Biology 2011: Human Anatomy and Physiology
Lab Guide 6: The Muscular System 

Objectives:
1. Name and locate the major muscles of the human body and state the action of each. 

2. Explain how muscle actions are related to their location. 

3. Name muscle origins and insertions as required by the instructor. 

4. Identify antagonists of the major prime movers. 

This handout describes histology, muscles, muscle origins & insertions, and muscle actions you will be expected to know for the final lab practical. You will use this guide to direct your study of the anatomy of the muscular system for the remainder of the semester. Next week you will print out lab guide 7 which covers muscle physiology. 

Exercise 14: Microscopic Anatomy and Organization of Skeletal Muscle, pp. 187-192. 

The Cells of Skeletal Muscle 

In addition to reviewing histology slides of skeletal muscle and studying micrographs, relate the striations you observe to the illustration of the anatomy of a skeletal muscle fiber (Figure 14.1, pp. 188) in your lab manual.  It is important to understand that it is the regular, repeated pattern of myofilaments (actin and myosin) arrangement into sarcomeres within myofibrils, the contractile organelles of muscle cells, which give skeletal and cardiac muscle their striated appearance. 
Activity 1: Examining Skeletal Muscle Cell Anatomy 

Skip 

Organization of skeletal muscle cells into muscles (Fig. 14.4, p. 191) 

Each skeletal muscle cell is wrapped in a delicate connective tissue membrane called the endomysium.  Individual cells are then packaged into bundles called fascicles (fasciculi) by a connective tissue wrapping called the perimysium.  All of the fascicles of a muscle are gathered together within that muscle by a connective tissue wrapping called the epimysium.  Each of these layers merges imperceptibly into the next, giving rise to the tendons and aponeuroses that attach the muscle to the skeleton.
Activity 2: Observing the Histological Structure of Skeletal Muscle Tissue 

Skeletal (Striated) Muscle, Slide # 21.  

Observe a slide of skeletal muscle. Refer to Figure 14.1, p. 188, and 14.4 p. 191, to assist you in your study. .  Your lab instructor will project examples of long versus cross-sectioned skeletal muscle for the whole class to view during lab.  Not all of the slides have cross-sectioned skeletal muscle so you may have to search a few slide boxes during open lab to obtain a slide that does.  You will not be expected to identify c.s. skeletal muscle on the lab practical.
Activity 3: Studying the structure of a neuromuscular junction 

We do not have a model of the neuromuscular junction, but see Figures 14.5 and 14.6, pp. 191 and 192, in your lab manual to understand this important structure.

Review of Muscle Tissue Ultrastructure (Histology) & Chemistry 
Skeletal Muscle Section Slide (slide 21): muscle fibers, striations, nuclei.  Compare to Figure 14.3, p. 190, in your lab manual. 

Cardiac Muscle Slide (slide 22): muscle cells, striations, intercalated discs, nuclei.  Compare to Figure 30.7, p. 449, in your lab manual. 

Smooth Muscle Slide (slide 23): this slide illustrates individual smooth muscle cells, not intact smooth muscle tissues as illustrated in  Figure 6a.7, p. 84, in your lab manual. Learn also to identify the smooth muscle tissue layer(s) associated with other tissues present on other slides within the internal organs we examine throughout the Human Anatomy and Physiology Laboratories.  
See Figure 4.10, pp. 136-137, in your text (Marieb) for additional examples and explanations. 

Electron Micrographs 

Observe the electron micrographs posted in the lab and learn to recognize the following structures: 

Skeletal Muscle: Sarcomere, I-band, A-band, Z-line (Z-disc) 

Cardiac Muscle: Sarcomere, I-band, A-band, Z-line, intercalated disc 

See Figure 9.3, p. 285, and Figure 9.6, p. 284, in Marieb for examples and explanations. 

Classification of Skeletal Muscles 
Muscles usually produce a given movement by working in groups called “functional groups.”  Individual muscles may play any of these roles, depending on which action is being performed.  All musculoskeletal movements are the result of the actions of muscles belonging to one or more of the following functional groups: 

prime mover (agonist): the muscle primarily responsible for the movement at a particular joint
antagonist:  the muscle(s) that oppose (or reverse) the movement caused by the prime mover. 

synergist:  the muscle(s) that assist the prime mover 

fixator: the muscle(s) that stabilize or immobilize the origin of the prime mover

Naming Skeletal Muscles 

Skeletal muscles are named on the basis of the (1) direction/orientation of muscle fibers, (2) relative size of muscle, (3) location of muscle, (4) number of origins, (5) origin and insertion of the muscle, (6) shape, and (7) action. 

