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Something about me

“JJan Cacek, PhD

"Imy sports career:
runner 800 a 1500 m, soccer player, ice hockey player
3 children (17 — 14 — 11 years old)

1Vice dean for research and science FSpS MU

1Chairman of the National Association of Strength and Conditioning Trainers of the
Republic

1Head of division of Track and Field FSpS MU

[1Study program guarantor ,Personal and Strength and Conditioning Trainer”

[1Chief editor of the Journal Studia Sportiva

IMember of the Methodological Committee of the Czech Athletic Federation and Rowing
federation

[1Track and Field and Strength and Conditioning trainer
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Determinants of strength and power

“total amount and composition of muscle fibers
_Imuscular architecture

“Thormonal profile

_Ipolymorphism

Ineuromuscular factors
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HOW DOES MALE TESTOSTERONE WORK?

RESISTANCE TRAINING BRAIN SIGNALS ANTERIOR HORMONE TELLS THE TESTICLES
SENDS A SIGNAL TO THE BRAIN  PITUITARY TO RELEASE HORMONE T0 RELEASE TESTOSTERONE

TESTOSTERONE INCREASES OVER TIME THIS LEADS TO

PROTEIN SYNTHESIS BIGGER, STRONGER MUSCLES

« stimulates GH secretion and
increases the presence of
neurotransmitters on muscle fibers

* helps activate muscle tissue growth

https://www.precisionnutrition.com/anabolic-hormones-and-muscle
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Muscle
architecture

Fusiform muscle (biceps) Biceps

délka svalu=délka fascie

Vastus lateralis

délka fascie

délka svalu

X
Penniform muscles (vastus lateralis)
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Polymorphism

OInterleukin 6 (IL-6) gene -174 G/ C

[Istudies demonstrate a pivotal role in post-exercise hypertrophy processes (Ruiz, 2010)
Ipower athletes had a higher incidence of G.

[1Gene for hypoxia-induced factor 1a (HIF1A) - Pro582Ser

[Idetection of HIF1A variant - Pro582Ser in Russian power athletes (weightlifters, wrestlers) at
regional and national level vs control group

[1Gene for creatine kinase muscle isoform (CKM) - rs8111989 A/ G

"1Alea G is associated with power output. Significant incidence was found in power-oriented
athletes (Chen, 2017).

[JAngiotensinogen Gene (AGT) - Met235Thr

1The AG2 polymorphism of the Met235Thr gene can be considered a genetic determinant of
strength, as evidenced in several investigations, for example, in jumpers, sprinters, or
weightlifters, where more significant Met235Thr was observed (Zarebska et al., 2016).

(INitric oxide synthase gene (NOS3)-786 T/ C

LT allele is associated with power output (Drozdovska, 2013). Drozdovska (2013)
LIsignificantly higher T allele frequencies in 53 Spanish elite power athletes (jumpers, sprinters)
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Neuromuscular factors determining muscle strength
(FRY a kol.1994)

Recruiting motor units

Rate coding

Intramuscular activation

Inter-muscle activation

Use elastic energy and reflexes

Neural inhibition

Type of motor units

Biomechanical and anthropometric factors
Hypertrophy
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The relationship of force and velocity
shortening

FORCE VELOCITY RELATIONSHIP

Maximal Eccentric
Strength \ 160 -

Maximal Isometric Strength

w
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-
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E In Vivo
< 60 -
w
e 40 1
20 1

VELOCITY OF SHORTENING

Hill, 1938; Herzog, 2009

http://www.mcmillanspeed.com/2015/05/a-coaches-guide-to-strength-development.html
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W = 00 — D o=

e Training Methods
y+— Power Sprinting
v Resisiad Sprinis

PlyosiJumps

Med Ball Throws
\ Explosive Weights
Power (30-70%) \ Weighted Jumps
Explosive Weights

)
Strength-Speed (T0yB0%) Otympic Lifting

Force

MUNI
SPORT



Neuromuscular activation training

Force e
heawy 1< ghance
shieng®h hrainng

" explosive, bollic'
sirengih iraning
farce al

200 e

madrrue steength

200 500

Time (ms)
Explosive, ballistic strength training increases maximal strength but
especially develops a quicker force development. Heavy resistance

strength training develops especially a higher, maximal force
(Hakkinen & Komi 1985; RFD rate of force development).
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Henneman's principle of size

