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April 13 April 14 April 15 April 16 April 17 

Standard: A-4.1: Identify the 
macro- and microscopic 
structures of the integumentary 
system. 
 
Learning Tasks:  
 
Read Epidermis Layers Text and 
make an acronym. 

Standard: A-4.3: Describe the 
disorders associated with the 
integumentary system. 
 
Learning Tasks:  
 
Read and Complete 
Integumentary System Repairing 
Injuries and Disorders of Keratin 
then answer questions 1-5 

Standard: A-4.3: Describe the 
disorders associated with the 
integumentary system. 
 
Learning Tasks:  
 
Read and Complete 
Integumentary System Acne and 
Acne Treatments then answer 
questions 6-9 

Standard: A-4.3: Describe the 
disorders associated with the 
integumentary system. 
 
Learning Tasks:  
 
Read and Complete 
Integumentary System 
Recognizing and types of Burns 
then answer questions 10-14 

Standard: A-4.3: Describe the 
disorders associated with the 
integumentary system. 
 
Learning Tasks:  
 
Read and Complete 
Integumentary  and 
answer questions 19-23 

Extension Activities 
Integumentary Playlist Video 1 

Extension Activities 
Integumentary Playlist Video 2 

Extension Activities 
 

Extension Activities 
 

Extension Activities 
 

April 20 April 21 April 22 April 23 April 24 

Standard:  A-4.3: Describe the 
disorders associated with the 
integumentary system. 
 
 
 
Learning Tasks:  
 
Read and Complete 
Integumentary System Age Spots, 
Freckles, and Moles then answer 
questions 24-34 

Standard: A-4.2: Discuss the 
physiological mechanisms of 
the skin and how these 
mechanisms maintain 
homeostasis. 
 
Learning Tasks:  
 
Read and Complete 
Integumentary Tattoos then 
answer questions 35-37 

Standard: A-4.3: Describe the 
disorders associated with the 
integumentary system. 
 
 
 
Learning Tasks:  

leaders work to end perception 
 

(NewsEla) and answer question.  
 

Standard: A-6.1: Identify the 
macro- and microscopic 
structures of the muscular 
system. 
 
 
Learning Tasks:  
Read the article "Muscle Tissue is 

  
Write summary of the article. 
Make sure you include the 
different types and a brief 
description of each. 

Standard: A-6.1: Identify the 
macro- and microscopic 
structures of the muscular 
system. 
 
 
Learning Tasks:  
Read the notes on the muscle 
system  
 
Do questions section 9.4. 1-5 
 

Extension Activities 
 

Extension Activities 
Integumentary Playlist Video 3 

Extension Activities Extension Activities 
Watch Anatomy Muscles Playlist 

Extension Activities 

Anatomy Distance Learning Packet 
 

    

 

 
 
Playlists: 

Integumentary System https://www.youtube.com/playlist?list=PL2E5mFIVmrSsrc7wCB9C-hatSBSogBKat 

Muscles https://www.youtube.com/playlist?list=PL2E5mFIVmrSsNQf0P-uvP7ap6X3gzi5HJ  

 

Quizlet: 

Filament Theory https://quizlet.com/16061526/sliding-filament-theory-steps-flash-cards/  

 

April 27 April 28 April 29 April 30 May 1 

Standard: A-6.1: Identify the 
macro- and microscopic structures 
of the muscular system. 
 
 
Learning Tasks:  
Read the muscle system notes. 
 
Do Questions 9.5 6-10 

Standard: A-6.2: Discuss the 
physiological mechanisms of the 
muscular system and how these 
mechanisms maintain 
homeostasis. 
 
Learning Tasks:  
Explain the steps in the sliding 
filament theory.  
 
Make Flash cards Or use Quizlet 
and practice. 

Standard: A-6.2: Discuss the 
physiological mechanisms of the 
muscular system and how these 
mechanisms maintain 
homeostasis. 
 
Learning Tasks:  
Read page 318 (At the Clinic)  
 
Do 9.5 Clinical Questions 1-8 
 
  
 

Standard: A-6.2: Discuss the 
physiological mechanisms of the 
muscular system and how these 
mechanisms maintain 
homeostasis. 
 
Learning Tasks:  
Read pages 319 and 320.  
 
In a paragraph Explain the 
relationship between a prime 
mover and an antagonist. 
 

