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The Fundamentals of Training to Race in Endurance Events 

Ask any successful football or basketball coach “What is your secrete of success?”  The answer will 
invariably be “We pay attention to developing the fundamentals of the game.”  Ask a successful coach of 
endurance runners the same question and the answer most likely will be “Run as many miles as possible 
and develop the cardiovascular system to its fullest extent.”   

Developing a strong oxygen delivery system is certainly a basic fundamental to an endurance runners 
training scheme, however it is not all exclusive as most coaches believe.  Over the past several decades, 
American coaches of endurance athletes have been brainwashed into thinking that developing a higher 
VO2 max rating must be done before any of the other fundamental physiological variables of training are 
introduced.   

The typical method of establishing the VO2 max factor is through volumes of miles run at moderate paces.  
The theory is that beginning a training season with running slow mileage, the muscles that do the work of 
running will gradually increase in strength as volume increases, thus allowing the athlete to eventually run 
the mileage at a faster pace.  In reality, this does not happen as the muscle fibers are not stressed enough 
to make the adaptation to provide adequate power. 

In order to develop the complete runner, coaches must teach the skills of running mechanics and 
incorporate running-specific strengthening activities concurrently with building an aerobic base.   

Unless running skills are developed early, most athletes establish a stride cycle that is too elongated with a 
slow on and off the surface foot strike.  The assumption is that as base mileage builds, the muscles that do 
the work of running will become stronger.  The problem with this theory is that while running sub maximal 
velocities, neuromuscular patterns are established that are not conducive to racing.  Running sub maximal 
velocities recruits mostly slow twitch muscle fibers and does not prepare the muscles for race training 
velocities.  Adding speed work later in the season does not allow enough time to integrate the appropriate 
amount of speed training to become reactive in the neuromuscular system. 

Since speed is the most significant physiological variable in determining a person’s ability to race at any 
distance, it should behoove coaches and athletes to develop this factor at the onset of the season.  If we 
could develop speed and learning to run with power and efficiency, all of the other physiological aspects of 
training would fall into place.  By systemically teaching a runner to hold a fast pace for progressively longer 
periods of time, we can jump start all of the other variables of training.  Running fast alerts the brain to 
speed up the heart to supply more oxygen rich blood to the working muscles.  When this demand cannot 
be met fast enough, the lactate shuttle system is activated.  The lactate shuttle system converts lactate 



ions back to A.T.P., making energy for continuous running.  Activating the lactate shuttle system at the 
onset of the training season paves the way to better oxygen consumption and higher LTRV later when 
major races come into the schedule. 

The reality is that sub maximal running velocities do not recruit enough muscle units to significantly 
improve leg muscle strength.  Furthermore, running sub maximal velocities for extended periods of time 
retards basic speed because no fast twitch fibers are recruited and neuromuscular patterns are established 
that produce a slow turn over and foot strike. 

Before developing a training scheme to run a foot race of any distance, coaches and athletes should 
consider what it takes to develop the complete competitor.  They should first define the physiological 
fundamentals that are involved in such a tremendous task.  By examining scientific research and reviewing 
successful training schemes that have produced Olympic and World champions, we can define the 
fundamentals of training to race in endurance events at 800M and longer. 

1. Learn to Run with Proper Biomechanics:  In races of any distance, it is the act of running that brings 
the torso to the finish line.  The manner in which the runner executes the act of running determines his/her 
ability to hold a fast race pace, answer opponents surges during the race, and respond to other 
competitor’s closing speed. 

2. Maximum Neuromuscular Power:  The greater you maximal running velocity, the higher will be your 
performance speed in endurance events.  As your basic running speed increases, your time in the 800 
through the marathon will improve, partially because your previous pace in these races will be easier for 
your neuromuscular system to handle.  Recent scientific studies show a definite linkage with raw power 
and aerobic performance. 

3. Develop Strong, Fatigue-Resistant Muscle Strength:  Develop running-specific muscle strength so 
that injury risk is as low as possible, fatigue resistance is as high as it can be, and the foundation for speed 
improvements is established.  Overall body strengthening can best be administered through functional 
muscle strengthening.  Train the muscles to put more force on the ground with each step by using strength 
activities that mimic the act of running. 

4. The Greatest Possible Enhancement of the Economy of Movement:  It is essential that 
competition specific speeds are completed at the lowest fraction of maximal energy cost or max aerobic 
capacity.  Running economy is like getting the most mileage out of a tank of gas.  Running economy is a 
great predictor of racing potential.  The efficiency with which you use aerobic and anaerobic energy allows 
you to move up to higher running velocities during both training and racing. 

