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Introduction
Training is a vast concept with a broad definition. It applies to all manner of skills and tasks: a virtuoso musician
trains their muscle memory for a big performance, a craftsman plies his trade to perfect his work over the
years, and an athlete may employ any number of physical techniques to be the best at a sport. As you prepare
to train, you likely have a goal in mind, be that practical strength, agility, endurance, or more wins in your
chosen sport. No matter what we train for, we all train for the same reason: to get better. Training yields
improvement over time; we don’t see the benefit of our training instantaneously, nor after each individual
training session. In fact, we usually experience disimprovement across any given training session. Some of the
most productive training sessions leave us the most exhausted. Breaking ourselves down this way sets in
motion the gears of improvement. While we do train to improve, getting temporarily worse is a big part of that
improvement process.
The improvement process is a cycle of breaking down followed by resting, in order to build back up bigger,
better, faster and stronger over time. The cycle starts with working toward fatigue in training, and the recovery
process begins as soon as training ends. It’s during this recovery period that we actually get better. We adapt
our performance systems, we heal, and we reenergize for the next session. Likewise, when we train to learn
new tasks and movements, it is during recovery that this new learning is consolidated into long term memory. If
you want to perform at your absolute best, your mission is twofold. First, you need to find the most specific,
logical, diverse, and productive ways to train. Second, you must find the optimal way to recover from that
training. That’s what longitudinal performance is all about—finding the most powerful methods for both training
and recovery. One is nearly pointless without the other, and an imbalance between the two will significantly
diminish results.
If you’ve ever looked into getting some books on how optimize your training, you likely found no shortage of
them! Not only are there numerous resources about the general training process, there are individual books
about how to train hyper-specifically for each sport and sub-sport. There are books on training for all manner of
sports from weightlifting to triathlon to figure skating and everything in between. If you want in-depth knowledge
about how to best train, it’s just an online order away. Of course, not all of these resources are created equal,
so it’s always a good idea to check the author's’ qualifications and the book’s references before undertaking
their recommendations.
But what about books on recovery? If recovery is consequential to training, surely there are both general and
specific books on it as well. It turns out that this is not the case. While there are lots of books on injury healing,
there is a paltry selection of texts on the process of normal recovery from training—the very process
responsible for a huge fraction of your gains! Yep, you can read hundreds of pages about most any type of
training, but, in the equally important realm of recovery, you’re left scrounging around online for the occasional
article or scantily-relevant book.
We at Renaissance Periodization want to start to change that with this book, which represents our best thinking
on the scientific and practical approaches to recovery from training. This isn’t a simplified or novel tour of the
subject: chapter by chapter we’ve delved into the specifics underlying the recovery process, and present you
with a synthesized and actionable guide to recovering from your training. Included in this text are detailed
discussions of:
·
·
·
·
·
·
·

The definition of fatigue accumulation, with descriptions of its causes, consequences, and methods of
detection.
The relationship between training volume landmarks and fatigue management.
The definition of recovery and a discussion of its many intricacies.
An illustration of the most effective recovery strategies and the relative magnitude of their effects.
A detailed description of each of the effective recovery strategies, and tips for how you can apply them
to your own process of improvement.
A description of new and experimental recovery strategies that are currently in development.
The myths and fads in recovery from training, including a list of the most popular recovery strategies
that have been proven ineffective or downright detrimental to recovery and performance improvement.
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At the end of the book, we’ve provided you with a list of resources for further reading, to aid in further
understanding the concepts covered in this book. We wrote this book for you: the intelligent, dedicated coaches
and athletes who want to train hard and maximize their gains. Rest assured that all assertions herein are firmly
rooted in the most current scientific data, making them credible guidelines for optimizing recovery, and thereby
overall performance. We all love the training process and are addicted to the grind, but let’s be honest—the
world of sport is not just about giving your maximum effort—it’s as much about reaping the benefits of that
effort in the form of seeing ourselves improve at our chosen sport or fitness ability. To arm yourself with key
knowledge about the vital role recovery plays in your fitness progress, read on!
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Before we can talk about the recovery process indepth, we must determine what it is we’re
recovering from. Fatigue is defined as extreme tiredness and can describe a broad range of
physiological and psychological states of exhaustion. Fatigue can be induced by stress, training,
mental workload, illness, or a combination of these. If we intended to understand recovery from
training, then we must first have a specific understanding of the fatigue generated by that
training. To do so, we will use a less broad, more sportsciencespecific, operational definition.
In sport science, we define fatigue as:
he disruptio of physiological systems that leads to a decreme t i athletic
performa ce.
There are two main subtypes of fatigue:
is the shortterm disruption of systems that leads to a decrement in
performance within a given training session and the period immediately following. If you
can do 5 pull ups when you’re fresh, but can only muster about pull ups at the end of a
grueling back session, it’s acute fatigue that’s responsible for that decline in ability.
(or “chronic”)
is the disruption of systems that affects future training
sessions. So, while acute fatigue is measured in minutes and hours, cumulative fatigue
is measured in days and weeks. It’s called “cumulative” fatigue because it’s really acute
fatigue that has never been alleviated. Not all acute fatigue is resolved between training
sessions over the course of days or weeks, and the result is an increasingly higher level
of fatigue. To use the pull up example with two back sessions a week, you might heal up
from the last session only fast enough to be able to do 5 pull ups every week. If you train
twice as hard in each session and cannot recover, soon the acute fatigue from each
back training session will start to accumulate. The result is that while last week you could
do 5 pull ups, this week you might only get , and if you keep up this unsustainable
volume of training, you could be down to 0 pull ups in a matter of weeks.
If you want to see gains from your training regime, acute fatigue is unavoidable. If you’re still
able to perform at the same level at the end of a training session as you could at the beginning,
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the chances that you will improve by your next session are minimal. Training is supposed to
make you tired, and it’s normal to see your performance decline during a session. This idea,
although intuitive, is not always appreciated.
Cumulative fatigue requires more careful management, but its underlying processes are
essential to gains. The reasons for this are summari ed by two training principles: verload and
Stimulus ecovery daptation (S ). The verload Principle states that in order for training to
make you better, it must be disruptive and challenging relative to your existing abilities. The S
Principle states that once you’ve recovered to about 0% of full training capacity, you must
resume training at a higher intensity in order to maximi e accrued gains, which might otherwise
be lost waiting for total system recovery. Together, these principles evidence that cumulative
fatigue is necessary for adaptation to occur.
Fatigue can also be subdivided into peripheral and systemic fatigue. Peripheral fatigue is that
sustained in the local muscles and tissues of the trained regions. Systemic fatigue refers to the
amalgamation of local, central nervous system, and psychological fatigue. Every instance of
local fatigue contributes to systemic fatigue, as does life stress, diet, lack of sleep, and so on.
Session to session, week to week, fatigue accumulates. During this time training is also making
us better. Fitness therefore rises with fatigue throughout training, as shown in Figure 1.
Preparedness is used to describe the degree of fitness we are able to express at a given time.
Because fatigue will reduce our ability to express fitness, as fatigue rises preparedness
eventually drops across a training period, despite increased overall fitness. Prolonged
highorder fatigue lowers preparedness so much that overload training becomes impossible.
fter all, how can you affect a “harder than ever” training ethos if you’re too fatigued to train
even at the previous week’s level Thus, while some cumulative fatigue is necessary to drive
our gains, it must eventually be alleviated if we are to continue to progress.

s training load increases over time, an athlete improves, so fitness (blue) rises across
increasingly overloading training (dashed, gray bars). Fatigue (red) also accumulates across increasingly
difficult training, eventually masking fitness expression and thus reducing preparedness (green). hen
fatigue gets extremely high and preparedness extremely low, recovery strategies are needed before more
overloading training can be attempted, as we will discuss in depth throughout this text.

Now that we’ve got the basics of fatigue sorted out, let’s delve into the exact processes
underlying fatigue.

Some features of training cause more fatigue than others, and interestingly, not all fatigue is
generated by training. Some fatigue is accumulated from sources wholly external to the body,
such as psychological stressors. Below are some of the primary training and lifestyle variables
that have effects on how much fatigue accumulates.

۰
۰
۰
۰
۰

Training Volume
Training Intensity
Training Density
Training Frequency
Impact/Contact/Direct Disruption

۰
۰
۰
۰
۰
۰

Daily Physical Tasks
Sleep Deprivation
Poor Nutrition
Psychological Stressors
Illness
Toxin Exposure

Let’s go through and define each of these fatiguecontributors and find out how they all add up
to the cumulative fatigue that any athlete experiences.