Understanding how the above characteristics of muscles are used in naming them can greatly facilitate your ability to identify muscles on models, charts, and human bodies.

Exercise 15: Gross Anatomy of the Muscular System,  pp. 197-226 
Students should be able to identify the muscles listed here when viewed on charts and computer screens. Students should be able to identify the muscles on the torso models, and the upper and lower appendage models, that are identified in bold typeface on the model keys. Students should also know the prime movement of all the muscles in bold typeface on these keys. Some instructors may require students to know the corresponding muscles in the cat.  Figures 15.2 and 15.3, on pp. 200-201, in the lab manual illustrate the superficial muscles of the human body.  

The following tables list the muscles you need to learn by body regions. These tables correspond to those in the lab manual, but we have eliminated the muscles you are not responsible for on the lab practical.  Each table references the appropriate figure (s) in the lab manual to help you learn the muscles.  Dividing the muscles into small groups and subgroups by body regions makes it easier to learn them. For each of the muscle groups listed below there are illustrations and summary tables in both the lab manual and textbook. The lab manual also contains many good exercises that can help you learn the material. Perform each of the activities below as described in the lab manual, but only for the muscles listed below. 

See the following web resource for additional coverage of muscles: http://ha.mtroyal.ab.ca/toc.htm  

Activity 1: Identifying Head and Neck Muscles 

Major Muscles of the Human Head 

	Muscles of Facial Expression (Figure 15.4a, p. 203)

	Epicranius (Frontalis + Occipitalis connected by galea aponeurotica)
	Risorius
	Orbicularis oris

	Orbicularis oculi
	Zygomaticus major
	Buccinator


 

	Muscles of Mastication (Figure 15.4c, d, p. 204)

	Masseter
	Temporalis
	Buccinator


   

	Anterolateral Muscles of the Human Neck (Figure 15.5a, b, c, pp. 205-206)

	Platysma
	Sternocleidomastoid
	Scalenes


Activity 2: Identifying Muscles of the Trunk 

Anterior Muscles of the Human Thorax, Shoulder and Abdominal Wall 

	Thorax and Shoulder Muscles (superficial) (Figure 15.6, p. 207)

	Pectoralis major
	Deltoid
	Serratus anterior
	Pectoralis minor

	Thorax and Shoulder Muscles (deep) (Figure 15.7a, b)

	Intercostals (external & internal)
	Diaphragm


	Abdominal Wall Muscles (Figure 15.8, p. 209)

	Rectus abdominis 
	External oblique
	Internal oblique
	Transversus abdominis


Posterior Muscles of the Human Trunk 

	Muscles of the Neck, Shoulder and Thorax (Figure 15.9a, p. 211)

	Trapezius
	Teres minor
	Levator scapulae

	Latissimus dorsi
	Teres major
	Rhomboideus major

	Infraspinatus
	Supraspinatus
	Rhomboideus minor


  

Muscles Associated with the Vertebral Column 

Note:  These muscles are not visible on our lab’s muscle models.  They are a very complex set of muscles.  Basically, the spinalis group inserts on the spine, and the longissimus group inserts on the ribs; the exception for both sets of muscles being the capitis muscles, both sets of which insert on the mastoid process of the temporal. The splenius also originates on the spine and inserts on the mastoid process.  The quadratus lumborum forms most of the lower posterior body wall.  These muscles maintain erect posture and cause movements of the vertebral column such as bending and twisting the trunk. 

Semispinalis (capitis, cervicis, and thoracis) 

Erector spinae (iliocostalis, logissimus (capitis, cervicis, and thoracis), and spinalis) 

Splenius 

Quadratus lumborum 

Activity 3: Demonstrating Operation of Trunk Muscles 

Perform as described in your lab manual. 

Activity 4: Identifying Muscles of the Upper Limb 

	Muscles of the Humerus that Act on the Forearm (Figure 15.10a, b, p. 214)

	Triceps brachii
	Anconeus
	Biceps brachii
	Brachialis
	Brachioradialis


Muscles of the Human Forearm that Act on the Hand and Fingers (note: most of these also originate on the humerus, at least in part.) 

	Anterior Compartment (mostly "flexors") (Figure 15.11a, b, c, p. 215)

	Pronator teres
	Flexor carpi radialis
	Palmaris longus

	Flexor carpi ulnaris
	Flexor digitorum superficialis
	

	Posterior Compartment (Figure 15.11d, e, f, p. 217)

	Extensor carpi radialis (longus & brevis)
	Extensor digitorum
	Extensor carpi ulnaris


  

Activity 5: Identifying Muscles of the Lower Limb 

Perform as described in your lab manual. 

