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ABBREVIATIONS

Bpm Beats per minute

CNS Central Nervous System

DC Direct Potential of the Brain

ECG Electrocardiogram

FTIl a Fast twitch muscle fiber (type lla, red). Mainlges aerobic sources of energy

supply, but can also draw from anaerobic sources. Resistant to fatigue.

FTIb Fast twitch muscle fiber (type Ilb, white). Mainly uses anaerobic sources of
energy supply. Fatigues very quickly.

HR Heart Rate (measured indis per minute)

HRANT Heart rate af\naerobic Threshold

Min Minutes

mV Millivolt

RHR Resting HartRate

Sec Seconds

STMF Slow twitch muscle fiber (type I, red). Mainly uses aerobic sources of energy

supply. Highly resistant to fatigue.



Draft. Confidential - Do not reproduce or distribute in any form.

INTRODUCTION

Windows of Trainability E represerg an innovative approach to athlete preparatimethat can

be easily integrated into any system of training withouposingradical changeona c oac h 6 s
existing methodologyO me g a w appreathsentes on the concept thahe amountof the load
shouldnot bethe primary focuf the training procesdut ratherthe timing ofwhenthe loadis

applied.

Synthesizing the extensive experience of leading coaches with raisitiplinary scientific
knowledge ad researchQmegawave incorporatettie Windows of Trainability E approachinto

the Coachproductin order to better analgz and predi ct how an athl et
stimuli.

Utilizing the Windows of Trainability E approachwill allow for the optimizationo f t he at hl
training process by addressing and providingiprehensivanswers to théundamentatilemmas
of coaching

1 Isthe athlete ready for another workout, and at what volume and intensity?

1 Which physical qualities endurancespeed & power, strengtioy coordination & skillt
should be developed to produce the greatest training?

1 How canthe training procedse optimizedo achievehebest results in the shortest period of
time and with the least amount of physiological cost?
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WINDOWS OF TRAINABIL ITY E : METHODOLOGY

ATHLETES OR THETRAINING PROCESS WHICH SHOULD BETHE
FOCUS?

The main challengtacingcoaches and athletesday ismanaging the training proceissa way that
produces maximum performance results while avoiding negative effects As we know,
mismanagement of thathletepreparatiorprocesgp. 6)can lead to overtraining. 12), injury, and
decreased result®n the other handperect and effective managemem@rmits the athlete to reach
maximal resultsin minimal time, while avoidng injury, maintainng good health, and proloimy
their career

Currently, there are several popular approaches to managing athlete preparation (periodization, block
system, etc.). However, these approaches have a numlaitafions, mainly the excessive focus
placed on thérainingprocess nd not o n t hfenctianalisthte(f. & thisdespiterthe e n t
fact that it is thethletethatwill display theresults of trainingfig. 1A).

Many coaches create loitgrmtraining programsnd do not alter them regardless of the response of
the athleteThey prescribe faining loadsusing empiricaimeanspased ora general knowledgef

t h e bposdibleteactionswithout an objective account of thdividual adaptve abilities of the
athlete(p. 8). At the same timehe athlete wilattempto executea planned training loaidregardless

of their functional staté potentiallyrisking harm to their healthThis constant oveloading and
overtraining has been knowto contributeto the amount of disease and injury in spastwell as
theearly termination o€ompetitivecareers.

THE CONVENTIONAL APPROACH TO ATHLETE OUR APPROACH TO ATHLETE PREPARATION

PREPARATION 2

The training process is the object of control The athlete is the object of control

Figure 1. Traditional approach} ) and our approach(B) to athlete preparation.

With the aim of improving the process of athlete preparation in the field of competitive sport, we
have created a new approathWindows of Trainability E . To successfully implement this
approach, we have also created @wachproducti a portablenortinvasive technological solution
that provides comprehensive biological feedba
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WINDOWS OF TRAINABILITYE

Windows of Trainability E i an athletefocused approach to the training process that identifies the
most effective time frameivindowo) for the application ohewloadsbased on frequent analysis
and monitoring of the athletebs .physiological

In contrast to th@reviously mentionedraditional approadks Windows of Trainability E places
thefocuson theathleteas the object of contrahs opposed tthe training processself (fig. 1B). The
roleofthecoach s t o mani pul ate the state of the athl
process (which is used merely as an instrument to achieve a set of goals).

Our approach tathlete preparatiors built onthe followingprinciples

1. Comprehensive analysis of a variety efivironmental factors influencing the athlete

(training and notrainingrelated

Frequenimonitoring of individualdaptations to these influences

3. Determining the most suitable time for applywgrioustypesof loads their volumesand
intensities(p. 11)

4. Formation ofasportspecificfunctional systemandadaptations that providedthighest level
of preparednesgp. 6)

N

Implementingthese principlesvill lead tothe individualization andoptimization of the training
process.
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THE RELATIONSHIP BETWEEN SPORTMASTERY AND PERFORMANCE
RESULTS

Sport Masteryit he at hl etebs ability to realize thei
psychological and intellectual preparednessiemancndunderany condition(i.e. in training and
competition, during a high state of high psychological stress).

Performanceresuls depend largelyn the levelof individual sportmastery. During the process of
long-term preparatiorthe goal is for the athlete sxhieve the highest level of sport mastery.

However, before they camaccomplish this,athletes require a certain level pfeparedness
Therefore the maintaskof the training processs to create the conditions thatlow the athlete to
achievethehighest level ofsportspecific preparednegig. 2).

THE CONCEPT OF READINESS IN MANAGING
ATHLETE PREPARATION

©Nasedkin V., Fomin R., 2013

4+ SPORT MASTERY

Adequate compensation Inadequate compensation
Preparedness —
Sport-specific skill O@
Physical

Technical
Tactical
Psychological
Intellectual

$

RESULT

Loads ——O /O~ :
Type . h
Volume
Intensity

. { O———Readiness
L H Physiological
i Psychological

Cost of adaptation —
Physiological

TIME

Figure 2. The main components ofthlete preparation involved in achieving adesired result.
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PREPARATION AND PRERREDNESS

Preparation i the process of managing alhe factors that influence thathlete ensumg the
continuouggrowth ofathleticachievemergtand results.

Preparednessi the multifaceted cumulative state of an athlete, composed ofspeecific
developmental level of the followingbmponents

Sport-specific skill T a complex and resultdriven pattern of spoitpecific behavio and
action that is highly automated and requires minimal conscious involvement. Skill is
developedhrougha prolonged process involving multiple repetitioaf®ehavior andction.

Physical i a particulardevelopmental levebf sportspecific physical qualities (strength,
endurance, speqebwer, coordination, flexibility)and the ability to realize tke qualities
during competition

Technical T a particulardevelopmental levebf sportspecific sequence®f movements
consisting of techniques amabtor skill(s)thatallow the most effective sotion for specific
motor tasks

Tactical T a particulardevelopmental levebf understanding individual or group tactical
challenges in specific training or compien environments

Psychologicali a particuladevelopmental levadf mentalqualities and functions that allow
successful achievement of performance results

Intellectual T a particuladdevelopmental levedf the ability to utilize all areas &nowledge
to achieve the desired result

The level ofsportspecificpreparednesss characterized by the athlete's ability to comprehensively,
simultaneously, ansuccessfullymplement all components of preparedness in the specific conditions
of a particular sport.

However, a high level of preparedness alone is not enough to achieve the desired result. Another
componeni Readinesdfig. 2)1 is the factor that determines whet the athlete is able to perform
successfully at any given time.
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READINESS

Readines$ the current functional state of an athlete that determines the ability to effectively achieve
their performance potential.

EXAMPLE

In preliminary testsAthlete A demonstrates higher level of preparedness thAthlete B.He is
expectedo repeat this performance in compietit. However, in competitiothlete Aperforms at
alowerlevelthan expected and losesAthleteB, who performetter tharexpected

Quegion:
Why did Athlete A, having showa higher level of preparedne$sse toAthlete B?
Answer

Before the competitiomthlete A slept poorlyresulting in a low level oReadinessTherefore, he
displayed dower level of preparednesisiring competition, realizing only 70% of his potential.

In contrast Athlete B slepivell, resulting in a high level dReadinessHe displayed a higher level
of preparedness during competitioealizing 90% of his potentidlallowing him to win.

Thisexample demonstratéisatqu ant i f yi ng and Readinespefaretrginingand at hl
competition is a key factor iachievingthe desired result. Therefori,is critical to utilize an
instrumentthat allows forfrequent physiological monitoring ofReadiness and delivers this
information in a timely mannérthereby removing guesswork or intuition from the training process.

However, even with this instrument and infor
constructing a successful training process still need to be decided upon (i.e. what, how, how much,
and when to train).

It is not enough ti&now the definitionsfor sport mastery, peparedness arideadinesslt is also
necessarto understandhow toapplythesephysiological principleg the construction ahe training
processSpecifically,how can results be obtainedthe shortest amouof time with minimal costs
of adaptation?As the bodyobeys the laws of biologwhich biologicalchangesieed to b createdn
orderto achievethe desiredesult® The answes lie in understandindgpow the body forms a spert
specific functional system
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FUNCTIONAL SYSTEM: THE BASICS

The main factor influencing the preparation prodedsaining load’ stimuli causing stress on the
body. In response tstimuli, the body tries to adapt and to gradually redheecost of adaptaticio
subsequent loads

Adaptationi the process of adjusting to traininglated and nofrainingrelated changes in the
environment.

If loading is regularly repeated, the body begintm a specific functional systermf adaptation to

this particular type of activity. Thigccurs througladaptational restructuring, which aims to be as
effective as possible in its consumptiordautilization of energy resources while decreasing the cost
it pays for the process. The creation of this specific functional systéatermined by itsisefulness
towards achievingfinal goal.

Functional Systemi a dynamic, selfegulating structuref biological components that work in
unison to achieve a useful adaptive result for the athlete.

Biological systems (e.g. cardiac, respiratorynervous systems) do not acigolation, as taught in
classic anatomy and physiology.functional systems acomplex straturethat recruis and bing
togetherindividual systems and organs act as a single mechanisithe only criteria for inclusion

or exclusion of any biological component (e.g. nervous or muscular systems) in a functional system
is its uefulness for achieving the final goal.

The creation ofa sportspecific functional systenallows the athlete to reach higheeviels of
preparedness and sponasterywith a minimal cost of adaptatiotdowever, in order to creage
useful sporspeific functional systenit is important to first decide which means and methods to use.

1C
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MEANS AND METHODS WHAT AND HOW TO TRAIN?

Basic meansof preparing athletes includevariety of physical exerciseswhich help to form the
sportspecific functionabystemand createisefuladaptationsSelection and impmentation othese
exerciseslependson the particular sport atdh e e x rele i thesdeveldpment ahe various
components of preparedness.

For instance, d increase the level of physical pagpdness one may only implement physical
exercisesaimed atdevelopingone or another physical qualitystrength,enduranceetc.However,

to increase technical preparednegbysical execises alone may not be enough. Therefare,
combination of physicalpsychological and intellectual exercist®uld be employed.

Methodsof preparation refer to theannerin which exercises are performad the preparation
processThe most common methods are continuexertion intervak, games, circuit training and
competition.

The next steps to understanchow to applythe training load using the appropriate means and
methods.

