Lecture Notes

Muscular System – System Level
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: Once again, I want to remind you where we are. We are discussing the muscular system, and we are now ready to begin discussion of the structure and function that occurs at the system level. <ENTER>

SLIDE 2: We will cover four topics in this area: 

· General Structure & Function

· Multiarticular Muscles

· Muscle Actions

· Muscle Coordination <ENTER>

SLIDE 3: Let’s begin with General Structure and Function. <ENTER>
SLIDE 4: To be able to discuss the function of the muscular system, we will actually need to include components of the neural and skeletal systems. At the most basic level, six biological elements are necessary to produce movement: bone, synovial joint, muscle, tendon, neuron, and sensory receptor. The muscular system cannot and does not work independently of these other two systems. Therefore, when we often discuss movement at this level, the terms “musculoskeletal” and “neuromuscular” systems are used, acknowledging the interdependence of these systems with regard to movement. Our focus in this course (and in the subdiscipline of functional anatomy) is on the musculoskeletal system, but we will refer to the nervous system components as necessary to understand human movement at the most basic level. Now back to our model. 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. This model is simplistic – we know that there are multiple muscles and neurons that operate at any given joint. However, we will begin our discussion of function with this simplistic model in mind. At a later point, we will discuss some implications of adding multiple muscles to the model so that our understanding becomes more real world. We will not complicate the neural aspects of our model in this course. Depending on your major and career goals, your understanding of human movement will be advanced in future courses that will increase the complexity of this model in order to make the model (and your understanding) even more real world. <ENTER>
SLIDE 5: What is the function of the muscular system at the simple joint system level? <ENTER> At the musculoskeletal system level (and the neuromuscular system level), the function of the system with regards to movement is for the muscles to produce force and torque as needed for stabilization and movement of the bones and joints. In our simple joint system model, we will consider the force and torque production of a single muscle about a joint. During the semester, we have already discussed the factors that influence an individual muscle’s ability to produce force and torque. Let’s review both of those things quickly. <ENTER>

SLIDE 6: With regards to force output of an individual muscle, we identified 7 factors as determinants of muscle force output at the organ level. As we discussed, individual muscle force output can be modulated by manipulating any one of or a combination of these factors. Some of these factors can be manipulated acutely, some can be altered chronically with training, and others are able to be manipulated both acutely and chronically. <ENTER>

SLIDE 7: At the system level, there are several other factors that affect force and, therefore, torque output about the joint. One of these is the stretch-shortening cycle (SSC). <ENTER> The SSC is a lengthening-shortening contraction in which the active muscle is stretched before it shortens. A greater quantity of work can be done during the shortening phase in a SSC than if the muscle performed a concentric movement (CON) only because the muscle produces more force. Examples of this include the countermovement in a vertical jump and the wind-up in the throwing motion. You can jump higher when you perform a countermovement than when you do not. This increased jump height is due to the increased force output of the muscle during the stretch-shortening cycle. Four mechanisms have been proposed to explain this phenomenon. <ENTER>

1. There is ( time to develop force because there is ( time for the muscle to become fully activated during the initial lengthening contraction. <ENTER>

2. There is an ( elastic energy storage in SEC, which is normally slack during a CON movement. <ENTER>

3. Force potentiation at the cross-bridge level may be enhanced as a result of the stretch. <ENTER>

4. There is an ( response of the stretch reflex. 

Of these 4 mechanisms, evidence exists for 1, 2, and 4. Mechanism 1 is fairly self explanatory, and we have already discussed mechanism 2 this semester. Let’s briefly discuss the stretch reflex, so that we have a better understanding of mechanism 4. <ENTER>
SLIDE 8: A reflex is an involuntary patterned response that results from sensory input and little if any input from the higher-order structures in the central nervous system. The reflex arc is the pathway for the reflex, and it contains 5 components: a sensory receptor that gathers information, a sensory (afferent) neuron that takes the information to the spinal cord, the spinal cord that serves as the integrating center where a decision is made as to what the response to the information will be, a motor (efferent) neuron that carries the decision back to the periphery, and an effector that acts out the decision. The stretch reflex that we will briefly discuss is a muscle reflex, and in this case, the effector is a muscle. Let’s discuss these components specifically with regard to the stretch reflex. <ENTER>

The sensory receptor for the stretch reflex is the muscle spindle, which is located in the belly of the muscle. It is stimulated by increases in length and by how fast these length increases occur. When the muscle belly is stretched, as it would be anytime the entire muscle organ is stretched, then the spindle fires and sends signals via the sensory neuron to the spinal cord. The response to this stimulation is for the same muscle to shorten or, in other words, contract. The longer the stretch and the faster the stretch, the more forceful the contraction response. That is why this reflex may be responsible for the increased force seen during the SSC. In addition to this contraction response, the antagonist muscle(s) may be “commanded” to relax through inhibition of the action potentials to that muscle. 

