Biomechanics – Injury Mechanisms and Tissue Healing
Force and its Effects 

· Force is defined as a push or pull acting on the body which results in acceleration or deformation 

· Two primary factors determining injury include:

· Size of the force

· Properties of the involved tissue 

· Any injury that results is dependant on the force exerted on that specific tissue 

· Type of tissue itself determines the severity of an injury and whether an injury would occur at all (some tissues are better able to withstand certain forces than others) 

· Example – Vertebra 

· Consist of fluid packets of bone marrow and layers of bones

· The layers of bones are called trabeculae and lay horizontal and vertical providing a lot of strength to the spinal column 

· Load Deformation Curve 

· Every tissue has its own specific yield and failure point 

· Force exerted on a tissue may be positive (adaptive) or negative (adverse effects) 

· Elastic Region: Load applied to tissue and when released the tissue returns to its normal size and shape 

· Yield Point: Represents the end of the elastic region 

· Plastic Region: Tissue is stretched out and there may be permanent deformation resulting in an inability to recoil completely to the original size and shape

· Failure: Snapping, breaking or complete tear of the tissue (past the give point)  
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Response to Force

· Small Load 

· Elastic response

· Load is removed, material will return to its original shape

· Load Reaching Yield Point 

· Plastic response 

· Load is removed, some amount of deformation remains 

· Yield Load

· Maximum load a material can handle without permanent deformation 

· Failure

· Force such as loss of continuity, rupturing soft tissue or fracturing bone 

Direction of Force 

· Dependant on the anatomic make up of the joint which determines its susceptibility to force from certain directions 
· Anisotropic

· Many tissues are of this type

· Stronger in resisting a force from certain directions from others 

· Includes ligament structures which consist only of parallel fibres

· Isotropic

· Withstand forces in many different directions 

· Includes the skin which consists of multi-dimensional fibres

Directional Forces 

· Axial

· Force that acts on the long axis of a structure 

· Compression

· Axial load that produces a crushing or squeezing type force 

· If a tissue is loaded with too much weight too long it will no longer be able to withstand the force 

· Tension

· Axial force in opposite direction 

· Pulling or stretching of tissues

· Shear

· Force parallel to a plane passing through the object

· Tends to cause sliding or displacement 

· Effects of Body Movement Speed

· Rapid, jerky lift on the neck 

· Results in increased compression and shear on spine and increased tension in the paraspinal muscles 

· Whiplash Effect – May result when getting hit from behind with a force as slow as 20 km/h and will result in the neck being whipped forward and backward (pain is apparent later as adrenalin often masks symptoms at the beginning) 

· Effects of Impact Forces

· High speeds and frequent collisions will result in increased risk 

· Results in cervical flexion (large bending moment) and axial compression (seen in spearing that is prevalent in football)

· Both tensile and compressive forces occur with fast movement and high speed forces 

Magnitude of Stress

· Force is divided by the area over which the force acts 

· Given a force over a large area compared to a small concentrated area can have very different results 
· For forces applied over a large area, that force is dissipated resulting in less stress to the tissue and decreased risk of injury 

· For the same force applied over a smaller area, there is a greater potential for damage to the tissue as there is greater stress placed on it 

Strain vs. Force

· Strain is defined as the amount of deformation relative to the original size of the structure 

· Resulting forces of strain to a tissue are:

· Compression – Shortening and widening of structure 

· Tension – Lengthening and narrowing 

· Shear – Internal deformation 

·  Greater issue with high strain rather than high force because of some tissues ability to better withstand certain amounts of force 

· Preventative Measures

· External: Use of protective padding 

· Internal: Hypermobility of joints to withstand forces and pressures of that particular sport ( individual has control to change tissue properties and strength by performing specific conditioning and strengthening exercises)
Element of Time

· Acute Injury

· Results from a single force 

· Causative factory is macrotrauma 

· Characterized by a definitive moment of onset 

· Repetitive Stress Injury

· Results from repeated loading causative factor is microtrauma 

· Characterized by becoming more problematic over time 

Positive vs. Adverse Stress

· Positive: Gradual stretch of tissue

· Adverse: Too much stress applied too soon 

· Gradual mechanical stress will lead to increased size and increased strength 

· SAID Principle

· Specific adaptations to imposed demands 

· If attempting to increase the size or strength of a tissue, must impose a demand on that tissue that is specific to the desired adaptation 

· Optimal to start off with low-moderate resistance and then gradually increase resistance 

· For example, sprinters train anaerobically as opposed to aerobically in order to train specific structures suited towards the demand of their sport 

Torque and its Effects 

· Torque is defined as the product of a force and its moment arm 

· Thought of as a rotary force 

· Prevalent in sports such as baseball, wrestling, golf and may racquet based sports 

· Forces involved include bending and twisting 

· Moment Arm: Acts as a lever and is defined as the perpendicular distance from force line of action to the axis of rotation

