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Abstract
Levers in the human body play an important role in facilitating efficient movement. 
Muscle forces act around the axis of movement of adjacent joints. The normal 
moment of a joint (M) is the product of the muscle force (F) and the length of lever 
arm (d). The primary neurological insult in cerebral palsy (CP) causes shortening of 
muscles, joint contractures, and torsional abnormalities in bones. The resulting 
ineffective lever arm leads to a failure to produce an appropriate torque and 
subsequent gait abnormalities. Therefore, the effects of lever arm dysfunction should 
be considered when gait improvement surgery is being offered to children with CP. 
This review will explain the role of levers in normal human biomechanics and the 
significance of lever arm dysfunction in the management of CP.
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Introduction
Cerebral palsy is primarily a neurological disorder affecting movement and posture. 
Skeletal muscles in children with CP appear to have a fundamental inability to 
lengthen in response to longitudinal growth of the appendicular skeleton. This 
produces relative shortening of muscle in relation to bone length (muscle 
contracture) leading to joint contractures and bony deformity.
Dr James Gage and colleagues coined the term “lever arm dysfunction” to describe 
abnormalities in the bones and joints of the lower extremities resulting in altered gait 
in cerebral palsy. In simple terms, the presence of skeletal deformity results in 
decreased efficiency, requiring more work and effort for the muscles to provide the 
propulsion energy to move the body forward during gait.

Musculoskeletal consequences of cerebral palsy
Skeletal:
The positive features of the upper motor neuron (UMN) disorder (spasticity, 
hypertonia, clonus, and co-contraction) cause dynamic muscle contractures in CP.  
This, along with the negative features of the UMN syndrome namely muscle 
weakness, impaired selective motor control, poor coordination, poor balance), 
reduce physiological muscle stretching, which is essential for the normal muscle 
growth. Impaired muscle stretching in turn results in changes in the intrinsic 
mechanical structure of spastic muscles. Spastic muscles become inelastic, thinner, 
and shorter with longer tendons giving rise to fixed contractures. 
When fixed contractures are not treated early, the growing skeleton is subjected to 
uneven forces. This progressively leads to a change of the bone shape and, finally, to 
musculoskeletal deformities. The musculoskeletal deformities cause disturbance of 
the internal and external lever-arms giving rise to lever arm dysfunction. The result is 
a significant reduction in the mechanical advantage of muscles thereby impairing 
ambulatory function.
Thus, the motor deficits in cerebral palsy pass through three stages
a. Primary impairment: Spastic muscles are not able to stretch and cause unequal 
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muscle forces leading to dynamic joint deformities.
b. Secondary impairment: The muscles under tension cannot 
grow as well as normal muscles.  This causes relative shortening 
of muscles and fixed contractures of muscles.
c. Tertiary impairment: As the child’s age advances, there are 
secondary contractures in the adjacent joints and rotational 
deformities in bones which cause lever arm dysfunction.
These impairments may coexist in a child. Careful assessment 
of the child is paramount to differentiate between primary, 
secondary, and tertiary level impairments.

What is a lever?
The principles of levers were developed by Archimedes 260 
B.C. A lever is a rigid body rotating about an axis called the 
pivot. In the human body, bones could be considered as the 
rigid body segments rotating around a joint as the pivot with 
forces created by the adjoining muscles and ligaments. In the 
human body, joints act as the pivot or fulcrum (F), muscles 
provide the effort (E) whereas a combination of inertial 
resistance and weight of the body part provides the load (L).  

The Three Types of Levers
There are three different kinds of levers: first class, second class, 
and third class (or) class 1, 2 and 3 respectively. Each of these 
classes of lever have different configurations of effort and load 
around the joint (Fig. 1). In a first-class lever, the fulcrum is 
present between the effort and the load. In a second-class lever, 
the load is situated between the fulcrum and effort and in a 
third-class lever, the effort is located between the fulcrum and 
the load.

