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Chapter 17

NCSF Advanced Concepts of Strength & Conditioning

Strength and Conditioning for
Endurance Athletes

Many methods used to train elite athletes for endurance sports are based on
empirical evidence and successful routines shared among athletes; thus, some of the
concepts in this chapter have not been published in peer-reviewed literature. Research

relies on the stringency of the scientific method, which often creates limitations to
real-world applications for coaching and conditioning. Training age, fitness level,
training cycle, adherence to research protocol, and the type of sport are all variables
that present potential challenges to an experimental design that may confound
scientific conclusions. Additionally, the relatively short length of many studies can
reduce the strength of the conclusions and the applicability to elite-level sports. The

information presented in the following text relies on strategies applied by successful
athletes and coaches, with progressively improved race times functioning as the supportive
evidence for increases in endurance performance.

Figure 17.1 Key Components to Endurance Performance

The key physiological aspects which promote optimal endurance
performance fall under three distinct variables:
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Aerobic capacity Anaerobic threshold Economy

The combination of the above three elements primarily explains the variance in perform-
ance among long-distance runners. The aim of this chapter is to describe the underlying
physiology of these three components and explain the science behind the various training
methods used to optimize performance in endurance competitions. However, as the influences
of various types of training on these components are equivocal in research, and in some cases
contradictory, it becomes very difficult to rely on research alone. For this reason, only the train-
ing methodologies associated with both supportive research and the physiological adaptations
empirically linked with improvements in competitive racing are presented.

Aerobic Capacity

An individual’s cardiovascular endurance capacity (aerobic capacity) is dictated by his or
her ability to produce energy from oxygen. In the 1970’s, Dr. Kenneth Cooper termed this
“aerobic” energy, which is produced in the mitochondria of cells". Most individuals probably
recall 7th grade biology where mitochondria were referred to as the “powerhouse” of the cell.
They were given this nickname due to the fact that they function similar to microscopic engines.
They use oxygen to strip hydrogen ions (H*) from carbon fuels (derived from food) to produce
energy along with a metabolic “exhaust” consisting of heat, water, and carbon dioxide. Aerobic
energy is much more sustainable than the anaerobic processes of energy production because it
can be formed from many different substrates, and during homeostatic conditions the by-
product is neutral. Anaerobic energy on the other hand is limited by storage, produces less total
energy, and due to the lack of oxygen yields H* as a byproduct that can lead to acidity. As
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clarified in previous text, this increase in the pH balance challenges the body’s internal environ-
ment. Oftentimes an athlete is considered “out of shape” if his or her aerobic efficiency is
limited. This is due to a lower availability of oxygen to working tissues and muscular ineffi-
ciency. When an aerobic athlete does not have an efficient aerobic system they must increasingly
rely on the short-lived anaerobic pathways; which is associated with premature fatigue.

The limit to aerobic capacity is referred to as VO,max, which is primarily determined by
an individual’s ability to deliver oxygen-rich blood to working muscles 2. The size, concentra-
tion and density of the aerobic machinery within muscle cells (e.g., capillaries, mitochondria,
and respective enzymes) are important; however, not nearly as important as an individual’s
ability to deliver oxygenated blood Pl. For example, when an athlete begins training he or she
must increase the delivery of oxygen-rich blood to working tissues. The progressive increase in
training intensity elicits a greater demand for oxygen from working muscles; in response, the
heart pumps faster as blood vessels expand to facilitate a heightened delivery system. This
demand continues linearly with increasing intensity such that an individual’s heart rate (HR)
rises proportionally to his or her work rate. In efforts to satisfy the metabolic demands of the
working tissues, the body looks for all sources of available oxygen; therefore, blood flow is
shunted away from the digestive organs, kidneys, and areas of lower need in order to supply
oxygen where it is needed most urgently. This continues until the blood supply to the brain
becomes compromised, triggering a “defensive control” of blood flow to the working muscles.
Once the brain begins regulating ongoing blood supply to the working tissues, aerobic metab-
olism will not be able to match steady-state energy demands; forcing skeletal muscle to use
anaerobic sources of energy Y. Consequently, the use of a less-sustainable metabolic system
leads to acute fatigue.

Although VO,max is reflective of aerobic capacity, once a certain level is reached it is
actually less of a factor in elite competition. This is due to the fact that among elite-level com-
petitors VO,max does not independently predict race outcomes I°l. Therefore, while relevant
for novice endurance athletes, VO,max among elite athletes is not a defining variable for success,
and tends to remain surprisingly constant (even over an athlete’s entire racing career) since
VO,max is largely attributed to heart morphology and cardiovascular physiology. Additionally,
endurance sports are not performed at VO,max; making it a poor predictor of performance

among individuals of similar abilities. However, when compared across a group of individuals
with wide-ranging abilities, it is a much stronger predictor of success. For example, a classic
study revealed a significant inverse correlation with race time (r = - 0.91) when examining the
relationship between aerobic capacity and performance in a 10-mile race ¥ Subjects in the
study demonstrated a wide range of VO,max scores (54.8-81.6 ml/kg/min). Conversely, if one
examined a team of cross-country runners with a more narrow range of VO,max scores (e.g.,
65-70 ml/kg/min), the significant correlation between performance and aerobic capacity would
be unlikely. It would take VO,max values that are at least 15-20 ml/kg/min apart to make a safe
assumption that an athlete with a higher VO, will be faster during an endurance event than
another with a lower capacity (. The practical take-away point here is that VO,max values

among experienced endurance athletes do not change much during their racing career, and
therefore offer very little benefit to a strength coach’s programming unless the athletes possess
a capacity notably below the general range of their competitive counterparts.

Anaerobic Threshold

When the body is at rest it can efficiently manage all systems, but exercise challenges the
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maintenance of homeostasis because force production of any type demands a higher rate of
metabolism. During steady-state aerobic exercise, the body attempts to maintain an elevated
physiological homeostasis where core temperature, pH, blood gases, blood glucose, and
electrolyte balance are all maintained as close to normal levels as possible. Theoretically, since
energy needs are being met, blood gas and pH concentrations are balanced, and body temper-
ature is regulated, steady-state exercise should be possible to perform for a long period of time
without fatiguing. But to win a race, endurance athletes must produce additional force to gain
speed. These added demands surpass aerobic steady-state levels; forcing an athlete to recruit
the anaerobic system for support, which accelerates disruption to homeostasis.

The anaerobic threshold represents the metabolic shift to supplement aerobic energy with
higher amounts of anaerobic energy during exercise. This occurs due to the recruitment of
faster, more glycogen-reliant muscle fibers. However, the exchange of efficiency for force is paid
for by an inability to maintain internal homeostasis. The increased work rate and anaerobic
energy contribution leads to a rate of ATP hydrolysis and glycolytic activity that supersedes the
body’s capacity to maintain homeostatic pH. Lactate formation, which has been identified as a
marker of the body’s means of buffering the acid residuals of sugar metabolism, exceeds clear-
ance rates and begins to increase exponentially. However, the accumulation of lactate is not
directly responsible for the promotion of acidic conditions; it is rather the free hydrogen
byproducts that cause a reduction in the body’s buffering capacity.

. . Although the mechanisms behind the increased respiratory rates experienced during exer-
Respiratory compensation — cise are multifaceted, an athlete will quickly notice an increase in breathing effort while relying

Refers to the increase in respiration rate more on anaerobic energy. It will become difficult to speak and/or the athlete’s breathing will
as a mechanism by which blood plasma
PH can be altered to restore normal
values in response to metabolic acidosis;
it functions to maintain a steady-state

become audible. This occurs because CO, is an acid, and the respiratory system will compensate
for a decreasing pH by increasing pulmonary ventilation and CO, exhalation (respiratory
compensation) 7. The combined increase in respiratory muscle work and recruitment of fast-

condition during work intensities that twitch muscle fibers causes a linear increase in oxygen consumption despite an unaltered
range between the aerobic limit and training or racing speed; a point referred to as the VO, slow component [*!. At this point the
anaerobic threshold athlete is no longer able to maintain a steady-state condition, which leads to performance
VO, slow component — compromise and fatigue within a relatively short period of time.

The point during exercise of increasing
intensity where respiratory muscle work
and fast-twitch muscle fiber contribu- The VO, slow component is an important acute predictor of endurance performance.
tions negate the ability to maintain a
steady-state condition

VO, Slow Component: The Upward Drift

Oxygen consumption and lactate production are in steady-state during lower-intensity exercise,
and the athlete can take advantage of fat as the primary fuel source (~65% VO,max; or 80%
heart rate maximum [HRmax]). At this work rate, an athlete can continue for hours. In
contrast, intense exercise above anaerobic threshold (285% VO,max; or 92% HRmax), yields
a steep upward drift in oxygen consumption and H* accumulation. As mentioned previously,
this occurs because the body requires additional recruitment of (less-efficient) fast-twitch fibers
to support force demands; which consequently increases the relative contribution of anaerobic
energy pathways. The additional anaerobic support causes a deviation from steady-state as it
places elevated demands on oxygen consumption. The heart responsively has to work harder
to deliver more oxygen, leading to an upward drift in HR. This upward drift, or VO, slow com-
ponent, will continue on a trajectory toward HRmax and VO,max until the athlete is forced to
slow down or stop.

m Training Methods for Endurance Sports



NCSF Advanced Concepts of Strength & Conditioning

The HR responses experienced during a 5K exemplify the VO, slow component. A 5K race
will take most runners approximately 20 minutes to complete. In this situation the athlete is
primarily relying on aerobic energy, but due to the relatively high intensity he or she will need
to supplement energy production with anaerobic fuel to support fast-twitch muscle fiber con-
tribution. At the end of the first mile an individual’s HR may be 180 bpm. It may rise to 190
bpm by the end of the second mile, and climb to their maximal HR (perhaps 200 bpm) by the
end of the race. This gradual rise in HR and oxygen consumption reflects the absence of a true
aerobic steady state, and clearly illustrates the VO, slow component. This slow component can
be equated to (or understood as) drag. The greater the drag, the faster an athlete will tire.
Therefore, extending the level of work an athlete can perform before the VO, slow component
emerges, or lowering its trajectory, can allow the athlete to compete for a longer duration before
fatiguing.

Chapter 17

Economy

A successful endurance athlete will be able to produce large quantities of

sustainable energy over the duration of a competition using oxygen, and translate

this energy into the fastest movement velocity. Movement economy (or muscular
efficiency) has been defined in numerous ways, but for the purposes of this chapter it
will be specified as the energy required (kcals) to maintain a constant velocity during
steady-state exercise ). Therefore, evaluation of movement economy requires meas-
urement of oxygen consumption at a constant power output. An athlete with good
economy will have a high ratio of power production to oxygen consumption when
engaged in a sport-specific movement. The sport specificity is important as it relates
to economy, and differentiates the value of VO,max independently. Consider a run, :
bike, and swim event; athletes who are well-practiced in a single modality will not be | % ‘
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able to compete with those who train to proficiency in each sport movement. There- 7.S;pg)rt-speciﬁ£ economy may be the most im por;céht E—

fore an elite runner will not be equally competitive in the other endurance events such  determining the performance of an endurance athlete.

as the swim, even though they may have the highest VO,max of all the competitors.

