1.5 Levers in the human body

Lever System

When muscles develop tension, it pulls on bone either to support or to move the
resistance of the applied load to a body segment. The muscles and bone are functioning
mechanically as a lever.

e Alever isany rigid segment that rotates around a fulcrum.

e A fulcrum is a point of support, or axis, about which a lever rotates.

e A lever system exists whenever two forces are applied in a way that they produce
opposing moments.

e The force that is producing the resultant moment is called the effort force (EF).

e The other force that is creating an opposing moment, is known as the resistance
force (RF).

Based on the arrangement of load, effort and fulcrum lever can be classified into first to
third class. The common anatomical lever in the human body is third class and the
reason is that the muscle insertion is usually close to the joint of action thus the effort
is usually between the fulcrum and the resistance, which is a third-class lever.

This design helps the body to gain motion and speed and thus the human
musculoskeletal system is designed for speed and range of motion at the expense of
force.
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Our bodies are composed of a variety of synovial joints that function as lever systems. The
reason it’s easier to perform a weighted calf raise than a bicep curl is because the lever
system involved in a bicep curl is mechanically less efficient than the lever system involved
in a calf raise.


https://www.visiblebody.com/learn/skeleton/joints-and-ligaments#synovial

The gastrocnemius muscle. Image from Visible Body Suite.

Parts of a Lever

Synovial joints are moveable joints; a few examples of these are the shoulder, spine, knee,
elbow, and ankle. To understand why some synovial joints have more efficient lever systems,
we must first understand the relationships between the three lever parts: an effort or force
applied to the lever, a fulcrum, and a load. A synovial joint also has these: effort (a muscle’s
applied force at the insertion site of a bone), a fulcrum (the joint axis), and a load (the body
part/weight to be moved).

The Three Types of Levers

There are three different kinds of levers: first class, second class, and third class. Each of
these lever classes have unique arrangements of the muscle’s insertion (effort) and bones
(lever/arm) around the joint (fulcrum). See the chart below to visualize the difference
between the levers:
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Effort Arm vs. Load Arm

The efficiency of a lever relies on the ratio of the effort arm to the load arm. The effort arm
(EA) is the distance between the fulcrum and the effort; in the body, this is the distance
between the joint and the muscle’s insertion site. The load arm (LA) is the distance between
the fulcrum and the load; in the body, this is the distance between the joint and the loaded
body part.
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The greater the ratio of the effort arm to the load arm, the more efficient the lever system is
(i.e. the easier it is to move the load). Therefore, if the distance between a muscle’s insertion
site and the joint is greater than the distance between the load and the joint, your muscle is at
an advantage. This is why your gastrocnemius can lift more weight than your bicep, even if

they are equally as strong!
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The levers involved in plantarflexion and elbow flexion.
To understand this concept, let’s look at a basic example of a first class lever.

Pretend you need to move a really heavy rock. To lift it, you could create a first class lever
system with a shovel and cinder block. You strategically position the cinder block so that
when you use it as leverage, the middle of the shovel handle rests on it. Now, when you put
your hands on the end of the shovel to apply a downward force (effort) that leverages the
rock (load), your hands and the rock are equally distant from the cinder block (fulcrum).
Thus, your effort arm and load arm are equal.
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To make it even easier, you could move the cinder block closer to the rock, moving the
fulcrum closer to the load. This decreases the load arm and increases the effort arm, making
the lever more efficient and allowing you to lift the rock while applying less force.

Atlanto-Occipital Joint as a First Class Lever

An example of a first class lever in the human body is the head and neck during neck
extension. The fulcrum (atlanto-occipital joint) is in between the load (front of the skull) and
the effort (neck extensor muscles). The muscles are attached to the posterior part of the skull
to allow for the greatest effort arm. The atlanto-occipital joint in the middle provides
leverage, and when the muscles contract, pulling the occipital bone down, the front of the
skull is lifted.



Elbow Joint as a Third Class Lever

Examples of the third class lever system are abundant in the human body. In our case of a
weighted bicep curl and a calf raise, the lever system involved in a bicep curl is mechanically
less efficient than the lever system involved in a calf raise. The elbow joint is an example of a
third class lever, operating with the effort between the load and fulcrum.

The distance between the elbow joint and the insertion site of the bicep tendon is very small,
especially when it’s compared to the distance between the elbow joint and the weight in your
hand. The effort arm is significantly shorter than the load arm, making the ratio very small.
When you try to curl the weight, your bicep has to work harder because it is at a mechanical
disadvantage.




Second Class Lever

In plantar flexion, the lower leg acts as a second class lever. A second class lever is the only
lever that can promise that the effort arm will always be greater than the load arm. This
arrangement results in a bigger effort arm to load arm ratio, making the second class lever the
most mechanically advantageous.

In a calf raise, the effort comes from the gastrocnemius muscle, which is attached to your
calcaneus bone. The load comes from your body weight and the extra weight you are holding;
this force acts on the lever system through the tibia. The fulcrum is made up of the
metacarpophalengeal joint.

In this arrangement, the load is in the middle, and the effort is farthest from the fulcrum.
Therefore, the act of plantarflexion can move much more weight than elbow flexion, even if
your bicep is just as strong as your calf.

All of these lever systems are used throughout the entire human body. However, it can be
tricky to figure out which system a joint uses! If you get stuck, remember that to classify a
lever, you have to analyze where the forces are being applied. For example, some muscles
exist on one side of a joint, but their tendon crosses over the joint and applies a force to a
bone on the opposite side.
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