
 7
 (Musculoskeletal system)

 7.1  ( :  TeachPE.com, 2016)

 3  (skeletal muscle)  (smooth muscle)
 (cardiac muscle)  40% 

 10% 
 (neuromuscular system disorder) 

 (dilated cardiomyopathy) 
 (hypertension)  (detrusor hypertrophy) 

(sympathomimetic drugs)  (adrenergic receptor antagonists)

 (skeletal muscle)

 2 
 (tendons)  2 

 1  (flexion) 
 (extension)
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 7.2  ( ) 
 (stifle joint) 

 (tarsal joint) 
:  PHARMACOLOGY, TOXICOLOGY & THERAPEUTICS, 2016)

 (basic structure of a skeletal muscle)
 2  (supporting

tissue)  (contractile tissue)
 1.  (supporting tissue)
  1.1  (endomysium)
  1.2  (perimysium) 
  1.3  (epimysium)

2.  (contractile tissue)
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 7.3  Holly, 2012)

(the levels of organization in a typical skeletal muscle)
 (muscle fibers)

 (myofiber  muscle fibers) 

 5-100 
 (multiple nuclei) 

(plasma membrane)  (sarcolemma) 
(polysaccharide layer) 

 1  (motor endplate) 

 (myofibrils) 

 (filament)  (thick filament)  (thin filament)
 (sarcomeres) 
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 7.4 

:  PHARMACOLOGY, TOXICOLOGY & THERAPEUTICS, 2016)

 (striation)

 (polarized)
1. (A-band  anisotropic band) 

2. (I-band  isotropic band) 
 (Z-line  Z-disk)

 7.5  ( :  Kimball, 2011)
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 7.6  ( :  laboratory microscopes, 2012)

 7.7  ( ) 
 ( )

:  PHARMACOLOGY, TOXICOLOGY & THERAPEUTICS, 2016)

 (sarcomere)  2  2

 (polymerized) 
 (actin filament) 

 (H-zone) 
 (S-fibril)  2  (M-

line  M protein) 
 (myosin)  6 
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 (filament composition)
1.  (thin filament)  3 

  1.1  (actin)  (globular protein  G-protein)  (G-
actin) 

 (fibrous actin  F-actin) 
 2  (myosin binding site)

  1.2  (tropomyosin)  2 

  1.3  (troponin)  (globular protein) 
 3 

   1.3.1  (troponin-I  TN-I) 
   1.3.2  (troponin-C  TN-C)  (affinity) 

   1.3.3 (troponin-T  TN-T) 

 7  1 
 1 

(actin thin filaments) 

 7.8  ( :  Mescher, 2013)

2.  (thick filament)  (myosin) 
 6  (intertwined helices)  (heavy

chain) 2  (light chain) 4  (N-terminal) 
 (globular heads) 2 

 500 
 (cross-bridges)  2  (bipolar) 

 (myosin heads flex and relax)
 (titin) 

 (the side-by-side relationship) 
 (the resting length during relaxation)

 (papain) 
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 7.9 : )  ( )
:  Mescher, 2013)

 7.10 
:  Sie, 2015)

 7.11 
:  Holly, 2012)

 2 
 1.  (contractile protein) 

 2  (regulatory protein) 

 (sarcotubular system)

(sarcoplasmic reticulum, SR)  (reticulated network) 
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 (intracellular
storage organelle) 

 (smooth endoplasmic reticulum) 

 (transverse tubules)
 (T tubules) 

 7.12 
:  PHARMACOLOGY, TOXICOLOGY & THERAPEUTICS, 2016)

 -90 
 -60 

 1-5 

 2 
 1.  (absolute refractory period) 

 1/3 
 2.  (relative refractory period) 
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 7.13 
 ( )  1 

 2 
 3 

 4 

:  PHARMACOLOGY, TOXICOLOGY & THERAPEUTICS, 2016)

 7.14  ( :  Burkett, 2005)
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 (excitation-contraction coupling, EC coupling)
 2 

 (coupling of excitation) 

 (EC coupling) 
 5 

 1.  (excitation of skeletal muscle)
 2.  (signal triad)
 3.  (biochemical change of protein filament)
 4.  (contraction of muscle)
 5.  (relaxation of muscle)

 7.15  ( :  OpenStax CNX., 2005)
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1. 
 (nerve

impulse) 
 (neuromuscular

junction, NMJ) 
 (motor endplate) 

 (nicotinic acetylcholine receptors) 

 (end plate potential, EPP) 

(muscle triad) 

) 

 7.16 
 OpenStax CNX., 2005)

2. 

