
Growth and Control
A simple exploration on the implications of growth with respect to 

control.



Changes with growth

Children

• Play vigorously

Adults

• Much more cautious 



Muscle force

• Control involves the intentional use of muscle force.

• The maximum voluntary  force from a muscle is often called strength.

• Strength is associated with the cross sectional area of a muscle.

• With growth, strength increases as a square function
• 10% height increase  - 21 %increase in strength.

• 20% height increase  - 44% increase in strength.

• 30% height increase  - 69% increase in strength.

• 40% height increase  - 96% increase in strength.

• 50% height increase  - 125% increase in strength.



Good News

Available muscle force increases with growth.



But ………………
• Body mass (weight) is affected by growth in 3 dimensions.

• With growth, mass increases as a cubic function*
• 10% height increase  - 33 %increase in mass.
• 20% height increase  - 73% increase in mass.
• 30% height increase  - 120% increase in mass.
• 40% height increase  - 174% increase in mass.
• 50% height increase  - 238% increase in mass.

• Gravity acting on the body mass produces body weight and any body 
movements will produce inertial forces.

• Consider these effect graphically assuming strength is twice that 
needed to manage weight at birth.

*  This is a simplification because growth differs in different directions.
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Changes in Strength & Weight with Growth

Strength Weight

With growth, body weight
increases challenging strength.

Eventually, body weight
overcomes strength.

Initially muscle strength (blue) can 
manage to overcome weight effects (yellow).
The effect of growth in early years does not change
this relationship to a noticeable degree.
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Strength Weight

Eventually, body weight
overcomes strength.

With increased growth, body weight
increases to challenge strength.
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Eventually, body weight
overcomes strength.



Bad news ……………

• So why don’t all children deteriorate?

• They use refinement of control and to see how it works we will need 
to revise what we know about Newton’s 3rd Law applied to torque or 
moments.

• In particular we need to look at moments arms.

• Let’s start with a little practical example :-
• If you can, stand upright with your knees slightly flexed.  You should find that 

this is not too taxing.
• Now increase the degree of flexion considerably.  You will rapidly discover 

that your quads tire quite quickly.  The only significant change here is the 
gravitational moment arm.



Now consider hip flexion when standing.

• Treat HAT as a single object and mark CoM.

• All the weight can be considered centred 
here and gravity acts vertically downwards, 
so draw a weight vector. 

• Add the moment arm between the hip joint 
and the force.



Consider moments.

• The HAT weight will produce an anticlockwise 
(flexing) turning moment about the hip joint.
• The magnitude of the turning moment will be the HAT 

weight multiplied by the length on the moment arm.
• Remember that the moment arm must be measured at right 

angles to the line of action of the force.

• For equilibrium the hip extensors will need to work 
to resist this turning moment.
• Newton’s 3rd law.

• A similar analysis will show that in hip extension 
the flexors must be active until the anterior hip 
ligaments take over.



What can be changed?

• Only two factors determine the size of the turning moment :-
• The weight of HAT is a constant and we can do little about this.

• The moment arm is controlled by the amount of flexion or extension.

• If the line of force passes through the hip joint centre the moment 
arm becomes zero and therefore the turning moment becomes zero.

• Nobody can maintain this level of control but, provided the moment 
arm is kept small, the resulting turning moment will be manageable.



Good control is central to 
overcoming the adverse effects 

of growth.