% zapojenia motorickych jednotiek

r NajrychlejSie
100
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Pomalé, vytrvalé
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Intenzita (%)

Poradie zapojenia motorickych jednotiek v zavislosti na intenzite —
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Hypertrophy

“1Definition - increasing the cross-section of muscle fibers
“1Sarcoplasmic and Myofibrillary
"1Zatsiorsky (5 - 60s)

_Ihttps://andersnedergaard.dk/en/kropblog/sarcoplasmic-

hypertrophy/
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https://andersnedergaard.dk/en/kropblog/sarcoplasmic-hypertrophy/
https://andersnedergaard.dk/en/kropblog/sarcoplasmic-hypertrophy/
https://andersnedergaard.dk/en/kropblog/sarcoplasmic-hypertrophy/

Muscle Fiber Sarcoplasmic Myofibrillar

hypertrophy hypertrophy ? ? ? ? ?
 hypertrophic
progress over 100
" %
Myofibrils Sarcoplasm Fares D. Alahmar, 2015

.) Myofibrillar Hypertrophy

muscle fibers composed of: = VS.

myofibrils - 85-90%
residue
extracellular connective tissue
blood vessels
[ mitochondria,
glycogen 5-10% 15-20% =)
membrane invagination - serves for
propagation of electrical signals

Sarkoplasma 0.5-2% :Myﬂfibfillar Hypertrophy  Sarcoplasmic Hypertrophy
(Macdougall et al., 1982) i =nser and - Bloated, soft and

stronger muscle useless muscle




Sarkoplas.
hypertrophy?

Research shows TBW
increase of about 3 |/
12 weeks (beginners)
Intracelular = about 1
kg (in sarkoplasma)
muscles increase only
4% in 12 weeks

But in the body up to 3
liters of fluid outside
the extra muscles -
where are they?

Ribeiro et al. 2014

Liters

Figure 1. Total body water, intracellular and extracellular water in men and women (Panels A, C and E), and whole sample (Panels B, D
and F) at different moments of the study. *P < 0.05 vs. Pre-training. There was no significant sex by ume interaction (P> 0.05). Data are
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Heavy loads: greater 4 in strength and RFD than moderate loads?

STUDY OBIJECTIVE MEASUREMENTS

To compare the effects of |ong_term - Peak force and RFD in the isometric mid-

strength trainin ith the same thigh pull (IMTP) with a force plate; bar speed
in pre-training 1RM squat and 1RM bench

press, with a linear position transducer

How was this
measured?

https://www.strengthandconditio 12RM) on changes in force andhate
ningresearch.com/perspectives/st of force development (RFD), in Training: 4 wo_rkouts per week for.8 weeks. Each workogt involved 4
sets of 6 exercises. Heavy group did 3 — 5 reps per set with 90% of

rength'training'SPrinting/ strength-trained males 1RM, with a 3-minute rest between sets. Moderate group did 10 — 12
reps per set with 70 % of 1RM, with a 1-minute rest between sets.

High volume pre-training High volume post-training ~ ****** High load pre-training ~ ====High load post-training

9,000
2,400 Force tended to I in I ’ Rate of Force Development (RFD) (N/s)
Hype rtrophy Or 2200 both heavy and moderate | 8,500
. ' load groups. Peak force 8,000
maximum strength o« rerssuanasa Js00
1,800 ’
7,000
3RM vs 10RM 1600 00
1400 6,000 SR
1,200 Lot 5,500
1,000 Force (N) f 5,000
30ms 50ms 90ms 100 ms 150 ms 200 ms 250 ms 30ms 50ms 90ms 100 ms 150 ms 200 msR58 ms

RFD tended to 1" in the heavy load group (peak RFD 1 by 16%) but
WHAT DOES THIS MEAN?? it tended to {, in the moderate load group (peak RFD |, by 7%)
r

Training with heavy loads tended to cause greater > in maximum strength and RFD compared to
moderate loads; the difference was most marked for RFD. Bar speed I similarly in both groups.

