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INTRODUCTION

JOINT DESIGN

 The joints of the human body serve 

functions similar to those of joints used in 

the construction of buildings, furniture, 

and machines. 

 Joints connect different segments together 

and may allow movement between those 

segments. 

 The design of the joint will reflect these 

demands
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• Once joints and tissues have assumed their final structural form, they can still be 

influenced by changes in functional demands. 

• All components of human joints—bone, muscles, ligaments, cartilage, tendon—

can adapt to functional demands. 

• Frequently, for the therapist, this involves interventions aimed at restoring 

changes that have occurred as a result of inactivity or immobilization. 

• Knowledge of the amount and types of loads that occur during normal loading 

conditions may allow the therapist to tailor the rehabilitation process to optimize 

tissue structure and function.5/26/2020 3
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• Basic Principles 

• A joint (articulation) connects one component of a structure with one

or more other components. 

• The design of a joint and the materials used in its construction depend 

partly on the function of the joint and partly on the nature of the 

components. 

• If the function of a joint is to provide stability or static support, the joint 

will have a different design than when the desired function is mobility. 

In general, design becomes more complex as functional demands 

increases.
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Structure of Connective Tissue
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Materials Found in Human Joints
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SPECIFIC CONNECTIVE TISSUE STRUCTURES 

■ Ligaments 

Ligaments connect one bone to another, usually at or near a joint. 

Some ligaments blend with the joint capsules and may be difficult to identify 

because they appear as thickenings in the capsule (e.g., anterior band of the inferior 

glenohumeral ligament). 

Other ligaments are distinct, easily recognizable structures often appearing as dense 

white bands or cords of connective tissue (e.g., anterior cruciate ligament [ACL])
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TENDONS

 Tendons have approximately the same 

composition and basic structure as ligaments.

 The fibrillar component is composed 

primarily of type I collagen, with lesser 

amounts of type III and type V collagen and 

of type IV collagen associated with the basal 

lamina of the fibroblasts. 

 Tendons contain slightly more type I collagen 

and slightly less type III collagen than do 

ligaments.
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 There are two types of tendon attachments to bone: fibrocartilaginous and 

fibrous.

 The fibrous entheses may be subdivided into two categories: periosteal and 

bony.

 The attachment of tendon to muscle at the myotendinous junction (MTJ) 

comprises interdigitation between collagen fibers and muscle cells.

 Surface friction and direct connections between collagen and PGs and the 

basal lamina and integrins in the muscle cell membrane create a strong 

interaction
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- The endotendon also encloses type 3 collagen fibrils,nerves,lymphatic

vessels and blood vessels.

- The sheath that encloses entire tendon is called epitenon.

- Paratenon is sheath of tissue that is attached to outer surface of 

epitenon.

- The epitenon and paratenon are together called as peritendon.

- Peritendon may become synovium filled sheath called tenosynovium

where there is high levels of friction.
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- Tendons also have two types of bony attachment : fibrocartilaginous 

and fibrous.

- The fibrocartilaginous attachments has 4 zones.

- The first zone contains tendon proper

- The second contains fibrocartilage and marks the beginning of 

transition from tendon to bone.

- The third zone contains mineralized fibrocartilage

- The fourth zone contains bone.
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Bursae 

 Bursae, which are similar in structure and function to tendon sheaths, are flat sacs 

of synovial membrane in which the inner sides of the sacs are separated by a 

fluid film. 

 Bursae are located where moving structures are in tight approximation: that is, 

between tendon and bone, bone and skin, muscle and bone, or ligament and bone.

 Bursae located between the skin and bone, such as those found between the 

patella and the skin and between the olecranon process of the ulna and the skin, 

are called subcutaneous bursae.

 Subtendinous bursae lie between tendon and bone, and submuscular bursae lie 

between muscle and bone.

5/26/2020 joint mechanics 25



5/26/2020 joint mechanics 26



CARTILAGE 

 Cartilage is usually divided into 

the following types: (white) 

fibrocartilage, (yellow) elastic 

cartilage, and (articular) 

hyaline cartilage.
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• Three distinct layers or zones of articular cartilage 

are found on the ends of the bony components of 

synovial joints. 

• In the outermost layer (zone 1), the radially 

oriented type II collagen fibers are arranged 

parallel to the surface. 

• This smooth outermost layer of the cartilage helps 

to reduce friction between the opposing joint 

surfaces and to distribute forces over the joint 

surface.
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• In the second and third zones, type II collagen fibers are randomly arranged and form 

an open latticework.

• permits deformation and helps to absorb some of the force imposed on the joint 

surfaces. 

• In the third layer (radiate stratum), some collagen fibers lie perpendicular to the 

surface and extend across the interface between uncalcified and calcified cartilage to 

find a secure hold in the calcified cartilage referred to as the fourth zone, lies adjacent 

to subchondral bone and anchors the cartilage securely to the bone.

- The interface between the calcified and uncalcified cartilage is called the 

tidemark. The tidemark is important because of its relation to growth,aging

,injury and healing.
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- The cartilage has no cellular turn over, the tissue is hypocellular and 

avascular, relies on diffusion for its nutrient supply, contains only 

terminally differentiated cells.

- The replacement of calcified layer of articular cartilage with bone 

occurs by endochondral ossification.

- PGs attract a large volume of water ,creating an osmotic swelling 

pressure in the cartilage. As the interfibrillar matrix expands ,tension 

is created in collagen network, creating an opposing force, keeping 

PGs and water contained.
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 Bone

- Bone is the hardest of all connective tissues

- The organic material gives bone its flexibility and tensile strength while

the inorganic material gives bone its compressive strength.

- Bone cells include fibroblasts, osteoblasts, osteocytes, osteoclasts.

- Fibroblasts produce type 1 collagen and other extracellular matrix 

components.

- The osteoblasts are the primary bone forming cells responsible for 

synthesis of bone and deposition and mineralization.

- Osteoblasts also secrete procollagen into the matrix
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- Osteoclasts are responsible for bone resorption.

- Bone has two layers, outer dense layer called compact or cortical bone and

the inner spongier bone calledcancellous/trabecular/spongy bone.

- In cancellous bone the calcified tissue forms thin plates called trabeculae that

are laid down in line with stress placed on the bone.

- Increase /decrease in bone density in other areas occur in response to loads

placed on the bones.

5/26/2020 joint mechanics 32



- The periosteum is a fibrous layer that covers the entire surface of the bone

except the articular surface.

- Collagen fibers from ligaments and tendons blend into periosteum and

sharpey’s fibers pass from the periosteum to deeper layers of bone.

- The periosteum is a reservoir for cells that are needed for growth and repair.

- If the periosteum and underlying bone are damaged as a result of trauma or

surgery, the healing capacity of the bone will be decreased.
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- At microscopic level ,both cortical and cancellous bone show two 

distinct types of bone architecture: woven and lamellar.

- In woven bone collagen fibers are irregularly arranged to form a pattern

of alternating coarse and fine fibers that resemble woven material.

- Woven bone is young bone found in newborns, fracture callus, 

metaphyseal regions of long bones.

- Lamellar bone requires an extracellular matrix framework to form and 

constitutes adult skeleton.
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- The change in bone shape (form) to match function is wolff’s law.

- The application of new forces causes osteoblast activity to increase and as

a result bone mass increases.

- With reduction of usual forces osteoclast activity predominates and bone

mass decreases.

- Internal influences such as aging and nutritional , metabolic and disease

process also affect bone remodelling.
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- An imbalance between bone synthesis and resorption ,in which

osteoclasts break down or absorb the bone at a faster rate than

osteoblasts can rebuild the bone results in osteoporosis.

- In osteoporosis bone have decreased mineral density and are 

susceptible to fracture.

- Bone mineralization may also be decreased while cells continue to 

synthesise other elements of extracellular matrix - osteopinea
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- Materials that display the same mechanical behaviour, no matter the 

direction in which the forces are applied are called isotropic materials.

- Heterogenous connective tissues behave differently depending on the size

and direction of applied forces, therefore called anisotropic .

- Connective tissues change their structure or composition in response to

the applied forces.

- The ability of the connective tissues to respond to load alterations is 

SAID principle(specific adaptation to imposed demand)
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 MECHANICAL BEHAVIOUR

 Load, force and elongation

- Load is the force applied to the structure.

- The magnitude, direction, and rate of force application as well as size 

and composition of the tissue will affect the tissues response to load.

- When forces acts on the object , it produces deformation.

- A tensile force produces elongation.

- A compressive load produces compression.
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- The load deformation curve is the result of plotting the applied load 

against deformation, providing information about the strength properties

of a particular material.

- The load deformation curve shows elasticity, plasticity, ultimate strength

and stiffness of the material, as well as the amount of energy that the 

material can absorb before it fails.

- The portion of the curve between point A and B is the elastic region.

