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Muscle Adaptation To Exercise

[ Very important
[l Extra information Develop a passion for learning. If you do, you
[l Terms will never cease to grow.

Contact us : Physiology435@gmail.com



v Vv VvV VvV VvV V9V VvV V9V VvV V9V Vv VY

Objectives

Strength, power, and endurance of muscles

The effect of athletic training on muscles and muscle performance
Muscle hypertrophy

Fast-twitch and slow-twitch muscle fibers

Respiration in exercise

Oxygen consumption and pulmonary ventilation in exercise

Effect of training on vo, max

Cardiovascular system in exercise

Work output, oxygen consumption, and cardiac output during exercise
Effect of training on heart hypertrophy and on cardiac output

Role of stroke volume and heart rate in increasing the cardiac output
Body heat in exercise & heatstroke

Contact us : Physiology435@gmail.com



PHYSIOLOGY
TEAM435

Definitions

Muscle Strength

The amount of force a muscle can produce

Muscle Power

A measure of the total amount of work that the muscle performs
in a unit period of time (kg-m/min)

Muscle Endurance

The ability of muscles to sustain repeated contractions against a
resistance for period of time

VO, max

(Oxygen Consumption)

The rate of oxygen usage under maximal aerobic metabolism.

Oxygen-Diffusing
Capacity

A measure of the rate at which oxygen can diffuse from the
pulmonary alveoli into the blood.
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* Muscles Strength (force) :Refers to the amount of force a muscle can produce.

* Maximal contractile of the muscle is determined by the following :
Equation: Cross-sectional area % 3-4 kg/cm?2 “size of muscle influence”
= Maximal Muscle Strength

Example:

* cross-sectional area = |50 ¢cm?
« contractile force = 3.5 kg/cm? (for each Icm? of fiber)
e maximal muscle strength= ??

Equation: 150 em? x 3.5 kg/em2 = 525 kg

*The maximal muscle strength= 525 kg
% Also it is known as The maximal overload of this muscle.
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Strength of Muscles

* Muscle strength has mechanical and neural components:
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!+ The maximum force a muscle can exert. Lo meaning how many of the anterior horn I
I I
: (I cells(AHC)motor neurons of the spinal cord I
. . 1 1 1
: This depends upon the muscle 11 supplying that muscle are recruited + frequency of |
I cross-sectional area. ! : . o I
| I I action potentials in them to supply the muscle. I
I reol I
: : In diseases involving the AHCs (poliomyelitis ) the |
: * So if after a period of training, an I I & (P Y ) I
I : : number of active AHCs may be considerably I
I athlete increases his muscle size by | I :
I : | reduced > decreased muscle performance. :
I : .
50% , he wil also increase the force I
: ° : I A severely depressed person ( or athlete ) , who :
I
| the muscle can develop by 50% . lost his motivation , may unconsciously , recruit ,
/ \
‘o ! v less AHCs than normal > decreasedperformance /!
S ~ - ~ - 7

1
'+ Neurological strength : by increasing the recruitment of motor neurons and nerve impulses “firing rate”. If someone has a disease in AHC such as E
i oliomyelitis ““Ju 2 virus will destruct the in the anterior horn of spinal cord and complete damage will occur to these neurons whic

: poliomyelitis “July) JL& Il destruct the AHC in the ant h f spinal cord and plete damage will to th hich !
: make the patient unable for recruitment of motor neurons. E
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Muscle Power

= Work :

when muscles contract or stretch in moving a load they do work and energy
is transferred from one form to another. =~ ;----ooeeemo e
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- Power = Work / Time

____________________________________________

{ The shorter the time used to perform a piece of work ,the more power is needed }

Sl if a weightlifter lifts a given weight explosively over a short time (say 0.5 seconds) he needs his
Qi Pe :muscles to produce much more power than if he did that while taking more time (say 3 sec). ;