Muscles Acting on Human Thigh and Leg, Anterior and Medial Aspects (Figure 15.12, p. 219)
	Origin on the Pelvis

	Iliopsoas
	Sartorius

	Medial Compartment

	Adductor magnus
	Adductor longus
	Adductor brevis

	Pectineus
	Gracilis
	 

	Anterior Compartment

	Quadriceps femoris (note: these muscles also act on the tibia & fibula, i.e., leg) 

    Rectus femoris 

    Vastus lateralis 

    Vastus medialis 

    Vastus intermedius 

 
	Tensor fasciae latae


  

Muscles Acting on Human Thigh and Leg, Posterior Aspect (Figure 15.13, p. 221)
	Origin on the Pelvis

	Gluteus maximus
	Gluteus medius

	Posterior Compartment (collectively called hamstrings)

	Biceps femoris
	Semitendinosus
	Semimembranosus


Muscles Acting on the Human Foot and Ankle (Figure 15.14, p. 223, and 15.15, p. 225-226)
	Lateral Compartment
	Anterior Compartment
	Posterior Compartment

	Fibularis (longus & brevis) 
(=Peroneus )
	Tibialis anterior 

Extensor digitorum longus 
	Triceps Surae ("calf" muscle) 

    Gastrocnemius 

    Soleus 


  

Activity 6: Palpating Muscles of the Hip and Lower Limb 

Perform as described in your lab manual. 

Activity 7: Review of Human Musculature (Video) 

Skip; we do not have this video. 

Activity 8: Making a muscle painting
While we will not do this as a formal activity in lab, you are welcome to do this on your own time.

Exercise 16B -- Skeletal Muscle Physiology: Computer Simulation, pp. PEx.-23-PEx-32.
This PhysioEx simulation will help you have a better understanding of the Muscle Physiology lab you will perform in the next laboratory session.  For activities 3 and 6 below, attach the printout of the data table from your simulation results to your lab report. 

Activity 1. Practice Generating a Tracing
Do this as described on page PEx-24 in your lab manual just to learn your way around the PhysioEx program.
Activity 2. Determining the Latent Period 

 Perform this activity as described on page PEx-26 in your lab manual. 

Discussion 

When a single, brief stimulus is applied to a muscle fiber, either naturally in the form of a nerve impulse, or artificially in the form of an electrical stimulus, a type of muscle contraction called a twitch contraction occurs. This is the type of muscle contraction is also observed in Activity 3 and in Activity 4 on the part of the graph prior to the onset of tetanus (i.e., prior to temporal summation). 

The PhysioEx software you use to obtain this graph is set up to begin the graph at the instant the stimulus is applied by the stimulator. Notice that for a small interval of time no increase in tension occurs.  This time interval is the latent period.  It exists because of all the things that must happen for the stimulus to reach the muscle and cause the myofilaments in the muscle fibers to begin sliding (i.e., all the events of excitation-contraction coupling).  

Consider what happens when the nerve is stimulated (see Figure 9.10, p. 288 in Marieb):  

· an action potential (nerve impulse) travels to the axon terminal 

· voltage-gated calcium channels in the axon terminal open and allow calcium ions to flow into the end bulb 

· these calcium ions cause synaptic vesicles to fuse with the neurolemma and discharge their neurotransmitter (acetylcholine) into the synaptic cleft 

· the neurotransmitter molecules diffuse across the synaptic cleft and bind to receptors on the motor end plate of the muscle fiber 

· this neurotransmitter binding causes ligand-gated sodium ion (Na+) channels in the motor end plate to open 

· sodium ions diffuse into the muscle fiber sarcoplasm, this sodium flow opening voltage-gated Na+ channels causing an action potential (wave of depolarization) to spread over the entire surface of the muscle fiber and down into the T-tubules 

· this T-tubule membrane depolarization causes voltage-gated calcium channels in the sarcoplasmic reticulum to open and release calcium ions (Ca2+) into the sarcoplasm 

· the calcium ions bind with troponin on the thin filaments causing tropomyosin to move away from the myosin binding sites of actin 

· then myosin heads bind to the actin filaments causing the myofilaments to slide past each other (actins slide towards the center of the sarcomere bringing the Z lines closer together) 

Even at this point, actual shortening does not occur until the slack is removed from the series elastic elements of the muscle fibers and muscle.

