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Overview

• The importance of sampling rate
– Links to high speed kinematics

– Links to risk of injury
– Links to characterising the foot

• Also spatial resolution can be important
– Soccer boot research
– Kinetics of sprinting

• New applications
– Dynamic balance and stability using moving 

platform



Sampling rate can be important



Biomechanical variables linked with injury risk from 
prospective studies

Stress fractures in the military:  Irene Davis et al., University 
of Deleware.  Found that tibial shock and ‘free’ moment 
measures from the force platform were the best predictors of 
the injured group.   



RSscan International

The footscan plate is bild togeter 
3m EVA + footscan plate + 2m EVA

Tine Willems et al. (2005)
Pressure mat variables were among the most predictive for risk of
lower leg pain.  Increased medial pressure in the forefoot and
increased lateral roll-off.  

Also, Youri Thijs, Ph.D.  presentation:  velocity of pressure transitions 



Plantar pressure profile:  barefoot running
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High speed 3D kinematics



Predicting the rate of internal rotation of the tibia

Recording plantar loading at high 
sampling rates allows the potential to 
predict rapid movement characteristics 
of foot and leg.



The primary causes of many running injuries
remain to be established

Certain knee injuries and other chronic 
lower limb problems have been linked to 
excessive magnitudes or rates of internal 
rotation of the tibia just after ground impact 
(Bellchamber and van den Bogert, 2000; 
McClay and Manal, 1997)



Barefoot Shod Insole

Pressure Interfaces (500Hz)



Coupled, rapid movements of the foot and tibia to 
attenuate loads.

Rates of movement very likely to be important –
need for high speed data capture 

In addition, transverse plane rotations difficult to 
measure due to skin marker movement relative to 
underlying bone (Manal et al., 2000)



Improved methods

Large 
curvature

Large 
curvature
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Quantifying the rate of internal rotation of the tibia
is not straightforward

• ROM comparable to literature (Bellchamber & van den Bogert, 
2000 – 15°±4°)
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Data Collected

• Localised areas of pressure under medial and lateral 
heel and metatarsals

• Pressure changes across the heel and metatarsals were 
quantified into indices of lateral to medial loading 
transition 

• Heel Rotation = HM-HL / Z avg * 100
• Trials were normalised to the average

Fz force allowing comparison of subjects



Heel rotation results (pressure)
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Kinematics

Transverse plane tibial rotation Frontal plane heel in/eversion
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Group mean results
(peak velocity)

Mean TIR velocity BF 12.2 rad/s  SH 7.72 rad/s (¯ 39.4%)

(Kinematics)

Mean heel rot. vel. BF 11828 SH 4767  (¯ 59.7%)

(pressure mat)



Results for average velocity

• Significant correlations found.
BF VTIR vs BF Heel Rotation velocity 0.81
SH VTIR vs SH Heel Rotation velocity 0.89
SH VTIR vs Insole Heel Rotation velocity 0.32

Shoe – ground 
interface



• A lack of correlation found.
BF VTIR vs BF Heel Rotation velocity 0.003
SH VTIR vs SH Heel Rotation velocity 0.5

Results for peak velocity



Conclusions

• High speed pressure mat measures of BF and SH 
running were predictive of the average velocity of 
internal rotation of the tibia.

• Rapid increases in medial heel loading were associated 
rapid changes in tibial motion.  This supports the findings 
of DeLeo et al. (2004) who demonstrated that heel 
eversion is closely related to TIR.



Rearfoot Eversion/Inversion Average
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Tibial Rotation Average
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GRF

Neural
Network

EMG

Barton et al. (1996)
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• It is plausible that pressure mat measurements may have the 
potential to be able to predict important movement transients during 
barefoot and shod locomotion.



Foot Structure

Foot Length
Truncated FL

Dorsum Height
at 50% FL

Soft Tissue Height

Navicular Height



Methods

• Static and Dynamic Indicators
– Arch Height (AH)

– Arch Ratio (AR)

– Relative Arch Deformation (RAD)

– Vertical height of navicular tubercle marker (NTMH)

– Infra-Navicular Angle (INA)

– Navicular Height (NH)

– Dynamic Arch Index (DAI) from pressure data

Average values were used 
for static measures; min, 
max, total deformation and 
deformation velocity values 
were used for dynamic 
measures



Methods
• Static anthropometric measurements 

– Subjects’ right foot (n=27)

• Non weight bearing (NWB), partial weight bearing 
(PWB), and full weight bearing (FWB)

Foot Length
Truncated FL

Dorsum Height (DH)
at 50% FL

Soft Tissue Height (AH)

Nav Tub Marker 
Height (NTMH)

• Average Infra-Navicular Angle (INA)

INA

• Arch Ratio (AR) = DH / TFL

• SRAD = AHNWB-AHFWB x 104

AHNWB BW

• Arch Deformation Ratio 
(ADR) = ARNWB-ARFWB x 104

ARNWB BW

• Navicular Height (NH) = 
(NT – MTH1).(NT – Med Heel).sin INA

(MTH1 – Med Heel)



Also, Xray-derived factors: subtalar joint articular facets and axis.
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At the same time, good spatial resolution 
of the sensors can be necessary



Kinetics of the MTP joint during 
sprinting

500 Hz



50 Hz

Sampling issue again



High speed Video analysis



MPJ Joint definition
• 2 segment foot: forefoot and rearfoot separated at MP joint
• Where does the axis lie? 
• Stefanyshyn & Nigg: Perpendicular to the sagittal plane 

(line of 5th joint)
• New model: Obliquely anterior from the 5th to the 1st MP 

joints



MPJ angular velocity during 
sprinting
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Kinematic sampling rates and 
filtering procedures 

• Commonly used 
procedures (200Hz SR 
and 8Hz FC) 
underestimate MP joint 
kinematics  

• Mean difference in MPJ 
range of motion was 5°

• Typical approach distorts 
kinematics

• Potentially lead to 
underestimation of 
moments and powers

Figure 1. The effect of SR and FC on  MPJ angle  fo r 
one sprinting subject
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Figure 2. Peak MP angular velocity
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Stud number, shape and Stud number, shape and 
configurationconfiguration



In-shoe pressure distribution system

Data Logger

Memory card

Remote control

footscan® insoles



Plantar pressure distribution in different 
boots

6 Cleats Boot 1 Boot 2 Boot 3



Design specifications from manufacturer
and foot structure locations using palpation or MRI



Relative location of plantar pressureRelative location of plantar pressure
‘‘ hot spotshot spots’’ , stud locations and foot , stud locations and foot 

structurestructure

Met. Head 1Met. Head 1

Stud locationsStud locations

Incidences of foot pain 
coincide with stud positions 
(Lafortune, 1998). The most 
severe pain is typically 
experienced in the regions 
of the medial and lateral 
metatarsal-phalangeal joints
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New applications



CAREN



CAREN
• Computer Assisted Rehabilitation ENvironment
• Real-time feedback
• Fully reactive

virtual and physical
environment

• Assessment of
movement function

• Applications
– Physiotherapy
– Orthopaedics
– Neurology
– Rehabilitation



CAREN – the moving platform





Example from
RsScan Balance software. 



Thanks

Gracias!


