From polarized to optimized?
Moving towards 2025

Stephen Seiler PhD

Faculty of Health and Sport Sciences
University of Agder, Kristiansand, Norway
Norwegian Olympic Federation

OLYMPIATOPPEN




Stimulus

Stress

-

(Training characteristics)



Prescribe ONE training session

* Training mode

* Training duration
 Training intensity

Iniisolation, there are no ”toxic” training
Intensities, or session compositions



Prescribe ONE (typical) WEEK

« Balancing stress load and stimuli magnitude —
Intensity distribution and volume becomes
Important

Because.... there are potentially «toxic» training intensity distributions!



rescribe 12 (building) WEEKS
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low much control over the basic training

outcome do we have at the individual level?

training prescription

Generalizable effects related to periodization
characteristics within a best practice framework?

The bigger this box,
the less fun our job!

Variation is large, but
how much of it can be
«corrected»?

Small effects?-
reality may not live
up to the fancy lingo

15 years of work
suggests this has a
substantial effect



Endurance training intensity zones

Intensity Heart rate (% max) Lactate (mmol-L?) Typical effective work
Zone time within zone
1 60-72 0.8-1.5 1-6h
3 82-87 2.5-4.0 50-90 min
4 88-93 4.0-6.0 30-60 min

Table 1. A 5-zone intensity scale to prescribe and monitor training of endurance athletes
This scale is typical of intensity-zone scales used for endurance training prescription and
monitoring (From Norwegian Olympic Federation). Blood lactate concentration
references are based on hemolyzed blood (as acquired from the Lactate Pro device).

Effective work time within zone for a 6 x 4 min interval session with 2 minute rest
periods would be 24 minutes.



INTENSIVE Intensity Zone, interval based,
Accumulated minutes, severe exertion,
accumulation fatigue

HIT Intensity Pole at about 90% HR peak

86% HR peak ~4mM blood lactate

Threshold Intensity Zone
78% HR peak ~2mM blood lactate

EXTENSIVE Intensity Zone,
continuous,
hours, moderate exertion, depletion

fatigue

«LIT Intensity Pole» at about 65-68% VO, peak, 70-72% HR peak




3 experiences that catalyzed my work
on intensity distribution and PTM

1. Awell trained athlete walks up a steep
forest hill-when they could have run!

2. A national team coach of XC legends
says LT training is too stressful for the
benefit it induces

3. | review a paper on the training of elite
Kenyan marathoners and recalculate the
data....
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Seiler & Kjerland. Quantifying training distribution in
elite endurance athletes: is there evidence of an
optimal distribution? Scand. J. Med. Sci. Sports.
16, 49-56, 2006.
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Training Frequency

Training Frequency

Scand. J. Med. Sci. Sports.
16, 49-56, 2006.
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A big portion of the current evidence base

What is best practice for training intensity and duration distribution in endurance athletes?
Intervals, Thresholds, and Long Slow Distance: the Role of Intensity and Duration in Endurance Training
From Heart-Rate Data to Training Quantification: A Comparison of 3 Methods of Training-Intensity Analysis

The Road to Gold: Training and Peaking Characteristics in the Year Prior to a Gold Medal Endurance
Performance

Physical and Training Characteristics of top class marathoners

Does Polarized Training Improve Performance in Recreational Runners?

Quantifying training intensity distribution in elite endurance athletes: Is there evidence for an "optimal” distribution?
Training and performance characteristics among Norwegian International Rowers 1970-2001

The Annual Training Periodization of 8 World Champions in Orienteering

Do Elite Endurance Athletes Report Their Training Accurately?

Training-Intensity Distribution During an Ironman Season: Relationship With Competition Performance

Adaptations to aerobic interval training: Interactive effects of exercise intensity and total work duration
Autonomic recovery after exercise in trained athletes: intensity and duration effects

Polarized training has greater impact on key endurance variables than threshold, high intensity, or high
volume training

Six weeks of a polarized training-intensity distribution leads to greater physiological and performance
adaptations than a threshold model in trained cyclists

A Quasi-Experimental Study of Chinese Top-Level Speed Skaters’Training Load: Threshold Versus
Polarized Model

Impact of training intensity distribution on performance in endurance athletes
Lactate profile changes in relation to training characteristics in junior elite cyclists
Training methods and intensity distribution of younqg world-class rowers