 (voltage sensor) 
 (dihydropyridine receptor, DHP)
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 4  2 
 (ryanodine receptor, RyRs)  (terminal cisterna)

 (foot protein  SR end
feet) 

 7.17  (triad) 
:  Austin Community College District, 2008)

 7.18 
:  Austin Community College District, 2008)

 (energy-dependent pump) 
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(gating domain) 

(concentration gradient) 

 (voltage-gated Ca2+ channels)

 (Ca2+-induced Ca2+release channels)  2 

 (direct configurational change) 

3. 

 (troponin-tropomyosin
complex) 

 (myosin binding site) 

 1 

 7.19  (  Burkett, 2005)
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4. 

 (power stroke) 

 7.20  ( :  Caplan, 2014)

 (sliding filament theory or cross-bridge theory)

5. 

 (Ca2+ ATPase) 

 (muscle
contracture)

 (rigor) 
(phosphoryl creatine) 

 (rigor mortis) 
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 7.21  ( )  (  Caplan, 2014)

1.  (type of contraction)
 (contractile elements)

 (elastic tissue) 

(contraction time)  (relaxation time)  (velocity
of contraction)  (length change or displacement)  (force
production) 

 2 
  1  (static contraction) 

  2  (dynamic contraction) 

 (muscle tone  tension) 
 2 

  1.  (isotonic contraction) 
 (varied muscle length)  (constant muscle tone)

  1.1  (shortening contraction
 concentric contraction) 
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   1.2  (lengthening contraction
 eccentric contraction) 

 7.22 
:  Austin Community College District, 2008)

2.  (isometric contraction)
 (constant muscle length)  (increased muscle tone) 

 ( ) 

 7.23 
:  Austin Community College District, 2008)

 (isokinetic contraction) 
 (constant velocity of shortening

or lengthening contraction) 
(isokinetic machine)  ( )
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 7.24 
 University of Central Lancashire, 2014)

 2  (mixed
contraction) 

 (length tension relationship)

 (twitch)  (latent period)
 2 

 1.  (contractile time) 

 2.  (relaxation time) 

 2 

 1.  (strength)
 2.  (speed)
 3.  (duration)
 4.  (weight)
 5.  (temperature)

 37o
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 7.25 
:  Austin Community College District, 2008)

 (summation of contractions)

 1.  (motor unit summation)

 (subthreshold stimulus) 
 (threshold

stimulus) 

 (maximum stimulus)  (motor
unit summation) 

 7.26  (twitch) 1  ( )  ( )
:  Austin Community College District, 2008)
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 7.27 :  Human Anatomy Library 99, 2016)

 2.  (contraction summation)

 (incomplete tetanus)  (complete tetanus) 
 (tetanus) 

 (fast twitch muscle)  (tetanus:twitch) 
2:1

 2  (two component model) .  (A.V. Hill) 
 2 

 1.  (contractile component, CC) 
 2.  (elastic component)  2 
  2.1  (serial elastic
component, SEC)  2 

  2.2  (parallel elastic
component, PEC) 
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 7.28 
:  Austin Community College District, 2008)

 7.29 
:  Austin Community College District, 2008)

 (calcium pulse) 
 (phasic

contraction) 

 (tonic contraction)
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 7.30  ( )  ( )
:  Berne  Levy, 1993)

 (inotropy  contractility) 
 3 

1.  (force-length relationship)

 (resting length)  (optimal length, LO)

 (passive tension)
 (active tension) 

 (total tension) 

 7.31  ( ) 
 ( ) 

 ( )
:  Human Anatomy Library 99, 2016)
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 7.32 
:  Austin Community College District, 2008)

 2. 

 (force-velocity
relationship) 

 (load0) 
 (maximal force, F0) 

 1.6 F0

 (myosin ATPase) 

 7.33  ( :  Troy, 2012)
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 7.34 
:  Borycki  Cambray-Deakin, 2011)

 7.35 
:  Troy, 2012)

 (energetics of muscle contraction)

 (power) 

 0.3 F0  45% 
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(isometric) 

 7.36 :  Axelodo, n.d.)

 5 
 (Lohman)

 (creatine phosphate) 
 (creatine kinase)  3-5 

 2-3 

 (oxidative phosphorylation) 

 (muscle fiber)
 1. 