Muscle power : work divided by time
Work = Force x distance > power = Force x distance / Time
power Al LalS e 30 o) ) LalS duse L}A}\}powerJ\ b A8al)
¢ < power@idﬂ%‘@ﬁﬁ.\ddﬁd@}]@\ﬂ),u\ﬁSBAAdﬁd@c._\cy s JGa
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Muscle Power

" Muscles Power :
amount of work that the muscle performs in period of time ( kg-m/min)._ _
N\

_____________________________

,"— < A ‘“‘as we mentioned”

i,

* The maximal power achievable by all the muscles in the body of a highly trained athlete
with all the muscles working together to produce a power is presenting in the following table :

kg-m/min
First 8 to 10 seconds 7000
Next 1 minute 4000
Next 30 minutes 1700
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Muscles Endurance:

Endurance of Muscles

Minutes
High-carbohydrate diet 240
Mixed diet 120
High-fat diet 85

The corresponding amounts of glycogen stored in the
muscle before the race started explain these differences. The
amounts stored are approximately the following:

g/kg Muscle

High-carbohydrate diet 40
Mixed diet 20
High-fat diet 6

Contact us : Physiology435@gmail.com

Ability of muscles to sustain repeated contractions against a resistance for period of time.

The Endurance of the muscle Depends on the glycogen stored in the muscle.

Endurance is enhanced by a high-CHO diet. “ci_ s 5 SI sl i3 Uail)

Endurance Of Muscles :
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Muscle Performance

= Maximal Resistance Training:

6 maximal muscle contractions performed in three sets 3 days a week greatly increase in :
muscle strength and muscle mass (muscle hypertrophy) without muscle fatigue.

Resistive training

[
@)
1

With training muscles hypertrophied
\ 30- 60 % Due to 1 diameter of the muscle
fibers ,and T number of fibers

|0 weeks training increase strength 30%

Percent increase in strength
-
6}
1

o No-load training \
0 2 4 P 5 16 Muscle§ funtftlon under no
Weeks of training load 1 little in strength .

Approximate effect of optimal resistive exercise training on increase in
muscle strength over a training period of |0weeks.

*Two factors affecting Muscle Performance:
|) Heredity
2) Testosterone secretion.

Pbaal J il i e it Ly Lime 8 g jpaile 050 dBlme 5.8 05 o)) Mg sl 8ol 3 sad e < 8 e o salls < 5e 6 JWEH Jadis 1 jem )
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HYSIOLOGY Changes in hypertrophied

1
C :{ T myofibrils |
{:'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_J\
®' 145 % oxidation rate :
::::::::::::::::::::::::::::::::::::::
e . 1 capability of aerobic and anaerobic metabolic systems ;:
;::::::::::::::::::::::::::::::::::::\
® | 750 % in stored glycogen :
N o e e J
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*Dr. M.ALOTAIBI said :
It’s very important slide
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With training muscles hypertrophied 30- 60 % due to increased DIAMETER of the

muscle fibers more than the number of fibers. ’fibers=muscle cells” W (\ st e

= Exercise hypertrophy is due to increase in contractile protein
( number of actin &myosin filaments in each muscle fiber).

muscle fiber to form new myofibrils, so it is mainly great increase in the number of
additional myofibrils that causes
muscle fiber to hypertrophy.

Wyofbl

That is, hypertrophy results primarily from the growth of each muscle cell rather than

anincrease in the number of cells.

i = When number of contractile proteins increases sufficiently, myofibrils split within each
i Flanen

i« More than the number of muscle fibers :

i MLA:J\ uLM\ﬁ @adb)ﬂ Lé)s" f‘ﬂ L“g'éd\:\‘)s\ a.AAj ,:\:\L.aaj\ u\_;h(\ A b.JLIJ ‘;‘ T).L:.l dliaall axa @ UJS" ajh)j\ u\ J}.as.d\
i * How ! increase in the myofibrils number ( be careful it is myofibrils NOT muscle fibers)

i * Contractile proteins = actin & myosin
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Fibers Color
Myoglobin Amount