Training volume is easy to define. It’s the total amount of physical work that’s done in a training
program – and by “work”, we mean the physicsbased definition of work:
or

orce

ista ce

If you weigh 150 pounds and run a total of 3 miles, your muscles produce a certain amount of
force to move your body across that distance. That means you perform a quantifiable amount of
work. If you run 6 miles the next day, your workload roughly doubles, and if your 75 pound
nephew joins you, his workload would be roughly half of yours. Training volume can be
calculated in the absolute sense (in units like Joules or Calories) or in a relative sense (as 75%
of your usual cycling distance and so on). Training volume can also be calculated by tracking
distances in aerobic work (miles run, biked, or swum), or by counting the product of sets,
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weights, and reps done in the gym. owever you keep track of it, the total workload of a
program is a very important contributor to fatigue. In fact, it’s probably the most important factor
in many cases.
The reason training volume has such an impact on the amount of fatigue you’ll experience is
related to carbohydrate (glycogen) depletion. lycogen is the most important endogenous
energy source for the work performed during hard training. igher volumes of training utili e
greater amounts of glycogen, leaving the body depleted of this essential energy source and less
capable of performing work. Studies have shown a nearlinear relationship between work done
by athletes during quantified training sessions and glycogen depletion in their muscles. s we’ll
see in the following paragraphs, workload and intensity of training are often confused. lthough
intense training can feel like it must be more fatiguing, unless the actual volume of training (work
performed) is higher, a less intense but more voluminous session will generally accumulate
more fatigue. Let’s now take a look at training intensity to get a clear idea of the distinction
between these two variables.

Intensity can be measured as absolute the amount of force or power produced to do the work,
and as relative the fraction of the individual’s output required to do the work. bsolute intensity
is calculated using physics, whereas relative intensity is calculated as relative to the capacity of
the individual producing the force or effort. quick and easy way to make sense of this is to
imagine someone squatting 150 lbs. The force required to move that weight across a certain
distance at a certain velocity is an absolute measure of intensity, and remains constant
irrespective of who is doing the squatting. The relative intensity of a 150 lb squat on the other
hand will vary based on the individuals doing the squatting. Six sets of ten squats at 150 lbs
would be of low intensity for someone with a one rep squat max of 500 lbs, and not very
fatiguing at all. In contrast, for someone with a 00 lb max squat, six sets of ten squats at 150
lbs would be substantially more fatiguing, due to the much higher relative intensity. eep in
mind, although we use a weight training example here for simplicity, intensity refers to force or
power output in sprints, jumps, punches, and so on. ny training that requires force or power
can be measured with the parameter of intensity.
To give an interexercise example, if you walk miles, your quads produced enough contractile
force with each step to be equivalent to squatting approximately 15% of your one repetition
maximum (1
) for lifting. Since the volume is so high, we can count the mile trek in
“numbers of squats done” (even if we adjust for the partial range of motion of the quads during
the normal walking stride versus a full squat, miles would still be equivalent to hundreds of
squats). Let’s say that miles of walking is the equivalent workload of about 1 0 body weight
squats. That’s a whole lot of squatting, but you don’t feel completely exhausted from a mile
walk in the woods. The reason for this phenomenon is that the intensity of this hiking workout is
very low. Strong transient forces simply don’t occur, and therefore not much structural damage
(fatigue) is accumulated.
Let’s take another example with a more intense load. If you weigh 150 pounds, 1 0 body weight
squats is the equivalent of 60 150 lb weighted squats. In the latter case, you only need to do half
the number of squats to accumulate equivalent fatigue, since you have doubled the weight

being lifted. If you weigh 150 lbs, that means 6 sets of 10 squats at 150 lbs. That kind of session
will result in a disproportionately high amount of fatigue compared to walking miles, even
though the volume is about the same. This difference in fatigue production is due to the large
increase in intensity.
Let’s take it one step further to illustrate the point. Say your one rep squat max in this example is
50 lbs. In that case, 6x10 at 150 lbs will be very fatiguing, but it doesn’t compare to the fatigue
from squatting 0 lbs for 37 single repetitions––a volumeequivalent load. The fatigue caused
by even 10 singles at 0 lbs would be about the same as 60 reps at 150 lbs, because intensity
is such a big contributor to fatigue. In addition to exponentially greater fatigue, the damage to
muscle and connective tissues would eventually be counterproductive. Thus, volumeloads are
not comparable with a 1:1 ratio. ather, volumeload intensity must always be factored in, so as
to accurately predict fatigue outcomes.
Let’s talk a little more about how the volumeintensity relationship contributes to fatigue under
different volume distributions, resulting in different relative intensities across sets. For example,
if your max squat is 50 lbs and your best set of 10 is 175lbs, doing 6 sets of 10 at 150 may
never push you very hard in any one set. Now, if we had you use the same 150 lbs, but go to
concentric muscular failure each time (where you could no longer stand up with the bar and
spotters had to catch you at the end of each set), your reps to 60 total might look something like:
Set 1: 15 reps
Set : 11 reps
Set 3: 10 reps
Set : reps
Set 5: reps
Set 6: 7 reps
The same work is performed––60 total reps (volume) using the same 150 lbs (absolute
intensity). Despite matched volume and absolute intensity, this training session is going to
produce more fatigue than the 6x10 session––not by a massive amount, but still meaningfully
more. hen systems are repeatedly brought close to their limits, they take more damage, even
at the same total volumes and absolute intensities. The closer they are brought to these limits,
the more fatigue will be generated, and this increase will be exponential. hat does the
exponential part mean It means that if you did the 60 total reps and stopped reps short of
failure on each set (doing something like 6 reps each set), the difference in fatigue would not be
much greater than if you stopped 6 or even reps shy of failure on each set. t 3 reps shy of
failure, however, each set would start to contribute a disproportionate amount of disruption to
the physiological systems, much more at reps shy of failure, with the biggest increase in
fatigue between each set 1 rep from failure and going to total concentric failure on each set.
This is illustrated by Figure below.
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Fatigue (yaxis, red line) rises exponentially as relative intensity increases (xaxis). Fatigue
increases slowly at relative intensities below 75% of the athlete’s maximum (blue dashed line). This 75%
threshold is equivalent to ending a set in lifting at five repetitions from failure. Irrespective of absolute
intensity, pushing to 75% of capacity or to five reps from failure is the approximate point at which the
athlete’s fatigue begins to rise steeply.

In short, the closer you push your training to maximal effort (or muscular failure in the case of
weight training), the more fatigue you will accrue, irrespective of total volume and absolute
intensities. This higher level of fatigue results from both the physiological and psychological
effects of pushing one’s body to its limits.

Training density can be defined as the volume of training performed over a given time span.
Increasing volume, decreasing training duration, or a combination of these increase training
density.
ll other factors being equal, sessions and programs with higher densities cause higher levels of
fatigue. ne of the primary reasons for this is that metabolic byproducts that accumulate during
training are shuttled away from working muscles during rest periods between sets. Increased
density of training means less rest and more training in a given training session, which in turn
means a shorter time window for these byproducts to be removed. These remaining metabolites
invoke the soreness experienced after training and also contribute to further inflammation of the
local tissues, adding to fatigue. verall volume (how much training is being done) and intensity
(how hard the training is) have the largest impact on fatigue. hen training volume and intensity
6

are held equal, increases or decreases in training density alone have a relatively low, but
measurable, impact on fatigue.

Training frequency is how often you might train, usually measured in sessions per week. For
example, if you train lower body on every onday and Thursday, your lower body training
frequency is x per week. Training frequency by itself doesn’t have a significant effect on fatigue
in the absence of volume increases. If frequency changes, but total weekly volume stays the
same, then there will be no significant increase in fatigue. For example, 16 sets of squats in one
day, or sets per day over two days, or sets per day over four days would all generate a
similar amount of fatigue (differing minutely only as a result of training density). Thus, for the
most part, alterations in training frequency only need be taken into account if the volume is
changed.
ne minor but noteworthy way in which frequency can alter fatigue has to do with training
distribution across a week. hen intense training is distributed evenly throughout the week, one
can better recover from acute fatigue generated at each session, and therefore achieve more
maximal output on average. For instance, say your goal is to do 15 sets of 10 squats per week,
where each set is reps shy of failure. If you try to do all 150 squats in one session, you’d have
to drop the weight used in order to accommodate the reps without going to complete failure so
you can finish all of the sets in a row. If instead you split the work into 5 sets each on onday,
ednesday, and Friday, you’d be fresh for every training session, and would be able to use
more weight. The good news is that using the latter strategy, you would achieve a much higher
intensity of work, and therefore generate a better overload. The downside is that the higher
intensity average would lead to more fatigue, and thus the need for greater recovery efforts.

ne of the most important causes of fatigue is the breaking and tearing of the body’s tissues.
Internal structural damage is caused by the pressure of internal forces on bones, muscles, and
connective tissues during exercise. The degree of damage incurred from these forces varies
based on volume and intensity of training (affectors of fatigue discussed earlier). The type of
muscle contraction also has an effect: loaded eccentric contractions tend to generate more
damage than concentric, but most real world exercises require both types of movement.
Breaks, tears, and other trauma can also be generated externally via contact and impact with
the environment around you. The type of activity performed will determine the degree of direct
damage from external impact. For instance, during cycling, you experience almost no impact,
because the bike absorbs much of the shock of the road. alking results in slightly more
impact, due to the concussive forces of your feet hitting the ground. Jogging generates even
more trauma, due to higher speeds and thus forces, and sprinting causes the most damage of
all locomotive activity. Jumping and other explosive activity (with hard landings) exceeds even
sprinting, making plyometric training one of the most damaging and therefore fatiguing.
Impact can also be sustained by interacting physically with other people in contact sports.
Takedowns and falls in grappling, slides in soccer, and tackles in football or rugby all cause
physical damage, and cause fatigue to accumulate, even if no macrolevel injuries result. Thus,
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such sports are more fatiguing per unit volume than those that have no contact component. This
is necessary to consider in the grandscheme of program design.

