New evaluation tools for
the foot and ankle
disorders
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Evaluation for the foot and ankle disorders

* Physical examination: Inspection, palpation, neurological
examination, biomechanical examination

 Podoscope
« Radiologic measurement
» Foot pressure analysis: static/dynamic, in-shoe/barefoot

« Gait analysis
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Foot Pressure Analysis



Sensormedica
https://www.sensormedica.com/

Foot pressure analysis- barefoot

2 Materialise Motion Tekscan
https://www.materialise.com https://www.tekscan.com

Novel
https://www.novel.de/products/e
me
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Static evaluation
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Static evaluation
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Dynamic
evaluation

2D &3D Pressure analysis

COP(Center Of Pressure)
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Dynamic evaluatio
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Dynamic evaluation
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Patient 2 Pes planus
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Patient 3 Hallux valgus
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Foot pressure analysis- in-shoe

Tekscan

hitps://www.

i >

pedar® Medilogic Insoles

F-Scan System
F-Scané4

Temporal parameter, force, pressure
CoF trajectories
Synchronize with gait lab product



Type of Advantage Disadvantage
system

Plantar
platform
system

In-shoe
system

Rigid platform. -
Flat surface.

Large sensor area according to platform
size (higher resolution).

Pressure sensors are positioned parallel to
the supporting surface

Flexible and embedded in shoes. -
Applicable on various shoes and heel
height. -
Need not target foot landing at -
parficular area

Data collection within the shoe -

Limited length (0.5 m, T m, 2 m)
depending on laboratory size areaq.

- A large number of foot steps required for
data collection.

Need to target foot land in the platform
surface (hormal gait affected).

Normal gait patterns not guaranteed.

Sensitivity of the sensor affected while
insert info the shoes.

Heat trapped.

Limited sensor space areq; restricted to
insole size.

Normal gait patterns not guaranteed.

Siti Syazni Zulkifli, Wei Ping Loh, A state—of-the-art review of foot pressure, Foot and Ankle Surgery, Volume 26, Issue 1, 2020, Pages



Foot pressure analysis with treadmill

Sensormedica Noraxon X|sto| &
https://www.noraxon.com/ http://www.ghiwell.co.kr/

GHT2200

Runtime ™ Treadmill Gaitway 3D Pressure/Force Treadmiill GHT2200

Spatiotemporal gait parameter
Foot load distribution
Gait line



Gait Analysis



Vicon 3D motion capture system (Oxtord Metrics, Oxford,
England) oxford foot model
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Gait analysis
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Smart Shoe/Insole



Smart insole
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RUNVI
https://runvi.io/

30 pressure-sensor
2 accelerometer

Basic metrics: distance, duration, pace,
calories
Advanced metrics: cadence, foot strike
pattern, asymmetry, gait analysis

Algorithm: AL, Machin learning
Realtime coaching

OpenGO
hitps://moticon.com/

16 pressure-sensor
6 axis IMU

plantar pressure distribution
and vertical GRF

Capturing foot trajectories and
rotation for spatial and
temporal motion metrics

ARION (ATO-GEAR)
hitps://www.arion.run/

8 pressure-sensor
Multi-axis accelerometer
Gyroscope

spatial and temporal motion
metrics
balance, stability

Realtime feedback,

Foot logger(3L Labs)
http://www.footlogger.com

8 pressure-sensor
3-axis accelerometer

BN, £, 35 EEL
HEEEJEY
Spatio temporal ES X| &

Al7|G ¥ & gt

Moreinsole

http://www.morethings.net/

10 pressure-sensor
3 axis accelerometer

Foot pressure map
steps, balance, gait pattern,
calories, distance

Coaching correct posture,
Prediction of spinal disease
Monitoring balance
Monitoring rehabilitation
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Medical and technological requirements for Internet of Health Things (IoHT)

Medical Aspects

¢

in Digital Health

Technological Aspects

i

In Digital Health

Eskofier et al. An Overview of Smart Shoes in the Internet of Health Things: Gait and Mobility Assessment in Health Promotion and Disease Monitoring.

Appl. Sci. 2017, 7, 986

Diagnostics, Parameters Interaction

Treatment monitoring > objective > possibility of feedback /

- mobile + flexible + lab- 3 inluitive, informative communication between
i tient lini
ndependent kil patient and clinician

= time-independent + long- = consideration of intra-
term + real-ime person and inter-person

variability of gait

Acquisition

Wearable system
=<2 low power consumption
- wireless transmission

= integrated sensors

"

Analysis

Algorithms
= high accuracy & precision
Computation of

= activity pattemns
= gait signatures

for Diagnostics and Therapy-
monitoring

Application

Interfaces and systems

= intuitive visualization
- feedback of patients

- statistics and machine
leaming for classification
of alterations
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