https://www.researchgate.net/publication/46403553_What_is_best_practice_for_training_intensity_and_duration_distribution_in_endurance_athletes
https://www.researchgate.net/publication/46403553_What_is_best_practice_for_training_intensity_and_duration_distribution_in_endurance_athletes
https://www.researchgate.net/publication/233855836_Intervals_Thresholds_and_Long_Slow_Distance_the_Role_of_Intensity_and_Duration_in_Endurance_Training
https://www.researchgate.net/publication/233855836_Intervals_Thresholds_and_Long_Slow_Distance_the_Role_of_Intensity_and_Duration_in_Endurance_Training
https://www.researchgate.net/publication/233855836_Intervals_Thresholds_and_Long_Slow_Distance_the_Role_of_Intensity_and_Duration_in_Endurance_Training
https://www.researchgate.net/publication/233855836_Intervals_Thresholds_and_Long_Slow_Distance_the_Role_of_Intensity_and_Duration_in_Endurance_Training
https://www.researchgate.net/publication/233855836_Intervals_Thresholds_and_Long_Slow_Distance_the_Role_of_Intensity_and_Duration_in_Endurance_Training
https://www.researchgate.net/publication/233855836_Intervals_Thresholds_and_Long_Slow_Distance_the_Role_of_Intensity_and_Duration_in_Endurance_Training
https://www.researchgate.net/publication/233855836_Intervals_Thresholds_and_Long_Slow_Distance_the_Role_of_Intensity_and_Duration_in_Endurance_Training
https://www.researchgate.net/publication/233855836_Intervals_Thresholds_and_Long_Slow_Distance_the_Role_of_Intensity_and_Duration_in_Endurance_Training
https://www.researchgate.net/publication/233855836_Intervals_Thresholds_and_Long_Slow_Distance_the_Role_of_Intensity_and_Duration_in_Endurance_Training
https://www.researchgate.net/publication/233855836_Intervals_Thresholds_and_Long_Slow_Distance_the_Role_of_Intensity_and_Duration_in_Endurance_Training
https://www.researchgate.net/publication/233855836_Intervals_Thresholds_and_Long_Slow_Distance_the_Role_of_Intensity_and_Duration_in_Endurance_Training
https://www.researchgate.net/publication/233855836_Intervals_Thresholds_and_Long_Slow_Distance_the_Role_of_Intensity_and_Duration_in_Endurance_Training
https://www.researchgate.net/publication/233855836_Intervals_Thresholds_and_Long_Slow_Distance_the_Role_of_Intensity_and_Duration_in_Endurance_Training
https://www.researchgate.net/publication/233855836_Intervals_Thresholds_and_Long_Slow_Distance_the_Role_of_Intensity_and_Duration_in_Endurance_Training
https://www.researchgate.net/publication/233855836_Intervals_Thresholds_and_Long_Slow_Distance_the_Role_of_Intensity_and_Duration_in_Endurance_Training
https://www.researchgate.net/publication/233855836_Intervals_Thresholds_and_Long_Slow_Distance_the_Role_of_Intensity_and_Duration_in_Endurance_Training
https://www.researchgate.net/publication/233855836_Intervals_Thresholds_and_Long_Slow_Distance_the_Role_of_Intensity_and_Duration_in_Endurance_Training
https://www.researchgate.net/publication/233855836_Intervals_Thresholds_and_Long_Slow_Distance_the_Role_of_Intensity_and_Duration_in_Endurance_Training
https://www.researchgate.net/publication/233855836_Intervals_Thresholds_and_Long_Slow_Distance_the_Role_of_Intensity_and_Duration_in_Endurance_Training
https://www.researchgate.net/publication/233855836_Intervals_Thresholds_and_Long_Slow_Distance_the_Role_of_Intensity_and_Duration_in_Endurance_Training
https://www.researchgate.net/publication/233855836_Intervals_Thresholds_and_Long_Slow_Distance_the_Role_of_Intensity_and_Duration_in_Endurance_Training
https://www.researchgate.net/publication/233855836_Intervals_Thresholds_and_Long_Slow_Distance_the_Role_of_Intensity_and_Duration_in_Endurance_Training
https://www.researchgate.net/publication/233855836_Intervals_Thresholds_and_Long_Slow_Distance_the_Role_of_Intensity_and_Duration_in_Endurance_Training
https://www.researchgate.net/publication/259652575_From_Heart-Rate_Data_to_Training_Quantification_A_Comparison_of_3_Methods_of_Training-Intensity_Analysis
https://www.researchgate.net/publication/259652575_From_Heart-Rate_Data_to_Training_Quantification_A_Comparison_of_3_Methods_of_Training-Intensity_Analysis
https://www.researchgate.net/publication/259652575_From_Heart-Rate_Data_to_Training_Quantification_A_Comparison_of_3_Methods_of_Training-Intensity_Analysis
https://www.researchgate.net/publication/259652575_From_Heart-Rate_Data_to_Training_Quantification_A_Comparison_of_3_Methods_of_Training-Intensity_Analysis
https://www.researchgate.net/publication/259652575_From_Heart-Rate_Data_to_Training_Quantification_A_Comparison_of_3_Methods_of_Training-Intensity_Analysis
https://www.researchgate.net/publication/259652575_From_Heart-Rate_Data_to_Training_Quantification_A_Comparison_of_3_Methods_of_Training-Intensity_Analysis
https://www.researchgate.net/publication/259652575_From_Heart-Rate_Data_to_Training_Quantification_A_Comparison_of_3_Methods_of_Training-Intensity_Analysis
https://www.researchgate.net/publication/259652575_From_Heart-Rate_Data_to_Training_Quantification_A_Comparison_of_3_Methods_of_Training-Intensity_Analysis
//localhost/The Road to Gold/ Training and Peaking Characteristics in the Year Prior to a Gold Medal Endurance Performance
//localhost/The Road to Gold/ Training and Peaking Characteristics in the Year Prior to a Gold Medal Endurance Performance
http://lephe.org/attachments/048_41.2001-Billat-physical_training_characteristics_top_class_marathon-MSSE.pdf
http://lephe.org/attachments/048_41.2001-Billat-physical_training_characteristics_top_class_marathon-MSSE.pdf
