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1.0 INTRODUCTION 

The increase in muscle mass due to elevated loads 

apparently has been known for millennia and the 

relation between loading and one size has been 

recognized for centuries (Ascenzi, 1993). 

Furthermore, more than 100 years ago, Culman and 

Von Meyer noted a qualitative likeness between the 

trabecular architecture with femur and principal 

s t ress  t ra jec tor ies in  a  s imi lar ly  shaped 

crane(Koch,1917). This observation led to Wolff's 

law or the trajectorial hypothesis for internal bone 

remodeling (Wolff, 1986).

Remodeling involves changesin material properties. 

These changes which often are adaptive, may be 

brought about by alternation in modules, internal 

structure, strength or density.Using a stress analysis 

of the femur based on detailed morphological 

measurement, Koch (1917) confirmed Wolff's law. 

He also discussed possibility of bones being 

optimized structures designed for maximum strength 

with minimum material. Bone and muscle adaptation, 

however are intimately related since they exert force 

on each other (Cowin, 1993).

1.1 STRUCTURE AND MECHANICS OF 

BONES

Macroscopically, there are two types of bones. 

Compact or cortical boneand Cancellous or 

trabecular bone. Compact bone is a dense material 

that makes up primarily the shaft or diaphysis of a 

long bone. Cancellous bone isa porous material that 

makes up the end or epiphysis of a long bone and is 

surrounded by thin shell of compact bone. Since the 

trabecular give Cancellous bone a sponge-like 

appearance. This type of bone is also called spongy 

bone.

Microscopically, there are three types of compact 

bone;  Woven,  Lamellar,  and Harversian 

(Cowin,1993).Bones contain primarily three types of 

cells

1. Osteoblasts, which create (deposit) bone.

2. Osteoclasts, which destroy (resorb) bone.

3. O s t e o c y t e s ,  w h i c h  a r e  c e m e n t e d   

 osteoblasts that become trapped in the bone 

 matrix and then serve maintenance  

 functions

In this way, osteoclasts first resorb old bone often by 

tunneling and then osteoblast fill in the tunnels with 

new bone. The newly deposited bone initially has a 

relatively low modulus, with mineralization and 

hardening occurring gradually (David and Andrew, 

2012), (Hart and Davy,1989). In this way, deposition 

occurs without introducing residual stress. Bone 

resorption and deposition are ongoing process that 

may be regulated by osteoblasts (Majid, 2010).
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