Examples of  levers in human body
All the classes of levers are present in the human body; however, 
class three is the most common. The first class of lever has the 
fulcrum (pivot) situated between the body segment weight 
(resistance) and muscular force (e.g. movement around the 
atlanto-occipital joint). The second class of lever could be seen 
as weight applied to the toes where resistance falls between the 
axis and force. There are many examples of third class of lever 
where this axis lies in between the resistance and the force (e.g. 
knee joint movement).

Efficiency of levers (Effort Arm vs. Load Arm)
The efficiency of a lever is dependent on the ratio of the effort 
arm to the load arm. This is termed “mechanical advantage” 
(MA). It can be expressed as MA = Effort arm/ Load arm 
where MA = mechanical advantage, Effort arm = Distance from 
effort to fulcrum and Load arm = Distance from load to fulcrum 
(Fig. 2).
If the effort arm is greater than the load arm, then mechanical 
advantage is greater than one. Therefore, the greater the 
distance between the effort and fulcrum, the easier it is to 
displace the load since a smaller effort is necessary. In other 
words, situating the fulcrum close to the load is useful in 
minimizing the effort.

www.ijpoonline.comSampath J & Nagda T

Figure 1: is a diagrammatic representation of the three classes of 
levers.

showing the effort arm and load arm on either side of the 
fulcrum. Changes to the relative lengths of the effort and load arms 
alters the mechanical advantage of the lever. (EA: Effort arm, LA: 
Load arm.)
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The effort arm (EA) is the distance between the fulcrum and 
the effort; in the human body, this is the distance between a 
joint centre and the site of insertion of the concerned muscle. 
The load arm (LA) is the distance between the fulcrum and the 
load; i.e. the distance between the joint centre and the body 
part distal to the joint (load).
The greater the ratio of the effort arm to the load arm, the more 
efficient the lever system is (i.e. the less the effort to displace 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.

Velocity Ratio
Velocity ratio is the ratio of distance travelled by the load to that 
travelled by the effort.
The longer the effort arm, the easier it is to move the load but 
less is the distance travelled by the load. The shorter the effort 
arm, a larger force is required to move the load but the distance 
travelled by the load is increased, thereby acting as a speed 
multiplier.
For a class II lever, EA is always greater than LA (See Fig. 1) 
This results in a mechanical advantage that is greater than 1, and 
the lever acts as a force multiplier.
For a class III lever, EA < LA; the mechanical advantage is 
always less than 1 and the lever always acts as a speed multiplier.
For a class I lever, EA and LA can take every possible value 
greater than 0 (bounded by the length of the lever, of course). 
According to the ratio of LA and EA, such a lever can be a force 
multiplier or a speed multiplier. If EA > LA, a class 1 lever will 
be a force multiplier and if EA < LA, the class 1 lever will be a 
speed multiplier.

The hip as a First-Class lever
In the case of the hip as a class 1 lever, the center of the femoral 
head is the fulcrum (F) with the body weight acting as the load 
(L) and the abductor muscles providing the effort arm (E) (Fig. 
3). F is in the center with the effort and load arms on either side. 
The distance from the hip joint centre to the attachment of the 
hip abductors is the effort arm (EA). The distance from the hip 
centre to the centre of gravity of the human body provides the 
load arm (LA). The efficiency of this lever depends on the 
length of the effort arm. The greater the length EA, the easier it 
is for the abductors to counteract the moment due to gravity 
and maintain a level pelvis. Failure of this lever mechanism 
manifesting as Trendelenburg gait can occur because of:
1. Abnormal or displaced fulcrum: Lateral displacement of the 
hip in cerebral palsy
2. Shortened effort arm: Coxa valga and breva
3. Inefficient lever arm: Fracture neck of femur
4. Inadequate effort force: Abductor weakness or laxity due to a 
high riding trochanter