There is much controversy regarding which mechanism is responsible for the increased force observed during the SSC. However, for practical purposes, SSCs should be incorporated and practiced whenever possible, so that the effect is enhanced. Research has shown that the SSC response can be enhanced through training without concurrent increases in strength. <ENTER>
SLIDE 9: The sensory receptor for the stretch reflex is the muscle spindle, which is located in the belly of the muscle. It is stimulated by increases in length and by how fast these length increases occur. When the muscle belly is stretched, as it would be anytime the entire muscle organ is stretched, then the spindle fires and sends signals via the sensory neuron to the spinal cord. The response to this stimulation is for the same muscle to shorten or, in other words, contract. The longer the stretch and the faster the stretch, the more forceful the contraction response. That is why this reflex may be responsible for the increased force seen during the SSC. In addition to this contraction response, the antagonist muscle(s) may be “commanded” to relax through inhibition of the action potentials to that muscle. 

There is much controversy regarding which mechanism is responsible for the increased force observed during the SSC. However, for practical purposes, SSCs should be incorporated and practiced whenever possible, so that the effect is enhanced. Research has shown that the SSC response can be enhanced through training without concurrent increases in strength. <ENTER>
SLIDE 10: As we have just discussed, one function of the muscular system is force production. As we have discussed previously, this force production can be used to stabilize joints in the body. However, the rotational mobility that we have at a joint is, in part, related to the muscle torque output at that joint. Earlier in the semester we identified the two factors that affect torque production of a muscle, as expressed by the equation, (=Fd. <ENTER> The first factor is the muscle force. Anything that affects muscle force output ultimately affects the torque output of that muscle as well. We have just reviewed those factors. <ENTER> The second factor that affects muscle torque output is moment arm. The moment arm is determined by <ENTER> where the force is applied (in the case of the muscle that would be its attachment site) and <ENTER> the angle at which the force is applied (in the case of muscle that would be its insertion angle). Let’s now explore in more detail how these two factors apply to the specific case of muscle torque. <ENTER>

SLIDE 11: There are 4 points that I want to make with regard to the point of force application (muscle attachment): <ENTER>

1) Theoretically, the further away from the axis of rotation (the joint) the muscle attaches, the larger the moment arm can potentially be. <ENTER>

2) However, in the case of muscles, the further away the muscle attaches from the joint, the smaller the insertion angle for the muscle must become because of the longitudinal nature of our segments. So, the principle expressed in #1 does not typically hold up for muscle force. <ENTER>

3) Unfortunately (from a performance standpoint), we are not able to alter muscle attachment sites so we are stuck with what we are born with. <ENTER>

4) However, it is important that we understand that differences between people with regard to muscle torque output (strength) may be due, in part, to differences in attachment sites of the muscles. <ENTER>

In other words, two people may have a biceps brachii with similar physiological, neural, and biomechanical characteristics, and the difference in strength between the two people is simply due to structure. In this case, all the training in the world will not cause the one person to be stronger than the other person. <ENTER>

SLIDE 12: There are 5 points that I want to make with regard to the angle of force application (muscle insertion angle): <ENTER>

1) The closer the muscle insertion angle is to 90 degrees, the larger the moment arm is. <ENTER> 

2) However, most muscles in the body have muscle insertion angles that are less than 45 degrees, so they are not designed to be very efficient with regard to torque production. <ENTER>

3) Muscle insertion angles are not typically constant for a given muscle through the ROM at a joint, therefore, muscle torque output (or strength) for a given muscle changes through the ROM. <ENTER>

4) Again, we typically are not able to alter muscle insertion angles so we are stuck with what we are born with. There is some evidence that insertion angles may change with hypertrophy, but to what extent this occurs and what impact it ultimately has on function remains to be seen. <ENTER>

5) However, it is important that we understand that differences between people with regard to muscle torque output (strength) may be due, in part, to differences in muscle insertion angles. 

