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Part 1 — Defining fatigue
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Introduction PR VF)

* The study of fatigue in humans has been a source of interest for over
a century.
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* The first [phenomenon characterizing fatigue] is the diminution of the
muscle force.
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* The second is fatigue as a sensation.
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Introduction PR VP

* [The limit of exercise] has often been associated with the heart alone,
but the facts as a whole indicate that the sum of the changes taking
place throughout the body brings about the final cessation of effort.
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* Fatigue of brain reduces the strength of the muscles.
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Introduction YPRV-F

* In addition, the exercise intensity, amount of muscle mass involved, and
the type and duration of exercise can all influence fatigue mechanisms.
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* Another source of confusion is that researchers often use the terms
‘fatigue’ and ‘exhaustion’ interchangeably.
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Introduction YPRVF

* A participant who is no longer able to maintain a given power output

during a time to exhaustion test will often be classified as having
reached ‘exhaustion’. However, they may still be fully capable of
continuing exercise at a lower intensity.
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* Therefore, the concepts of fatigue and exhaustion are different
constructs that should not be confused.
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Introduction

Table 1.1 Different definitions of fatigue, emphasising the variation in the quantification

and interpretation of fatigue

N

oW

0 00

The moment when a participant is unable to maintain the required muscle
contraction or performed workload.

Extreme tiredness after exertion; reduction in efficiency of a muscle, organ etc.
after prolonged activity.

The failure to maintain the required or expected force.

Fatigue produced by failure to generate output from the motor cortex.

A loss of maximal force generating capacity.

A reversible state of force depression, including a lower rate of rise of force and a
slower relaxation.

Any exercise-induced reduction in the ability of a muscle to generate force or
powers; it has peripheral and central causes.

Failure to continue working at a given exercise intensity.

Any exercise-induced reduction in the ability to exert muscle force or power,
regardless of whether or not the task can be sustained.

A progressive reduction in voluntary activation of muscle during exercise.
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Prevalent fatigue theories: peripheral and
central fatigue
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* Fatigue can be broadly categorized into two types: peripheral fatigue
and central fatigue.
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Peripheral fatigue R ZYE N (US|

A Exercise-related changes in the internal environment

| Accumulation of lactate and H*. H* is partly buffered, increasing carbon dioxide

production from bicarbonate.
2 Accumulation of heat, leading to increased sweat secretion. The loss of water may

lead to dehydration.
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Peripheral fatigue exod! cadt

B  Exercise-related changes within muscle fibres

| Accumulation of P, in the sarcoplasm, decreasing contractile force due to cross-
bridge inhibition.

2 Accumulation of H* in the sarcoplasm, decreasing contractile force due to cross-
bridge inhibition. Accumulation of H* may also depress Ca?* re-uptake in the

sarcoplasmic reticulum.
3 Accumulation of sarcoplasmic Mg?*. Mg?* counteracts Ca?* release from the

sarcoplasmic reticulum
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4 Inhibition of Ca?* release from the sarcoplasmic reticulum by accumulation of P,
(see point ). Ca?* release is inhibited by precipitation of calcium phosphate in the
sarcoplasmic reticulum and phosphorylation of Ca?* release channels.

5 Decline of glycogen stores and (in extreme cases) decline of blood glucose levels.
6 Decreased conduction velocity of action potentials along the sarcolemma, probably
as a result of biochemical changes in and around the muscle fibres. This has no

known immediate effect on muscle force production.

7 Increased efflux of K* from muscle. Increased K* in the lumen of the t-tubuli may
block the tubular action potential and lessen force due to a depression of
excitation-contraction coupling.
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Central fatigue S35 oll it

Il Central fatigue

| The conduction of axonal action potentials may become blocked at axonal
branching sites, leading to a loss of muscle fibre activation.
inhibiting motor cortex output.

course of maintained motor tasks, as suggested by measurements using
transcranial magnetic stimulation.

2 Motor neuronal drive may be influenced by reflex effects from muscle afferents.
3 Stimulation of type Ill and IV nerves decreasing motor neuron firing rate and

4  The excitability of cells within the cerebral motor cortex may change during the
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Central fatigue S5 oll it

5 Synaptic effects of serotoninergic neurons may become enhanced, causing
increased tiredness and fatigue. This may occur from increased brain influx of the
serotonin precursor tryptophan, via exercise-induced decreases in the blood
concentration of BCAAs.

6 Exercise-induced release of cytokines; IL-6 induces sensations of fatigue and IL-|
induces sickness behaviour.
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* Peripheral fatigue states that the sites of fatigue sit outside of the central
nervous system (CNS).
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* More specifically, peripheral fatigue is associated with an attenuation of

muscle force production caused by a process or processes distal to the
neuromuscular junction.
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* This develops an anaerobiosis within the working muscles, causing lactic
acid accumulation.
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Peripheral fatigue 2V PO |

* Because of this change in the intramuscular environment, continued
contraction becomes impossible and the muscle reaches a state of
failure.
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* Hill and colleagues concluded that the primary limiting factor in

exercise tolerance was the heart’s capacity to pump blood to the
active muscles.
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Peripheral fatigue haxod! Lot

* This theory, termed the cardiovascular/anaerobic/catastrophic model
of human exercise performance (‘catastrophic’ due to the predicted
failure of homeostatic cardiac function), became the dominant theory
within exercise science teaching and research.
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Central fatigue &35 solt et

* Whereas peripheral fatigue occurs via processes outside of the CNS,
unsurprisingly central fatigue proposes that the origin of fatigue is
located within the CNS, with a loss of muscle force occurring through
processes proximal to the neuromuscular junction.
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* Specifically, this refers to locations within the brain, spinal nerves and
motor neurons.
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Several definitions of central fatigue

* A negative central influence that exists despite the subject’s full
motivation.
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A force generated by voluntary muscular effort that is less than that
produced by electrical stimulation.
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* The loss of contractile force or power caused by processes proximal to
the neuromuscular junction.
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Measuring fatigue ! ld

* Direct methods of fatigue assessment
il il & piluad! G 11 -
* Maximal voluntary force generation/electrical stimulation.
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* Accurate measurement of the force generating capacity of muscle is crucial for
the reliable assessment of muscle fatigue.
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* The maximal isometric force production (MVC for maximal voluntary contraction)
is often used for this purpose.
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* does not enable dynamic contraction of the muscle.
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* Strong verbal encouraﬁement is provided by the investigator in an effort to assist
the participant in reaching a true maximal contraction.
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* Concerns with the use of MVC for assessing fatigue
ol aiIMVC plaseinl ylias Bglie! @

* Force production can be limited by the voluntary effort/motivation of
the participant.
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* Not even strong encouragement and feedback may be sufficient to
enable someone to achieve a true maximal contraction.
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* Therefore, it is not possible to clearly determine potential
mechanisms for reduced MVC.
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Measuring
fatigue
el b
Figure 1.2 A person preparing to undertake a maximal voluntary contraction of the
quadriceps muscles.
Low-frequency fatigue 39 yI Laidno il