http://lephe.org/attachments/048_41.2001-Billat-physical_training_characteristics_top_class_marathon-MSSE.pdf
http://lephe.org/attachments/048_41.2001-Billat-physical_training_characteristics_top_class_marathon-MSSE.pdf
http://lephe.org/attachments/048_41.2001-Billat-physical_training_characteristics_top_class_marathon-MSSE.pdf
http://lephe.org/attachments/048_41.2001-Billat-physical_training_characteristics_top_class_marathon-MSSE.pdf
http://lephe.org/attachments/048_41.2001-Billat-physical_training_characteristics_top_class_marathon-MSSE.pdf
http://lephe.org/attachments/048_41.2001-Billat-physical_training_characteristics_top_class_marathon-MSSE.pdf
http://lephe.org/attachments/048_41.2001-Billat-physical_training_characteristics_top_class_marathon-MSSE.pdf
http://lephe.org/attachments/048_41.2001-Billat-physical_training_characteristics_top_class_marathon-MSSE.pdf
http://lephe.org/attachments/048_41.2001-Billat-physical_training_characteristics_top_class_marathon-MSSE.pdf
http://lephe.org/attachments/048_41.2001-Billat-physical_training_characteristics_top_class_marathon-MSSE.pdf
https://www.researchgate.net/publication/237096628_Does_Polarized_Training_Improve_Performance_in_Recreational_Runners
https://www.researchgate.net/publication/237096628_Does_Polarized_Training_Improve_Performance_in_Recreational_Runners
https://www.researchgate.net/publication/7341859_Quantifying_training_intensity_distribution_in_elite_endurance_athletes_Is_there_evidence_for_an_optimal_distribution
https://www.researchgate.net/publication/7341859_Quantifying_training_intensity_distribution_in_elite_endurance_athletes_Is_there_evidence_for_an_optimal_distribution
https://www.researchgate.net/publication/7341859_Quantifying_training_intensity_distribution_in_elite_endurance_athletes_Is_there_evidence_for_an_optimal_distribution
https://www.researchgate.net/publication/7341859_Quantifying_training_intensity_distribution_in_elite_endurance_athletes_Is_there_evidence_for_an_optimal_distribution
https://www.researchgate.net/publication/7341859_Quantifying_training_intensity_distribution_in_elite_endurance_athletes_Is_there_evidence_for_an_optimal_distribution
https://www.researchgate.net/publication/7341859_Quantifying_training_intensity_distribution_in_elite_endurance_athletes_Is_there_evidence_for_an_optimal_distribution
https://www.researchgate.net/publication/7341859_Quantifying_training_intensity_distribution_in_elite_endurance_athletes_Is_there_evidence_for_an_optimal_distribution
https://www.researchgate.net/publication/7341859_Quantifying_training_intensity_distribution_in_elite_endurance_athletes_Is_there_evidence_for_an_optimal_distribution
https://www.researchgate.net/publication/7341859_Quantifying_training_intensity_distribution_in_elite_endurance_athletes_Is_there_evidence_for_an_optimal_distribution
https://www.researchgate.net/publication/7341859_Quantifying_training_intensity_distribution_in_elite_endurance_athletes_Is_there_evidence_for_an_optimal_distribution
https://www.researchgate.net/publication/7341859_Quantifying_training_intensity_distribution_in_elite_endurance_athletes_Is_there_evidence_for_an_optimal_distribution
https://www.researchgate.net/publication/7341859_Quantifying_training_intensity_distribution_in_elite_endurance_athletes_Is_there_evidence_for_an_optimal_distribution
https://www.researchgate.net/publication/7341859_Quantifying_training_intensity_distribution_in_elite_endurance_athletes_Is_there_evidence_for_an_optimal_distribution
https://www.researchgate.net/publication/7341859_Quantifying_training_intensity_distribution_in_elite_endurance_athletes_Is_there_evidence_for_an_optimal_distribution
https://www.researchgate.net/publication/7341859_Quantifying_training_intensity_distribution_in_elite_endurance_athletes_Is_there_evidence_for_an_optimal_distribution
https://www.researchgate.net/publication/7341859_Quantifying_training_intensity_distribution_in_elite_endurance_athletes_Is_there_evidence_for_an_optimal_distribution
https://www.researchgate.net/publication/7341859_Quantifying_training_intensity_distribution_in_elite_endurance_athletes_Is_there_evidence_for_an_optimal_distribution
https://www.researchgate.net/publication/7341859_Quantifying_training_intensity_distribution_in_elite_endurance_athletes_Is_there_evidence_for_an_optimal_distribution
https://www.researchgate.net/publication/7341859_Quantifying_training_intensity_distribution_in_elite_endurance_athletes_Is_there_evidence_for_an_optimal_distribution
https://www.researchgate.net/publication/8326865_Training_and_performance_characteristics_among_Norwegian_International_Rowers_19702001
https://www.researchgate.net/publication/8326865_Training_and_performance_characteristics_among_Norwegian_International_Rowers_19702001
https://www.researchgate.net/publication/8326865_Training_and_performance_characteristics_among_Norwegian_International_Rowers_19702001
https://www.researchgate.net/publication/8326865_Training_and_performance_characteristics_among_Norwegian_International_Rowers_19702001
https://www.researchgate.net/publication/8326865_Training_and_performance_characteristics_among_Norwegian_International_Rowers_19702001
https://www.researchgate.net/publication/8326865_Training_and_performance_characteristics_among_Norwegian_International_Rowers_19702001
https://www.researchgate.net/publication/8326865_Training_and_performance_characteristics_among_Norwegian_International_Rowers_19702001
https://www.researchgate.net/publication/8326865_Training_and_performance_characteristics_among_Norwegian_International_Rowers_19702001
