Lec 2                                                Ch 3
 Physics of The Skeleton
 Bone has at least six function in the body
1-  support          2- Locomotion            3- Protection
4- Storage of chemicals          5- Nourishment
6- Sound transmission ( in the middle ear )
1- The bodys muscles attached to the bone through tendons and ligaments ,and the system of bones plus muscles support the body
2- Bone joints permit movement of one bone with respect to another .the destruction of bones with arthritis can seriously limit locomotion 
3- The skull protect the brain and several of most important sensory organs ( eye and ears ) .the ribs form protective cage for heart and lungs
4- The bones acts as chemical bank for storing elements for future used by the body
For example : minimum calcium is needed in the blood if the level falls too low calcium causes parathyroid glands to release more parathrmon into the blood , and this causes bones to release the needed calcium 
1- The teeth are specialized bones can cut food and serve nourishment
2- The smallest bones of the body osicles in the middle ear .these three bones acts as levers ,and providing matching system for convering sound vibration in ear to sound vibration in fluid in cochlea. They are the only bones that attain full adult size before birth

What Is Bone Made Of
 There are large percentage of calcium ( Ca ) in the body Ca has much heavier nucleus than most elements of the body ,it absorbs x-ray much better than surrounding soft tissue. This is the reason that x-rays show bones so well
 Using X-rays scattering  indicates that bone that bone mineral crystals are rod shaped of diameter  20 – 70 Aº and length 50 – 100 Aº 

How Strong Are Your Bones
 The strain ( ∆ L / L )
 F / A  α  ∆ L / L
 F / A = Y ∆ L / L
  Y   =  F L / A ∆ L         Y = young modulus
When the force increase the bone breaks at stress of about  120 N / mm2 

∆ L = L F / A Y             ( élongation )

    Fig




 The viscosity of synovial fluid decreases under large sheer stress found in the joint 
 The god lubricating properties of synovial fluid are thought to be due to the presence hyaloronic acid and mucopolysccaried of molecular weight 500000 which deform under load 
Example: A sum  a leg has ( 1.2 ) m shaft of bone with cross-sectional area of 3 cm2  ( 3 x 10 -4 m2 ) what is the amount of shortening , when all of the body weight of 700 N is supported on his leg

  ∆ L = ( 1.2 m ) ( 7 x 10 2 N ) / 3x 10-4 m2 ( 1.8 x 1010 N/m2 
         = 1.5x 10-4 m = 0. 15 mm

 In running the force on the hip bone when the heel strikes the ground may be four times the bodys weight
 In normal walking the force on the hip are about twice the bodys weight . exceeding maximum compressive strength of bone is not as dangerous as the same force applied over a long period of time . this property called viscoelasticity
 The local electrical fields may play a rule
When bone is bents it generates an electrical charges on its surfaces called ( piezoelectricity ) may be physical stimulus for bone growth and reaper  
Experiments with animal bone fractures have shown that bone heals faster if an electrical potential is applied across the bone ( break bone ) 
The synovial membrane encase the joints and retains the lubricating synovial fluid . the surfaces of joint are articular cartilage . smooth some what rubbery material that is attached to the solid bone 
The lubricating properties of fluid depends on its viscosity , the viscosity of synovial fluid decreases under large shear stress found in the joint   

Measurement Of Bone Minerals in The Body
 There are many physical technique foe studying bone in the body . A few years ago ,osteoporosis was difficult to detect ,until a patient appeared with broken hip or crushed vertebra , at that time it was too late to use preventive therapy
The strength of bone depends of the mass of bone mineral present .The techniques are:
1- X-ray image to measure bone mineral was an old one ,there are problems of using x-ray these are:
A- x-ray beam has many different energies ,and the absorption of x-ray by calcium varies rapidly with energy
B- There are scattered radiation when it reaches the film
C- The film is a poor detector for making quantitative measurements 
2- Photon absorbiometric technique by (JRC ) author ,1960
The three problems are eliminated by using 
A- mono energetic x –ray or gamma ray source 
B- A narrow beam to minimize scatter
C- A scintillation detector that detects all photons
      The determination of bone mineral mass by using