» Low-frequency fatigue (LFF) is characterized by a proportionately
greater loss of force during low-frequency compared with high-
frequency muscle stimulation.
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* This form of fatigue can take hours or even days to dissipate, and may
play a key role in the decline in muscle force production.
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Low-frequency fatigue 3 y aisio it

* Low-frequency fatigue may increase the requirement for greater CNS
activation to elicit a given muscle force.
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* Consequently, this could cause an increase in effort perception for a given
force production, potentially contributing to the development of central
fatigue.
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Indirect methods of fatigue assessment
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* Endurance time (‘time to exhaustion’)
(Gl Y s> cdig)l) foril] g *
* Many research studies have utilized an endurance test, commonly known
as a time to exhaustion test, to assess and/or quantify fatigue, particularly
the influence of an intervention on the development of fatigue.
oY o cdgll L el G el ¢ osetd] L] dcsedl Slul ] e syasdl Coaasel @
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* Use of these tests is partly based on the assumption that there is a
relationship between the force generating capacity of muscles and the time
to exhaustion.
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Indirect methods of fatigue assessment
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* Endurance time (‘time to exhaustion’)
(GlayYI i g Jaril] g
* Also, gross time to exhaustion tests (e.g. a cycle to exhaustion at 80% VO2max)
exhibit large coefficients of variation (up to ~35%), su Egestlng that time to

exhaustion tests should not be the only measure used to determine the influence
of a treatment on performance/fatigue.
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* Most other research into the reliability of time to exhaustion tests has used
longer duration exercise, which may be less reliable than shorter exercise due to
the multitude of factors that can influence a person’s decision of whether or not
to continue, such as motivation and boredom.
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Indirect methods of fatigue assessment
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* Electromyography Mar! dw S ez
* Electromyography (EMG) is the analysis of the electrical activity of
muscle tissue.
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* The two common forms of EMG are surface EMG (non-invasive) and

needle EMG (invasive). For ethical reasons, surface EMG is most
prevalent in the sports science literature.
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Indirect methods of fatigue assessment
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* Electromyography
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Indirect methods of fatigue assessment
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* Electromyography Al dw S ez

* Finally, EMG can only be used with any form of validity during isometric
contractions, as changes in muscle length alter the relation -ship between
EMG and neuromuscular activation.
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* This indicates that EMG may not be a particularly useful or appropriate
index of fatigue during many sport-specific muscle actions.
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Indirect methods of fatigue assessment
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* Muscle biopsies Olae) cile js

* In a muscle biopsy, a small piece of muscle tissue is removed from an intact
human muscle for examination.
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* In sport and exercise science research, the needle biopsy is most common.
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* Here, local anesthetic is applied to the area after which a needle is inserted
into the muscle (commonly the vastus lateralis of the quadriceps).
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Indirect methods of fatigue assessment
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* Muscle biopsies Colaed) cle js

* Muscle biopsies can be used for quantifying muscle fiber
composition, muscle energy content, and the concentration and
activity of a multitude of enzymes involved in energy production.
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* A potential limitation is that a biopsy sample may not be
representative of the entire muscle from which it is drawn.
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Indirect methods of fatigue assessment
il i © il o ¥

* Muscle biopsies sl cile G5

* In addition, if repeated biopsy samples are required, variations in the
sampling site may affect the validity and/or reliability of the data.
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Indirect methods of fatigue assessment
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« Blood sampling plll clie 33

* Methods of sampling vary, from simple fingertip or earlobe capillary
sampling (Figure 1.5) to arterial and venous sampling and
cannulation.
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* A classic example is the testing of blood lactate.
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Indirect methods of fatigue assessment

il il & pilaod! b ¥
* Blood sampling

Figure 1.5 Antecubital venous blood sampling (left) and capillary earlobe sampling (right).
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Indirect methods of fatigue assessment
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* Ratings of perceived exertion — [siall gat) Cilapdi

* The most commonly used perceptual scale is the Borg rating of perceived exertion (RPE)
scale (also referred to as the Borg 6-20 scale).
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* 1970 by Gunnar Borg.
Zo9 ,Ug> aaulg VAV, e
* The seemingly arbitrary 6—20 range of the original Borg scale was developed due to the
observed correlation between heart rate and RPE ratings, such that the given score on
the scale can be multiplied by 10 and provide a close approximation of the exercising
person’s heart rate (e.g. an RPE of 12 approximates a heart rate of 120 bpm).
il e Jara (g B galall LY G (Lo 0 il Yo N7 e U palls el (Gl o ket o3
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Part Il

What causes (and what
does not cause) fatigue
in sport and exercise?
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Energy depletion AU S !

* Energy metabolism during exercise
4ol 1w ylow L5T A8UASI O] ©
* Adenosine triphosphate has three components:
1oligSe B e Slangall SN pmsiyol ot
* Adenine, ribose, and three phosphates.
Slawgd &g j9m Iy sl @
* The energy in these bonds is released when ATP is broken down in a

hydrolysis reaction, and this energy is used by the cell for various functions
such as muscle contraction.
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ATP + H,O ATPase ADP + P, + H* + energy
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Energy depletion

* Energy metabolism during exercise

Ul SN yin!
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* Only a small amount of ATP is stored in the body at any time (enough to fuel
approximately 2 seconds of maximal intensity muscle contraction).

ALl e il g Lp3i) S L) g (sl (3 ! (3 ATP o Laid 5 ko e .

* three primary metabolic pathways:
* the phosphocreatine (PCr) pathway,

* the anaerobic pathway,

(Bos oadly u)LmJI
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* and the aerobic pathway.
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Energy depletion B S !

* Energy metabolism during exercise
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Adenine Ribose

3 Phosphate groups

High-energy bonds
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Energy depletion Bl SN !

* Energy metabolism and fatigue during exercise
a5l 1w ylow sU5T A8 Ol
* ATP depletion ATP\diiu)

* In exercising humans, intramuscular ATP concentrations do not fall below
about 60% of resting levels, regardless of the intensity or duration of
exercise. However, the ATP concentration of single fibres can drop to very
low levels.
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* The occurrence of ATP depletion and its role in exercise-induced fatigue is
open to debate, and more research is required.
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Phosphocreatine depletion il 5 g gl ol

* Energy metabolism and fatigue during exercise
a5l 1 & ylow <L5T A3 Ol

* Phosphocreatine is a phosphorylated creatine molecule that is particularly
important in resynthesizing ATP during explosive, high-intensity exercise.

