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Falls- major public problem

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

2008(1) 2018(2)

Statistics from HK
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Physical 
trauma

Psycho-
logical

MortalityMedical 
expense

(Rubenstein 2006)

Handling of fall cases in HK

“Fall prevention clinic” & “Screening program”

 “Prevent-after-fall” 

Conventional balance training 
Huge demands for manpower

Cumbersome devices (Janssen et al. 2010) 

(Society for Community Organization, 2019)(Hong Kong Department of Health, 2019)
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(hk01.com, 2019)

Wearable system?
Static standing Perturbation Walking
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Muscle weakness

Balance & gait disorders

Others

Types

Causes

Visual

Vestibular

Proprioceptive

Foot tactile sensation

Wearable biofeedback devices

Balance improvement

(Future Work)

(Jacobson & Shepard 2009)

(Bretan et al. 2010)
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Balance improvement

Static 
postural 
stability

Postural 
balance 
under 
perturbation

Plantar foot 
loading & gait

Foot angle & 
prevent slips

Smart Insole & 
Smartwatch 
with Big Data 
Analytics 

Study 1

Study 2

Study 3

Study 4

Ongoing 
Study

(Ma et al, 2015)
(Ma et al, 2017)

(Ma et al, 2018)

(Ma et al, 2019)

Static postural stability
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Study 1

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

Biofeedback-off Biofeedback-onForce sensor

↓COP sway area
https://pos tur emovem entpain.files .w ordpr e
ss.com/2013/03/20130303- 191511.jpg
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• Tackle more challenging tasks

• Most falls: dynamic situation (Tideiksaar 2010)

• Acceleration / Deceleration of bus/ship… 
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Study 2

Moving floor providing 
balance perturbation

Postural balance under 
perturbation

(Ma et al. Human Movement Science, 2017. 55: p. 54-60.)

Postural balance under 
perturbation
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↓COM displacement (Smax1, >10%)
↓reaction time while standing with perturbation

Study 2

Plantar foot loading & gait
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Study 3

(Ma et al, Topics in stroke rehabilitation, 2018. 25(1): p. 20-27)

https://www.youtube.com/watch?v=5VpIdr4smAI

Plantar foot loading & gait
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https://www.yout
ube.com/watch?
v=5VpIdr4smAI

Study 3

Plantar foot loading & gait
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https://www.yout
ube.com/watch?
v=5VpIdr4smAI

Study 3

↓ compensation at unaffected side 
↓ forefoot inversion during walking

Foot angle & prevention of 
slips in gait
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Study 4

https://www.fisherinjuryl aw.com/practicear ea/slip-and-falls/

Foot-floor Contact Angle (FFCA)> 20° → ↑Slip
(Cham & Redfern, 2002; Chambers, et al., 2002).

(Ma et al, ISPGR World Congress,2019)

Desired FFCA: 10-20 °
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Foot angle & prevention of 
slips in gait
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Study 4

https://www.fisherinjuryl aw.com/
practicearea/slip-and-falls/

↑ dynamically adjusted foot-floor contact angle (FFCA)
↓ risk of slips during walking

↑ dynamically adjusted foot-floor contact angle (FFCA)
↓ risk of slips during walking

Foot angle & prevention of 
slips in gait

14

Study 4

https://www.fisherinjuryl aw.com/
practicearea/slip-and-falls/

Balance / Gait improvement
New intervention strategy for improving balance

and gait control, i.e. supplementing foot sensory 

input

• young & older adults &

• patients with stroke.  

Potentially reduce the risk of falls.
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(Ma et al, 2015, 2017, 2018, 2019)

Balance / Gait improvement
Repetitive targeted gait training & motor control 

in both indoor & outdoor environments.
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home-based training

Cloud

healthcare 
professionals

(outdoor)(indoor)
(https://w ww.everplans.com/articles/how -to-keep-track-of-all-your-doctors-and-medical-professionals)

(Ma et al, 2015, 2016, 2017, 2018, 2019)

Knowledge transfer

17

iBalanx

Group 6:
Channel

(4)

Group 5:
Elderly

(50)

Group 4:
Caregiver

(183)
Group 3:
Stroke 
patient

(3)

Group 2: 
Prosthetist 
Orthotist 

(P&O) 

(2) 

Group 1:
Therapist

(28)

269 interviews:

1 Chinese patent filed (Ma, Huang, & Zheng, 2018);
2 grants for entrepreneurial development of a startup project, “iBalanx”

(iBalanx) 

 Huge demands
 Optimization 
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Ongoing Work
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(iBalanx) 

Smartwatch

BLE

Personal Unit

Force & Motion 
Sensor MCU with BLE 

IoT Based Unit (Left Foot)

Force & Motion 
Sensor

MCU with BLE 

IoT Based Unit (Right Foot)

Application Server

Wi-Fi / 
Cellular

Database Server

Cloud Servers

User Interface 
(Performance Analysis)

Workstation
(Big Data Analysis)

Pattern recognition & extraction

Customized feedback

(Prototype)

13 14
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Ongoing Work
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Data of Cloud Server

Wearable Hardware with 
Mobile App

User Interface in 
Mobile App

(iBalanx) Ongoing Work
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Data collection
(Hong Kong)

Data visualization
(Sweden)

Provide therapists with option of 
working from a distance? 