Fibers Characteristics

Sarcoplasmic Reticulum

Mitochondria

Capillary Density

Suited Activity

Glycolytic Enzymes

Duration of Use

Muscles used

Slow twitch fibers”’ Aerobic”

Red Fibers

HIGH

Small & Innervated with
Small nerve fibers

Fast-twitch fibers‘‘Anaerobic”

White Fibers
LOW

Large & Innervated with
Larger Motor Neurons

Extensive sarcoplasmic reticulum for rapid release of calcium

Large Number, to support
HIGH oxidative metabolism

Higher capillarity

Prolonged endured activity
Ex: Marathon runners

Fewer number, cause
oxidative metabolism is LESS
important

Lower Capillarity

Forceful Rapid Contraction
Ex: Sprinters

have a lot of glycolytic enzymes for rapid release of energy

minutes to Hours

Soleus muscle. “leg muscle”

Seconds to minute

Gastrocnemius muscle

_____

Contact us : Physiology435@gmail.com


https://www.youtube.com/watch?v=l5yMz2lFgx0

* In all human being, all muscles have varying percentages of fast-twitch

and slow-twitch muscle fibers.

_________________________ , ilow- fast-
witch twitch
ibers fibers

Soleus

Soleus muscle Gastrocnemius muscle
“Slow-twitch” “Fast-twitch”

Slow-twitch muscle fiber Fast-twitch muscle fiber

* is aerobic * is anaerobic
* has steady power * has explosive power
* has endurance « fatigues easily

I-Anaerobic "fast-twitch" > fast & strong & for short time > white muscle fibers (deficient in myoglobin) > why without myoglobin? Because it’s work
without O2 > larger in size > lower capillarity& few mitochondria because no O2 present .
2-Aerobic "slow-twitch" > slow & prolonged > Red muscle fibers because it has myoglobin > Small > small nerve fibers > higher capillarity& large number
of mitochondria because we need O2.

Contact us : Physiology435@gmail.com Video


https://www.youtube.com/watch?v=Uxwh2IIg_Z0

* In Exercise : Oxygen Consumption [VO2] and Pulmonary Ventilation [VE]

* VO2 at rest is about 250 ml/min, but at maximal effort (VO2 max) :

mi/min
Untrained average male 3600
Athletically trained average male 4000
Male marathon runner 2100

Pulmonary Ventilation =VE / Oxygen Consumption =VO2
: shaal) JaLaill 3aL ) aa (90 3 aelS
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" The chart below shows the relation between oxygen consumption and total
pulmonary ventilation at different levels of exercise :

O, consumption (L/min)

___________________________________________________

E :;z 1 - VO2 and VE increase about 20-fold between the
.ch; so | resting state and maximal intensity (untrained).
< |
5 20 B\J - Maximal breathing capacity of an athlete
o MO < i can reach during maximal exercise 50%
I°  20- * Moderate| Severe i more than actual pulmonary ventilation.
exercise exercise :
“2 ' 10 ' 20 " 86 ' 4D Lo

- The schedule shows that pulmonary
ventilation during maximal exercise
doesn’t occupy the whole volume of B\ﬁ Pulmonary ventilation at maximal exercise
lung but the maximal breathing

capacity is 50% more. Maximal breathing capacity

L/min
100-110
150-170

1
! VO2 and VE increase about 20% > (~aby pall j=dil) aic
' VO2 and VE increase about 50% > (ualy )l (alisl) xie
820 ) 4L=YL chest capacity ) 835 31 Tk € 13l pulmonary ventilation ) <ilall
ot 3 8 e i lae LR S
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Respiration In Exercise

Effect of Training on VO2 Max:

v

Training will increase VO2 max by 10% but moreover other factors Genetic such as :

Chest size in relation to body size.
2. Stronger respiratory muscles.

» Itis also likely that many years of training increase the marathoner’s VO2 max.