In fact, sport-specific economy may be the most important factor in determining the perform-
ance of an endurance athlete. For example, the oxygen consumption required to run a 6-minute
mile pace can broadly range from 45-60 ml/kg/min. This indicates a range of relative economy.

The best equations for measuring running economy calculate calories burned per minute of

work; which involves determining oxygen consumption as well as fuel utilization, considering
fat burns less calories per liter of oxygen than carbohydrate.

Using indirect calorimetry a strength coach can measure this expenditure with the
following formula:

Oxygen (Liters) x minutes of work x RQ value x 5 = kcals expended per minute

The RQ, or respiratory quotient, is the volume of expired CO, divided by the volume
of inspired O, %, A higher ratio indicates a greater reliance on glycolytic pathways,
or carbohydrates for fuel (1.0). A lower ratio (0.7) suggests the majority of energy is
coming from lipids. A number in between 0.7 and 1.0 (e.g., 0.85) suggests a mixture
of energy is being relied upon to maintain the work rate.

Respiratory quotient —

Indicates the relative contribution of
macronutrients for fuel during work;
is measured by taking the volume of
expired CO, and dividing it by the
volume of inspired O, (known as the
R-value)

Training Methods for Endurance Sports



Chapter 17 NCSF Advanced Concepts of Strength & Conditioning

Enhancing VO,max with Training

The specific training methods used to enhance VO,max are equivocal in the liter-
ature, and will be discussed later in this chapter. Here underlying theoretical concepts
will be briefly addressed.

Logically, it seems that training stresses for improving aerobic capacity must be
applied to the variables that limit VO,max. This means increasing stroke volume,
capillary/mitochondrial density, and aerobic enzyme concentrations within
muscle cells. For improving stroke volume, a common notion is that the training
intensity must be high enough to overload the heart’s tissue (myocardium) in order
to promote compensatory increases in ventricular chamber size and strength. An
example of this is the use of high-intensity interval training (HIIT) using work bouts

that last longer than two minutes to reach a maximal aerobic steady-state. Intense
interval training as well as long-distance running can benefit capillary density.
Appropriate physiological stress during endurance training will lower skeletal muscle O, (partial
pressure) and promote hypoxia; which is ideal for increasing the expression of vascular endo-
thelial growth factor (VEGF), a hypoxia-responsive gene that induces increased capillary growth

Angiogenesis — through angiogenesis. An increased number of functioning capillaries can in turn increase
The process of creating new blood vessels oxygen delivery to the mitochondria, improving the capacity of muscle to consume oxygen; or
(capillaries) from pre-existing blood perhaps more importantly, better manage the increased delivery rate of oxygen associated with
vessels the concurrent adaptation gain in stroke volume. If these adaptations are matched it prevents
Graded exercise test (GXT) the red blood cell transit time from becoming too brief to fully off-load oxygen. If stroke volume

. . improvements occur without a concurrent rise in capillary density, circulating blood will flow
Used to determine VO,max; consists

of incremental increases in intensity, o
causing the demand for energy to cellular respiration that can take place.
gradually increase while physiological
indices are monitored

through tissues too rapidly for adequate diffusion across the capillaries; limiting the amount of

Training that elicits mitochondrial growth should increase oxygen consumption as well.
This process, known as mitochondrial biogenesis, is promoted by various stimuli in response to
endurance training such as contraction-mediated calcium release, increased reactive oxygen
species activity, and an acute decrease in the ATP/AMP (adenosine monophosphate) ratio.
These stimuli, among others, activate the expression of an important endurance “supergene”
called PGCl-alpha ['!l. This gene regulates key adaptations including glycolytic-to-oxidative
muscle fiber conversions and the actual growth of mitochondria. Most evidence suggests that
an energy crisis within the cell promotes the expression of this important metabolic regulator,
which seems to be directed by glycogen depletion combined with significant training stress ['!l.

@ Assessing Aerobic Capacity

Interpreting VO,max Values

To a coach, VO,max best serves as a barometer for novice endurance athletes looking to
improve their aerobic capacity, or for monitoring advanced training to determine caloric expen-
diture and glycogen utilization based on oxygen consumption. VO,max is generally determined
during a graded exercise test (GXT), which consists of incremental increases in intensity,
causing the demand for energy to gradually increase while physiological indices are monitored.
Both oxygen delivery and uptake across mitochondrial membranes of muscle cells increase
linearly; therefore VO, is directly proportional to the rate of muscular work. VO,max is the
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point where oxygen consumption reaches a maximal plateau, which can usually only be
sustained for a short duration of time. During cycling exercise, upper-body ergometry, or in
certain disease conditions muscular fatigue prevents a plateau in maximal oxygen consumption;

and therefore VO, peak is reported [2].

It is important to realize that VO,max or VO,peak is not the highest exercise intensity that
an individual can achieve. It is possible for athletes to perform intervals of work at intensities
that surpass 100% of their VO,max. Oxygen use during sprinting or weight lifting far exceeds
VO,max because the activities use anaerobic energy sources. An athlete may be able to sprint
at 15 mph which reflects a 4-minute mile pace, but not be able to run a 4-minute mile. In this
case, the sprint rate may represent 150% of his or her VO,max, but will not be sustainable
because it requires anaerobic energy to support the force demands. Similarly, it is important to
recall that VO,max does not singularly predict endurance performance, but merely reflects
endurance potential. Endurance athletes typically compete below their VO,max because max-
imal-intensity work can only be maintained for brief periods. The relative percentage of
VO,max an athlete can maintain for the duration of competition is more important. In essence,
the efficient translation of aerobic energy into sport-specific muscular work dictates perform-
ance. For example, a runner with a VO,max pace measured at 10.5 mph who is only capable of
maintaining 9 mph for a 10K distance would actually lose a race to an athlete who can maintain
9.5 mph, even if their running speed at their VO,max is lower. Therefore, both VO,max and
the highest tolerable sustained speed are relevant in endurance events; with the latter tending
to be more critical to success.

VO, max Testing

Much like any physiological factor that may aid in programming exercise for athletic
performance, measures of aerobic fitness provide relevant data in different forms. Many of the
more common predictive field tests for VO,max were developed for individuals with low levels
of fitness; and consequently, are often less accurate for elite endurance athletes. A field test
requiring an intense or maximal effort would be expected to be superior for athletes over modal-
ity-specific (e.g., treadmill) GXTs. Chapter 3 recommended the Yo-Yo intermittent recovery
test(s) as a viable measurement tool to identify endurance capacity among athletes. This test
involves intervals of work which eventually progress toward continuous running to keep up with
a set pace; which may be of more interest to athletes and coaches over continuous treadmill tests.

Another viable test, also detailed in Chapter 3, is the 12-minute run test. It is useful for
predicting VO,max among athletes as it requires maximal effort and the equipment needed for
proper implementation simply includes a measured track and stopwatch. The athlete must
run as many laps as possible on the track in a 12-minute period. He or she is immediately
stopped by the coach at the 12-minute mark and the track is marked just in front of their toes
to attain an accurate distance covered. The strength coach should teach the athlete how to
properly pace themselves for this test to increase validity. VO,max is then estimated using the
following formula:

VO,max = 0.0278 x distance covered (m) —11.3

If a coach does not have access to a track, he or she may opt to use the Astrand test. During
this assessment, the athlete starts running on a treadmill at 5 mph. At the 2-minute mark, the
incline (grade) increases by 2.5%; this is continued at every subsequent 2-minute increment
until volitional fatigue is reached. By the time the athlete voluntarily terminates the test, he or

Chapter 17

V02 peak =

Highest point of oxygen consumption
during a given bout of maximal-
intensity work; may not actually equal
VO,max due to limiting factors
associated with the activity (muscle
fatigue) or the participant (disease)
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she should have attained their HRmax and VO, max pace. VO,max can be predicted using the
following equation with the Astrand test:

VO,max = (time x 1.44) + 14.99

Regardless of the type of test selected, the data should be used for programmatic decisions
to create an optimal matrix of adaptation-based stress. Identifying the contribution of the three
relevant physiological variables (e.g., aerobic capacity, anaerobic threshold, economy) along with
the best method for enhancing each should be applied to each training cycle.

VO,max Associations to Age and Gender

As previously mentioned, VO,max is attributed to the amount of oxygen delivered
by the cardiovascular system and metabolized by working tissues. In children and
adolescents, the tissue uptake of oxygen (a-v O, difference) seems to be the greatest
contributor to VO,max; while in adults oxygen delivery is the primary determinant.
VO,max values, as shown in Table 17.1, are expressed in milliliters of oxygen consump-
tion per kilogram of body weight per minute. Active boys and girls have a similar
VO,max up until age 12; boys typically benefit from hormone directed maturation at
this point, attaining a 25% greater aerobic capacity than girls by age 14. After age 25,

VO,max decreases at an average rate of 1% per year among both sexes. VO,max cor-
relates with lifespan as well as quality of life, and is linked to all-cause mortality from

various cardiovascular and metabolic diseases. The ability to live without assistance,

Aer éée 25:02max decreases at an average rate of 1% per for example, is estimated to require a VO,max of 20 ml/kg/min. Competitive, world-
year among both sexes. class athletes will often have a VO,max over 60 ml/kg/min. Lance Armstrong’s greatest
recorded VO,;max was reportedly 84 ml/kg/min; whereas the highest male VO,max
records include a cyclist measured at a university in 2012 at 97.5 ml/kg/min, and two cross-
country skiers in the mid-90’s. These values are impressive, but also accompanied by some

controversy and skepticism.