 2 
  1) 
  2) 

 2  2 

 1)  (slow twitch fiber) 
 (ST fiber) 
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 2)  (fast twitch fiber) 
 (FT fiber) 

 7.37  ( :  Axelodo, n.d.))

 7.38 :  Magness, 2014)

 (1972)  3 

 1.  (slow, oxidative fiber)
 (SO fiber)

 2.  (fast,
oxidative, glycolytic fiber)  (FOG fiber) 
 3.  (fast,
glycolytic fiber)  (FG fiber)

 (1973)  1 (type
I)  2  2 
(Type II a  Type II b) 

 7.1 
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 7.1  3 

type I (red) typr IIA (red) type IIX (white)

  

 2. 

 2
 (fast glycolytic fiber) 

 2 
 2 

 2  2 
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 7.39  Gym Flow 100, 2012)

3.  (muscular fatigue and pain)

 (H+)

 (muscular pain) 
 (systolic

pressure) 
 (P factor) 
4.  (diseases of skeletal muscle)

 1)  (polymyositis) 
 2)  (dermatomyositis) 

 3)  (inclusion body myositis) 

 (muscular dystrophies) 
 (metabolic muscle disorders) 
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  4.1  (myasthenia gravis) 
 (neuromuscular junction disorder) 

 (autoimmune disease) 

 (anticholinesterase)  (neostigmine) 
 (prednisolone) 

 7.40  vanat.cvm.umn.edu)

  4.2  (motor neuron disorders) 
 (amyotrophic

lateral sclerosis, ALS  (Lou Gehrig's disease)) 

  4.3  (muscle atrophy) 

  
 (myoblast) 

 (Duchenne muscle dystrophy) 

  

  4.4  (cramps)  (tetanic contraction) 

 (hypoosmolarity) 
 (hypokalemic tetany) 

 (electromyography -EMG)
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 1.  (nerve injury)  (nerve entrapment)

 (nerve root)  (plexus)  (nerve)
 2.  (peripheral nerve diseases) 

 3.  (nerve root compression) 
 (herniated disc) 

(spondylosis)
 4.  (anterior horn cell) 
 5.  (neuromuscular junction) 

 6. 
(inflammatory myopathy)  (endocrine and metabolic
myopathy)  (congenital myopathy) 

 1. 
 2. 
 3. 
 4. 

 1.  (nerve conduction study) 
 (nerve conduction

velocity, NCV) 
(sensory/ motor action potential)  (demyelination) 

 (axonal degeneration) h

 (latency) 

 1 
 2.  (needle EMG) 

 (spontaneous activity) 
 (voluntary motor unit potential) 

 1.  (neuromuscular junction disorder) 
 (Lambert-Eaton myasthenic syndrome, LEMS)

 2.  (myopathy)
 3.  (polyneuropathy)
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 4.  (motor neuron disease)  ALS
 5.  (brachial plexopathy)

1. 
 a. ectomysium     b. endomysium
 c. epimysium     d. perimysium
2.  (myofiber)
 a. 
 b. 
 c. 
 d.  1 
3. 
 a. 
 b.  (filament) 
 c. 
 d. 
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4.  1 
 a.       b.  
 c.        d.  
5.  2 
 a.        b.  
 c.      d. 
6. 
  a. 
 b. 
 c.  2 
 d. 
7.  (troponin)
 a.  (globular protein) 
 b.  TN-I 
 c.  -  TN-C 
 d.  -  TN-T 
8. 
 a. 
 b.  500 
 c.  (heavy chain) 4  (light chain) 2 
 d.  (globular heads) 2 
9. 
 a.  -90 mV
 b.  1-5 
 c.  1/3 
 d. 

 1. 
 2. 
 3. 
 4. 
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 5. 
10.  excitation-contraction coupling, EC coupling
 a. 1-2-3-4-5     b. 2-4-5-3-1
 c. 5-1-3-2-4     d. 4-3-5-1-2
11. 
 a. 
 b. : RyRs
 c. : DHP 

 d.  foot protein  SR end feet 
+

12. 
 a. 
 b. 
 c. 

 d. 

13.  (type of contraction) 
 a. 
 b. 
 c. 
 d. 
14. 

 (contraction summation)
 a.

 b.

 c.

 d.
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15. 
 a. 

 b. 

 c. 

 d.  2 
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