11
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TRAINING LOAD: TOO MUCH OR NOT ENOWH?

Training load T a specificamount oftraining stimulusapplied to the athleten order toprovoke
crucialadaptationsn the sportspecific functional system

Training load is the primary factdhat produces adaptansin the individual organs and tissues of

the functional system, as well adaptationatestructuringn the functional system as a wlb. The

quality and quantityf this adaptational restructuring will determine the effectiveness of the training
process, which i n t abilitntoatheevedesineliresutiss t he at hl et e

The impact ofraining load can be categorized in thddwaling ways, @pending on t proportiorof
skeletal muscle involved during exertion:

Local T loads are performely less than 25%f skeletal muscle and cause no significant
biochemical changes in the bodsor examples nappi ng oneds fingers.

Regionali loads are performed by one or more muscle groups (approximately 50% of skeletal
muscle) and cause somewhat significant biochemical changes in the Hoydgxample,
executingan underhandenein volleyball, orperforming an element of gymnastics

Global i loadsare performed bynore than 75% of skeletal muscle and cause significant
biochemical changes in the body. For example, jogging, swimming, or@vassy skiing.

Training load can be brokedowninto threecategoriestype volume andintensity.

Typel specificexercisesmplemented to develagp physical qualityi.e. endurance, speed &
power,strengthcoordination &skill).

Volumei the amount of loadpplied duringa definedperiod of time(e.g. the duration and
distance covered dung a rur).

Intensity 1 the impact of the stimulus on the body during a defined period of time (e.g. pace
of the game, running velocity, energy expenditure per minute)

An important component of training load is the povesjuired to producthe work.Relative to
exertion, pwer and duration are inverseblaedi the highethe power output required, the less
time that outputtan be maintained. Also, the higlilee power output, thgreater thdiochemical
changeghatwill resultin the body.
The wok performed during cyclical activitiesan be categorizadto eightpowerzones:
Anaerobic zone

Maximal i not more than 1220 sec

Submaximali 25-40 sec

High i from 45120 sec

12
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Aerobic zone
Maximal i 3-10 min
Submaximali 10-30 min
High 7 30-80 min
Moderatei 80-120 min

Lowi more than 2 hours

The type oftaining load can be adjusted agilumeor intensity, @ both simultaneouslylhe trainirg

load should be individualizediepending on the spespecific functional syste targeted for
development The load for a particular athlete should jbst sufficientto cause a useful agtive
response andositivetraining effect (fg. 3A) 1T nomore, no less

OUTCOME
(adequate

Transitional state New positive state result)

Initial state

BASELINE

(before training) Stressor Regulatory System Training Effect

DESIRED RESULT WITH MINIMAL COST OF ADAPTATION

Figure 3A. Howa desired training effectis producedthrough the Regulatory System.

13
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Prescribing an xxessive load (overloadingyill produce adaptations th&ad to negative and
undesired consequences, i.@e&rease in work capacityyertraining illnessor injury (fig. 3B red
arrow).When thecost of theadaptations is too higkheresultis an unsuccessfdlinctional system.

TRANSITIONAL STATE

Anatysis

/7 %
- /
OUTCOME B.
INITIAL STATE ‘ negative directional . NEW UNDESIRED
OUTCOME A effect STATE
N return to Initial state without
a positive effect
Stressor Regulatory System Training Effect

UNDESIRED RESULTS WITH A HIGH COST OF ADAPTATION

Figure 3B. How an undesired training effectis producedthrough the Regulatory System.

An insufficientload (fig. 3B, yellow arrow) on the other hangyroduceso training effect, and the
athlete is unable to reach a higher level of preparediidss task ofcreatinga sportspecific
functional systenwas not achievedue to the lack of sufficierstimulation

Consequentlyit is crucial to know not only theypeof load to pracribe for the day's training, but
also to correctly select thelumeandintensity Strict adherence to gre-setplan will not resilt in
the desired outcom&he magnitude(volumeandintensity)andtype of training loadcanbechange
daily according tothe individual physiological reactionsf the bodyand the currenstage of
developmenbf the sportspecificfunctional system.

However, it will be difficulti if not impossiblé to select the proper training load without obtaining
objective feedback on the adaptive responses of the athlete.

14
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FATIGUE AND RECOVERY. TWO PARTS OF ONE ROCESS

Fatigue ad recovery are twoomponents o& single complicatedadaptation procedsought on as
a result of training loadsThese componentslso occur as a natural part of the formationaof
functional systemThe goal is to createonditions that will promotea more symbiotic balance

between fatigue and recovery.

FatigueT atemporary staté¢hat occursluring intense oprolongedwork thatleads toa decrease in
the effectiveness of the wark

Recoveryi a processthat occurs as a reaction to fatigUéis processhould alwaydeadto the
creation of a nevandimprovedfunctional state.

Many believe that recoverg simply a return of physlogical parameters to there-load level.
However, f the parametersimplyreturn to thé pre-load level, there would be no creation of a yew
improvedfunctional statethereforethere would be nomprovement of performangesults.

To create a more effective recovery procgss critical to first identify thephysiological component
that was affected by fatigu®©nly then can specific recovemeans and methodse employed
successfully.

15
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OVERREACHING AND OVERTRAINING

Overreachirgi atemporarystate ofatiguethat occurs in response to high and intense |logittsout
allowing time for sufficient recoveryCharacterized by malaise, sleep disturbanoeod instability
and a marked decrease in performance capability.

Overtraining 7 a chronic stae of exhaustionThis is a pathological ate caused by repeated
prolonged high intensity high volumeand monotonoudoadswithout allowing time for sufficient
recovery This state isprimarily characterized bysignificant disturbancesn the nervous and
hormonal systems.

Currently, overreachingand overtraining are a large and widesprgaablemin spot. In a state of
fatigue,theb o d gbdity to adapt to training loads greatly decreatfabe onsebf overreachg is
identified and the athletis allowed to recover, performancapability will return tonormallevels

However, f immediate action is not takeand the athlete continues trainimghout sufficient time
for recovery adaptation processwill begin to fail, leadng to an unwantedstate ofovertraining

Athletesin anovertrainedstate cannotompete successfully amtoducetheir best resust while

also beingt risk for illness and injury.

To promptly identify ad remedy a state of overreachimgovertraining, it isnot onlynecessaryo
recognize the signsf these conditiondyut their causes as well.

Themainsigns ofoverreachin@gnd overtraining aranincreased susceptibility fatigue,adecreased
physical work capacitgnda reducedemveryrate Despitecontinuedraining,sportspecificresults

decline This is a signal from the body thiatan no longer adapt the prescribedrainingload and

the athlete needs a change in the training load or immediate rest.

Initial signsof overeachingand overtraining are characterized bypr@dominance oéxcitatory
processes

=

slow heart rategecovey in responsedttraining load
abnormallyhigh resting heart rate

high arterialblood pressure

palpitations

nervousness and emotional instability
restlesaessand poorsleep quality
decreased attention span

increased anxiety and unwarranted fears
excessive sweatinduring exertion
decreased interest in training

decreased appetite and weight

= =4 4 -4 8 8 4 -9 -9

=a

If the initial signals are ignored and the athletntinwes intensetraining, subsequensigns of
overreachingand overtrainingemerge These are characterizéy a predominance oinhibitory
processes

1 reduced rate of recovery
1 abnormallylow resting heart rate

16
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low blood pressure

depression

increased fatigue

rapid onset of fague during exertion
drowsiness antkthargy
hypoglycemia

reduced immune system response

If immediate steps are not taki® adjustthe training process, the onset of even more severe disorders
will follow.

Currently, the most importarntauses ofoverreachingand overtrainingfall into the following
categories

METHODOLOGICAL

T

= =4 -4

Imbalance betwedonadand resthighvolumeor high intensity load¢hatexceed the capacity
of the body to recover

Lack of, or incorrect periodization of the training process

Monotony, dullness, excessive duration and repetition of training

Lack ofindividualizationof the training process

Absence or negledf recoveryactivities

Excessse amount of competitions

PHYSIOLOGICAL

Insufficient or poorquality sleep

Unbalanced and irregular meals

Reducedesistance to physical and mental stress
Predispositim of the individuato adapt to a given training load

PSYCHOLOGICAL AND SCCIOCULTURAL

Excessive psychologickdadand chronic stress at wook home
Unrealistic goals and aims

Strong fear of failure

Conflict with a coach or other athletes

Disorganized lifestyle

MEDICAL

T
1
1

Diseass (chronic, infection, etc.)
Allergic reactions
Inadequate recovery fropast injuries

ENVIRONMENTAL

T
T

Changes in time zone and climate
High altitude training

17



Draft. Confidential - Do not reproduce or distribute in any form.

1 Poorecological conditions

The @nventional meansf preventingoverreachingand overtraining includa balance of loadnd
recovery,proper sleep andiet, active rest, massage, sauna, pharmacologyTle¢se means are
limited becauséheir effect cannot bieequentlymeasurepthereforethis information cannot be used
to manage the training process.

Overreaching and overtraining can bere efficietly preventedby frequentlymonitoring the
functional stateof the athletevith objective scientific methodsefore and aftethe training load is
applied Sinceeach athletevill displaythe signs of overreaching and overtrainiimga different
fashion it is essential to implement a customized approach to the evaluation process.

Fatigue is not necessaryundesirecconsequence of trainirigit is themagnitudeof fatigue that is
critical. On the one hand, the mdteat progressively greater magnitudésraining load ar@pplied
thebetter preparethe athletevill becomeOn the other hand, if the level of fatigue is n@naged
an overdose may be applj¢dereby causing the athlete to train while tisedleventuallyieading to

a decline in resuit Consequentlyunderstandinghe interplaybetween fatigue and recovery is the
key toattaining high performance results.

Caution recovery protocols must leenployedcorrectly, asrecoveryactivitiesthemselves may be an
additional burden on the bodyosgsiblyincreasing the leveidf fatigue.

18
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TRAINABILITY AND TRAINED-STATE: SIMILAR BUT DIFFERENT

How does theVi nd o ws o f  B‘ppraachmviewthe lcanteptEaiainability and trained
state?

Trainability T the ability to receive training loadsput) and effectively adapt to the(process)
thereby producing a positive training efféoutput) Increasing trainability leads to an improved
capacity toreduce the negative effects wainingrelated and nottrainingrelated changes in the
environment and decreases the costs of adaptation.

Trained-Statei a statecharacterized bgccumulatedong-term adaptationthat have resulted in a
higherlevel of preparedness

In response to the calast stressors attraining loadthe bodyadapts by adjusting its functionality
to minimizethe physiological changes that occur in response to the Tdad process results in the
ability to pay a smaller physiologicabstfor subsequenthoughsimilar) loads.Therefore, the body

becomes moreffective in adapting to training and producing positive results.

It is clearthat n order to continuously enhandeh e a ttrhine@state @ $ necessaryto
progressivelyincreasethe training load However, blindlyfollowing an approachklictatedby fithe
more(load)the betted doesnot producethe bestesults.