5. Improve Maximum Oxygen Uptake:  Improving the heart and capillary system’s ability to supply 
oxygen to the mitochondria where the aerobic power is produced is an absolute must.  The best pace to 
run which will strength the heart muscle and capillary systems is VVO2 max pace.  VVO2 max pace is the 
minimal running velocity at which maximal aerobic capacity is attained.  VVO2 max reveals both the 
magnitude of your aerobic capacity as you run, and also the efficiency with which you move when running 
at very high speeds.  VVO2 max has proven to be one of the most important predictors of a person’s 
potential to race in endurance events.  On the flip side, VO2 max sets the parameters for determining 
lactate threshold running velocity and running efficiency, but is not the best predictor of racing potential.  
Two athletes with the same VO2 max will seldom finish a race at the same time.  One will possess greater 
speed, running efficiency or TV and finish first. 

6. Lactate Threshold Running Velocity:  Glycolysis is the process by which oxygen and fuel from food 
produces energy for muscular action, however it is the byproduct of glycolysis lactate or lactic acid that 
produces power for continued muscular activity.  As you increase the velocity of running, lactate begins to 
build up in the blood.  When the concentration of lactate builds up to the degree that the lactate shuttle 



cannot convert it back to A.T.P., the muscles begin to shut down.  The running velocity at which this occurs 
is called one’s lactate-threshold running velocity (LTRV).  Since lactate is a great muscular fuel, lactate-
threshold running velocity is like a barometer of muscle function during exercise.  If lactate spills from your 
muscles into your blood stream at low running velocities, you are not prepared for high quality efforts.  If 
lactate does not pool in your blood until you reach very high speeds, your muscles are doing an excellent 
job of converting lactate back to A.I.P. 

7. Psychological Preparation for Racing:  Push your body to the highest level of intensity and pain 
continually in practice sessions so that negative thoughts and mental restraints do not limit your efforts.  
Test yourself periodically to determine your fitness level and have the confidence to race at that level. 

8. Specific Race Preparation:  Optimize all of the fundamentals of training and schedule important 
races to coincide with a rise in fitness level.  When you have determined your best potential race distance, 
you must run several workouts at your present race pace and your goal race pace.  The more running that 
you do at paces which coincide with your race pace, the more efficient you become at that pace.  A 
person’s basic speed, running efficiency, and LTRV are great predictors of racing potential.  The production 
of neuromuscular power is equally important to racing, as is cardio power.  Neuromuscular power is 
developed through functional muscle strengthening, speed work and economical mechanics.  Having a 
strong heart and well developed capillary system is only one half of the equation for determining racing 
potential.  If a runner cannot create the force necessary to run fast for long periods of time and then 
produce even more force during the critical phases of a race, he/she cannot become as good as they could 
possibly be. 

 

The muscles that do the work of running, along with all the organs involved, are made up of specific types 
of muscle cells.  The heart, lungs, capillaries and skeletal muscles are composed of muscle cells that 
respond to training.  All muscle cells respond to the stress and adaptation phenomenon.  Muscle cells 
combine to make up fibers which provide the tensile strength for running.  When muscles are stressed 
beyond their present capacity, a signal is sent to the brain that is interpreted as pain.  Not liking pain, the 
muscles adapt to this level of stress and become stronger in the process. 

As coaches, we can use this phenomenon of stress and adaptation of muscle cells to plan our training 
scheme.  We can periodize our training based on strength and speed and logically develop all of the 
physiological variables in a sequence that will develop the complete runner. 

All muscular actions and reactions are controlled by the neuromuscular system.  Training to race in 
endurance events involves the development of both the cardiovascular and neuromuscular systems.  
These systems must be developed concurrently in order to develop the complete runner. 

If we base our periodization on systematically enhancing strength and speed, we can intelligently take 
advantage of the stress and adaptation phenomenon of muscular activity and consistently improve our 
level of fitness.  Science suggests that all of the physiological variables can gain strength through 
approximately 21 days and then tend to level off for 7 days or so before starting a new strength cycle.  A 
training period of 28 days gives us 21 days of an upswing in fitness with 6 or 7 days to recover before 
pushing the intensity and volume to another level.  During a competitive season, endurance athletes will 
perform best during an upswing in fitness.  With this in mind, coaches can schedule important races to 
coincide with the training schedule. 

