Lecture Notes

Muscular System – Muscular Analysis
Instructions: Read through the lecture while watching the PowerPoint slide show that accompanies these notes. When you see the <ENTER> prompt, press enter for the slide show so that you can progress through the show in a manner that corresponds to these notes.

SLIDE 1: One of the most important principles of training is specificity. This principle teaches us that we should develop exercise routines based on the needs of the exerciser and on the activity for which s/he is training. Specificity should address the anatomical, biomechanical, physiological, and neurological demands of the activity. Within these four areas there are many aspects that must be considered. One of the most important aspects is identification of the muscles that are being used and how those muscles are being used. This constitutes a muscular analysis. We can apply a muscular analysis in two ways. First, we can analyze the skill or activity that we are training for so that we know which muscles are being used and how those muscles are being used. Second, we can analyze training and conditioning exercises to determine which muscles are being used and how those muscles are being used.  With these two pieces of information, we are able to select training and conditioning exercises that are most appropriate for training for the activity we are interested in. The purpose of this lecture and lab is to provide you practice in these skills. <ENTER>
SLIDE 2: To be able to perform our analysis, we must examine movement at the system level. At the most basic level, six biological elements are necessary to produce movement: bone, synovial joint, muscle, tendon, neuron, and sensory receptor. With this model, movement can be represented as the activation of muscle by motor neurons to control rotation of adjacent body segments, which is monitored by sensory receptors. The addition of multiple muscles and neurons makes the model more real world. <ENTER>
SLIDE 3: At the system level, the primary function of muscles is force and torque production for joint mobility and stability through rotation and translation of the bones or segments. For this lab, we want to understand and analyze the torque and rotation aspect of the muscle system. <ENTER> To do this, we will discuss two main topics: muscle actions and muscle coordination. <ENTER>

SLIDE 4: Before we talk about each of these topics, let’s define some related terminology that you will use to complete your laboratory. <ENTER> When we use the words “muscle action”, we are referring to the development of tension (force) by a muscle. Anytime a muscle develops force, we say that the muscle is “acting …” Traditionally, the term “muscle contraction” has been used to describe force development, but contraction implies that the muscle is shortening. However, as you will learn, there are some situations in which the muscle develops force while the overall length of muscle increases or stays the same, rather than shortening. This “contradiction” causes confusion for many students when learning types of muscle actions, therefore, the term “muscle action” is preferred to that of “muscle contraction.” <ENTER> A functional muscle group (FMG) is defined as a group of muscles that are capable of working together to cause a specific joint action (e.g., wrist radial deviators, knee flexors, shoulder medial rotators, etc.) An individual muscle may belong to more than one FMG. For example, the biceps femoris belongs to 3 different FMGs: the hip extensors, the knee flexors, and the knee lateral rotators. In this lab, when I ask you to identify the FMG that is developing force, you will identify the group of muscles associated with force development in the exercise. Furthermore, if I ask you to identify the individual muscles that belong to a certain FMG, you should be able to list the specific muscles that make up that FMG. <ENTER> The motive force (or torque) is defined as the force or torque that is actually causing the observed movement. In this lab, you will identify either muscle force or gravity (weight) as the motive force causing the observed movement. <ENTER> The resistive force (or torque) is defined as the force or torque that is opposing the observed movement. Again, in this lab, you will simply identify either muscle force or gravity (weight) as the resistive force opposing the observed movement. <ENTER>
SLIDE 5: There are three types of muscle actions: concentric, eccentric, and isometric. These actions are classified based on overall length changes of the muscle during force production. <ENTER>

SLIDE 6: During a concentric muscle action, <ENTER> the muscle organ shortens during force production for the purpose of causing movement. In other words, when the overall length of a muscle or FMG decreases while producing force, we say that the muscle is acting concentrically. <ENTER> Muscle is the motive torque that produces a rotational movement at the joint. <ENTER> Mechanically, the muscle (motive) torque must be greater than the resistive torque, whatever that may be. <ENTER>

SLIDE 7: During an eccentric muscle action, <ENTER> the muscle organ lengthens during force production for the purpose of controlling or slowing down the movement. In other words, when the overall length of a muscle or FMG increases while producing force, we say that the muscle is acting eccentrically. <ENTER> Muscle is now the resistive torque that controls or slows down a rotational movement at the joint while some other force is responsible for creating the torque that causes the movement. <ENTER> Mechanically, the muscle (resistive) torque must be less than the resistive torque, whatever that may be. <ENTER>