Once actual shortening does begin, tension increases on the graph. The time interval during which muscle shortening is occurring is called the contraction period of the twitch. As soon as calcium ions are removed from the sarcoplasm, tropomyosin moves back into the blocking position over the myosin binding sites of the actin filaments. Since myosin can no longer bind to and slide the actin toward the center of the sarcomere, this causes the muscle fibers to relax and the tension returns to zero. This part of the graph is called the relaxation period of the twitch. 

Activity 3.  Investigating Graded Muscle Response to Increased Stimulus Intensity, PEx-26
Note:  This phenomenon is also referred to as Multiple Motor Unit Recruitment (MMUR) 

Perform this simulation as described in your lab manual.  
Print the data table you record for this simulation and attach it to your lab report. 

Discussion 

Muscles are made up of functional units called motor units. Each motor unit consists of a motor neuron and all the muscle fibers it branches to, and communicates with, via neuromuscular junctions. When any motor neuron is stimulated (sends a nerve impulse), all the muscle fibers it communicates with (i.e., all the muscle fibers in the motor unit) will contract with all the force they can generate or they will not contract at all (all or none principle). In a given muscle there are many motor units. The motor units vary in their excitability. Some motor units can be excited by a weak stimulus while others require a strong stimulus. 

At the lowest stimulus strength that results in some contraction (i.e., threshold), only a few motor units are stimulated. By increasing the strength of stimulus, i.e., voltage, an increased number of motor units can be "recruited" to increase contraction force, and greater tension (muscle contraction) is recorded on the graph. The strength of the contraction is the sum of the forces exerted by all the motor units that are excited at a given time. So this experiment demonstrates the phenomenon called multiple motor unit summation (MMUR) (or recruitment).   

Activity 4. Investigating Treppe.  Skip 

Activity 5. Investigating Wave Summation PEx-27, 28
Note:  This phenomenon is also referred to as Temporal Summation

In this activity, first stimulate the muscle two times, but don’t perform the second stimulation until the muscle has completely relaxed after the first stimulus. Record your observation.  Then, try to stimulate the muscle two times again, but this time before the muscle has completely relaxed from the first stimulus.  Record your observation. 

Activity 6. Investigating Fusion Frequency/Tetanus PEx-28
Perform this simulation as described in your lab manual.  Record each simulated muscle contraction.  Print the data table you record for this simulation and attach it to your lab report.  

Discussion 

In this experiment the strength of stimulus is held constant and only the frequency of the stimulus is increased.  When the stimuli are applied at a frequency where the time interval between stimuli is longer than the time it takes for the muscle fibers to completely contract and relax, then no tetanus (no temporal summation) is observed. When the stimuli are applied at a frequency where the time interval between stimuli is shorter than the time it takes for the muscle fibers to completely relax, then partial (incomplete) tetanus is observed. If the stimuli are applied at a frequency where the time interval is shorter than the time it takes for the muscle fibers to even begin to relax, then fused (complete) tetanus is observed. Because the force of contraction seems to increase as though the individual contraction waves are adding each one upon the previous one, this experiment demonstrates a phenomenon called temporal summation (wave summation, incomplete and complete tetanus are all variations of temporal summation). 

Activity 7. Investigating Muscle Fatigue.  Skip

Activity 8. Investigating Isometric Contraction.  Skip
Activity 9. Investigating the Effect of Load on Skeletal Muscle.  Skip
Lab Report Assignment 

Answer the following questions using D2L.

Review Sheet Exercise 14, pp. 193-195 

Skeletal Muscle Cells and Their Packaging into Muscles: #1, #5
The Neuromuscular Junction #8

Review Sheet Exercise 15, pp. 227-234
Muscles of the Head and Neck: # 3 

Muscles of the Trunk #5
Exercise 16B:  Attach Data Tables from Activity 3, Investigating Graded Muscle Response to Increased Stimulus Intensity, and Activity 6, Investigating Fusion Frequency/Tetanus The questions in this exercise will not be answered using D2L; instead, answer the following questions on the first data table printout:
1. What was the threshold stimulus strength?

2. What happens in the muscle when the threshold stimulus is applied?

3. List the sequence of events that occur in the muscle fiber during the latent period?

4. Why does the muscle force increase as voltage stimulus is increased?

5.  At what stimulus frequency does complete tetanus occur?
6.  What term is used to describe this frequency?

7. What would be the effect of using a submaximal stimulus during the wave summation simulation?
Suggested Exercises (not to be turned in, but recommended as useful study material)
Review Sheet Exercise 14, pp. 194: Skeletal Muscle Cells and Their Packaging into Muscles: # 6 

Review Sheet Exercise 15, p. 227: Classification of Skeletal Muscles: #1, 2 
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