Most Most serious
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studies athletes

Training Duration

8 weeks 30 weeks

FIGURE 3-32 In the initial stages of a strength training program, the majonty of tha strength gain is because of
rieural adaptation, which is followed by Fypertrophy of the muscle fibers, Both of these chanoes contribute to
the overall increase in strength.
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TABLE 4.1 Physiological Adaptations to Resistance Training

Variable Adaptation

Reflex potentiation Increases

Muscle fiber recruitment and firing rate Increase

Recruitment timing and efficiency Increase
Neurotransmitter release Increases
Tension inhibition Decreases
Nerve-muscle interface Expands

Skeletal muscle

Size Increases

Protein content Increases

Fiber number May not change or slightly increases

Fiber-type transitions (fast to slow) Increases

Growth-factor expression Increases

Resting energy substrate levels Increase

Metabolic anaerobic enzyme activity May increase, decrease, or not change

Architectural changes (fiber angle, Increase

length)

Buffer capacity Increases

Capillary number Increases (but density decreases with
fiber growth)

Mitochondrial number 1 Increases (but density decreases with
fiber growth)
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Connective tissue

B el bl )& Sl

Ligament size and strength Increases
Tendon size and strength Increases
Bone mineral density Increases
Collagen content Increases

Cartilage size and strength
Endocrine

Resting hormones: testosterone, growth
hormone (GH), IGF-1, cortisol

May increase or maintain matrix

No change (unless significant change in
RT program takes place)

Acute testosterone and GH response

May be augmented or may not change

Androgen receptors

Up-regulated transiently
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Variable Adaptation

Cardiorespiratory

Resting blood pressure and heart rate | May not change or may decrease
Resting stroke volume May increase with body size increases
Acute heart rate response | May be less per absolute workload
Acute biood pressure response May be less per absolute workload

Acute cardiac output and stroke volume Increase

Ventricular and septal mass or thickness | Increase

Ventricular chamber size ' No change or slight increase




Biomechanics of strength

MUSCLE ACTIONS

Muscle shortening: concentric (CON)

Muscle lengthening: eccentric (ECC)

No noticeable change in muscle length (up to 6%): Isometrics (ISOM)

STRETCH-SHORTENING CYCLE (SSC)

ECC contraction before CON without any pause

Stretch reflex (muscle spindles)

Elastic energy storage by muscles contributes up to 70% to SSC
15 % — 20 % increase in performance

SSC is more prominent in Fast twitch fibers (FT); more elastic energy storage + highly trainable (plyometric,
sprint, agility and resistance training)

high-intensity static stretching decreases SSC
Stiffness increases SSC



Biomechanics of strength

THE ROLE OF VELOCITY ON MUSCLEFORCE PRODUCTION (Force-velocity relationship)

Cross-bridges cycling
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(T B 1055 5T 55 5 byl S1s1 3 O jee) Das— e oy
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=
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0.2F
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Lengthening (m/s) Shortening (m/s)
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FIGURE 2.4. The force-velocity relationship.
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Biomechanics of strength
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FIGURE 2.8. Effort arm changes cunng elbow fleuon 0

Joint angle

Elbow flexion = 70-120°
Elbow extension = 90-120°
Hip extension = 40-50°
Hip flexion = 145-150°
Knee extension = 80-130°
Knee flexion = 130-170°
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Biomechanics of strength
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Biomechanics of strength
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Zhanna Ivanova (UKR) squatting 207.5kg Women's 67.5kg class at the 2002 European Junior
Powerlifting Championships .
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YOUTH PHYSICAL DEVELOPMENT (YPD) MODEL FOR MALES

CHRONOLOGICALAGE| , | , | , | 5 | 6|7 |8 | o |10|11|22|123|2a]25]16]|27|18[29]20 21+
(YEARS) 7 7
AGE PERIODS EARLY MIDDLE CHILDHOOD ADOLESCENCE ADULTHOOD
CHILDHOOD
GROWTH RATE RAPID GROWTH ( ) STEADY GROWTH ( ’ ADOLESCENT SPURT ‘ ) DECLINE IN GROWTH RATE
MATURATIONAL
e VEARS PREPHV @ PHV 3, VEARSPOST-PHV
TRAINING PREDOMINANTLY NEURAL (AGE-RELATED) COMBINATION OF NEURAL AND HORMONAL (MATURITY-RELATED)
ADAPTATION <>
FMS FMS FMS FMS
$s5 333 SSS SSS
Mobility Mobility Mobility
Agility Agility Agility
PHYSICALQUALITIES | Speed Speed Speed
Power Power Power
Strength Strength Strength
Hypertrophy Hypertrophy
Endurance & MC Endurance & MC Endurance & MC
MODERATE
TRAINING STRUCTURE| UNSTRUCTURED LOW STRUCTURE STRUCTORE HIGH STRUCTURE | VERY HIGH STRUCTURE

The YPD model for males. Font size refers to importance; light blue boxes refer to preadolescent periods of adaptation,
dark blue boxes refer to adolescent periods of adaptation. FMS = fundamental movement skills; MC = metabolic
conditioning; PHV = peak height velocity; SSS = sport-specific skills; YPD = youth physical development.
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YOUTH PHYSICAL DEVELOPMENT (YPD) MODEL FOR FEMALES

CHRONOLOGICALAGE| , | 5 | 4, | 5 | ¢ | 7| 8|9 [10]121]12]123] 14|25 |16 27|18 |29/ 20 21+
(YEARS)
AGE PERIODS EARLY MIDDLE CHILDHOOD ADOLESCENCE ADULTHOOD
CHILDHOOD
GROWTH RATE RAPID GROWTH e STEADY GROWTH H ADOLESCENT SPURT (._} DECLINE IN GROWTH RATE
MATURATIONAL
STRTUS YEARS PRE-PHV e PHV oy YEARS POST-PHV
TRANGNG PREDOMINANTLY NEURAL (AGE-RELATED) COMBINATION OF NEURAL AND HORMONAL (MATURITY-RELATED)
ADAPTATION § <> 4
FMS FMS FMS FMS
sss $sS SSS SSS
Mobility Mobility Mobility
Agility Agility Agility
PHYSICAL QUALITIES Speed Speed Speed
Power Power Power
Strength| Strength Strength
Hypertrophy Hypertrophy
Endurance & MC Endurance & MC Endurance & MC
MODERATE
TRAINING STRUCTURE| UNSTRUCTURED LOW STRUCTURE STRUCTURE HIGH STRUCTURE | VERY HIGH STRUCTURE

MThe YPD model for females. Font size refers to importance; light pink boxes refer to preadolescent periods of adaptation,
dark pink boxes refer to adolescent periods of adaptation. FMS = fundamental movement skills; MC = metabolic
conditioning; PHV = peak height velocity; SSS = sport-specific skills; YPD = youth physical development.
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FIGURE 3-33 Weight-lifting exercises should be selected so that they reproduce some of the movements used
in the sport. For football lineman (A-C), the dead lift and the power clean include similar joint actions. Likewise,
for basketball players who use a jumping action, the squat and heel-raising exercises are helpful (D-F).
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FIGURE 5.6 Olympic weightlifting movements such as the snatch
require the athlete to accelerate the barbell throughout the propulsive
phase, providing a good stimulus for power development.
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