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Mode of wear 
   
Mode I  
ModeII  
Mode III  
Mode IV  
   
Types of wear 
   
Adhesive  
Abrasive  
Volumetric  
Fatigue  
   
How to reduce wear of PE in TKR:  
1.     Manfacturing : Direct compression Molding  
2.     Cross linkage  
3.     Irradiation: Gamma Irradiation in inert gas ( Argon)  
4.     Packaging and reduce shelf life  
5.     Vitamin E: reduce Free radicals  
   
   
Visco elastic materials properties:  
   
1.     Creep  
2.     Stress relaxation  
3.     Hestersis  
4.     Visco elastic behaviour  
   
   
   
Free Body Diagram: 
  
Definition : ( opening statement ) simple method of calculating forces around stationary 
structures.  
   
It has number of assumptions: ( 1.Bone 2. Joint 3 Muscles) or JOIN BMW  
1.     Body is equilibrium  
2.     2 D graphic representation of 3D sturcture  



3.     Joint are frictionless hinges  
4.     Only compressive forces act on joint  
5.     Internal forces tend to cancel  
6.     No antagoist muscle action  
7.     Bone are rigid rods  
8.     Muscle force is in the direction of muscle belly  
9.     Muscle acts in tension  
10. Weight of body acts on exact centre 
   
   
How to calculate JRF: 
Resolving the vectors using Paralleogram Or Trigonmetery to calculate the unknown  
Use  the term Moments  
   
   
Lever: 
A device consist of a beam ( pivoted on a fixed hinge ) used to change the direction or 
magnitude of force (to achieve mechanical advantage)  
   
What type of knee replacement you are going to use  
   
 
Machine: 
 
A device used to change the direction or magnitude of force in order to achieve 
mechanical advantage.  
 
Basic machines   
1/ screw  
2/ pulley  
3/lever  
4/ wheels/ axle  
5/wedge  
6/inclined plane   
 
 
 
   
Kinematics of native knee 
   
Buzz words:  
1.     femoral roll back  
2.     four bar linkage  
3.     change of COR  
4.     Sliding and rolling  
5.     Lateral meniscus excursion  



6.     Screw home mechanism  
   
   
CR  TKR  
Advantage: ( proponent)  
   
1.     Least constraint in TKR  
2.     Less conforming  
3.     Joint preseving  
4.     Proprioception  
5.     ? Femoral roll back  
   
Disadvatage:  
   
1.     Flat ( high contact stresses)  
2.     Difficult to balance  
3.     Contra indication ( patellectomy – Inflammatory artheritis – defienct PCL)  
   
PS TKR  
   
Advatages:  
1.     Easy to balance  
2.     High conformity  
3.     ? femoral roll back by cam and post  
   
   
   
disavatages:  
   
1.     More bony cuts  
2.     Clunck syndrome  
3.     Post wear  
   
Which Knee you are going to use ?  
   
I will use triathlon PS knee.  
Opening statement:  
Although there no superiority in terms of results between CR and PS but I’m using this 
knee for many reasons  
1.     It has good ODEP rating  
2.     Good results and longivity  
3.     Easier to balance  
4.     Increased conformity as compared to CR  
5.     Can be used for milder deformities, patellectomy, inflammatory artheritis  
6.     More importantly I’m familiar with it and I don’t knee to change.  
   



   
   
   
Conformity vs congruncy  
Conformity vs constraints  
   
   
   
Physis:  
   
Buzz words:  
   
1.     layers  
2.     signalling  
3.     SOX9  
4.     Hormonal control  
5.     Shear force in hypertrophic layer  
6.     Drawing  
7.     Blood supply  
8.     Enchondral calssification  
   
   
Articular cartilage:  
   
Opening statement:  
   
A highly specialized connective tissue that consist mainly of water ,collagen, 
proteoglacan and cells ( chondrocytes )  
   
Buzz words:  
   
1.     A vascular, aneural, and alymphatic  
2.     Nutrition is by diffusion ( joints are ment to move)  
3.     80% Water and other components  
4.     Layers ( Beneinghoff arcades or Lines ) superficial, intermediate, and deep  
5.     Function  
6.     Difference betweeen Agning and OA ( water content, proteoglycan, Young Modulus, 
keratin/condoritin sulphate ratios)  
7.     Drawing  
   
   
   

Biomaterials 
   
Metal Alloy: 
  



Microstructure: 
   
1.     Crystalline latice (pure form)  
   
Body Centred Cubic BCC  
Face Centred Cubic FCC  
Hexaognal Closed Packed HPC  
   
Then molten form grains  
   
2.     Grains Size ( Larger Grain size --- easier to fail due to bigger dislocations)  
   
3.     Alpha Phase --- Orignial alloy  
   
4.     Beta phase --- Added elements to alloy ( weaken the strength)  
   
   
Mecahnical properties 
  
Stiff, Ductile and Hard 
  
During manfacturing several option can be done to alter material properties: 
  
   
Implies tensioning a plastically deformed material increases its resistance to further 
deformation.  
   