hile fatigue is caused largely by the training process, other aspects of the athlete’s life
unrelated to training also contribute to fatigue. alking around, lifting objects and putting them
back down, getting up and down from the couch or desk, cleaning the house, taking the stairs,
walking the dog, etc. all have a metabolic cost, and thus contribute to fatigue in a meaningful
way.
In an ideal world, athletes would spend almost every second of their waking lives either training
or in neartotal relaxation: training to produce gains, and relaxation to promote recovery and
eliminate additional fatigue from nontraining physical activity. typical day in this athlete utopia
might look like this: ake up and eat breakfast in the morning, then sit and read calmly for an
hour, get in a hard two hour training session, have a posttraining meal, and then spend the
afternoon lounging poolside before getting in another two hour early evening training session,
followed by an evening of eating and relaxing on the couch with friends and a good night’s
sleep.
This ideal world described is unattainable for most of us, as, here in the real world, we’re faced
with the daily grind of commutes, work, housekeeping chores and social obligations, not to
mention child rearing or other caretaking duties for some, tending to all of which results in
differing levels of daily physical activity outside of training. s work goes, where most of us
spend a significant chunk of our week, while some jobs are relatively sedentary, others may
entail substantial physical labor, causing those with the latter kind to accumulate a significant
amount of fatigue from their nontraining related daily activity. Likewise, a woman living in a big
house on acres of land with a couple of horses and a dog will have a lot more physical
demands to meet each day than one living in a condo with her husband and no pets, where the
grounds are tended to for them, there are no animals to feed, lug bales of hay for, clean after or
walk, and the couple can divide and conquer their household chores.
s such, fatigue from daily tasks should be considered in the design of training programs. In
some cases it can be one of the most important factors – if you work in construction five days
per week, the toll of lifting, carrying, and wielding heavy tools and machinery may limit the
amount of productive training you can fit into a given week. hile we’ll cover this in much
greater depth in later discussions, the most straightforward way to measure the magnitude of
daily tasks is by the number of calories that they consume. Let’s say you just started a new,
more physicallydemanding job, and find that you have to eat 1000 more calories per day just to
maintain your weight. That’s 1000 calories per day of added fatiguegenerating energy output,
and counts as lowintensity training in and of itself. ithout adjustments to the rest of your
program, such an increase in energy consumption can have serious negative consequences.
It’s important that you avoid ignoring these seemingly minor changes.

Lack of sleep can be a major contributor to the accumulation of fatigue. Sleep plays an
important role in regulating tissue regeneration, memory consolidation, immune function, and is
an anabolic switch for virtually all body systems. lthough the dosage of sleep required can vary
from person to person, inadequate sleep is clearly associated with a variety of physical and
cognitive impairments, ranging from acute performance decreases to chronic overstress and
overtraining syndrome.
chieving an ideal dose of sleep every night is easier said than done, and often times we can
shrug off one or two restless nights per week. Sleep is, however, one of the most powerful
alleviators of fatigue from all sources so those one or two bad nights that we easily dismiss
could become a serious detriment in the following weeks as systemic fatigue starts building up.
Lack of sufficient sleep will quickly start manifesting itself in performance decrements, mood
disturbances, reduced training capacity, illness, and eventually can lead to nonfunctional
overreaching and overtraining syndrome.

ne of the more intuitive contributors to fatigue is simply running out of energy, specifically
chemical energy that we derive from food. Insufficient daily caloric and carbohydrate intake or
dehydration can all hinder performance and recovery ability. Daily calories provide us the raw
energy needed to sustain daily life, not to mention the rigors of training. hen an athlete is
under hypocaloric conditions, or in an energy deficient state, they will begin breaking down their
endogenous energy stores to sustain their energy needs. This process triggers a series of
catabolic processes used to break down biomolecules for energy, which is great for someone
trying to lose weight, but directly impedes anabolism and recovery.
Similarly, if those calories contain an insufficient proportion of carbohydrates, fatigue will also
increase. Carbohydrate is the primary energy substrate for virtually all sporting and exercise
activities and is directly related to the workload of exercise that can be performed. This
essentially means that the more (training) work you do, the more carbohydrate is needed to fuel
that work. If carbohydrate intake is inadequately matched to the athlete s daily workload, the
limited endogenous glycogen stores can become functionally exhausted. Low muscle glycogen
is not only associated with fatigue, but can also perpetuate increases in catabolic activity.
Dehydration can result from a variety of factors and can lead to significant physiological stress.
Though many of us often dismiss dehydration as a concern on the basis of feeling in touch with
our body s hydration needs, many athletes are chronically dehydrated and potentially unaware
of the consequences. The effects of dehydration can range from dry mouth and thirst all the way
up to delirium, sei ures, heat illness, and death. s little as 1 % body weight loss due to
dehydration can lead to decrements in performance, so maintaining a euhydrated state is a
simple way to manage fatigue.

ne of the most interesting discoveries in the study of fatigue is that all stressors are physically
cumulative, including emotional and psychological stressors. This means that emotionally taxing

events in your life can directly impact your training. ou might find yourself performing poorly in
athletic endeavors during finals week, having your lift go terribly the week a long term
relationship ends, or having a subpar training session after getting snapped at by your boss at
the end of a long day at work.
ll of this means that the more calm and happy you are, the less fatigued you will be and the
better you will manage existing fatigue. Conversely, the more psychological stress you carry the
more negatively affected your training process will be. In our earlier discussion of relative
intensity, we mentioned that higher relative intensities are both physically and mentally fatiguing.
This is because hard training is psychologically difficult. Pushing your body involves pain, and
driving yourself to endure this pain, even though we have healthful outcomes in mind, requires
mental energy, and invokes psychologically stressful thought processes. The higher the relative
intensities, the more pronounced these thought patterns become, so much so that you could be
under psychological stress for days before a P attempt in a big lift or a competition. hen
deciding how high a relative intensity to employ in your program, remember to account for
psychological factors in addition to physical ones.

ecovering from illness takes the coordination of many body systems. our body prioriti es this
type of recovery above training recovery (and for good reason), so that when you’re sick, your
fatigue levels will be much greater. This is in part because the body’s primary recovery systems
will be busy attending to the illness and not your traininginduced fatigue. The sicker you are,
the worse the fatigue will be. ou can train through a head cold, but when you have the flu,
fatigue is so high that getting out of bed and using the bathroom might be your most challenging
workout for the day.
Fatigue from training and illness interact in other ways as well. s mentioned, when you’re sick,
your total fatigue is very high, and this can limit your ability to train productively. Training while
sick can not only reduce your ability to recover from training, but also substantially impede your
recovery from the illness. Importantly, if you train too close to or over your limits of recovery for a
prolonged amount of time, your chances of getting sick in the first place also increase
dramatically.

Various toxins can add to fatigue by demanding effort of body systems normally used to heal
fatigue for detoxification. Toxins such as alcohol directly interfere with physiological systems.
lcohol consumption exponentially increases fatigue, a drink or two per day adds almost no
fatigue, but four to six drinks per day adds a considerable amount of fatigue, and getting
blackedout drunk can cause devastating levels of fatigue (never mind endanger the athlete’s
life). The doseresponse of fatigue to the introduction of toxins to the physiological system is
important to consider when addressing lifestyle choices in the scheme of managing recovery.
Next, we delve into the exact mechanisms of fatigue accumulation at the nervous, muscular,
and hormonal levels.
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s aforementioned, fatigue can be separated into acute fatigue, which dissipates within a single
training session or very shortly thereafter, and cumulative fatigue which can take days, weeks or
longer to resolve. For our current purposes, recovery from the latter type of fatigue (though not
from the former) is critical, so we will go briefly over the acute pathways of fatigue and focus
more heavily on potential pathways for its accumulation.
cute Fatigue Pathways:
⠂
TP Depletion
⠂ Creatine Phosphate Depletion
⠂ Nervous System Disruption
⠂
xygen Depletion
⠂ Blood Sugar Depletion
⠂
etabolite Summation

denosine triphosphate (or TP) is the transporter of chemical energy within cells and therefore
the ratelimiting aspect of energy output. Insufficient TP generates acute fatigue in high
intensity exertions. The average muscle cell only stores enough TP for about 1 second of
maximum force production (explaining why plyometric movements are so depleting).
Consequently, stored TP is quickly exhausted during the first few seconds of exercise, forcing
the body to regenerate TP through the breakdown of other energy substrates.

hen TP is broken down into adenosine diphosphate ( DP) and inorganic phosphate as
energy is used in the muscles, creatine phosphate (CP) can rapidly replenish TP by donating
its phosphate group to adenosine diphosphate ( DP). hile this process doesn’t quite fully
restore TP levels, it comes close, and there is enough CP in the average skeletal muscle cell
to power around 10 seconds of nearmaximum muscle contractions. This is why 100 meter
sprinters can run about the same speed toward the end of the race as they did about one
quarter of the way through: not quite as fast as they did at the start, but pretty close.
Creatine phosphate is depleted during highintensity efforts, and needs several minutes to
recover to complete or nearcomplete levels. This is the reason that taking a 13 minute rests
between sets in weight training is a good idea. CP is regenerated to its full capacity within about
5 minutes of rest, which makes it a valuable energy substrate during intermittent, high intensity
efforts.