Let’s now look at a couple of examples in the body to help us understand these points. <ENTER>

SLIDE 13: We will once again examine the case of the biceps brachii. Let’s first remind ourselves of where the muscle insertion angle is. Do you remember the definition? The muscle insertion angle is the proximal angle formed between the line of pull of the muscle and the mechanical axis of the segment to which the muscle attaches. In the first diagram, the muscle insertion angle would be ~30(. <ENTER> For our discussion, let’s also define the joint angle. As we learned at the beginning of the semester, there are many different ways to identify segmental angles. For the purposes of this discussion, we will define the joint angle as the interior relative angle between the upper arm and the forearm. In the first diagram, the joint angle (as we have defined it) is ~150(. <ENTER> If you do not remember the definition of a relative angle, you may want to refresh your memory from the earlier lecture on Basic Kinematic Concepts. Now, can you draw a force vector and estimate the joint angle & muscle insertion angle for each of the diagrams? <ENTER>
SLIDE 14: Now that we have created a model for the biceps brachii through the ROM, let’s examine how the moment arm changes through this ROM. We will then identify the key relationships for muscle forces in the body that will help us better understand their rotational function. Can you draw in the moment arm for the biceps brachii force vector in each of the diagrams? It has actually already been done for you, but let’s highlight it in red so that it is easier to see. <ENTER> Where in the ROM is the moment arm the greatest? You should be able to tell that the moment arm is the largest in the middle diagram, where the joint angle is 90° and the muscle insertion angle is 90°. The angle that is important here is the MIA. Just a few moments ago, I reminded you of a point that you have learned several times this semester: The closer the muscle insertion angle is to 90°, the larger the moment arm is, or the moment arm will be the largest when the force is applied perpendicular to the rotating body. Therefore, the first relationship we want to identify is that the moment arm for a muscle is the largest when the MIA is 90°. While this relationship is fundamental, it does not do us much practical good if we do not know where this occurs in the ROM. For the biceps brachii, the MIA happens to be 90° when the joint angle is 90°. This relationship is not necessarily true for every muscle. While the fundamental relationship (the closer the muscle insertion angle is to 90°, the larger the moment arm is) is true for all muscles, regardless of where they are in the body, the relationship between joint angle and MIA must be defined for each muscle. For the biceps brachii, it just so happens that the moment arm is greatest at a joint angle of 90°, and gets smaller as you move towards full flexion or full extension, because the muscle insertion angle is moving away from 90°. Therefore, as illustrated in these diagrams, the strength (torque output) of the biceps brachii should be greatest at a joint angle of ~90°. <ENTER> 
SLIDE 15: However, torque output is dependent on two things: force and moment arm. We have examined only the moment arm changes through the ROM. Is there anything that would cause the force output of the muscle to change through the ROM as well, and if so, how would that force change? Well, of the seven factors that affect force output of a muscle, the only one that will change in a systematic manner through the ROM is length. Based on what we’ve learned, where would the length of the muscle be optimal for producing muscle force? Well, length for single joint muscles is optimal around the midpoint in the ROM, which happens to be 90° in this example. We know that the biceps brachii is a multijoint muscle, but since the shoulder is in a fairly midrange position (not too flexed, not too hyperextended), we can assume that the biceps length will be optimal in the middle of the ROM. You should begin to see that the position of the shoulder joint could have an influence on the strength of the biceps brachii at the elbow. We will discuss that a little later. <ENTER>

SLIDE 16: So, if we were to plot a torque-angle curve to illustrate how the torque output of the biceps brachii changes through the ROM, we would plot something like this. <ENTER> Biceps brachii strength peaks at a joint angle of 90° because both the moment arm and the length of the muscle are optimal at 90° for torque output. Let’s examine this from a slightly different perspective. <ENTER>

SLIDE 17: If we resolve the muscle force vector into its parallel and perpendicular components, we can use the perpendicular component to give us insight into the rotational capabilities of the muscle as well. Can you resolve the muscle force vector into its components for the first figure? <ENTER> Now resolve the muscle force vector in the other figures. <ENTER> The perpendicular component (the red vector) is small when the muscle insertion angle (and, therefore, moment arm) is small, and it becomes larger as the MIA gets larger. <ENTER>