Standard: A-6.3: Describe the 
disorders associated with the 
muscular system. 
 
 
Learning Tasks:  
Read pages 312-315  
 
write an essay that explains DMD. 
 
 
 
  
 

Extension Activities Extension Activities 
 

Extension Activities 
 
 

Extension Activities 
 
 

Extension Activities 
 
 



 
The epidermis is divided into five layers. From outside to inside (dermis). The stem cells are 
located in the stratum basale and migrate outwards in their differentiation process 

1. Stratum corneum: The outmost layer, made of dead keratinocytes with a layer of protein 
around them (they have undergone keratinization) 

2. Stratum lucidum: Also dead keratinocytes (there is no real distinction here other than that the 
poor keratinocytes have died but have not finished the keratinization process) 

3. Stratum granulosum: the keratinocytes are still on the move, by this point they have 
kertahyalin granules 

4. Stratum spinosum: the keratinocytes migrating up, they have nice oval nuclei 
5. Stratum basale: Single layer of proliferating columnar 

keratinocytes, melanocytes (pigmented cells) and Merkel cells (mechanoreceptors) also live 
here 

Of note, Langerhans cells, which are specialized antigen-presenting cells are present in all 
layers of the epidermis but are mostly in the stratum spinosum. 

Dermis: This is the inner layer of the skin, and connects to the epidermis by a 
basement membrane and also protects the body from stress and strain. It consists of 
blood vessels, sweat glands and Meissner's Corpuscles, that are receptors for light, 
heat and touch. It consists of 3 types of tissues and 2 layers. The two regions that make 
the dermis are: 

 
Papillary 
layer 

This is made of loose areolar connective tissue. These tissues extend to the 
epidermis and give the projections of fingerprints on the skin. 

 
Reticular 
layer 

This is thicker than the papillary layer, that contains dense connective 
tissue, collagen and elastic fibers. This makes an important layer as it is 
made of blood vessels, hair follicles, sebaceous glands. It also consists of 
Pacinian corpuscles, which function as receptors for pressure and touch. 
This is the layer that gives the skin its elasticity, strength and resiliency. An 
interesting fact is that, what we know as stretch marks is due to the excess 
stretching that causes tearing of the dermis. The tattoos that are inked 
permanently are because of the ink injected in the dermis. 

Structure 

Dermal papillae (DP) refer to the small extensions, protruding from the dermis layer of 
the skin. These nipple-like elevations indent the epidermis layer. They emerge from the 
papillary layer, which is the uppermost layer of the dermis, hence the name. The dermal 
papillae formed, substantially increase the surface area of the dermis layer. 

Function 

Since dermal papillae lie in the dermo-epidermal junction, one of their functions is to 
keep the dermis and the epidermis layer well-connected. In simple words, dermal 
papillae help in strengthening the dermal-epidermal connectivity. This is extremely 
important since the epidermis has to depend on the dermis for blood circulation. 
 
The epidermis does not contain any blood vessels. The blood supply comes from 
dermal papillae that contain capillaries. So one can say that the epidermis gets its 
nourishment from the dermal papillae. Simply put, the flow of nutrients to the epidermis 
is possible due to the presence of these underlying projections. 
 
The dermal papillae also house the nerve endings that are also connected to the 
epidermis. These nerve endings can easily detect sense of touch, pressure as well as 
temperature variations that the epidermis is subjected to on a daily basis. This sensory 
information is eventually conveyed to the brain. This is how the nerve endings that are 
located in the dermal papillae make us responsive to mechanical stimuli. 
 
Dermal papillae also nourish the hair follicles, tiny sacs from where hair strands emerge 
and extend above the surface of the skin. They lie below the hair follicles and provide 
nutrition, which promotes hair growth. 

Dermal Papillae and Fingerprints 

Fingerprints that are unique to each person are also due to the presence of dermal 
papillae that are more noticeable in the fingertips, palms, and soles of the feet. As 
aforementioned, the dermal papillae extends upwards and strike the epidermis to form 
ridges (raised portion of the epidermis). 
 
These epidermis ridges present on the hand create a unique fingerprint pattern that is 
classified in 3 main types: arch, loop, and whorl. For instance, the arch fingerprint is a 
wave-like pattern formed by the ridges. Also referred to dermal ridges, they form a 
unique pattern on every individual, which helps in identification during crime 
investigation. 

