Muscle Function Lab


Objectives:
After completing this lab, students should be able to:
· Describe how muscles move the body.
· Define and apply an understanding of origin and insertion of muscles
· Create a muscle on a skeleton that will perform a given action.
· Define antagonist, agonist, prime mover and synergist
· Identify muscle pairs that are antagonists.
· Name the action of a muscle if given the origin and insertion.
· Differentiate between concentric, eccentric and isotonic contractions at the level of the muscle and sarcomere. Identify contractions as concentric, eccentric or isotonic and explain the significance of each in daily activities.
· Explain why and how muscles become fatigued.

Materials:
Full size or miniature human skeleton specimen or model – one per group of students
Masking Tape
Skeleton with origins and insertions indicated by colored tape
Weights

The human body has more than 600 muscles. Your study of muscles will be limited to a few major muscles. 
Muscles can only do one thing – contract. This means that muscles can pull but they cannot push. Muscles are attached to bones so when muscles contract, they pull on bones. Muscles cross joints, so when muscles pull on bones they cause joint movement.
Muscles are usually connected to bones at both ends via tendons. When a muscle contracts, one of its ends usually remains stationary and one end moves. The stationary end where the muscle attaches to the bone is called the origin and the moving end is called the insertion. When a muscle contracts the insertion moves closer to the origin. This movement of the insertion is call the muscles action. A muscle often has more than one action. In this exercise, we will look only at the primary action of each muscle.


The action of a muscle depends on the particular location of the origin and insertion.
1) Muscle Actions
Use tape to create muscles attached to a skeleton which will perform the following actions. Your tape should extend from the muscle’s origin to its insertion. Think about what will happen if the tape were to contract and become shorter. The action of the muscle is the movement of the bones that would occur if the tape contracted. Label the muscles (tape) you create with the letters indicated.
A. Flex the forearm ____________________________

B. Extend the forearm _________________________

C. Extend the knee_____________________________

D. Flex the knee_____________________________

E. Adduct the thigh __________________________

F. Abduct the thigh__________________________

G. Plantar flexion_____________________________

H. Dorsiflexion_____________________________

A prime mover is the muscle that performs most of the force during a particular joint action.
A synergist is a muscle that aids the prime mover.
Most of the muscles you are learning in this class are prime movers.

Next, perform each of the actions listed above using your own muscles. Using the models and the images in your text, determine which prime mover you contracted and fill in the blank after each action above with the name of a muscle that performs that action. 
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2) Antagonistic Muscles
Because muscles can only pull, they work in pairs to give back and forth motion.
Antagonists are muscles that perform actions that are opposite. Circle the antagonistic pairs in the muscle list above.
Agonists are muscles that perform the same action. For example, the gastrocnemius and soleus are agonists because they both cause plantar flexion of the ankle.

What would happen if you contracted 2 antagonistic muscles at the same time?
Choose 2 antagonistic muscles:
1.  
2.  
Contract both of them at the same time. Describe below what happens.

_____________________________________________________________

Now choose a different pair of antagonistic muscles:
1.  
2.  
Contract #1, then #2, then #1, then #2. Describe below what happens using correct muscle action terminology (e.g. flex, extend, abduct, adduct, etc.)
___________________________________________________________



3) Determining Muscle Actions
The chart below lists some muscles with their origins and insertions. The origins and insertions are marked with colored tape on a skeleton. Each muscle’s origin and insertion are the same color. Without looking up the answers, determine the action of each muscle:
	
Muscle
	Origin and Insertion Color
	
Origin
	
Insertion
	
Action

	
Rectus abdominis
	
	Where the right and left pubic bones meet
	Cartilage of ribs 5,6,7
Xiphoid process
	

	
Deltoid
	
	Lateral 1/3 of clavicle
Acromion process
Spine of scapula
	Lateral part of the diaphysis of the humerus
	

	Triceps brachii
(lateral head)
	
	Proximal, posterior humerus
	Olecranon process of ulna
	




4) Types of Muscle Contraction
When a muscle contracts it exerts a force on a bone. There are 3 types of muscle contraction:
Concentric – During a concentric contraction, the muscle shortens as it contracts.
Eccentric – During an eccentric contraction, the muscle lengthens as it contracts.
Isometric – During an isometric contraction, the muscle stays the same length.
With your palm upward and your elbow bent at 90 degrees, hold a weight in one of your hands and perform each of the following types of contraction. The prime mover in this motion is the biceps brachii.  Its origin is on the scapula near the shoulder and its insertion is on the proximal radius.



Fill in the chart below for each type of contraction:
	
Type of Contraction
	
How is your arm moving? (Flexion? Extension? Neither?)
	Are the origin and insertion getting closer together or farther apart?
	Are the sarcomeres in your arm getting shorter, longer or staying the same? 

	Concentric
	
	
	

	Eccentric
	
	
	

	Isometric
	
	
	



 Most everyday activities such as walking, lifting and climbing, involve eccentric and concentric contractions. 


Perform the following:
1) Stand upright, facing forward, with your feet flat on the floor.
2) Bend your knees until your thighs are nearly parallel to the floor.
3) Remain this position for a few seconds. Slowly return to the original, upright position.

During the knee bend, identify the thigh muscles that are performing the following contractions. (Think about whether the origin and insertion are moving closer together or farther apart.):
Concentric –
Eccentric – 
Identify the muscles that are performing the following contractions when you return to an upright position:
Concentric – 
Eccentric – 

In order to keep you upright when you sit or stand still, the muscles of posture are slightly contracted. If they relaxed, you would fall over.
What type of contraction allows you to sit or stand still? ___________________________
Stand still, facing forward, with your arms at your sides and your feet flat on the floor and notice which muscles are contracting. Name 3 of the muscles that are contracted when you are standing still:
1.
2.
3.
Sit on a lab stool with your feet on the rungs and your hands on your lap. Name 2 of the muscles that are contracted when you are sitting still:
1.
2.
5) Muscle Fatigue:
As long as energy is available, muscles can remain contracted.
Muscles use oxygen to break down ___________________, forming carbon dioxide and water. 
In the process, they produce ______________, the energy currency of the cell.
If a muscle stays contracted for a long period of time, it becomes fatigued because the production of energy cannot keep up with the demand. When a muscle is fatigued, it can no longer contract. The inability to contract due to lack of energy is called muscle fatigue.
Do the following experiment:
1. With your arm by your side, hold a weight in your dominant hand.
2. Abduct your arm until your arm is parallel to the floor.
3. When your arm becomes parallel to the floor, have a partner start measuring the time.
4. Hold your arm in this position as long as you can.
5. When your arm becomes fatigued and begins to drop, note the time, then move your arm anteriorly until your hand is in front of your body. Keep your arm parallel to the floor.
6. Have your partner time how long you can hold your arm in this position. 
7. Lower your arm to your side.
Explain why you were unable to keep your arm parallel to the floor in step #4.


Explain why you were able to hold your arm in the new position in step #6 after you were unable to do so any longer in step #4.
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