400 m à 60 s 
...as a part of 10-20K 
distance session in the forest



Rudolf Harbig
1.46.6 sek 800 m running (1939)

30-70 s running ~ HR 180

Start new running when HR 
decreased to ~120

1930-



Dr. H. Reindell



– 40x400 m at 5000 
m velocity w. start 
every 2 min

Structured and natural interval training 
etablished as a central part of the
training in middle/long distance running

Emil Zatopek
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Block periodization

5x4/3
90-95% HRmax

3 HIT 3 HIT 3 HIT

0 HIT

9 HIT

0 HIT
Wk 2 Wk 3

”THRUST” WEEK



4x4/3 min

2 days/wk
8 wk

+8%
Specific endurance training

= not enough

MSSE, 2001











3 times / wk: 11-15 intervals

Short HIT interval training – long recovery

Power output Peak ↑
30  s ↑
6  min ↑

4-6x30 s work/4.5 min recovery
Power output ↑
VO2peak ↑
Muscle ↑

Burgomeister et al.  
J Physiol 2008

Nilsson et al. 
EJAP 2004









Successful XC skiers

Marit Björgen

Frode Estil

750-850 hrs / yr
10-12 sessions/w
~90% = ENDURANCE training
1-4 h/day

HIGH TRAINING VOLUME









Recovery





NUTRITION

MAJOR PRIORITY
Restoration ENERGY and WATER STORES 

before/after training and competition



SLEEP

Basketball – ”sleep as much as possible”

Sprint ⇑
FT-% ⇑
Vigour ⇑

Fatigue ⇓

Swimming (10 h/night (6-7 wks)

15 m sprint ⇑
Reaction time ⇑
Mood ⇑



”Sleep is extremely
important for me”





Plan BOTH 
Training &  RECOVERY
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Environmentalal factors



Morning Before lunch After lunch Evening

Mon

Tues

Wed

Thurs

Fri

Sat

Sun



Morning Before 
lunch

After 
lunch

Evening

Mon

Tues
Wed
Thurs
Fri

Sat

Sun





NUTRITION + SLEEP



Individual training response









”Svenskenes hemmelighet” 

2010



COURSE
SIMULATOR



Final 5-6 wk before a championship



Improvement?

1-3% ?
More ?
Less 





Development
1+1 = 3





2010

1970



Smart Organization



Athlete Centered, Coach Driven, Service 
Supported (Performance Based)

R&D I’m proud















Internet of Sports





Closing words…





Thanks for your attention