It is generally accepted that decreased motor neuron output resulting from prolonged or intense
exertion plays a role in fatigue generation, but the exact mechanisms remain unclear.
Contributing factors may include negative feedback mechanisms via inhibitory neurons in the
spinal cord, decreased or disorgani ed signaling from the motor cortex in the brain, and local
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neuronal firing issues (though these likely originate with biochemical changes in the muscle
fibers that affect neuron signal propagation).
These acute nervous system effects curb performance within the session, but sufficient rest
should restore them to normal states.

xygen consumption in the muscle tissue can get so extreme that it exceeds the rate at which
the body can deliver fresh oxygen to that area. In exercise physiology this is termed the
“ xygen Deficit”, where the oxygen already present in the muscle tissue is metaboli ed rapidly
during exercise, but the cardiovascular and pulmonary systems have not yet adjusted to the
increased energy demand on the body. This creates a “deficit” or gradient of oxygen
concentration between the muscle tissue and the bloodstream. ithin a few minutes of rest,
however, oxygen levels can be replenished and homeostasis restored.

hen we consume carbohydrates, whether as complex carbs from bread and pasta or as
simple sugars from candy or juice, they are broken down into simple glucose molecules and
released into our bloodstream to be used or stored for later. If you train for long enough without
eating, especially under low carbohydrate conditions, you can run short on blood sugar.
Because the nervous system prefers blood glucose over any other kind of fuel, when this
preferred energy source is low, physical performance levels will begin to predictably drop. The
good news is that a simple carb shake can quickly remedy this. nused blood glucose can be
combined into huge polysaccharides composed of many glucose molecules, called glycogen
and stored in the liver or muscles. The liver releases its stored glycogen to replenish blood
glucose levels. Even if liver stores are totally depleted, a couple of high carbohydrate meals
after training can fully restock this supply. hen liver glycogen stores are full, they can provide
adequate blood glucose to fuel the demands of hours of training. uscles also store
carbohydrate as glycogen, but use it as a local energy source within the muscle rather than
releasing it into the bloodstream. Due to its location within active muscles in need of energy,
muscle glycogen is used preferentially during exercise and is more rapidly depleted.

uscles use a variety of reactions to produce the energy needed for contraction and these
processes come with the creation of byproducts called metabolites. These molecules, including
hydrogen ions, C , inorganic phosphate, and lactate are not all innocent bystanders. The
accumulation of high levels of metabolites can result in interference with neuromuscular
signaling and the mechanisms of muscle contraction itself. etabolites can also significantly
lower local p , which results in the familiar “burn” experienced during training. Luckily, most of
these metabolites are cleared within seconds after training. The notion that lactic acid from a
previous day’s training remains uncleared from the body for an extended period of time is a
common misconception, as lactate concentrations typically return to resting conditions within a
few hours after exercise.
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hile the aforementioned pathways don’t accumulate over a period of days or weeks, other
pathways do. It’s these latter pathways that cause the kind of fatigue that can eventually
interfere with results, and it’s these pathways that the study of recovery from training seeks to
address.
Potentially Cumulative Pathways:
⠂
lycogen Depletion
⠂ Nervous System Disruption
⠂
utocrine, Paracrine and Endocrine Disruption
⠂ Psychological Stress
⠂ Tissue icrotrauma

hile the liver’s supply of glycogen is mainly used to regulate blood glucose levels, glycogen
stored in the muscle is used to power highintensity, repeated muscular contractions. Because
muscle glycogen is such a universally important fuel for athletic performance, its levels in the
muscle set the upper bounds for the intensity and volume of sport performance. igh levels of
muscle glycogen yield the best performances, and everything lower than about half of the
normal load result in serious decrements.
In order for glycogen to sufficiently replenish from one training session to the next,
carbohydrates must be consumed between sessions. For folks who train at the lower end of the
volume spectrum, as much as a gram of carbohydrate per pound of body weight per day of
carbohydrate can replace glycogen fully. For those training harder, up to two grams are
required, and for those who train with extremely high volumes (pushing four hours of hard
training per day), more than three grams of carbohydrate per pound of body weight may be
needed per day to keep glycogen levels relatively full. Taking in carbs at the right times and
consuming the right kinds of carbs can help maintain glycogen levels to support training and
prevent excessive fatigue. Consuming a majority of one’s daily carbs directly after training
(especially if multiple daily training sessions are planned) as well as eating high glycemic carbs
will best maintain glycogen stores.
aintaining high glycogen levels has an additional benefit: it allows for better anabolic signaling
to promote muscle growth. Not only can you train more, your potential results from that training
are enhanced as well.
Numerous research findings have confirmed that excessive muscular damage reduces the
muscle’s ability to take up glucose and assemble it into glycogen. s we train, microscopic
damage to the muscle tissue occurs. The more damage occurs, the more our ability to replace
glycogen is hindered. This means that for those who train extremely hard and already have
trouble getting in enough carbohydrate to replenish glycogen, advanced replenishment
strategies may need to be adopted in order to support recovery and maintain performance.
s training volumes and intensities go up, even a diet with adequate carbohydrate intake may
not facilitate full glycogen replenishment after each session. Eventually, glycogen levels may be
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diminished enough to impact performance and the recoveryadaptive processes. Low glycogen
levels are strongly correlated to perceived exertion, which means that when your glycogen
levels are very low, you feel empty, weak, and slow. If levels become extremely low, full
replenishment might take several days of carbohydrate intake with reduced training. anaging
muscle glycogen levels is critical for any good recovery strategy.

Sustained fatigue can prevent the recovery of normal neuromuscular function, which may play a
role in inhibiting an athlete’s ability to learn new techniques, or even cleanly execute known
techniques. gain, this may be a result of cortical or “topdown” fatigue effects, or local neuronal
firing disruptions. Irrespective of the source of the problem, performance and progress are
halted when nervous system fatigue is not alleviated.
ost nervous system fatigue generated by exercise consists of peripheral effects, but, under
chronic conditions, central fatigue can also become an issue. Central nervous system fatigue
effects are thought to involve changes in neurotransmitter concentrations in the brain and spinal
cord that affect, among other things, performance and perceived effort.
ne thing to note is that what we’re describing here are temporary fatigue related disruptions,
and not disease states or irreversible damage. “ drenal fatigue” is a diagnosis commonly
handed out by underqualified health field workers. This diagnosis is ot medically recogni ed
and has in fact been thoroughly debunked in a review of over 3000 research studies entitled
dre al fatigue does ot e ist a systematic re ie . Nervous system changes due to fatigue in
most cases are reversible, and do not involve the failure of any glands or systems, but are
rather characteri ed by suboptimal functioning that can be alleviated with rest.