SLIDE 18: Resolve the muscle force vector for these two diagrams. <ENTER> We see the same thing in the latter ROM. The illustration on these two slides reflects the same relationship that we just demonstrated with the moment arm, but in a different way. You can also use the perpendicular component to tell you how the torque ability may be changing with regards to the moment arm. The size of the perpendicular component relative to the parallel component also gives you an approximation of the MIA. When the two components are equal, the MIA is ~ 45°. As the perpendicular component becomes very small compared to the parallel component, the MIA must be less than 45° and approaching 0°. As the perpendicular component becomes very large compared to the parallel component, the MIA must be greater than 45° and approaching 90°. <ENTER>

SLIDE 19: Let’s examine this relationship for another muscle. Can you draw in a force vector to represent the pull of the brachioradialis on the forearm in each of the diagrams? Where does the brachioradialis attach distally and how does it pull at the distal attachment? Well, it attaches on the styloid process of the radius and tends to pull the arm towards its proximal attachment on the lateral supracondylar ridge of the humerus. <ENTER> Can you draw the others? <ENTER> Now, can you resolve the force vector for each diagram into its parallel and perpendicular components? <ENTER> From these diagrams, can you tell me how the torque output of the brachioradialis changes through the ROM? It does not look like the MIA, nor the perpendicular component change much through the ROM, so the moment arm would not change much either. How about the effect of the length changes in the muscle on force output through the ROM? Again, the length would be optimal during the middle of the ROM, especially since this muscle is a single joint muscle. Therefore, torque output should be a little higher through the middle of the ROM. Can you summarize this in a torque-angle curve? <ENTER>

SLIDE 20: The shape would be somewhat similar to the biceps brachii, but the magnitude would be smaller since the CSA of the brachioradialis is smaller, and the curve would be flatter since there is no apparent change in the moment arm of this muscle through the ROM. Earlier, I told you that most muscles in the body have muscle insertion angles that are less than 45 degrees, so they are not designed to be very efficient with regard to torque production. The brachioradialis is an example of most muscles in the body; the biceps brachii is not. The MIA of the brachioradialis is closer to 20°, and has about a 5-10° range through the ROM. The changes in MIA for this muscle may not seem significant, but there are numerous examples in the body of where changes in the MIA of this magnitude have significant functional implications. <ENTER>

SLIDE 21: In summary, the torque output of an individual muscle varies across the ROM of a joint. The variation depends on the force-length changes of the muscle and on the moment arm (MIA) changes of the muscle. This variation differs across muscles and joints. <ENTER>

SLIDE 22: As I stated earlier, muscles also produce force for the purposes of enhancing joint stability. Although we have already discussed this concept earlier this semester, let’s examine it in a little more detail now. <ENTER>

SLIDE 23:  If we go back to our vector resolution of the biceps brachii through the ROM, we can use the normal and tangential components to help us understand the muscle’s function with regard to joint stability. In this example, the normal component (the gold vector) causes an anterior shear effect on the joint. In the case of the humeroulnar joint, this anterior shear actually stabilizes the joint as it compresses the olecranon process of the ulna into the olecranon fossa of the humerus. With regard to the humeroradial joint, this anterior shear creates a destabilizing effect as it attempts to shear the radial head from the capitulum. This shear creates stress on the posterior joint capsule. This is the case in all joint positions depicted on the slide. The tangential component (teal component) stabilizes the entire elbow joint as it compresses the radial head and the trochlear notch of the ulna into the capitulum and the trochlea of the humerus. Again, this is true for all three joint positions depicted in the slide. While the general effects of each component are the same at the three joint positions, notice that the magnitude of the effects varies across the positions. The tangential compression is largest in the first diagram, smaller in the second diagram, and non-existent in the third diagram. Conversely, the normal shear effect is smallest in the first diagram and increases through the ROM depicted until all of the muscle’s effort is an anterior shear in position 3. While it might be tempting to draw some general conclusions about a relationship between the joint angle and the size of the components, this would be incorrect. The general relationship exists between the size of the components and the muscle insertion angle. The magnitude of the normal component is greatest when the MIA is 90( and decreases as you move away from 90(. Conversely, the tangential component is 0 at an MIA of 90(, and increases as you move away from 90( towards an MIA of 0( or 180(. <ENTER>
SLIDE 24: In the two joint positions depicted on this slide, the normal component (the gold vector) continues to create an anterior shear effect on the joint, with the same stabilizing and destabilizing effects discussed for the previous slide. The tangential component now creates a destabilizing effect on the entire elbow joint as it exerts a tensile effect on the forearm (radius and ulna) with respect to the humerus. <ENTER>
SLIDE 25: We can use the same process to examine the stabilization/destabilization effects of the brachioradialis muscle. The tangential component is fairly large and constant in magnitude through the ROM, exerting a compressive stabilization effect on the elbow joint throughout the ROM. Why is this different from what we saw for the biceps brachii muscle? Well, because, as we discussed a few moments ago, the MIA does not appear to change much through the ROM, so the magnitudes of the component vectors will not change much either. The normal component has a very small anterior shear effect at the elbow joint, which also does not change much through the ROM and aids in joint stabilization through compression. <ENTER>