https://www.researchgate.net/publication/8326865_Training_and_performance_characteristics_among_Norwegian_International_Rowers_19702001
https://www.researchgate.net/publication/8326865_Training_and_performance_characteristics_among_Norwegian_International_Rowers_19702001
https://www.researchgate.net/publication/8326865_Training_and_performance_characteristics_among_Norwegian_International_Rowers_19702001
https://www.researchgate.net/publication/8326865_Training_and_performance_characteristics_among_Norwegian_International_Rowers_19702001
https://www.researchgate.net/publication/8326865_Training_and_performance_characteristics_among_Norwegian_International_Rowers_19702001
https://www.researchgate.net/publication/269704655_The_Annual_Training_Periodization_of_8_World_Champions_in_Orienteering
https://www.researchgate.net/publication/269704655_The_Annual_Training_Periodization_of_8_World_Champions_in_Orienteering
https://www.researchgate.net/publication/269704655_The_Annual_Training_Periodization_of_8_World_Champions_in_Orienteering
https://www.researchgate.net/publication/269704655_The_Annual_Training_Periodization_of_8_World_Champions_in_Orienteering
https://www.researchgate.net/publication/255694188_Do_Elite_Endurance_Athletes_Report_Their_Training_Accurately
https://www.researchgate.net/publication/255694188_Do_Elite_Endurance_Athletes_Report_Their_Training_Accurately
https://www.researchgate.net/publication/255694188_Do_Elite_Endurance_Athletes_Report_Their_Training_Accurately
https://www.researchgate.net/publication/255694188_Do_Elite_Endurance_Athletes_Report_Their_Training_Accurately
https://www.researchgate.net/publication/255694223_Training-Intensity_Distribution_During_an_Ironman_Season_Relationship_With_Competition_Performance
https://www.researchgate.net/publication/255694223_Training-Intensity_Distribution_During_an_Ironman_Season_Relationship_With_Competition_Performance
https://www.researchgate.net/publication/255694223_Training-Intensity_Distribution_During_an_Ironman_Season_Relationship_With_Competition_Performance
https://www.researchgate.net/publication/255694223_Training-Intensity_Distribution_During_an_Ironman_Season_Relationship_With_Competition_Performance
https://www.researchgate.net/publication/51543724_Adaptations_to_aerobic_interval_training_Interactive_effects_of_exercise_intensity_and_total_work_duration
https://www.researchgate.net/publication/51543724_Adaptations_to_aerobic_interval_training_Interactive_effects_of_exercise_intensity_and_total_work_duration
https://www.researchgate.net/publication/51543724_Adaptations_to_aerobic_interval_training_Interactive_effects_of_exercise_intensity_and_total_work_duration
https://www.researchgate.net/publication/51543724_Adaptations_to_aerobic_interval_training_Interactive_effects_of_exercise_intensity_and_total_work_duration
https://www.researchgate.net/publication/6078672_Autonomic_recovery_after_exercise_in_trained_athletes_intensity_and_duration_effects
https://www.researchgate.net/publication/6078672_Autonomic_recovery_after_exercise_in_trained_athletes_intensity_and_duration_effects
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3912323/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3912323/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3912323/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3912323/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3912323/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3912323/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3912323/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3912323/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3912323/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3912323/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3912323/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3912323/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3912323/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3912323/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3912323/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3912323/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3912323/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3912323/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3912323/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3912323/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3912323/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3912323/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3912323/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3912323/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3912323/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3912323/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3912323/
https://www.researchgate.net/publication/233977574_Six_weeks_of_a_polarized_training-intensity_distribution_leads_to_greater_physiological_and_performance_adaptations_than_a_threshold_model_in_trained_cyclists
https://www.researchgate.net/publication/233977574_Six_weeks_of_a_polarized_training-intensity_distribution_leads_to_greater_physiological_and_performance_adaptations_than_a_threshold_model_in_trained_cyclists
https://www.researchgate.net/publication/233977574_Six_weeks_of_a_polarized_training-intensity_distribution_leads_to_greater_physiological_and_performance_adaptations_than_a_threshold_model_in_trained_cyclists