LSTATP sulsw sole] (3 Aols denl & AU jandall (3l SU 5552 90 (il S gisgd ®
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PCr + ADP + H* creatine kinase ATP + Cr

* In theory, this is sufficient for approximately 10-seconds of maximal work
before PCr stores become depleted.
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Phosphocreatine depletion il 55 ghw il Lok
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Phosphocreatine depletion ol 55 ghw ol ol

* Energy metabolism and fatigue during exercise
4ol 1w ylow L5T A8UASI M @

* The reduction in power output may be partially due to PCr depletion,
which would reduce the rate of ATP resynthesize and necessitate a
reduction in power output to prevent critical reductions in ATP
concentration.
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* Phosphocreatine levels are not fully depleted during single sprints lasting

5-30 seconds. Therefore, it does not appear that PCr depletion is the sole
cause of fatigue during short duration maximal exercise
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Glycogen depletion o> oSl 1 it

* Energy metabolism and fatigue during exercise
Aol 1w ylow U5T catdlg ABUAII Ml ©

* Carbohydrate, in the form of muscle and liver glycogen and blood glucose, is the primary
fuel during exercise.

Al el s lae 5L ol 5680l o epall 555 slorg wSUly b Lanll Sl S (5 ol gy ST @

. (Carbohy)drate is metabolized in glycolysis (anaerobic) and the Krebs cycle
aerobic

(a3l5l) o, 55595 (s 558 slodll o Skas 3 &l joumgy Il il o
* Therefore, it is a fuel that can be metabolized to generate ATP across a W|de
range of exercise demands.

. glyco%]en deplet|on causes fat|gue and more recent perceptlons of the role of
arb drate in exercise fatlgue
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Glycogen depletion o oSl | B !

* Potential carbohydrate-related causes of fatigue during exercise
a5 1 s ylow £L5T ol jan gy ,SIL b yodl 5o U dlosizeod! LI @
* glycogen is an important fuel source during exercise — we only have a limited amount of

it stored in our body — when it runs out we can no longer exercise at the same intensity —
the end result: fatigue. Problem solved?
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* The three primary glycogen clusters are sub-sarcolemmal
LogS ! o o oSl (o dnlVT Ml Sle gamall
* glycogen (located just under the sarcolemma, or muscle fibre membrane),

inter myofibrillar glycogen (located between myoflbrlls) and intra myoflbrlllar
glycogen (Iocated W|th|n the myofibrils, near the muscle z- line).
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Glycogen depletion
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* Potential carbohydrate-related causes of fatigue during exercise
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. EA._T_&S&EN DEPLETION CAUSES HYPOGLYCAEMIA, WHICH LEADS TO
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* The pattern of use of the four primary fuel sources (muscle glycogen,
muscle triglycerides, blood glucose, free fatty acids) during exercise will
depend on:
5 AL eaally (Dladl g5l day VI Eulull sgdgll jolas plasciul lass deie;
e el LT (ol dcmadl Sles Vg pall 565 slog wdliaall
* exercise mode, intensity, and duration, the training status, metabolic
makeup, and pre-exercise fuel status of the athlete, and environnemental
conditions, particularly ambient température.
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Glycogen
depletion
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Glycogen depletion

* Potential carbohydrate-related causes of fatigue during exercise

. EA._?&S&EN DEPLETION CAUSES HYPOGLYCAEMIA, WHICH LEADS TO
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* Intramuscular fuel sources (glycogen and triglycerides) are predominant for
approximately the first 90 minutes of exercise.
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* During prolonﬁed exercise, blood glucose is an |mportant fuel for working
muscles and the central nervous sYstem (CNS). Brain glucose stores are
limited; therefore, the uptake of blood glucose is crucial for the brain.
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Chapter 3

Metabolic acidosis

51

Introduction

* Although our knowledge of the processes involved in metabolic
acidosis has developed significantly, the exact causes of metabolic
acidosis, and its role in fatigue during exercise, are still keenly
debated.

* back to research carried out in the early 1900s.

* lactic acid concentrations were lowest in muscles that were exposed
to oxygen.

* it was concluded that increases in lactic acid were greatest under
anaerobic conditions.

52
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Introduction

* the conclusion was made that during intense work muscles contract
in the absence of an adequate oxygen supply (in ‘anaerobiosis’),
thereby producing lactic acid which causes muscle acidosis that leads
to fatigue.

* In the 1970s, a linear relationship was found between lactate
accumulation and loss of muscle force in frogs and later, in human
thigh muscle.

 Simply put, while acidosis and fatigue may correlate, it cannot be said
that acidosis causes fatigue. Indeed, much of the research that
showed a correlation between lactic acid and fatigue also showed
relationships between other metabolic measures and fatigue.

53

How might lactic acid cause fatigue?

* First, a reduced muscle pH, caused by lactic acid production, may
impair muscle contraction via a decline in isometric muscle force
production and muscle shortening velocity.

* Intramuscular acidosis was thought to do this by reducing
sarcoplasmic reticulum calcium (Ca2+) release and calcium sensitivity.

 Second, intramuscular acidosis could cause fatigue by inhibiting
glycolysis.

* reduced activity of key enzymes that regulate glycolysis during
exercise that causes notable reductions in muscle pH.

* Potential causes of lactic acid-induced fatigue include impaired
isometric muscle force and contraction velocity, and inhibition of
glycolysis due to a reduction in intramuscular pH. .
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Metabolic acidosis and exercise fatigue:
the counter-view

* An important question to answer when discussing the biochemistry of
lactic acid is “What does the body produce during exercise — lactic
acid or lactate’?

* Reading lay articles, or even scientific papers on the subject, you will
often see that the terms lactic acid and lactate are used
interchangeably as though they mean the same thing.

* Lactic acid is, as the name suggests, an acidic compound that has the
potential to release a proton (hydrogen ion, H+) into a solution,
thereby making that solution more acidic.

* Conversely, lactate does not release H+;

55

Metabolic acidosis and exercise fatigue:
the counter-view

* During exercise, ATP is resynthesized via anaerobic glycolysis (Figure
3.2) and oxidative phosphorylation via B-oxidation of fatty acids and
breakdown of pyruvate in the Krebs cycle and electron transport
chain.

* To prevent pyruvate accumulation, which would inhibit glycolysis and
thereby impair both anaerobic and oxidative ATP resynthesize,
pyruvate can be converted, via the lactate dehydrogenase reaction, to
lactate.

Pyruvate + NADH + H* lactate Lactate + NAD* (3.1)
dehydrogenase

56
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Metabolic acidosis and exercise fatigue:
the counter-view

 Simply put, the production of lactate via the lactate dehydrogenase
reaction is alkalinizing to the cell, not acidifying.

* Lactate may also facilitate H+ removal from the cell via
monocarboxylate (MCT) transporters present in cell membranes.

* These transporters also serve to remove H+ from the cell, meaning
that the removal of lactate also removes H+ from the muscle.

57

Metabolic acidosis and exercise fatigue:
the counter-view
H OH 0
The chemical structure of lactic ‘ ’ /
acid (top) and lactate (bottom). H C C C
Lactic acid contains hydrogen ‘ ‘ \ l
that dissociates and moves into H 8 OH
the surrounding solution H oH o
as a hydrogen ion (H.), increasing
its acidity. y l (|: C/
] \J
H - o-
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Metabolic acidosis and exercise fatigue:
the counter-view

* As stated above and shown in Figure 3.2, lactate, not lactic acid, is
produced in glycolysis.