On the whole, dermal papillae, the superficial extensions emerging from the dermis, 
play a crucial role in maintaining the epidermis layer. No wonder, it is often said that 
healthy functioning of dermal papillae is important to reap anti-aging benefits. 

n acronym to help 
you remember the order. For example: SCUBA : self-contained underwater breathing 
apparatus. 



Name: _________________________ 

 

 

 

 

 

 

 

 

 

 

 

 
 

Questions: 

1. List and describe the 4 stages of repairing injuries to the skin. 

 
 

2.What is scar tissue?. What does psoriasis look like?  

 

 

4. Where does it tend to occur on the body? 

 

 

5. What integumentary (skin) change(s) occur to cause psoriasis? 
In what layer of the integument does this happen? 



 
 

6. Which glands are involved in acne? 
 
 
 
 

7. What leads to acne occurring on the skin? 

 

 

 

8. Why is acne so much more common in teens? 

 
 
 
 

9. What is the anatomical difference that causes 
a blackhead versus a whitehead. (Note: the 
blackhead has a black color because the sebum is 
exposed to air.) 

 
 
 

 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

10. What layer(s) of the integument are damaged in 1st 
degree burns? 

 
 
 

11. What layer(s) of the integument are damaged in 2nd 
degree burns? 

 

12. What layer(s) of the integument are damaged in 3rd 
degree burns? 

 

13. What is the main visual difference between a 1st and 2nd 
degree burn? 

 

14. Why are 3rd degree burns often not as painful as 1st or 
2nd degree burns? 

 



 

 

 Tinea pedis 

fungi that invade the integumentary system. It is caused by a dermatophyte 
fungus (typically Tinea rubris), a skin fungus that penetrates and digests keratin in the stratum corneum layer of skin using keratinase 
enzymes. The technical name for athletes foot begins with , 

 is the Latin term for Risk factors include the use of communal pools and showers where the fungus can be passed 
between individuals who are barefoot. The wet, warm conditions around the feet that result from wearing tight, closed-toed shoes also 
help lead to an infection. 

 

15.  

 

16.What is a dermatophyte? 

 

17. What do they do? 

 

18. What are 2  

 

 

 

 

19. Of the skin cancer types 
listed above, which one is least 
deadly and WHY? 

 

20. Which is most deadly? 

 

21. Which type of skin cancer is 
most common? 

 

22. Where in the skin (what 
stratum layer or structure) does 
each skin cancer type arise? 

 

 

23. Define the ABCDE warning 
signs of melanoma. 

 

 

 

 

 

(travels to other parts of the body) 



Age Spots, Freckles, and Moles 

Age spots  also called liver spots  are flat tan, brown or black spots. They vary in size and 
usually appear on the face, hands, shoulders and arms  areas most exposed to the sun. Age 
spots are very common in adults older than age 50. But, younger people can get them too, 
especially if they spend a lot of time in the sun. Age spots are primarily caused by years of 
exposure to ultraviolet (UV) light from the sun. The use of commercial tanning lamps and tanning 
beds can also contribute to the development of age spots. On areas of the skin that have years of 
frequent and prolonged sun exposure, age spots appear when melanin becomes "clumped" or is 
produced in particularly high concentrations. Although age spots can look like cancerous growths, 
true age spots are harmless and don't need treatment. 

Freckles are yellowish or brown spots that represent areas of overactive melanocytes. How many 
freckles you have and their degree of pigmentation depend on sun exposure and heredity. 

A common mole (nevus; plural is nevi) is a growth on the skin that develops when melanocytes grow in 
clusters. Most adults have 10 - 40 common moles and they are usually found above the waist on areas 
exposed to the sun. They are seldom found on the scalp, breast, or buttocks. Although common moles 
may be present at birth, they usually appear later in childhood. Most people continue to develop new moles 
until about age 40. In older people, common moles tend to fade away. A common mole is usually smaller 
than about 5 millimeters wide (about 1/4 inch, the width of a pencil eraser). It is round or oval, has a 
smooth surface with a distinct edge, and is often dome-shaped. A common mole usually has an even color 
of pink, tan, or brown. People who have dark skin or hair tend to have darker moles than people with fair 

skin or blonde hair. Although possible, a common mole rarely turns into melanoma, which is the most serious type of skin cancer. 
Although common moles are not cancerous, people who have more than 50 common moles have an increased chance of developing 
melanoma. People should tell their doctor if they notice any of the following changes in a common mole: 

 The color changes 
 The mole gets unevenly smaller or bigger (unlike normal moles in children, which get evenly bigger) 
 The mole changes in shape, texture, or height 
 The skin on the surface becomes dry or scaly 
 The mole becomes hard or feels lumpy 
 It starts to itch 
 It bleeds or oozes 

Common Mole (Nevus) 

 Is it cancer? No. Common moles rarely become cancer. 
 How many people have common moles? Most American adults about 300 million people have common moles. 