SLIDE 26: As we have just seen, the stabilization role that a muscle has will vary as the MIA varies, changing in magnitude, and sometimes in direction. There are three other factors that affect the stabilization role of a muscle: <ENTER> the bony structure of the joint, other muscle forces, and external forces. Let’s examine each of these in a little more detail. <ENTER>
SLIDE 27: Once the vector has been resolved, it is important to consider the bony structure of the joint when interpreting the stabilization function of the muscle. For example, the normal component more often than not exerts a shear force about the joint. However, at the shoulder, the bony structure is such that the normal component is actually the component that is directed into (or away from) the joint while the tangential component exerts the shear effect. Even when the normal component is the shear component, whether that shear is stabilizing or destabilizing also depends on the bony structure of the joint. For the elbow joint, the anterior shear created by the normal component stabilizes the joint by compressing the olecranon process of the ulna into the olecranon fossa of the humerus. At the knee joint, the posterior shear created by the biceps femoris has a destabilizing effect since there is not a bony structure arrangement that can be compressed together. <ENTER>

SLIDE 28: Whether a muscle is a stabilizer or not also depends on what other muscles are doing about the joint. In our example where the biceps brachii and the brachioradialis contract simultaneously, the brachioradialis offsets the destabilizing effect of the biceps brachii late in the ROM. Remember, that after a joint angle of 90, the MIA of the biceps brachii continues to increase towards 180. Therefore, the tangential component is directed away from the joint <ENTER> (red arrow) and exerts a dislocating tensile force on the elbow joint. However, if the brachioradialis is recruited simultaneously, its small MIA means that the tangential component is very large and directed towards the joint <ENTER> (blue arrows), offsetting the tensile effect of the biceps brachii. Therefore, even if a muscle appears to have a destabilizing effect on a joint, the effect may be negated by the contraction of other muscles. This cooperative action of muscles is critical in safe and effective movement. This concept also explains why muscle imbalances in strength may predisposed individuals to certain types of injuries. <ENTER>
SLIDE 29: A fourth factor that must be considered when identifying a muscle as a stabilizer or destabilizer is the effects of external forces about the joint. Let’s take the simple case of the weight of the forearm. Can you draw in a weight vector for the forearm and resolve it into its normal and tangential components? <ENTER> As you can see, the components of the biceps brachii act in direct opposition to the weight of the forearm, neutralizing any destabilizing effects of the weight vector. Therefore, the role of the muscle is best understood when examining the effects of external forces acting on the joint. While the biceps brachii appears to be a major stabilizer of the elbow joint early in the ROM, it does this primarily by offsetting the undesired effects of gravity. <ENTER>

SLIDE 30: Can you draw the weight vector for these diagrams, and resolve it into its normal and tangential components? <ENTER> We see the same relationship between the weight vector and the biceps brachii in these diagrams as we did in the others. Even when the biceps brachii has a destabilizing tensile effect, as seen here in the tangential component of the muscle vector, this “destabilization” effect may actually be beneficial as it offsets the large compression effect of the weight vector so that the joint is not compressed too much! One last point – the effect of the weight vector on the joint will change depending on the position of the joint in space. We will examine this in more detail a little later in the semester. <ENTER>

