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Domain 1: Training Foundations

1. Mechanical Tension, Metabolic Stress & Muscle Damage

1.1 The Three Mechanisms of Hypertrophy

Skeletal muscle hypertrophy is driven by three primary mechanisms that operate
synergistically: mechanical tension, metabolic stress, and muscle damage. While each
contributes to the hypertrophic response, mechanical tension is universally accepted as the
primary driver. Understanding how these mechanisms interact allows the coach to design
training programmes that maximise adaptive signalling while managing recovery.

Key Distinction

Mechanical tension is for hypertrophy. Metabolic stress and muscle

damage are mechanisms that can augment the response but cannot independently
produce substantial hypertrophy in the absence of mechanical tension.

1.2 Mechanical Tension

Mechanical tension refers to the force produced by a muscle during contraction, combined
with the passive tension generated through muscle stretch. The total tension stimulus is the
product of force production and muscle length at peak tension. This is why exercises that
load a muscle in its lengthened position (deep stretch under load) produce superior
hypertrophic responses — they maximise both active force and passive tension
simultaneously. The mechanotransduction pathway converts this mechanical signal into a
biochemical response: integrins, focal adhesion kinase (FAK), and the YAP/TAZ pathway
transduce sarcolemmal strain into mTOR activation and subsequent protein synthesis.

1.3 Metabolic Stress

Metabolic stress refers to the accumulation of metabolites — lactate, inorganic phosphate
(Pi), hydrogen ions (H+), and reactive oxygen species — during high-repetition, moderate-
load, short-rest training. These metabolites contribute to hypertrophy through several
pathways: cell swelling (volume expansion of the muscle fibre activates anabolic signalling
via the osmosensitive transcription factor TonEBP/NFAT5), hypoxia-induced transcription
factors (HIF-1a upregulates VEGF, supporting capillary density and nutrient delivery), and
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metabolite-mediated growth factor release (lactate has been shown to stimulate muscle
stem cell activity independent of pH changes).

1.4 Muscle Damage

Exercise-induced muscle damage involves Z-disc disruption, sarcomere disorganisation,
and the resulting inflammatory response. Satellite cell activation is the primary repair
mechanism: quiescent satellite cells are activated by damage signals (HGF release from the
extracellular matrix) and proliferate to donate nuclei to existing myofibres, increasing the
myonuclear domain and supporting further hypertrophy. The inflammatory response
includes neutrophil infiltration, macrophage polarisation (M1to M2 transition), and release of
cytokines (IL-6, IL-10) that coordinate repair and remodelling. While some damage is
necessary for adaptation, excessive damage impairs recovery and interferes with
subsequent training quality.

1.5 Synergistic Operation

Table 1.1 The Three Hypertrophy Mechanisms

MECHANISM STIMULUS PRIMARY VARIABLE KEY EVIDENCE

Mechanical Force production x Load, full ROM, Schoenfeld (2010);

tension muscle stretch maximally stretched Hornberger & Chien
position under load (2006)

Metabolic Metabolite Rep range (8-15+), Schoenfeld (2013);

stress accumulation rest intervals (30-90 Burd et al. (2012)

(lactate, H+, Pi) s)

Muscle Z-disc disruption, Novel exercises, Clarkson & Hubal

damage eccentric loading eccentric emphasis, (2002); Toigo &
high volume Boutellier (2006)

CHAPTER SUMMARY

Mechanical tension is the primary hypertrophy driver, with metabolic stress and muscle
damage playing adjuvant roles. Exercises that load the muscle in its lengthened position
maximise the tension stimulus. Cell swelling from metabolite accumulation and satellite cell
activation from muscle damage contribute to but cannot substitute for mechanical tension.
A well-designed programme exploits all three mechanisms through appropriate exercise
selection, loading parameters, and rest intervals.
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2. Progressive Overload — Definitions and Methods

2.1 Defining Progressive Overload

Progressive overload is the systematic increase in training demand over time that forces the
body to adapt beyond its current capacity. Without progressive overload, adaptation
plateaus; the stimulus that once drove progress becomes maintenance. The principle
applies across all training goals: strength, hypertrophy, endurance, and power. The art of
coaching lies in selecting the appropriate overload method and progressing it at the right
rate for the individual.