Among the general population, aerobic capacity in females is about 15-30% lower than
males (on average) due to smaller heart sizes, greater body fat percentages, and lower concen-
trations of circulating hemoglobin; most of which is related to relatively lower testosterone
when compared to adult males. When male and female endurance athletes are compared, the
difference in VO,max is less pronounced (15-20%). This is due to the lower relative body fat
percentages maintained by female athletes. Interestingly, body fat percentage as well as
distribution has a significant impact on VO, values; however, men and women have nearly
comparable VO,max values when oxygen consumption is expressed per kilogram of fat-free
mass. Sex-specific differences are more notable during comparisons of the circulatory system
as larger heart sizes among males contribute to a greater cardiac output. Likewise, adult males
typically have 15g of hemoglobin per deciliter of blood, whereas females maintain about 14g.
Since hemoglobin is the major iron depot in the body, women are more prone to anemia and
require nearly twice the daily iron intake (compared to men).
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Table 17.1 General Population VO,max Norms for Age and Gender

Age
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-65

Age
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-65

MEN
;)/(e)?; Poor Fair Average
<32 32-37 38-43 44-50
<31 31-35 36-42 43-48
<29 29-34 35-40 41-45
<28 28-32 33-38 39-43
<26 26-31 32-35 36-41
<25 25-29 30-34 35-39
<24 24-27 28-32 33-36
<22 22-26 27-30 31-34
<21 21-24 25-28 29-32
WOMEN
;)/(e)?; Poor Fair Average
<27 27-31 32-36 37-41
<26 26-30 31-35 36-40
<25 25-29 30-33 34-37
<24 24-27 26-29 32-35
<22 22-25 26-29 30-33
<21 21-23 24-27 28-31
<19 19-22 23-25 26-29
<18 18-20 21-23 24-27
<16 16-18 19-21 22-24

Good gg?&
51-56 57-62
49-53 54-59
46-51 52-56
44-48 49-54
42-46 47-51
40-43 44-48
37-41 42-46
35-39 40-43
33-36 37-40
Good gg?&
42-46 47-51
41-44 45-49
38-42 43-46
36-40 41-44
34-37 38-41
32-35 36-38
30-32 33-36
28-30 31-33
25-27 28-30

Excellent

>62
>59
>56
>54
>51
>48
>46
>43
>40

Excellent

>51
>49
>46
>44
>41
>38
>36
>33
>30

Chapter 17

Table 17.2 Select VO,max Values among Athletes Participating in Common Endurance Sports '3 14.15.16.17,18,19,20]

Sport

Marathon Running

Elite Middle-distance Running (800-1500m)

Elite Long-distance Running (5000-10,000m)

Olympic Middle- and Long-distance Running

Olympic Middle- and Long-distance Running

Elite Cycling
Elite Triathlon
Elite Triathlon

Elite Swimming

Elite Swimming

Measurement Activity or Tool

Running
Treadmill running
Treadmill running
Treadmill running
Treadmill running

Cycle ergometer
Treadmill running
Cycle ergometer
Swimming

Swimming

Gender
Both
Male
Male
Male

Female
Male
Male
Male
Male

Female

VO;max (ml/kg/min)
~70-85 (women averaged 10% lower)
72.1
78.7
79.1
66.1
~62.5-82.5 (average of ~72)
78.5
75.9
~68.0

57.9
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€ Comparing the Aerobic Limit with the
Anaerobic Threshold

Aerobic limit (fat max) - Aerobic limit, lactate threshold, and anaerobic threshold are often used as interchangeable

Point during exercise when lactate terms as the differences between them are commonly misunderstood. Developing a basic under-
production begins to exceed clearance standing of blood lactate hemodynamics will help clarify the differences between the three terms.
from muscle cells, which initiates lactate During lower-intensity training the nervous system preferably recruits slow-twitch muscle fibers

release into the bloodstream (and
ultimate accumulation); is also referred
to as fat max because it is a metabolic

that can sustain work for prolonged periods of time. These fibers rely heavily on oxygen and
utilize fat effectively as a fuel; giving an athlete the best “fuel mileage”. These aerobic fibers can

junction where fat utilization generally continue to contract perpetually since there is an abundance of fat available, and the low inten-
peaks before glycogen becomes the sity allows the body to function at a metabolic steady state. However, if the exercise intensity
predominant source of fuel increases, the recruitment of additional muscle fibers functioning at a faster work rate will begin

to strain the homeostatic environment. Unlike aerobic fibers that use oxygen to strip energy
substrates of their hydrogens, glycolytic fibers have a more rapid method of providing energy.
Fast-twitch fibers strip glucose of H* using 10 enzymatic reactions as described in chapter 6 that
allow for rapid ATP production. Since the ATP is being made outside of the mitochondria, it is
immediately available in the areas of the muscle fiber that fuel contractions. But unlike aerobic
metabolism, this pathway does not readily combine the H* byproduct with oxygen to form water
(H,0). Instead, the H* accumulates and lowers muscle pH; causing the fatigue-inducing meta-
bolic milieu described earlier 2. Conversely, when an athlete is well conditioned, the metabolic
adjustment is properly managed and the H* are added to the remnants of glucose to form lac-
tate. Lactate can then leave the working cell and be used by neighboring muscle cells, thereby
thwarting the loss of aerobic steady state.

When an athlete trains at higher intensities, the anaerobic contributions quickly cause
a decrease in pH and an increase in temperature which is picked up by local sensory
receptors. These metabolic shifts are sensed in the brain and physically expressed as
a localized burning-type of discomfort. Many people erroneously believe that the
buildup of lactate is responsible for this acute discomfort and pain. Recall from pre-
vious chapters that lactate is actually a buffer that contributes to the removal of
hydrogen; it is not a performance-inhibitor. In fact, muscle pain is not noticed at
intensities where lactate concentrations begin to rise above resting. Also remember
the soreness felt in the days following exercise is also not associated with lactate. It is
largely attributed to inflammation and swelling caused by the infiltration of phago-
cytic immune cells that function to heal the tissue. By the time delayed-onset muscle
soreness (DOMS) is felt, lactate has long been removed from the environment.

Aerobic Limit or Fat Max

Steady-state exercise is supported by lactate being shuttled from anaerobic to aerobic cells
to help limit the negative impact of tissue acidity on exercise performance. This is an important
component of exercise homeostasis as it allows the athlete to easily continue at the same inten-
sity. However, when lactate production exceeds the ability of the muscle’s aerobic fibers to draw
it from the extracellular space, lactate begins to accumulate in the blood. Some exercise scien-
tists refer to this as lactate threshold, but it is actually a metabolic junction where an athlete’s fat
metabolism usually peaks with an elevation in anaerobic muscle fiber contribution. This point
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of accumulation will typically occur at ~2.2 mmol/L; however, this is inconsistent among trained
athletes. A better term to describe this transition is “aerobic limit” or fat max. At this point
additional lactate is being released into the blood stream, and it marks the beginning of the linear
relationship between work intensity and plasma lactate concentration. However, lactate con-
centrations at this level of work are still relatively unnoticeable to the athlete, and are easily
regulated by aerobic metabolism to maintain steady state. This differs from the anaerobic
threshold in that it represents the work rate where lactate production exceeds muscular disposal
rates, not whole-body lactate clearance. Once the aerobic limit is reached, the rest of the body
is recruited to assist in lactate removal to prevent acidosis. Lactate is consumed by the heart,
liver, kidneys, brain, and other aerobic muscle fibers.

The aerobic limit, as the name implies, represents a metabolic environment by which the
athlete can sustain continual force for a significant period of time. It should reflect the intensity
used for long slow distance (LSD) training. A strength coach can predict the aerobic limit for
an athlete using a target HR with the 180-Formula, introduced by Dr. Philip Maffetone 2/,

Figure 17.2 Estimating an Aerobic Limit Heart Rate

Steps to calculate aerobic limit using HR:

Subtract the athlete’s age from 180 (180 - age)

For athletes recovering from a major illness, disease, operation, or hospital
stay, and any taking a regular medication, subtract 10

For novice athletes, those who have stopped exercising because of an
injury, and those with a high susceptibility to upper respiratory tract
infections (URTI) or allergies, subtract 5

For athletes who have trained at least four times a week without injury
for up to two years, and have not suffered a cold or the flu more than once
or twice a year, do not modify

For athletes exercising for more than two years without any injury, and/or
those who have been making progress in your exercise program, add 5

Most runners will find their aerobic limit HR is sustained at a pace 1:00-1:30 minute per
mile slower than their marathon pace or ~2:00 minutes per mile slower than their 10K pace.
Breathing should be relaxed and talking should not be restrained by the required ventilation rate.
A second indirect estimate of the LSD pace is to use 80% the athlete’s HRmax; keeping in mind
that this value varies from percentage of VO,max. Eighty percent of HRmax translates to ~ 65%
of maximum aerobic capacity. This LSD intensity optimizes lipid metabolism making it the ideal
training threshold for prolonged training bouts.

Importance of the Aerobic Limit or Fat Max Point

The aerobic limit is often under-appreciated in endurance sports because it seems too easy.
However, there are specific key adaptations associated with performing at this intensity. There-
fore, despite the reduced effort to sustain the work rate, the aerobic limit may be the most
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critical intensity to accurately determine when putting together an endurance athlete’s
program. A problem both coaches (and athletes) often struggle with is to keep the athlete’s
pace slow enough during LSD training to properly maximize fat oxidation and increase the
recruitment of energy-saving, slow-twitch muscle fibers.

Figure 17.3 Physiological Adaptations and Benefits Associated with Training at the Aerobic Limit

Key physiological events theorized to occur at the aerobic limit:

1. Blood flow is sufficient to supply muscle as well as circulate through adipose tissue to
promote lipolysis

2. The nervous system is conditioned to preferentially recruit slow-twitch fibers to spare
glycogen

3. Blood is flowing mainly through the capillary beds of aerobic fibers; leading to angio-
genic adaptations that increase the fuel-delivering capacity to these fibers

4. Glycogen-sparing allows the athlete to perform for longer periods without fatigue;
leading to greater hypertrophy of slow-twitch fibers

« Larger slow-twitch fibers can increase lactate scavenging from the neighboring
anaerobic fibers

5. The athlete is at their highest rate of fat metabolism, which may increase the
individual's fat burning capacity (higher fat max)

6. The low plasma lactate level prevents re-esterification of fatty acids and inhibition of fat
oxidation as seen in the presence of high lactate

Anaerobic Threshold — The Second Turning Point

Among trained athletes anaerobic threshold usually occurs at ~92% of HRmax, or 85% of
VO,max, but can vary based on an athlete’s capacity to buffer H*. Some exercise scientists have
problems with the term anaerobic threshold. When first used in the 1960’s it was based on the
(inaccurate) notion that athletes run out of oxygen at a given point and (metabolically) shift to
anaerobic energy; similar to shifting gears in a car. It is now known that oxygen consumption
continues to rise, however the anaerobic threshold does mark a transitional point where steady-
state work becomes much harder to maintain. This explains why a number of variables change
at this juncture of exercise intensity, all of which can be used to define anaerobic threshold.

Figure 17.4

Physiological variables which indicate anaerobic threshold

has been attained:

» A nonlinear rise in blood lactate concentration at a constant pace (~4.0 mmol/L)

* A nonlinear increase in ventilation rate compared to O, intake (ventilatory equivalent
for O,)

* A nonlinear rise in CO, content in air ventilated (ventilatory equivalent for CO,)
+ An elevation in the R-value, suggesting increased carbohydrate metabolism

« Deviation in linearity between HR and movement speed

Anaerobic threshold marks a transitional point If a coach or athlete attempts to use lactate concentration to assess training intensities and/or

where steady-state work becomes much harder competition paces, concentrations of 2.2 and 4.0 mmol/L represent distinct markers for the
to maintain.

aerobic limit and anaerobic threshold, respectively. Intensities between the two thresholds can
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be maintained at steady state since the body is still able to maintain equilibrium between lactate
formation and lactate clearance; therefore the lactate formation is combatting muscle H* build-
up (drop in pH).

The anaerobic threshold is recognized as the second “lactate and ventilatory turning point”
(following the aerobic limit). This is why it is often referred to as the respiratory compensation
point, or ventilatory threshold. As detailed in Figure 17.4, a non-linear increase in ventilation
occurs and it corresponds with an increased removal of CO, from the lungs to raise pH. The
anaerobic threshold is the point at which it becomes difficult to speak, and in contrast to the
aerobic limit, occurs when the work rate is so high that lactate production in the blood exceeds
total-body clearance capacity. At this level, serum lactate begins to rise exponentially with a
corresponding decrease in plasma buffering capacity and subsequent systemic drop in pH.
Exercise-induced metabolic acidosis triggers respiratory compensation, indicated as the athlete’s
ventilation rate begins to notably increase. Another good description of this intensity is
maximal lactate steady state, or the onset of blood lactate accumulation (OBLA), since the
blood lactate concentration will accumulate at intensities above this point, even if the
intensity is held constant 3.