- If the load is confined to the elastic region, the deformation of the

material will not be permanent and the structure will return to its

original dimension immediately after the load is removed.
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- After point B ,the yield point at the end of the elastic region, the material

will no longer immediately return to the original state when the load is

removed, though it may recover in time.

- The portion between B and C is plastic region. The structure will appear

to be intact after the load is removed but will not return to its original

length(permanent deformation)

- If loading continues through the plastic region, the material will 

continue to deform until it reaches the ultimate failure point C.

- The load applied when this point is reached is the failure load.
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- A structure with greater cross sectional area can withstand more force with

less deformation than a structure of same original length with less cross

sectional area.

- If two tissues are composed of the same material, the tissue with greater

cross sectional area will have greater tensile strength (stiffness) and the 

longer tissue will be less stiff.

- The load deformation curve reflects the structural properties of the structure.

- Tensile force-newtons, compressive force – pascals, compression or 

elongation in units of length.
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STRESS AND STRAIN

- When load is applied to a structure, forces within the material are 
produced to oppose the applied forces. The forces within the material 
depend on the composition of the material.

- When the applied force is tensile, stress can be calculated.

- Stress is the force per cross sectional unit of the material, and 
expressed as

• S=F/A s-stress, f- force applied, a-area.

- Stress is expressed in pascals.
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- Percentage change in the length or cross section of a structure or 
material is called strain.

• strain= (L2-L1)/ L1

• L1- original length, L2-final length

- Strain is expressed as percentage and therefore has no units.

- The type of stress and strain in human tissue depends on:

. Material

. Type of load

. Point at which the load is applied

5/26/2020 joint mechanics 45



. Direction and magnitude of the load

. Rate and duration of load.

- When a structure can no longer support a load, the structure has failed.

- Ultimate stress is the stress just before the material fails.

- Ultimate strain is the strain at the same point.

- If two applied forces act along the same line but in opposite direction they

create a distractive or tensile load and cause tensile stress and tensile strain in

the structure or material.
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- If two applied forces act in a line towards each other, they constitute 

compressive loading and compressive stress, and so a compressive strain

will develop.

- If two applied forces are parallel and applied in opposite direction but are in

line with one another they constitute shear loading.

- Forces applied perpendicular to the long axis of a structure constitutes

torsional loading

- When bending forces are applied to a structure ,both tensile and 

compressive stress and strain are created.
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 Young’s modulus

- Young’s modulus(E) or modulus of elasticity of a material under

compressive or tensile loading is represented by the slope of the linear

portion of the curve between point A and point B

- The modulus of elasticity is a measure of the material’s stiffness 

(resistance to external loads)

- A value for stiffness can be found by dividing the change in stress by the

change in strain for any two consecutive sets of points in the elastic

range of the curve.
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- The inverse of stiffness is compliance.

- If the slope of the curve is steep and the modulus of elasticity is high

,the material exhibits high stiffness and low compliance.

- If the slope of the curve is gradual and the modulus of elasticity is low,

the material exhibits low stiffness and high compliance.

 Load deformation and stress strain curves

- Each material has its own stress and strain curve. 
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- The first region of the curve is called toe region

- Very little force is required to deform the tissue as the crimp pattern is

straightened and PGs and GAGs allow sliding.

- In this region minimal amount of force produces large amount of 

deformation(elongation), stress is low

- The second portion of the curve A to B is elastic region in which 

elongation has a linear relationship with stress.

- Additional force creates an equal stress and strain in the tissue.

Collagen fibrils are stretched and resisting applied force.
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- The second region stress strain curve reflects the type of collagen, fibril

size and cross linking among collagen molecules. When the load is

removed the ligament or tendon will return to its original dimension,

though the return will take some time.

- In the third region (B – C ) ,plastic region, the failure of collagen fibers 

begins, and the ligament or tendon no longer returns to its original 

length after the force is removed.

- If the force is applied beyond the plastic region, the remaining collagen

fibrils experience increased stress and create macrofailure of the tissue.
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- If the failure occurs in the middle of the structure through disruption of 

connective tissue fibers, it is called rupture.

- If the failure occurs at the bony attachment of the ligament or tendon it is

called avulsion

- When the failure occurs within the bony tissue it is called fracture.

- Slow loading rates create avulsions or fractures and fast loading 

creates tears.
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VISCOELASTICITY

-Elasticity

-Collagen and elastin content

-Length change and applied load are directly proportional

TIME RATE



- Work done and energy in an elastic material.

- Viscosity is materials resistance to flow

- Water and PG content

- Viscosity reduces as the temperature increases / slow loading

- Increases when pressure increases / rapid loading
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