Lecture Notes

Exercise Evaluation
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: Let’s take some of the concepts that we have learned this semester and use them to help us evaluate exercises for training and for rehabilitation. An exercise analysis serves to enhance the physical training of an individual by evaluating a particular exercise for specificity to a skill or sport for which an individual is training or rehabilitating. We have already learned how to use a muscular analysis to help us determine which muscles an exercise is training and how those muscles are being used with regard to agonist function, antagonist function, neutralization, and stabilization. Now, we want to apply some other concepts that we have learned this semester to exercise evaluation. <ENTER>
SLIDE 2: The primary concept that we want to examine in this lecture is that of strength curve similarity. This concept helps evaluate whether the principle of progressive overload is being applied appropriately throughout the range of motion in an exercise. You have already been introduced to this concept in lab when you analyzed the horizontal and inclined crunch exercise. Let’s examine this concept in more detail. <ENTER>

SLIDE 3: A strength curve is a plot of how maximum strength varies as a function of joint angle. We previously used the concept of a strength curve to illustrate the torque output for a single muscle when we examined the biceps brachii and the brachioradialis. From a practical perspective, strength curves are most useful for muscle groups, as opposed to individual muscles. Obviously, the strength curve for a muscle group is the cumulative effect of the strength curves of the individual muscles that make up the group. As we have already seen, these curves are influenced by moment arm and length changes of the muscles. Strength curves have been developed for numerous joints in the body. Strength can be defined in a number of ways. We will define strength as the ability of a muscle group to develop torque against an unyielding resistance in a single contraction of unrestricted duration. Before we discuss the concept of strength curve similarity, let’s review how the strength curve for an individual muscle is determined. <ENTER> 

SLIDE 4: Because a strength curve is a plot of how maximum strength (torque) varies as a function of joint angle, then a strength curve can easily be generated if understand the factors that affect muscle torque throughout the ROM. Earlier in the semester we also identified the two factors that affect torque production of a muscle, as expressed by the equation, (=Fd. The first factor is the muscle force. Anything that affects muscle force output ultimately affects the torque output of that muscle as well. <ENTER>

SLIDE 5: There are numerous factors that affect the force output of a muscle, but only one of these factors changes predictably throughout the ROM – the force-length relationship. Therefore, this is the only factor that can be used to predict and explain strength curves for muscles. The force-length relationship of the whole muscle is influenced by the force-length relationship of the its two tissue components – the muscle tissue and the connective tissue. Before we can understand the force-length relation of the whole muscle, let’s examine the individual components. <ENTER>

SLIDE 6: The diagram on the slide presents the force-length relationship for the muscle fiber. Muscle fibers produce their greatest force at a length slightly greater than resting length – somewhere between 80-120% of resting length. Most muscles in the body operate within this range of lengths. However, when the muscle fiber is shortened to a length that is less than this, force output decreases due to overlap of the myosin and actin filaments which reduces the number of cross-bridges formed. At lengths greater than this range, force output of the fiber also decreases because the myosin and actin filaments are too far apart to allow all CBs to form. <ENTER>

SLIDE 7: Therefore, on this figure, the force-length relationship for the active component of the muscle organ (the muscle tissue is depicted by this curve. <ENTER> <ENTER>
SLIDE 8: This curve <ENTER> represents the force-length relationship for the SEC and PEC components of the muscle. These components develop tension when stretched (due to elastic properties), which assists to stop over-lengthening of the muscles. The force produced by CT depends on velocity of stretch. A greater velocity will result in greater force production by the CT. Force of CT varies across muscles due to differences in CT’s resting lengths and the amount of CT in each muscle. The SEC and PEC contribute ~47% of passive torque produced in the midrange of movement. The other half is produced by the joint capsule. Because the SEC and PEC produce passive force, they can protect joint by resisting at the ends of the ROM when muscle activation is delayed, especially with an unexpected perturbation. <ENTER>
SLIDE 9: This curve <ENTER> represents the total force output of the muscle organ as a function of length. At short lengths, the force produced in the muscle is due only to the active muscle contraction. This force is then transferred to the SEC, which then transfers the force to the bone. At extreme lengths of the muscle, the force in the muscle is almost exclusively elastic or passive. Total force output is maximized at longer muscle lengths due to the elastic contribution, but activation and initiation of movement is difficult because the active component has very low force producing potential. <ENTER>