utocrine, paracrine, and endocrine systems all facilitate intercellular communication in the
body. utocrine signaling involves messages sent from a cell back to itself, leading to changes
in other parts of that same cell. Paracrine signaling involves communication between cells in
close proximity to each other, and endocrine signaling allows very long distance cell to cell
communications using hormones transferred via the circulatory system.
The mT / P signaling complex is an example of an autocrine messenger pathway within
the muscle cell. (For those interested, the acronyms are short for mammalian target of
rapamycin’ and 5 adenosine monophosphateactivated protein kinase’). The mT
pathway
signals various parts of the cell to begin growing muscle and taking other steps towards
recovery and adaptation when the muscle is presented with certain stimuli. These stimuli include
tension, stretching under load, the presence of certain metabolites, and high energy availability
(resulting from large caloric intake). In contrast,
P signals for muscles to cease building and
repairing and can even facilitate the breakdown of muscle tissue for extra fuel. The stimuli that
upregulate
P ––and hence prevent muscle growth and may lead to muscle loss––include
long duration aerobic exercise, chronic stress, and low energy availability (resulting from low
calorie dieting). Various paracrine factors, including growth factors and small signaling proteins
like cytokines, also contribute to complex cascades involved in tissue growth, tissue repair, and
inflammation. Chronic fatigue can lead to excessive inflammation and slower recovery via this
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signaling. Please note that mT
and
P are not the only intracellular modulators of fatigue.
There are many others, and we simply use mT
and
P because they are wellstudied
and important to fatigue dynamics.
Endocrine signaling plays a large role in regulating training adaptation and recovery. ne of the
best known players is testosterone. Secreted testosterone promotes the recovery and growth of
muscle cells. Beyond its role in development during puberty, testosterone secretion in adults is
stimulated by overload training, and can affect both the muscle tissue and the neurons that
innervate it. Changes in testosterone concentration within the body can indicate a significant
shift in the anabolic state of the athlete, and, along with other hormones such cortisol, is a
valuable marker of preparedness. Testosterone’s effects on anabolism are profound and well
documented, which is why many athletes turn to anabolic steroids (analogues of testosterone)
to help promote recovery and increase their training loads.
Cortisol is a primary catabolic hormone and is released as part of our normal stress responses.
Physical stressors such as training as well as psychological stress stimulate cortisol release.
lthough cortisol is often cast in a negative light due to its detrimental effects under conditions of
chronic stress, it plays an essential role in the breakdown of biomolecules for TP resynthesis,
which provides the energy needed during hard training. This function is extremely useful when
energy demands are high. nfortunately cortisol is not picky about what molecules it s willing to
break down for energy. lthough protein is not a preferred fuel source, elevations in cortisol can
lead to the breakdown of muscle tissue for energy. So, while cortisol concentrations play a
necessary role in stress response, their elevations in will directly delay or blunt recovery
processes.
Just as testosterone can serve as an indicator of anabolic activity, cortisol can be used as an
indicator of catabolic activity. In fact, the ratio of testosterone to cortisol, often referred to as the
T:C ratio, is used to measure endocrine balance in athlete monitoring. hen testosterone is
elevated and cortisol is relatively low, the athlete is in an anabolic state. By contrast, when
testosterone is relatively low and cortisol is elevated, the athlete is in a stressed or fatigued,
catabolic state.
lthough testosterone and cortisol are often the highlighted hormones in our discussions on
recovery and fatigue management, insulin also plays a vital role in promoting recovery and
adaptation. Insulin is a powerful anabolic hormone, responsible for facilitating glucose and
amino acid uptake in muscle tissue. Insulin secretion is stimulated primarily through
carbohydrate ingestion, but protein ingestion can also signal its release to a lesser extent.
Insulin sensitivity of the muscle tissue is heightened by muscle contraction and can remain
elevated for several hours postexercise. Thus, insulin enhances glycogen replenishment, and
therefore the growth and repair of the damaged muscle tissue, making it a valuable hormone to
consider for recovery and nutritional strategies.
During day to day functions, these cellular signaling systems work seamlessly to promote
performance, recovery, and homeostasis. hen overload is presented for consecutive weeks,
predictable changes in the function of these messengers manifest. For example, with repeated
overloads, mT
signaling begins to decline and
P signaling becomes predominant. This
means that while your training sessions may still be going well, muscle growth may reduce and
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eventually cease if the accumulated fatigue is not resolved. Various paracrine pathways also
begin to decline in their promotion of muscle growth and recovery. Endocrine effects are
perhaps the most impactful. In an observation first made more than half a century ago, within
weeks, continuous overload training reduces testosterone levels and increases cortisol levels. In
this scenario, hormones that increase fatigue are going up and the hormones that promote
recovery are going down. itigating this trend is a critical aspect of any recovery strategy.

In both a direct and indirect way, fatigue can take on a purely psychological manifestation. The
psychological disposition of an athlete can change with time and have an effect on fatigue.
Sometimes the inability to perform overloading training is psychologically based. ll athletes are
human beings, and we get frustrated, overwhelmed, and bored. Training that is overloading and
long in duration (usually weeks and months) without any big variation or break will become
overwhelming and increasingly unappealing. If you feel like you can’t keep up the pace, have
run out of steam for training hard, or have become demotivated to maintain and improve your
performance, it is unlikely that you will be able to train at the level required for continued
progress. Not only can psychological stress of this nature cause physiological disruption (such
as decreases in testosterone and increases in cortisol levels) but can also lead to further rises in
psychological fatigue, creating a snowball effect. The psychological pathways of fatigue have to
be addressed by any recovery plan. Like physiological fatigue, if psychological fatigue levels are
allowed to rise to extremes, they may take upwards of months to wrangle back to baseline
completely.

Tissue microtrauma describes the process by which hard training damages and breaks down
muscle fibers and connective tissue. In order for this type of fatigue to be alleviated, the damage
must be allowed to heal. Different structures take on different degrees of damage and have
different healing times. uscle tissue tends to take on the most damage with training, but
recovers the quickest (generally within about a week) under normal circumstances. The fascia
and tendons incur a lot of damage during intense training, but, because of poorer blood supply
and different design, take longer (weeks or more) to heal. Ligaments and bones are the most
resistant to damage, but take the longest to heal when traumati ed. Training must temporarily
cease and, upon resuming, training intensities must remain reduced for consecutive weeks to
allow the microtrauma to ligaments and bones to heal completely.
e can now assert that any recovery strategy must accomplish some or all of the following:
estore glycogen and other substrates
Facilitate the recovery of normal nervous system function
eestablish normal balances of autocrine, paracrine, and endocrine signaling
eal microtrauma in all structures and tissues
ecuperate the athlete’s psychological state
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s you may remember from earlier, cumulative fatigue lasts across training sessions and
summates over a month of normal training. In a properly overloading program, cumulative
fatigue slowly rises each week, until it reaches levels high enough to encumber performance. t
this point, the athlete has entered into a very specific state of physiology called o erreachi g.
verreaching describes a state wherein the accumulation of fatigue is such that overload
training is no longer sustainable. If overreaching is sustained for a very short time, one can
continue to train productively. nd, if this brief overreach is followed by a period of reduced
training, it allows for high levels of adaptation (supercompensation). This is called fu ctio al
o erreachi g.
In other words, functional overreaching is when the athlete pushes his or her body and mind to
just outside the limits of sustainability for a brief amount of time. This push beyond what’s
normally programmed is a special form of overloading. If functional overreaching is executed
properly (not taken too far), a return to normal fatigue levels right after often causes a
compensatory effect whereby multiple physiological systems facilitate a greater increase in
fitness than normally possible. Functional overreaching is an indispensable training strategy
especially to the advanced athlete (for whom gains come harder and more slowly).
Nonfunctional overreaching describes the unplanned and unwelcome state in which fatigue
prevents overload training. ne way to prevent functional overreaching from becoming
nonfunctional is to stop pushing when the fitness characteristics you are training for begin to
rapidly fall off, or simply put, when you cease being able to train (overload) for these desired
characteristics. The longer you stay in an overreached state, the more your physical capabilities
will deteriorate. Small fitness deteriorations across training are normal and will not prevent
productive overload training, but pushing too far will inhibit gains. If you continue to train too long
after desired fitness characteristics have fallen drastically, the most you can hope for is a return
to normal abilities, even after fatigue is alleviated. Intelligently pushing your training just over the
edge of what you can sustain is an effective strategy, but carelessly and or chronically pushing
too far will yield little or no result for all that hard work.
Below is a graphical summary of the duration of overreach that leads to the degradation of
various technical and fitness characteristics.
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Different fitness characteristics can withstand different durations of overtraining. nce
overreaching has begun (represented by bar color transitioning from gray to orange), the time before
continued training becomes detrimental (bar transitioning from orange to red) is limited. Three days into
overreaching, fatigue levels begin to impede the acquisition of new techniques and speed abilities. By day
seven of overreaching, peak power is affected along with the ability to express and refine known
techniques. Strength can withstand up to two weeks of overreaching, and it is not until about three weeks
into overreaching that body composition begins to be threatened by fatigue levels. cross any
overreaching phase, the chances of illness and injury also rise exponentially.

hen athletes are training in an overreached state, they often lose the capacity to acquire new
techniques. This means that if you’re trying to learn new sport or training skills, a lowfatigue
environment is optimal. Even at the very beginning stages of overreaching (after just a few
days), your ability to learn new moves and integrate them is compromised. This is one of
several reasons that learning new techniques at the end of practice is not ideal. thletes in
techniqueheavy sports should schedule new technique and skill acquisition during
nonoverreaching periods.
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ur ability to achieve maximal movement speeds begins to decline at around the same time as
our capacity to learn new technique. This means that after a few days of high fatigue, short
distance sprint speed, striking speed, and reactive quickness (side to side movements on a
field, for example) begin to decline. For those who track their training with equipment that
detects speed, this phase of overreaching can be reliably measured for athlete monitoring
purposes. These data can potentially provide early evidence of fatigue and help the athlete
avoid pushing too hard for too long and consequently reaping less progress. That in
combination with other indices could help guide coaches and athletes as to which potential
modifications to training are warranted, when deloads or light days are needed, and so on.

The ability to refine and improve known techniques is as significant as learning the techniques
themselves. Smoothing out the stroke on a forehand tennis swing, polishing the precision of a
soccer penalty kick, and improving your catch position in the clean are all examples of refining
already learned techniques. In a highly fatigued state, days after new technique expression and
speed begin to suffer, the ability to perfect an already learned technique will decline as well. This
means that while you can do some very shortterm overreaching and still train technique
refinement, the time cap on this will still be relatively short. If you’re so overreached as to be
unable to refine your technique, make sure that your training is focused on power, strength, or
other characteristics not yet substantially affected by your current fatigue (see Figure 3 above
for some examples).

