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The POWER of Gait Analysis

How good ARE we at 

analysing Biomechanical 

Movement

GAIT 

ANALYSIS



Evolutionary pressure to develop fast, 

efficient and stable locomotion patterns

Is the goal..

ÅEnergy efficiency?

ÅStability?

ÅSpeed?

Bipedal Gaité Why?



Bipedal Gaité Why?
ÅAn intriguing question!

ÅAll down to climate change

Å7 mya rainforest changed to open 

savannah

ÅLaetoli evidence from 3.6 mya

ÅDeveloped current form from brachiating

apes (Broom and Dart, J Paleoanthrop, 2006)



ÅOnce arms free brain capacity employed 

elsewhere

ÅIncrease in brain size led to overheating

ÅIncreased circulation to aid cooling

ÅAir temperature 3-5° cooler at 1-2 meters

ÅBigger brained babies required a total 

redesign of pelvic architecture

Bipedal Gaité Why?



Bipedal Gaité Why?

ÅBipedalism, technology, brain size linked

as a package (Darwin)

ÅCarry food back to the female (Lovejoy)

ÅDependent on monogamy!

ÅStone tools do not appear until 2.5 mya



So What?!

Åbetter chance to assess loading 

patterns and mechanical anomalies 

that  interrupt normal gait

ÅUnderstand how injury may occur



CoM and CoP
ÅCentre of mass and centre of pressure

are not the same

ÅIn quite standing, CoP weaves around 

CoM to maintain balance



CoM and CoP
ÅThe difference between CoP and CoM

is proportional to linear acceleration of 

body

ÅSo CoP acts as a controller of CoM



ÅUpper end of GRV also weaves around 

CoM creating an alternating moment of 

force around it

ÅThis is responsible for the angular

acceleration of the body

ÅCoP leads CoM at beginning of stance ï

braking acceleration of CoM, ie loading 

response

ÅTrails it towards toe-off ïpropulsive 

acceleration, i.e. push off

CoM and CoP



ÅCoM speeds up and slows down with 

every step

ÅSo centre of support is only directly under 

centre of mass at 4 times in gait cycle

ÅRest of time either in front ïdeceleration, 

or behind ïacceleration

ÅProgressional velocity of body MUST 

speed up and slow down twice every gait 

cycle

CoM and CoP



ÅKinetic energy of the body must 

increase and decrease cyclically with 

every step

ÅKinetic energy = energy required to 

move body forward KE = 0.5 m.v2

Kinetic vs Potential energy



Kinetic vs Potential energy

PE = m.g.h



Kinetic vs Potential energy



Kinetic vs Potential energy



The Power of Motion

ÅHuman gait requires efficient power 

generation to permit motion in a near-

perpetual manner.

ÅIt is often described as a series of linked

falls, always on the brink of catastrophe



Question

ÅGait is remarkably inefficient

ÅMuscles co-contract often eccentrically

ÅEccentric muscle contraction resists not 

creates motion

ÅSo..is walking just an aside to the 

challenge of moving around without 

falling over?



Bipedal Gaité Why?

ÅEven in patients with quite severe 

walking disabilities CoM velocity is 

almost constant

ÅLonger stride length means CoM must

speed up and slow down more

ÅIn many ways disabled gait is more 

efficient and stable



The evidence

ÅOlder females with osteoarthritis have 

virtually identical gait patterns to healthy 

controls.. Only slower

Å3D inverse dynamic models for walking 

tasks overplotted with inverse statics had 

minimal deviation (Lamoreux,2007)



So What?

ÅWe are just a wheel with an off centre axis

ÅIn the extremes of foot pathomechanics, a 

rocker bottom foot forms

ÅJung-Gomez-Ruina model (Ruina, A. et al 

2007)

ÅMuscles not required for walking, intrinsic 

shape and function of the lower extremity 

can walk by itself



INJURY POSSIBLITIES

ÅGait is a interdependent sequence of 

events 

Åa miss-timing of movement or weakness in 

one segment would require compensation

in another area 

Åchanges the workload on other sites and 

increases the risk of injury.



ÅIt is possible and appropriate to titrate

treatment protocols with biomechanical 

analysis

ÅIt can monitor the progress of fracture 

healing

ÅGRF strongly related to callus

mineralisation

ÅDirectly reflected the recovery of 

stiffness at fracture site Seebeck et al, Clinical 

Biomechanics 20:9, 2005



THE ISSUES

WINDLASS 

MECHANICS

MOTION 

CONTROL

CUSHIONING

GENDER
LOWER LIMB

STIFFNESS

MUSCLE 

TUNING VIBRATION

PROPRIOCEPTION



ÅIn the 70ôs, the running boom coincided 

with the introduction of ñtechnicalò running 

shoes with a focus on cushioning and 

stability

ÅNumerous researchers since then have 

sought to determine a link between 

cushioning and the impact loads 

experienced by runners

CUSHIONING



Three components of GRF

ÅVertical (Fz), Transverse (Fx) and 

Anteroposterior (Fy)

CUSHIONING



Ground Reaction Force
CUSHIONING

ÅDuring heel-toe running in humans, the vertical 

component of the ground reaction force (Fz) has 

characteristic ñpassiveò and ñactiveò peaks. 

ÅThe ñpassiveò or ñimpactò peak (Fz1) is

observed within 50 ms of initial ground      

contact and is associated with the impact 

between the body and the ground                                                

(Cavanagh and Lafortune, 1980; Munroe et al, 1987)
50ms



Theoretical effects of 

shoe cushioning

CUSHIONING

ÅIn theory, more compliant cushioning 
systems can be expected to reduce peak

impact forces.

Fmax = mg     1 +       1+ k/m     vo /g   2
ã

ÅPredicts peak impact force will   

decrease in proportion to the  

square root of the cushioning  

system stiffness 



ÅGenerally confirm the 

predictions of the mathematical 

models

IN-VITRO TESTS OF 

CUSHIONING

ASTM F1976

Åthis would be consistent with     

models of contact between non 

conforming elastic bodies



ÅGRFôs recorded during running have a 

characteristic pattern that scales with body mass 

and running speed
(Cavanaugh and La Fortune,1980; Munro et al, 1987)

ÅThe passive peak of the VGRF (Fz1) has      

been used as an index of impact shock

ÅMore compliant cushioning would reduce        

the impact load

ÅImpact related overuse injuries would    

decrease with better cushioned shoes

CUSHIONING
In-Vivo GRF Components