The Talk Test

Individuals have different buffering capacities and chemoreceptor sensitivity
to pH changes in the blood and muscle due to genetic and training-related
influences. Exercise hyperpnea and difficulty speaking while training may not
precisely correlate with anaerobic threshold; but it works as a practical, non-invasive
measurement strength coaches and athletes can use to gauge work.

Figure 17.5

The talk test includes two criteria to approximately
signify if one is crossing their anaerobic threshold,
as indicated by respiratory adjustments:

The athlete can hear The athlete will find it difficult

their own breathing (just to articulate a full sentence
audible breathing [JAB]) without pausing for air

Chapter 17

Maximal lactate steady state —

The transition point during exercise of
increasing intensity where a critical
level of blood lactate accumulation
occurs and concentrations will continue
to increase even if the intensity is held
constant

Exercise hyperpnea —

An increase in the depth and rate

of breathing required to meet the
metabolic demands of working tissues
during exercise; not the same as
hyperventilation

Anaerobic Threshold and Fatigue

Lactate concentrations do not consistently predict anaerobic threshold in a
manner that is especially meaningful to strength coaches and athletes. Also, as
described earlier in this chapter, lactate in itself does not cause fatigue. Due to
elevated concentrations in the blood this is often assumed, but it can clearly serve
the opposite effect by providing energy and delaying fatigue. However, as athletes
cross the anaerobic threshold point, exercise becomes notably harder to sustain
as muscular work associated with breathing further increases oxygen demands.
Although respiratory muscles are only working at ~50% of their maximum capacity
at this intensity, they demand ~15% of total oxygen consumption. This represents
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o 0 . . .
Figure 17.6 Anaerobic Fatigue a significantly greater amount of oxygen than the mere 3-5% used during moderate-intensity

exercise. The increased work of breathing during vigorous exercise evokes a competition
between the skeletal and respiratory muscles for the total cardiac output and available oxygen.

Cascade of Events

Leading to This ultimately prevents maintenance of a steady-state condition, and will lead to fatigue as a

Anaerobic Fatigue: vicious cycle emerges.

Training status and other physiological variables ultimately determine an athlete’s fatigue

A high work pace/
intensity or reduced rate relative to intensity, but all athletes will encounter fatigue soon after surpassing their anaer-
efficiency obic threshold. Therefore, anaerobic threshold is often thought of as the “performance
threshold”. Depending on the training status and glycogen stores of the athlete, it can usually be
Fast-twitch maintained for up to 30 minutes (or longer). Recently, it has been shown in elite cross-country
glycolytic motor skiers that high rates of glycogen breakdown (as occurs at the anaerobic threshold) can directly

i8IS weaken muscle contractions when intramuscular glycogen levels fall below an optimal level;

perhaps being another major cause of fatigue during endurance sports 4.
H+ accumulation

and drop in

X Variations in Lactate Concentration and Anaerobic Threshold
plasma buffering

Similar to the aerobic limit, the anaerobic threshold does not always reflect the lactate pro-

. duction of working muscle fibers. A number of factors can be the source of changes in blood
Respiratory

compensation lactate concentration such as decreased clearance rates, changes in the ratio of glycolysis to

mitochondrial respiration, reduced blood oxygen content, reduced blood flow to muscle, or

various other metabolic fluctuations. Additionally, decreased liver glycogen and the associated

Increased endocrine response will promote a release of lactate from non-exercising muscles. Lactate con-

oxygen demand centration measured at anaerobic threshold will differ depending on the form of endurance

exercise as well as the volume of muscle mass recruited. Cycling exercise for instance, requires

Additional a higher metabolic rate per unit of muscle mass recruited; causing anaerobic threshold to occur
glycolytic motor at a lower VO, than running.

unit recruitment

Intensity Paradox: The Most Common Training Intensity

Increased rate of is Least Useful (The Junk Zone)
H+ accumulation

A considerable irony in endurance training is that most people tend to train

between their aerobic limit and their anaerobic threshold; that being about 80%-
92% of their HRmax (or 65%-85% of their VO,max). This intensity on the Borg
scale of perceived exertion is between somewhat hard and very hard; so naturally an

Elevated respiratory
compensation

individual feels as though the intensity is not too easy or too hard. It makes sense
Loss of homeostasis

and onset of VO,
slow component

that training between the aerobic limit and the anaerobic threshold is the most com-
mon training zone for recreational runners, and certainly for health purposes it has

merit; but it may in fact be the least effective training zone for improving perform-

Oxygen consumption ance among competitive athletes. This intensity is referred to as the “junk zone” for
on a trajectory toward endurance sports because it is too easy to provide optimal training adaptations asso-
maximum (VO,max) ciated with high-intensity training, but too hard to last long enough to get the

benefits associated with LSD training. When an athlete trains above their aerobic

Anaerobic limit, he or she will begin to utilize glycogen stores which should be conserved for
high-intensity sessions, such as tempo runs and interval training. The exception to

Fatigue

this guideline is when an athlete runs at their marathon pace considering this will
reflect a given level of sport-specificity; and usually occurs in the upper-end of the
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junk zone (80% of VO,max or 88% of HRmax). The junk zone may also serve as a
comfortable middle ground for athletes in the off-season simply attempting to main-
tain fitness and caloric expenditure. The take-home message here is that strength
coaches must recognize that most athletes will instinctively train at an intensity that
is too fast for maximal endurance and fat-burning benefits, but too slow for maxi-
mal aerobic capacity improvements. Adjustments and education must be applied
accordingly.

Understanding Lactate Testing

Conventionally, GXTs with blood samples are used in attempts to identify the
athlete’s optimal training zones. This stems from the notion that the point where
lactate increases exponentially corresponds with critical power among cyclists, or
roughly a 10K pace among runners. However, based on all the factors that can
impact lactate concentrations it is hard to argue that the athlete’s anaerobic
threshold point is superior to simply using 92% of the athlete’s HRmax. Rather,

a coach should be educated on what he or she is trying to obtain. Studies on
endurance athletes suggest that percentage of HRmax, despite its simplicity, may be

a more consistent gauge of an athlete’s exercise intensity than blood lactate

responses. For example, cyclists seem to consistently maintain 90% and 85% of
their HRmax for 30 and 60 minute time trials, respectively. Lactate responses on
the other hand, do not appear to be linear and vary depending on the length of the
effort ). Similarly respiratory compensation, or the ventilatory threshold, indicates
the intensity where muscle acidosis begins to contribute to a systemic lowering of pH and a
reduction in extracellular buffering. Since this pace is only sustainable for ~30 minutes as
detailed earlier, the ventilatory threshold is of greater importance than any indirect measure
of lactate. Certainly, lactate concentrations rise around the same time working muscles begin
using greater amounts of glycogen, but each athlete has his or her own individual ability to
clear lactate from circulation using other tissues. Since lactate is a blood marker of the muscle’s
reliance on glycogen, the higher the intracellular catabolism of glycogen, the more lactate is
created. Furthermore, it is inaccurate to assume lactate is an acid (lactic acid) since it will only
lower pH once the body has reached an acidity level far greater than what is physiologically
possible (pKa <4.0). Adding to the potential for flawed assumption, an athlete’s stress levels,
liver metabolism, hydration status, and other factors can make this point somewhat inconsis-
tent. Even when looking at lactate only, the anaerobic threshold point, referenced earlier at
~4.0 mmol/L can vary significantly across athletes. This variation can be even greater depend-
ing on the how an athlete’s aerobic limit is determined. For example, Amann et al. found that
the aerobic limit can vary from 1.2-6.4 mmol/L when examining 15 experienced road cyclists.
Furthermore, their cycling power output varied greatly (220-363 Watts). In this study, the use
of ~92-95% of a cycling 5K time trial speed (or ventilatory threshold) was far superior at
estimating a cyclist’s critical power than using lactate blood markers (2°).

Using Serum Lactate Testing

Provided a strength coach is not trying to identify a theoretical performance threshold
that remains constant throughout a training cycle, lactate, along with HR monitoring, can help
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identify energy system shifts including a greater reliance on glycolytic metabolism. This can
indicate when the athlete recruits more type I muscle fibers and is experiencing elevated sym-
pathetic nervous system activity. Changes in HR and lactate can also assist in understanding
an athlete’s level of recovery or risk of overtraining. These markers can be especially useful in
differentiating between sympathetic and parasympathetic overtraining. For example, adren-
aline increases the breakdown of glycogen; and therefore, sympathetically-overtrained athletes
will have elevated lactate concentrations and higher HRs during sub-maximal efforts. During
parasympathetic overtraining, lactate will be unusually low at sub-maximal as well as maximal
workloads, recovery HRs will be relatively rapid, and the athlete will present with a reduced
maximal HR.

Top athletes can rely on physiological testing such as HR, lactate, and blood pressure to
monitor training stages, recovery, injury risk, and proper training distribution among the
energy systems. In elite athletes, an advanced and effective form of coaching is to use lactate
concentration at a given HR to indicate neuromuscular activation patterns. For example, a 5K
runner with a lower than expected lactate concentration at a high HR may not be using enough
of his or her fast-twitch fibers to excel; and should therefore engage in more anaerobic training.
To the contrary, a marathon runner with higher than expected lactate concentration may be
over-reliant on fast-twitch fibers; and therefore require additional LSD training. From this
perspective, the greatest value in lactate testing is being able to determine the athlete’s relative
reliance on glycolytic pathways, and making decisions for training based on results.

4 Determining the Athlete’s Training Zones
(Finding the Gears)

Figure 17.7

Three key intensities
(gears) that should

V0;max

Aerobic limit Anaerobic limit interval pace

be identified for the
endurance athlete:

The aerobic limit (fat max) is associated with lower intensities, making it optimal for use
as active recovery or for LSD training sessions. As mentioned earlier, associated benefits include
(1) the ability to engage in a greater volume of training with minimized glycogen depletion, (2)
hypertrophy of slow-twitch muscle fibers, (3) increased strength of postural muscles to improve
movement economy, (4) increased vascularization of slow-twitch fibers, (5) neuromuscular
adaptations leading to preferred recruitment of aerobic muscle fibers as well as asynchonized
firing patterns, (6) an increased fat oxidation capacity to further contribute to glycogen sparing,
(7) greater lipolytic activity in fat cells, (8) increased fatty acid transport and oxidative capacity
in skeletal muscle, and (9) a decrease in glycolytic enzyme expression (also helping to thwart
rapid glycogen depletion). Disadvantages of excess training using this intensity includes a loss
of power, speed, and fat-free mass, endocrine disruptions leading to reduced testosterone, and
musculoskeletal imbalances due to a high volume of repetitive movement. In the beginning of
a macrocycle this type of training represents the bulk of the athlete’s regimen with efforts to
build a conditioning base that promotes glycogen sparing and slow-twitch muscle fiber strength
and mass.
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Anaerobic threshold is usually attained at an intensity of ~85% of VO,max, or 92% of
HRmax. Training at this intensity is used for tempo-run sessions as well as short intervals of
work lasting 30 seconds to 2 minutes, using a ~3:1 work:rest ratio. A conventional coaching
rule is to not exceed 60 minutes of training at this intensity per week (for a given modality) due
to physiological stress that can lead to non-functional over-reaching or overtraining. It is gen-
erally recommended that this type of workout should attempt to average near the anaerobic
threshold pace by performing brief intervals above the threshold, interspersed with brief
recovery intervals.