* This means that any lactic acid present in the body would dissociate
to lactate and H+.

59

Metabolic acidosis and exercise fatigue:
the counter-view

Figure 3.3 A hydrogen atom (left), composed of a single proton (positive charge, +)
and a single electron (negative charge, —). The loss of the single electron in
an oxidation reaction leaves the single positively charged proton remaining
(right). This single proton is referred to by the abbreviation H*.
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Metabolic acidosis and exercise fatigue:
the counter-view

* As stated above and shown in Figure 3.2, lactate, not lactic acid, is
produced in glycolysis.

* This means that any lactic acid present in the body would dissociate
to lactate and H+.

* The production of lactate does not produce H+, and therefore does
not directly make its environment more acidic. However, lactate
production may alter the behaviour of intracellular water, thereby
indirectly causing H+ production.
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The impact of hydrogen production on muscle
function

* Sarcoplasmic reticulum Ca2+ release and Ca2+ binding to troponin C

* Originally, it was thought that metabolic acidosis caused a reduction
in muscle force by reducing the rate of Ca2+ release from the
sarcoplasmic reticulum.

* The release of Ca2+ is crucial for muscle contraction, and if
insufficient Ca2+ is released the muscle may contract with less force.
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The impact of hydrogen production on muscle
function

* Sarcoplasmic reticulum Ca2+ release and Ca2+ binding to troponin C

* However, it appears that the normal processes of Ca2+ release from
the sarcoplasmic reticulum are not impaired, even when muscle pH
levels are as low as 6.2 (from a normal resting pH of ~7.1).

* |t therefore appears that the influence of acidosis on Ca2+ movement
from its intramuscular storage site is minimal.

* Hydrogen competes with Ca2+ to bind to troponin C, and for this
reason it was thought that intramuscular H+ accumulation would
reduce muscle force.
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The impact of hydrogen production on muscle
function

* Sarcoplasmic reticulum Ca2+ release and Ca2+ binding to troponin C

* However, increased intramuscular acidity also causes a reduction in
the binding of Ca2+ to other locations in the muscle fibre, such as the
sarcoplasmic reticulum Ca2+ pump.

* Intramuscular acidosis causes changes to Ca2+ kinetics, but these
changes have, at most, only a small effect on muscle force
production. In fact, some of these changes may actually favour an
increase in muscle force development under acidic conditions.
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The impact of hydrogen production on muscle
function

* Muscle membrane excitability

* Research into the effect of H+ on the excitability of skeletal muscle
(the ability of the electrical signal to move across the muscle
membrane and into the muscle to stimulate Ca2+ release) is a good
example of how H+ can exert positive effects on muscle function.

65

The impact of hydrogen production on muscle
function

* The rate of glycolysis

* The suggestion that acidosis inhibits glycolytic enzymes and therefore
slows the rate of glycolysis is controversial, with some research
demonstrating no associations between muscle pH and muscle force
production or high intensity exercise performance.
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The impact of hydrogen production on muscle
function

* The cross-bridge cycle

* Hydrogen production can impair cross-bridge force production,
thereby reducing muscle force. Hydrogen production may also reduce
the maximum velocity of muscle contraction, although this is
dependent on the extent of acidosis, muscle temperature, and Ca2+
kinetics. The potential influence of H+ on muscle force and velocity
indicates that it may also impair muscle power output.

67

Chapter 4

Dehydration and hyperthermia
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Dehydration and exercise fatigue

* Hydration or euhydration refers to a normal (or, more accurately,
appropriate) body water content for an individual.

* Hyperhydration refers to a state of excess body water content.
* The dynamic process of losing body water is termed dehydration.

* Dehydration and hypohydration are closely related, but do not mean
the same thing.

* Dehydration is the process of body water loss; hypohydration is the
end result of this loss.

69

The importance of water in the body

* A person can survive for several weeks without consuming food, and can
survive losses of up to 40% of their BM in fat, carbohydrate, and protein.

* However, a matter of days without water, or a water loss of only 9-12%
of BM, can be fatal.

* Approximately two thirds of body water content is contained inside our
cells (intracellular fluid), with the other third outside the cells
(extracellular fluid).
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The importance of water in the body

Table 4.1 Important functions of water within the human body

|  Forms the fluid portion of blood, allowing the transport of nutrients, waste
products, oxygen, and immune cells to all parts of the body.

Maintains appropriate blood volume; crucial for function of the cardiovascular
system.

Plays a role in metabolic reactions.

Acts as a solvent for proteins, glucose, vitamins and minerals.

Plays an important role in maintenance of electrolyte balance.

Forms the fluid portion of sweat, allowing thermoregulation to occur.
Transports heat from deeper regions of the body to the skin surface, further
assisting thermoregulation.

Helps to lubricate joints.

Major constituent of spinal and eye fluid.

NosO0n AW N
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The importance of water in the body

LOSS GAIN
Urine 500-1,400ml Liquids 500-1,500ml
Sweat 400-900ml Food 700-1,000ml
Feces 150ml Metabolic 200-300ml
Insensible  350ml Water
Perspiration
TOTAL: 1,400-2,800ml TOTAL: 1,400-2,800ml
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The importance of water in the body

* |t is recommended that normal adults should consume 1-1.5 ml of water
for every Kcal expended, and athletes should consume 1.5 ml of water
for every Kcal expended.

* Body water balance is influenced by factors that vary greatly between
people. As a result, water requirements can vary significantly from
person to person.

73

Classical mechanism of dehydration-induced
performance decrement

* During exercise, sweat rate greatly increases. Sweating is the main way
that the body dissipates heat produced from the increase in energy
metabolism during exercise.

* The fluid portion of sweat comes from blood plasma, muscle tissue, skin
and other internal organs.

* The loss of fluid from blood plasma causes a decrease in plasma volume.
* reduction in stroke volume

* and reduction cardiac output

74
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Classical mechanism of dehydration-induced
performance decrement

* This reduction in cardiac efficiency may in itself lead to impaired exercise
performance, with an approximate increase in exercising heart rate of 3—
5 beats per minute for every 1% loss of BM due to dehydration.

* However, if water loss and exercise continue, the reduced plasma volume
may lead to competition for blood flow between core organs and tissues
and the skin.

* Therefore, according to the classical theory, dehydration may impair
performance directly through alterations in cardiac efficiency, and
indirectly by contributing to the development of hyperthermia.

