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My starting point:

Swimmingis
really hard
for humans!







SwimmingDistance World Record
Human Swimmer

Out of shapeand 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

Å Same Power/kg body mass
Å Verydifferent propulsive and 

hydrodynamicefficiency



Å~80% of Olympic swimming
eventsare<200m (~ 2min)

ÅYet, swimmersperformmore 
training volumerelative to 
competitionduration than any
other «endurance» discipline.

ÅTraining loadis verymonotone 
and overreachingseemsto be 
verycommonor evenplanned!



2 questions that 
I will pursue:

ÅWhat makes Swimming 
άdefensibly ŘƛŦŦŜǊŜƴǘέ from 
ƻǘƘŜǊ άŜƴŘǳǊŀƴŎŜέ ǎǇƻǊǘǎ

ÅWhere might the swimming 
training culture have 
something to learn?

Hva kan gå galt?
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Is the Power/Pace durationcurve
different for swimmingcomparedto 
other sports?

NO,  wellΧΦΦmaybeŀ ƭƛǘǘƭŜΧΧΦǎƻǊǘ ƻŦ
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Swimming sex differences are larger for shorter 
distances because males suffer less energetic 
άǇŜƴŀƭǘȅέ ŦƻǊ ŀŎŎŜƭŜǊŀǘƛƴƎ ǘƘŜƛǊ higher muscle mass 
through the water
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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 
άEnergy Systemsέ 
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 teenageswimmer
performimg50m, 100m and 200m trials



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

YES





SUPINESTANDING SUBMERGED



MaximalHRduring Swimmingaveraged
15bpm lower versus Running
amongwell-trainedswimmers

VO2 maxwashigherwhenRUNNING 
in thesewell-trainedSWIMMERS by
~6%

Maximalventilation was20-30% 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) 324ς329

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 ΧΦΦUnlessΧΦ



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 :
 άEverything mattersέ 

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

Åά9ƴŜǊƎȅ {ȅǎǘŜƳǎέκ9ƴŜǊƎŜǘƛŎǎ ōŀƭŀƴŎŜ ό!ŜǊ Ҍ !ƴŀŜǊƻōƛŎ Alactic + AnLactic)

ÅVO2 kinetics

ÅAnaerobic work capacity (MAOD, PCr-Lactic-O2Σ /ǊƛǘƛŎŀƭ tƻǿŜǊκ²Ωύ 

ÅMaximum Aerobic Speed/Power

ÅNeuromuscular fatigue resistance

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

ÅFiber type distribution across active muscles

ÅMaximum Sprinting Power/Velocity

Å(Dynamic) Efficiency/Economy

ÅPower pacing optimization



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

minutes when I have to cross the finish line in 102 secondsΗ

Fast O2 kinetics is critical 
for middle distance!

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



Original 
Figure from Ed Coyle
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adaptations
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(IN)stability

VO2 Kinetics

(for Middle Distance/Intermittent Events) 



PotentiallyImportant Differences

ÅOlympic Swimmingis primarily a middle distance
sport

ÅPropulsionis upper-body dominant (and upper-body 
musclestend to be more type 2 fibers)

ÅVentilationis probablya more limiting factor

ÅHeat Removalis never a limiting factor

ÅVariationin efficiencyis largerand more decisivein 
swimming

ÅNo eccentric/ballisticloadingon the muscles. So, you
train more volumebecauseyouCAN?

ÅRace specificstroke mechanicsmaybe 
difficult to achieveat low metabolic
intensity!!



Where might 
swimming learn 

from other 
ecosystems?



Adaptive Stimulus Stress

(Adjusting training characteristics )

Å Bone-tendon-muscle damage 
      at cellular level
Å Inflammation
Å Repetitive sympathetic stress
Å Immuno-suppression
Å 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. 157ς162.

¢ƘŜ άDƻƭŘŜƴ 
5ƛǾƛŘŜέ ƛƴ 
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 
ŀŦǘŜǊ ƘŀǊŘ ǎŜǎǎƛƻƴǎ ƛǎ άǘŀƪŜƴ ƛƴǘƻ 
ŀŎŎƻǳƴǘέ ƛƴ ǘƘŜ ǘǊŀƛƴƛƴƎ ǊƘȅǘƘƳ



26y old male 1500m runner

3:39 PB at start of study

3:32 PB 2 years later



Spent weeksand monthsat a 
time off the icefocusingon
aerobic capacitybuildingusing
cycling

All training on the icewas
race pace and technically
matchedto race conditions

Nils van der Poel- Swedishspeedskater

Trained5 dayswith huge 
loadsand took 2 
consecutiverest daysevery
weekfor 3 years!

https://www.howtoskate.se/



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



Training
Reality:

Solution:


