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Drivers for change – population 

http://www.niace.org.uk/crow/about.htm



Drivers for change - technology 

http://www.nhsconfed.org/



Why measure physical activity
and function ?

Rehabilitation
Assessment of  

outcomes

Self 
Management



WHO ICF model

(WHO 2001, Wade 2007 )



Limitations of self reported measures

Automated compared with self monitoring

• 3 groups of 6 patients over 4 days

• Recorder with leg mounted switch

• Blinded study

• Control, Psychiatric, Chronic back pain 

• All subjects reported less activity than occurred

• Pain group underestimated this by 50%

Sanders 1983 Pain



Limitations of direct measurements 
of physical performance 

• Objective – if validated
• Specific

walking performance, sit to stand, balance

• Time consuming
• Only ‘snapshot’ at particular time

Can we collect data during normal every day activities ?



Which technology to use ?

Activities of daily life

Energy expenditure

Type of activity and duration

Functional performance 
(i.e. range of movement or gait)

MACRO

MICRO

1. Decide on the most appropriate 
outcome measure

2. Select the sensor or device

3. Make sure it has been validated for 
that population



Activities of daily life

• SMART houses
– RFID, Webcam, Sensors

• Video recordings
Microsoft Sensecam
http://research.microsoft.com/sendev/projects/sensecam/information.htm

http://www.mobilelocate.com

• GPS + GIS
Geographical 
information 
systems



Energy expenditure / Type activity 

Technology – pedometers / accelerometers



EXAMPLE 
An observational study to measure 

activity in patients with COPD  
Chris Dyer, Carol Langley, Elaine Jenkin, Nigel Harris 

and Kevin Gruffydd-Jones, Chippenham Community Hospital

• Affects 3M people in UK

• Peak incidence 60-80yrs age

• Negative spiral of symptoms

• Management
– Optimise medication
– Pulmonary rehabilitation
– Support for self management



Can ambulatory monitoring be used to 
quantify, changes in physical activity 
following pulmonary rehabilitation ?

METHODS
• 33 subjects, aged 55-86 yrs
• Pre programme clinical assessment
• Pulmonary rehabilitation programme
• Baseline, 12 and 28 weeks clinical 

assessment
• Activity monitoring over 2 days 

every 6 weeks



ActivPal - single axis accelerometer

Attached to upper thigh

2 G range, 8 bit @ 10 Hz 

1 sec time resolution

Worn ~15hrs day

Uptime = standing + stepping

Patient 1 - Two day average uptime - baseline
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COPD Study - Preliminary Results
Change in uptime - base to 24 weeks

Change in uptime from baseline at 24 weeks (n=28)
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COPD study - summary

• Activity monitoring can be used to quantify the response to 
pulmonary rehabilitation

• Good reproducibility over 2 day monitoring period

• Increases in uptime are associated improvements
in other outcome measures 

• Further work:
– Intervention study: will a weekly community exercise programme 

improve outcomes 

– Would patients benefit from feedback on physical activity levels

chris.dyer@ruh.nhs.uk

mailto:chris.dyer@ruh.nhs.uk


Measurements of Function  
Available technology

Accelerometers

Gyroscopes

Magnetic field (orientation)
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Integrated sensors
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SMART1 – Upper limb rehabilitation

Gait analysis – Out Walk, Ferrari etalhttp://www.thesmartconsortium.org/



Pervasive computing and new 
technologies ?

Kang 2006 , NCSU

http://www.lib.ncsu.edu/theses/available/etd-05192006-023724/unrestricted/etd.pdf

http://icawww.epfl.ch/luo/WAMES%202004_files/wames_LiveNet.pdf

http://www.smartgarmentpeople.com/

http://icawww.epfl.ch/luo/WAMES 2004_files/wames_LiveNet.pdf


Some problems # 1
Macro v Micro

Activities of daily life 
v

Physical performance (velocity, asymmetry, ROM) 



• Data processing
‘Brute force’
Identification of ‘regions of interest’ within data
Artificial Intelligence

• Hardware
Mobile phone as common platform
Batteries and power sources
Wireless links
Web based data processing 

Some solutions 1



Some problems # 2
Rehabilitation and behaviour change

WHO ICF model
Focus on person

1. Function / disability

2. Context / environment

(WHO 2001, Wade 2007 )



• Combination of body worn sensors and GPS
Geospatial analysis of physical activity –
Physical Activity and Locations Measurement 
System PALMS – Patrick NIH 2007)

• Link between daily activities and life goals

• Better understanding of factors that influence 
behavior change (Myotel, SMART2)

Some solutions 2

http://www.thesmartconsortium.org/

http://www.myotel.eu/

http://www.thesmartconsortium.org/


Why measure physical activity
and function ?

Rehabilitation
Assessment of  

outcomes

Self 
Management



http://www.icampam.org/

Thanks to:
Royal National Hospital for Rheumatic Diseases - http://www.rnhrd.nhs.uk/
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Bern Grimm - http://www.ahorse.org/ n.harris@bath.ac.uk
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