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PEP 300 - Laboratory

Anatomical and Biomechanical of the Abdominal Crunch Exercise

Purpose:
To develop a greater understanding of the nature of flexibility and how it is enhanced.

Equipment:
workout clothes, textbook

Background:

Strength curves are often used to analyze the effectiveness of strength training exercises. A strength curve is generated when muscle torque is plotted against joint angle throughout the normal range of motion (ROM).  We have already discussed one of the mechanical concepts that is the basis for developing strength curves – moment arm. In lecture, we used the biceps brachii to illustrate how a muscle’s torque potential changes through the ROM as the muscle insertion angle and, therefore, the moment arm of the muscle changes. The second factor that influences the shape of the strength curve for a muscle is the force-length relationship of the muscle through the ROM. We will discuss this in lecture, but for now, we will use the moment arm concept to generate a strength curve for the muscle. When all of the strength curves of all the muscles in a functional muscle group are “added” together, we obtain a strength curve for the functional muscle group.

For example, based on our discussion of the biceps brachii in lecture, we would generate the following strength curve for the biceps brachii:
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The torque potential of the biceps brachii is greatest at ~90º joint angle, because this joint angle is where the biceps brachii has its largest moment arm (muscle insertion angle is ~90º), and the force-length relationship is optimal. This strength curve is also the strength curve for the brachialis, because the muscle insertion angle and the force-length relationship changes in the brachialis through the ROM are similar to those observed in the biceps brachii. Therefore, this curve becomes the strength curve for the entire elbow flexor group since these two muscles are the primary movers for elbow flexion and produce > 90% for the maximum elbow flexor torque.

Conditioning theory states that the exercises that produce resistance torques in a similar manner throughout the ROM will be more effective for training the muscle. While this claim is a current topic of debate, we do know that how the resistive torque matches up with the muscle torque at any given point in the ROM indicates where strong and weak points in the ROM exist for a given exercise.
The purpose of this laboratory is to use strength curves to analyze the abdominal crunch exercise.  Specifically, you will compare a horizontal abdominal crunch with an abdominal crunch that is performed on an inclined bench (arms are across the chest during both exercises).  You will determine why the inclined exercise is more difficult than the horizontal exercise. Finally, you will draw some conclusions about the effectiveness of each exercise in strengthening the abdominal muscles throughout the range of motion.  

For the purposes of this laboratory, assume the following:

· The horizontal crunch is performed from an initial position of 0( with the ground, and the inclined crunch is performed from an initial position of 60( below the horizontal. 

· The axis of rotation is L5-S1.

· The individual moves through a total spinal ROM of 45(.

· The upper body (head, arms, and thorax) weighs 53% of body weight for men and 42% of body weight for women.  

· The distance between the center of gravity of the head, arms, and trunk and the L5-S1 axis is 65% of the length from the top of the head to the L5-S1 axis for men, and 60% of that length for women

Procedures to be completed during lab:

1. This first step will be done for you in class. Pay close attention to the example. Construct a torque-angle diagram for the resistive torque of the upper body during the performance of a horizontal abdominal crunch exercise.  To do this, you should estimate the resistive torque (force X moment arm) for selected points through the range of motion in each exercise.  You are simply trying to produce a curve that depicts maximum torque potentials through the ROM. Plot your diagram on the graph provided below.  Use a solid line for plotting the torque-angle relationship for the horizontal crunch.
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Construct a torque-angle diagram for the resistive torque of the upper body during the performance of an incline abdominal crunch exercise.  Again, you should estimate the resistive torque (force X moment arm) for at the same points through the range of motion as used for the horizontal crunch exercise. Plot your diagram on the graph provided below.  Use a dashed line for plotting the torque-angle relationship for the incline crunch.

3. 
Answer the following discussion questions.
a. Briefly describe the differences between the inclined and horizontal crunch in terms of the resistive torque that is produced through the range of motion.

b. Although differences do exist between the resistive torques experienced during the range of motion, these differences still do not solely explain why the inclined crunch is a more difficult exercise than the horizontal crunch.  The maximum resistive torque is the same in both exercises. Can you explain this?

c. Below is a diagram of the strength curve for the trunk flexors during the trunk range of motion.  Superimpose this curve on the resistive torque-angle curves you generated for the crunch exercises.  (Use a different color pen so that this curve clearly stands out.)


d. After superimposing the strength curve on the resistive torque-angle diagram, can you provide a better rationale for why the inclined crunch is more difficult than the horizontal crunch?

e. Why doesn’t the strength curve for the trunk flexors change as the individual changes from a horizontal to an inclined position?

f. Do you think that either crunch is an effective exercise for the trunk flexors through the entire range of motion?  Explain your answer.

g. Provide a biomechanical rationale for why a crunch with the arms behind the head is more difficult than a crunch with the arms across the chest.

h. A male and a female both perform the horizontal crunch exercise.  Assume that the male and the female have equal body weights (W=668 N), equal body heights (H=175 cm), and equal trunk flexor strength.  Would it be more difficult for the male or the female to perform the exercise, or would the difficulty level be the same for both?  Explain your answer.
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