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Handling of fall cases in Hk

“Fall prevention clinic” & “Screening program”

(Hong Kong Department of Health, 2019)

= “Prevent-after-fall”

(Society for Community Organization, 2019)

Conventional balance training
= Huge demands for manpower
= Cumbersome devices wusseneta 2010

-

Wearable system? i

(Ma et al. Sensors, 2016. 16(4): p. 434.) Christina Zong-Hao MA (o eom, 2019 3
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Balance improvement
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Falls- major public problem

Physical b
trayuma Iogyglcal 2008 20182
Deatp.
198 Deap.
300

H
OSP:tahZGd w
636 OSDItahzed
000

Medical 0
expense Mortality /

| <
(Rubenstein 2006)

Source:
1. Community Fall Prevention Campaign, The Chinese University of Hong Kong, 2010 Statistics from HK
2. Society for Community Organization, 2019
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Types

Muscle weakness — Risk factors

Static standing ~ Perturbation Walking
Wearable biofeedback devices  Study 1 Study 2 Study 3&4  (Future Work)
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Static postural stability =

Wireless transmitter and receiver system

Microcontroller unit

7N
(Ongoing)
LN \Judy/
(Study 4]
N
\
(Study 3) Smart Insole &
N/ Footangle &  smartwatch
> prevent slips  ith Big Data
Plantar foot Analytics
\Study 2\ loading & gait -
A ,//
Postural
o balance 1 .
// ::Et?::bation (Ma et al, 2019)
(Study 1 /
\ Static
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%stability (Ma étal, 2018)

(Ma et al, 2017)
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Flat insole and 3 force

R

MLDirection (mm)

| sensors at each side 8
@ Biofeedback-off Force sensor

4 COP sway area

(Ma et al. Sensors, 2015. 15(12): p. 31709-31722.)
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Postural balance under Postural balance under

\Study 2

perturbation ) perturbation -

« Tackle more challenging tasks 50 Forward 150 Left
* Most falls: dynamic situation (rideiksaar 2010) .

« Acceleration / Deceleration of bus/ship...

Time (5) \ Time (s)

Backward Right

s St
— s Left foot Right foot o° R %6 o8 1 12 14
. A Tk Taw ——>
Moving floor providing - 100 r
balance perturbation §, S N\ i el

1 COM displacement (Smaxi, >10%)

Ma et al. Human Movement Science, 2017. 55: p. 54-60. L ) . ) .
¢ b ) 1 reaction time while standing with perturbation

Christina Zong-Hao MA 7

ONKOPING UNIVERSITY

Plantar foot loading & gait (\\ Plantar foot loading & galt‘smdw

Medial Forefoo! Lateral Forefoot 15t Metatarsal Head
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1 Vibrator Vibrotactile feedback unit
P - |
Plantar force acquisition llmt] Rm LN 7 N -
e Gyt
Medial Rearfoot Lateral Rearfoot Heel
Flat insole and 2 force sensors - w w
Plantar force » . -
acquisition & - » »
processing e b3 4
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(Ma et al, Topics in stroke rehabilitation, 2018. 25(1): p. 20-27)
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Plantar foot loading & gait éa}/ Foot angle & prevention of .,
= /

e slips in gait o
(]

Foot-floor Contact Angle (FFCA)> 20° — 1Slip

(Cham & Redfern, 2002; Chambers, et al., 2002).

postrr. Antartor

Sagittal Plane
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2 » “ “ ‘Semi real-tim
§ = ! auditory feed (4
e 1.
g i § T i ek, @ Oominant foot
i i | I < Wirelessly connected PO ——
& i misely conneces
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FFCA during walking
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e s o Provide cues after heel-strike based on the Adjust the FFCA of the next
e 1 compensation at unaffected side - s soman averaged FFCA of 2 steps of the dominant foot step after receiving biofeedback
e, ] (Ma et al, ISPGR World Congress,2019) Christina Zong-Hao MA 12

1 forefoot inversion during walking
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Foot angle & prevention of .,
slips in gait Zg

% of FFCA within the target mnge Foot-| Flocr Contat Angle (FFCA,°)
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1T dynam|ca|ly ad]usted foot-floor contact angle (FFCA)
1 risk of slips during walking 13
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Balance / Gait improvement

»New intervention strategy for improving balance
and gait control, i.e. supplementing foot sensory
input

» young & older adults &

. patients with stroke. aetar, 2015, 2017, 2018, 2019

» Potentially reduce the risk of falls.