   
Anealing 
Heating of material below melting point --- decreases grain size  
   
 
   
Chemical properties: 
   
Strong interatomic bond  
Naturally metal occur in their Oxide form and energy is required to release them in the 
pure state  
Metal are highly susuptable to react again to form their oxide form.  
   
Passivation 
Metal form a thin oxide layer ( different from the original oxide)  
  
Corrosion 
Formation of metal oxides in a solution  
   



Metal Alloys  
   
Stainless Steel 
   
Iron                                         62.97  
Chromium                             18                                
Nickle                                      16  
Molbedeum                           3  
Carbon                                   0.03  
   
•      Stiff, Hard,Ductile  
•      Carbon is like  (salt in food) little is good --- improve corrosion resistance too much 
is bad --- forms CARBIDES --- weaken the mechanical propertiess --- ( carbon react with 
chromium and form carbides exposing metalto corroction and failure)  
   
   
  
Titanum Alloy ( 64) 
  
Aluminum 6  
Vanadium 4  
   
Contains:  
• titanium (89 per cent)  
• aluminium (6 per cent)  
• vanadium (4 per cent)  
• others (1 per cent).  
   
   
Advantages:  
   
• excellent resistance to corrosion (better than  
stainless steel);  
• excellent biocompatibility (oxide layer TiO2) –  
integrates with bone well;  
• ductility;  
• lower Young’s modulus (cf. stainless steel) –  
prevents stress shielding;  
• excellent fatigue resistance (biphasic HCP  
alpha/BCC beta structure)  
• new alloy may confer better properties (no  
vanadium/add molybdenum).  
   
Disadvantages:  
   
• notch sensitivity (scratching reduces fatigue  



resistance);  
• susceptible to wear;  
• systemic cytotoxic vanadium ion release;  
• accelerated particle-induced wear from  
titanium prostheses;  
• relatively expensive.  
   
Cobalt Chromium 
   
Cast wrought: Pouring the molten metal into prefabricated ceramic moulds  
Forging: Cold working and Annealing  
   
   
Contains  
   
• cobalt;  
• chrome;  
• molybdenum;  
• nickel;  
• carbon;  
• tungsten.  
   
Advantages:  
• excellent resistance to corrosion (especially  
crevice corrosion);  
• excellent biocompatibility in long-term  
studies;  
• strength (can be the strongest of the alloys,  
depending on treatment  
   
Disadvatages:  
Expensive  
Ceramic and Glasses 
Definition ( opening statement ): Biomaterial that contain metal and non metal elements 
bonded covalently.  
   
Used in  
   
Femoral Head  
Implant Coating ( Hydroxyappatite)  
PEEK  
   
Buzz Words 
   
Manifacturing: Mixing water and powder into prefabricated casts. Grain size is  
Sintered: Heating the ceramic material to achieve higher density in granular structure. 



Unwanted effect--- increase porosity --- decrease strength  
   
UHMWPE (Miller page 437) 
•      Biomaterial composed of polymer covalently linked  
•      Formed by condensation polymerization and sintering   
•      Consists of atleast 3 million units  
•      Ca sterate added to remove yellow colour  
•      Back bone is Carbon  
  
Manfacturing: 
•      Ram bar extrusion  
•      Sheet compression molding  
•      Compression molding  
•      Direct compression molding no machining (best)  
   
Sterilization 
•      Ethelene oxide  
•      Plasma gas spary  
•      Low dose irradiation  
   
Improving: 
•      Cross linking  
•      (Sterilization) Gamma irradiation in absence of air  
•      Vit E (reduce free radicals)  
   
Factors affecting PE wear 
•      Roughness of the head  
•      Spherity of the head  
•      Manufacturing  
•      Sterilization  
•      Irradiation  
•      Shelf life  
   
   
Friction: 
 
Definition  
Resistance to sliding motion between two bodies in contact.  
   
Friction Force = coefficient of friction x Load  
Friction Torque = Friction force x radius = coefficient of friction x Load x radius  
   
   
Lubrication: 



 
Definition:  
Use of a material traduce friction between two surfaces  
Types of lubrication  
1.Fulid film:  
Hydroelasto lubrication  
Microhydroelasto lubrication  
2.Boundary  
   
   
   
General  
   
   
Osteoprosis: 
   
Definition:  
   
Systemic ( metabolic ) bone disease causing reduced bone density due to uncoupling of 
osteoclast osteoblast activity causing disrupted micro structure and fragility fractures.  
   