The VO,max interval pace is roughly equal to the velocity an athlete can maintain for
3,000 m, or about 1.5-2.0 miles. Training status, sport-specificity, and other variables that affect
conditioning at this exercise intensity will cause some variance between athletes, but this pace
can normally be sustained for 5-10 minutes. During a GXT, an athlete will maintain his or her
VO,max pace for 5-30 seconds before volitional failure. If the athlete does not use the pro-
longed, gradual build-up associated with testing and begins running at VO,max pace he or she
may be able to last for a few minutes. A VO,max interval pace can be implemented up to about
125% of VO,max pace. VO,max pace intervals will involve passive recovery periods of relatively
longer duration so that each effort is of high-quality and can be performed at a maximal or
supra-maximal intensity. The following figure illustrates primary benefits associated with train-
ing using VO,max pace intervals.

Figure 17.8

Increased stroke volume, plasma volume, oxygen diffusion capacity,
and VO,max (mostly due to myocardial overload)

The advantages of
training at or above
VO,max pace:

Increased oxidative capacity of fast-twitch muscle fibers (greater
recruitment at higher intensities)

A prolonged duration of the VO, slow component due to improved
efficiency, buffering capacity and altered chemosensitivity
(reduces respiratory muscle work at high intensities)

How to Determine the Three Zones

A coach has a number of options when creating training zones for an
endurance athlete including the use of running speed, HR, percentage of max
power output, or rate of perceived exertion (RPE). Usually the first step is to
find the athlete’s HRmax and/or their VO,max pace. The Astrand test, as dis-
cussed earlier, can be used to find both values. However, strength coaches still
must keep in mind that confounding variables such as hydration status, envi-
ronmental temperature, anxiety, medications, and some nutritional factors
can alter HR responses during exercise.

Chapter 17

Many coaches and athletes prefer to use movement speed, as opposed

to monitoring HR, to measure workout intensities.
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To determine HR zones for the three major intensities,

strength coaches can use the following guide:

First step: Obtain HRmax from Astrand test, or add 5 beats to the highest HR
observed during a race. Then, estimate VO,max pace by using the
Astrand test or by multiplying the athlete’s 5K pace by 0.985

Zone 1: Aerobic limit/fat max: <80% of HRmax, use the 180-formula,

or 75% of VO,max pace
Zone 2: Anaerobic threshold: £92% of HRmax, use the talk-test,
or 90% of VO,max pace
Zone3:  VO,max interval pace: 0-5 beats lower than HRmax, or a pace

determined by dividing VO,max pace by 1.12
(i.e., 6-minute mile pace + 1.12 = 5:35 mile pace)

Using an Athlete’s Speed to Determine Training Intensity Zones

Many coaches and athletes prefer to use movement speed, as opposed to monitoring HR,
to measure workout intensities. The disadvantage with this method is that the speeds will be
influenced by environmental factors (e.g., heat, wind) and terrain (e.g., hills, dirt roads). But,
an experienced coach should be able to adjust the speeds to be suitable for various conditions.
The most important marker to base training speeds on should be VO,max pace. Since the
treadmill excludes wind resistance and has a different surface than running outdoors, the pace
obtained upon fatigue at the end of the Astrand test is not the best predictor of VO,max pace
outdoors. This measure is best determined by having an athlete perform a 3,000 m time trial
on the track; which should reflect 100% of VO,max pace for most athletes. An estimate of
VO,max pace can also be attained by multiplying the athlete’s 5K pace by 98.5% as illustrated
earlier. For example, if a runner completes a 5K in 19:00, his pace was 6:07 minutes per mile
and 9.8 mph. Using 98.5%, the coach would estimate this runner’s VO,max pace to be 10.00
mph or 6:00 per mile. Using this conversion, a coach can create a spreadsheet from an athlete’s
5K time (Table 17.3)

Zone 1 — Easy Pace or Aerobic Limit/Fat Max

Among all of the training zones, percentage of HRmax calculations best apply to lower
intensities as the economy of a runner can vary significantly between low and high speeds. A
runner’s gait will change significantly as faster fibers and other muscles are recruited. The
aerobic limit, as mentioned earlier, occurs rather consistently across endurance athletes at 80%
of their HRmax, 65% of their VO,max and ~75% of their VO,max pace. For most athletes this
pace feels uncomfortably slow. Usually a coach will have to stress to the athletes that they need
to slow down, as the emphasis here is to place the muscular system under tension for a long
duration to promote specific metabolic enhancements. The slow pace is necessary to improve
glycogen sparing via increased fat oxidation. Athletes often find that due to the labored pos-
tural adjustments to run “slow” there is a significant need for increased muscular endurance.
When HRs are not used, a strength coach should set 75% of the athlete’s VO,max pace as the
limit for his or her LSD training. Again, elite marathon runners spend approximately 80% of
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Table 17.3 Training Zones Estimated From 5K Time

Estimated

Miles VOpmax | VOpmax VOomax Half- Anaerobic | Aerobic Mile- 800m- 400m- 200m-
Minutes = per hour pace minutes seconds VOgmax | marathon | Marathon 10K threshold limit interval interval 800m interval 400m interva 200m
5K time | per mile (mph) (mph) per mile per mile pace pace pace pace pace pace pace pace time pace time pace time

16:00 5:09 1166 1184 5.068 304.051 @ 504 546 558 530 | 538 | 645 517 | 501 230 454 114 444 031
16:30 518 | 11.31 | 1148 5226 313553 & 514 55  6:09 541 6548 658 527 510 235 503  1:16 453  0:32
17:00 528 1098 1114 5384 323.055 @ 523 607 6:20 551 5659 711 537 520 240 513 1118 502  0:33
17:30 538 1066 10.83 5543 332556 @ 533 618 631 | 6:01 610 723 547 529 244 522 120 511 0:34
18:00 547 1037 1052 5701 342.058 @ 542 629 642 612 620 736 557 538 249 631 123 520 035
18:30 557 1 10.09 1024 5.859 351.559 & 552  6:39 654 @ 6:22 631 749 607 548 254 540 1:25 529 @ 0:36
19:00 6:.07 982 997 6.018 361.061 @ 601 65 = 7:.05 632 641 801 617 55 259 5649 127 538 037
19:30 616 957 | 971 6176 370563 @ 611 7:.01 716 | 6:43 652 814 627 607 3:03 558 1:30 546 @ 0:38
20.00  6:26 933 947 6334 380064 620 712 727 653 702 827 637 616 308 608 1.32 555  0:39
20:30  6:35 | 9.1 9.24 6493 389566 | 6:30 723 738 703 713 839 | 647 625 313 617 1:34 | 6:04  0:40
21:00 6145 889 902 6651 399068 6:39 733 | 749 714 723 852 656 635 317 | 626  1.37 613 041
21:30 1 6:55 868 881 6809 408569 @ 6:49 744 801 724 734 905 7:06 6:44 322 635  1:39 622 @ 042
22:00 7:04 848 @ 861 6968 418.071  6:58 = 755 812 734 745 917 716 | 654 | 327 644 141 631 043
22:30 714 829 842 7126 427572 7:08 806 823 745 755 930 726 7:03 331 654 143 640 0:44
2300 724 811 824 7285 437074 77 817 834 755 806 943 736 712 | 336 7.03 146 649 @ 0:45
2330 733 794 806 7443 446576 = 727 827 845 805 816 955 746 722 | 341 712 0 148 657 | 0:46
24.00 743 778 789 7601 456077 736 838 857 816 827 10:08 756 731 | 346 721 1:50  7.06 @ 0:47
2430 763 762 773 7.6 | 4656579 = 746 849 908 826 837 1021 806 741 350 730 1.3 715 0:48
25:00  8:02 746 | 758 7918  475.08 755 900 919 836 848 1033 816 750 @ 355 | 7:40 @ 1:65 | 724 049
26:30 812 732 743 8076 484582 @ 8:05 911 930 847 858 1046 826 759 | 400 749 157 733  0:50
26:00 822 718 729 8235 494084 814 921 | 941 857 909 10:59 836 @ 8:09 404 758 1:59 742 0:51
26:30 831  7.04 715 8393 503585 @ 824 932 9562 907 920 1111 845 818 409 807 202 751 052
27:00 841 691  7.02 8551 513.087 @ 833 943 1004 918 930 11:24 855 828 414 816 = 2:.04 800 = 0:53
27:30 851 679 689 871 522588 @ 8:43 954 10165 928 941  11:37 905 837 418 826 206 809 = 0:54
28:00  9:00 666 677 8868 53209 @ 852 10:.05 1026 938 951  11:49 915 846 423 835 209 817  0:55

their total training time at this pace because it preserves glycogen for higher-intensity training
and racing.

For example, an athlete with a 5K time of 19:00, and a VO,max pace of six minutes per
mile, would perform Zone 1 training at an 8-minute mile pace or slower. Unfortunately, it is
difficult for a strength coach to convince the athlete that 7:30 is too fast, because slowing to the
desired pace will feel unnatural. If the athlete is successful at reducing the running pace,
distance, intensity, and session quality will increase.

Marathon Pace - Zone for Running Races >10 Miles or
Endurance Events >90 Minutes

The marathon pace is equal to ~85% of VO,max pace or 88% of HRmax. It represents a
running gear not recognized in this text as one of the three key intensities; however, it is useful
for runners competing in events greater than 10 miles. Elite athletes may also use it as an
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interval recovery pace over short distances (1,500 m). Although elite marathon runners

spend most of their training in Zone 1, it is important that they integrate some

marathon-pace training as it is specific to improving racing speed. A perilous flaw
would be training to run 26.2 miles (or even a half marathon) without ever working at
the actual racing pace. The motor unit recruitment and movement patterns associated
with the racing speed must be familiar to the athlete so movements during the event
are performed with optimal economy. Most coaches understand that marathon run-
ners should progress their LSD runs to 18-22 miles, and perform 4-6 runs of that
distance before the competitive event. However, another important goal should be to
perform 2-4 runs of 12-16 miles, at the desired race pace. A few miles of marathon pace
can also be inserted into the middle of a long run to break the monotony. Suitable

Although elite marathon runners spend most of their nutrient intake, rehydration, and sleep are needed to reduce the risk of overtraining and
training in Zone 1, it is important that they integrate some
marathon-pace training as it is specific to improving racing
speed.

injury.