https://www.researchgate.net/publication/233977574_Six_weeks_of_a_polarized_training-intensity_distribution_leads_to_greater_physiological_and_performance_adaptations_than_a_threshold_model_in_trained_cyclists
https://www.researchgate.net/publication/233977574_Six_weeks_of_a_polarized_training-intensity_distribution_leads_to_greater_physiological_and_performance_adaptations_than_a_threshold_model_in_trained_cyclists
http://www.humankinetics.com/acucustom/sitename/Documents/DocumentItem/03_J3910_Yu_2011_0011_103-112.pdf
http://www.humankinetics.com/acucustom/sitename/Documents/DocumentItem/03_J3910_Yu_2011_0011_103-112.pdf
http://www.humankinetics.com/acucustom/sitename/Documents/DocumentItem/03_J3910_Yu_2011_0011_103-112.pdf
http://www.humankinetics.com/acucustom/sitename/Documents/DocumentItem/03_J3910_Yu_2011_0011_103-112.pdf
http://www.humankinetics.com/acucustom/sitename/Documents/DocumentItem/03_J3910_Yu_2011_0011_103-112.pdf
http://www.humankinetics.com/acucustom/sitename/Documents/DocumentItem/03_J3910_Yu_2011_0011_103-112.pdf
https://www.researchgate.net/publication/6153247_Impact_of_training_intensity_distribution_on_performance_in_endurance_athletes
https://www.researchgate.net/publication/6153247_Impact_of_training_intensity_distribution_on_performance_in_endurance_athletes
https://www.researchgate.net/publication/6153247_Impact_of_training_intensity_distribution_on_performance_in_endurance_athletes
https://www.researchgate.net/publication/6153247_Impact_of_training_intensity_distribution_on_performance_in_endurance_athletes
https://www.researchgate.net/publication/6153247_Impact_of_training_intensity_distribution_on_performance_in_endurance_athletes
https://www.researchgate.net/publication/6153247_Impact_of_training_intensity_distribution_on_performance_in_endurance_athletes
https://www.researchgate.net/publication/6153247_Impact_of_training_intensity_distribution_on_performance_in_endurance_athletes
https://www.researchgate.net/publication/6153247_Impact_of_training_intensity_distribution_on_performance_in_endurance_athletes
https://www.researchgate.net/publication/6153247_Impact_of_training_intensity_distribution_on_performance_in_endurance_athletes
https://www.researchgate.net/publication/6153247_Impact_of_training_intensity_distribution_on_performance_in_endurance_athletes
https://www.researchgate.net/publication/6153247_Impact_of_training_intensity_distribution_on_performance_in_endurance_athletes
https://www.researchgate.net/publication/6153247_Impact_of_training_intensity_distribution_on_performance_in_endurance_athletes
https://www.researchgate.net/publication/6153247_Impact_of_training_intensity_distribution_on_performance_in_endurance_athletes
https://www.researchgate.net/publication/6153247_Impact_of_training_intensity_distribution_on_performance_in_endurance_athletes
https://www.researchgate.net/publication/6153247_Impact_of_training_intensity_distribution_on_performance_in_endurance_athletes
https://www.researchgate.net/publication/6153247_Impact_of_training_intensity_distribution_on_performance_in_endurance_athletes
https://www.researchgate.net/publication/6153247_Impact_of_training_intensity_distribution_on_performance_in_endurance_athletes
https://www.researchgate.net/publication/46403556_Lactate_profile_changes_in_relation_to_training_characteristics_in_junior_elite_cyclists
https://www.researchgate.net/publication/46403556_Lactate_profile_changes_in_relation_to_training_characteristics_in_junior_elite_cyclists
https://www.researchgate.net/publication/40759598_Training_methods_and_intensity_distribution_of_young_world-class_rowers
https://www.researchgate.net/publication/40759598_Training_methods_and_intensity_distribution_of_young_world-class_rowers
https://www.researchgate.net/publication/40759598_Training_methods_and_intensity_distribution_of_young_world-class_rowers
https://www.researchgate.net/publication/40759598_Training_methods_and_intensity_distribution_of_young_world-class_rowers
https://www.researchgate.net/publication/40759598_Training_methods_and_intensity_distribution_of_young_world-class_rowers
https://www.researchgate.net/publication/40759598_Training_methods_and_intensity_distribution_of_young_world-class_rowers
https://www.researchgate.net/publication/40759598_Training_methods_and_intensity_distribution_of_young_world-class_rowers
https://www.researchgate.net/publication/40759598_Training_methods_and_intensity_distribution_of_young_world-class_rowers
https://www.researchgate.net/publication/40759598_Training_methods_and_intensity_distribution_of_young_world-class_rowers
https://www.researchgate.net/publication/40759598_Training_methods_and_intensity_distribution_of_young_world-class_rowers
https://www.researchgate.net/publication/40759598_Training_methods_and_intensity_distribution_of_young_world-class_rowers
https://www.researchgate.net/publication/40759598_Training_methods_and_intensity_distribution_of_young_world-class_rowers
https://www.researchgate.net/publication/40759598_Training_methods_and_intensity_distribution_of_young_world-class_rowers
https://www.researchgate.net/publication/40759598_Training_methods_and_intensity_distribution_of_young_world-class_rowers
https://www.researchgate.net/publication/40759598_Training_methods_and_intensity_distribution_of_young_world-class_rowers
https://www.researchgate.net/publication/40759598_Training_methods_and_intensity_distribution_of_young_world-class_rowers
https://www.researchgate.net/publication/40759598_Training_methods_and_intensity_distribution_of_young_world-class_rowers