Eventually, fatigue can diminish your ability to execute moves you know extremely well. bout a
week into overreaching, most of your known technique expression starts to degrade. t this
point, the value of further practice starts to diminish–if you cannot even execute your most
practiced techniques, getting better at them through continued training is impossible. nother
problem with this for many sports is that basic learned techniques are prerequisites for
advanced tactical training. If you are an overly fatigued rugby player who is having trouble
passing and catching the ball, practice of offensive formations that require both of these skills
will also be impacted.
thletes who are too fatigued to express techniques well at the correct speed will often revert to
slowing down in order to get the technique right, which allows them to execute the move, but at
a great cost: they are now actually lear i g to do the tech i ue more slo ly. ell informed
coaches know that if you’re not practicing correctly, you’re not learning correctly.
thletes in skill based sports can still benefit from functional overreaching, but must be more
strategic in its application. wellstructured training plan should have dedicated periods for
learning and refining sport and training techniques, and also dedicated time for practicing their
expression in the sport setting. For a boxer this would mean a period for learning a new punch
combination, and a period for integrating that combo into high speed live sparring.

1

ne strategy to allow for new technique training while still overreaching for other fitness
characteristics is to separate technique heavy periods from other training (such as strength and
power training). nother option is to minimi e overreaching periods, so that there is less
interference with technique acquisition. In practice, while strongmen, powerlifters, and
bodybuilders can benefit from overreaching much longer than several days at a time, gymnasts,
fitness sport participants, and weightlifters rely too much on precise technique to be able to
afford to overreach for longer than a week at a time.

fter several days of training in a highly fatigued state, power begins to measurably decline. The
product of force and velocity, power depends on the production of both speed and strength.
Though speed falls off just before power, stable strength levels can keep power elevated for
several days after speed begins to drop. In order to effectively overload power, high power
outputs must be achieved in training. If the athlete becomes overreached and cannot express
high power in training, the training leads to virtually no improvement, and continues perpetuate
fatigue. verreaching for power for longer than a week at a time conditions athletes to perform
under their best abilities, or doesn’t allow for further power improvement.

Strength begins to decline after about two weeks of overreaching, but is reversible and
supercompensatory if overreaching periods do not exceed 3 weeks. Because strength is easily
measured and more resistant to decline, decreases can be a meaningful indicator of
counterproductive fatigue levels.
thletes seeking to improve in strength via functional overreaching have to overreach for at
least a week but can do so for as many as two weeks. This means that a substantial portion of
the training will take place after overreaching has begun. It’s normal for a strength athlete to feel
that they are underperforming in terms of technique and speed when properly training for
functional overreaching. Strength athletes will be carrying a considerable amount of fatigue
compared to high technique or speed athletes.
hile we have described the case where strength athletes bear a disproportionate amount of
fatigue with respect to their technique and speed counterparts, observing the prescribed
functional overreach period is no less critical for the strength athlete than for these others.

s fatigue aggregates, the net metabolic balance of the body begins to shift towards catabolism.
In the early stages of a mesocycle or training block, there is still plenty of anabolic activity to
continue driving muscle growth. fter several successive weeks of overreaching, catabolic
processes begin to outpace anabolic processes, and muscle growth slows substantially, stops,
or even reverses, resulting in muscle loss. t the same time, though less aggressively than
muscle loss, fat loss is also prompted by fatiguedriven elevations in stress hormones like
cortisol in the overreached state. Such a catabolic environment helps explain observations in
athletes in extremely overreached states that show a simultaneous increase in relative body fat
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percentage, while muscle mass and even body weight decline. This is certainly no recipe for
peak performance in nearly any sport, physique sports especially.
The first big implication here is that those athletes mainly concerned with physique development
can chronically hold onto much higher levels of fatigue (and benefit from much larger training
volumes) than athletes involved in technique, speed, power, or even strength focused sports.
This is very good news, because the prolonged hard training and hypocaloric dieting required to
peak for stage shape in physique sports is a very fatiguing endeavor. If technical, speed, power,
or strength athletes wish to train like physique athletes for aesthetic goals, it’s best done deep in
the offseason when performance in their chosen sport is not an immediate concern. lthough
the evidence strongly supports the use of overreaching for hypertrophy (increasing muscle
mass), its efficacy is not entirely clear. hat is reasonable, however, is that, due to the high
volumes needed for muscle growth and maintenance, physique athletes will generally carry (on
average) a higher degree of fatigue than most strength and power sport athletes.
Though it takes weeks to occur, eventually a prolonged overreaching period will in fact affect
muscle and fat ratios–this is when overreaching becomes detrimental for physique athletes, and
is long past decline in nonaesthetic fitness characteristics. From this point, the risks of
continuing to push training become more bleak.

The longer fatigue is sustained, the more physical resources the body requires to ameliorate it.
The more resources being diverted to recovery from the fatigue of training, the fewer left to
effectively deal with potential pathogens and disease agents. Thus, as fatigue levels climb
higher and remain unattenuated for longer, the chances of the athlete falling ill escalate.
Because sickness puts an even greater demand on recovery systems, fatigue rises higher still.
If hard training is continued through illness, the illness will often become more severe (head
colds giving way to chest colds and fevers and so on). There is no specific time frame for illness
risk to occur with respect to fatigue, but the chances increase exponentially as fatigue increases
and goes unalleviated over time.

The relationship of fatigue levels to injury risk is very similar to that of illness. Injury risk
becomes exponentially greater as fatigue rises and continues to be sustained. Interestingly, the
risks of injury that lies in fatigue progression are due to different causes at different timepoints.
hen technique expression becomes compromised early in the overreaching phase, an
increase in injury results primarily from missteps and mistakes in movement by the athlete. Trips
and falls, bad landings, and technical errors with barbells constitute the vast majority of elevated
risks in this phase of overreaching. During moderate overreaching, injury risk isn’t as high as
would be expected, because reductions in power and strength often reduce the overloads one
can present in training. If the overloads aren’t as great, neither are the chances of injury. In very
prolonged overreaching, microtears to the tissue become common, and pronounced enough
that macro tearing (much less innocuous than its micro counterpart) is a heightened concern,
even without very overloading training. So the chances for small wear and tear injuries goes up
rather linearly through fatigue accumulation, while the likelihood of major trauma is likely highest
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(especially in highly mobile sports with running and jumping components) in the earlier phases
of overreaching.
The highest chances for major traumatic injury (muscle and tendon ruptures) seems to be when
an athlete who often overreaches  and doesn’t take enough time to sufficiently bring fatigue
back down  takes a break from hard training just long enough to recover high levels of strength,
power, or speed abilities, and then returns to play. hen technique expression has not yet
returned, the tissue damage (which takes a very long time to heal) that predisposes us to
injuries is still largely present, and the overloading forces capable of causing injuries are
reintroduced. Essentially, this means that if you have been overreaching often and for prolonged
periods and take a break from training, but then return to train hard, this is hypothetically the
most highly injuryprone scenario possible. ou’ve still got the microtrauma from weeks and
months of overreaching, and possibly some remaining lack of coordination in your movements,
but now you also have the strength, speed and power to propel your limbs with enough overload
to turn those microscopic rips into large ones, or make a movement mistake with great force and
cause a major injury.
So, while it’s true that injury risk does escalate with rising and accumulated fatigue, it pays to
understand that just taking a few light days from that highly overreached state is not enough to
greatly reduce injury risk, and might actually increase the odds for the most traumatic kinds of
injury.

Functional overreaching is when the overreached state is planned and maintained just long
enough to yield the biggest benefits in supercompensation. fter fatigue has been dispelled,
performance is higher than ever, and the athlete can benefit from this cycle regularly.
Nonfunctional overreaching is when fatigue is maintained at too high a level or for too long, and
the athlete is left with no net improvement after fatigue is alleviated: certainly not a preferred
outcome.
If the high fatigue state is maintained for much longer than the point at which functional
overreaching becomes nonfunctional (on the order of a month or longer) a physiological state
called o ertrai i g occurs. vertraining results in a net decrease in performance. ith the less
severe kind of overtraining, the athlete eventually regains their lost performance and can make
future gains, though reclaiming prior performance levels is neither automatically nor easily
accomplished, but, rather, just as difficult as it was to achieve in the first time.
The second, more severe kind of overtraining results in decreased performances that e er
return to baseline levels. Full recovery literally never occurs, and the reasons for this are still
somewhat mysterious. It s possible that the summation of chronic injuries and inflammation
create an environment in which normal training volumes and intensities can never again be
sustained. The details and exact mechanisms of this unfortunate state have yet to be
elucidated, but it is clear that in order to avoid overtraining and any unwanted detrimental fatigue
effects, we must be able to monitor fatigue. The good news is that there are multiple tools and
signs by which to do this, and the next section lists and describes them in detail.