TheWi ndows of TBppadchofers & horeteyolzesolution Theamountof loadis not

the most important parameter to consjdertratherwhenthe bodyis ready tareceive andadapt to
anotherload During periodswhen adaptation process are complete, tHeody is most ready to

benefit fromnew loads The opposite is alsdruei during periodswhen adaptation process are
incompletethe body is not able to benigfiom newloads Wetermedhese periods f t i me o6 wi n
of trainabilityd

Window of Trainability T a period oftime, determined by the currefitnctional state of the
athlete during whicha decision needs to be made whetharotto apply gparticulartraining
loadthatis designed ttead tousefuladaptations anisnproveathleticperformance

Open Window of Trainability T aperiod oftimewhen the application of garticulartraining
loadwill lead to positive adaptationand this improved athletiperformance

Closed Window of Trainability i a period oftimewhenthe body is in a state of imbalance
and reduced functioningeflecting a lack oReadinessor particular training loads.

EXAMPLE

All things being equalAthlete A has dully openwindow of trainability for developing strength
(indicated bya reading in theyreenzoneon the OmegawaveCoachapplication) In training he
performs exercises with maximal loads and intensiiesbodyis able to procestheloadand create
a positiveadaptationthusimprovinghis performance results

Athlete B has &losedwindow oftrainability for developing strengtfindicated bya reading in the
redzong. However, has unaware of thiand performs the same traiginsAthlete Awith maximal
loads and intensitie$lis body isnot able toprocess the loadndform usefuladaptationdecause
the process of adaptation poevious loadss incomplete Consequentlynot only did he failto
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improve his resultdyuthaving tocompensate fahis state of poor Readiness, piteysiologicalcost
for Athlete Bwas highethanfor Athlete A

(Note: An athlete can have an open window of trainability for one quality and a closed window of
trainability for anoher during the same period of time.

Correct and timely identification of th@indow of trainability permits not only the selection of the
type, volume and intensity of loading, but also the proper timinig application.
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WINDOWS OF TRAINABIL ITY E : IMPLEMENTATION

DEVELOPING PHYSICAL QUALITIES

With the goal of better understanding how to impler#ntn d o ws o f Twewill usathei | i t
Coachproductfrom Omegawaves an example.

Based on aomprehensive analysis of the functional state o€iR§ c ar di afp a systemmet a b
OmegawaveCoach identifies whena dvindow of trainafdity 6 for developing specific physical
gualitiesis open or closedlrhe technology can be used to determine st favorable timeand
preferableconditionin whichto developprimarymotorqualitiesthataffectthe level of preparedness

and sporimastery Thesequalitiesinclude:endurance, speeé power, strength andcoordination

& skill.

The Coachproductanswes three primary questions important in creating optimal training solutions
(fig. 4).
1. Which physicalquality can bedevelopedtoday, in order to achieve thmaximaltraining
effect?
0 Answer:speed power
2. Which physical quality:an bedevelogdtoday so as to achievdimited training effect?
o Answer:bothenduranceand strength
3. Which physical qualitiearenot reconmendedto be developetbday, so as to not cause a
lossof training effect?
0 Answer:coordination &skill

11:27 AM
omecawave

Overall Readiness
August at 7:22 am

1 2 3 4 5 6/ Good 74

) Training zones () Functional state

A\ Resting heart rate: 46 bpm O ~

CNS Cardiac  Metabolic
Anaerobic maintenance
172-182
Aerobic development
161-175

Aerobic maintenance —@
148-161 =

Recovery stimulation Add comment

148

Endurance Speed& Strength Coordination Recuperation
Power & Skill 103-119

Figure 4. Athlete analysis pageof the Coachproduct.
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Each measuremeit additionallyanalyzed by th©megawavdExpert §stent to providean
integratedconclusion(fig. 5), which reflects

ATheReadiness afheathlete for upcomintpadsandthe development of specific physical
qualities

ATherecommended magnitude thie training loadvolume and intensity)

Implementingheserecommendations allasfor the formation ohecessary adaptatismo the
sportspecific functional system by appropriately selecting the type, volume, and intensity of the
training load.

eee00 Operator & 11:27 AM
< omecawave

john Smith Overall Readiness

FC On vave, A-Team August 23. at 7:22 am - Before workout

L

@UU Windows of trainability"" X \aining zones = (¥) Functional state

g heart rate: 46 bpm \
Incomplete recovery. Not ready for any activities

of maximum volume and maximum intensity.

CNS Cardiac Metabolic

Conditions for developing technical skills are not
Z aerobic maintenance
ideal. 2-182

Aerobic development

161-175

Aerobic maintenance

148-161

Recovery stimulation Add comment

118-148

Recuperation
103-119

Figure 5. The integrated conclusion provided by the Omegawav@oachproduct.
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ENDURANCE

Endurance’ the ability of the body to effectively perform prolonged work while
resisting fatigue.

To achieve thénighestlevels oferdurance, the
training process must not only induce
adaptations inindividual organs and systems
(e.g. cardiepulmonary system), but more
importantly it must induce adaptations within
thesportspecific functional systeas a wholé
which isresponsible foensuring that the final
result is useful.

Creating positive adgtations in the sport
specificfunctional system allows the athlete to
resist cumulative fatigueand the onset of
overreaching to perform more demanding
muscle workto adapt and compensate for daily
training and competition loadof greater
intensity andduration, ando realizecontinuous
improvement of results

Adapfations in the functional systeseparate
amateur athletes from the eliamateurs have
not fully developed these adaptationsvhereas
elite athletehave.

With respect to the type aflaptations within the
functional system, endurance can be separated into two catdggersral and specific:

General Endurancel the aility to perform prolonged non sporispecificwork, which indirectly
improves thesportspecific functional systerand the preparedness of the athlete.

General endurandays the foundation for the developmentspbrtspecificenduranceDuring the
development of general endurance nésessaryo form general physiological adaptations in organs
and systems that arelevant to thesport(e.g. cardiac hypertrophy, increased number of capillaries,
etc.) These adaptations must actaaundationon which to create the subsequeportspecific
adaptations in théunctional system

SportSpecificEndurancei the ability to performprolonged sportspecificwork in situationsthat
simulatethe competitionenvironment

This workdirectly enhances the formation thfe sportspecificfunctional systemsport masterand
preparedness of the athleSport-specificendurance isreated by particulaadaptations with the aim
of continuou$y improvingthe sportspecific functional system.

23



Draft. Confidential - Do not reproduce or distribute in any form.

Adaptations Required for Enhanced Endurance

Pulmonary System

T

Enhanced pwer and effectiveness of external resjpima

Cardiovascular System

T
T

= =4 4 4 -8 -

T

Increased pwer, effectiveness, and econorofythe cardiovascular system

Increased parasympathetictivity and decreased sympathetic activity withinadbé&nomic
nervous system

Myocardial typertrophyand anincrease of myocardiakentricular volume

Bradycardia andinusarrhythmia

Improvedexcitation metabolism, andhyocardial regulation

Increased qaillarization

Improved elasticityf blood vessels

Increasedystolic volume (cardiac output)

Increasd speed and amplitude oérdia contractions

Muscular System

1
1
1

1
1
il

T

Increased density and quayif capillaries

Increased quantity, siznd density of mitochondria

Increased quaity and activity level of oxidative enzymdsormones and other regulators of
oxidative processes

Increasd hemoglobin and myoglobin

Increased erobicresynthesi®f ATP

Increased intensivexidation of fatsand reducedntersive oxidation of carbohydratéthe
most important energy metabolisdaptation for endurance

Increase rati@f oxidative toglycolytic muscle fibers

Hormonal System

il
il

Increased mass of endocrine glands
Increased concentration of steroidal hormones in organs and tissues
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Possible Methods or Developing Endurance

The most important task in the development of endurance is to indleeset hl et eds cap
produce energgndto utilize it economicallyvithin acompetitionenvironmentTheprimary means

of achieving thisncludegeneral and specifiexercises thatre performed under various intensities
thattargetparicular pathwaysof energy metabolisnT.he three pathwaysf energy metabolisrare:

1 Anaerobic alactic i uses creatine phosphate as a source faymthesizing ATPin the
absencef oxygen.

1 Anaerobic hctic (glycolytic) T uses glycogen and glycolysis in orderdesynthesize AT
theabsencef oxygen. This results in a froduct of lactate and hydrogen ions.

1 Aerobici uses carbohydrates and fats as the primary source forslgatresis of ATEn the
presencef oxygen

In orderto improve endurangehe taining process needs progressively develop thgower,
capacity,andefficiencyof the metabolic pathways

1 Poweri thehighestrate of energyproductionwithin a particularpathway Indicative ofthe
level of intensity oimuscle work

1 Capacityi the total amountof energy that can bproducedwithin a particularpathway
Indicative ofthe volume ofmuscle work

1 Efficiencyi theamount oimuscle workattained compared to the enepypducedindicative
of theeconomyof muscle work

There are manynethods that can be used to develop the complexnanti-faceted qualityof
enduranceincluding

1 Interval Training
1 Repetition Training
1 Fartlek Training

(Note: for more details see thrext sectionWindows of Trainabilitf for Heart RateTraining
Zones)

25



Draft. Confidential - Do not reproduce or distribute in any form.

Windows of Trainability for Endurance

After just a single comprehensive assessment
Readiness for upcoming loads, tBenegawaveCoachproduct determines whether the window of
trainability for endurance is open or close)(6).

Windows of trainability @ Windows of trainability

X o ©

Endurance Speed& Strength Coordination
Power & Ski

Endurance Speed& Strength Coordination
Power & Skill

Figure 6. Open(A) and closed (B) windows of trainability for the development of
endurance.

When thewindow of trainabilityfor endurancés fully open(fig. 6A), a variety of means and methods
can be usetb inducecritical adaptationsvithin the sporspecific functional system and achieve the
maximal training effect.

When the window of trainability for enduranceris for a limited training effect, the
athl eteds capabphysical gquality & redueed.eCauiign shodld be exercised in
prescribing a training load.

When thewindow of trainabilityfor endurances closed(fig. 6B), no attempt should be made to
develop endurance at that timEhe gortspecific functional system isiot ready to formnew
adaptationsas it is still in the process of adapting to previous loadthis situation, thathlete can
train to develop other physical qualities, if indicated byith@measurementdn doing so, new
adaptations wilbe createdn organs and systenis which recovery from preious loads has been
completedfor example, the nervous system).
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SPEED & POWER

Speed the ability to perform simple and complex movements in the minimal
amount of time.

Speed is primarily dependent tive functioral properties of command centéexecutive branchh
the central and peripheral nervous systamwell as the functional properties sieletal muscles
(administrative branch).

There ardwo forms of speed:

1 Elemental
0 Speed of simple antcbmplex motor reaction®(g.reaction to light, sound, etc.)
0 Speed ofisingleaction(e.g.start from the blocks)
o Frequency of movemenité. tempo)
1 Complex
0 Speed otomplexmulti-joint actions(e.g. punching, kickingoall handling)

Critical Adaptations for Improved Speed

In order to create a spespecific functional system, three ggof adaptations are requirien the
development of speddneural, muscular, and metabolic.