3.8
— 3'6 o ®
-E — =l
£ g - -
};: = Training frequency
= 3.2 4 a = 5 days/wk
& = e = 4 days/wk
S o - e = 2 days/wk
2-8 | | | | | ] | L] 1
o 2 4 6 8 10 12 14
Weeks of training
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Oxygen diffusing capacity

» Oxygen diffusing capacity of athletes :

Is a measure of the rate at which oxygen can diffuse from the pulmonary alveoli into the
blood.

» The following values are measured values for different diffusing capacities:

ml/min
Nonathlete at rest 23
Nonathlete during maximal exercise 48
Speed skaters during maximal exercise 64
Swimmers during maximal exercise 71
Oarsman during maximal exercise 80

Contact us : Physiology435@gmail.com
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|- increase of lung blood flow in pulmonary capillaries during exercise
this increases surface area for O2 to diffuse into pulmonary capillaries.

2- Respiration is stimulated by neurogenic mechanisms due to direct stimulation of
respiratory center by nervous signals that also transmitted from brain to muscle to do
exercise, sensory signals also transmitted from contracting muscle and moving joints into
respiratory center to stimulate respiration , so blood gases during exercise are normal in
concentration. ( no increase in Co2 or decrease in O2 as expected).

__________________________________________________________________________________________________________________________

! O2 diffusion capacity with exercise 3 time faster than without it, why? i
i |- Increased of lung blood flow which leads to increase surface area for O2 to diffuse i
i 2- When brain sends signals to the muscles to do hard exercise, muscle sends back signals to the brain to increase respiratory rate |

Contact us : Physiology435@gmail.com
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Cardiovascular System in Exercise

» Cardiac output (CO) = stroke volume (SV) X heart rate (HR)

» Muscle blood flow increases 25% folds during strenuous exercise.

»  Work Output, Oxygen Consumption, and Cardiac Output during exercise all these are
directly related to one another, muscle work output increases oxygen consumption, and
increases oxygen consumption in turn dilates the muscle blood vessel thus increasing
venous return and cardiac output (C.O).

Cardiac output (CO) = saal 5l &adall b Clall Lgauzy Al aall 43aS
Cardiac output (CO) = stroke volume (SV) X heart rate (HR)
SV = 3l gl il 3 il Lgdmy A a2 S
e HR=saal gl ddall 8 el ciliay sae
5as) 5l A& 8 ) il ae x Baad ) Al b Al Leimy ) pl) S = Basl gl AE8A 8 B Lgdiay 3 ol A€
When the cardiac output increased & O2 consumption increased > the diameter of blood vessel increased,
so we don’t get hypertension.
pe) g Ay gl e 31 Y pll Jnim 1 sl (ppnyna a8 L2 ¢ ey S
[Vasodilatation prevents hypertension]
When the cardiac output increased, it cause venous return
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Cardiovascular System in Exercise

» Effect of Training on Heart Hypertrophy and on Cardiac Output:

 The heart-pumping effectiveness of each heartbeat is 40 to 50% greater in the highly
trained athlete than in the untrained person. (Training increase C.O about 40 % greater than
untrained persons).

Heart chambers of marathoners enlarge about 40% in contrast to non trained.

Heart size of marathoner larger than normal person

Stroke Volume Heart Rate
(ml) (beats/min)
Resting
Nonathlete 75 75
Marathoner 105 50
Maximum
Nonathlete 110 195
Marathoner 162 185

' *It’s very important to understand the difference between nonathletic and marathoner, the stroke volume

' and heart rate.
| * Resting cardiac output is almost exactly the same as that in a normal person.This normal cardiac output

is achieved by a large stroke volume at a reduced heart rate.