75

Classical
mechanism of
dehydration-
induced
performance
decrement
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Classical
mechanism of
dehydration-
induced
performance
decrement

Metabolism

Increased blood lactate at a
given workload

Decreased lactate threshold
Decreased peak blood lactate
Increased glycogen use ata
given workload

Cardiovascular

Decreased plasma volume
Decreased cardiac filling pressure
Decreased stroke volume
Decreased cardiac output
Increased heart rate

Thermoregulation

Impaired exercise — .
performance Decreased skin blood flow

Decreased sweat rate
Increased core temperature

Perception/cognition

Increased perception of effort
Decreased visual attention
Decreased attentional focus
Impaired working memory
Reduced motivation
Impaired decision making

Classical mechanism of dehydration-induced

performance decrement

* Early research established an apparent ‘threshold’ hypohydration level of
2% body mass, above which aerobic exercise performance is impaired.

* This threshold has become established as a cornerstone of fluid intake
recommendations and guidelines.

* Marino et al. These authors found that ingesting no fluid during 60
minutes of self-paced high-intensity cycling in moderate (hypohydration
1.7% BM) or warm (hypohydration 2.1% BM) conditions did not impair
performance compared with consuming enough fluid to maintain BM.

* Interestingly, the authors provided evidence to suggest that the
neuromuscular system altered muscle recruitment in response to
different hydration levels, thereby enabling a similar performance level
despite differences in hydration status.
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Classical mechanism of dehydration-induced

performance decrement

* Nolte et al. This study was a little different to some of the other hydration
research, as it investigated the relationship between fluid intake and time
to complete a 14.5 km march in soldiers. Interestingly, no relationship
between fluid intake and exercise time, or BM loss and exercise time, was
found.

* Furthermore, the soldiers’ hydration status was maintained despite BM
losses of around 2%.
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Classical mechanism of dehydration-induced

performance decrement

» Zouhal et al. This study investigated the relationship between BM change
(as an indicator of hydration) and marathon finishing time. The authors
found that the greater the BM loss, the faster the marathon finishing
time. Put another way, the people who lost more weight, and therefore
were, perhaps, more hypohydrated, tended to perform better than those
who maintained a stable hydration status or who drank more fluid than
they lost during the run.
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Classical mechanism of dehydration-induced
performance decrement

» Overall summary: The research studies discussed above, and others that
have found either no effect or a minimal effect of dehydration on
exercise performance.

* Studies using self-paced exercise demonstrate that fluid loss does not
impair exercise performance. A review of the literature further states
that dehydration only impairs exercise performance during fixed
workload exercise.

* Reduced body mass during exercise does not necessarily mean that a
person’s hydration status has been negatively affected. Body mass loss
does not necessarily equate with fluid loss.

81

Classical mechanism of dehydration-induced
performance decrement

* Only people with specific characteristics may show improved exercise
performance with high levels of body mass loss. Therefore, intentional
body mass loss should not be recommended as a general strategy for
improving performance.

* Hypohydration during exercise by an average of about 2.2% BM does not
impair exercise performance, and in fact may cause a performance
improvement.

* There is no relationship between percentage change in BM and
percentage change in power output during exercise.
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Classical mechanism of dehydration-induced
performance decrement

* Both exercise duration and intensity are more important determinants of
performance than dehydration.

* There is no significant difference in performance between exercise that
results in a BM loss of less than 2% or a BM loss of more than 2%.
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Hyperhydration during exercise

* Hypervolaemia is an abnormal increase in blood plasma volume which
can be caused by overdrinking.

* Hyponatraemia is an abnormally low blood sodium level, caused by
overdrinking and/or large sweat sodium losses.

* Increased body water content can occur for many reasons:

* Protein breakdown, which increases both plasma proteins and plasma
volume.

* Increased plasma volume due to increased plasma sodium concentration
* Retention of sodium due to increased activity of aldosterone

* Increased plasma volume due to increased activity of vasopressin

* Impairment of renal function due to dehydration
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Hyperhydration during exercise

* Features of hyponatraemia can range from no or minimal symptoms such

as weakness, dizziness, headache, nausea, and vomiting, to serious

symptoms including fluid accumulation in the brain (cerebral oedema)

leading to brain swelling, altered mental function, seizures, fluid
accumulation in the lungs (pulmonary oedema), coma, and death.

* The primary cause of exercise-associated hyponatraemia is overdrinking
during exercise. High sweat sodium concentrations can also increase the

risk of hyponatraemia, as less fluid intake is required to dilute blood

sodium to dangerous levels.
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hyperthermia-induced fatigue during exercise

Central fatigue
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Central fatigue associated with hyperthermia

* There is good evidence to show that hyperthermia reduces the ability to
produce muscle force despite no change in the ability of the muscle itself
to produce force. This suggests that central factors may be more
important than peripheral factors in hyperthermia-induced fatigue.

* During exercise in hyperthermia, brain metabolic rate increases but both
blood flow to the brain and brain electrical activity decrease. These
changes are associated with a progressive increase in the perception of
exercise effort, demonstrating a link between brain blood flow and
function, and exercise performance.
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Central fatigue associated with hyperthermia

* The ‘critical’ core temperature of approximately 40°C is much lower than
the temperature required to cause cellular damage. Therefore, the
relevance of this temperature as a limiting factor in exercise performance
should be questioned.

* Elevated skin temperature increases skin blood flow requirements,
potentially impairing cardiovascular responses to exercise. High skin
temperature may also reduce brain blood flow and oxygen delivery.
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The Use of Post-exercise
Recovery Strategy

89

Definition of Central Terms

* Recovery is regarded as a multifaceted (eg, physiological, psychological)
restorative process relative to time.

* Regeneration in sport and exercise refers to the physiological aspect of
recovery and ideally follows physical fatigue induced by training or
competition.

* strategies such as cold-water immersion (CWI) and sleep.

* In contrast, mental fatigue (ie, cognitive exhaustion) can mainly be
compensated by using psychological recovery strategies such as
cognitive self regulation, resource activation, and psychological
relaxation techniques.
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Definition of Central Terms

* Furthermore, Kellmann distinguishes between passive, active, and
proactive approaches to recovery.

* Passive methods may range from the application of external methods
(eg, massage) to implementing a state of rest characterized by inactivity.

* Active recovery (eg, cool down jogging) involves mainly physical
activities aimed at compensating the metabolic responses of physical
fatigue.

* Proactive recovery (eg, social activities) implies a high level of self-
determination by choosing activities customized to individual needs and
preferences.
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Definition of Central Terms

* A certain degree of fatigue resulting in functional overreaching is
required for performance enhancement and can be compensated
through comprehensive recovery.

* Functional overreaching describes a short-term decrement of
performance without signs of maladaptation as a consequence of
intensive training.

* In case systematic and individualized recovery is not achieved after
training and functional overreaching, a continuous imbalance of
inadequate recovery and excessive demands could initiate a cascade of
deleterious conditions including under recovery and nonfunctional
overreaching (NFO).
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Definition of Central Terms

* Under recovery and NFO represent 2 closely related though slightly
different concepts.

* While under recovery appears to delineate a broader condition of
insufficient recovery in reaction to general stress (eg, family, media).