Zone 2 — Anaerobic Threshold Pace

Anaerobic threshold pace occurs at ~90% of VO,max pace or 92% of HRmax. This pace
represents the point at which an athlete performs aerobic work at a metabolic level beyond pos-
sible exercise homeostasis. This suggests that at this point, even if the athlete maintains the
pace, his or her oxygen consumption will drift upward on a trajectory toward maximum, even-
tually causing fatigue. This is the pace used for tempo runs; it should also be the average
intensity of workouts that include repeated short intervals of work. When monitoring an
athlete’s training volume, the rest intervals for anaerobic threshold workouts are brief and
therefore should be included in the calculated duration. As a general rule, endurance athletes
should try to limit anaerobic threshold pace work to ~10% of their total training volume.
Multisport athletes, such as triathletes, increase the risk for overtraining when their combined
anaerobic threshold training exceeds 60 minutes per week. It is important for athletes and
coaches to watch for signs of overtraining. The benefits/goals of this training zone are to
increase power at one’s anaerobic threshold, reduce muscle and peripheral sensitivity to acidity
(lessens respiratory muscle work), increase the relative composition of oxidative muscle fibers
(type II fibers become more fatigue-resistant), and burn additional calories. However, glycogen
insufficiency, non-functional overreaching/overtraining, and a reduced capacity for fat oxida-
tion are potential adverse effects of excess training at this pace.

Zone 3 — VO,max Interval Pace

VO,max pace (and above) should be reserved to ~8% of total training volume, and is not
added into the program on a weekly basis until the athlete has been introduced to anaerobic
threshold training sessions for at least four weeks. When VO,max interval workouts are intro-
duced to long-distance runners competing in races over 5,000 m, strength coaches should first
aim to strategically place them in the program every other week to allow for sufficient recovery.
Once the athlete demonstrates physical acclimation to Zone 3 training, the frequency of this
pace can be increased to one session each week. These intervals are performed usually above
VO,max speed for 2-5 minutes, using a 1:1 work:rest ratio. For example, a runner performing
an 800 m run in three minutes on the track at 110% of their VO,max pace would then recover
for three minutes before performing their next 800 m effort. Since the recovery is passive, the
recovery periods in this zone should not be computed in the estimation of an athlete’s training
volume. There are numerous benefits to training at an intensity equal to or above VO,max
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pace as detailed in Figure 17.8 (page 17.6). This intensity will overload the myocardium
eliciting modifications in heart morphology, such as larger ventricular chambers without
significant changes in wall mass. This in turn improves overall cardiac function and output;
the most significant component of VO,max. Furthermore, type II muscle fibers will become
more oxidative and movement economy at levels over anaerobic threshold will improve; thus
thwarting the onset of the VO, slow component. Training in this zone will also accelerate the
rate at which an individual’s fitness improves, but if performed too early the athlete may peak

prematurely.

Rate of Perceived Exertion

The Borg’s Rate of Perceived Exertion (RPE) Scale is often used to determine
cardiovascular training intensity 7). This scale is useful for individuals on medica-
tions that may alter normal HR responses, those without a HR monitor, or those who
do not care to measure and calculate their HR during exercise. The original, and most
common, scale begins at six (6) and goes up to 20. If you add a zero to the numbers
it loosely reflects beats per min (HR). A modified scale, also created by Borg, includes
values from zero to 10, with zero being no exertion at all.

Despite the subjectivity involved, the RPE scale can be effective for coaches,
trainers, athletes, and functions within research. An individual's RPE may be a great
predictor of fatigue as it is centrally-mediated; meaning it is largely psychological. For
example, motivating and cheering on an individual in a race may encourage them to
to work harder. Distractions, such as music, can also greatly prolong time to fatigue.
Essentially, when an individual's exertion and discomfort exceeds his or her desire to
continue (motivation), fatigue ultimately sets in at a rapid rate. Monitoring RPE with
the Borg scale can therefore be very useful. If an athlete rates running 9 mph a value
of 14 on the scale a month ago, and now registers the pace as a value of 12, some fac-
tors are progressing in his or her program.

Non-athletes, beginning a cardiovascular program should use 11 (fairly light) on
the scale to reflect ~50% of their VO,max; being the minimum intensity shown to
provide cardiovascular benefits. The aerobic limit, which occurs at ~65% of VO, max,
corresponds with a RPE value no higher than 14 (just below hard). The anaerobic
threshold, which occurs at ~85% of VO,max, should be a 17 (very hard), while RPE
values during very-intense short intervals of work (or by the end of a race) will range
from 18-20 (>very hard to exhaustion).

Chapter 17

Table 17.4
Traditional Borg RPE Scale
RP.E Description
Rating
6 Rest
7 Very, Very Light
8
9 Very Light
10
11 Fairly Light
12
13 Somewhat Hard
14
15 Hard
16
17 Very Hard
18
19 Very, Very Hard
20 “Exhaustion”
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Closer Look at the Work Rates during each Training Zone

Table 17.5 Summary Work Rate Determination during each Training Zone

RPE Values

% VO,max

% HRmax

“Expected”
Lactate Level

Ventilatory
Responses

Minimum
Cardiovascular Benefit

11 (fairly light)

50%

70%

~1.0-2.0 mmol/L

V./VO, proportional with
work rate

Unnoticeable change
in ventilation rate

Aerobic Limit Pace
(Zone 1)

14 (between somewhat
hard and hard)

65%

80%

~2.2 mmol/L

First increase in V,
per consumed O,

Increase in ventilation
but still barely
noticeable

*V,, = quantity of gasses inhaled/exhaled from the lungs in one minute

Anaerobic Threshold
Pace (Zone 2)

17 (very hard)

85%

92%

~4.0 mmol/L

Second increase in V,
per consumed O,

Another increase in
ventilation rate making
prolonged speech
difficult (talk test)

VO,max Interval
Pace (Zone 3)

18-20 (just above very
hard to exhaustion)

>85%

95-100%

Usually >8-10 mmol/L

Exercise hyperpnea

Individual cannot
speak due to
ventilation rate

Apart from the variables presented in Table 17.5, the pace of movement can also be used
to predict work rates. The running speed of a trained individual is consistent with their relative
HR; and based on the fact that HR corresponds linearly with VO,, they are all interrelated.
Coaches can refer to Table 17.6 which takes into account running speed and an equation
developed by David Swain {%HRmax = (0.64 x %VO,max) + 37} that predicts the %VO,max
from HR 1281,

Table 17.6 Relationship between VO,max Intensity, HR Intensity and Running Speed

% %
VO,max HRmax
50 70
60 75
70 82
80 88
90 95
95 98
100 100
110 100

Running Speed

Very slow (warm-up, cool down, recovery)

Slow running (early measure of an LSD training session)

Steady running (off-season work or challenge
during an LSD run)

Half marathon pace; just above marathon pace

10K speed

5K speed

3K speed

1,500 m speed
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@ Building the Endurance Athlete’s Program

A full program for a 10K race will be illustrated in the following section. Recalling the pre-
vious periodization chapter, a macrocycle has typically been viewed as a full year of training;
but like some other year-round sports, endurance athletes may have two or three major events
(and numerous minor) to prepare for throughout the year. Each event should have a separate
training program which progresses up to the race; consisting of applicable micro and mesocy-
cles. Therefore, for the purposes of this chapter “macrocycle” and “program” will be used
interchangeably. Since training stresses are usually increased in three-week intervals, it may
be optimal to have the total number of mesocycles be divisible by three. Mesocycles of six or
nine weeks is the easiest time-frame to use when developing this type of endurance program.

Figure 17.9

The macrocycle in the following practical example consists of four mesocycles:

Foundation phase Speed phase Pre-competition phase Peaking phase

Similar to the phasic techniques used in anaerobic programs, aerobic training regimens are
constructed in a way that optimally balances training volume. A mesocycle of an endurance pro-
gram is dictated by the athlete’s TRIMP score, or TRaining IMPulse score ). The TRIMP score TRIMP score —

is defined as training volume (time) x training intensity (Zone). As a rule of thumb the TRIMP

score should not vary by more than 10-20% every three weeks. The first week the TRIMP score Calculated by multiplying training

.. . . . . . volume (time) and training intensit
is increased serves as an intentional over-reaching stimulus for the athlete; therefore, the following ( ) 8 Y

. . . (zone 1-3); used as a stress and volume
two weeks it would stay consistent to allow for adaptations and adequate recovery.

Calculating an Athlete’s TRIMP Score 30!

The use of training zones allows for intensity to be determined using a TRIMP

management technique within

endurance sport programs

score calculation. Each of the three zones are used to calculate the value as the zone
number is used as a multiplier. The total weekly TRIMP score can be calculated using
the cumulative time spent in each training zone.

+ Zone1: Aerobic limit pace and below = total minutes x 1

« Zone2: Anaerobic threshold (tempo pace or short intervals with recovery
periods) = total minutes x 2

« Zone3: VO,max interval pace = total minutes x 3
Examples:
+ An athlete trains for 40 minutes in Zone 1
— TRIMP score = training volume (time) x training intensity (zone)
— TRIMP score: 40 minutes x 1 = 40
+ An athlete trains for 25 minutes in Zone 3

— TRIMP score: 25 minutes x 3 = 75
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If races are used as part of the training, the athlete
should not taper or alter other aspects of the
program in preparation for these session-
replacing races.
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Foundation Phase

The goal of the foundation phase is to promote tissue adaptations within the sport-specific
musculature, increase postural muscle endurance, and promote metabolic proficiency that
maximizes fat oxidation. This phase generally lasts 4-8 weeks and includes a progressive LSD run
performed at or below the aerobic limit as well as 3-4 easy runs per week. However, no Zone 2 or
Zone 3 workouts should be used. If an athlete has a conditioning base established from a previous
macrocycle, the phase may be reduced to 3-4 weeks; if he or she is coming off a previous peak than
a one-week taper should be implemented prior to this shortened period. Conversely, if the athlete
is coming off a period of rest it is recommended to use a 6-8 week foundation phase. Clearly the
condition of the athlete dictates the length of the phase relative to need. A year-round competitor
can peak up to three times per year. If an athlete is attempting to peak multiple times, the first
program should last five months while the other two can be limited to approximately three months
as the foundational base was established during the first training cycle. As mentioned earlier, a
common struggle in the foundation phase is keeping the athlete from running too fast as they need
to remain in Zone 1. So it should be made clear that the pace is extremely relevant.

Strength and conditioning work during this phase will emulate the goals of the preparation
and anaerobic endurance phases used for anaerobic sports. Endurance athletes will benefit from
improved trunk stability, hip/ankle ROM, and muscle balance across all joints (particularly in the
sagittal plane). It is important to prevent lower-cross syndrome, with a particular emphasis on
hip flexor and hamstring ROM, as well as ensure proper mechanics at the foot to prevent knee
and lower back issues. Adjunct ROM work focused on the quadratus lumborum and IT band is
also relevant as frontal plane musculature should not be overlooked. In preparation for the speed
phase, and to maintain neural residuals from prior training, some short-distance sprints (50-100
m) and landing drills (e.g., depth drops) should be used. Stability and ROM improvements while
performing a limited volume of weight room work requires the use of combination exercises that
include rotational actions and overhead reaches/swings.

