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Adapted from Seiler y Tonnessen (2009)
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Aerobic oxidation

Free fatty acids in plasma. Triglycerides in 

adipose tissue.

Aerobic oxidation

Muscle glycogen

Plasmatic glucose

Hepatic glycogen

Anaerobic

glycolysis: 

muscle

glycogen

ATP + 

phosphocreatine
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Time Adapted from Koeppen y Stanton (2008)



LDH

LDH

Blood

Mitocondria

32-34 

ATP

2 ATP

Oxygen

- Maximum Lactate 

Steady State.

- MLSS Training:

�↓ Glycogenolysis

�↑ Pyruvate and/
or lactate oxidation.

��LT2 improvement.

(Sjodin et al., 1982)

OXPHOS

↑Energy demand/ 

time

LDH





Z1   Z2     Z3
Volume 150 km/w      130 km/w           100 km/w  

Sept-Jan          Feb-May             Jun-Aug

TID: the proportion of volume in each 

intensity zone over a given period of 

time

Periodization: variation in volume and TID

between the different cycles/periods of the 

sports season.



70-80% of overall training volume

is conducted in zone z1. The

majority of the rest of the volume

is conducted in z3 rather than z2. 

70-80% of overall training 

volume is conducted in zone z1. 

The majority of the rest of the

volume is conducted in z2 

rather than z3. 

More than 25% of 

overall training 

volume is conducted

in zone 2 



(2017)

(2021)

The use of pyramidal

or polarized TID 

models is 

recommended for the 

optimal performance 

improvement in 

middle and long-

distance runners.

(2022)
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(2021)

After 7 yearsRunning training

0,75Total volume

0,68Easy runs

0,58Tempo runs

0,22Long-interval training

0,56Short-interval training

0,03Competitions/ TT

Correlations between training volume

(km) in different training activities and 

performance in 85 world-class, elite and 

highly trained distance runners.





Total volume Easy runs

After            3                 5                 7 years After            3                5                7 years

Tempo runs

After            3                   5             7 years
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Top Kenyans

European level Spaniards

National level Spaniards

Kenyans accumulated more volume than Spaniards in a large 

portion of training activities.

However, the greatest differences were observed in tempo runs.





MELBOURNE TRACK

CLUB



(2020)

Gen Gregson (LaCaze) Brett Robinson



(2021)

Sinead Diver

AfternoonMorning215 km week

40 min Z160 min Z1Monday

40 min Z140 min Z1 + 8x1000m Z3Tuesday

40 min Z160 min Z1Wednesday

30 min Z140 min Z1 + 20 km Fartlëk

alternating 10X1km Z3 + 

10x1km Z2

Thursday

30 min Z160 min Z1Friday

RestHilly 7 km Z2 and Z3Saturday

Rest2h 30 min: 1h 30’ Z1 and 1h Z2Sunday



Training periodization, methods, intensity distribution and 

volume in highly trained and elite distance runners: a 

systematic review

Arturo Casado, Fernando González-Mohíno, José María 

González-Ravé, Carl Foster 

Both 1500 m 

runners (A) 

and 

marathoners

adopted a 

hard day-

easy day

basis.

(2022)

Jack Rayner

Ryan Gregson



Training periodization, methods, intensity 

distribution and volume in highly trained and 

elite distance runners: a systematic review

Arturo Casado, Fernando González-Mohíno, José 

María González-Ravé, Carl Foster 

Differences in training volume and TID between 

marathoners and 1500m runners.

154 km/w (pol)

195 km/w (pyr)

(2022)

Isobel Batt Doyle Georgia Griffith



A change from the pyramidal towards 

the polarized model was observed.

(2021)

Stewart McSweyn



26 years old

2009: 152 km

Coach: Arturo Martín

A hard day-easy day pattern.

81% in Z1, 7% in Z2 y 13% in Z3.

(2021)

AfternoonMorning

10 km Z114 km Z1Monday

10 km Z114 km Z1 + 10x400m Z3Tuesday

Rest19 km Z1 + ST + PLY + 

18X100 m hills

Wednesday

10 km Z17 km Z1 + 10X1000m Z3Thursday

Rest19 km Z1 + DrillsFriday

Rest7 km Z1 + 2x6000m Z2Saturday

Rest12 km Z1Sunday



- Analysis of training characteristics of

Henrik Ingebrigtsen (2012 1500m 

European Champion).

A Longitudinal Case Study of the Training of the

2012 European 1500 m Track Champion. LEIF 

INGE TJELTA “International Journal of Applied

Sports Sciences” (2014)
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Training at different speeds/powers similar/ close to 

competition pace using oxidative glycolysis predominantly to 

produce energy.

Traditionally, interval training in endurance sports has been 

conducted at maximum intensity.

Nonetheless, following the pyramidal model, Z2 interval 

training can offer important benefits.



- Speed, [Bla], and heart rate 

response to 3 LGTIT sessions 

(6 × 2000, 7 × 2000, and 5 ×

2000 m) rec. 1 min by Marius 

Bakken during the 2003-2004 

season

Speed
Blood lactate

concentration

Heart rate

(2023)



Low intensity training (z1) Threshold intensity (z2) High intensity

training (z3)

Physiological

mechanisms

Training 

characteristics
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�Mitochondrial 

biogenesis and 

increased capillarization 

in Type I muscle fibers. 

−Greater cardiac output

��itochondrial biogenesis y ↑máximum cardiac output

� ↑ number of recruited motor units.

�↓ Degree of glycogenolysis while ↑ oxidation 

of piruvate and/or lactate.

�Improvement in sLT2.

�↓ �entral and peripheral fatigue.

�↑Muscle capillary density, 

and ↑mitocondrial respiration

in type II muscle fibers.

�Recruitment of certain motor 

units demanded at competitive 

intensity.

�Continuous run from

20 to 100 min.

�Continuous/ Interval training.

�Adoption of specific [LaS] values

�Short recovery time between repetitions (20-

90s) 

�Double sessions.

LT1 (2 

mmol· L−1 )

LT2 (4.5 

mmol· L−1 )

�Interval training. 

�Training intensity ranging 

from LT2 to maximum 

intensity (ej., sprint).



• Both polarised and pyramidal TIDs are good options for elite distance 
runners

• A huge aerobic base has to be developed in all middle- and long-
distance runners (particularly for distances of 1500 m and longer) 
during the preparatory period through a combination of easy runs, 
tempo runs and interval training sessions. 

• For longer-distance events, the training volume has to be greater and 
the intensity lower. 

• A hard day-easy day pattern is observed in all distance running 
events (i.e., from 1500m to marathon). 



- A long run each week, as well as frequent competitions, are observed in all 

events at any time during the season. 

- During the pre-competitive and competitive periods, runners targeting 

events other than the marathon have to decrease the training volume and 

run at race pace and even faster during training (i.e., from a pyramidal 

towards a polarized training intensity distribution model).

- Marathoners should increase their total training volume and conduct greater 

volumes of race pace training during the pre-competitive and competitive

periods.

- Lactate guided threshold interval training represents a valid approach to 

optimise training adaptations and performance.
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