       MB  α log ( I˳/ I ) 
Where  I˳ is the initial intensity   , MB bone mineral mass

        MB = K log ( I˳ / I ) 
   This instrument as modern clinical bone scanner that uses photon absorption technique
 Since bone is living tissue ,it undergoes change through life . A continuous process destroying old bone and building new bon ,called bone remodeling is slow work
It is performed by specialized bone cells , osteoclaste destroy the bone ,and osteoblast build it ,we have the equivalent of a knew skeleton about every  7 years .each day osteoclast destroy bone containing about 0.5 gm of calcium ( the bone have about 1000gm of calcium ,and osteoblast build new bone using about the same amount of calcium 
 While the body is young and growing the osteoblaste do more than osteoclasts , but after the body is 35 to 40 years old the activity of osteoclasts is gratere than of the osteoblasts ,resulting in a gradual decrease in bone mass that continuous until death
Thus a decrease apparently faster in woman than in men and leads to a serious problem of week bones in older women , this condition called osteoporoses results in spontaneous fractures , especially in the spine and hips
One osteoclast can destroy bone 100 times faster than one osteoblast can build new bone , as in other aspects of life
   
Forces On And In The Body
Gravitational force : Newtons law : this law state that there is a force of attraction between any two objects , our weight is due to attraction between the earth and our body 
One important medical effect of gravitational force is the formation of varicose veins in the legs ,as the venous blood travels against force of gravity on its way to the heart 
Another medical effect of gravity is on the bones  .Gravitational force on the skeleton in some way contributes to health bones ,if person becomes weight less such as in orbiting satellite ,he may loss bone mineral and may be serious problem on very long journey 
Static
Many of muscle and bone systems of the body acts as levers, livers are classified as , first , second ,and third .the last are most common in the body ,second are next
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We can find the force supplied by the bisebs ,if we sum the torques about pivot point at the joint

 Fig 
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4 M – 30 W = 0
M = 7.5 W             we neglect the weight of forearm 

M = 3.5 H + 7.5 W        include forearm
 The arm can be raised and held out horizontally from shoulder by deltoid muscle ,by taking sum of torques about shoulder joint 

T = 2 W1 + 4 W2 / sin α     
                                                    Fig
W1= weight of the arm = 68 N
W2 = weight in the hand = 45 N
T = 1145 N
The force need to hold up the arm is large
To calculate force at the fifth lumber vertebra  L5 with body tipped forward at 60º to the vertical and with weight of 225 in the hands can approach ?

 Frictional Forces
 When person walking as the hell of the foot touch the ground a force is transmitted from the foot to the ground 
Can resolve this force into horizontal and vertical components
Maximum force of friction  f is 
     F= μ N
Where N is the normal force , μ is the coefficient of friction , horizontal force = 0. 15 w 
W is the person weight ( this is large frictional force must be in order to prevent heel from slipping 
The coefficient of friction in bone joint lower than in engineering materials . the lungs move inside the chest , the intestine have slow rhythmic motion ( peristalsis ) as the move the food toward its final destination . all of these organs are lubricated by slippery mucus covering to minimize friction

Dynamics
Newtons second law is
F = m a               a = acceleration= dv/dt
F = ∆( mv) / ∆t
 Example of dynamic force in the body is the apparent increase in weight . when the heart beats ( systole ) .about  60 gm of blood is given velocity about  1m/ sec up ward in about  0.1 sec
The momentum P = m v = 0.6 Kg x 1 m/sec = 0.06 Kg m /sec
The downward reaction force ( Newtons third law ) produced is

 
 0.06 Kgm/sec / 0.1 sec = 0.6 N (this is enough to produce noticeable jiggle)
Stokes has show that for spherical object of radius ( a ) , retarding force ( Fd ) and terminal velocity ( v ) are related by 

Fd = 6Π a ƞ v            ƞ = viscosity 
When the particle is moving at constant speed the retarding force is equilibrium with the difference between gravitational force and upward buoyant force thus we have 

Force of gravity Fg = 4/3 Π a3 ρ g
Buoyant force    Fb = 4/3 Π a3 ρ˳ g
Retarding force  Fd = 6Π a ƞ v
                            Fg - Fb =  Fd

 V = 2 a2 / 9 ƞ [ g ( ρ -  ρ˳ ) ]          sedimentation velocity 

This equation is valid for spherical objects
In some forms of diseases such as rheumatic fever , rheumatic heart , and gout RBC clumps together ,and the effective radius increase thus increased sedimentation velocity occur
In other diseases such as hemolytic jaundice and sickle cell anemia RBC change shape or break ,the radius decreases , thus the rate of sedimentation velocity decreases
  
 