Mangine, G. T., Hoffman, J. R., Wang, R., Gonzalez, A. M., Townsend, J. R., Wells, A. J., & LaMonica, M. B. (2016). W% & Corw&ﬁw

Resistance training intensity and volume affect changes in rate of force development in resistance-trained men.
European Journal of Applied Physiology, 1-8. eseq rc

Effect of different forms of strength training on Fmax and RDF
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Manipulable Variables - Influence on
Hypertrophic Processes

“Ithe weight of resistence - the load
“Inumber of repetitions

“Inumber of sets

_Irest time between sets

| exercise velocity

1 type of rest
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Functional hypertrophy

Vanderka (2016)

itaz IRM i T Zvi&enie prieéneho

:;?:vzii Intenz[l; ]z Prevliadajucirozvoj prierezu (hypertro fia)

1 100

2 95

3 93

4 90

5 87

6 85

7

8

9

10

ik Nefunké&na hypertrofia

12 67

15 65

20 60 _

30 S0 Vytrvalost'

50 40

100 30
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Assessment of exercise intensity

by calculating the
tra | N | N g VO I ume i Figure 1. Hypotheitcal example of the daily fluctuations in 1RM

. N NN A
calculating training \/ e/
intensity - |
Intensity vs Effort
Background 1 RM
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Intensity and velocity when exercise to failure

Decrease in intensity

decrease in repetition rate in series
reducing the amount of resistance between sets at the same number of times

reducing the number of repetitions between sets with the same resistance

Table 4. Average concentric velocity (m/s) for the repetitions in reserve during the back squat.

i:::: :‘::k 60% 65% 70% 75% AE’;EE SD cv
9 0.54 0.51 0.50 0.49 0.51 0.02 4%
8 0.52 0.51 0.47 0.49 0.49 0.02 4%
7 0.50 0.50 0.48 0.47 0.49 0.02 4%
6 0.48 0.48 0.46 0.45 0.47 0.01 3%
5 0.49 0.47 0.46 0.44 0.46 0.02 5%
4 0.47 0.46 0.45 0.42 0.45 0.02 5%
3 0.47 0.43 0.43 0.41 0.43 0.02 5%
2 0.44 0.44 0.43 0.39 0.42 0.02 6%
1 0.39 0.40 0.44 0.38 0.40 0.02 6%
0 0.34 0.32 0.33 0.31 0.32 0.01 3%

This table is adapted from [24] and [5].

https://www.scienceforsport.com/velocity-based-

training/?fbclid=IwAR2SIYHLNdDEQ4F2dgXS64BaMtN4Zbz1pU6R
nONzBIkKt72xL007618XjlU

v

5P 0

1
RT



LACTATE (mmol/L)

14+

124

104

Metabolic Fatigue (LA - increases linearly)
Neuromuscular fatigue (increases in the shape of a curve)

To increase muscle mass (not necessarily related to body fluid)
it is not necessary to practice to failure, on the contrary,

it is necessary to exercise in large volume.
?7?7? Is this also true for bodybuilders ???? = "Sarcoplasmic hypertrophy"

- BP

B

AMMONIA (pmol/L)

https://www.scienceforsport.com/velocity-based-
training/?fbclid=IwAR2sIYHLNdDEQ4F2dgXS64BaMtN4Zbz1pU6R

nNONzBIkKt72xL0O76I8XjlU
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-nl& . -
40 = ) *
R?=0.89 (BP)
204
D ] L] ] L] L] 1 ] L]
0 10 20 30 40 50 60 70

Loss of MPV over 3 sets (%)



Concentric and eccentric strengt
Do we develop both
components?

Do we know how to develop this
types of strength?

Absence of research!

Concentric versus
eccentric training

https://www.strengthandconditioningresearch.com/perspecti
ves/strength-training-sprinting/

Eccentric training preferentially increases eccentric strength?

STUDY OBJECTIVE MEASUREMENTS

To compare the effects of long-term - CONC biceps curl 1RM, in the pulley machine
strength training programs involving - ECC biceps curl 1RM, in the same pulley
either eccentric (ECC) or concentric machine (duration of 23.5 seconds)
(CONC) muscle actions on changes in - Rat|9 e CONQlRM St )
muscular strength and size, in How was this -nglz;gmum ell:ow flexion fm.gular velocn.y at 30,
2 measured? , 70, and 90% of pre-training concentric 1RM
strength-trained males - Anatomical cross-sectional area of the elbow
flexors with computed tomography, and changes
Training: 2 - 3 workouts per week for 12 weeks, using 3 - 5 sets of 4 - 8 in fiber type by muscle biopsy and subsequent
reps of a pulley-based biceps curl. The CONC group moved the weight ATPase histochemistry (data not shown)

with maximal speed, while the ECC group used a 3 - 4 second duration.

