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Intro to Biomechanics

What is biomechanics?
· Biomechanics is the science that examines the internal and external forces acting on the human body.
· Why do people walk the way they walk?
· How can a mobility impairment be improved?
· How can a prosthesis aid a person with an amputation?
· How can we optimize performance?
· Biomechanics can be used in many areas of sport and exercise:
· To improve sports performance through techniques and equipment
· To avoid sports injury by identifying safer techniques 
· In the development of protective equipment
· It is also used in occupational injury prevention
· In low back pain, injury rehabilitation 
· In reduction of physical strain or when functional capacity declines
· To improve product design
· Sports biomechanics is the scientific study and evaluation of sports techniques and skills

Modern Age Biomechanical Analysis
· Relies on non-invasive techniques
· Movement analysis system: video cameras, optoelectronics, accelerometers
· Dynamic Analysis System: platform strength, isokinetic ergometer
· Electromyography (EMG): usually with surface electrodes 
· Relies on knowledge of biomechanical body constants (centre of gravity position, length and mass segments)

Applications of Biomechanics
· Motion Analysis Systems: video cameras, optoelectronics, accelerometers
· Dynamic Analysis Systems: strength platform, isokinetic ergometer
· Electromyography (EMG): usually with surface electrodes 
· Other fields of application: game design, rehabilitation, analysis of human motor skills and sports

Goals of Biomechanics in Kinesiology
· Understanding of movement
· Kinematics: description of movement
· Kinetics: cause of movement
· Sport technique analysis and performance improvement
· Development of sports equipment; performance and security


Steps of analysis
1. Identify the system to be studied; isolate the object of analysis from its surroundings
2. Identify the frame of reference in which the movement takes place (ex: a runner changes his position relative to the ground)
3. Identify the type of motion that is occurring, the body planes in which the movement takes place and the axis of rotation

Biomechanical Models
To make the study of human movement possible, biomechanics has adopted 3 simplified models of human motion analysis.
· Particle model
· Stick figure model
· Rigid segment body model

The particle Model
· A dot representing the centre of mass of the body or object
· Used when the body is airborne and in flight
· External forces
· Air resistance (for objects with a relatively large velocity)
· Gravity
· Particle models only involve the centre of mass or an object that is free

Stick Figure Model
· Stick figures indicated approximate body segment positions, their connections and size
· Multiple force vectors can be drawn on the free body diagram
· Good for motor skills in 2 dimensions 
· No longitudinal rotations or body twisting

Composite Diagram
· A sequence of stick figures

Rigid Segment Body Model
· For 3D analysis
· Each body segment is represented as an irregularly shaped 3D volume

Body Planes
· Frontal plane
· Transverse plane 
· Sagittal plane

Axis of Rotation
· Sagittal Axis 
· Longitudinal Axis
· Transverse Axis
Joint Movement
Flexion/extension
· Plane: sagittal
· Axis: transverse
Rotation
· Plane: transverse
· Axis: longitudinal
Abduction/adduction
· Plane: frontal
· Axis: sagittal

Kinematics vs. Kinetics
· Kinematics: describes the spatial and timing characteristics of motion of the human body and the segments
· Kinetics: focuses on various forces that cause a movement
· Internal forces – forces generated by muscles pulling on bones
· External forces – forces acting from contact with environment or without (gravity)
· In general, internal forces cause movement while external forces affect total movement

Projectile Motion

Components of Projectile Motion
· Linear movement, angular movement, trajectories
· Horizontal movement
· Horizontal distance (d)
· Horizontal velocity
· Vertical movement
· Flight height (h)
· Vertical velocity
· Gravity (g)

Projectile Motion
· Depends on:
· Projection height
· Target height
· Horizontal distance
· Vertical distance
· Factors that determine the trajectory of a projectile
· Projection speed
· Angle of projection
· Height
· Velocity of the projectile

Relation Speed – Angle 
Trade-offs between factors make it possible to achieve the same height or distance with different combinations of projection speed, angle and height.

Resolution of Projectile Velocities
· Air resistance is often neglected
· Horizontal and vertical movements are studied separate







































Biomechanics: Lecture 2

9 Movement Principles and Newton’s Laws

9 Fundamentals of Biomechanics
· Inertia
· Force – time
· Range of motion
· Balance
· Continuum
· Segmental interaction
· Optimal projection
· Spin

Inertia
Newton’s 1st Law
· “An object either remains at rest or continues to move at a constant velocity, unless acted upon by an external force”
· Inertia is the property of all objects to resist changes in their state of motion
· Linear inertia
· Depending on the mass
· Angular inertia
· Depending on mass, shape, distribution of mass and axis of rotation

Moment of Inertia
Factors that influence the moment of inertia
1. Mass
2. Distribution of mass (in relation to the axis)
3. The position of the axis of rotation

Turning Radius (K) l=mK2
Distance where the entire mass of the object could concentrate to produce the same resistance to angular motion as the original object.