* Meeusen et al characterize NFO as training-specific negative
psychological and hormonal alterations and subsequent decreased
performance.

* Continuous under recovery and NFO often serve as a precursor for
overtraining syndrome (OTS).
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Definition of Central Terms

* OTS is marked by physical symptoms such as continuous muscle
soreness, pain sensations, or clinical and/or endocrinological
disturbances.

* Under recovery and early-stage NFO can be compensated by
systematically applying recovery strategies and rest, along with lifestyle-
related strategies like sleep, diet, and social activities.

* However, recovering from OTS requires a continuous restoration
consisting of long rest and recovery periods lasting from weeks to
months accompanied by reduced performance.
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Different protocols

* Different protocols describe specific recovery methodologies that can be
employed in order to achieve more efficient recovery processes, these
include:

* (1) recovery strategies [2,3] —foam roll [4,5], massage [6], compression
garments [7,8], stretching [9], nutrition [10], active recovery [11], sleep
[12], water immersion [13], (2) combinations of recovery strategies
[14,15], (3) sport-specific recovery characteristics—soccer [16,17],
basketball [18,19], volleyball [20], rugby [21], and combat sports [22],
and (4) emerging recovery strategies [23].
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Different protocols

» Additionally, factors, such as recovery time-periods—post-match [16,17]
and during congested schedules.

* However, it is notable that the recovery of coaching and performance
staff in elite sports seems to have been forgotten.
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Recovery Domains

* Recovery is a complex, multifactorial issue.

* Collectively, the scientific literature reports that the primary aim of
recovery methods is to accelerate the biological recovery process in
shorter time periods.

* Bird [3] described four essential recovery domains, these being neural,
muscular, substrate, and psychological (Table 1).

» Additionally, self perception of perceived recovery is also an important
consideration, which may affect the balance between happiness and
wellness in elite sports athletes.
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Recovery Domains

* Key observations from research on recovery in team sports highlight the
fatiguing effect of traveling [29,30] in addition to training and competing
[31].

* As a result, new approaches and practical applications of recovery
strategies have been discussed to optimize travel and minimize its
negative effects on health and performance in team sports athletes.
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Recovery Domains

Table 1. Essential recovery domains.

Domain Recovery Strategy Examples Evidence Reference
Neural Compression, Massage Te [6-8]
Muscular Hydrotherapy, Contrast water therapy, Massage TTe [13,14]
Substrate Nutrition, Hydration 1 2,10]
Psychological Sleep, Mindfulness T1 [34-36]
Sociological Social interactions (family-friends) 1 [37]

Level of evidence: Strong = 1, Inconsistent = .
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Recovery Domains

* Schematic of professional team organizational structure dynamics
comprised of the Team Sport Staff (green shade) and Performance
Staff (blue shade) centered around the Team (orange shade). Within
the organizational structure, each staff provides expertise related to
the attainment of specific key performance indicators.
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Recovery Domains

* Schematic of professional team organizational structure dynamics
comprised of the Team Sport Staff (green shade) and Performance
Staff (blue shade) centered around the Team (orange shade). Within
the organizational structure, each staff provides expertise related to
the attainment of specific key performance indicators.
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Recovery Domains

* Schematic of professional team organizational structure dynamics
comprised of the Team Sport Staff (green shade) and Performance
Staff (blue shade) centered around the Team (orange shade). Within
the organizational structure, each staff provides expertise related to
the attainment of specific key performance indicators.
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Fatigue in Team Staff Members

* Coaches, like athletes, strive to gain employment at an elite level in
high-performance sports.

* However, Kellmann and colleagues [44] highlight that coaching in elite
sports is “capricious and dependent upon winning performances and
players’ satisfaction”.

* The high-performance sports setting is considered an uncontrollable,
unpredictable, and complex environment, with coaches subjected to
a multitude of internal and external stressors (i.e., athlete
performance, expectations, external scrutiny), that often result in
recovery—stress imbalance.
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Fatigue in Team Staff Members

* This may result in coaches presenting with symptoms associated with
psycho-socio physiological fatigue burden [46—49], which can be
exacerbated by dehydration, hormonal disturbances, caloric
restrictions, or sleep disturbances.

* Regarding team staff members (sports coaches and performance
staff), common daily tasks and responsibilities can serve as potential
causes of mental fatigue-related issues, with experience and
personality as factors of individual susceptibility [50].
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Fatigue in Team Staff Members

* Educational programs may be useful for some coaches to manage
psychological states during competition [51].
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Recovery Considerations for Team Staff Members

* To better cope with the challenges of daily work and with various
fatigue sources, support team staff members need to maintain a high
level of health, fitness, and mental wellbeing.

* Fitness, in addition to health protection, plays an important role in
mental wellbeing and adaptation to demanding cognitive and social
situations [54].

* Like athletes, if team staff members possess high levels of health,
fitness, and mental wellbeing, they may tolerate fatigue better—that
is to say, when in fatigued situations (physical and/or psychological),
their capacity to maintain performance will be less affected.
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Recovery Considerations for Team Staff Members

* The development of educational recovery resources for team staff
members may also help address the identified barriers and improve
knowledge [3,55,56].

* For example, while team staff members have adequate overall sleep
hygiene knowledge [57], some specific areas (e.g., sleep-wake cycle
behaviors) warrant further education.

* This may be linked to the negative influence of travel, and possible
time zone changes [30,32] is another area where education would be
beneficial.
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Recovery Considerations for Team Staff Members

 Additionally, it would be helpful to have access to a sport psychologist
role to address the psychological needs of team staff members.

* Recently, diaphragmatic breathing has been reported to reduce
physiological and psychological stress [62].

* The potential beneficial effects of diaphragmatic breathing and neural
stretching techniques (nerve-directed stretching) [63] may reduce
postural tension.
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Recovery Considerations for Team Staff Members

* The majority of coaches, regardless of their culture, seem to face
difficulties in obtaining professional work and family life (work/family
balance).

* Work ily balance require special consideration because they have a
direct impact on their work performance and potentially on their
athletes.
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THE EFFECTS OF SELF-MYOFASCIAL RELEASE
USING A FOAM ROLL OR ROLLER MASSAGER ON
JOINT RANGE OF MOTION, MUSCLE RECOVERY,
AND PERFORMANCE: A SYSTEMATIC REVIEW

111

Foam Roller

* Macdonald et al measured the effects of foam rolling as a recovery tool
after exercise induced muscle damage.

* All subjects went through the same protocol which included an exercise
induced muscle damage program consisting of 10 sets of 10 repetitions
of the back squats (two minutes of rest between sets) at 60% of the
subjects one repetition maximum (RM) and four post-test data collection
periods (post 0, post 24, post 48, post 72 hours).

* At each post-test period, the experimental group used the foam roll for a
20 minute session.
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Foam Roller

* The foam roll intervention consisted of two 60 second bouts on the
anterior, posterior, lateral, and medial thigh.