Speed Phase

The speed phase will usually last 6-8 weeks. Each week will consist of an LSD run that
progresses to a distance 200-300% longer than the race length (unless the event is >10 miles).
Training weeks will alternate two Zone 2 workouts with one Zone 2 and one Zone 3 workout.
Resistance training will morph from the foundation phase into an emphasis on compound lifting
and enhanced strength across the kinetic chain. The speed phase is consistent with the hyper-
trophy/strength phases of anaerobic periodization models. Clean pulls or DB jump shrugs,
deadlifts, front squat to presses, axial-loaded reverse lunges, and single-leg presses are all com-
monplace activities. Considering enhanced strength across the kinetic chain is a key component,
exercises that incorporate total-body work will make the most sense. The use of ballistics and
plyometrics increase during this phase as well. The use of medicine ball ballistic throws for the
hip and trunk serve as excellent supplements to isolated trunk work to enhance running posture
efficiency. The speed phase will still promote the residuals of the prior phase but should result
in improved overall strength and power.

Pre-competition Phase

The bulk of the training time and most intense efforts occur during the pre-competition
phase. This phase may span 5-12 weeks, and will consist of a progressive LSD run that plateaus
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at ~200-300% of the race distance as well as one Zone 2 and one Zone 3 workout each week. The

other run days will be easy runs to facilitate adequate recovery. A competitive race, preferably

shorter than the goal race, can be used in place of a track workout during this phase. If races are

used as part of the training, the athlete should not taper or alter other aspects of the program in

preparation for these session-replacing races. For example, a 5K race on a Saturday may replace

a normal Saturday track workout, but should be treated in the same manner as if the track work-

out was to be performed. The last week of the pre-competition phase will be the hardest training

period of the cycle. The peak phase to follow will coincide with a 20% reduction in the
TRIMP score.

Due to the intensity of the pre-competition phase, the coach should assess the athlete for

non-functional over-reaching and overtraining by (1) looking for signs and symptoms, (2) using

a validated overtraining questionnaire, and/or (3) implementing an orthostatic intolerance test.

The orthostatic intolerance test is employed by the athlete on the first morning of each week.

He or she must first measure their resting HR after lying in bed for 15 minutes. The athlete will

then stand up, wait 15 seconds and reassess their HR to get a comparative score. The 2nd heart

rate should be between 10-15 beats above the first measurement. If it is >15 beats from rest, he

or she may be sympathetically over-stressed. In this case, their HR would take longer to recover

following a workout or between work bouts during interval training. It is also sometimes asso-

ciated with a loss of appetite and elevated blood pressure. Conversely, if his or her HR increases

only slightly (<7 beats) upon standing, it may indicate the verge of parasympathetic overtrain-

ing. This is increasingly likely if the athlete’s training HR is also lower than usual, and if their

HR recovers quickly between intervals and after workouts.
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Figure 17.10 Qualitative Questioning to Help Indicate Overreaching or Overtraining

orthostatic intolerance HR assessment:

The following qualitative questions should be asked alongside the weekly

Y

A

A

A

A

A

A

Did |
sleep well
last night?

Am | looking
forward to
today's workout?

Am | optimistic
about my future
performance?

Do | feel
vigorous and
energetic?

Do | have
a healthy
appetite?

Do | have
little muscle
soreness?

The athlete should answer yes to all to all of the statements in Figure 17.10. If the athlete

answers no to any of these questions in conjunction with an abnormal HR response to the ortho-

static tolerance test, the coach should:

1)
2)

Give the athlete a day off of training.

Reduce the TRIMP score for the week by 20%. In the case of parasympathetic over-
training this can be done by reducing LSD mileage. With sympathetic overtraining it
is more effective to skip Zone 2 and Zone 3 workouts for the week.

Be sure the athlete consumes a predominantly plant-based diet, consumes quality
carbohydrates and protein with every meal, reduces their alcohol intake, and focuses
on drinking enough water so that their urine is clear. With sympathetic overtraining
he or she should reduce overall sodium intake and avoid caffeine. With parasympa-
thetic overtraining sodium and caffeine intake does not need to be modified.
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The concerns of overreaching in the pre-competition phase should be considered within the
resistance training program. This will reflect a reduction in the total time-under-tension with a
greater emphasis placed on function and neural improvements. Combination-based functional
exercises performed through a full ROM are useful in reducing restriction, and can aid in muscle
balance. The strength and power developed over the pre-competition phase can be maintained
by using low-volume plyometrics and ballistics. An increase in sets with a corresponding
reduction in the reps can help maintain neural residuals without creating as much of a need for
muscle recovery. Each muscle group should be trained at least once each week with favor given
to functional groups over isolated muscle work.

Peaking Phase

In the final peaking phase (if multiple peaks) the goal will be to preserve the athlete’s
glycogen and prevent overreaching by reducing the TRIMP score by 20% (or more if the athlete
is showing signs of overtraining). This phase lasts one to two months, with weekly training
consisting of one shortened LSD run, one Zone 2 run, and one Zone 3 run. Some coaches may
choose to use a marathon pace in lieu of Zone 1 training to keep the intensity high. However,
strength coaches and athletes should remember that a key benefit of training in the Zone 1
intensity is that it spares glycogen for subsequent high-intensity training and racing.

The last week of the peaking phase will consist of a pre-competition taper to assure that the
athlete is as fresh and as “glycogen-replenished” as possible. The weekly TRIMP score is now
reduced by about 50%. Typically, training is reduced by 40-60% by decreasing Zone 1 training
and the duration of Zone 3 workouts. Race-pace Fartlek runs in Zone 2, with 3-4 short intervals
in Zone 3, will preserve neuromuscular activation patterns required for racing as well as prevent
detraining without wasting large quantities of glycogen.

During the peaking phase a few total-body exercises and plyometric drills should be used
on a weekly basis. Many athletes forgo any resistance training during this phase, but this is not
particularly warranted until the last week. Again, using exercises that focus on functional muscle
groups are advantageous as no particular muscle should be emphasized; the focus is on move-
ment. Likewise, the strength coach should limit plyometric jumping drills to 30-50 landings per
week. Box jumps and other concentric-only ballistics will help reduce connective tissue stress.
Therefore, the removal of rebounds and eccentric loading should be considered across this phase.
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@ Athlete Example: Practical Coaching Steps
to Program Development

Subject: Experienced athlete preparing for a 10K race

Chapter 17

Step 1: Athlete
Assessment -
Predict VO,max
Pace

Treadmill test:

+ Speed: 9.2 mph at a 1% grade (accounts for missing wind resistance); HR: 172 bpm; RPE: 17

+ Predicted HRmax (add 5 beats to the athlete’s recent 5K HR): 178 bpm

+ Treadmill pace represents ~96% of the athlete’s max - predicting 9.6 mph or 6:17 per mile (9.2 mph x 104%)
on a track

* Predicted VO;max pace can be calculated by using 98.5% of the athlete’s recent 5K pace, being 6:16 per mile

* Predicted VO,max pace: 6:12 per mile

Step 2: Estimate
the Goal Time

Estimating goal time:
* A 10K is typically raced at ~92% of VO,max pace

+ A reasonable 10K goal to aim for is an increase in pace by ~5% (97% of VO,max)
+ Calculating 97% of a 6:12 pace places the athlete at 6:24 per mile and 39.41 min for a 10K
* 10K goal time: ~40 minutes

Step 3: Calculate
the Gears - Aerobic
Limit/ Zone 1

Aerobic limit:

+ 80% of HRmax: 143 bpm (<65%VO,max)

* 75% of VOmax pace: <8:20 per mile

* Runs should begin a HR of ~125-130 bpm to account for the upward drift as the duration increases during the
workout

Step 4: Calculate
the Gears -
Threshold Pace/
Zone 2

Threshold pace - tempo runs/short intervals:
* ~92% of HRmax: 165 bpm
* 90% of VO,max pace: ~6:55-7:00 per mile

Short intervals:

+ 10-15% faster than VO,max pace, for the example athlete, ~5:35 per mile
+ Typically <3 min with short periods of recovery

+ Perform 400 m runs in 82 sec; 200 m runs in <42 sec

+ Example for 400 m repeats: ~80-83 sec with rest intervals of ~40 sec

Setting the proper pace for Zone 2 intervals:

+ Use Zone 3 pace interspersed with brief periods of recovery; this keeps the athlete’s intensity at an average
around Zone 2

+ The recovery periods are calculated in the TRIMP score, and are about half the duration of the work interval

Step 5: Calculate
the Gears -
VO,max Interval
Pace/ Zone 3

VO,max interval pace/longer, more intense intervals:
+ Zone 3 intervals are typically 2-5 min, using a 1:1 work-rest ratio (unless the pace is used for 100-200 m repeats)

+ HR nears maximum as the intensity is ~12% faster than VO,max pace (~5:35 per mile)

Examples:
+ 800 m intervals would be performed in ~2:47, with 3-min recovery periods

+ 600 m intervals would be performed in ~2:05, with 2-min recovery periods

Zone 3 considerations:

+ HR will not plateau (steady state) until the athlete reaches their max at ~178 bpm

+ HR will approach maximum until the athlete fatigues; depending on the length of the interval he or she will
come within 4-6 bpm of their HRmax

« If the HR plateaus before fatigue and never reaches HRmayx, this suggests that 1) the athlete’s HRmax might
need to be re-calculated, 2) the pace was too fast, and/or 3) the athlete may be over-trained (need to reduce
training volume)
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Training Cycles

Step 6: Mesocycle
One - Foundation
Phase

Foundation phase:

+ Will last 6 weeks

+ Will include one LSD run and three easy runs per week

Weeks 1-5:

+ Weekly TRIMP score will begin at 199

+ All runs will be performed in Zone 1

+ HR should be ~142 bpm, but lower during the first mile of each run
+ At week 4 the TRIMP score increases 15% to 228

Week 6:
+ One LSD run of 10 miles and 3 easy days involving 6-mile runs

Step 7: Mesocycle
Two - Speed Phase

Speed phase:

« Will last 6 weeks

+ Each week will include one LSD run, one short interval day (Zone 2) and/or one tempo day (Zone 2)

+ Alternate each week with one long interval bout (Zone 3) in place of a short interval (Zone 2) session

+ Each Zone 2 and Zone 3 workout should include at least a one-mile warm-up and a half-mile cool down (this is
calculated as Zone 1 training time)

Week 1:

* Weekly TRIMP score will start at 263

+ One 10-mile LSD run and one easy 7-mile run

+ Two Zone 2 sessions: a 1.5-mile tempo run at a 6:55 pace, and a track session including 400 m repeats (400 m
at 1:20 sec with 1:20-sec recovery periods)

+ Total Zone 2 time is 40 min (this intensity should never exceed 60 min/week)

Week 2:

+ One 12-mile LSD run

+ The same tempo run as week one

+ One Zone 3 track day including 800-m repeats in ~2:48 with 3-min recovery periods
* One easy 5-mile run in order to keep the TRIMP score at 263

Weeks 4-6:
* Weekly TRIMP score will increase 10% to 290 during week 4
+ Phase will finalize with one 16-mile LSD run, one tempo run and one Zone 3 track session

Step 8: Mesocycle
Three - Pre-
competition Phase

Pre-competition phase:

+ Will last 9 weeks

+ LSD run will plateau at 200-300% of race distance

+ Each week consists of one Zone 3 track session and one Zone 2 day which can be a tempo run, Fartlek run, or
repeated short intervals

Week 1:

+ Weekly TRIMP score increases 15% from the previous phase to 334

+ One 14-mile LSD run

* One 7-mile easy run

+ One 30-min Fartlek run at a Zone 2 pace

* One 20-min Zone 3 track session (600 m repeats in ~2:05 with 4-min recovery periods)

Progression considerations:
+ TRIMP score increases by 10% every 3 weeks; increases should never exceed 20%

+ By the end of the pre-competition phase, the athlete will reach a peak TRIMP score of 404

Week 9:

+ One 14-mile LSD run

* One 50-min tempo run

+ One 30-min Zone 3 track session (800 m repeats in <2:50 with 5-min recovery periods)
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Chapter 17
Training Cycles (continued)
Step 9: Mesocycle Peaking phase:
Four - Peaking + Will last 4 weeks
Phase * One shorter LSD run (compared with later speed phase LSD runs)
+ No easy days
* One tempo run at a Zone 2 pace
+ One Zone 3 track session (or race)
Step 10: Pre- Pre-competition taper:
Competition Taper | + Will last 1 week
+ One 6-mile LSD run at Zone 1 pace
¢+ One 10-min Zone 2 Fartlek run
* One 15-min track session including 200 m repeats at a Zone 3 pace
+ Weekly TRIMP score is reduced by 50% to 161
Table 17.7 Sample Periodized Plan for Endurance-Sport Training (Using the Athlete Example)
Foundation Phase: One long run and 2-3 easy runs per week; total of 4-8 weeks
Week LSD miles LSD minutes | . Tempo/ Tota_l Zone 2 Tota_l Zone 3 | Easy/recovery Easy miles Tota_l Zone 1 TRIMP TRIMF_’
interval days minutes minutes run days minutes score progressions
March 3 6 50 0 0 0 3 18 199 199
March 10 7 58 0 0 0 3 17 199 199
March 17 6 50 0 0 0 3 18 199 199
March 24 8 66 0 0 0 3 20 228 228 +15%
March 31 9 74 0 0 0 3 19 228 228
April 7 10 83 0 0 0 3 18 228 228
Speed Phase: One long run, one short interval session, and one tempo day each week;
alternate each week with one long interval in place of short interval; total of 6-8 weeks
Week LSD miles LSD minutes | . Tempo/ Tota! Zone 2 Tota! Zone 3 | Easy/recovery Easy miles Tota! Zone 1 TRIMP TRIMI?
interval days minutes minutes run days minutes score progressions
April 14 10 83 2 40 0 1 7 140 263 +15%
April 21 12 99 2 20 15 1 5 138 263
April 28 10 83 2 40 0 1 7 140 263
May 5 14 116 2 10 10 1 7 170 290 +10%
May 12 12 99 2 30 0 1 11 180 290
May 19 16 132 2 10 10 1 7 170 290
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Pre-competition Phase: Long runs plateau (200-300% of competition distance) or decrease;
one tempo or short/long interval session each week; any races take place of long interval day

May 26 14 116 2 30 20 1 7 174 334 +15%
June 2 12 99 2 30 25 1 7 158 334

June 9 14 116 2 30 20 1 7 174 334
June 16 12 99 2 40 24 1 9 174 367 +10%
June 23 14 116 2 40 30 1 5 158 367
June 30 14 116 2 45 35 1 2 133 367

July 7 14 116 2 45 30 1 8 183 404 +10%
July 14 12 99 2 50 38 1 6 149 404

July 21 14 116 2 50 30 1 4 153 404

Peaking Phase: No slow days, interval session can be replaced with races

Week LSD miles LSD minutes intl?\grg;ys To:r?ilnzu(;z: ? To:r?ilnzutigz ’ Ea%/nre(zjt‘;lc;,\;ery Easy miles TO:r?iInzu(:gs 1 Ts;Fég\:I: pro-g;f;’;l'ijons
July 28 12 99 2 30 40 0 0 102 323 -20%
August 4 12 99 2 45 30 0 0 102 323
August 11 12 99 2 30 40 0 0 102 323
August 18 12 99 2 45 30 0 0 102 323
RACE WEEK 6 50 2 10 15 0 1 56 161 -50%

*TRIMP score calculations must include the intermittent rest periods as well as the warm-up and cool down segments associated with Zone 2 training.

**This example program includes 20 minutes of Zone 1 training on each interval day to account for the warm-up and cool down periods.

***Coaches must recognize that the TRIMP scores are meant to be a close estimate of total volume. The values can be slightly off from a strict calculation to accommodate environmental and
other stress-related factors. Like other forms of programming it is not an “exact science” implemented in a clinical setting.

2
— Training Method's for Endurance Sports



NCSF Advanced Concepts of Strength & Conditioning

REFERENCES:

10.

11.

12.

13.

14.

15.

16.

Cooper, K. (1980). Aerobics. Continuum, 11.

Hill, A. V., Long, C. N. H., & Lupton, H. (1924). Muscular exercise, lactic acid, and the
supply and utilisation of oxygen. Proceedings of the Royal Society of London. Series B,
Containing Papers of a Biological Character, 84-138.

Di Prampero, P. E. (1985). Metabolic and circulatory limitations to VO,max at the whole
animal level. Journal of Experimental Biology, 115(1), 319-331.

Hoppeler, H., & Weibel, E. R. (1998). Limits for oxygen and substrate transport in
mammals. Journal of Experimental Biology, 201(8), 1051-1064.

Kenney, W. L., & Hodgson, J. L. (1985). Variables predictive of performance in elite
middle-distance runners. British Journal of Sports Medicine, 19(4), 207-209.

Costill, D.L., Thomason, H., and Roberts, E.(1972). Fractional utilization of the aerobic
capacity during distance running. Medicine and Science in Sports, 5(4), 248-252.

Vallier, J. M., Bigard, A. X., Carré, E, Eclache, J. P, & Mercier, J. (2000). Détermination des
seuils lactiques et ventilatoires. Position de la Société francaise de médecine du sport.
Science and Sports, 15(3), 133-140.

Poole, D. C., Barstow, T. J., Gaesser, G. A., Willis, W. T., & Whipp, B. J. (1994). VO, slow
component: Physiological and functional significance. Medicine and Science in Sports and
Exercise, 26(11), 1354.

Cavanagh, P. R., & Kram, R. (1985). The efficiency of human movement--a statement of
the problem. Medicine and Science in Sports and Exercise, 17(3), 304-308.

Ahrens, T., Rutherford, K., & Basham, K. A. R. (1993). Essentials of Oxygenation:
Implications for Clinical Practice. Jones & Bartlett Learning.

Rinnov, A., Yfanti, C., Nielsen, S., Akerstrom, T. C. A., Peijs, L., Zankari, A., . . . Pedersen, B.
K. (2014). Endurance training enhances skeletal muscle interleukin-15 in human male
subjects. Endocrine, 45(2),271-278.

Laursen, P. B., Shing, C. M., & Jenkins, D. G. (2003). Reproducibility of the cycling time to
exhaustion at VO,peak in highly trained cyclists. Canadian Journal of Applied Physiology,
28(4), 605.

Joyner, M. J., Ruiz, J. R., & Lucia, A. (2011). The two-hour marathon: Who and when?
Journal of Applied Physiology (Bethesda, Md. : 1985), 110(1), 275-277.

J. Svedenhag, & B. Sjédin. (2008). Maximal and submaximal oxygen uptakes and blood
lactate levels in elite male middle- and long-distance runners. International Journal of
Sports Medicine, 5(5), 255-261.

Doherty, M., Nobbs, L., & Noakes, T. D. (2003). Low frequency of the “plateau
phenomenon” during maximal exercise in elite british athletes. European Journal of
Applied Physiology, 89(6), 619-623

Lucia, A., Hoyos, J., Perez, M., Santalla, A. & Chicharro, J. L. (2002). Inverse relationship
between VO 2max and economy/efficiency in world-class cyclists. Medicine and Science in
Sports and Exercise, 34(12), 2079-2084.

Chapter 17

Training Methods for Endurance Sports



Chapter 17 NCSF Advanced Concepts of Strength & Conditioning

17. Hue, O., Gallais, D. L., Chollet, D., & Préfaut, C. (2000). Ventilatory threshold and
maximal oxygen uptake in present triathletes. Canadian Journal of Applied Physiology,
25(2),102-113.

18. Rodriguez, E, & Mader, A. L. O.1.S. (2003). Energy metabolism during 400 and 100-m
crawl swimming: computer simulation based on free swimming measurement.
Biomechanics and Medicine in Swimming X, 373-378.

19. Sousa, A., Figueiredo, P, Oliveira, N., Oliveira, J., Keskinen, K. L., Vilas-Boas, ]. P., &
Fernandes, R.J. (2010). Comparison between swimming VO,peak and VO,max at
different time intervals. Open Sports Science Journal, 3, 22-4.

20. Joyner, M. ]., & Coyle, E. E. (2008). Endurance exercise performance: The physiology of
champions. The Journal of Physiology, 586(1), 35-44.

21. Wells, G. D., Selvadurai, H., & Tein, I. (2009). Bioenergetic provision of energy for
muscular activity. Pediatric Respiratory Review, 10(3), 83-90

22. Maffetone, P. (2013). The Big Book of Endurance Training and Racing. Skyhorse
Publishing, Inc.

23. Jones, A. M., & Doust, J. H. (1998). The validity of the lactate minimum test for
determination of the maximal lactate steady state. Medicine and Science in Sports and
Exercise, 30(8), 1304-1313.

24. Qrtenblad, N., Nielsen, J., Saltin, B., & Holmberg, H. C. (2011). Role of glycogen
availability in sarcoplasmic reticulum Ca2+ kinetics in human skeletal muscle. The
Journal of Physiology, 589(3), 711-725.

25. Bentley, D. J., McNaughton, L. R., Thompson, D., Vleck, V. E., & Batterham, A. M. (2001).
Peak power output, the lactate threshold, and time trial performance in cyclists. Medicine
and Science in Sports and Exercise, 33(12), 2077-2081.

26. Amann, M., Subudhi, A. W., & Foster, C. (2006). Predictive validity of ventilatory and
lactate thresholds for cycling time trial performance. Scandinavian Journal of Medicine
and Science in Sports, 16(1), 27-34.

27. Noble, B.]., Borg, G. A., Jacobs, I. R. A., Ceci, R., & Kaiser, P. (1982). A category-ratio
perceived exertion scale: relationship to blood and muscle lactates and heart rate.
Medicine and Science in Sports and Exercise, 15(6), 523-528.

28. Swain, D. P, Abernathy, K. S., Smith, C. S., Lee, S. J., & Bunn, S. A. (1994). Target heart
rates for the development of cardiorespiratory fitness. Medicine and Science in Sports and
Exericse, 26(1), 112-116.

29. Banister, E. W,, Calvert, T. W., Savage, M. V., & Bach, T. M. (1975). A systems model of
training for athletic performance. Australian Journal of Sports Medicine, 7(5), 61.

30. Foster, C.; Florhaug, J. A., Franklin, J.; Gottschall, L.; Hrovatin, L. A., Parker, S., & Dodge,
C. (2001). A new approach to monitoring exercise training. The Journal of Strength and
Conditioning Research, 15(1), 109-115.

22
2 Training Method's for Endurance Sports