 How big are they? Usually less than 5 millimeters wide, or about 1/4 inch (not as wide as a new pencil eraser). 
 What color are they? 

skin tone. The color is usually even throughout. 
 What shape are they? Usually round or oval. A common mole has a distinct edge that separates it from the rest of the skin. 
 What is the surface texture? Begins as a flat, smooth spot on the skin. May become raised and form a smooth bump 

Melanoma 

 Is it cancer? Yes. 
 How many people have melanoma? Melanoma is much less common than other kinds of skin cancer. But every year, about 2 

in 10,000 Americans more than 70,000 people develop melanoma. More than 800,000 Americans alive today have been 
diagnosed with melanoma. 

 How big are they? Usually wider than 6 millimeters (wider than a new pencil eraser). 
 What color are they? Usually uneven in color. May have shades of black, brown, and tan. May also have areas of white, gray, 

red, pink, or blue. 
 What shape are they? Often irregular and asymmetrical (the shape of one half does not match the other half). Edges may be 

ragged, notched, or blurred. May fade into the rest of the skin. 
 What is the surface texture? May break down and look scraped, become hard or lumpy, or ooze or bleed. 

Questions: 

24. What is a mole? 
 
 
25. How common are moles? 
 
 
26. When do you tend to get them? 
 
 
27. What is the typical size, shape, and color of a mole? 
 
 
28. Do moles typically develop into melanoma? 
 
 
29. What are 2 warning signs that a mole may have become 
cancerous? 

30. Describe 3 features that distinguish a mole from melanoma. 
 
 
31. Melanin is a dark pigmentation in skin. What do you think a 
melanocyte is? 
 
 
 
32. What causes a freckle? 
 
 
33. What is an age spot? 
 
 
34. What causes age spots? 



 

 

35. Should you be concerned if you develop an age 
spot? 

 

 

36. What layer of skin receives the dye of a tattoo? 

 

 

37. Why is a tattoo permanent? 
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Use attached reading passages (pgs. 161-162) to answer questions: 

 

1. Why do you think sebaceous glands (oil glands) are found everywhere except palms of hands 

and the soles of your feet?  

 

 

 

2. When is sebum increased in the body?  

 

3. When sebum accumulates and has contact with oxygen, what is created?  

 

April 21 





 

 

 

 

 





Anatomy & Physiology Muscular System  

Study Guide  

   

The Muscular System 

There are three types of  muscle tissue, all of  which share some common properties:  

excitability or responsiveness - muscle tissue can be stimulated by electrical, physical, or chemical means.  

contractility - the response of  muscle tissue to stimulation is contraction, or shortening.  

elasticity or recoil - muscles have elastic elements which cause them to recoil to their original size.  

stretchability or extensibility - muscles can also stretch and extend to a longer-than-resting length. 

The three types of  muscle: skeletal, cardiac, and smooth muscle.  

Skeletal muscle is found attached to the bones for movement. Its cells are long multi-nucleated cylinders. The cells 
may be many inches long but vary in diameter, averaging between 100 and 150 microns. Skeletal muscle cells are 
independent cells separated f rom one another by connective tissue and must each be stimulated by axons of  a neuron. 

All the cells innervated by branches f rom the same neuron will contract at the same time and are referred to as a 
motor unit. Motor units vary in size: large motor units with more than 100 cells are typical of  the slow acting postural 
muscles. Very small motor units with around 10 cells or so are typical of  fast acting muscles with very precise control 

such as those which move the eye. Most of  our muscles have a mixture of  motor units of  different sizes. Skeletal 
muscle is voluntary because the neurons which innervate it come f rom the somatic or voluntary branch of  the nervous 
system. That means you have willful control over your skeletal muscles. Skeletal muscles have distinct stripes or 

striations which identify them and are related to the organization of  protein filaments inside the cell.  