RUN STRONGER AND RACE FASTER & Some of the experts whose research
BY TRAINING SLOWER

was discussed

- He wrote my name
like 45 times (but who is counting)!
Jonathon Esteve-Lanao
Veronique Billat
Samuele Marcola
Thomas Stoggl & Billy Sperlich
Stuart Galloway
Rex Mauger & Nick Sculthorpe

«Do 80% of your running
at low intensity, and the
remaining

20% at moderate to high
Intensity. The rest s
details»- Robert Johnson,
founder of Letsrun.com




Some «details» beyond 80/20:

1. Does the intensity distribution change
during altitude camp?
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ALTITUDE TRAINING REGIME

« Sleeping altitude: ~2000 m above see level
e Training altitude: AM: ~2800-3000m, PM: ~1200-2300m

« Duration: 13,6 days (8-18). Young; 8-10d, experienced; 14-18d
o Experienced; 60-100 days during preparation period WC

e Training sessions; mean 11,5 (9-13) wk (including sick days)

e Plans — average 13 sessions (1 day and 2 sessions off during 14
days)

« Training volume: mean 22,3h/wk
« Endurance, sprints, plyometric and strength

PhD student @ystein Sylta Unpublished data Sylta et al, 2013
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o
o

INTENSITY DISTRIBUTION

100

80

60

40

20

- Self-reported data, n=29
~2h each session
I Zone 1
W Zone 2
| e
Zone 4
mZone 5
i . R —
5 1 0
e

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5

PhD student @ystein Sylta

Unpublished data Sylta et al, 2013
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EXAMPLE WEEK IN ALTITUDE

Monday
Tuesday

Wednesday

Thursday
Friday
Saturday
Sunday

PhD student @ystein Sylta

SKI KL: 2.15-2.30h easy +
6x10sek poling.

SKI F/KL: 3.30h easy

SKI F: 2.15-2.45h easy

SKI F: 2.15-2.30h easy

Rest

SKI KL: 2.15-2.45h easy +
6x10sek poling.

SKI F: Interval, 5x8min,
3minrec, z2/3 (~v2mM)

R SKI F: Interval, 5x8min,
3min rec, z3 (~3,5mM)

Rest

RUN: 1h easy + S5xstrides +
jumps and 30 min max
strength (upper body)

R SKI KL: Interval, 5x8min,
3min rec, z3 (~3,5mM)
Rest

RUN: lactate profile test

RUN: 1.30h easy

Unpublished data Sylta et al, 2013
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HIT/DEVELOPMENTAL SESSIONS

« 2 — 3 each week
« 1 extra long easy (>3h)
« Duration in altitude: 35-60 min - long intervals
« 5 x 8min
e« 7 X 6Min
« 2 x 30min
« Longer recovery phases than normal (~3min)
« Moderate intensity 85-929% HF max - zone 3 (4)
« Controlled with heart rate and lactate measurements

L e Unpublished data Sylta et al, 2013
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Tight intensity control!

e

PhD student @ystein Sylta



ﬁ UNIVERSITY OF AGDER

LACTATE PROFILE TESTS

6,6 7.5 8,4 9.3 10,2 111 i

Val S. - 125 137 145 152 i /
14.10.2011] 05 0,6 0,8 0,9 1,1 & 4

Val S. 120 133 142 149 157 L 4
21.10.2011| 04 0,6 0,6 0,8 1,1 i 7

val S. 119 128 131 137 149 2“3 =
21.10.2012| 0,6 0,6 0,6 0,5 0,8 » ‘

Val S 117 127 134 146 152 EE'EE 0z 10 5 120 125 \II 1 140 15 E 155 0 1§ |IJ % ;E
26.10.2012| 0,5 0,6 0,8 1,0 1,3 S
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Intervall session, 8x5min

C—
92,5 0/0 HRmax

180 m r‘h‘ 90 % HRmax

' % HRmax
160 - v
140 -
120 -
100 -

PhD student Pystein Sylta Unpublished data Sylta et al, 2013
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TRAINING CHARACTERISTICS
ALTITUDE

« Sum up:
o ~22,5h total training each week
* 94 % endurance training (~21 h/week)
¢« 95 % LIT / 5 % HIT (mainly zone 3 in altitude)
e 5 % strength — maximal, specific muscles
e 1 % sprint/plyometric
« «Strides» almost every day!

P2, SV S S St Unpublished data Sylta et al, 2013



The «details» beyond 80/20:

2. HIIT training — How do work intensity and

accumulated duration interact in regulating
the adaptive signal?



“It is an important but unsolved question which
type of training is most effective: to maintain a
level representing 90% of the maximal oxygen
uptake for 40 min, or to tax 100% of the
oxygen uptake capacity for 16 min”

(Astrand & Rodahl, Textbook of Work
Physiology, 1970).