If we expose our entry level endurance athletes to a training scheme that promotes both cardiovascular 
power and neuromuscular power concurrently during their first 10 years of development, those who reach 
elite status will be better able to cope with elite athletes from other nations. 



Running is possible because muscular power creates energy to make muscles contract and relax.  Energy 
to create muscular contractions is created through chemical reactions involving the food we consume and 
oxygen delivered to the cells by way of the circulatory system. 

 

Three Unique and Distinct Series of Chemical Reactions 

1. Phosphocreatine:  A high energy phosphate that forms the ASTP-PC energy system.  This energy 
system is instantaneous, but depletes in about 8 to 10 seconds.  No assimilated oxygen is used in 
metabolizing phosphocreatine.  This is the energy system used in 50 to 60 meter indoor sprints, and by 
pole vaulters, high jumpers, and horizontal jumpers. 

2. Glycolysis:  This pathway involves the breakdown of carbohydrates (glucose and glycogen) within 
muscle cells to form pyruvic acid, commonly referred to as lactic acid.  No ingested oxygen is required for 
this energy pathway and it provides instant energy for 10 to 120 seconds.  This is the major energy source 
for competing in events from 100 to 800 meters. 

3. The aerobic ATP generating system takes about 2 minutes of continuous exertion for the 
phosphocreatine and glycogenic system to use up stored energy and for the flow of oxygen to the muscle 
cells to start producing ATP.  In races that last 2 minutes or more, oxygen is a major player in the 
production of ATP. 

These three energy systems form an energy continuum that provides instant energy and allows athletes to 
run at fast velocities, medium fast velocities, and not quite so fast velocities without having to stop and 
regenerate energy.  A training scheme for training athletes to race endurance events must allow for the 
improvement of all three energy systems in order to produce the complete runner.  The complete runner is 
one who can hold a fast pace, match surges throughout a race, and sprint with opponents during the final 
meters of a race.  A training scheme must provide for workouts that develop all of the physiological 
variables not just those that promote greater cardio power.  Workouts that last from 10 seconds to 2 
minutes and longer than 2 minutes must be systematically integrated into the overall scheme.  The 
neuromuscular variables cannot be ignored in this scheme because endurance running is as much a 
neural thing as it is a cardio thing. 

Planning workouts to develop the complete endurance athlete is a complicated task as distances of 800M, 
1500M, 3K, 5K, 10K and marathon are recognized as basic competitive distances for endurance racers.  
Competitors in any of these distances must incorporate all of the physiological fundamentals of training in 
order to become a complete competitor.  Running speed, efficiency and fatigue resistant muscle strength 
must be developed concurrently with VO2 max and the lactate shuttle system.  Coaches and athletes must 
decide what workouts to do, as well as what sequence in which such workouts should be inserted in the 
periodization of training. 

We need to keep in mind that training to race at any distance is a matter of stressing muscle fibers then 
allowing them to rest and adapt to a particular level of stress.  If we periodize our training based on 
improving speed and strength, we can systematically develop all of the cardiovascular and neuromuscular 
variables of training.  

Coaches in the United States and most of the Western Hemisphere are totally dedicated to developing 
VO2 max with a mileage quota of easy to moderate running velocities before adding any of the other 
training fundamentals to their scheme. American trends among coaches of junior-level through high-school 
along with collegiate and elite-level coaches lean toward beginning their training seasons by developing an 
aerobic base first before addressing the other fundamentals. 



Italian Coach, Renato Canova, who developed Olympic Marathon Champions, Gelindo Bordin and Stefano 
Baldini (as well as trains many Kenyan elite runners), does not follow this thinking.  He does not start his 
training season by building an aerobic base but rather by building strength and explosive muscular actions.  
Hill work and short, fast intervals prevail in the first few weeks of training.  Young Kenyan hopefuls train at 
lactate threshold running velocities early in their development. Science has proven that a person’s basic 
speed is the best determiner of racing potential and VO2 max has a low rating.  Why not begin a training 
season by first developing speed and muscular strength.  Workouts that enhanced these two variables also 
jump start VO2 max, LTRV and running economy. 