SLIDE 10: Now let’s consider the practical application for this force-length relationship. The shortest length at which a muscle can produce active force is 60% of resting length. Therefore, a whole muscle can produce force and shorten to ~half its resting length (not including its tendons). The longest length at which a muscle can actively produce force is ~1.5X its resting length, or 160% of resting length. Therefore, the range of lengths that a muscle can actively produce force is ~60-160%. Passive force in the SEC and PEC is developed once a muscle is stretched beyond its resting length, developing force at lengths up to 200% of resting length. At lengths >160%, force production is entirely passive. Maximum force produced by a muscle is the sum of the active and passive components and is produced at ~110-120% of resting length. Most single joint muscles operate well within this range of 60-160% of resting length. <ENTER>

SLIDE 11: However, multijoint muscles (muscles that span more than one joint) are not constrained to operate within this range. They do not shorten below 60% but are much more susceptible to being placed in very shortened positions where force output can be severely compromised. Multijoint muscles are also able to reach lengths of >160%, where they can develop greater force than they would be able to with the active tissue. Therefore, multijoint muscles have unique advantages and disadvantages in their contribution to human movement. We will discuss these a little later. <ENTER>

SLIDE 12: The second factor that affects torque production of a muscle, as expressed by the equation, (=Fd, is moment arm. The moment arm is determined by where the force is applied (in the case of the muscle that would be its attachment site) and the angle at which the force is applied (in the case of muscle that would be its insertion angle). Let’s now review these two factors as they apply to the case of muscle torque. <ENTER>

SLIDE 13: There are 4 points that I want to make with regard to the point of force application (muscle attachment): 

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

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.

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. 

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.

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 14: There are 5 points that I want to make with regard to the angle of force application (muscle insertion angle): 

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

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. 

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.

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.

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 15: 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(. 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(. 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 16: 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°.

SLIDE 17: 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 18: 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. <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 size 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. Now let’s turn back to our discussion of strength curve similarity as a criterion in exercise evaluation. <ENTER>

SLIDE 22: Remember that we stated earlier that from a practical perspective, strength curves are most useful for muscle groups, as opposed to individual muscles. Obviously, the strength curve for a muscle group is the cumulative effect of the strength curves of the individual muscles that make up the group. As we have already seen, these curves are influenced by moment arm and length changes of the muscles. Strength curves have been developed for numerous joints in the body. On the slide is a strength curve for the shoulder flexors. Zero degrees indicates anatomical position. According to the curve, the shoulder flexors have the greatest strength at zero degrees, and get progressively weaker through the ROM. This decrease is due to the way that the length of the muscles and the MIAs (moment arms) are changing through the ROM. These strength curves are very useful in evaluating exercise effectiveness. Let’s look at an example of how we can use this curve to do this. <ENTER> 

SLIDE 23: On the slide, are three diagrams that depict the concentric phase of the shoulder flexor exercise. To determine one aspect of exercise effectiveness, we need to develop a torque-angle curve for the resistive force during the exercise. In this case, we know that the resistive force is the same throughout the exercise because the weight (which is the resistive force) of the dumbbell does not change. Therefore, any changes in torque through out the ROM will be due to changes in the moment arm. Can you draw in the moment arm for the dumbbell in each of the 3 diagrams? To do this, draw in the axis of rotation, the line of force, and finally the moment arm. <ENTER> From these diagrams, you can see that the resistive torque is zero at the beginning of the exercise, increases as the arm moves to 90° of flexion, and then decreases as it continues from 90° towards 180° of flexion. <ENTER>