Ratio of ECC to What happened?

20% CONC 1RM 1 p
by 9.9% after M Eccentric 1RM M Concentric 1RM
15% ECC training

Eccentrictraini Concentric training

WHAT DOES THIS MEAN?

eccentric strength BY more than concentric training, and concentric
.

training tended to increasé concentric strength by more than eccentric training. This caused an
D in the ratio of ECC to CONC 1RM after eccentric training but a |, after concentric training.

Eccentric training increased

Vikne, H., Refsnes, P. E., Ekmark, M., Medbg, J. I., Gundersen, V., & Gundersen, K. (2006). Muscular S&Mg% & Com&fww

performance after concentric and eccentric exercise in trained men. Medicine & Science in Sports & Exercise,
B e eseqarc



Structural adaptation

Eccentric training increases the amount of muscle mass

causes an increase in the cross-section of muscle fibers - associated with the growth of the number and cross-section of myofibrils -
the role of satellite cells

It is not yet known what volume of work, exercise intensity and rest

intervals are optimal for hypertrophy
Wernbom et al., In. Brady 2012

Phases Completed Hypertrophy per Day
Concentric 0.06%

Eccentric 0.05%

Concentric & Eccentric (Quality Reps) 0.12%



Eccentric, isometric and concentric strength gains of knee extensor muscles in eccentric training studies

Baroni, B. M. et al

(2014)

Strength A% (pre- to post-training)

Strength A% (per training session)

ECC 150 CON ECC IS0 CON
Baroni et al. [T07] + 209 1 24% 115% 1+ 1.38% +1.14% +071%
Baroni et al. [T05] - - - - - -
Ben-Sira et al. dup - - T 16% - - + 1.00%
— B group +23% - - 1 1.44%
Blarevich et al. + 39% - 1 16% +1.30% - +0.53%
Blarevich et al. - T 10% - - T 0.33% -
Franchi et al. [119] + 44% +11% - + 1.47% +0.37% -
Guilhem et al. — A group T 1547%V P 1 16% ns-1 18%%Y D +2.35% 1 0.80% +0.90%
- B group ns-t 23%Y P 1 14% ns-18gY P T1L15% 1 0.70% 1 0.40%
Highie et al. [93] + 36% - + 7% + 1.20% - +0.23%
Hortobagyi et al. T 116% 1 45% ns +3.22% 1 1.25% *%
Hortobagyi et al. [95] T 42% 1 30% ns + 1.83% 1 1.30% *¥
Housh et al. [T13] +204% - - + 1L.61% - -
Mayhew et al. - 1 8% - - 1 0.67% -
Melo et al. T 20% - - +0.83% - -
Miller et al. + 27% - +25% +0.45% - +0.42%
Mickols-Richardson et al. T 29% - T 15% T 0.48% - +0.25%
Poletto et al. T 38-41% - - +3.42% - -
Raj et al. - 1+7% t+5-1n%YP - +0.22% 10.34%
Raue et al. — - ns — - *F
Reeves et al. [1T7] To-17%VD ns ns-1 339 +1.41% *# *¥
Rocha et al. ns-T s95%Y 0 + 24% ns + 1.69% + 0.69% *%
Santos et al. t+1727%Y P 1 16% - +2.25% 11.33% -
Schroeder ot al. — A group - - + 195 - - +0.59%
— B group - - 1 24% - - 1 0.75%
Seger and Thorstensson [97] ns-T 435V 2 - ns T 1.43% - *¥
Seger et al. [96] ns-t 345V D ns ns-1 &gV P +1.13% ok +0.27%
Smith and Rutherford - ns-1 31940 ns-1 21%Y P - 1 0.52% +0.35%
Sorichter et al. — A group - ns - - i -
— B group - + 9% - - T 0.08% -
Spurway et al. [T14] 118349V D ns ns-1 20%" P T 1.90% ** T L10%
Symons et al. T 26% 1 25% T 10% T0.72% 1 0.69% +0.28%
Tomberlin et al. +53% - ns +2.94% - *
Weir et al. [T11] 1 29% ns-T 15540 - T 1.21% 1 0.63% -