· A longer distance or lever requires less force 

· Longer moment arm is often advantageous in terms of energy efficiency 

· Force multiplied by the moment arm produces rotation of a body 

· Injury Potential

· Bending: Tension on one side of object and compression on the other side

· Torsion: Twisting an objects longitudinal axis 

· If there is more load (more torque) there will be greater risk of injury and stress to the tissue 

Anatomical Properties of Soft Tissue

· Proteins: Includes collagen and elastin 

· Fascia Tissue
· Skin 

· Tendons, Ligaments, Aponeurosis 

· Somatic Tissue

· Muscle 

· Nerve 

Collagen 

· Primary constituent of skin, tendon and ligaments 

· Protein substance strong in resisting tensile forces 

· Wave configuration allows for an elastic type deformation or stretch bit is otherwise inelastic 

· Provides the main strength and stiffness to tissue 

· Presence of cross linkages between collagen fibres and when they are under tension it results in stiffness 

· Smaller collagen fibres linked together by cross linkages provide strength and stability and make up the overall collagen fibre 

· Relationship to Sleep

· Often involuntary movement throughout the night in order to loosen the muscles 

· Movement loosens the collagen present in the nerves, muscles, tendons and ligaments 

· Immobilization of Limbs

· Results in a build up of excessive cross linkages between collagen fibres leading to a more stiff tissue 

· Thus it is important to stretch and move after being immobilized for a long period of time in order to break excessive cross linkages 

· Excessive adhesion and disconnect between muscle and brain (interrupted neural pathway) will result with immobilization 

Elastin 

· Provides the elastic, flexible property of tissues

· Coiled fibres still with linkages similar to that of collagen 

· Main difference is that there is more give in elastin and thus a greater ability to resume to original structure once stretched 

· Highest amounts of elastin seen in skin and muscles 

· Lowest amounts of elastin seen in tendons and nerves 

· Low amounts of elastin results in decreased elasticity of the tissue and a lower ability to recoil to original size once stretched 

Skin 

· Also called epidermis

· Dermis – Refers to multidirectional arrangement of collagen 

· Made up of loose, multidirectional collagen fibres and a lot of elastin to allow a great degree of stretch 
· Intake of water improves elastin properties of skin 

· Isotropic tissue as it is able to withstand force in many directions 

Tendons 

· Connects muscle to bone, anchoring the bone and transferring force from the muscle to bone allowing movement 

· Dense connective tissue with unidirectional bundles of collagen and some elastin 

· Collagen is organized in a parallel arrangement which helps in resisting high, unidirectional tension loads from the attached muscle 

· Tendons are 2x as strong as the muscle it serves but only have a yield point of about 5-8% in length 

· If tendons were too elastic there would be much more lag time between transfer of force and movement of bone (would be too much give in the tendon) 

· If too much force is applied to quickly it may cause tendon to snap 

· If there is repeated loading it may cause microtearing in the tendon making it more susceptible to snap at any moment in time 

Ligament 

· Connects bone to bone 

· Has a lot of collagen (similar to tendon) that is parallel and interwoven and also contains a lot of elastin 

· The fibre orientation is not completely parallel because of the role the ligament plays in connecting bone to bone and allowing joint movement in multiple directions 

· Collagen orientation resists large tensile loads along the long axis of the ligament and smaller loads from other directions 

· Intermixture of collagen and elastin (thus more elastic than tendons) 

· Ligamentum Flavum – Special tendon that is primarily made of elastin (about 2/3) and is located between the lamina-lamina of vertebra and thus must be this elastic in order for it to allow more give during spinal movements such as bending forward 
Aponeurosis 

· Attaches muscle to other muscles or bone 

· Dense connective tissue 

· Strong, flat sheet-like tissue 

· Mostly collagen based 

· Examples – Plantar fascia and IT band are both thick bands of connective tissue that do not have much give 

Muscle 

· Extensibility – Ability to be stretched 

· Elasticity – Ability to return to normal length 

· Muscle is visoeleastic which gives it the ability of strength and elasticity 

· Allows muscle to stretch to greater lengths over time in response to a sustained tensile force 

· Consists of collagen that provides its strength but also has a lot of elastin to allow the tissue to stretch and recoil back to its original shape/size 

· Irritability – Ability to respond to a stimulus that is either electrochemical (nerve impulse) or mechanical (external blow)

· Contractility – Ability to develop tension that involves isometric contraction (same length), concentric contraction (shorten) or eccentric contraction (lengthen) 

Nerves

· If these structures are damaged they take extremely long to heal or may not heal at all 

· If overstretched, the axon potential may be interrupted or there is a decreased transmission of signals resulting in lower motor or sensory response 

· Quality of pain and numbness (anaesthesia) or tingling (paresthesia) are indicators of nerve damage and result from wither compression or tension forces

· Susceptible to compression via inflammatory processes

· In some areas there are greater amounts of connective tissue around the nerve (more collagen) such as in the sciatic nerve which allows it to better withstand great deals of force and weight bearing 

· Sciatic Nerve – Has to have increased width due to the motion of the hip which is really flexible and places a great deal of weight load on the nerve (leg or foot may fall asleep as a result of sitting on this nerve for too long)