Neural adaptations:

1 Ability to activate maximunamount of motor units irype lla and type Illin minimal time
1 Increased power of efferent impulses tortiator units

1 Increasedability of neural processes
1

Improved relationship between processes of inhibition and excitation in different parts of the
nervous system

1 Improvedneuromuscular coordination

Muscular adaptations:

1 Increased amoumtf type lla and type lllmuscle fibers
1 Improved elasticity and flexibility of muscle
1 Increased effectiveness of immauscularcoordination

Metabolic adaptations:

1 Improved mobilization and functioning ¢sg/nthesis of creatine phosphate and ATP) of the
anaerobic alactic energy system

1 Increasegower and capacity aheanaerobic alactienergy system
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Possible Methods for Developing Speed

The primary means for dewgling speed are exercises that require quick motor reaciomgll as
high velocity and frequency of movemeithese exerciseshould always be placed at the
beginning of the training sessidburing speed developmemmphasishould beplacel on
perfaming complexmulti-joint sportspecific actions.

Themainprinciplesfor the development of speed are

= =4 A

T

5-8 repetitions of a selected exercigersession6-8 minutes of rest between repetitions
2-3 sessions per week

Maximal orsupramaximaintensity

Exercises must not be performed in a state of fatigue

Primary methods fathe developmenof speed

1
1
1

Competition
Exerciseslesigned to improve spatial and temporal anticipation
Exercises withncreased or decreased resistance
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Poweri the ability of the body to produce maximal strength in minimal time.

Power is a combination of the function of the
nervous system and skeletal muscle. To
develop a spoispecific functional system,
both neural and muscular adaptations are
required.

Neural Adaptation i adaptationgreated in
command structures (brain cells, etc.) and
functional processes in the central and
peripheral nervous system in response to
particular training load These adaptations
are created based on their usefulness to
achieve the desiredesults, and form the

Q command cente executive branch) of a

specific functional system that sends signals

to muscles through an actifeedback loofpetween thérain andspinal cord

Muscular Adaptation i structural and functional adaptations in skeletascles created in response
to a particular training load. These adaptations are created based on their usefulness to achieve the
desired results, and form tla@ministrative branclof a specific functional system. This branch
carries out orders from ttemmand center as to the durationand intgnsio f t he muscl e 0 s

(fig. 7).
Muscles require specific adaptations in order to successfully respond to the signals of the command

center. If these adaptations do not exist, the muscles will beeutoat@spond accordingly even when
the signals are received.

The command center constantly processes information received through the feedback loop about the
state of the muscles. Based on this informatiodistributes signals to eitheraintainor corectthe
athletebs performance, depending on the situa
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Regulatory

Element

A 1 on R

’ Comparison \

\\\ Cord * _ I
\\ Feedback

9 ' 4

A y

| Object of Regulation |

Figure 7. Example of a functional system, critical fothe realization of power.

In this way, the executive and administrative branches work as one funcystahsio manage
adaptations. Thiprocess oimanagement in the functional systésnbased orithe fact that some
elements of the system change their state under the influence of other elements. This priiceds is ¢
for the whole systerto be in aroptimalstate in the given circumstaas

The challenge is tose various means and methodsnftuence different components the sport
specific functional systenm order to speed up the processes ofptadian in thesecomponents
(neural and musculagnd thefunctional system as a wholdue to the fact that there are only
informational connections betweenmponentsthe training process should be manageduch a
way that these connections contributehte creation opositiveadaptationso energyproductionin
the brain and musclesavell asmprovedplasticity processes in the functional system.

3C



Draft. Confidential - Do not reproduce or distribute in any form.

Critical Adaptations for Increased Power
Neural adaptations:

1 Improved &ility to recruit a maximal amount of muscle fiber in a minimal amaditime
1 Improved innervation of muscles
1 Improved intermuscular coordination

Muscular adaptations:

1 Hypertrophy

Increasednitochondrial density
Increased muscle excitability
Increased muscle density
Increasedntramuscular coordination

= =4 4 A

Possible Methods for Developing Power

Shock method
Plyometrics
Sprint training
Weightlifting

= =4 -4
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Windows of Trainability for Speed & Power

Beforeapplyinga new training loadt is vital to determinavhetherprior adaptation processesthe
nervous and muscular systems have been compbetedt To this end, theODmegawaveCoach
product indicates whether the athlete has an open or closed windawnabtlity for the development
of speed and poweri¢f 8).

Windows of trainability @ Windows of trainability

X o @

Endurance Speed& Strength Coordination
Power & Skill

Endurance Speed& Strength Coordination
Power & Skill

Figure 8. Openj _ d&hd closed(B) windows of trainability for the development of speed
& power.

As discussed in the previous section, whemtimelow of trainabilityis fully open(fig. 8A), a variety
of means and methodan be usetb inducecritical adaptationsvithin the sportspecific functional
system and achieve the maximal training effect.

When the window of trainability fospeed and powes for a limited training effect,

t he athl et eds thesephysicalquatitigs redureddCautian Ishwoydd brercised in
prescribing a training load.

When thewindow of trainability isclosed(fig. 8B), no attempt should be made to develop speed and
power at that timeThe portspecificfunctional system isot ready to forrmewadaptationsas it is

still in the process of adapting to previous loddshis situation, thathlete can train tdevelop other
physical qualities, if indicated by tinemeasurementdn doing so, new adaptations will ensue in
organs and systems which recovery from preious loadshas been completgdor example, the
nervous system).
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STRENGTH

Strengthi the maximal amount of force a muscle or muscle group can generate.

The definitions of strength and power illustrate
their differencé only power has a relationship
with time.

In order to displaystrength, two types of
adaptations are critical for the creation of a
sportspecific functional system: neural and
muscular.

Critical Adaptations for Increased Strength

Neural adaptations

1 Increased amount @ictive motor units anftequencyof their excitation

1 Synchronization of motor unitinctionandincreased ability to recrugdditional motor units
for a task

9 Increased innervation of muscle tissue

Muscular adaptations

1 Hypertrophy
Increasednitochondrid density
Increasedxidative processes
Increased muscle excitability
Increased muscle density

= =4 -4 A
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Possible Methods for Developing Strength

The primary objective when selecting exercises for the development of strength should be to manage
the creation o&daptations in such a way that they are integrated and organized into a single functional
system. Theesultingfunctional system will allovthe athlete to improve thesportspecificstrength

Methods for the development of strength can be classifieztiasthaypeof musclecontraction

T

= =4 4 A

Isometrici thelengthof the muscle does not change.

IsokineticT a constantate of movement.

Isotonici constant musculdensionduring movement without a full flexion or extension.
Concentrici muscle fibers shogh while generating force.

Eccentrici muscle fibers lengthens while under tension.

The methods can be further categoribaded orihe type ofoading:

= =4 -4 4 -4

Supramaximali loadsabove the individual maximal capac{tyl00%)
Maximal i loads ¢ose to the individal maximal capacity (9200%)
Submaximali loads in the range of 785% of maximakapacity
Moderatei loads in the range of 400% of maximakapacity

Light i loads up to 40%f maximal capacity
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Windows of Trainability for Strength

As with powerijt is vital to determinavhethermrior adaptation processasthe nervous and muscular
systems have been completesfore applyinga new training loadTo this end, th&Omegawave
Coachproduct indicates whether the athlete has an open or closed windoainability for the
development o$trength (ig. 9).

As discussed in the previous sections, whemvihdow of trainabilityis fully open(fig. 9A), a variety
of means and methodsan be usetb inducecritical adaptationsvithin the sportspecific functional
system and achieve the maximal training effect.

When the window of trainability fostrengthis for a limited training effect, the
at hl et ebds ¢ ap thib phlysicdl gualityi® reddced: €dutoop shallbe exercised in
prescribing a training load.

When thewindow of trainability isclosed(fig. 9B), no attempt should be made to develop strength
at that timeThis is because th@art-specificfunctional system isot ready to forrmewadaptations,

as itis still in the process of adapting to previous loddsthis situation, thethlete can train to
develop other physical qualities, if indicated byithmeasurementdn doing so, new adaptations
will ensue intheorgans and systents whichrecovery fom previous loads has been comple{éar
example, the nervous system).

Windows of trainability @ Windows of trainability

Endurance Speed& Strength Coordination
Power & Skill

Endurance Speed& Strength Coordination
Power & Skill

Figure 9. Openj _ d&hd closed (B) windows of trainability for the development of
strength.
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COORDINATION & SKILL

CoordinationT the ability to integrate motor actions into anefficient pattern of
movement.

Coordination includes the pereption and
analysis of dynamic, temporal and spatial
characte i st i cs of t he bod
conceptualization of how to perform a given

task construcion of an appropriate plan of

action and the execution ofhat plan

An important factor in coordination is
operational controlwhich consists of the
performance of movement, the processing of
feedback, and the process of making
adjustments. Within operatiahcontrol, the
preciseness offferent information received from muscle receptansl the quality of its processing
in the CNS play key role.

If the CNS & fatigued, the quality of operational contreill be reduced, resulting in poor or
inadequate coordination.

In relation tathestructures of theportspecificfunctional systemand the stages ofeation oimotor
skills, two types of adaptations critical to the development of coordinaaonbedistinguisted
neural and muscular

Critical Adaptations for Improved Coordination
Neural adaptations

1 Improved movement memory (ability toemorize and reproduce movement)

1 Increased repertoire of skills

1 Increased numbaf movement patterns in the CNS anddbdity to usethemunder pressure
(especially when th€NS did not have suffient time to process the infoation)

1 Improved transmission of neru@pulses

1 Improved function othe varioussensory systesyvisual auditory, vestibularsystem and
somatosensory syst¢m

1 Improved postural control

Muscular adaptations

1 Improvedinter/intramusculacoordination
1 Improvedcoordinationof muscle antagonists and synergists
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M Increased rate cictivation and relaxation aivolved muscles
1 Improvedvoluntary contraction and relaxation

Possible Methods for Developing Coordination

The primary objective when selecting exercises for the development of coordination should be to
managehe creation oadaptations in such a way that they are integrated and organized into a single
functional system. Theesultingfunctional system will allowthe athlete to improve theisport
specific motorskills.

The five principles for selecting a training load for thievelopnent ofcoordinationare based on
adjusting thdollowing:

1 Complexityof movemernt

0 Youth athlete§ 40-75%level of complexity

o Elite athletes 75-100%level of complexity
1 Intensity of loads:

0 Low (duringthe initial phase of learning)

o Moderate(after the initial phase of learning)

o0 Submaximal and Maximgturingtheadvancegphase®f learning)
1 Duration of exertion:

o Dependenbn the nature of the sport and its requireméeda be short or long)
1 Numberof repetitions:

0 6-12 repetitions (depends on the intensity and complexity of the movement)
1 Duration of restbetween repetitions

O 1-3 minutes(depends on the intensity and cdexity of the movement)
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Skill T a complex, coordinatedgoalorientedmotor act, which comprises a
sequence of individual simple motor actions, developed during the training
process until it can be realized with minimal conscious regulation
(automatization) for the most effective achievement of a motor task while

adjusting to external conditions.

Successful sport performance can only be achieved if the athlete acquires the highest level of
voluntary andhonvoluntarysport-specific techniquesand motor functions, which are necessary
components of technical preparedness.

Any voluntary physical act consists of two
inter-related structure$ a consciousand a
motor component.A voluntary motor act is
achieved through intentional movement
reguldgion and performedwith a primary
contribution from the higher levels of the CNS;
i.e. with the help of human consciousness. In
contrast, & involuntary motor act is
characterized by habitual and unthinking
behavior, or a lack of conscious regulation.