Contact us : Physiology435@gmail.com



Cardiovascular System in Exercise

~
-

Typical cardiac outputs at several levels of exercise are as follows :

- The cardiac output increases from its resting level of about 5.5 L/min to 30 L/min.
- The stroke volume increases from 105 to 162 milliliters an increase of about 50 %
- Whereas the heart rate increases from 50 to 185 beats/min an increase of 270%

- Maximal cardiac output during exercise in a young untrained man :23 L/min.
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\

- Maximal cardiac output during exercise in average male marathoner : 30 L/min

______________________________________________________________________________________________

athletes cardiac output increase depends on heart rate more than stroke volume, why?
Because stroke volume increase by 50%, on the other hand the heart rate increase by 270%

Contact us : Physiology435@gmail.com



v

]

HYSIOLOGY

EAMABS

- 190
. = 170
© . Stroke volume
é 165 = 150
"E' 150 - - 130
=

L 110
= 135 4
= - 90
o Heart rate
S 120+ o
n

105 - 50

| | | |
5 10 15 20 25 30

Cardiac output (L/min)

Figure 85-10. Approximate stroke volume output and heart
different levels of cardiac output in a marathon athlete.

I
1 This chart simply explain the relation between:
heart rate, cardiac output and stroke volume I

)

min

Heart rate (beats/

rate at
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Cardiovascular System in Exercise

_________________________________

. *The heart rate
| increase a greater |
. proportion of the
: increase in
. cardiac output than |
. does the increase in
. stroke volume
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' » Almost all the energy released by the body's metabolism of nutrient is converted into body heat.

' »  Working muscle uses only 20 - 25 % of energy released from metabolism.

Overcoming resistance to
the movement of the TTTTTTTTTTTTTTTTTToommTTTommees !
muscles and joints. |

30 4
- Core
Temperature
(BC} 3?-
Remainder
converted into heat
as result of : :
P ~_ i Exercise
Muscle contractile 0 DI —zl[} 4||;| ég g;]
converted into heat. Tie (i
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i - If body temperature .
reaches 41 > damage of |

During In hot and humid At this level, the
elevated

brain cells > highly ] endurance conditions

e AoV AV IV PRI cat soroke

el ol temperature temperature can to tissue cells Symbtoms
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TEA '°'§°5G‘Y Treatment of heatstroke

Maintain a spray of cool

Remove all water on all surfaces of the
clothi ng body or continually sponge
the bOCI)’ Use a fan
to lower /‘\
el 10 ; Elevate feet
Apply cold 3 2
compresses 3
Have victim <aal , ,
lie down ;&‘ . / .

‘ Have victim
drink fluids

2L

Physicians and
physiotherapists prefer total Blow air over the

immersion of the body in .
water containing a mush of body with a fan

crushed ice if available
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3-4 kg/cm?2

size of muscle influence

* E.g. a cross-sectional area 150 cm2, cause maximal contractile strength of about 525 kilograms.

30 %

Increased in strength after 10 weeks of training.

* E.g. muscle contractions sets against a 6 load X 3 days X one week greatly increase in muscle strength, without muscle fatigue.

30-60 %
120 %

50 %
75-100 %
45 %

250 ml/min
20-folds
50 %

10 %

3-folds

25 % folds

40 %

5.5 L/min

30 L/min

105 ml

162 ml

* This mean increased by 50%.
50 beats/min

185 beats/min

* This mean increased by 270%.
20-25 %

37°-40°C

41°-42°C

Increased in muscles hypertrophied due to increase diameter of the muscle fibers.
increase in mitochondrial enzymes in Hypertrophied muscle.

Increase in stored glycogen in Hypertrophied muscle.

Increase in stored triglyceride in Hypertrophied muscle.

Increase in oxidation rate in Hypertrophied muscle.

VO2 at rest .

The increasing of VO2 & VE between the resting state and maximal intensity “untrained”.

The maximal breathing capacity of an athlete that can reach during maximal exercise is 50% more than actual
pulmonary ventilation.

Vo2 max increased by training.

Increasing in O2 diffusion capacity during exercise.

Increasing in muscle blood flow during strenuous exercise.

Training increase cardiac output about 40% greater than untrained person
The cardiac output in it’s resting level.

Increasing in the cardiac output due to exercise.

The stroke volume at the rest.

Increasing in the stroke volume due to exercise.

The heart rate at rest.

The heart rate due to exercise.

The usage of energy released from metabolism, due to muscle work.
Body temperature during endurance training.

Increasing body temperature due to hot & humid conditions.
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