SLIDE 8: During an isometric muscle action, <ENTER> the muscle organ does not change its length during force production. <ENTER> The purpose of the force production is to keep the joint from moving – to keep one or both of the segments about the joint in a fixed position. When the overall length of a muscle or FMG stays the same while producing force, we say that the muscle is acting isometrically. There is no motive or resistive torque. <ENTER> Mechanically, the muscle torque must be equal to the resistive torque, and the net torque about the joint is zero. <ENTER>

SLIDE 9: Rotation of a segment about a joint is simply a mechanical event. <ENTER> The resulting motion depends on all the torques acting about the joint and what the net torque is. The nervous system modulates force output in muscles to produce the torques that will produce the desired movement. <ENTER> For a concentric action, the nervous system recruits enough motor units in one or more muscles so that the muscle torque is greater than any opposing torque. The larger the muscle torque is relative to the opposing torque, the faster the movement will occur (greater acceleration). <ENTER> For an eccentric action, the nervous system recruits fewer motor units so that the total muscle torque is less than any other torques. The larger the other torques are relative to the muscle torque, again the faster the movement will occur in the direction of the other torques (greater acceleration). <ENTER> Finally, for an isometric action, the nervous system recruits just enough motor units so that the total muscle torque equals any torques acting in the opposite direction. The net torque is zero, and no movement or acceleration occurs. <ENTER>

SLIDE 10: The performance of a motor skill is a very complex phenomenon. On the surface, it appears that if we want to perform a movement, we simply send a message to one or more muscles to shorten and cause the bone/segment to move. While this is certainly one way that we accomplish movement, it is not the only way, nor is it ever really as simple as that. While one muscle or muscle group may be responsible for an observed movement at a given joint, there are often many other muscles that must develop force as well in order for the “main” muscle to do its job. It is sort of like the way a company is run. When we think of a company, there is usually one or two prominent people that come to mind, that we think of as the company. From our perspective, they are the ones that are responsible for the good or bad things that the company does. However, we know that in reality, there are other people (sometimes 100s or 1000s) who are just as important in making sure that the work gets done. Muscles work in the same way – in any given movement, there are usually numerous muscles at work to make the movement happen. They play different roles, but ultimately for the movement to be successful, they must play their roles correctly and at the right time. In other words, the muscles must work in a coordinated manner so that all tasks are accomplished, and accomplished at the right time. <ENTER> There are four primary roles that muscles play: agonists, antagonists, stabilizers, neutralizers. We will discuss each of them. <ENTER>

SLIDE 11: The role that most of us think of when we think of muscles is the role of agonist. <ENTER> Agonist is the role played by a muscle acting to cause a movement. Agonists are sometimes called movers because they are the ones that act when muscle is causing an observed movement, in other words acting as the motive torque. <ENTER> Because several different muscles often contribute to a movement, the distinction between primary and assistant agonists is sometimes made. However, this is an arbitrary distinction – there is no easy line to draw to determine when a muscle is a primary mover and when it is an assistant mover in a given movement.  <ENTER> If a muscle is causing a movement, then it must be shortening. Therefore, agonists will always act concentrically to develop force. <ENTER> If we identify a movement as being eccentric, then the agonists typically relax in order for the movement to occur. This will become clearer when we go through some examples in a few moments. <ENTER>

SLIDE 12: Another role played by muscles is the role of antagonist. <ENTER> Antagonist is the role played by a muscle acting to 
· to control movement of a body segment against some other non-muscle force

· to slow or stop a movement

If you identify the resistive torque as a muscle torque, then the muscle(s) acting is an antagonist(s). <ENTER> If a muscle is resisting a movement, then it must be lengthening. Therefore, antagonists will always act eccentrically to develop force. <ENTER> If we identify a movement as being concentric, then the antagonists typically relax in order for the movement to occur. This will become clearer when we go through some examples in a few moments. <ENTER>

SLIDE 13: A third role played by a muscle is that of stabilizer. <ENTER> Stabilizer is the role played by a muscle to stabilize (fixate) a body part  against some other force. The other force may be another muscle or a force external to the body, such as gravity (weight). <ENTER> Stabilization of a joint/bone usually occurs under one of the following conditions: 

· When there is no motion occurring at a joint.  If there is no motion but tension is being developed in a muscle group associated with that joint, then the muscle(s) is acting to stabilize the bone or segment. 

· When another force (muscle, weight, etc) attempts to translate a bone (shear or tensile translation) in a manner that might cause joint injury. Sometimes the agonists perform this function simultaneously while also causing the desired movement.