If we periodize our training season by improving strength and speed, we can break the season into four 
categories:   

Category 1 - Teach the athlete to run with power and efficiency.  This begins with developing proper front 
side and back side mechanics.  As this is being done, the athlete learns to run fast-relaxed for short 
segments then extend the length of each segment that can be completed fast-relaxed.  If hills are available, 
running short, steep inclines at all out fast-relaxed effort will add power to the working muscles.  Running 
gradually inclining hills at 5K effort in 3 minute segments with 1:1 rest adds strength to the working muscles 
as well as improving VO2 max and the lactate shuttle system.  Hill running also makes you tougher 
psychologically when you continue to push the pain barrier higher and higher. 

Running specific strengthening workouts consisting of resistance exercises that mimic the biomechanics of 
running will add more force to the ground with each step and condition the muscles to become more 
fatigue-resistant.  Combining running segments and functional strengthening activities into a circuit workout 
will upgrade overall strength and conditioning and thus economy. 

Circuit workout create copious amounts of lactate and, in most cases, rocket oxygen consumption right up 
to VO2 max, thereby improving LTRV and VVO2 max.  Circuit workouts improve power and psychological 
toughness.  The coach can create speed circuits, VO2 max circuits, and marathon circuits by combining a 
variety of running velocities with five or six whole body strengthening exercises.  Circuit workouts are a 
continuous, non-stop workout which is upgraded as the athlete’s fitness level rises. 

Running-specific Strengthening Workouts:  These sessions, consisting of resistance exercises which mimic 
the biomechanics of running, help you apply more force to the ground with each foot strike.  Running-
specific resistance workouts improve speed and provide potential for greater power and VVO2 max and 
LTRV.  Runners who carry out running-specific resistance workouts feel stronger, more balanced, and 
more fatigue-resistant when they run.  Running-specific strengthening workouts can be readily incorporated 
into the warm up and warm down sessions. 

Category 2 - Develop Running-specific Strengthening and LTRV to the fullest extent to VVO2 max 
sessions.  VVO2 max is the ultimate pace to train to improve VO2 max.  You can establish your present 
VVO2 max running velocity by running as many meters as possible in 6 minutes.  Divide the distance 
covered by 6 to determine how many meters you traveled per min.-sec. and this will be your VVO2 max 
running velocity.  Begin VVO2 max training by running 30s segments with 1:1 rest.  As fitness improves, 
systematically work up to 3.5 minutes with 1:1 rest.  When doing 30 seconds to 60 seconds segments, 
complete as many as you can before fatiguing.  For longer segments, complete 3000 meters of running at 
VVO2 max.  VVO2 max workouts provide the stress needed to cover many of the fundamentals of training. 

 

 

 



The Lactate Ladder Workouts: 

These workouts consist of running velocities that initiate high levels of glycolysis which, when extended, 
stacks up lactate ions in the blood.  The lactate shuttle system has to go into high gear to convert lactate 
back to AIP.  

Workout #1:  Run for 60 seconds at 800M effort, then without stopping, cut down to 90 seconds at 3K 
pace, then 120 seconds at 5K pace – run easy for 3 minutes and then repeat.  Begin with three sets then 
work up to melt down. 

Workout #2:  Run for 60 seconds at 1500M pace, then 90 seconds at 5K pace, followed by 120 seconds at 
10K effort – run easy for 3 minutes and then repeat. 

Workout #3:  Run at all out relaxed effort for 60 seconds, then easy for 120 seconds.  Repeat until 
exhaustion sets in and you can no longer run completely relaxed. 

Category 3 - Race-specific Training.  The more you train at race goal pace, the more efficient the 
neuromuscular system becomes at continuing that pace for longer periods of time.  In order to continue to 
improve race times, you must also run at velocities that are faster than race pace and some that are slower 
than race pace, so that you can improve your basic speed and endurance. 

If you are an 800M specialist, you would need to run some true speed and 400M velocities to improve 
running power, as well as efforts at 1500M and 3K to develop greater speed endurance.  This system is 
called multi-tiered training and was developed by British Club coaches in the 1940s and 1950s.  Many 
world records were set by British Club members using this system. 

Category 4 - Tapering:  Reducing volume and adding real speed about 10 days prior to the most important 
races of the season is a must for optimal performance.  Rest and running rhythm is of the utmost 
importance at this time.  The last excruciatingly hard workout should be conducted about 10 days prior to 
the climax of the season and coincide with the end of the 21 day stress cycle.  After this, cut the volume 
30% or more, but maintain intensity.  Complete rest of about 48 hours prior to race day with a few rhythm 
reps at 3K pace should do the trick. 

 
 
 