Rudimentary Ability

The goal of the training process is to create and develop skill until it can be realized with minimal
conscious regulatioBefore skill can be achieved, however, the following stages must be developed
sequentially

1 Acquisition of spedic knowledgeabout the techniqeaequired to executa motor act
§ Developmentof rudimentaryabilities to perform motor astthrough the application of
specific knowledge and repeated attempts to perform various motor actions and acts

Rudimentary Abilityrepresents the elementary stage of perfornsipgrtspecific techniqueand
motor acs. The stagés characterized by h e a nheedioeety priinarilyuponvoluntary regulation
of a complete motor aeind its individual motor action¥he athletglaces more focus on executing
the motor act and actions themselves, instead of the goal of the motor act.

During the process of developing Rudimentary Ability, the highest level of the CNS plays a leading
role in finding an optimal way to execute a speaifiotor actAs a resultafter consciously repeating

a number of trialthe CNS establishes an ideal system and patfemovementsThe development

of Rudimentary Abilityis a prerequisitéor the formationof skill.

Skill
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Rudimentary Ability is pdected during the process of prolonged and consciageglgatednotor

acts in diverse conditions and environments, leading to estee in which the system and pattern

of movements iautomatized Automatization is throcess of transferring detailedgulation of
movementfrom thehigher (voluntary) level of the CNS to thHewer (involuntary) levels At this
stage, the athleteds consciousness is no | on
themselves, but has now shifted to achievinggbal of the motor act and adjusting to external
conditions (i.e. game awareness).

The level ofautomatization differentiateskl from Rudimentary Ability.The key distinguishing
featuresare:

ease of integration, execution, and correction of movement

rhythm, smoothness, and efficiency of movement

effective coordinated internal structure of movements

consistency of movement repeatability

high variability of movemengelectiorichoice(situation dependent)

stability of execution wen exposed to adversactors (fatigue, mental excitement, adverse
climatic conditions, etc.)

= =4 4 -4 A8 -

Skill Formation

It is not enough to focusolelyon performing multiple repetitions of a movement in the creation of a

Skill T one must follow thdiological lawsof creating a Skill as well. During this process, the CNS
performs a large number of modulations, trials, eramdcorrectionsas a resuliit finds the optimal

way to execute a movement to achieve a motor task. In order for the CNS to find an watmal

must have at its disposal a large database of previously acquired techniques, motor acts, actions, and
elements. In order to continuously develop, it is necessary to expand the database so that the CNS
always has an opportunity to find ever betterys to achieve the motor task.

Skill is the result of new temporary connections being formed in the CNS, which are crehed in
following phases

Alrradiation (distribution) of excitation in the nervous systerharacterized bygeneralized
reactionsinvolving unnecessarynuscles while attempting to combine individual motor
actions into a holistic act

AConcentratiorof excitation in the nervous system characterizedhigyroved coordination,
elimination of excessive muscular tension and Isigéimdardiation of movements

AStabilization coordination andautomatizatiorof movements

In addition, new skills are always created based on previously learned skills and abilities. The more
complicated the skill, the more heavily the athlete relies upon previously learned skills and abilities.

When developing a Skill, it is vital to implentethe correct means and methods from the very
beginning. Correcting a Skill that was improperly developsglires significantly more time and
effort than properly developing the Skill from the beginning.

Windows of Trainability for Coordination & Skill
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As with power and strengttt,is vital to determinavhetherprior adaptation processesthe nervous
and muscular systems have been complbéfdre applyinga new training loadTo this end, the
Omegawave€oachproduct indicates whether the athlete hasen or closed window afdinability
for the development afoordination &skill (fig. 10).

As discussed in the previous sections, whenvtimelow of trainabilityis fully open(fig. 10A), a
variety of means and methodan be usedo inducecritical adaptationsvithin the sportspecific
functional system and achieve the maximal training effect.

Whenthe window of trainability focoordination& skill is for a limited training effect,
the athl et eds thia phgsibal dqualityiy reduced. Caatioreshoulg be exercised in
prescribing a training load.

When thewindow of trainability isclosed (fig. 10B), no atempt should be made to develop
coordination& skill at that timeThis is because th@art-specificfunctional system igot ready to
form new adaptationsas it is still in the process of adapting to previous lo&dghis situation, the
athlete can train tdevelop other physical qualities, if indicated byitimeasurementsn doing so,
new adaptabns will ensue irorgans and systeniis which recovery from preious loads has been
completedfor example, the nervous system).

Windows of trainability Windows of trainability

Endurance Speed& Strength Coord \at on Endurance Speed& Strength Coordination
Power kill Power & Skill

Figure 10. Openj _ dhd closed (B) windows of trainability for the development of
coordination & skill.
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WINDOWS OFTRAINABILITY E FOR HEART RATETRAINING ZONES

Heart Rate Zond a range determined by the frequency of cardiac contractions
that indicates which energy system is primarily responsible for energy
production at a specific moment in time.

Energy is alwaysequiredfor the execution of
muscle work Energy for performing work
comes from splitting ATP ithe muscle The
| I '\ initial amount of ATP in e muscle is
™y - ,,% \ | relatively smalli only enough to perform-2
M‘ “‘l seconds of W(.)rl.<. In order to perform anger
| ‘d [ bouts of work it is necessary to 1f®/nthesize
‘ \ : ATP constantly antb replenishits reservesilf

‘ the supply oATP runs out, exhaustion sets in,
and the athleteannot continue to perform the
task

=

i "U T " 1|m;‘m|m| I! l'»mny i
i | ‘ I
LI
|

Il

The three metabolic pathwayghat re-synthesize ATP in the muscley means of chemical
mechanismsre

1 Anaerobic Alactici uses creatine phosphate as a source fayméhesizing ATPin the
absence obxygen.

This system haa very high capabilityor energy production, but acts only foslaort period
of time. It is ativated within 1 second of initiating workut after 10 seconds it is exhausted
due to limited supply.

1 Anaerobic Lactic (glycolytic) uses glycogen and glycolysis in ordergesynthesizeATP
in theabsencef oxygen. This results in a fyroduct of latate and hydrogen ions.

This system has high capabilityfor energy production. lis activatedafter 5 seconds of
initiating work and reachesnaximal outputat approximately20 seconds. Ifunctions
optimally betweer80-90 seconds arnloecomes lessffective aftels-6 minutes.

1 Aerobici uses carbohydrates and fats as the primary source forsgattesis of ATEn the
presencef oxygen.

The aerobic system assiste othertwo in the process of producing energy, but it greatly
exceeds them in capity and efficiencyMaximal outputis reached after approximatelys-
3 minutes andanlast for hours.
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Sinceboth theaerobicand anaerobic lactisystens oOapability forenergy production isependent
on the presencer absenceof oxygen in the muscle measuringthe level of activation of the
cardiovasculasystemis an indicator ofvhich metabolicpathwayis involved.

Since theheart rate is a good indicatof the current activation levelf the cardiovasculasystem
the Coachproductis able to suggesndividual and optimaheart rate zonedor different types of

activity (fig. 11).
Training zones @ Training zones

Resting heart rate: 46 bpm Resting heart rate: 46 bpm

@ Anae‘robyc development

Anae»robxc maintenance

Aerobic development
1-1 )

Aerovbic maintenance Aerobic maintenance

8-16

Recovery stimulation Recovery stimulation
18-14¢ 18-14

Recuperation Recuperation
119 3 1

(

Figure 11. Openj _ &pdclosed (B) heart rate zones for training.

If no other limiting factors are present, and the athtetgan openwindow for all heart rate zones
(fig. 11A), avariety of means and methods can be emplayedder to develophe energy systems
In this situation, the athlete will experience the maximal training effect

If there are only 3 heart rate zongsen and the other tkee areclosed(fig. 11B), the cardio
respiratory systa is limitedin its ability to deliver oxygen to the musclegrainingat an intensity of
161beats per minuter higher isnot recommended he best training effectan berealizedatalower
intensityas indicated by the heart rate zottestareopen

Individual heart rate zones in tl@@achproduct are calculated based on the identification of the

a t h | hedrteate atanaerobic threshol{HRANT). TheHRANT is calculated with each assessien
andca vary based on the at hl ¢édRADIsSthekdyaomgonemtghatme t a
defines the=fficiencyof energy prodation during prolonged exercise, as well as beinghdicator

of the athleteds over al |unttamedadivideafs, the threshaldecould e .

be 50% of maximal oxygen consumptiafzmax, and in elite athlete athletes it can be 80%.
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ANAEROBIC DEVELOPMEN

For this athlete,ite anaerobic development heart rate zorfeors 181-190 bpm andis above the

i ndi v iHRANA ITleslominantsystem of energy pduction in this heart rate zons the
anaerobic glycolytic systemA by-product of this type of metabolism is lactate, which considerably
inhibits the ability of muscle function.

Training in thesdeart rate zonegrovided that the window ofdinability isopen allows the body
to developnecessargdaptations formproved function of thenaerobicglycolytic energy system
(e.g.increasd powerandcapacityof lactic anaerobic procesges

Exanple for developing @wer.

30-90 second interval®(g.running)
Maximal andor submaximaintensity

4-6 exercises in a set

3-5 sets in a session

30-120 secondsf rest between exercises
5-6 minutesof rest between sets

Training zones

Resting heart rate: 46 bpm

Anaerobic development
181-190

=A =4 =4 =4 -4 =4

Example for developingapacity:

Aerobic development
161-175

2-4 minute intervalsg.g.running)
Sub-maximalintensity

4-6 exercises in a set

3-4 sets in a session

120+ second of rest between exercises
1 8-12 minutes of rest between sets

Aerobic maintenance

Recovery stimulation

Recuperation
& 103-119

= =4 =4 =4 =4

C Any sport specific activity that follows the guidelines of the examplesisaie used.

(Note: undertaking trainingin this heart rate zoné best done with caution, a@wing so places
intense stress on the cardiac systgm.
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ANAEROBICMAINTENANCE

For this athlete,ie anaerobic maintenancednt rate zones from 172-182 bpm. Thelower end of

the zonestarts approximatelgttheHRANT andthehigher end of the zonevgell above théeHRANT.

Thedominantsystem of energy producti@nd the byproduct of metabolism atbe same as in the
previouszone

Training zones Training in this heart rate zone, provided that the window of

Hesting hieartrae: 46.bpm trainability is open allows the body tomaintain preformed
adaptationsgn the anaerobiglycolytic energy systenfpower and
& capacity oflactic anaerobic procesges

Anperoicmalrtenance Exercises, combinations thereof, and methods of implementing this
ey = heart rate zone are similar to those described for the previous zone,
e but they must be carried out below 176 bpm.

Aerobic maintenance
o (Note: undertaking trming in the anaerobic deslopment zoné
higher than 18pm1 is not recommended as this raises the risk of

undesired training effecis

Recovery stimulation
118-148

Recuperation
103-119

C

AEROBIC DEVELOPMENT

For this athletethe aerobic development heart rate zone is fté175bpm. The higher end ahe
zone & approximately equal to tHdRANT while the lower endfdhe zone is well below thelRANT.
The dominansystemof energy productiolis theaerobic system resulting in no ecumulation of
undesirabléy-products(i.e. lactate).However when tansitioning into higher heart rates inside this
zone (i.e172175bpm) the anaerobic system can also take part in energy production.