Stabilization implies that there is no rotation (rotary stabilizer) or translation (linear stabilizer) of a particular joint or bone. <ENTER> Because there is no movement, there is no overall change in muscle length of the muscle. Therefore, we say that the muscle acts isometrically. We will review examples of the first scenario in this lecture. For this lab, focus on the first scenario. We will discuss the second scenario a little later.

SLIDE 14: The fourth role played by a muscle is that of neutralizer. <ENTER> Neutralizer is the role played by a muscle to eliminate an unwanted action produced by an agonist. Oftentimes, agonists offset undesired roles played by each other. Therefore, we say they are acting as agonists and neutralizers simultaneously. However, there are times when another muscle must be recruited to offset the undesired action. Some specific cases of neutralization that you should watch for are:

· <ENTER> When the scapula or pelvis must be stabilized to provide a firm base from which muscles that move the femur and humerus can pull.  EX:  Many muscles that move the humerus attach on the scapula.  Because the scapula is lighter than the humerus, it tends to move when those muscles contract.  Therefore, shoulder girdle muscles must contract to stabilize the scapula against the undesired action of the agonist.

· <ENTER> When a two-joint muscle causes (or allows) movement at one joint while no movement at the second joint occurs.  Because a muscle cannot determine which segment should be moving,  a two-joint muscle that contracts would tend to cause (or allow)  movement at all joints that it crosses.  If movement is not occurring at both joints, then stabilization of the second joint must be occurring to neutralize the undesired joint action produced by the agonist at the first joint.  

· <ENTER> When the humerus is elevated.  Any time the arm is elevated (flexed, hyperextended, or abducted), the rotator cuff muscles must contract to keep the humeral head from moving upward into the acromion process due to the pull of the agonist muscles.  In other words, the rotator cuffs must stabilize the humerus against a superior and/or lateral translation caused by the agonists.

We will review examples of each of these scenarios in the next few lectures. <ENTER>

The muscle action of the neutralizer varies between concentric and isometric. You must evaluate each situation. <ENTER>

SLIDE 15: Performing a muscular analysis identifying the muscles that are developing force and the roles that they are playing. This allows us to develop more specific conditioning/rehabilitation programs and to understand injury and abnormal movement patterns. To perform a muscular analysis:<ENTER>

1. Break the skill into phases. We discussed this in Lab #1. Refer back to Lab #1 if you do not remember how to do this. <ENTER>

For each phase:

2. Determine the joint action?

· If there is one, then muscles may potentially be acting concentrically, eccentrically, or not at all.

· Remember that the movement could be caused or resisted by other forces.

· If there is no joint action, then muscles may potentially be acting isometrically, or not at all.

· Just because there is a joint action, it does not mean that muscles have to be developing force. <ENTER>

3. Determine the motive force?

· If muscle is the motive force, the muscle or FMG causing the movement must be acting concentrically.

· If some other force is motive, then muscle must either be acting eccentrically or not at all.

· Remember, if there is no joint action, then there is no motive force. <ENTER>

4. Determine the resistive force?

· If muscle is the resistive force, the muscle or FMG resisting the movement must be acting eccentrically.

· If some other force is resisting, then muscle must either be acting concentrically or not at all.

· Remember, if there is no joint action, then there is no resistive force. <ENTER>

SLIDE 16: 
5. Identify whether there are joints/bones that must be stabilized. Use the 2 situations that we previously identified to help you figure this out. <ENTER>

6. Identify

· the FMG(s) that is(are) developing force 

· the type of muscle action of the FMG(s)

· the roles played by the FMG(s) <ENTER>

7. Identify neutralization. To do this, list the specific muscles that are in the agonist group. For each agonist muscle, prepare a list of all the additional joint actions that each agonist might have.  From this list you may find that there are joint actions caused by the agonists that need to be neutralized. This can be accomplished in three ways:

· The nervous system may choose not to recruit the agonist muscle with the undesired joint action. This is usually the case in slow, unresisted movements. But, when a heavy load is being moved, this option is not available because all motor units that produce the desired joint action are needed.

· It is possible that some or all of the undesired actions may be neutralized within the list.  In other words, two agonists may offset the undesired actions of each other; a muscle may be an agonist and a neutralizer during concentric contraction, or an antagonist and a neutralizer during eccentric contraction.  

· If the undesired actions cannot be neutralized by other agonists, then additional muscles must contract as neutralizers. 

