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CH -3-                             

                        Functions of the skeleton 

1. Supporting:- The body's muscles are attached to the bones through tendons and  

                           ligaments and the system of the bones plus muscle support the body. 

2. Locomotion:- Bone joints permit movement of one bone with respect to another.     

3. Protection:- The skull which protects the brain and several of the most important  

                         sensory organs (eyes or ears), is an extremely strong container. The ribs  

                          form a protective cage of the heart and lungs.  

4. Storage of chemicals:- The bones act as a chemical "bank" for storage elements for  

                         future use by the body. For example, Calcium, a minimum level of Ca 

                         is needed in the blood; if the level falls too " Calcium sensor " causes 

                          the bones to release the needed Calcium. 

5. Production of red blood in the bone marrow. 

6. Sound transmission:-  Ex. Ossicless in the middle ear. 

7. Nourishment:- Ex. Teeth. 

 

Bone Remodeling:- 

    A continuous process of destroying old bone and building a new bone, is  called    

  bone remodeling is preformed by specialized bone cells. 

 *  Osteoclasts destroy the bone, and Obsteoblasts build it, compared to many body 

process, bone remodeling is slow work. We have the equivalent of new skeleton about 

every seven years. 
 

 * Each day the Osteoclasts destroy bone containing about 0.5 gm of calcium (the bones  

   have about 1000 gm of Ca), and the Osteoblasts build new bone using about the   

   same amount of Ca. 

 

* While the body is young and growing the Osteoblasts do more  than osteoclasts.  

* But after the body is 35 to 40 years old the activity of the osteoclasts  is greater  

   than that of the osteoblasts, resulting in a gradual decrease in bone  mass that  

   continues until death. 

     

  This condition, called osteoporosis which is faster in women than men and leads to 

a serious problem of weak bones in older women, such as fractures in the spine and 

hips. 
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Bone Composition:- 
  Bone consists if two quite different materials plus water : 

1. Collagen:- The major organic fraction, which is about 40% of the weight of solid    

                      bone and 60% of its volume. 

                     Collagen alone is fixable and can even be bent into a loop.  

2. Bone Minerals:- In organic component of a bone which is about 60%  of the weight  

                               of the bone and 40% of its volume. 

                           Bone minerals alone is fragile and can be crushed with the fingers. 

 

•  It is composed of calcium hydroxyapatite Ca10(PO4)6(OH)2  

•  The bone mineral constructed from very small rod shape crystals with diameters 

about 20 to 70 A
o
, and length of from 50 to 100 A

o
.  

  

 * Because of the small size of the crystals, bone mineral has very large surface area 

nearly 4 10
5 
m

2
 , which permits the bones to interact rapidly with chemicals in the 

blood and other body fluids. 

 

Elements of Composition of Compact Bone:- 

             The Element              % Composition 

H 

C 

N 

O 

Mg 

P 

S 

Ca 

others 

3.4 

15.5 

4.0 

44.0 

0.2 

10.2 

0.3 

22.2 

0.2 

 

* Because bone consist of large percentage of Ca
+2 

it appears clearly in X-ray. 
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Classification of The Bone:- 

    The bones are shaped and constricted into five parts (piles) according to their 

functions to with stand forces exert on it. 

 

Plate - like Bones:- Such as shoulder blade (Scapula)_ and some of the bone of the  

                                  skull. 

Long Hollow Bones:- Such as bones found in the arms, Legs and fingers. 

Cylindrical Bones:- e.g. the spine (Vertebrae). 

Irregular Bones:- e.g. Wrist and ankle. 

The ribs:- That do not belong in any of the other piles. 

 

   If  we were to cut some of the bone a part, you would find that they are 

composed of one or a combination of two different types of bone: 

 

1.  Compact bone:- The bone is solid and strong, and this bone is found in central   

                                   shaft. 

2.   Trabecular bone:- This one is spongy, bone is made up of the thread-like  

                                      Trabecular, and this bone is found in the ends of the long bones. 

 

 *    Trabecular bone is considerably weaker than compact bone due to the reduced  

    amount of bone in a given volume, but the bone tissue in a trabecular is the same as  

    the compact bone. 

  What are the advantage of the Trabecular bone over compact bone?   

There are at least two advantages :- 

1. Where a bone is subjected primarily to compressive force, such as at the ends of the    

    bones in the spine, trabecular bone gives the strength necessary with less material  

    than compact bone. 

2. Also because the trabecular is relatively flexible trabecular bone can absorb more  

    energy when large forces are involved such as in walking, running, and jumping. 

  On, the other hand, trabecular bone can not with stand very well the bending 

stress that occur mostly in the central portions of long bones. 

 

*  The density of bone = 1.9 gm/cm
3
 which stays constant through life    time (or 

1.9 time as dense as water) even the mass of the bone is changed. 
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*  If a bone(L) is placed under tension or compression its length is 

changed by ∆L  . 
 

   Hooks law indication that the strain (∆L/L) increasing linearly at first, and 

it is proportional to the stress (F/A), where (F) is the applied force,  

    and (A) is the cross section area of the bone as in the (Fig.1) 

 

*  As the force increases, the length increase rapidly, and the bone breaks at a stress of 

about 120 (N/mm
2)

 and strain 0.015 

 

* Healthy compact bone is able to with stand a compressive stress of about 170 

(N/mm
2
). 

 

According to Hook's Law:- 

      With in the limits of perfect elasticity strain is directly proportional to the stress. i.e.  

 

 

• The ability of the bones to support the body's weight without breaking  not only 

weight but also other forces such as bending, running, and   jumping. 
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• In old age the bone become more porous, the density of the remaining  compact 

bone still about   1.9 gm/cm
3
, It is reduced in strength because  it is thinner, not 

because it is less dense but the mass of the bone changes. 

 

Bone Joints 

     Joints are places in the body where two bones come together. Each bone ended with 

synovial fluid, the joints made most of the body movement are shown in the (Fig. 2). 

  

•    The surface of the articulate cartilage does not smooth the roughens of the cartilage 

plays useful role in joint lubrication by trapping some of synovial fluid and because of 

its porous nature, other lubricating material is squeezed into the joint when it is under  

great test stress when it needs the most lubrication. 

 

When the pressure increased on the joint, the lubrication threads squeezed out of the 

cartilage into the joint in one end each lubricating thread remain in the cartilage, and as  

the pressure is reduced the threads pull back into their holes. 

  

The viscosity of the synovial fluid decreases under the large shear stresses found in 

the joint. 
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 The coefficient of friction of healthy joint was found to be 0.01 (much less than that 

of the steel blade on ice 0.03). (i.e. when 100 N force excretion a joint only 1 N of 

force needed to move it, which is the least friction in nature). 

 

             Viscosity   α   1 / Lubrication                                

Question: Using the information in fig. (1) 

a. Calculate the maximum tension of the bone with a cross sectional area of 4 cm
4
    

     could with stand just prior to fracture. 

b. Determine how much a bone 35 cm long would elongate under this maximum  

     tension. 

c. Calculate the stress on this bone if a tension force of 10
4
 N were applied to it. 

How much would this bone lengthen?? 

 

 

   