Per Astrand in 1963

TEXTB@K
of WORK . |
PHYSIOLOGY
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Adaptations to aerobic interval training: interactive
effects of exercise intensity and total work duration.
S Seller, K Jgranson, B V Olesen, K J Hetlelid

Scand. J. Med. Sci. Sports 23:74-83, 2013



https://www.researchgate.net/publication/researcher/58710172_S_Seiler/
https://www.researchgate.net/publication/researcher/58636974_K_Joranson/
https://www.researchgate.net/publication/researcher/58636974_K_Joranson/
https://www.researchgate.net/publication/researcher/58552175_B_V_Olesen/
https://www.researchgate.net/publication/researcher/58635923_K_J_Hetlelid/
https://www.researchgate.net/publication/researcher/58635923_K_J_Hetlelid/
http://www.google.no/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=lri9QbmO2wRIcM&tbnid=lWAmYQAcWb7roM:&ved=0CAUQjRw&url=http://www.flickr.com/photos/imarafoto/5631109172/&ei=WDkRUaHLLcyChQfz2IGADQ&bvm=bv.41867550,d.bGE&psig=AFQjCNE2eZSttLVjpWwItHXCZvYDb7fbFg&ust=1360169633296661
http://www.google.no/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=LU0zDcUfTeCXvM&tbnid=P8yj8U1gZIK03M:&ved=0CAUQjRw&url=http://www.gimletroll.no/sider/tekst.asp?side=41637&ei=jDkRUfTvE5S3hAeS_IDwAg&bvm=bv.41867550,d.bGE&psig=AFQjCNH1_Ha1dO-ULPvPQeKnph4pigxoYg&ust=1360169730446577

1.

2

3

4

4 training groups

LIT only 4-6 sessions/wk. Increase training time 15-20%
. 4 x 16 — 2wk 4 x 16 min intervals + 2-3 LIT sessions-wk!
. 4x8 2wkl 4x8minintervals + 2-3 LIT sessions-wk1

. 4 x4 —-2wkl: 4 x4 minintervals + 2-3 LIT sessions-wk1

ntensity prescription: Complete each interval session with the highest

AVERAGE intensity possible for the entire session!

EFFORT MATCHING MODEL
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Frequency

0 -
m L arge effect
§ - O Moderate effect

OTrivial effect

{} T T T |
Low 4x16 min 4x8 min  4x4 min

Group

Seiler S, Jgranson K, Olesen BV,
Hetlelid KJ. Adaptations To
Aerobic Interval Training:
Interactive Effects Of Exercise
Intensity And Total Work
Duration. Scand. J. Med Sci
Sports 23, 74-83, 2013.

Distribution of individual response to training by group-averaged change in
VO,peak (I/min), power at VO,peak (W), and Power at 4mM blood lactate

concentration (W).

Averaged response for each subject was categorized as negative to trivial:
<4% improvement, moderate: 4—-9% improvement, or large:>9%
improvement. The distribution of individual responses was significantly

different among the four groups (P<0.05).



Effects of intensity and duration in aerobic high intensity
Interval training in highly trained junior cross country skiers
Sandbakk, &. et al.

J Strength and Cond. Res.
27(7):1974-80. 2013

@dyvind Sandbakk



Methods

Well trained junior XC skiers
N= 20- 8 weeks high volume, low intensity

Then divided into a long interval group (LIG) and
a short interval group (SIG) plus a control group
(CG) for

CG= 2 additional low intensity sessions/wk

SIG= 2 interval sessions/wk 94% HR max (2-
4min), (15-20 min total work), RPE 18

LIG = 2 interval sessions/wk 91% HR max (5-10
min), (40-45 min total work), RPE 18



W LIG

VOV
W SIG
B CG
VO2 max
7km hill run
12km rollerski
-2 0 2 4 6 8

Percent change
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Moving beyond 80/20:

3. Does Periodization matter?
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Athlete’s name(s)

Training objectives

Performance

Tests/Standards

Physical prep.

Technical prep.

Tactical prep.

Pschol. prep.

International Journal of Sports Physiology and Performance, 2012, 7, 242-250
© 2012 Human Kinetics, Inc.

JonI K

Periodization Paradigms in the 21st Century:
Evidence-Led or Tradition-Driven? |
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Annual intensity distribution of 12 Olympic/
World champions- XC skiing
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Espen Tgnnessen, @ystein Sylta,Thomas A. Haugen, Erlend Hem, Ida S. Svendsen, Stephen Seiler
The Road to Gold: Training and Peaking Characteristics in the Year Prior to a Gold Medal Endurance Performance. PLOS
One July 14, 2014 DOI: 10.1371/journal.pone.0101796



Training sessions/ hours

Basic periodization of a champion XC skier
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Basic training periadization of a
2-time gold medal winning,rower

£ A




High intensity training sessions- champion rower

Data from Espen Tgnnesen
Olympiatoppen with permission

Typical effective training time per session:
Zone 3:60 min (e.g. 3 x 20 min, 5 min rec)
Zone 4: 60 min (6 x 10 min, 5 min rec)

Zone 5: 20 min (e.g 4 x4 min, 3 min rec)



Olympiatoppen with permission

Preparation

Ingrid Kristiansen

5 World Records
World Champion

Data from Espen Tgnnesen

Competition
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Annual training characteristics of 12 champion XC skiers
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Preparation period, 4wk

Pre testing

\

N\

— METHODS—

J

Stratified randomization (VO,, .y
experience, age)

69



Baseline characteristics inai training groups (N=63). Values are

mean (SD).