Moment of Inertia of the Body
· The human body is not a rigid body
· Movements of the segments induces a different distribution of mass about an axis of rotation
· Therefore, the movement of inertia varies around said axis of rotation





Newton’s 2nd Law
Newton’s second law of motion: Acceleration
· “The acceleration (a) of a body is directly proportional to, and in the same direction as, the net force (F) acting on the body, and inversely proportional to its mass (m).
· Thus, F=ma
· A force is something that has the ability to accelerate an object or a body; causing an increase or a decrease in velocity of an object, or a change in direction.
· The unit of force in the Newton (N), which is defined as the force required to produce an acceleration of 1 m/s2 on a mass of 1 kg.
· 1 Newton (N) = 1.0 kg x 1.0 m/s2

Newton’s 3rd Law
Newton’s third law of motion: Action = -Reaction
· “When one body exerts a force on a second body, the second body simultaneously exerts a force equal in magnitude and opposite in direction to that of the first body.”

Force – Motion Principle
· For motion to occur, first there have to be forces on the object (person)
· Force = mass x acceleration

Based on Newton’s Laws
· 1st: every object in a state of uniform tends to remain in that state of motion unless an external force is applied to it.
· 2nd: the relationship between an object’s mass (m), its acceleration (a), and the applied force (F) is F = ma
· 3rd: for every action, there is an equal and opposite reaction.

Force – Time Principle
· Not only the amount of force but also the amount of time the force is applied to an object will affect the change in motion.
· Impulse = force x time (in Ns)

Range of Motion
· Increasing the ROM in a movement is an effective way to increase speed or to gradually slowdown from a high speed.
· Related to the force-time principle
· Work = force x distance -> Energy (joules)
· No movement (50 kg): work = 500 N x 0 m
                                                                 = 0 J
· 6 metres (50 g): work = 0.5 N x 6 m
                                                     = 3 J



Balance
Ability to control the body position relative to some base of support.

Balance, Dynamic Balance, Mobility
Mobility is the ability to perform functional movement patterns with no restrictions in the ROM.

Coordination Continuum
Optimal timing of muscle actions or segmental motions depends on the goal of the movement
· High force: simultaneous muscles and joint actions
· Low force (high speed): sequential muscle and joint action

Segmental Interaction
· The body is made of segments that are interconnected. This allows the force generated by the muscles to be transferred by the joint.
· Terms used: transfer, summation, sequential

Optimal Projection
· For most human movements involving projectiles there is an optimal range of projection angles for a specific goal.
· The optimal projection is a compromise between vertical and horizontal velocity.

Spin
· Rotations imparted to projectiles
· Stabilizes flight
· Create a fluid force called lift
· Lift force is used to create a curve or to counter gravity affecting the trajectory and bounce of the ball

Weight, Mass, Force Levers

Concept of Force
· Characteristics of a force: ex. Weight
· A magnitude (ex. 686 N)
· Line of action/orientation (ex. vertical) 
· A direction (ex. downwards)
· A point of application (ex. coM)
· F = mg

Important Concept: Mass vs. Weight
· Mass = amount of material (kg)
· Gravitational acceleration
· Gravity (g) = 9.81m/s2 ≈ 10 m/s2
· Weight = Force = mass x g (N)

Moment of Force
· The cause of motion is an internal or external force
· Newton’s first law of motion:
· If an object is not accelerating or decelerating, it experiences a state of constant velocity
· No motion is the state of a constant ‘zero’ velocity
· Forces that act through the body’s centre of mass will cause linear motion
· Forces that do not go through the centre of mass or pivot point of an object cause a rotation or angular motion about an axis 
· When a force causes angular motion, the effect is known as a
· Moment of force = moment x force
· For balance: Ma x Fa = Mb x Fb
· No balance: Ma x Fa < Mb x Fb
· According to the adopted convention, the moment is either positive or negative
· Ex: positive = clockwise rotation

Moment of Force
Definition: force applied at a perpendicular distance from the axis of rotation
· The rotational movement is modulated by the magnitude of the applied force and the length of the lever arm.

Vector Resolution
· As the velocity of the ball has a vector quality it can be resolved into horizontal and vertical component
· Resolve the force vector in a plane/axis that makes sense
· F1 causes that movement
· (there is no movement in the line of F2, F=0

Types of Levers
· Mechanical advantage: efficiency
· Mechanical advantage = lever arm of the force (af) / lever arm of the resistance (ar)
· You need less muscular force to overcome resistance or to keep everything in balance
Class 1 Lever
· Promotes balance, rare in the human body
Class 2 Lever
· Promotes strength, very rare in the human body
Class 3 Lever
· Encourages speed
· Significant mechanical disadvantage
· Very common in the human body



What is the Advantage of Having Only Class 3 Levers?
Class 3 levers are inefficient in terms of muscle strength but it increases speed of contraction
Kinematic advantage = lever arm of the resistance (ar) / lever arm of the force (af)









































Biomechanics: Lecture 3

What is Anthropometry?
· The study of the physical sizes and shapes of humans
· Human body measurements:
· Segmental length
· Segmental weight
· Centre of mass and other interial measurements

What is the Usefulness of Anthropometry?
· Standard values (ex. Generalized to the entire population)
· Ergonomics and industrial design (ex. Cars, furniture)
· Design of equipment (sports, tools)
· Orthopedics (prosthetics, orthotics)
· Biomechanics

Centre of Mass
· Centre of mass is a concept to simplify biomechanical analysis in which one considers that the entire mass of a body is assembled at one point
· Position on centre of mass depends on the object’s shape and mass distribution
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