Time: 17:41 Time: 11:41Cloud 
Servers

(iBalanx) 

Ongoing Work

21

1) Daily activities
2) Training tasks

Walk over-ground Ascend/Descend stairs

Up slope Down slope

(iBalanx) Future directions
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Wearable 
Biofeedback 
Technology

1）Underlying mechanism

Brain activity / Cognitive demands
Biomechanical response

2）Integrate with 
P&O devices

Smart P&O devices

3）Remote balance 
monitor/training

Elderly / Person with disabilities

(https://www.ottobock.com.cn/pr osthetics /low er-
limb/solution-overview/aer olink-system/

https ://im age.baidu.com/searc h/deta il?c t=503316480&z=0&ipn=d&word=%E6%AE%8B%E7%96%BE%E4%BA%BA%20%E5%8D%A1%E9%80%9A&step_word=&hs =0&pn=81&spn=0&di=10340&pi=0&rn=1&tn=baiduim agedeta il&is=0%2C0&isty pe=2&ie=utf-8&oe=utf-8&in=&c l=2&lm =-1&st=-
1&c s =2156030568%2C3705687419&os =1842511279%2C4049682211&s im id=0%2C0&adpic id=0&lpn=0&ln=1261&fr=&fm q=1562138291090_R&fm =deta il&ic =undefined&s=undefined&hd=undefined&la test=undefined&copyright=undefined&s e=&sm e=&tab=0&width=undefined&height=undefined&face=undefined&is t=&j it=&cg=&bdty pe=0&oriquery =&objurl=http%3A%2F%2Fwx4.s inaimg.cn%2Flarge%2Fbbb32cf7gy1fx tqpl if5aj20jk 0b0n3p.jpg&from url=ippr_z2C%24qAzdH3FAzdH3Foj tk5_z%26e3Bv 54Az dH3Fs 5ej4w
ppj6f%3F6ju j6_usw2%3Daaaaa8c a8a_%26u654%3Duj j1%26s5v %3Dgtvhgw4j%26tf_ws s%3D8%23_6g18c n08cm 9n00c c&gs m=1e&rpstart=0&rpnum=0&isl is t=&query li s t=&force=undefined

https://medibulletin.com/new-technology-could-track-brain-activity-in-milliseconds/

In the future…
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https://www.zanu.ml/item/32879881369/2018-handheld-vital-sign-monitor-provide-
24-hour-monitoring-patient-measurements-including-nibp-pulse-spo2-and-
temperature.php

https://stock.adobe.com/se/search?k=%22tablet+doctor%22&as_campaign=ftmigr
ation2&as_channel=dpcft&as_campclass=brand&as_source=ft_web&as_camptype
=acquisition&as_audience=users&as_content=closure_tag-page

In the future…

• Monitor
• Objective assessment of orthotic fitting?

• Remote monitor of orthoses?

• Progressive adjustment of orthosis?
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https://stock.adobe.com/se/search?k=%22tablet+doctor%22&as_campaign=ftmigr
ation2&as_channel=dpcft&as_campclass=brand&as_source=ft_web&as_camptype
=acquisition&as_audience=users&as_content=closure_tag-page

http://www.berktree.com/ankle-foot-orthosis-right-size-7-
9-women-s-model-783801.html

Force & Motion 
Sensor MCU with BLE 

Sensing/Monitor Unit

19 20
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In the future…

• Monitor + Biofeedback
• Objective reminder of balance & gait?

• Remote balance & gait training?

• Prevent falls?
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https://stock.adobe.com/se/search?k=%22tablet+doctor%22&as_campaign=ftmigr
ation2&as_channel=dpcft&as_campclass=brand&as_source=ft_web&as_camptype
=acquisition&as_audience=users&as_content=closure_tag-page

http://www.berktree.com/ankle-foot-orthosis-right-size-7-
9-women-s-model-783801.html

Force & Motion 
Sensor MCU with BLE 

Sensing/Monitor Unit

Biofeedback unit

Benefits…

• 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 
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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

Limitation & Some thoughts…
• Ethics

• Privacy of persons

• Protection of data

• User-friendly of the system 

• Scales of assessment criteria

• In lab setting only

• Short-term effect only

• Small sample size (≤30)…
Christina Zong-Hao MA 28

P&O, PT,…

Patients, caretakers

https://w w w.researchgate.net/publication/259499877_Effect_of_pre-
cooling_injection_site_on_pain_perception_in_pediatric_dentistry_A_randomized_clinical_tr ial/f igures?lo=1

Acknowledgement

Christina Zong-Hao MA 29

• HKSTP STEP Pre-Incubation Programme (STEP ID: 219)  

• PolyU Research Studentship (RTNR) 

• Innovation and Technology Commission (ITS/030/13) 

Thank you!

 Older adults; 
 Patients with stroke;
 Children with CP;
 Lower-limb amputees…

Improving 
Quality of Life?
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