Training in this heart rate zone, provided that the windowawhability isopen allows the bodyo
developcritical adaptations in theeaobic system(i.e. significantly
increase power and capacity of aerobic energy processes).

Training zones

Resting heart rate: 46 bpm

The ppwer of aerobic processes damdefinedasthe level of VOmax
5 and the capacity of aerobic processan be defined by the duration of
time the athlete camaintain their VGmax

N (Note: undertaking training in the anaerobic maintenance or anaerobic
W development zonéshigher thanl75bpmi is not recommended as this

raises the risk of undesired training effegts.
Recovery stimulation
118-148

Recuperation
1 1

C
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Methods for developing aerobic qualities in this heart rate rmhade:
Example for developing power

1 20-30 min. overall duration (running)

1 1-2 min. per interval

1 4590 sec. rest between intervals

1 Heart rate should not drop below 1I&@mduring rest

Exanple for developingapacityand cardiac output

1 30-120 min. overall duration (running)

AEROBIC MAINTENANCE

In this example, the aerobic maintenance heart rateigdream 148161 bpm which issignificantly
lower than theHRANT. The dominant system @ehergy production iheaerobic system

Training in this heart rate zopgrovided that thevindow oftrainability
Training zones is open allows the body tanaintainpreviously formed adaptations in
the aerobic systerfe.g power, capacityandefficiency of the aerobic

systen).
Exercises, combinations thereof, and methods of implementing this

heart rate zone are similar to those described for the previous zone, but
they must be carried out below 16gm.

Resting heart rate: 46 bpm

Aerobic maintenance
148-161
m

on
8-148

Recuperation
\_/ 103-119
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RECOVERY STIMULATION

In this example, the rewery stimulation heart rate zorenges from 118-148bpm.Performing work

Training zones

Resting heart rate: 46 bpm

Lm

1 1

in this zone is designed stimulate the processes of recovery in the body.
The dominansystem of energy production is therobic system

Training in this heart rate zonprovided that thevindow of trainability
is open stimulates the process of recome in the aerobic systern
allowingthe athlete to complete ggoingadaptation process.

Examplefor stimulating recovery:

Sport related yclical activities ofanappropriate duratiofor
recovery

(Note: undertaking training above 84bpmis notrecommendedis the

cardiac system is not ready fgreaterloads.)

RECUPERATION

In this example, thedart ratezone forrecuperations from 103119 bpm Performing work in this
zone is designet restore the body to a better conditidhe dominant system of energy production

is theaerobic system

Training zones

Resting heart rate: 46 bpm

Provided that thevindow of trainability is open this heart rate zone is
intended for activeestand allows the athlete to compledadaptation
proceses within the aerobic systetimat were induced by previous loads
of greater intensities.

(Note: undertaking work abovel® bpmis not recommended, dke
cardiac system is not ready for greater loads

46



Draft. Confidential - Do not reproduce or distribute in any form.

OVERALL READINESS i FOUNDATION FOR THE WINDOWS OF
TRAINABILITY E

Overall Readiness the current functional state of an athlete that determines the
ability to effectively achieve their performance potential.

TheAthlete Analysiscreen of th®©megawaveCoachproductdisplaysthe Overall Readines®f the
athletefor training loads on a scale of 1 toI7pbeing astate ofvery poorReadines¢fig. 12A) and 7
beingastate ofexcellent Readinessdt 12B). OverallReadiness is the physiologidalindationthat
definesWindows of Trainabilit§ , andin turnWindows of Trainabilit§ is anindicator uporwhich
correct training loads can be prescribed.

In order to identify theDverall Readiness of the athletegtCoachproduct uses multiplscientific
methodgo accurately determine tlearrentfunctionalstateof thethreemost important physiological
systems of the bod¥entral Nervous System (CN$&grdac and autonomic nervous systemdthe
metabolic system(For more detajlrefer tothesectionfn Funct i onal State obof th
p. 48).

Windows of trainability Training zones Functional state

Resting heart rate: 46 bpm - \ \

CNS Cardiac Metabolic

E {+
=
Recovery stimulation Add comment
1

Endurance Speed& Strength Coordnmon Recuperation
Power ( 1

Figure 12A. Avery poor Overall Readiness of the athlete.

The exampleabovedemonstrates aery poorOverall Readinessall three system$ CNS, cardiac
and metabolici have factorseverelylimiting their function The athlete is not ready fdraining
loads ofintensitieshigher than 128 bpnTheWindows ofTrainability areclosedfor speed& power,
strength, andcoordination & skill The athlete can develayeneral endurancey ensuring that the
intensity does not exceed the recovery stimulation or recuperation heart rate zones.

As adaptation to previous training loagsnot completeapplying newloadsto these systemwill
require additional resources of the body that could teachdesirable resulisoverreachinganda
diminished training effect.

47



Draft. Confidential - Do not reproduce or distribute in any form.

*00 Operator = 11:27 AM
omecauwave

John Smith Overall Readiness
FC( ve, A-Team August 23. at 7:22 am - Before workout
2 rProfile (4 2 3 4 5 6/ Good 7

00 Windows of trainability () Training zones () Functional state

) Resting heart rate: 46 bpm O O O
CNS

Anaerobic development Cardiac Metabolic

181-190

Anaerobic maintenance

Aerobic development
161-175

Aerobic maintenance @
148-161 '
Recovery stimulation Add comment

118-148

Endurance Speed& Strength Coordination Recuperation
Power & Skill 103-119

Figure 12B. An excellent Overall Readiness of the athlete.

An excellentOverall Readinesgfig. 12B) demonstratethat all three physiological systerfSNS,
cardiac,and metaboliy are functioning optimallyindicating a highReadiness taundertake any
volumeor intensityof training loal. Thewindow of trainability isopenfor the development of any
physical qualityi endurance, speeél power, strengthand coordination & skill The athlete may
train at any heart rate zarleis an idealttime to form adaptations in the most important components
of thesportspecificfunctional systemimprove motorskills, andimprovethe overall sport mastery

of the athlete.

To successfully manadke training process, it is importantttack short and longerm adaptations
to various forms of training load$he Athlete Analysispagegraphicallydisplays thefluctuations
over a period of timén the Overall Readinessas well as théndividual physiological systemand
ther constituentndices(fig. 12). This information can be used évaluatethe orgoing procesf
adaptatiorandundertake measuresitaprove training
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FUNCTIONAL STATE OFTHE INDIVIDUAL SYSTEMS

CENTRAL NERVOUS SYSTEM

Functional state of the CN$ level of activation and intensity of functioning at a

specific moment in time.

The functional state of the CNS reflects its capability
to create an effective reaction to training amdorm
useful adaptions.

To assessthe functional state of the CNS, the
Omegawave&oachproductutilizes the Direct Current
Potential method to record and analylzesupersliow
bioelectric activityof the athlete's braifil, 2]. The
behavior of this activity over the courseand3-minute
assessmerthkenat restindicates the Readiness of the
CNSto regulate h e

bfunctigns. s

More specifically, thassessment identifiéisequality
of adaptationsand the stabilityand Readiness of the
CNS for upcoming training loads.

The following are examples of three different states of

the CNS:excellenf moderateandpoor (ig. 13).

Functional state @ Functional state

CNS Cardiac Metabolic CNS Cardiac Metabolic

Figure 13. Functional date of the CNSidealj _ i
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IDEAL FUNCTIONAL STATE OFTHE CNS

An ideal functional stateof the CNS (fig. 13A) indicates that th€€NS is not dimiting factor in
selectig thetype,volume andntensityof the training loadProvidedthatthereareno limiting factors
in theother systemsid. 14), the athletés able tdrain in any heart rate zone athelvelop any physical
qualityi endurancespeed & powerstrength andcoordination & skill

It is alsoan idealtime to form adaptations in the most important components of the gpexnific
functional systemimprove motorskills, andimprovethe overall sport mastery of the athlete.

U Windows of trainability ./ Training zones ) Functional state
W\ Resting heart rate: 46 bpm O O O
Anaerobic development Cardiac Metabolic

181-190

Anaerobic maintenance
172-182

Aerobic development
161-175

Aerobic maintenance F

148-161 =

Recovery stimulation Add comment
118-148

Endurance Speed& Strength Coordination Recuperation
Power & Skill 103-119

Figure 14. Ideal functional state of the CNScardiac,and metabolic system.

In the example belowfi§. 15), thefunctional state of the CNiS idea] yetthere are limitations ithe
other systems and i sotheOverall Readinests adversely affected’he window
of trainability is openfor moderatelydeveloping oordination& skill, while targetingendurance,
speed® power, and strengtivould resultin maintaining their level of developmeir addition,it is
advisable not texceedl60 bpmin training

U0 windows of trainability Training zones v) Functional state

Resting heart rate: 46 bpm O

CNS Cardiac Metabolic
ew Aeromc maintenance —=®
148-16( =r
Recovery stimulation Add comment
118
Endurance Speed& Strength Coordination Recuperation
Power & Skill 103-119

Figure 15. Ideal functional state of the CNSnd limitations in the cardiac and metabolic
systems.
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SUFFICIENTFUNCTIONAL STATE OFTHE CNS

A functional state of the CN@ig. 13B) indicates that there are limitations resulting in a
subpar level of functioning The level of activationof the CNS demonstrates either tension
(hyperactivity), or fatigue (hypoactivation), meag that the process of adaptitggprevious loads
hasnot been complete@nce these adaptations have been complapgtppriatestimulatian of the
CNSvia training loadsan be resumed

In the example belowthe CNS isonly readyand there ar@o limitationsin the other
systems. Ta athletecanundertake training aimed at developgrgduranceThe other qualities may
also be developed, however the training effect will not rubstantial

Windows of trainability Training zones Functional state
Resting heart rate: 46 bpm ‘ ) ( )
Anaerobic development CNS Cardiac  Metabolic

181-19

Anaerobic maintenance
172-182

Aerobic development
161-175

Aerobic maintenance
148-161 =

)

!

Recovery stimulation Add comment

118-148

Endurance Speed& Strength Coordination Recuperation
Power & Skill 103-119

Figure 16. Sufficient functional state of the CNS anaho limitations in the other systems.

Whenthe CNS is in & functionalstate andhere aresignificant limitingfactors in the other
systems (fy. 17), the training session sl be constructed differently. The session canaiif to
developendurancgbut only within heart rates below 169 bpm (the windowaihgbilityis less open
than nthe example abovejor strength, speefl power, anadoordination &skill, exercisegan only
be employed to maintaitme current level of development as thiedows of trainablity are almost
closed

Windows of trainability Training zones Functional state
Resting heart rate: 46 bpm \ \
CNS Cardiac Metabolic
Aerobic development
Aerobic maintenance @
e ES
Recovery stimulation Add comment
Endurance Speed& Strength Coordination Recuperation
Power & Skill 03-119

Figure 17 Sufficientfunctional state of the CN&dsignificantlimitations inthe other systems.
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INSUFFICIENT FUNCTIONAL STATE OFTHE CNS

An insufficientfunctional state of the CN§ig. 13C) indicatesthat there are significant factors
limiting its capability The level of activatiorof the CNS demonstratéisat it has beenverloaded
resulting insignificantfatigueor exhaustionThe CNS should be allowed to recover before applying
training loads thabverly stimulate it.

