Levers
A lever has three components 

· Fulcrum or pivot- the point at which the lever rotates

· Resistance or load- the force applied by the lever system

· Effort- the force applied by the user of the lever.

In the body;

· Fulcrum- joint involved in the movement

· Effort – the muscle acting as the agonist   

· Resistance – load being moved (moving part of the body against gravity/ weight)

How to remember them!

1, 2, 3- FRE

1,2,3 – class of lever

FRE- refers to the middle component   Eg. 1, F

Movements; 

Shoulder and elbow in push ups/ throwing over arm/ forehand racket strokes

Hip, knee and ankle in running/ kicking/ jumping and squats
Classification of Levers

First class

Fulcrum lies between the effort and resistance

Two examples of this lever in the body

1) Head moves back and forward on top of neck

2) At elbow;  during extension when the triceps is the agonist, the triceps muscle provides the effort; the elbow is the fulcrum; weight of the arm is the resistance .

Diagram

If exam question wants you to draw the lever system draw it like this- don’t try to draw bones/ muscles etc
In throwing, racket strokes and press ups when triceps causes extension at the elbow, it acts on the elbow as a first class lever system
Second Class 

Resistance in the middle- only one place in the body- foot

Bones of the foot act as the lever.  Ball of the foot is the fulcrum; the gastrocnemius muscle is the effort; weight of the body providing the resistance. 
When plantar and dorsiflexing in running, kicking jumping and squatting, the gastrocnemius acts on the foot as a second class lever system.

Diagram

Third Class 

Effort is between the fulcrum and the resistance

This lever system accounts for all other joints in the body
In hip and knee flexion and extension that occurs in running, jumping and kicking, the hip flexors, gluteals, quadriceps and hamstrings all act on their respective joints as third class levers. 

Diagram 

All lever systems have advantages and disadvantages, these depend on length of effort and resistance arms 
Force arm- distance of force from fulcrum

Resistance arm- distance of resistance from fulcrum

Diagram

Third class lever

At most joints, the force arm is short and resistance arm is long.

There is a mechanical disadvantage in terms of what it can achieve when working.  Force arm is very short and the muscles involved will not be able to apply much force to move objects. 

There is a mechanical advantage in that long resistance arm means greater range of movement, and because the force is applied so close to the fulcrum, the resistance can be moved quite quickly. 

Biceps curls with 10kg weight- is hard work but you have massive ROM
Second class lever

Greater mechanical advantage in that the force arm is longer than the resistance arm, so can generate bigger forces

Mechanical disadvantage in that they have limited range of movement and the movements tend to be quite slow

Tip toes and back again- moving lots of weight! But limited range of movement at ankle- cant point toes sufficiently to get straight and cant get toes to touch shins!

Summary

· Thirds Class- advantage of greater ROM, but not as much force can be applied

· Second Class- advantage that it can shift big forces but limited ROM

Exam Questions

Sketch and label a ...... lever system

Label the resistance and effort arm

Advantages and disadvantages of third class lever systems over others?

Name the lever system operating at the elbow in... 
…….picture overarm throw cricket (first) / forehand stroke (third)/ javelin throw executed (first)/ ball of foot at take off for high jumper (second)/ foot of a diver pushing off board (second)/ long jump- take off foot (second)/ running foot plantar flexion (second)/ squat foot (second) Push ups- extension (first) Kicking?
