Biomechanics, 2007

Biomechanics and Anatomy, Non MCQ Part, 2007
Part 1. (recommended time – 30min)
Calculation Questions

Attempt all questions in Part 1

1.  (40% pt 1) Muscle exercise training can be achieved in various ways. One of them is illustrated in the figure where you exercise against a weight and pulley.
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Suppose you start from rest in the position drawn and you are about to start moving the arm downwards (isometric situation). If the load is 100 N and the mass of the forearm gives a force of 20N, (a) what is the muscle force of the triceps and (b) what is the reaction joint force at the elbow? Assume you have a situation where the muscle, loading and reaction forces are purely vertical. Using the joint centre as reference point, the insertion of the triceps is 2.5 cm to the left, the centre of mass of the forearm and arm is 15 cm to the right and the distance to the point of application of the load on the wrist is 25 cm to the right.            

2. (40% part 1) Suppose a 70 kg person with a centre of mass 1.0 m above the ground falls on his hip after tripping. (a) How long does his fall last? (b) With what speed does he hit the ground?

Let’s consider this problem 2 further. (a) What is the reaction force of the hard floor on the hip if it acts for 0.1 s to stop the fall?  (b) If the force that will cause hip fracture is 2kN, will the hip fracture?   (c) Suppose the floor is covered with a carpet that spreads the impact over a longer time.  Calculate how much longer that time needs to be to avoid a fracture.
3. (20% part 1) When standing on one leg during the stance phase of locomotion, the hip abductor muscles must exert a force to stop the hip rotating.  The diagram shows the situation.

[image: image2.png]



Body weight less the standing leg is 752N and acts just across the mid-line and 12.1cm from the hip joint.  The net muscle action is on the greater trochanter, 7cm from the joint, and is at 71degress to the horizontal.  a. Calculate the force in the muscles required to stop hip rotation and b) calculate the reaction force and its direction at the hip joint.  If this individual had a painful hip, how would their posture be affected?

Part 2 (recommended time – 1 hour)
Answer 2 questions

The use of annotated diagrams is encouraged.

4. Write short notes on and exemplify the relevance in biomechanics of the following:

a. Newton’s second law of motion

b. Coefficients of friction
c. Surface electromyograms

5. a. Describe typical ground reaction forces (GRFs) for walking.  b. What are the likely causes of high and fast loading rate of vertical GRF, no visible double peak of the vertical GRF and significantly smaller than normal anterior and posterior GRF impulses. c. How might you correct these forces to improve gait efficiency?

6. Why are over head throwers (javelin, baseball, etc.) more likely to obtain an upper limb injury compared to a shot-putter? How could such injuries be prevented?

7. a. Define stress and strain.  b. Sketch the stress strain relation for a tendon, labelling key features.  c. Explain what is happening to the internal components of the tendon at different places on the stress strain curve.  d. Explain how hysteresis alters the stress strain relationship for tendon 