In the example beloythe CNS isnotready while there areno limitationsin the other systemsigf
18). Therefore, thathletecanundertake training aimed atoderatelydevelopingthe qualities of

endurancer strengthwhile the developmental level of speed & power and coordination & skill can
be maintained.

Windows of trainability Training zones ) Functional state

Resting heart rate: 46 bpm \ O ‘ )

Anaerobic development Cardiac Metabolic
181-190

Anaerobic maintenance
172-182

Aerobic development
161-175

-

Aerobic maintenance o)
148181 =P
Recovery stimulation Add comment
118-148
Endurance Speed& Strength Coordination Recuperation

Power & Skill 103-119

C

Figure 18. Insufficient functional state of the CNS anadeal functioning of the other
systems.

In a situation wherthe CNS is in a insufficientfunctional state anthere aresignificant limiting
factorsin the other systemsigf 19), training preaiption should be rexamined. The athletean
still carry out exercises aimed @dtaining the current levadf development for the qualitighat
display partiallyopen windows of trainability, for exampéndurancend/orstrength Development
of peed& power andcoordination &skill are not recommendedsthe window of trainability is
closed completely.

Windows of trainability Training zones Functional state
Resting heart rate: 46 bpm \ \ ~
[ CNS Cardiac  Metabolic

e m Aerobic maintenance —e)
‘ Recovery stimulation Add comment

Endurance Speed& Strength Coordmmon Recuperation
Power \_/j 03-119

Figure 19 Insufficientfunctional state of the CNS and significéintitations in the othesystems.
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COMPONENTS OF CNS REDINESS

CNS Readines$ a comprehensivimdicatorof the current state of the CNffesentean a scale of
1to 7; 1 being a very postate olReadiness and 7 ing an excellenstate ofReadiness. Theurrent
stateof the CNS determines itbility to effectively regulate the fActions of the bdy in orderto
achieve useful adaptive resiitom training (fig. 20).

9.19

omecauwave

john Smith Central Nervous System
FC Omegawave Oy 18.9.2014 7.38.10 - Before workout
e 3

CNS Readiness 7 DC potential 30 @ CNS Readiness

The level of activation and intensity of functioning at a
specific moment in time.

Figure 20. The Readiness of the CNS for training loads
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DC PotentialT thepresengtctivation level of théontalb r a systéms that comprise thgegrative
centerf1].

The DC Potential of the braigauges he | ev el of asupershovicantyol sgstemt h e
responsible for managingh e  bcontpreliessive and systemic adaptivgpoese to training loads

(fig. 21). In addition,DC Potential reflects the level of wakefulness and mental activation, resistance
to stress, compensatory capacity and the cost of biological adaption during the preparation process.
At a more complex levelDC Pdential reflects thedegreeof coordination and intesysem
neurohormonal relationships primarily regulated biype CNS and the autonomic nervous system.

Organism B R
mV as a whole READINESS Level of Activation
e 60 - Wakefulness Level
mv )
N - Functional State
W ™ or - Adaptability
0 k - Trainability
/—\f—\ - Learnability
Brain - Basis for the integration of intersystemic
Centers relationships in the brain
- frontal - Variability of activation of the main brain
- temporal centers and brain systems
Hi - parietal - Reciprocal balance of activation of the

brain systems

')“ 1 1 1 1 1
AID  FD T_PD Brain

F1D  FD Structures

_ - Reciprocal balance of activation (a) of brain
mV structures

b
—60 I AN s -
»/‘-A/—\’“ i - Variability of level of activation (b)

7

Ir

20 I T S — |

Neuron - Membrane Potential (a) is a basis for Motor Potential

(b)

b
\d o .
. _"1“ I - Variability of Membrane Potential
I
—s0F

0 10 20min 0O 10 20ms

Figure 21. TheSuperslow Regulatory System of the Bain(adapted from llyukhina,
2011).

Taken at resDmegawavé€oachmeasuresuperslowbioelectric signals of the brain (range between
0 to 0.5 Hz) usingvertexthenar lead (forehegaalm). After analyzing these biological signals, the
technology determines the amount of DC Potential itivoits (mV), reflecting the operational state
of rest and the Readinesshandleupcoming loads.
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Based upompsychophysiologicatharacteristicsDC Potential can be categorizetb the following
zones:

Optimal zone oDC at rest(25-45mV)

1 Optimal levé of wakefulness and mental activation

1 Optimal, balanced, steady state of central brain mechanisms regulating thef laggve
wakefulness and operative rest

Higher adaptive capacityf thebody

High productivity of cognitive activity andfagh ability to learn

Adequate response to any external influence:iphlysmental, social and others

High stress resistance

The ability tospontaneously relax during the transitioom a state of active wakefulness to
a state of operational rest

Psycho-emotional stability

= =4 -4 4 -4

=

omecauwave

John Smith Central Nervous System
FC Omegawave Oy May 6, 2014, 9:09:40 AM - Before workout

Profile Measure

CNS Readiness JAL M DC potential 27.5 DC potential

Level of alertness and/or activation of the central nervous
system (CNS). This is a general gauge for the state of whole
body stress, fatigue, compensation abilities, cost of
adaptation, and overall adaptibility. Unit: mV

Figure 22. Optimal zone ofDC Potential at rest
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Increased zone of DC Potential at réstore than 45mV)

1 Increased alertness and mental activation

1 Psycheemotional tensioand/or instability

1 Subgtimal functioning ofcentralbrain mechanismdue to ahigh state of tensiom the
process of regulatintipe transition fromactive wakefulnest operationatest

1 Low adaptive capacity of the body

1 Limited cognitive activity and decreased learning ability

1 Inappropriateeactionsa certainphysical, mental, social or other stimuli

1 Low stress resistance

e®ee00 Operator T 11:27 AM 100 % .

< omecauwave
John Smith Central Nervous System

FC Omegawave, A-Team April 23. at 3:23 pm - Before workout

CNS readiness Resting potential 62 ® DC potential

Lorem ipsum dolor sit amet, consectetur adipiscing elit.
Nullam in dui mauris. Vivamus hendrerit arcu sed erat
molestie vehicula. Sed auctor neque eu tellus rhoncus ut
eleifend nibh porttitor. Ut in nulla enim.

Figure 23 A higher zone ofDC Potential at rest (a zone of high tension)
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Reduced zone &fC Potential at resfless than O0mV)

1 Decreased alertness and mental activation

1 Suboptimal functioning of central brain mechanisms due to a state of exha(oftvarying
intensites)in the process of regulatirtge transition fromactive wakefulness to operational
rest

Limited adaptive capacity of theody

Reduced efficiency afognitive activity and decreased learning ability

Reducedhdaptive reserves the body

Inappropriate reactions tertainphysical, mental, social or other stimuli

Reduced stress resistance

Psycheemotional instability

= =4 4 -4 -8 A

omecauwave

JOhI"I Smith Central Nervous System
FC Omegawave Oy May 13, 2014, 7:16:35 AM - Before workout

Profile Measure

CNS Readiness b M DC potential -26.2 DC potential

Level of alertness and/or activation of the central nervous
system (CNS). This is a general gauge for the state of whole
body stress, fatigue, compensation abilities, cost of
adaptation, and overall adaptibility. Unit: mV

Figure 24. Reduced zone dDCPotential at rest (a zone of exhaustion)

To properly incorporatéhe use oDC Potentiainto atrainingplan it is crucialto manage training
loads in a way thaallows the athleteto remainwithin the optimal zoneThe athlete should not
maintainmeasurements a reduced or excited zone of DC Potentialeéetendedperiods of time
The @timal zone of DC Potential at rest reflects the most favorable time to apply training loads.
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CHANGES IN THE FUNCTONAL STATE OF THE QNS OVER TIME

As statedpreviously, it is important to traclkshort and longterm adaptations to various forms o
loads in ordeto successfully manage each stage of the training process (i.e. single session, micro
meso, and macrocyle, training blockapering/peaking This information can be used to evaluate
the ongoingprocessof adaptationand to undertake measures tadjust the training process
accordingly{2]. To this end, e OmegawaveCoachproductgraphicallydisplaysthe fluctuations in
thefunctional statef the CNSover a period of time id. 25).

The example below (fig. 39graphsthe successful preparatiasf a professional boxdo peakfor a
world title match The fight took place on the 30th, marked with a gtamormal level of activation
for the CNS is between45 mV, with the optimal range being-20 mV. Values ess than GnV
indicatethatthe CNSis in a state of fatigueand if the valuaropsbelow-20 mVthe CNS enters a
state of exhaustioalues Igher than 45 mVihdicatethat the CNS is in a statelvdightenedension

From the 5th to the 9th, the functional state of@NSwasin the lowerendof the normal zoneThe

b o x ecoatls selected training loads that matchesl a t h | eequeetnents for successful
adaptationand in responsthe level of activatiolegan to ontinually increaseaeachingan optimal
level of functioningon the 16tH{fig. 25A). At this peak levelt h e a stieds eesistadegas at is
highest andhe CNS worked most effectively theprocess of adaptating to stimuli.

3""' @

104 ey ]

03 104 05 D 07 08 |09 1) 11 712 13 14 150 e 11819 20 21 22 F3 M| 282 27 MM O 3|3

Figure 25. Fluctuations in the functional state of a boxed O #uriBg preparation for a
match.

Training loadsover the following5 dayswere selected to produeeslightdropin values (ig. 25
section B), with a return to the peak levaltbe 2% During the esuing weeksignificant training
loads were notapplied and he athleté s  GiStained a normal levedf functionng. As
anticipated, valuesoseagain on the day of the fight the peak level indicating a high level of
wakefulness and the capability to realize the highest leyaleplarednesdig. 25 section C)

As shownfrequent monitoring of the functional state of the GBI&n important factoin defining
the overall Radiness of the loly, which in turn allowghe coach tesuccessfully managbe
training process based on individual physiologfeadbackrom the athletd3, 4].
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CARDIAC SYSTEM

Functional State of the Cardiac temi level of functioning and tension of the
cardiac system at a specific moment in time.

The functional state of the cardiac system reflects the
current integrated response of the mldtiel system
that regulates cardiac functionthre process of adapting

to training loads.

The role of the cardiac system is to form critical and
useful adaptadns that lead to an improvétinedstate

of the athlete. The level of the functional state is an
indicator of thec ar di ac systembs cap:
this role.

To assess the functional state of the cardiac system, the
OmegawaveCoachproduct uses a comprehensive and
integrated analysis dfleart Rate Variability (HRV).

This method has proversiteliability andusefulnessn
assessing the cardiac syste
load, and is actively used in our technol¢sii7] .

TheCoachpr oduct 6s analysis of
the Standard of Registration and Physiological
Interpretation for Clinical Use, as defined by the
European Society of Cardiology and the North American Society of Pacing and Electrophysiology
[18]. In addition, theproduct draws on internationadsearcto utilize additional analysis methods,
such as: statistical and spectral analysis, geomesamzdysis (variabn pulsometry), andonlinear
andintegral analysis methods.