All Traditional Hybrid Reversed

(N=63) (N=23) (N=20) (N=20)

Age (years) 37.7 (7.8) 37.3(9.3) 38.2 (6.8) 37.7(7.2)
Body weight (kg) 79.9 (7.9) 80.3 (7.4) 79.7 (8.9) 79.7 (7.8)
Cycling experience 5.5(4.2) 5.8 (4.5) 6.3 (4.1) 4.4 (3.8)
(years)
Training volume last 9.7 (3.3) 9.9 (3.5) 9.3 (3.1) 9.7 (3.4)
year (h-wk?)
Power@40min TT 3.6 (0.4) 3.5(0.4) 3.6 (0.4) 3.6 (0.5)
(wkg™)
Power@4mM (w-kg?) 3.6 (0.5) 3.5(0.4) 3.6 (0.3) 3.6 (0.6)
PPO (wkg1) 5.3 (0.6) 5.2 (0.5) 5.4 (0.7) 5.2 (0.7)
VO, peag (Mlkgtmin) 61.3 (5.8) 61.9 (5.8) 61.3 (6.0) 60.5 (5.7)
VO, peax (L'mint) 4.9 (0.5) 4.9 (0.5) 4.9 (0.5) 4.8 (0.4)

There were no significant differences among groups.

ANOVA analysis.

One-way between-groups



Preparation period, 4wk

Pre testing N =69
Stratified randomization (VO,, 4
experience, age)
Intervention period, 12 weeks J

. Mesocycle 1 Mesocycle 2 Mesocycle 3
Periodization model
4 weeks 4 weeks 4 weeks
«Traditional model» Zone 3 Zone 4 Zone 5
«Hybrid model» Zone 3/4/5 Zone 3/4/5 Zone 3/4/5
«Reversed model» Zone 5 Zone 4 Zone 3
[ Post testing ]

6 subjects excluded from analysis due to iliness, compliance or missing post test.



Interval sessions

Zone Session
Zone 3 4 x 16min, 2min rest
Zone 4 4 x 8min, 2min rest

Intensity control

All HIT sessions were recommended to be
executed as «all out», BUT:

1 - Within the session structure (eg. only 2min
rest)

2 — With even or progressive power, without
failure

3 — Be able to complete all 24 HIT sessions in

this prescribed way




Training volume (h - wk?)

15

[y
(@)

U

Volume and intensity periodization - ALL GROUPS

)
RESTED

- 6

Wk2 Wk3 Wk4 Wk5 Wk6 Wk7 Wk8 Wk9 Wk10 Wk11l Wk12 Wk13
mwZonel MWZone?2 Zone3 1 Zone4d MW Zone5 M Other

T
~N

No differences among groups. One-way between-groups ANOVA analysis.



HIT traininq characteristiCs of sessions in all subjects

during the intervention period. All values are calculated as average (SD) in four laps
of up to 24 training sessions.

4x16 4x8

(N=63) (N=63)
Power (w) 276 (25)* 308 (29)*
Power (w-kg) 3.5(0.4)* 3.9 (0.4)*
Power o, (%) 97 (8)* 106 (8)*
Blood lactate (mmol-L1) 4.7 (1.6)* 9.2 (2.4)*
HR ean (% HR ozi) 86 (3)* 88 (2)*
HR oy (% HR o) 89 (2)* 91 (2)*
RPE all bouts, general 15.0 (1.1)* 16.2 (0.8)*
SRPE (1-10) 30min post session 6.3 (1.0)>I< 6.9 (1.0)"

*P<0.001 vs other groups, one-way repeated measures ANOVA.



HIT volume (h - wk™?)

HIT periodization- TRADITIONAL group
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HIT volume (h - wk™?)

HIT periodzation — HYBRID group
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HIT volume (h - wk1)

HIT periodization- REVERSED group

Zone 3 Zone4 mZoneb5

Wk 2

Wk 3

Wk4 Wk5 Wk6 Wk7 Wk8 Wk9 Wk10 Wk11 Wk12 Wk13



RESULTS

Power 40min TT PPO
Traditional S * Traditional S *
Hybrid - * Hybrid - | *
Reversed- * Reversed- | *
s = ,E".!- s ] ,E':-
% Change PRE - POST % Change PRE - POST

95% CI for relative change. * P < 0.05 vs PRE test. No sig differences between groups. GLM
analyses adjusted for group, location and pre 4mM power.



VOzmax (MImin )

Traditional - | *
Hybrid- | | *
Reversed - | *
o -] ]
% Change PRE - POST
MAP Power4mM lactate
Traditional - : * Traditional - [ N
Hybrid - * Hybrid +
Reversed- Reversed- : *
] -] s ] ] e
% Change PRE - POST % Change PRE - POST

95% CI for relative change. * P < 0.05 vs PRE test. No sig differences between groups. GLM
analyses adjusted for group, location and pre 4mM power.
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Chi-square test for independence indicated no significant association between
periodization groups and response distribution.



After 12 weeks of well structured «best practice» training.......
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