SLIDE 24: If we superimpose the torque-angle curve created by the resistive force through the ROM onto the strength curve of the shoulder flexors, we can see that they do not match up very well. During the first 90° of the ROM, the resistance torque of the dumbbell is increasing as the strength of the flexors decreases. Therefore, it is impossible to overload the shoulder flexors appropriately through the first half of the ROM. There will be only one point in the ROM during which the overload is sufficient. This occurs at the point where the lines intersect. <ENTER> Before this point, there is no overload – the exercise is too difficult. Beyond this point, the overload quickly exceeds the capability of the muscle and the individual will have to stop, or they will cheat to continue through the ROM to a point where the muscles can once again move the resistive load. This point is usually called the sticking point in the exercise. <ENTER>

SLIDE 25: You can use a heavier or lighter dumbbell to shift this curve. On this slide, a heavier dumbbell has been used to shift the magnitude of the curve upward, but no change in the shape of the curve occurs. Therefore, there is still only one point in the ROM <ENTER> where the overload is sufficient for the muscle. In this case it occurs in the beginning of the ROM. The sticking point in this case would be earlier in the ROM. <ENTER>

SLIDE 26: Let’s go back to our original diagram. When the curves run somewhat parallel to each other, as they do in the latter half of the ROM <ENTER>, then the exercise appropriately overloads the muscle and the individual is able to work the muscle appropriately through this portion of the ROM. Therefore, this exercise is not very effective for training the shoulder flexors in the first 90°, but has better effectiveness for training the shoulder flexors through the last 90°. <ENTER>

SLIDE 27: What happens when we have the person perform the exercise in a supine position (lying on his back)? Well, the moment arm is now largest at the beginning of the exercise, and decreases as he flexes to 90°. After 90°, the moment arm increases again, but now the dumbbell is exerting a flexor torque on the shoulder, so it is no longer effective in training the shoulder flexors – instead, it would do the work for them and the shoulder extensors would have to resist the movement eccentrically. Let’s look at this using the torque-angle diagram. <ENTER>

SLIDE 28: Now the resistive and muscle curves are parallel to each other, indicating that from 0° to 90°, this exercise can appropriately overload the shoulder flexors, provided the right dumbbell is selected. This type of evaluation is the basis for the development of what are called variable resistance machines. Variable resistance weight machines (many of which are on the market) are designed using special cams and pulley systems to match the resistive load to the strength curve of the muscle. There is much debate about the value of this approach, but it is certainly one factor that should be considered when evaluating exercises and selecting exercises for use in training and rehabilitation programs. <ENTER>

SLIDE 29: In addition to using strength curve similarity to evaluate the effectiveness of exercises, other biomechanical factors should be considered as well. The progressive overload principle is the most important principle to adhere to with regard to muscular training. Second, but almost equal, in importance is the principle of specificity, which states that the exercise should be specific to the skill or movement for which you are training. If your primary goal for muscular training is for general health and physical fitness, then the specificity principle from a biomechanical standpoint is not so important. However, if training for performance enhancement in a particular skill, specificity of training biomechanically is extremely important. This specificity should be addressed in several ways. 

· As we have already stated, specificity of muscle roles should also be considered. Does the exercise use the muscles in the same way that they are used in the sport movement or skill? In other words, are the stabilizers, the neutralizers, the agonists, and the antagonists being trained in the manner that they will be used in the sport or skill? A muscular analysis helps us make this determination.

· Is the ROM used in the exercise similar to the ROM used in the sport or skill? This is important because using a similar ROM trains the muscle in a specific force-length range and allows the muscle to develop its force capabilities at lengths that are specific to the skill.

· Is the movement or contractile speed used in the exercise similar to the speeds used in the sport or skill? Again, this allows the performer to train on the portion of the force-velocity curve that is important to the skill. It also allows the user to train specific to the muscular power demands (muscle force produced at a given speed) of the skill.

Again, not all of these are critical for general physical fitness, though it is important to make sure that stabilizing and neutralizing muscles are being trained appropriately. Whenever you select or prescribe exercise for an individual, you should keep these factors in mind. <ENTER>

SLIDE 30: 
· Exercise evaluation is important to ensure appropriate physical training, whether for performance enhancement, injury prevention, or injury rehabilitation. <ENTER>

· Exercise evaluation should focus on the progressive overload principle and the specificity principle. <ENTER>

· The importance of each principle depends on the goal(s) of the exercise program.

