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My starting point:

Swimming is
really hard
for humans!







Swimming Distance World Record
Human Swimmer

Out of shape and lazy
Dolphin

3 to 4x faster

50 meters 20-24 seconds 6 seconds

200 meters 100-113 sec <30 seconds

10,000 meters 110-120min 35-40min

• Same Power/kg body mass
• Very different propulsive and 

hydrodynamic efficiency



• ~80% of Olympic swimming
events are <200m (~ 2min)

• Yet, swimmers perform more 
training volume relative to 
competition duration than any
other «endurance» discipline.

• Training load is very monotone 
and overreaching seems to be 
very common or even planned!



2 questions that 
I will pursue:

• What makes Swimming 
“defensibly different” from 
other “endurance” sports

• Where might the swimming 
training culture have 
something to learn?

Hva kan gå galt?
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Is the Power/Pace duration curve
different for swimming compared to 
other sports?

NO,  well…..maybe a little…….sort of
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Swimming sex differences are larger for shorter 
distances because males suffer less energetic 
“penalty” for accelerating their higher muscle mass 
through the water
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Running

Swimming



Athlete overlap on the FINA top 200 

performance lists- freestyle

50m 100m 200m 400m 800m 1500m

Duration 21-22s 46-48s 1:40-1:45 3:40-3:45 7:32-7:47 14:31-14:50

50m 27% <2% 0% 0% 0%

100m 20% 0% 0% 0%

200m 32% 6% 6%

400m 38% 22%

800m 80%

1500m 100

MEN



Athlete overlap on the FINA top 200 

performance lists

50m 100m 200m 400m 800m 1500m

Duration 23-24s 52-53s 1:53-1:56 3:55-4:03 8:04-8:21 15:20-16:01

50m 52% 10% 0% 0% 0%

100m 21% 0% 0% 0%

200m 32% 14% 0%

400m 46% 13%

800m 55%

1500m 100

WOMEN



Are swimming 
“Energy Systems” 
different?

NO



The rate of ATP Hydrolysis at all active muscle 
myofilaments determines total energy demand

(slow) Oxidative 
Phosphorylation

(faster) Glycolytic 
Phosphorylation

(fastest) Phosphagens
(CrP+ ATP)

ATP

ADP + Pi

CO2

O2

Adenosine Tri-Phosphate
THE direct energy source for
 muscle contraction

Contracting muscle



@75sec = ~50% Aerobic contribution 

Data from elite
kayak padlers

400m

800m

1500m

All the
other
swimming
events

15



VO2 data from same teenage swimmer
performimg 50m, 100m and 200m trials



Does swimming 
impose a 
different 
challenge for 
the heart and 
lungs?

YES





SUPINESTANDING SUBMERGED



Maximal HR during Swimming averaged
15bpm lower versus Running
among well-trained swimmers

VO2 max was higher when RUNNING 
in these well-trained SWIMMERS by
~6%

Maximal ventilation was 20-30% higher
during running



Breathing rhythm in Swimming MUST be linked 
to stroke rhythm (backstroke as possible 
exception?), and INspiration has to happen 
FAST (like dolphins!)

EXpiration is performed against a much higher 

resistance compared to other sports

Is ventilation more limiting?





Muscle mass 
involvement 
and 
limitations?



75kg 52kg68kg

100-200m 1500m-5000m 10000m

CheptegeiLyles Ingebrigtsen



Journal of Theoretical Biology 300 (2012) 324–329

Sprint

Middle
Distance

Endurance



~210-220sec work duration ~210-220sec work duration

Muscle mass activation >
cardiac pumping capacity

Cardiac Pumping Capacity > upper body 
muscle mass activation …..Unless….



Kelvin Kiptum 2:00:35 Marcel Hug: 1:17:47



1000m TT  ~60secs 4000m TT  ~240secs

Other sports with events lasting 60-300s

97kg 82kg



1980s 2000s





Middle Distance Science :
 “Everything matters” 

(but much of it is very hard to quantify or monitor!)

• “Energy Systems”/Energetics balance (Aer + Anaerobic Alactic + AnLactic)

• VO2 kinetics

• Anaerobic work capacity (MAOD, PCr-Lactic-O2, Critical Power/W’) 

• Maximum Aerobic Speed/Power

• Neuromuscular fatigue resistance

• Morphology (Height, Arm length, Joint Mobility, Hand and Foot size)

• Fiber type distribution across active muscles

• Maximum Sprinting Power/Velocity

• (Dynamic) Efficiency/Economy

• Power pacing optimization



“It does not matter if I can reach a higher VO2 max in 5 

minutes when I have to cross the finish line in 102 seconds”

Fast O2 kinetics is critical 
for middle distance!

Vebjørn Rodal, 1996 Olympic gold medalist, 800m running, 1:42.58



Original 
Figure from Ed Coyle

Fiber Type 
Distribution

Muscle Mass

H+ Buffering 
adaptations
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(Efficiency/Optimization)

Contractile 
Efficiency

Efficiency
(IN)stability

VO2 Kinetics

(for Middle Distance/Intermittent Events) 



Potentially Important Differences

• Olympic Swimming is primarily a middle distance
sport

• Propulsion is upper-body dominant (and upper-body 
muscles tend to be more type 2 fibers)

• Ventilation is probably a more limiting factor

• Heat Removal is never a limiting factor

• Variation in efficiency is larger and more decisive in 
swimming

• No eccentric/ballistic loading on the muscles. So, you
train more volume because you CAN?

• Race specific stroke mechanics may be 
difficult to achieve at low metabolic
intensity!!



Where might 
swimming learn 

from other 
ecosystems?



Adaptive Stimulus Stress

(Adjusting training characteristics)

• Bone-tendon-muscle damage 
      at cellular level
• Inflammation
• Repetitive sympathetic stress
• Immuno-suppression
• Psychological fatigue

Endurance training 
is an Optimization 
problem!



SPENCER, M. R., and P. B. GASTIN. Energy system contribution during 200- 
to 1500-m running in highly trained athletes. Med. Sci. Sports Exerc., Vol. 
33, No. 1, 2001, pp. 157–162.

The “Golden 
Divide” in 
training 

methods

~2 min ~4 min
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Screenshot from video by Dylan Johnsen: https://www.youtube.com/watch?v=oLsBXW3mTDI&t=603s



Screenshot from video by Dylan Johnsen:
 https://www.youtube.com/watch?v=oLsBXW3mTDI&t=603s

Monotone stress load, 
stagnation and
overreaching are likely

High Stress efforts concentrated 
in specific workouts with 
different intensity x duration 
combinations. Delayed recovery 
after hard sessions is “taken into 
account” in the training rhythm



26y old male 1500m runner

3:39 PB at start of study

3:32 PB 2 years later



Spent weeks and months at a 
time off the ice focusing on
aerobic capacity building using
cycling

All training on the ice was
race pace and technically
matched to race conditions

Nils van der Poel- Swedish speedskater

Trained 5 days with huge 
loads and took 2 
consecutive rest days every
week for 3 years!

https://www.howtoskate.se/



Source: https://phuketfighters.com/the-stress-bucket/



Training
Reality:

Solution:





Thank you!
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