* The subjects used their own body weight with no standard cadence.

* Foam rolling reduced subjects pain levels at all posttest points while
improving post-test vertical jump height, muscle activation, and joint
ROM in comparison with the control group.
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Foam Roller

* Pearcy et al measured the effects of foam rolling as a recovery tool after
an intense bout of exercise.

* The authors recruited eight male subjects who served as their own
control and were tested for two conditions:

* DOMS exercise protocol followed by foam rolling or no foam rolling.

* A four week period occurred between the two testing session. All
subjects went through a similar DOMS protocol to that, utilized by Mac
Donald et al, which included 10 sets of 10 repetitions of the back squats
(two minutes of rest between sets) at 60% of the subject’s one RM.
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Foam Roller

* For each post-test period, subjects either foam rolled for a 20 minutes
session (45 seconds, 15 second rest for each hip major muscle group) or
did not foam roll.

* For foam rolling, the subjects used their own body weight with a cadence
of 50 BPM. Measurements were taken pre-test and then during four
post-test data collection periods (post O, post 24, post 48, post 72).

115

Foam Roller

* The main outcome measures were pressure pain threshold of the

guadriceps using an algometer, 30m sprint speed, standing broad jump,
and the T-test.

* Foam rolling reduced subjects pain levels at all post treatment points
(Cohen d range 0.59-0.84) and improvements were noted in
performance measures including sprint speed (Cohen d range 0.68-
0.77), broad jump (Cohen d range 0.48-0.87), and T-test scores (Cohen d
range 0.54) in comparison with the control condition.
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Types of foam rollers

* Foam rollers can vary in size and firmness to bring about different results.

* Soft, low-density foam rollers are a gentle option suitable for people
new to foam rolling or with a lot of sensitivities.

* Firm, high-density foam rollers put more pressure on your body.

 Textured foam rollers have ridges, grids, or knobs on them. They target
your muscles more deeply.

* Vibrating foam rollers use various settings to deeply loosen your muscles
and release muscle knots. They can help to enhance circulation and
flexibility.
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Types of foam rollers

* Heat and cold foam rollers can be heated or cooled to deepen muscle

relaxation and relieve discomfort. -
F

Foam Roller for Back: 6 Exer...  Foam Roller - High Density E...  Yoga Foam Grid Roller - Fitn....
Q Healthiine H @ Amazoncom E T Tunturi.com H

The Best Foam Rolling Exer.. 9 Foam Roller Exercises you... Foam Roller -Various - GoFit.
@3 Eat This Not That H [ Women's Health i GoFitnet i
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Roller Massage

* Jay et al measure the effects of roller massage as a recovery tool after
exercise induced muscle damage to the hamstrings.

22 healthy untrained males into an experimental and control group.

* All subjects went through the same DOMS protocol, which included 10
sets or 10 repetitions of stiff-legged deadlifts using a kettlebell, with a 30
second rest between sets.

* The roller massage intervention included one session of 10 minutes of
massage in the sagittal plane to the hamstrings using “mild pressure” at a
cadence of 1-2 seconds per stroke by the examiner
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Roller Massage

* The outcomes were measured immediately post-test, and 10, 30, and 60
minutes thereafter. The roller massage group demonstrated significantly
(p<0.0001) decreased pain 10 minutes.
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After an intense bout of exercise, does self myofascial
release with a foam roller or roller massager enhance
post exercise muscle recovery and reduce DOMS?

* The research suggests that foam rolling and roller massage after high
intensity exercise does attenuate decrements in lower extremity muscle
performance and reduces perceived pain in subjects with a post exercise
intervention period ranging from 10 to 20 minutes.

* Continued foam rolling (20 minutes per day) over 3 days may further
decrease a patient’s pain level and using a roller massager for 10 minutes
may reduce pain up to 30 minutes.
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After an intense bout of exercise, does self myofascial
release with a foam roller or roller massager enhance
post exercise muscle recovery and reduce DOMS?

* It has been postulated that DOMS is primarily caused by changes in
connective tissue properties and foam rolling or roller massage may have
an influence on the damaged connective tissue rather than muscle
tissue. This may explain the reduction in perceived pain with no apparent
loss of muscle performance.

* Another postulated cause of enhanced recovery is that SMR increases
blood flow thus enhances blood lactate removal, edema reduction, and
oxygen delivery to the muscle.
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Massage and post exercise
recovery: the science is emerging

Thomas M Best, Scott K Crawford
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Introduction

 Athletes use a variety of post exercise recovery techniques with the belief
that they are effective at enhancing return to competition and training.

* Common modalities include massage, cold water immersion,
compression, electrical stimulation, vibration therapy and a combination
of one or more of these strategies.

* Other approaches include diet and hydration protocols, active recovery
and sleep.
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Introduction

* Clinical studies have investigated the long-held claims that massage
mediates leucocyte migration and attenuates the inflammatory response
to exercise, as well as decreases pain, muscle tone and hyperactivity.

* These reports suggest that massage mediates molecular processes linked
to inflammation, specifically by decreasing nuclear factor k3 (NF-kf),

various proinflammatory cytokines and tumour necrosis factor-a (TNF-a).

* The demargination of leucocytes is perhaps due to increased peripheral
blood flow and blood perfusion.
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Introduction

* A meta-analytical review points out that massage benefits on
performance recovery are highly dependent on the type of exercise
protocol used to induce fatigue.

* The training status of the athlete may also influence the effectiveness of
post exercise massage, perhaps due to the perception of pain and
soreness following training and competition.

* timing and dose of massage, can be examined.
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Introduction

* Arguably, massage has significant psychological benefits, including
increased relaxation and decreased expression of stress biomarkers (ie,
cortisol).

* Animal studies have addressed important questions regarding the dosage
and timing of massage on the recovery of muscle contractile properties,
indicating that recovery is dependent on the magnitude of compressive
force and frequency of the massage.

* Poppendieck et al noted that shorter sessions of massage (5-12 min)
were most beneficial in improving performance measures.
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Introduction

* The effects of multiple bouts of massage, either daily or at regular
intervals over the course of an athletic season, still need to be
investigated.

* Massage, in combination with other recovery strategies, may be an area
worthy of investigation as we continue to advance the science for these
therapies and ultimately their most useful translation to our athletes and
other active people seeking their use for recovery from exercise as well
as enhanced performance.
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Compression Garments and
Recovery from Exercise:
A Meta-Analysis

129

Definition of Central Terms

Key Points

Small, significant and very likely benefits on exercise
recovery can be achieved through use of
compression garments (CG).

The greatest benefits from CG are evident in
recovery of strength performance and from
resistance exercise, which may imply that CG
ameliorate muscle damage.

Next day cycling performance was also subject to
large, very likely benefits following the use of CG.
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Introduction

* Establishing effective recovery methods for elite athletes is essential
in order to increase the likelihood of victory, and to maintain training
intensity in the face of ever improving performances and increasing
training loads.