SLIDE 31: When we put all these forces together, the analysis becomes very complex. However, it is important to understand the various roles that forces play about the joints. Ultimately, the most meaningful information for a given movement is determined by “adding” all these vectors together to determine the resultant effect about the joint, which is expressed the net joint torque or moment, and the JRF. We won’t talk about the mathematics of that process, but hopefully you can begin to appreciate the complexity of human movement and understand the basic concepts. <ENTER> 

SLIDE 32: To find out whether you do understand the basic concepts, can you answer the questions on the slide? See what you can do, and we will discuss your answers to these questions in class. <ENTER>
SLIDE 33: In summary, <ENTER>

· Torque output of muscle is affected by anything that affects moment arm or force output of muscle organ. <ENTER>

· Acute changes in torque through ROM dependent on force-length & MIA changes. <ENTER>

· Chronic changes in muscle torque dependent on training effects on physiological, neural, and biomechanical factors that affect force. <ENTER>

SLIDE 34: 
· <ENTER> Muscle force for stabilization function  determined by physiological, neural, and biomechanical factors that affect force as well as MIA. <ENTER>

· Stabilization function defined by presence of 

· Bony structure 

· Other muscle forces 

· External forces <ENTER>
SLIDE 35: Now that we have a better understanding of how muscles work to stabilize joints and create rotation, let’s discuss one of the unique features of the muscular system – multiarticular muscles. Multiarticular muscles also play a special role in movement at the system level. There are numerous multiarticular muscles in the body as you have learned this semester: biceps brachii, triceps brachii (long head), wrist flexors, wrist extensors, finger flexors, finger extensors, sartorius, gracilis, rectus femoris, semimembranosus, semitendinosus, biceps femoris, and gastrocnemius. There are others as well, but you should be especially familiar with these in applying the concepts we learn about multiarticular muscles. <ENTER>

SLIDE 36: There are several advantages and disadvantages to multiarticular muscles. Let’s review the advantages first. <ENTER>

1. Multiarticular muscles couple the motion at the joints they cross. In other words, if knee extension and hip flexion are needed simultaneously, then the rectus femoris can be recruited to accomplish both of those movements. This may be more economical than recruiting two muscles to perform the movement. It may also allow the multijoint muscles to be used more to refine the coordination of the movement than to be responsible for the propulsive force. <ENTER>

2. Multiarticular muscles exhibit a ( shortening velocity as compared to one-joint muscles across the same joint. The multijoint muscle is able to work at a higher point on the force-velocity relation and can exert greater force to contribute to the movement. <ENTER>

3. Multiarticular muscles redistribute power & torque throughout limb, which can help reduce or increase joint loads as needed.

Multiarticular muscles also have two disadvantages that we need to be aware of: active and passive insufficiency. <ENTER> Let’s examine each of these in a little more detail. <ENTER>

SLIDE 37: Active insufficiency is defined as the limited ability of a multiarticular muscle to produce force when placed in a shortened position across all of its joints simultaneously. Active insufficiency refers to a force production problem and is used in conjunction with multiarticular muscle function because their length depend on the positions of two or more joints, rather than just one. <ENTER>

SLIDE 38: An example of active insufficiency is demonstrated on this slide in Figure A. We know that the long head of the triceps brachii is a multijoint muscle, crossing the shoulder and elbow joints. Full extension of the shoulder and full extension of the elbow place the long head in an extremely shortened position. In Figure A, this shortened position of the long head is illustrated, although the shoulder joint is not as extended as it could be. In Figure B, the shoulder joint is flexed so that the long head is lengthened across the shoulder. Therefore, at no point in the elbow ROM is the long head placed in an extremely shortened position, and force output of the long head is not severely compromised in this exercise. The exercise in Figure B overcomes the potential active insufficiency of the long head. The exercise in Figure A is used to “isolate” the medial and lateral heads of the triceps brachii. It is not a true isolation, as the long head is recruited. However, because the force output of the long head is compromised, the lateral and medial heads are recruited more heavily and produce greater force. <ENTER> 

SLIDE 39: Another example of overcoming active insufficiency is illustrated on this slide. The curved bench for the leg curl was introduced so that the hamstrings would be place on a slight stretch at the hip. This slightly stretched hip position allows the hamstrings to work more effectively as they shorten across the knee joint, because the hamstrings are never placed in their most shortened state. It is important to identify positions that make multiarticular muscles actively insufficient so that we can evaluate exercises for their effectiveness, select exercises appropriately for training specific muscles, and avoid actively insufficient positions during skill performance when large force output is critical. Make sure you can identify actively insufficient positions for all the multiarticular muscles that we listed earlier. <ENTER> 