Cardiac muscle is the muscle found in the heart. It is composed of much shorter cells than skeletal muscle which 
branch to connect to one another. These connections are by means of  gap junctions called intercalated disks which 

allow an electrochemical impulse to pass to all the connected cells. This causes the cells to form a functional network 
called a syncytium in which the cells work as a unit. Faint striations indicate a similar, but not identical, arrangement 
of  myof ilaments in cardiac and skeletal muscle. Many cardiac muscle cells are myogenic which means that the 

impulse arises f rom the muscle, not f rom the nervous system. This causes the heart muscle and the heart itself  to beat 
with its own natural rhythm. But the autonomic nervous system controls the rate of  the heart and allows it to respond to 
stress and other demands. As such the heart is said to be involuntary. 

Smooth muscle is found in the body's internal organs and blood vessels. It is usually called smooth muscle because 
it has no striations and is therefore smooth in appearance. It is found as layers in the mucous membranes of  the 
respiratory and digestive systems. It is found as distinct bands in the walls of  blood vessels and as sphincter muscles. 

Single unit smooth muscle is also connected into a syncytium similar to cardiac muscle and is also partly myogenic. 
As such it causes continual rhythmic contractions in the stomach and intestine. There and in blood vessels smooth 
muscle also forms multiunit muscle which is stimulated by the autonomic nervous system. So smooth muscle is 

involuntary as well. 

Structure and function of  skeletal muscle.  

Skeletal muscles have a belly which contains the cells and which attaches by means of  tendons or aponeuroses to a 
bone or other tissue. An aponeurosis is a broad, f lat, tendinous attachment, usually along the edge of  a muscle. A 

muscle attaches to an origin and an insertion. The origin is the more f ixed attachment, the insertion is the more 
movable attachment. A muscle acts to shorten, pulling the insertion toward the origin. A muscle can only pull, it 

cannot push.  

Muscles usually come in pairs of  antagonistic muscles. The muscle performing the prime movement is the agonist, the 

opposite acting muscle is the antagonist. When the movement reverses, the names reverse. For example, in f lexing 
the elbow the biceps brachii is the agonist, the triceps brachii is the antagonist. When the movement changes to 

extension of  the elbow, the triceps becomes the agonist and the biceps the antagonist. An antagonist is never totally 
relaxed.  

The functional characteristics of  a skeletal muscle cell:  

The cell membrane is called the sarcolemma. This membrane is structured to receive and conduct stimuli. The 
sarcoplasm of  the cell is f illed with contractile myofibrils and this results in the nuclei and other organelles being 

relegated to the edge of  the cell.  

Myof ibrils are contractile units within the cell which consist of  a regular array of  protein myofilaments. Each 

myof ilament runs longitudinally with respect to the muscle f iber. There are two types: the thick bands and the thin 
bands. Thick bands are made of  multiple molecules of  a protein called myosin. The thin bands are made of  multiple 
molecules of  a protein called actin. The thin actin bands are attached to a Z-line or Z-disk of  an elastic protein called 

titin. The titin protein also extends into the myof ibril anchoring the other bands in position. From each Z-line to the next 

is a unit called the   

   

   The sarcomere is the smallest contractile unit in the myof ibril. Sarcomeres contract because the Z-lines move closer 
together. As the sarcomeres contract the myof ibrils contract. As the myof ibrils contract the muscle cell contracts. And 

as the cells contract the entire muscle contracts.  

The arrangement of  the thick myosin f ilaments across the myof ibrils and the cell causes them to ref ract light and 
produce a dark band known as the A Band. In between the A bands is a light area where there are no thick 
myof ilaments, only thin actin f ilaments. These are called the I Bands. The dark bands are the striations seen with the 

light microscope. 

The Sliding Filament mechanism of muscle contraction.  

When a muscle contracts the light I bands disappear and the dark A bands move closer together. This is due to the 
sliding of  the actin and myosin f ilaments against one another. The Z-lines pull together and the sarcomere shortens as 

above. 

The thick myosin bands are not single myosin proteins but are made of  multiple myosin molecules. Each myosin 
molecule is composed of  two parts: the globular "head" and the elongated "tail".  

It is the myosin heads which form crossbridges that attach to binding sites on the actin molecules and then swivel to 

bring the Z-lines together.  