Christina Zong-Hao MA 15
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Knowledge transfer s

269 interviews:

» Huge demands
» Optimization

Gr®
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1 Chinese patent filed (Ma, Huang, & Zheng, 2018);
2 grants for entrepreneurial development of a startup project, “iBalanx”
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Foot angle & prevention of ..,
sllps in galt £

8
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Foot-Floor Contact Angle (FFCA, deg)
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Steps.

T dynamically adjusted foot-floor contact angle (FFCA)

4 risk of slips during walking 14
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Balance / Gait improvement

> Repetitive targeted gait training & motor control

in both indoor & outdoor environments.
(Ma et al, 2015, 2016, 2017, 2018, 2019)

héalthcare
professionals

A

(outdoor) Jl Jl
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Ongoing Work s

Cloud Servers

\

SSSSS MCU vith BLE

0T Based Unit (Right Foot)

Personal Unit

@®:= ml
o g
wd =20
User Interface Workstation
(Performance Analysis) (Big Data Analysis)
(Prototype)
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Ongoing Work s
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User Interface in
Mobile App
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Ongoing Work (iBalanx) 1) Dalily activities

2) Training tasks

|
] d

Ascend/Descend stairs

Up slope

Down slope

21

wb Supie unwersity

In the future...
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Ongoing Work sa.n

Time: 17:41 Cloud Time: 11:41
Servers o BB

Data collection
(Hong Kong) (Sweden)

Provide therapists with option of
working from a distance? ©

Data visualization
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Future directions

(1) Underlying mechanism

‘ Brain activity / Cognitive demands
L Biomechanical response

/,
Wearable 2) Integrate with
Biofeedback P&O devices
Technology Smart P&0 devices
.

3) Remote balance
monitor/training

| Elderly / Person with disabilities

Smanpeodeices | §
neg 224
Tk
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In the future...
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e i
* Monitor
* Objective assessment of orthotic fitting?
* Remote monitor of orthoses?
* Progressive adjustment of orthosis?

24
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In the future...

=

Em AT

Sensing/Monitor Unit

—

\__ sioteesackunt

* Monitor + Biofeedback
* Objective reminder of balance & gait?
* Remote balance & gait training?
* Prevent falls?

Christina Zong-Hao MA 25
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Take-home message §; =

* Wearable biofeedback devices to improve
balance & gait, &prevent falls

» — Future smart orthoses with monitoring &
biofeedback function to
* assist objective evaluation of orthotic fitting
* monitor & improve balance & gait
» assist balance & gait training

Christina Zong-Hao MA 27
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(Ongoing)
Study

%‘“"V ‘ Improving
Quality of Life

[study 3 Smart Insole &
o Footangle &  smartwatch
3 prevent slips yith Big Data

\ Plantar foot Analytics
[Study 2 loading & gait
postura & v Older adults;
¢ under R E .. v Patients with stroke;
Study 1 perturbation L R == = Children with CP;
\ ks v Lower-limb amputees...
%;’:;;2"":;' @@ (Ma étal, 2018) P
(Ma etal, 2017) 1
% Thank you!

+ HKSTP STEP Pre-Incubation Programme (STEP ID: 219)
+ PolyU Research Studentship (RTNR)
« Innovation and Technology Commission (ITS/030/13)
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Benefits... 5 e
-

* Assist objective evaluation of orthotic fitting
* Enable remote monitor/evaluation

* Improve follow-up & progressive adjustment

of orthoses

* Build up a balance & walking ability database

» Early detection of poor balance/gait &

advance warning

Christina Zong-Hao MA 26
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Limitation & Some thoughts...

* Ethics
* Privacy of persons

* Protection of data P&O. PT....

* User-friendly of the system|p_tients caretakers

 Scales of assessment criteria

* In lab setting only

* Short-term effect only
* Small sample size (<30)...
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