Or  
   
Metabolic Bone disease with  
1.     Low Bone mineral density  
2.     Normal mineralization  
3.     Disrupted architecture  
   
   
WHO Definition: 
   
That T score 2.5 SD as compared to a healthy 25 years old same Race & Gender  
   
Types of metabolic bone disease  
Altered mineralization  
Altered bone density (collagen)  
   
   
   
   
   
TRUAMA:  
   
Pilon Fracture:  
   
http://www.orthobullets.com/Evidence/21980026 



   
   
   
   
   
   
   
Gait : 
  
Definition: 
  
Walking describes a process of  
 
1. Synchronised 
2. Energy-efficient  
3. Repetitive lower limb motion used to move the body from one location to another 

while 
4. Maintaining upright stability 
 
 
Orthosis 
Externally device applied used to improve/modify the structural and 
functional characteristics of the 
neuromuscular and skeletal system. 
Prosthesis 
Externally applied device used to replace wholly, or in part, an absent 
or deficient limb segment. 
   
   
Osteopetrosis: 
  
Def: A metabolic bone disease caused by defective osteoclastic resorption of immature 
bone  
   
   
   
Describe Ankle Anatomy and biomechanics 
   
1.     Talus is wider anteriorly  
2.     Talus present a frustum of a cone  
3.     Ankle joint is Biplane hinge  
4.     The axis is oblique by 10 degrees which mean with dorsi flexion the foot will move 
out and with planter flexion foot will move in  
5.     Contact surface area is very large which results in low contact stresses that is why is 
very rare to develop artheritis in the ankle compared with large joints , However 1 mm 



displacement ( talar shift will reduce the contact area by 42% leading to post traumatic / 
instability OA.  
   
   
   
   
   
   
   
   
   
   
   
Buzz Words 
   
Non operative protocol 
   
1. MDT 
2. Information sheet 
3. Activity & life style modification ( smoking )/ wt reduction 
4. physio 
5. Analgesia 
6. Splint/ orthotics 
7. Steroid injection 
   
   
   
   

  
Biomechanics Definitions: 
  
  
Load: Force applied on a body  
   
Stress: Force applied on an object per unit area =N/(M)2  
   
Isotropic: Uniform behaviour in all directions. ie: material behave identically 
irrespective of direction of force applied.  
   
Ansiotropic: Directionally dependant behaviour  
   
Strain: Amount of deformation ( change in length over origina length) Important: 
no dimension /Measure  
   
Young Modulus: Elastic Modulus ( revise) Material property that measure resistance to 



elastic deformation when stress applied. Measured by dividing the stress by strain over 
the linear portion of stress strain curve.  
Units : N/(M)2= Pascal  
   
Stiffness: Material  property that measure elastic resistance to deformation ( at elastic 
portion of curve )  
   
Strength: Material property that measure material resistance to deformation before 
fracture.  Ramachandran ( imprecise term)  
 
Yield point: (Recoverable) Dramatic increase in strain with very little increase in stress  
 
Strain hardening: Plastic deformation increases the material to further deformity 
Example: Cold working of metal  
 
Yield Stress: The stress necessary to produce a specific amount of permanent 
deformation.  
 
Proportionality Limit: (Recoverable)   
Elastic Limit: (Recoverable)  
 
Hook’s Law is not obeyed but the material is recoverable.  
 
Fracture stress: Stress at which material fails  
   
Toughness: Amount of energy per unit volume that material can absorb before failure.  
   
Strain energy: Area under the curve. ( Elastic and plastic deformation)  
  
Hardness: Strucural Property  Of the material : Ability of surface material to resist 
scratching  
  
Ductility: Material undergo large amount of plastic deformation before failure.  
 
Stiffness: Resistance to deformation in response to applied force..  
The steeper the curve the stiffer the material  
 
Brittleness: Material undergo very little plastic deformation before failure.  
 
 
Fatigue failure: Failure of material with repetitive loading at stress below the ultimate 
tensile strength.  
 
Endurance limit: Stress at which material can withstand 10 million cycles.  
 
Notch sensitivity: The extent to which the sensitivity of material to fracture is 



increase because of the presence of surface inhogenicity   
( cracks & Scratches).  
 
 
 
Shock: 
A state of Inadequate tissue perfusion leading tissue injury  
 
Dupuytren  
Benign, progressive, Proliferative involving myo fibroplastic activities, leading to cord 
formation  
 
DCO 
is a planned and staged surgical strategy in the management of polytrauma patients to 
minimize the effects of the ‘second hit’ on an already limited physiological reserve. The 
‘first hit’ is from the injury and the body’s response to this injury, while the ‘second hit’ 
is produced by surgical intervention.  
 
The four key elements of DCS are: 1) control of haemorrhage; 2) decompression of 
cranium, thorax, pericardium, abdomen and limb compartments; 3) decontamination of 
wounds and ruptured viscera, and 4) fracture splintage using a pelvic binder, skeletal 
traction and plaster casts.  
 
The aim is to maintain physiological equilibrium, do as little damage as possible, and 
transfer the patient to ITU for continued resuscitation as quickly as possible.  
 
   
 Scoliosis definitions:  
1. Cobb angle 
2. Spinal balance 
3. Stable zone  
4. Stable vertebra 
5. Neutral ver 
  
   
	  