Likewise the thin bands are not single actin molecules. Actin is composed of  globular proteins   arranged to form a 

double coil  which produces the thin f ilament. Each thin f ilament is wrapped by regulatory proteins. The regulatory 
proteins (called tropomyosin and troponin) block the active sites on the actin molecules preventing crossbridge 
formation. When excess calcium ions are released they bind to the protein complex causing the complex to move, 

releasing the blockage on the active sites. As soon as this happens the myosin heads bind to these active sites.  

Events in Muscle Contraction - the sequence of  events in crossbridge formation:  

1) In response to Ca+2 release into the sarcoplasm, the regulatory protein complex removes its block f rom actin, and 

the myosin heads immediately bind to active sites.  

2) The myosin heads then swivel, called the Working Stroke, pulling the Z-lines closer together and shortening the 

sarcomeres.  

3) ATP is taken up by the myosin heads as the crossbridges detach. If  ATP is unavailable at this point the 
crossbridges cannot detach and release. Such a condition occurs in rigor mortis , the tensing seen in muscles af ter 

death, and in extreme forms of  contracture in which muscle metabolism can no longer provide ATP.  

4) The energy f rom ATP is  transferred to the myosin heads as they cock and reset for the next stimulus.  



The Neuromuscular Junction    

Each muscle cell is stimulated by a motor neuron axon. The point where the axon terminal contacts the sarcolemma is 
at a synapse called the neuromuscular junction. The sarcolemma is polarized, in part due to the unequal distribution 

of  ions due to the Sodium/Potassium Pump.  

Sequence of  events in transmission of  an impulse across the neuromuscular junction:   

1) Impulse arrives at the axon terminus causing  Ca+2 to enter the axon.  

2) Ca+2 binds to acetylcholine (ACh) vesicles causing them to release the ACh into the synapse by exocytosis.   

3) ACH dif fuses across the synapse to bind to receptors on the sarcolemma. Binding of  ACh to the receptors opens 

chemically-gated ion channels causing Na+ to enter the cell producing depolarization.  

4) When threshold depolarization occurs, a new impulse (action potential) is produced that will move along the 

sarcolemma. (This occurs because voltage-gated ion channels open as a result of  the depolarization  

5) The sarcolemma repolarizes:  

a) K+ leaves cell (potassium channels open as sodium channels close) returning positive ions to the outside of  the 

sarcolemma. This causes the relative refractory period in which the muscle requires a greater than normal stimulus.  

b) Na+/K+ pump eventually restores resting ion distribution.  The  Na+/K+ pump is very slow compared to the movement 
of  ions through the ion gates. But a muscle can be stimulated thousands of  times before the ion distribution is 

substantially af fected.  

6) ACH broken down by ACH-E (a.k.a. ACHase, cholinesterase). This permits the receptors to respond to another 

stimulus.   

Insecticides and nerve gas are anti-cholinesterase toxins (cholinesterase inhibitors) and cause paralysis by leading to 
blockage of  receptors by ACh. The antidote to these toxins is atropine which blocks the ef fect of  ACh. Curare is an 
ACh competitor derived f rom plants, which has been used to relax muscles. Originally discovered because certain 

Indian tribes in South America tipped their arrows with it to kill game (it paralyzes the respiratory muscles), its use has 
given way to synthetic derivatives which are more controllable.   

Stimulus-Contraction Coupling: The action potential and release of  calcium.   

The action potential is a self-propagated, all-or-none movement of depolarization along the membrane.  All-or-
none means that there are not dif ferent size action potentials. You either have one or you don't. As the action potential 
passes along the sarcolemma it causes release of  Na+ into the cell by voltage-regulated ion gates, just as the 
chemically-regulated gates do when stimulated by ACH. Then K+ gates open to repolarize that section of  the 

membrane. This cycle happens at each location along the sarcolemma to propagate the action potential. As the action 
potential passes along the sarcolemma it enters the T-tubules which occur at each Z-line. The T-tubules are 
membranes which run across the cell (T for transverse) connecting to the sarcolemma. The T-tubules allow the action 

potential to continue into the cell interior. At points along the T tubules they attach to the sarcoplasmic reticulum 
(SR), a system of  membrane channels inside the sarcoplasm. When the action potential moves along the T tubules it 
causes the sarcoplasmic reticulum to release Ca+2. This causes the sliding of  f ilaments as outlined above.  