ECC = eccentric tests; IS0 = isometric tests; CON = concentric tests; ns = not significant; ¥V Pvelocity-dependence; M angle-dependence;
M = male: F = female; *# not significant values or not informed values of strength increments in pre- to post-training were not considered for

analysis in per training session changes; obs.: when more than one velocity was tested, the higher strength increments were used to calculate
iha ctronath ineroment ner frainineg



Perodization of strength development

_ Strength-training followed by detraining.
P I annin g an annu al Consequences for muscle fibre CSA

training plan - basic

Muscle fiber cross-sectional area

p rin C| p | es Resistance training _—
5900 A T12% i “11% :::E: L:T:s
continuity 5400 * #
# #
‘E 4900 1 1o
sequence —> : : IS
4400 f jl :
, 1
adequacy 3900 :
3400 llllllllllllllllllllllllll
0 30 60 90 0 150 180

individualization

Andersen et al., unpublished
specificit
y L (Andersen, prednaska)
- ZVYSENE RIZIKO PORANENf
* SNIZENY VYKONNOSTNI POTIW\ﬁIN-I
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Specificity

Structure of strength
performance

Velocity

Type of contraction

Force vector

Muscle group

Power peak in relation to
range of motion (angle) anc
speed

Stability (groud)

Range of motion

Metabolic coverage

One vs multi-joint exercise

https://www.strengthandconditioningresearch.com/perspecti
ves/strength-training-sprinting/

Strength is specific in many different ways. This has important
implications for sports-specific and functional training

External load type causes velocity-specific

and range of motion-specific strength

gains, because of different (1) points of

peak contraction, and (2) bar speeds,

between constant loads (like barbells) and Force vector causes
High-velocity training leads accommodating resistance (like bands). muscle-specific and
to proportionally 1 gains in - range of motion-specific
high-velocity strength. Slow- Contraction External strength gains, because
velocity training causes of different (1) points of
proportionally 1 gains in mode load type peak contraction, and
slow-velocity strength. (2) movement patterns.

Eccentric training leads to
proportionally P gains in
eccentric strength. Concentric
training causes proportionally
/ gains in concentric strength.

Velocity " Force vector

Strength is
) pECIfI C - Individual muscles

respond to strength
Strength- training by 1 in size,

endurance which 1 their ability
4 to produce force.

continuum Joint ang|e This effect is muscle-
o specific, and does
Maximum strength (heavy load) or range of Stablllty not cause whole-

strength training Iea.ds t.o motion body muscle growth.
proportionally 1 gains in e
maximum strength. Repetition
strength (light load to failure)
training causes proportionally
/" gains in repetition strength
(muscular endurance).

Strength training on unstable surfaces or with less
stable implements leads to proportionally 1 gains
in strength tested on unstable surfaces, or with
less stable implements. Strength training on stable
surfaces or with stable implements (like machines)
leads to proportionally 1 gains in strength tested
on stable surfaces, or with stable implements.

Strength training with a full
range of motion (ROM) leads to
proportionally 1 gains in full
ROM strength. Partial ROM
training causes proportionally
gains in partial ROM strength.

Strength is specific to the contraction mode, velocity, point on the
strength-endurance continuum, range of motion, stability level, force vector, external load type, and muscle group
used in training. This is key for preparing athletes for sport, as well as for P function in injured or elderly people.

Derived from: Beardsley, C. Why are strength gains specific? (and why does it matter?). SM@%, 8 CoMMwhmg
Strength & Conditioning Research. This version retrieved on 5 June 2017 from: eseq rc
https://www.strengthandconditioningresearch.com/perspectives/just-get-strong-is-wrong/




Fmax and speed

Maximal concentric force vs. 100 m time

u
2
%
7.8 4 @ r=0.74 p<0.00] n=19 |
‘ — T T v - T T
26 30 30 34 34 3R 43
] |
F...(N-Bw')
Fig. 2.—Relatonship between the maximal force (F,, ) and the mean

velocily reached during a 100 m sprint (V pn)
Bret et al. 2002
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Type of periodization

@ Undulating Periodization Model

£

General (GPP) Special (SPP)

@ Traditional Periodization Model Ext! mti  Extll  Intll
|
| _ , | : .
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Thank you for your attention