hen left untreated, fatigue can negatively impact performance, our ability to recover, our ability
to progress over time, and can even increase our potential for injury. s such, a primary focus
for sport scientists is to monitor fatigue and estimate its relative impact on the training process.
Fatigue monitoring requires a variety of quantitative and qualitative tools and assessments in
order to make evidencebased decisions on how to direct training. These checks can range from
simple ones, like asking an athlete how he’s feeling that day, all the way to complex analyses of
a season’s worth of ingame statistics.
The savvy sport scientist seeks to proactively predict and control fatigue, thereby preempting its
adverse effects. To do this, the fatigue monitoring toolbox needs to contain indices that predict
when fatigue is on the rise such that it may be problematic, tools for measuring it in an athlete’s
current state, and benchmarks that indicate whether an athlete has already gone beyond the
tipping point of acceptable fatigue levels. lthough each of these measurement timepoints is
independently useful, the best monitoring results will come from an integrated approach.
In the following discussion, we will explore two important aspects of detecting fatigue, the
warning signs to look for, and how to interpret them. e will go over methodologies for tracking
evidence of impending or already accumulated fatigue, and determining when a reduction in
fatigue is needed to allow safe and productive training to continue. eep in mind that the goal is
not to avoid becoming fatigued entirely ather, it is to train hard, and let fatigue rise slowly, then
bring it down in time for a competition or simply to ensure continued performance optimi ation.
Before we begin our discussion on fatigue indices, it’s important to understand that just one
indicator is never enough to draw a definite conclusion about the state of fatigue. If several
indicators are present, it is likely that the athlete is fatigued, and the more indicators there are,
the higher this likelihood. e would like to have a silver bullet fatigue indicator for each
timeframe, but in the real world we face several limitations.
The need for multiple concordant fatigue indicators to confirm an impending, current, or long
term state of high fatigue stems from multiple factors. First, all forms of measurement have an
inherent margin of error, especially those that are subjective (aka, when athletes selfassess
how tired they’re feeling). This can be due to properties of the measuring tool, such as accuracy
and sensitivity. Second, factors unrelated to fatigue can influence a measurement. If your jump
height is down, it might be because you sat in a car all morning on a long road trip and are stiff
during the test. Errors in measurement and noise from nonfatigue variables can skew any
single assessment, and lead to a false conclusion that you are fatigued. hen more than one
fatigue indicator is used, the additional data decrease the chances of an erroneous conclusion
that high fatigue is present. If your movement speed is slow but the weight feels great on your
back, it s unclear if fatigue is the primary cause. If a normal training squat weight feels like it’s
crushing you but your movement speed is above normal, it’s tenuous for us to conclude that
your fatigue is elevated. If the bar is moving slowly a d the weight on your back feels like it’s
crushing you, we could draw a stronger conclusion that fatigue is accumulating.
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Leading indicators are the early signals that fatigue is on the rise. Though it may not be
problematic at the time, the presence of these indicators suggests that the effects of heightened
fatigue may soon manifest, typically within about a week’s time from the detection of one or
more leading indicators. Ergo, observing the leading indicators of fatigue allows us to proactively
plan for fatigue management, versus merely reacting to it with no forethought. aiting until the
onset of high fatigue has passed can mean the difference between a productive
functionaloverreaching phase and a nonfunctional waste of training time.
If you detect these leading indicators, it’s not yet time to reduce training, but you should expect
to make adjustments to the remainder of your plan in the near future. Even though we use
leading indicators to allow us to be prepared for fatigue when the time arrives, you might still find
these indicatives stressors in the middle of a normal training cycle. This will warrant some
training adjustments be applied ad hoc. ou might have a problem with your program design or
your recovery efforts and need to take this into consideration when you plan your next program.
In contrast, if no indices of fatigue are detected, even during a planned overreach week, the
athlete may be undertraining.
Let’s identify and discuss six main leading indicators and what they mean for fatigue
management:

ndereating calories, carbs, and protein can greatly blunt the body’s ability to recover. Poor
nutrition can be a direct cause of fatigue, but can also serve as an indicator. issing meals
unexpectedly may be inevitable at times, but coaches and athletes should recogni e that
subsequent training sessions may not go as planned if this has occurred. In the same vein,
frequently missing meals can become a serious problem. If this is the case, we can predict that
impending fatigue levels will rise more quickly than otherwise expected.

aintaining low psychological arousal and stress levels in your personal life also plays a
substantial role in fatigue management. If your training and nutrition are great, but you’re
frequently arguing with a loved one or you’re missing sleep, you can predict that your ability to
recover from normal training stressors will be reduced. ne really bad day can bring stress
levels high enough to impact training and recovery. ithout relief bad days can become bad
weeks, and the training process can suffer. hen it is not possible to prevent or reduce external
stress levels, the best we can do is take notice of them and adjust our training accordingly so as
to prevent excessive fatigue accumulation.

Physical work outside the gym can contribute to overall fatigue just the same as work done at
the gym. lthough the amount of physical labor required by a given job or hobby varies, it’s safe
to say that the physical stressors from activities of daily living can accumulate right along with
the rigors of training. Even if the daily work you’re doing isn’t particularly intense, doing 30 hours
of it in 3 days can result in measurable fatigue. If you’re planning to work for an unusually long

time or up the physical intensity of the work you are doing, be prepared to adjust other variables
in your training and recovery plan in anticipation of higher levels of fatigue.

Though it might seem obvious, it bears repeating that how hard you train in a given week can
affect how you feel during the next week’s training sessions. chieving a big P on a lift feels
awesome in the moment, but the fatigue resulting from this effort may wipe you out for the
remainder of that week, and possibly beyond. Likewise unplanned or unusually hard training
sessions may push you over the edge. Normally, your hardest training is already programmed to
occur right before a deload, which is a great alignment. hen this is not the case you must take
steps to manage fatigue before it becomes deleterious. common mistake is to assume that
your body will “just deal with” and dutifully manage the extra stress to which it’s been subjected.
But in the absence of a conscious effort on one’s part to help it do that, this simply isn’t true.

Fatigue can negatively impact your ability to learn new techniques, as well as refine and express
those you already know. Noticing that you are losing the mind muscle connection’–– your lifts
are feeling awkward, your body not doing quite what you want it to do––are valuable indicators.
The good news is that you can train through a lot of these side effects and still benefit from that
training. The bad news is that this degradation in performance is a sign that very high general
fatigue is on the way. s these variables are generally only qualitatively assessed and can be
subjective, conclusions about fatigue state should be supported with additional indicators.

Jump height is an indirect measure of power output and is correlated with performance
outcomes in nearly all sporting activities. hile jump height is a potentially useful indicator of
fatigue, it has its limitations. The first problem with jump height is that it’s not very precise,
making it difficult to conclude that fatigue is problematic solely based on jump height data. The
second problem with jump height as an indicator in personal and practical use is that any
accurate measurement is going to require equipment. This can be simple mechanical equipment
like jump and touch flags, more involved equipment like an electronic jump mat (where the
athlete jumps from a touch sensitive device that estimates jump height based on jump timing),
or even a force plate (which more precisely measures jump height using ground reaction
forces). Lastly, jump height is limited by the need for extensive data collection for longitudinal
comparison. nless you have at least a week’s worth of average jump height data, it’s not
possible to conclude that your jump height has decreased on the order of meaningful statistical
significance. hile jump height is of very limited use for individual athletes, testing entire teams
several times a week can be a great way to monitor average fatigue levels and manage training
loads.

Concurrent indicators of fatigue are those that arise at the same time as fatigue itself.
or not we act immediately to reduce this fatigue will almost always depend on which
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hether

performance characteristics are being affected relative to our training or competition schedule.
There are planned times throughout the year characteri ed by expected losses in performance
that we choose to accept, such as general preparatory periods and overreaching periods. These
losses are strategic, and potentiate gains following recovery periods. Conversely, there are
times throughout the year when performance losses are not acceptable, and should be dealt
with swiftly. Concurrent indicators help assess whether or not athletes are in an acceptable
training state relative to where they are in their season or training cycle.
nfortunately, concurrent indicators can be misinterpreted. The presence of any amount of
fatigue does not necessarily mean that training should come to an immediate halt. Likewise the
absence of fatigue does not necessarily mean that training needs to be ramped up. Detection of
a single concurrent indicator can help lead to these conclusions, but requires corroboration. t
this time, there are four concurrent indicators worth considering:

Losses of velocity come before strength losses, and are among the first concurrent indicators of
fatigue. These can be losses in sprinting velocity (as measured directly by laser gun or indirectly
by sprint times), punching, kicking, throwing, and bar movement velocities. If you have access to
velocity tracking equipment, you can use velocity measurement to a huge advantage. Tracking
movement speeds allows you to both assess fatigue and determine whether appropriate
overloads of power and speed are being applied in training. lthough decreases in movement
speed can be meaningful indicators of fatigue, it is debated how much loss is acceptable. Some
measurement tools such as stopwatches, timing gates, or speed guns are relatively easy to use.
ore complicated assessment tools such as potentiometers, accelerometers, or other kinematic
devices can make assessment more cumbersome, and also require an abundance of
loadvelocity data on each athlete for analysis, which some coaches may find impractical.

lthough more qualitative, perception of effort how heavy the bar feels when lifting, how
arduous your standard soccer practice seems, etc. can be used to detect the presence of
highorder fatigue. Feeling like your typically manageable training is particularly difficult and
overly strenuous is generally a sign that it’s time to take steps to manage fatigue. That said, we
all have bad days, so don’t deload every time you don’t feel your best. Back off to alleviate
fatigue after several consecutive sessions of regular training that feel unusually taxing.