SLIDE 40: Passive insufficiency is defined as the limited ability of a multiarticular muscle to stretch far enough to allow full ROM across all of its joints simultaneously. Passive insufficiency refers to a ROM problem. Multiarticular muscles are in a unique position to limit ROM at a joint depending on the position of other joints in the body. <ENTER> An example of passive insufficiency of the hamstrings is illustrated in Figure A. In this exercise, the hamstrings are attempting to lengthen across the hip and the knee joint at the same time. Since a muscle can only stretch so far, ROM must be compromised at one joint. If the person flexes the knee, as he does in Figure B, then the hamstrings are free to stretch further across the hip and allow greater ROM in hip flexion. [Note: Active insufficiency of the rectus femoris is also contributing to this problem as it cannot produce maximal force in Figure A to assist in hip flexion because it is already shortened maximally across the knee to extend it. Would you be able to identify this example and explain it?] It is important to identify positions that make multiarticular muscles passively insufficient so that we can select appropriate stretches for multiarticular muscles, appropriately evaluate ROM at joints, and avoid passively insufficient positions during skill performance when ROM is important. Make sure you can identify passively insufficient positions for all the multiarticular muscles that we listed earlier. <ENTER> 

SLIDE 41: Our third topic of the muscular system is Muscle Actions. <ENTER>

SLIDE 42: Before we identify the different types of muscle actions, let’s define some related terminology. <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 43: 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 44: 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 45: 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 46: 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 47: 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 48: In slow and controlled movements, identifying the muscle action is fairly simple if you simply consider the direction of the movement relative to gravity. <ENTER> When moving in the direction of gravity (typically downward unless body position in space is altered or a pulley system is being used), the muscle action is eccentric, as gravity causes the movement and muscle is used to control (while lengthening) the movement caused by gravity. <ENTER> Movements that oppose gravity (typically upward) are usually concentric, as muscle contracts and shortens to cause the movement. <ENTER> Movements that are in a plane perpendicular to the pull of gravity require concentric action of the muscles as well, since the muscle again contracts to cause the movement. <ENTER> Fast movements cannot be so easily analyzed. We will use an example later to help us understand how the speed of the movement affects muscle action. <ENTER>
SLIDE 49: Our final topic in the System Level is Muscle Coordination. <ENTER>
SLIDE 50: 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 51: 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 52: 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 53: 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 or impair performance. 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. <ENTER>

SLIDE 54: 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 55: Let me introduce one final term related to the coordination that occurs between muscles. The term cocontraction refers to the simultaneous contraction of agonists and antagonists during execution of a movement. Many people think that movement occurs as muscles “turn on” and “turn off”, depending on the rotation that is needed at a given time. However, as we have seen, muscle do more than simply rotate a joint. Muscles play a very critical role in stabilization of the joints, for the purpose of increasing force output at another joint or to prevent injury at a joint. In order to do this, muscles that seem antagonistic to each other with regard to rotation often contract simultaneously during movement. You might ask, “How does flexion (or any rotation) occur if the extensors (or the antagonists to the motion) are contracting?” Remember, the key is the net torque about the joint – the antagonistic groups may be contracting simultaneously, but as long as the net torque is in the direction of the desired motion, rotation will occur. We will talk about this a little more in some of the movement analysis examples we do a little later in the semester. 
At the system level, the goal of the musculoskeletal and neuromuscular systems is to produce adequate force and/or torque by the muscles to cause or control movement as desired. We have examined numerous factors that can affect muscle torque output at the system level. To effectively alter torque output either acutely (during performance of a movement) or chronically (through training techniques), you must understand all the factors that affect torque output and understand how various training exercises affect each factor. In this way, you can appropriately select training exercises that are most effective for developing these systems as desired. <ENTER>
SLIDE 56: The final topic that we will cover under the Muscular System is Muscular Analysis. Being able to perform a muscular analysis is critical for proper muscular training. 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 57: 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 58: 
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 59: 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 60: 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 61: 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 62: 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 63: 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 64: 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 65: 
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 66: 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 67: 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 your lab, you will analyze several simple conditioning exercises. We will then begin to move into more complex movement analyses. Enjoy!