Don’t forget the three specific situations we identified earlier in which neutralization typically occurs. <ENTER>

SLIDE 17: To help you apply these concepts in this lab, one example will be done for you. Let’s take the example of the standing biceps dumbbell curl performed with the forearm in a supinated position. We will perform a muscular analysis of this exercise. There are basically two phases to this movement – the up phase and the down phase. Let’s start with the up phase. What is the joint action that is occurring? Well, since motion is occurring at only one joint (the elbow), then we will focus on this joint. The elbow joint action during the up phase is flexion. <ENTER> What is causing this flexion? In other words, what is the motive force/torque – muscle or some other force? During this phase, muscle is the motive torque. <ENTER> What is the resistive torque? In other words, is there any force opposing this motion? Well, the weight of the dumbbell and the weight of the forearm/hand opposes this motion, or attempts to make me extend the elbow. So, we can list weight/gravity as the resistive force. <ENTER> Since we have identified muscle as causing the movement, what FMGs are developing force to cause the movement? In other words, what FMG is causing the elbow flexion? Well, the only FMG that can cause elbow flexion is the elbow flexors. So, they are the FMG developing force. If they are developing force to cause flexion, they must be shortening as the elbow flexes, therefore, the muscle action is concentric. The elbow flexors are acting concentrically to raise the forearm (flexion) against the weight of the dumbbell and forearm. <ENTER> 

SLIDE 18: Let’s now examine the down phase. What is the joint action that is occurring? The elbow joint action during the down phase is extension. <ENTER> What is causing this extenion? In other words, what is the motive force/torque – muscle or some other force? During this phase, the dumbbell weight and the forearm/hand weight is the motive torque – it is causing the extension. <ENTER> What is the resistive torque? In other words, is there any force opposing this motion? Well, we are using muscle to control the downward movement and so that we do not just drop our arm. So, muscle is acting as the resistive force. <ENTER> Since we have identified muscle as resisting the movement, what FMGs are developing force to resist the movement? In other words, what FMG is resisting the elbow extension? Well, the only FMG that can resist elbow extension is the elbow flexors. So, they are the FMG developing force. If they are developing force to resist extension, they must be lengthening as the elbow extends, therefore, the muscle action is eccentric. The elbow flexors are acting eccentrically to control the lowering of the forearm (extension) against the weight of the dumbbell and forearm. <ENTER> 

SLIDE 19: There are two relationships that emerge in this analysis. <ENTER> First, note the relationship between muscle action and whether muscle is the motive or resistive force. If muscle is the motive force, then it must be acting concentrically. If muscle is the resistive force, then it must be acting eccentrically. <ENTER> Second, note the relationship between joint action, FMG developing force, and muscle action. If the muscle action is concentric, the FMG should be the same as the joint action (i.e., flexors cause flexion). If the muscle action is eccentric, the FMG is opposite the observed joint action (i.e., flexors resist or oppose extension). What are the agonist groups in each phase and what are they doing? <ENTER> Well, since the agonists are the muscles that would cause the observed joint action, then in the up phase the agonists are the flexors, since the observed joint action is flexion. In this phase, the agonists are developing force to cause the observed flexion. In the down phase, the agonists are the extensor group since the observed joint action is extension. However, in this phase, the agonists are relaxing because they are not needed to cause the extension – another force is present to do that. <ENTER>

SLIDE 20: What are the antagonist groups in each phase and what are they doing? <ENTER> Well, since the antagonists are the muscles that are opposite the agonists and the observed joint action, then in the up phase the antagonists are the extensors, since the observed joint action is flexion. In this phase, the antagonists are relaxing so as not to oppose the work of the agonists. That would not be very efficient – it would cost us more energy and require an even larger force output of the agonists to have to overcome the weight of the dumbbell and the muscle contraction of the antagonists. In the down phase, the antagonists are the flexor group since the observed joint action is extension. However, in this phase, the antagonists are developing force because they are needed to control the extension that is being caused by the weight of the dumbbell. This control is needed to ensure that injury does not occur to the elbow joint. <ENTER>

SLIDE 21: Is there any stabilization occurring during this movement? Well, let’s examine the case where only rotary stabilization is occurring. 