Based on fifteen years of experience in applying the HR¥hodamong thousands of elite athletes,
the OmegawaveéCoachproduct incorporates the use of proprietanydels, algorithms and a unigu
Expert Systenfsee. appendixp comprehensively analyze the bioelectrical activity of the heart.

Froma 3minuteassessmenthe Coachproduct identifies the levels 8fress Adaptation Reserves
and theRecoveryPattern of thecardiac systeri reflecting an acurate picturef its Readiness for
training loadgfig. 26).
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9.23

omecauwave

John Smith Cardiac System
FC Omegawave Oy 7.3.2014 15.10.49 - Before workout

Profile Measure

Cardiac Readiness 7 Resting heart rate 56 @ Cardiac Readiness

The level of functioning and tension of the cardiac system at

Recovery pattern 0.27 @  Stress 5 a specific moment in time.

Adaptation reserves 6@

Figure 26. Various levels ofCardiac Readiness

The followingexamples represetttree different states of the cardiac systetaal sufficient, and
insufficient(fig. 27).

() Functional state @ () Functional state () Functional state ©
O h
CNS Cardiac  Metabolic CNS Cardiac  Metabolic CNS Cardiac  Metabolic

Figure 27. Three functional states of the cardiacsystem.
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IDEAL FUNCTIONAL STATE OFTHE CARDIAC SYSTEM

An ideal functional state of the cardiac systé¢fig. 27A) reflectsthat it is not a limiting factor in
selecting the typejolume and intensitgf the training loadProvided that there are no limitifectors

in the other systemsi¢f 28), the athlete is able to train in any heart rate zone and develop any physical
qualityi endurance, speed & power, strength, and coordination & skill.

It is the besttime to form and maintainrdical adaptations irthe sportspecificfunctional system

Appropriate taining loads will produce a positive training effect angrovethetrainedstateof the
athlete.

U Windows of trainability

) Functional state

A\ Resting heart rate: 46 bpm O O O

Anaerobic development Cardiac Metabolic
181-190

) Training zones

Anaerobic maintenance
172-182

Aerobic development
161-175

Aerobic maintenance é@
148-161

Recovery stimulation Add comment
118-148

Endurance Speed& Strength Coordination Recuperation
Power & Skill 103-119

Figure 28. Ideal functional state of the cardiac systenwith no limitations in the other
systems.

In figure 29 the functional state of the cardiac systemiésal yet there are limitations indifferent
systemi CNSi sothea t h | owdradl Readiness is adverselyected. Developing endurance and/or
coordination & skill will result in the highest training effect, while targeting speed & pawer
strength would result ionly a moderatéraining effect.

U Windows of trainability

G

() Training zones (V) Functional state

)OO

/' Resting heart rate: 46 bpm

Endurance Speed& Strength cOordunatlon
Power Skill

118-148

Recuperation
103-119
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Anaerobic development CN Cardiac  Metabolic
181-190

Anaerobic maintenance

172-182

Aerobic development

161-175

Aerobic maintenance

148-161 é)

Recovery stimulation Add comment

Figure 29. Ideal functional state of the @rdiac systemwit h limitations from the CNS.
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SUFFICIENTFUNCTIONAL STATE OFTHE CARDIAC SYSTEM

A functional state of the cardiac systéhig. 27B) indicatesthat the systerns functioning

at a subpar leve] showing signs of tension and possibly fatigliee process of creatingseful
adaptationsto previous loads is still ongoingOnce these adaptations have been completed,
appropriate stimulation of theardiac systemia training loads can be resumed

In the example belovthe cardiasystemis onlysufficientlyreadyand there are no limitatioms the
other systemsid. 30. The athlete can undertake training aimed at developing enduiidreether
gualities may benoderatelydevelopedthoughthe training effect wilhot be asubstantial

Windows of trainability Training zones Functional state

Resting heart rate: 46 bpm O O
CNS

Cardiac Metabolic

Aerobic development
161-169

Aerobic maintenance @
148-161 Ej

Recovery stimulation Add comment

118-148

Endurance Speed& Strength Coordination Recuperation
Power & Skill 103-119

Figure 30. A sufficient functional state of the cardiac system andho limitations in the
other systems.

In the example belowthe cardiac system is ina functional state and there are limiting
factorsin the other systemsig¢f 31); the training sessionshould beconstructeddifferently. The
session can still aim tmoderatelydevelop endurance, but only within heart rdiew 169 bpm
Forspeed & power, strengthnd coordination & skillthe level of development can still be retained
throughtraining, aghe window of tainability ispartially open

Windows of trainability Training zones Functional state

Resting heart rate: 46 bpm

CNS Cardiac Metabolic

Aerobic development

1€ 169

Aerobic maintenance —@
48-161 =

Recovery stimulation Add comment

Endurance Speed& Strength Coordination Recuperation
Power & Skil 03-119

Figure 31. Sufficient functional state of the @ardiac system with limitations from the CNS
and metabolicsystem.
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INSUFFICIENT FUNCTIONAL STATE OFTHE CARDIAC SYSTEM

An insufficientfunctional stateof the cardiac systentfig. 32) indicatesthat there aresignificant
factors limiting itscapability showing signs of tension and possibly exhausfitie cardiac system
is occupied by th@rocessf adapting to previous loads, therefore it showddalbowed to recover
before applying new loadkat overly stimulate it

In the example beloythe cardiac system motready, but there are no limitatis in the other systems
(fig. 32). Therefore, the athlete can undertake trgainan intensity 0128 bpm or below tmaintain
the developmental levelf enduranceDeveloping theother qualitiess not recommendedas the
windows of trainability areclosed.

Windows of trainability Training zones Functional state
Resting heart rate: 46 bpm ‘ ) \ ( )
(M) Cardiac Metabolic

e D
:ﬂ'
‘ ‘ ‘ Recovery stimulation Add comment
118-128

Endurance Speed& Strength Coordination !J Recuperation
& Skill 103-119

Power

Figure 32. Insufficient functional state of the cardiac systemwith no limitations in the
other systems

When the cardiac system is inianufficientfunctional state anthere aresignificantlimiting factors
in theother systemsi@. 33), training prescription should ielly reviewed The athlete is not advised
to attempt to developny physical qualities @aeewindows oftrainability are fully closed

Windows of trainability Training zones Functional state
Resting heart rate: 46 bpm \ \ \
) CNS Cardiac Metabolic

=P
Add comment

Endurance Speed& Strength Coordlnat:on
Power -/

Figure 33. Insufficient functional state of the @rdiac system and significantlimitations
in the other systems
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RESTING HEART RATE

By measuring the function of the cardiac system at @segawaveCoachallows fort he at hl et
resting heart rate to be tracked over time @Gi).

Resting Heart Rate (RHR) i an integrative physiological indicator of the functional state of the
cardia system. The norm for untrained individuals is betwee@®0pm; knavn asnormocardia
Under adverse conditions (i.e. illness, chronic excessive exercise,tlec.RHR may rise
significantly, up to 10®pmor more; known agachycardia Trained individals, particularly those
involved in cyclical sports, can experience a RHR of below 60 bpm; ikasWwradycardia This is

a normal result and is brought on by adaptive responses resulting in a high vagal tone.

9.22

omecauwave

John Smith Cardiac System
FC Omegawave Oy 7.3.2014 15.10.49 - Before workout

Profile Measure

Cardiac Readiness 7 ® QEWAIEEREEIE 56 Resting heart rate
Resting heart rate (RHR) varies from 60 to 90 bpm for
Recovery pattern 027 @ Stress 5 normal individuals. A lower RHR can be an indicator of

) better cardiac efficiency. Unit: bpm
Adaptation reserves 6@

Figure34.!' 1T ET AEOEAOAI 60 OAteEl ¢ EAAOO OAOD
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STRESS

Stress the level of tension in the cardiac system in response to physical and
mental loads.

A key component in managine training process to monitorthe effect of prescribed doses of
stressin the cardiac system over tim&he level ofstressin the cardiac systerdetermines its
Readiness for upcoming training loads.state of &cessivestress (fatigueran be caused by
prolonged andmproper management tfaining loads

In order to identifya state of fatiguehe Omegawaveoachproduct quantifies thievel of stressn
the cardiac systewn a scale of 1 to 7; 1 beiagery highlevel oftension and 7 beingery lowlevel
of tension(fig. 35. With this information training and recovery #uities can becustomizedo the
needs of the athlete

eee00 Operator & 11:27 AM

< omeGawave
john Smith Cardiac system

FC Omegawave, A-Team August 19. at 7:53 am - Before workout

August 19.
7:53 am

Cardiac readiness 20 Resting HR 77 ® Stress
Refers to the current level of strain on your cardiac system

Recovery pattern 0.16 ® Stress 30 -
as a result of physical and mental demands. Extreme,

prolonged, or uncontrolled stress are causes of excessive
fatigue.

Adaptation reserves 2 @

Figure 35. Various levels of stress in the cardiac system.
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The level of stresmdicats t he st ate of the centr arkflecsthe cui t
influence of centralmechanisms(higher level) of regulation on the function of autonomic
mechanisra (lower level). The level of stress is significantly determined by the level of sympathetic
tone.Under adverse conditior{ge.g. high physical or mental stress, illness, )eftress can increase
substantially. In this caseptonomicregulation of the heart is no longer sufficient, andhighest

levels of the CNS become involveowever,as those levels adhe CNS becomenore involved,
centralization ofegulationalsoincreaes resulting in higher levels of stressthe cardiac system

The opposite is also truetress is reduced when the cardiac system is regulated by autonomic
mechanisms/Nhen based on mechanisms of gseljulation, adaptive reactions in the body will dav

their optimal effect.

Causes of excessive strasslude:

1 Prolonged physical andentalloads
Inadequateecovery

Unbalanced and irregular meals
Unbalanced ratio betweavork and rest
Poor environmental conditions

= =4 -4 A

Consequences einmanagedtressnclude:

Decreasd adaptatiorreserves of theardiac system
Unpredictable training effect

Onset of chronic stress

Onset ofovettraining

Onset of illness and injury

1 Decreasé work capacity angherformanceesults

= =4 -4 4 -4

Excessivestresscan beavoided by:

1 Proper selection and applicationgifysical andnentalloadswith sufficient recovery
1 Balanced and regular meals

1 Balancedatio betweemnwork and rest

1 Improvedenvironmentatonditions

Postive resultsof properstressmanagement

1 Control of the trainingprocess

Reducd likelihood ofexcessivestress
Increasedvork capacity angberformanceesults
Reducd likelihood of overtraining

Reducd risk of illness and injury

= =4 4 A
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ADAPTATION RESERVES

AdaptationReserve$ a measure of how long and effectively the cardiac system
can express the ability to adapt to external stimuli.

Adaptation reserves reflect the capacity of the cardiac system to form a positive, useful adaptive
response to training. The athlete's cardiggtem is able to effectively adapt to the effects of training
and withstand stresshen thereserves are betweeraBid 7. If the resees areexhausted (a value of

1 or 2), the cardiac systemwill notbeable to adequately compensate for the physiologitahges
caused by strestherefore the athlete will benable tdorm auseful adaptive resulti¢f. 36). Trained
individualsoften exhibit higheadaptation reservélanuntrained individuals.

Figure 36. Various levels of Adaptation Reserves in thecardiac system.
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