Excitation-Contraction Coupling: Summary of  Events.  

1) The impulse (action potential) travels along the sarcolemma. At each point the voltaged -gated Na+ channels open to 

cause depolarization, and then the K+ channels open to produce repolarization.  

2) The impulse enters the cell through the T-tublules, located at each Z-disk, and reach the sarcoplasmic reticulum 

(SR), stimulating it. 

3) The SR releases Ca+2 into the sarcoplasm, triggering the muscle contraction as previously discussed.   

4) Ca+2 is pumped out of  the sarcoplasm by the SR and another stimulus will be required to continue the muscle 
contraction. 

Graded Contractions  

The muscle twitch is a single response to a single stimulus.  Muscle twitches vary in length according to the type of  
muscle cells involved. . Fast twitch muscles such as those which move the eyeball have twitches which reach 
maximum contraction in 3 to 5 ms (milliseconds). See [superior eye] and [lateral eye] These muscles were mentioned 

earlier as also having small numbers of  cells in their motor units for precise control. The cells in slow twitch muscles 
like the postural muscles (e.g. back muscles, soleus) have twitches which reach maximum tension in 40 ms  or so. The 
muscles which exhibit most of  our body movements have intermediate twitch lengths of  10 to 20 ms. These three 

types also represents dif ferent metabolic patterns as will be discussed later.  

In a diagram of  the muscle twitch can be seen the latent period, the period of  a few ms encompassing the chemical 
and physical events preceding actual contraction. [This is not the same as the refractory periods, the very brief  (a 
couple of  miliseconds) period when the sarcolemma cannot respod to a stimulus, or requires a greater than normal 

stimulus.]  

Following the latent period is the contraction phase in which the shortening of  the sarcomeres and cells occurs. Then 
comes the relaxation phase, a longer period because it is passive, the result of  recoil due to the series elastic elements 

of  the muscle.  

We do not use the muscle twitch as part of  our normal muscle responses. Instead we use graded contractions, 

contractions of  whole muscles which can vary in terms of  their strength and degree of  contraction. In fact, even relaxed 

muscles are constantly being stimulated to produce muscle tone, the minimal graded contraction possible.  

Muscles exhibit controlled graded contractions in two ways:  

1) Quantal Summation or Recruitment - this refers to increasing the number of  cells contracting. This is done 
experimentally by increasing the voltage used to stimulate a muscle, thus reaching the thresholds of  more and more 

cells. (See Quantal Summation). In the human body quantal summation is accomplished by the nervous system, 

stimulating increasing numbers of  cells or motor units to increase the force of  contraction.  

2) Wave Summation (a.k.a. f requency summation) and - this results f rom stimulating a muscle cell before it has 
relaxed f rom a previous stimulus. This is possible because the contraction and relaxation phases are much longer than 

the ref ractory period. This causes the contractions to build on one another producing a wave pattern or, if  the stimuli 
are high f requency, a sustained contraction called tetany or tetanus. (The term tetanus is also used for an illness 
caused by a bacterial toxin which causes contracture of  the skeletal muscles.) The form of  tetanus seen in muscle 

summation is perfectly normal and in fact is the way you maintain a normal sustained contraction.  

There is also treppe,  a warmup phenomenon in which when muscle cells are initially stimulated when cold, they will 
exhibit gradually increasing responses until they have warmed up. The phenomenon is due to the increasing ef f iciency 
of  the ion gates as they are repeatedly stimulated. But treppe cannot be controlled so it is not a way to produce graded 

contractions.  

Length-Tension Relationship:  

This relationship expresses the characteristic that within about 10% the resting length of  the muscle, the tension the 
muscle exerts is maximum. At lengths above or below this optimum length the tension decreases. In practical terms a 
muscle will be its strongest at midpoint in its extensibility. So to achieve the greatest force when lif ting, etc., maintain 

the muscle as near as possible to its resting length, which is about halfway between maximum shortening and 

maximum length of  the muscle.  

Muscle Metabolism [See Muscle Metabolism chart]  



Muscle cells, like all others, use ATP as their energy currency. (See Figure). But some muscle cells must exhibit 
activity levels in which they cannot make ATP as fast as it is consumed. So muscle cells have several mechanisms to 

provide the ATP they need.  