The foot as a Second-Class Lever
In plantar flexion, the lower leg acts as a class 2 lever. During calf 
raise, the fulcrum is situated at the metacarpophalangeal joint, 
the gastric-soleus muscle complex attached to the calcaneum 
provides the effort and the load is the body weight acting 
through the tibia (Fig. 4). 
A second-class lever is termed a “Power Lever” or force 
multiplier and the only situation where the effort arm is greater 
than the load arm. This arrangement results in a higher effort 
arm to load arm ratio. The load is in the middle and the effort 
farthest from the fulcrum making the second class lever the 
most mechanically advantageous. Therefore, the act of 
plantarflexion can displace much greater weights than elbow 
flexion, even if the biceps is just as strong as the calf muscle 
group.

The knee joint as a Third-Class lever
During extension of the knee, the knee joint centre acts as the 
fulcrum, with the weight of the leg acting as the load and the 
quadriceps muscle group providing the effort. In this case, the 
effort arm lies between the fulcrum and load arms. Since the 
effort arm is shorter, the lever system is at a relative mechanical 
disadvantage. However, there is greater excursion of the load 
with lesser excursion of the effort resulting in a better arc of 
movement (speed multiplier).

Why are levers important in cerebral palsy
Lever arm dysfunction in children with cerebral palsy refers to 
the inefficiency of gait resulting from a combination of 
abnormal skeletal development, joint contractures, and foot 
deformity. 
In the human body, the centres of rotation of joints act as the 
axis about which muscle forces are applied. A force that acts 
about an axis is called a moment (M), equal to the muscle force 
(F) times its perpendicular distance (d) from the axis of joint 
rotation. M = F x d.  If one remembers that a muscle always acts 
as part of a force-couple or moment (M), it should be apparent 
that an inadequate moment arm (lever or ‘d’) will produce 
apparent weakness even in the face of adequate muscle force 
(F). Coxa valga is a typical example where the abductor lever 
arm in the coronal plane is reduced causing an abductor lurch 
even when the abductors are of sufficient strength.
In cerebral palsy, lower limb levers at hip knee and ankle are also 
altered. Lever arm dysfunction typically progresses with 
growth in children with CP resulting in greater gait deviations 
over time.
While considering the management of musculo-skeletal 
deformity, optimal treatment of the lever arm significantly 
improves the quality of movement in children with CP.
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Types of lever arm disorders in CP
There are different types of lever arm dysfunctions in cerebral 
palsy. One must bear in mind that in each clinical situation, 
several types of lever arm problems can coexist with different 
lever arm problems at different joints and a combination of lever 
arm issues at one joint. Thorough knowledge of the various 
types of level arm dysfunction and their impact on gait is 
therefore essential for the proper management of gait 
impairments in cerebral palsy.
1.Short lever arm (coxa valga) 
2. Flexible lever arm (pes valgus)
3, Malrotated lever arm (external tibial torsion)
4. Abnormal pivot (hip subluxation or dislocation)
5. Positional lever arm dysfunction (crouch gait)

Effect of Lever arm disorder in CP
The effects produced by lever arm disorders are of two types
1. Change the line of muscle action, line of gravity and ground 
reaction force resulting in abnormal internal and external joint 
moments. 

2. Change in the mechanical advantage (MA) of the body 
system. MA is based on the ratio obtained from internal and 
external moment arm that affects body joint and its function. 
A detailed description of the causes, effects, and management of 
lever arm dysfunction at the hip, knee, and foot levels are 
provided in later articles in this IJPO symposium on cerebral 
palsy.

Conclusion 
Children with CP exhibit a variety of lever arm disorders with 
characteristics changes in gait pattern. The surgical approach 
for gait correction depends predominantly on an assessment of 
the child’s gait through 2-D videos or instrumented gait 
analysis. An understanding of lever arm dysfunction is 
important to achieve appropriate surgical correction. Various 
surgical procedures have been used for the correction of ankle, 
knee, and hip lever arm dysfunction. The choice of the surgery 
and its outcome is suited best with kinetics and kinematics 
analysis of gait.
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