2.2 Methods of Progressive Overload

Table 2.1 Progressive Overload Methods

METHOD HOW TO APPLY WHEN TO PROGRESS
Load increase Add 2.5-5 kg (upper body) or 5-10 When target reps achieved
kg (lower body) with good form
Volume increase Add 1-2 sets per exercise When plateauing with stable
recovery
Frequency Add an additional training day When volume per session
increase exceeds recovery
Density Reduce rest intervals by 15-30 s When rest feels excessive for
increase the goal
Tempo Slow eccentric (3-5 s) or add When time under tension needs
manipulation isometric pause to increase
ROM increase Increase depth, stretch, end- When mobility allows without
range loading form breakdown

2.3 Double Progression Method

The double progression method is the most practical approach for hypertrophy-oriented
training. It involves two phases within a given rep range: Phase 1— once the target rep
range is achieved with good form, add weight. Phase 2 — after adding weight, the reps will
drop. Build back up to the top of the rep range over subsequent sessions. For example:
target 8-12 reps. When 12 reps are achieved with good form, increase the load by 2.5-5 kg.
The next session, 8-9 reps will be achievable; build back to 12 over 2-4 weeks.
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Progression Decision Process

1. Establish the target rep range for the exercise (e.g., 8-12 for hypertrophy, 3-5 for
strength).

2. Choose a load that places you at the lower end of the range (e.g., 8 reps).

3. Over subsequent sessions, build reps within that range while keeping the load
constant.

4. When the upper rep boundary is reached (e.g., 12 reps), increase load by 2.5-5%.

5. The increased load will drop you to the lower end. Repeat the accumulation phase.

6. If unable to progress within 3-4 weeks, assess: insufficient volume? Poor
recovery? Exercise selection?

CHAPTER SUMMARY

Progressive overload is the non-negotiable driver of adaptation. Six methods are available:
load increase, volume increase, frequency increase, density increase, tempo manipulation,
and ROM increase. Double progression is the most practical framework for hypertrophy
training. Rate of progression slows with training age: novice lifters progress session-to-
session, intermediates within-weeks, and advanced lifters mesocycle-to-mesocycle.




Domain 1: Training Foundations



Domain 1: Nutritional Foundations

1. Energy Balance & Energy Availability

1.1 The First Law Applied to Body Composition

Energy balance is the application of the first law of thermodynamics to living systems:
changes in body energy stores equal energy intake minus energy expenditure. This forms
the non-negotiable foundation of any body composition intervention. No nutritional strategy
can bypass this fundamental equation; it merely shifts the composition of what is gained or
lost.

Key Distinction

Energy balance determines weight changes. The P-Ratio determines that weight
change is made of (fat vs. lean mass). Both must be managed simultaneously.

1.2 Total Daily Energy Expenditure

TDEE is the sum of four components:

Table 1.1 Components of Total Daily Energy Expenditure

TYPICAL % OF

MPONENT DESCRIPTION
COMPO SC 0 TDEE

Basal Metabolic Rate (BMR) Energy required for basic 60-75%
physiological functions at rest

Thermic Effect of Food (TEF) Energy cost of digestion, absorption, 8-12%
and nutrient storage

Non-Exercise Activity Energy from all non-exercise movement 15-30%
Thermogenesis (NEAT)

Exercise Activity Energy from deliberate exercise 5-15%
Thermogenesis (EAT)

1.3 Energy Availability vs. Energy Balance

Energy availability (EA) separates physiological health from thermodynamics. EA is defined
as dietary energy remaining for physiological functions after subtracting the energy cost of
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exercise:

EA = (Energy Intake - Exercise Energy Expenditure) / kg Fat-Free Mass

Table 1.2 Energy Availability Zones

VALUE (KCAL/KG

ZONE FEM/DAY) PHYSIOLOGICAL IMPACT

Optimal >45 Full physiological function, optimal hormonal health

Reduced 30-45 Possible menstrual disruption, metabolic adaptation
begins

Low <30 Physiological suppression, hormonal dysfunction

1.4 Metabolic Adaptation

Prolonged caloric restriction triggers metabolic compensation: reduced NEAT, reduced TEF,
reduced activity in the sympathetic nervous system, and hormonal downregulation (leptin,
T3, testosterone). This is not metabolic damage—it is adaptive thermogenesis. Expect a 10—
15% reduction in TDEE beyond what is predicted by weight loss alone. Reversal requires a
structured reverse-dieting approach (typically 50-100 kcal increases per week over 4-12
weeks).

CHAPTER SUMMARY

Energy balance determines whether weight changes; the P-Ratio determines what that
change is made of. A coach must understand the four TDEE components (BMR, TEF, NEAT,
EAT) and distinguish energy balance from energy availability. Metabolic adaptation is a
compensatory response, hot damage — expect a 10-15% TDEE reduction beyond weight-

loss predictions. Before adjusting calories, audit tracking accuracy and confirm the deficit
is truly being followed.




2. The P-Ratio & Nutrient Partitioning

2.1 Defining the P-Ratio

The P-Ratio (Protein-to-Fat partitioning ratio) describes the proportion of an energy
imbalance that is deposited as or mobilised from lean mass versus fat mass. In a surplus, it
determines how much weight gain is muscle versus fat. In a deficit, it determines how much
weight loss is fat versus muscle. Forbes (1987) established the canonical equation
describing the relationship between body fat percentage and the P-Ratio.

2.2 The Five Determinants of the P-Ratio

Table 2.1 Determinants of Nutrient Partitioning

DETERMINANT MECHANISM EFFECT ON P-RATIO
Protein intake Leucine signalling via mTOR, Higher protein improves lean
substrate provision mass retention/gain
Training MPS elevation, GLUT4 Strong training signal
stimulus translocation, insulin partitions nutrients toward
sensitivity muscle
Sleep & Cortisol regulation, GH Poor sleep worsens partitioning
recovery pulsatility, glycogen
resynthesis
Metabolic Reduced NEAT, T3 suppression, Chronic deficit worsens
adaptation leptin decline partitioning
Allostatic HPA axis activation, cortisol High stress impairs lean mass
load elevation retention

2.3 Energy Flux: The Partitioning Advantage

Energy flux refers to the rate at which energy flows through the system (high intake + high
expenditure vs. low intake + low expenditure at the same energy balance). Higher flux states
(e.g., eating more and exercising more to maintain weight) produce superior partitioning
outcomes compared to lower flux states at the same energy balance. This is mediated by
improved insulin sensitivity, higher MPS rates, and greater substrate cycling.

Practical Application

For a client maintaining at 2,500 kcal, prefer 3,000 kcal intake + 500 kcal exercise over 2,000
kcal intake + O kcal exercise. Both produce the same energy balance, but the higher-flux state




produces better body composition outcomes.

2.4 Nutrient Sublimation

When energy surplus exceeds the storage capacity of muscle glycogen, intramuscular
triglyceride, and adipose tissue, the body activates disposal pathways: diet-induced
thermogenesis (DIT), de novo lipogenesis (DNL), and substrate cycling (futile cycles). This
"metabolic overflow valve" limits net energy storage but at a metabolic cost.

CHAPTER SUMMARY

The P-Ratio determines whether a calorie surplus builds muscle or fat, and whether a
deficit spares muscle while losing fat. The five key determinants are protein intake, training
stimulus, sleep, metabolic adaptation, and allostatic load. Higher energy flux (high intake
plus high expenditure) produces superior partitioning. Coach action: prioritise protein,
training, and sleep before manipulating calories.
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