 Creatine Phosphate - this is the use of  immediately available ATP. This is not f rom stored ATP itself , muscle 
cells can store only very limited amounts. It is f rom energy stored as the related molecule CP, creatine phosphate. 
Creatine phosphate can be stored and is made f rom ATP during periods of  rest. Then during periods of  high activity 

CP is broken down quickly and its energy converted to ATP. But this source of  ATP can only supply a cell for 8 to 10 
seconds during the most strenuous exercise. Creatine released during muscle activity shows up in the urine as 
creatinine, a combination of  two creatine molecules. Training can increase the amount of  creatine phosphate stored, 

but this alone does not increase the strength of  a muscle, just the length of  time before it runs out of  CP, and that by 
only a few seconds. See [Facts About Performance Boosters] 

Anaerobic glycolysis - Glycolysis is the initial way of  utilizing glucose in all cells, and is used exclusively by certain 

cells to provide ATP when insuf f icient oxygen is available for aerobic metabolism. Glycolysis doesn't produce much 
ATP in comparison to aerobic metabolism, but it has the advantage that it doesn't require oxygen. In addition, 
glycolysis occurs in the cytoplasm, not the mitochondria. So it is used by cells which are responsible for quick bursts of  

speed or strength. Like most chemical reactions, glycolysis s lows down as its product, pyruvic acid, builds up. In order 
to extend glycolysis the pyruvic acid is converted to lactic acid in a process known as fermentation. Lactic acid itself  
eventually builds up, slowing metabolism and contributing to muscle fatigue.  

Ultimately the lactic acid must be reconverted to pyruvic acid and metabolized aerobically, either in the muscle cell 
itself , or in the liver. The oxygen which is "borrowed" by anaerobic glycolysis is called oxygen debt and must be paid 
back. Oxygen debt is partly oxygen reserves in the lungs, tissues, and myoglobin in the lungs, but mostly it is the 

amount of  oxygen which will be required to metabolize the lactic acid produced.  

Strength training increases the myof ilaments in muscle cells and therefore the number of  crossbridge attachments 

which can form. Training does not increase the number of muscle cells in any real way. (Sometimes a cell will tear 
and split resulting in two cells when healed). Lactic acid removal by the cardiovascular system improves with training 
which increases the anaerobic capacity. Even so, the glycolysis-lactic acid system can produce ATP for active 

muscle cells for only about a minute and a half .  

Aerobic metabolism - ultimately, the product of  glycolysis, pyruvic acid, must be metabolized aerobically. Aerobic 
metabolism is performed exclusively in the mitochondria. Pyruvic acid is converted to a molecule called an acetyl group 

and put into a pathway known as the Krebs Cycle. Energy is released in the form of  ATP and, especially, as high 
energy electrons. These high energy electrons are sent to a process within the mitochondria known as the electron 
transport system which produces the vast majority of  the ATP. The waste products of  aerobic metabol ism are CO2 and 

H2O. The reactant other than glucose is O2. Aerobic metabolism is used for endurance activities and has the distinct 
advantage that it can go on for hours. Aerobic training increases the length of  endurance activities by increasing the 
number of  mitochondria in the muscle cells, increasing the availability of  enzymes, increasing the number of  blood 

vessels, and increasing the amount of  an oxygen-storing molecule called myoglobin. 

The types of  muscle cells.  

Dif ferent types of  cells perform the dif fering functions of endurance activities and speed- strength activities. There are 
three types, red, white, and intermediate. The main dif ferences can be exemplif ied by looking at red and white f ibers 

and remembering that intermediate f ibers have properties of  the other two. 

White Fibers  

Fast twitch  

Large diameter, used for speed and strength.  

Depends on the phosphagen system and on glycolysis-

lactic acid.  

Stores glycogen for conversion to glucose.  

Red Fibers  

Slow twitch  

Small diameter, used for endurance.  

Depends on aerobic metabolism.  

Utilize fats as well as glucose.  

Fewer blood vessels.  

Little or no myoglobin. 

Little glycogen storage.  

Many blood vessels and much myoglobin give this muscle 
its reddish appearance.  

Intermediate Fibers: sometimes called "fast twitch red", these f ibers have faster action but rely more on aerobic 
metabolism and have more endurance. Most muscles are mixtures of  the dif ferent types. Muscle f iber types and their 
relative abundance cannot be varied by training, although there is some evidence that prior to maturation of  the 

muscular system the emphasis on certain activities can inf luence their development.  
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