1. Are there any joints in this movement where no rotation is occurring and force is being developed in a muscle group associated with that joint to prevent the rotation? Certainly! One example is the wrist. When we perform this exercise, we must stabilize the wrist against the weight of the dumbbell so that wrist extension/hyperextension occurs. Which FMG would oppose wrist extension? The wrist flexors. So, the wrist flexors are acting as stabilizers in this exercise. <ENTER> Can you find other examples of this type of stabilization? (Think about the fingers, the trunk.) <ENTER>

2. Linear stabilization – We will not examine this case at this time but we will in a future lecture. <ENTER>
SLIDE 22: Is there any neutralization occurring during this movement? Let’s first consider the 3 specific scenarios that were presented earlier. <ENTER>

1. Does the scapula or pelvis have to be stabilized to provide a firm base from which muscles that move the femur and humerus can pull?  Yes, the biceps brachii is an agonist in this movement. We know that its proximal attachment is on the scapula. Because the scapula is lighter than the humerus & forearm, it tends to move when the biceps brachii contracts. Therefore, we have to keep this from happening. What do you think the biceps brachii causes the scapula to do? Well, from the line of pull of the proximal attachment sites, it probably causes the scapula to protract and depress. <ENTER> Therefore, we would need to recruit the retractors and the elevators to stabilize the scapula against these movements. Perform a biceps curl – can you feel the elevators and the retractors contract when you perform the movement? What are the specific muscles that elevate and retract the scapula? Would all of these muscles be recruited? <ENTER>

2. Is there a multijoint muscle acting as agonist that may be causing unwanted action at its other joints? Yes, the biceps brachii. The biceps brachii crosses the elbow, shoulder, and radioulnar joint. Motion is desired only at the elbow, so motion must be neutralized at the shoulder and radioulnar joints. What joint action does the biceps brachii cause at the shoulder? Flexion. Therefore, shoulder extensors must be recruited to keep the shoulder from flexing. What joint action does the biceps brachii cause at the radioulnar joint? Supination. Therefore, to hold the forearm in a fixed supinated position, pronators must be recruited. In this case, the pronator teres is probably recruited before the pronator quadratus since it is also an elbow flexor and can assist the agonist group. <ENTER> <ENTER>

SLIDE 23: 
3. Is the humerus being elevated in this movement so that stabiliation of the humerus by the rotator cuff would be necessary? No.  <ENTER>

4. Other? Are there any other undesired actions of the agonists that need to be neutralized? Well, if we list all the actions of the agonists, we are able to examine this further. In the case of the biceps brachii, we have already identified what needs to be done to deal with its other joint actions. The brachialis causes no other joint actions so no neutralization is needed there. The brachioradialis also causes RU motion if the forearm is not in a neutral position. Since this exercise is being done with the forearm in the supinated position, then the pronation that would be caused by the brachioradialis would have to be neutralized. This is accomplished by the biceps brachii. Therefore, the biceps brachii is an agonist and a neutralizer as is the brachioradialis since its pronation effect will offset extreme supination caused by the biceps brachii. Finally, we have already discussed the pronator teres and its dual role as agonist and neutralizer to the biceps brachii supination as well. If the contraction needed is not very forceful, then both the brachioradialis and pronator teres will not contract, since the supination of the biceps brachii that needs to be neutralized is not very forceful. Probably only one of those muscles would be recruited. However, if elbow flexion is a forceful one, then both muscles would be activated to offset the forceful supination attempted by the biceps brachii, and to assist the agonist muscles in the elbow flexion. Now, given this analysis, can you explain how muscle activation might be altered if the dumbbell were performed with the forearm in the pronated position? <ENTER>

SLIDE 24: From this example, you can see that movement at a single joint is possible because of the complex coordination that occurs between numerous muscles. In the standing dumbbell curl we identified not only the elbow flexors as an important group, but also the wrist flexors, finger flexors, trunk extensors, shoulder girdle retractors, Shoulder girdle elevators, shoulder extensors, and forearm pronators as FMGs that play a significant role in performing this movement. <ENTER> Therefore, all of those muscles must have adequate strength to accomplish its task in a given movement. <ENTER> Injury to or lack of strength in any of those muscles can result in the inability to perform the movement. Therefore, when someone cannot perform the exercise, you need to understand that there could be a problem (muscle weakness or injury) in any of those muscle groups. From a conditioning & performance perspective, you would make sure that muscle strength is adequate in all of the stabilizer and neutralizer muscles, as well as the agonist group. From a rehabilitative perspective, not only would you be concerned about muscle imbalances in strength, but you would also make sure that there are no injuries to those assistive muscle groups. <ENTER>

SLIDE 25: A muscular analysis allows us to identify the muscles that contribute to a movement and how they contribute to the movement. <ENTER> From there, we can then prepare conditioning & rehabilitation programs that target utilized muscles in an appropriate manner. For this lab, you will analyze several simple conditioning exercises. We will then begin to move into more complex movement analyses after the break. Enjoy!