* In short, athletes who recover faster are likely to perform better and
train harder.

* Recent years have seen the emergence of a number of interventions
aimed at accelerating recovery, including cold water immersion [7],
contrast bathing [8], and compression garments (CG) [9].
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Introduction

* Establishing effective recovery methods for elite athletes is essential
in order to increase the likelihood of victory, and to maintain training
intensity in the face of ever improving performances and increasing
training loads.

* In short, athletes who recover faster are likely to perform better and
train harder.

* Recent years have seen the emergence of a number of interventions
aimed at accelerating recovery, including cold water immersion [7],
contrast bathing [8], and compression garments (CG) [9].
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Introduction

* However, recovery demands following training are highly specific to
the intensity, duration and modality of exercise [10].

* For example, while cycling performance is limited by metabolite
accumulation and substrate depletion [11], it is also subject to
relatively low levels of muscle damage in comparison to load-bearing
exercise.

* Proper consideration of both exercise modality and subsequent
performance outcome is therefore integral to the efficacy of any
recovery strategy [10, 13].
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Introduction

* Compression has been proposed to prevent performance
deterioration and improve recovery by accelerating nutrient delivery
[15, 16] and metabolite removal [17, 18], as well as by ameliorating
post-exercise oedema, delayed onset muscle soreness (DOMS), and
muscle damage [19].

* More importantly, such physiological benefits to recovery are
frequently observed alongside accelerated recovery of muscular
power [20], strength [21, 22] and endurance.
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Introduction

* One of the most thoroughly investigated mechanisms for the benefits
of CG [16, 19, 21] is the potential of such garments to minimize the
symptoms of the exercise induced muscle damage (EIMD) that
typically occurs as a result of unaccustomed or eccentric exercise [23].

» Whilst eccentric exercise is beneficial for training power [24, 25],
strength and hypertrophy [26], such exercise is extremely damaging.
Strength production may be impaired for up to 10 days [27, 28],
swelling and DOMS, which typically peak between 36 and 48 h.
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Introduction

* Furthermore, as any load-bearing exercise will induce EIMD because
of the inherent eccentric nature of running [12], muscle damage is an
inescapable part of training for the majority of athletes.

* Whilst the mechanisms behind the recovery benefits of CG are still
unclear, the application of external compression is known to influence
several areas of haemodynamic and cellular function [29].
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Introduction

* In a clinical setting, CG have been shown to compress dilated veins
and reduce venous reflux to enhance venous return and reduce
oedema [30].

* This also increases “muscle pump’’ to accelerate blood flow [31].

* While the successful management of oedema helps to reduce DOMS
and increase mobility [16], this effect may also attenuate the
progression of muscle damage.

137

Introduction

* Fluid accumulation in muscle tissue increases osmotic pressure and
subsequent cell lysis [32], while CG have been shown to reduce
cellular trauma alongside swelling [30, 32].

* Reductions in circulating levels of the intramuscular protein creatine
kinase (CK) are frequently reported when CG are worn following
exercise [19, 20, 33].

* Haemodynamic effects of CG have also been postulated to aid
recovery by enhancing levels of nutrient delivery [15, 16] and
metabolite removal [34, 35].
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Introduction

 Accordingly, observations of reduced muscle damage following post-
exercise compression have been suggested to reflect enhanced
cellular regeneration and protein synthesis [16] made possible by
enhanced circulation [17].

* Training history may therefore influence the efficacy of CG. In
addition, variation in the duration of CG application, whether CG are
worn during and after, or after exercise only, as well as the
assessment of recovery at different time points, all continue to
obstruct researchers’ ability to draw definitive conclusions.
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Introduction

* The relationship between the pressures exerted by CG and the
ensuing recovery benefits has yet to be elucidated.
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Effects of Water Immersion Methods
on Post exercise Recovery of Physical
and Mental Performance
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Introduction

* Athletic recovery modalities include active recovery, stretching,
massage, anti-inflammatory drugs, compression garments, electrical
stimulation, and the combinations of these recovery methods (3).

* In addition, water immersion methods are common among athletes,
and they can be divided into 4 different categories:

* cold water immersion also known as cryotherapy (CWI;#20°C),
* hot water immersion (HWI; $36° C),

* thermoneutral water immersion (TWI; 21-35° C), and

* contrast water therapy (CWT; alternating CWI and HWI) (32).
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thermoneutral water immersion

* Since thermoneutral head-out water immersion induces an increase
in central blood volume and cardiac output along with a decrease in
peripheral vascular resistance.

* (34.5 degrees C)

* Water immersion techniques have been examined in the scientific
literature (32), but the results of their effectiveness in enhancing
recovery are conflicting.

* [t seems that active recovery methods are largely ineffective for
improving most psychophysiological markers of post exercise
recovery.
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Introduction

* Compared with passive recovery and other water immersion
methods, CWI has been found to be effective in improving the
recovery of strength and power capacities after exercise protocols in
several team sports and interval-based endurance exercise.

* but not after eccentric strength loadings.

» After team sport exercise, the recovery of maximal and explosive
strength and sprint performance was found to improve when the
subjects used CWI compared with passive recovery and other water
immersion methods.
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Introduction

* Compared with passive recovery and other water immersion
methods, CWI has been found to be effective in improving the
recovery of strength and power capacities after exercise protocols in
several team sports and interval-based endurance exercise.

* but not after eccentric strength loadings.

» After team sport exercise, the recovery of maximal and explosive
strength and sprint performance was found to improve when the
subjects used CWI compared with passive recovery and other water
immersion methods.
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Introduction

* Thermoneutral water immersion was found to promote the recovery
of explosive strength compared with passive recovery.

* However, the aerobic movement in the water could have affected the
recovery (32), and several studies have been shown that TWI did not
enhance recovery (5,26,27).

* There are inconsistent results concerning the benefits of water
immersion methods on the markers of exercise-induced muscle
damage (EIMD).
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Introduction

* Cold water immersion was found to prevent EIMD after endurance
and team sport exercise protocols compared with active and passive
recovery and other water immersion methods.

* but not after single-joint eccentric exercise.

* Cold water immersion was also found to prevent the increase of
serum creatine kinase (CK) activity after endurance and team sport
exercise protocols.
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Introduction

* Cold water immersion was found to increase acute serum cortisol
concentrations immediately or 30 minutes after water immersion
(14,17), but after an hour of immersion, they had returned to
baseline levels.

* In addition, there were no differences in serum testosterone and
plasma epinephrine and norepinephrine concentrations between CWI
and passive recovery at 40—60 minutes after immersion.
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Introduction

* Cold water immersion was found to increase acute serum cortisol
concentrations immediately or 30 minutes after water immersion
(14,17), but after an hour of immersion, they had returned to
baseline levels.

* In addition, there were no differences in serum testosterone and
plasma epinephrine and norepinephrine concentrations between CWI
and passive recovery at 40—60 minutes after immersion.
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