In addition to your training feeling more difficult when you’re carrying a high level of fatigue,
performance can also noticeably decline relative to your baseline performance. Being unable to
reproduce typical top performances is a big part of the definition of recovery. Changes in relative
performance can be observed in any sport or athletic endeavor: a runner who can normally
maintain a 6 minute mile pace starts to creep closer to 7minutemiles, a basketball player who
typically averages 10 rebounds per game gets only 6, a soccer player who normally covers
about miles of running during practice drops down to 1. elative performance as a fatigue
indicator is very practical because it can often be assessed based on exercises and efforts that
you’re already training and do not require any additional equipment or resources. For the most
6

part, if you are performing up to your own standards, you probably have nothing to worry about
as it relates to fatigue. hen performance begins to noticeably decline, it might be time to let up
and recover. In our collective coaching experience, performance drops due to high fatigue
usually tend to be hard to miss. In other words, if you are unsure if your performance has
declined, it’s unlikely that you’re in an overly fatigued state. It will be obvious once performance
has dropped enough to call for recovery interventions.

Because strength is so resilient to the effects of fatigue, decreases in strength should be taken
seriously. ne of the most common ways of measuring strength in the context of detecting
fatigue is grip strength. rip strength might seem like an odd means to assess changes in
strength, but because it is easy to measure without itself generating large amounts of fatigue, it
is an excellent method for noninvasive assessment. lthough a similar result can be obtained
from relative performance measures, such as looking at lifting numbers across weeks, these
rely on the execution of normal training. This of course comes with normal fatigue, and hence
carries with it increased risk of injury and suboptimal training from nonfunctional overreaching
over the course of the assessment.
handgrip dynamometer measures grip strength, is inexpensive, and is easy to use. It takes
about a minute to perform the test and generates so little fatigue or injury risk that it can be done
daily. There are, however, some very high ecological validity problems with this method of
assessment. program with a high volume of squatting can result in a great deal more total
fatigue than a program with a high volume of pull ups, but the forearms will develop quite a lot of
fatigue from pulling training and very little from squatting. In this case, a grip strength test would
potentially underdetect general fatigue in the squatting program and overdetect general fatigue
in the pulling program. This type of detection difficulty is one of the many reasons that even the
best fatigue indicators are not recommended for standalone use.

This indicator is a last resort for determining whether fatigue has gotten too high. If the more
negative effects of fatigue are manifesting on game day, something went wrong in our training
program long before that moment. Poor performances can happen for all sorts of reasons, but, if
other lagging or concurrent indicators are present on meet day, accumulated fatigue is probably
a contributor. Though it is a great disappointment to have creeping fatigue sabotage our
competition performance, not all is lost. s long as we manage to avoid injury as a result of
fatigue during your competitions, we can use this mistake to instruct changes to our training plan
in preparation for our next competition.

Lagging indicators are those evident after fatigue has already been high for a long time two or
more weeks. sing these as your primary indices often leads to identifying fatigue after it is too
late to recover from it. Sometimes, both leading and concurrent indicators can be missed,
masked, or misinterpreted that we end up carrying unproductive levels of high fatigue that
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hamper our training and performance. Lagging indicators in this case can confirm that the
athlete has begun flirting with nonfunctional overreaching (whether they know it or not).
Lagging indicators have two primary uses for athlete monitoring. First, they can be used to
gauge fatigue during functional overreaching. ccasionally we want to keep training hard and
hold fatigue high for a time before letting it fall, so that supercompensation can occur. The
duration for which lagging indicators are expressed can dictate when to end an overreaching
phase so as to keep it functional. Second, lagging indicators can serve as neardefinite stop
signs for normal training, not characteri ed by overreaching periods. If you are presenting with
several of these indicators during normal training, you’re almost certainly well into overreaching,
and probably need to back off.

There are three methods of heart rate measurement that can reveal heart rate changes
indicating a high fatigue state:
eart ate Variability ( V) is the degree of variation in time between heartbeats. nder normal
circumstances, there is a fair amount of variation in the time between beats. s fatigue rises,
heart beats actually begin to occur with less betweenbeat variability.
orning esting eart ate (
) is a measurement taken immediately upon waking.
is increased from baseline when fatigue is high.
ecovery eart ate (
) measurement is performed following exercise. This measures heart
rate in intervals immediately following exercise, and determines the amount of time
postexercise needed for the athlete’s heart rate to return to baseline. The longer the heart takes
to return to its atrest rate after a given exercise, the more fatigue the athlete is likely carrying.
Part of the problem with all of these heart rate assessments is that for changes from baseline to
be large enough to be accurately detected and determined significant fatigue must have been
very high for weeks. nother issue with using any heart rate measurement to assess fatigue is
that data are inherently noisy and unreliable. Days of consistent measurement under low
fatigue, low stress conditions are required to establish a baseline for comparison, and a host of
variables can skew the data during collection. Individual assessment is rarely reliable unless it is
in conjunction with team averages, where other individuals undergoing similar training help
assure that fatigue detection is not due to noise in one individual’s data. nother downside of
relying on heart rate data is that if fatigue is detected using these data, it is almost certainly very
high, but, we cannot conclude that the reverse is also true: the absence of detectable fatigue
using heart rate data does not prove the absence of high fatigue. lack of changes in heart rate
data do not necessarily mean a lack of changes in fatigue levels.

ith enough fatigue, even the most motivated athletes will start to lose their desire to train. e
all have sessions here and there that we’d rather skip. hen motivated athletes have a
consistent pattern of sessions like this, it can be a significant indicator of high accumulated
fatigue. This lack of passion can manifest in not wanting to train at all or as boredom with one’s
training plan, replaced by the tendency to “switch things up” and do different types of training. If

you are normally a motivated and dedicated athlete but feel a strong need to get away from your
normal training or stop it entirely, you’re possibly very fatigued, especially if other indicators
agree.

hen carrying high fatigue to the point of overreaching, many people will begin to have
disturbances in their mood. This usually presents as increased anxiety, restlessness, irritability,
feelings of helplessness, or lack of desire to do normally enjoyable activities. Inappropriate or
erratic emotional responses can also arise. Because so many other factors can influence mood
states, this by itself is not a powerful indicator. Very seldomly can mood indices alone have
practical significance, and are generally limited to measures of anxiety and feelings of
helplessness. If other indicators agree, and such mood alterations are uncommon for that
individual, their manifestation can solidify the conclusion that high chronic fatigue is present.

Decreased appetite is a common symptom of overreaching. This sensation can be a strange
lack of interest in eating food (even especially tasty food), the feeling that preparing or acquiring
food is an inconvenience, and the inability to eat a normal portion of food in one sitting due to
low desire. This is an especially serious sign of uncontrolled fatigue during a hypocaloric weight
loss diet. Normally, weight loss diets upregulate hunger so much that loss of appetite seems
counterintuitive. If your appetite diminishes even though you’re deep into a cut, you might have
a serious fatigue problem, and you’ll usually find other fatigue indicators that echo this
assumption. Fatiguetolerant bodybuilders in particular should keep track of this factor. hen
you’re on a fat loss diet for a show, being hungry is normal. If you stop being hungry, you might
be overly fatigued and losing muscle.

ighorder fatigue can result in insomnia, an inability to fall, or stay asleep or to get quality
sleep. Individuals with high fatigue often have trouble falling asleep, will wake up much earlier
than they intend, and may have bad dreams and multiple bouts of wakefulness throughout the
night.

s mentioned in the last section, a very lagging and belated indicator of fatigue is illness. s a
result of overreaching, the immune system can be suppressed, increasing the probability of
sickness and infection. Illness can occur even when you’re fresh, and it can also be a cause of
fatigue versus rather than the result. If the other lagging indicators align, illness means that it’s
time to take it easier in training.

cute injuries can happen at any time. ou can be in the best shape of your life and pop a quad
or a pec, simply because you are strong enough to do so. Likewise, wear and tear injuries like
aching elbows and rusty knees follow many of the best athletes, not just when fatigue is high.
Chronic high fatigue can prevent existing injuries from healing completely and allow new injuries

to creep in. Push too hard for too long and your microtrauma quickly becomes a macrotrauma.
It’s best to reduce fatigue before you notice this cascading injury effect. Failing that, make
adjustments to your training as soon possible to avoid worsening injuries.
The table below summari es the leading, concurrent, and lagging indicators of fatigue.

Before we close out this chapter, a quick recommendation on the use of fatigue indicators is
warranted. New technologies are great and in the future many of them will be incredibly useful
tools with which to detect fatigue. t the time of this writing, the subjective and lowtech
measurements are currently still the best and most practical tools to utili e as the mainstay of
your fatigue detection strategy. Sleep, nutrition, stress, perception of effort, performance, desire
to train, and sleep quality are tried and true indicators that will rarely steer you wrong if used in
conjunction with each other. here technological novelties can be expensive and will inevitably
become obsolete, the guidelines given here are free and reliable.
It cannot be stressed enough that one measurement alone is insufficient to determine the
fatigue state of the athlete. In order to clearly establish that fatigue has become problematic and
eliminate false positives, we recommend confirming that at least one measurement from each of
the following categories has been negatively influenced:
Performance
Physiology implicated in training
Psychological state
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ecovery is as important to progress as overload training. This means that one must take care
to identify fatigue and recover. To do so, it’s crucial to accurately identify fatigue and attempt
recovery neither too deep into a fatigued state nor too early into overload training. hen we
detect at least one indicator from each of the above categories, we can be sure that we are not
mistaking la iness or a bad day for true fatigue.
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