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Abstract—People with long term health conditions often
experience a radically reduced quality of life andsuffer from
a range of symptoms. Self management can encourage
patients with a care support and reduce the burderof the
costs of traditional face-to-face healthcare delivg. In this
paper, we present a new approach to support
selfmanagement for patients with long term conditias using
assistive, rehabilitation and telecare technologies A
personalised self management system is proposed to
effectively monitor, model and analyse relevant sitp,
symptoms and lifestyle consequences of long termnzhitions.
Information on changes in chronic conditions will k& fed
back to the users in a meaningful and usable way drcan be
presented to patients to promote health behavior ah to
adjust life goals.

I. INTRODUCTION

HRONIC health conditions are those that a person

has over an extended period of time, or for lifetHe

UK, 17.5 million adults may be living with a chrani
disease (e.g. arthritis, respiratory disease, caadcular
disease, multiple sclerosis, stroke,
congestive heart failure) and WHO data indicatésitha
global issue, with 75% of the total population mavbne
chronic condition [1]. People with long term health
conditions often experience a radically reducedityuaf
life and suffer from a range of symptoms such &g, pa
fatigue, physical limitations and disability, antieand
depression. Chronic ill health frequently results i
unemployment, social withdrawal, fears over an ttage

future and an increasing dependence upon health and

social care services. Consequently, the treatarahicare
of people with long term conditions consumes adaend
potentially unsustainable, proportion of health aodial
care resources [1].

Living with a long term condition involves a numbar
challenges; first, achieving an understanding oé th
condition and participating in the agreed treatmand
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emphysema and

rehabilitative regimen (e.g. physical and occupstio
therapy). The intensity of clinical interventioa often
greatest following diagnosis, but over time sholoddre-
visited and tailored to changing needs. Aspiration
ambitions, goals and values are adjusted, to accualata

life with a long term condition [2]. Success in &sling
such adjustment is thought to be critical to retgn
quality of life. Acceptance and emotional adaptatio
requires on-going support, such as access to leliab
relevant information [3]. Concerns regarding the
increasing prevalence of long term conditions,séeerity
and complexity of patient need, the rising costs of
traditional face-to-face healthcare delivery and a
philosophical move towards promoting self reliarzored
patient empowerment have led to the introductiosedf
management initiatives in many countries.

Self management involves encouraging the persdm wit
a long term condition to solve problems, take denis
locate and use resources, identify an action ptahtake
action to manage their condition [2]. People liviwgh
chronic conditions know best how to manage their
conditions, but a good self management can only be
achieved by a good self care support.

In this paper, we present a new approach to sugptirt
management for chronic conditions using assistive,
rehabilitation and telecare technologies. A perksed
self-management system (PSMS) is proposed to ntonito
patients activities unobtrusively using sensor netbgies,
and the information on changes in chronic condgtioan
be collated and fed back to users in a meaningidl a
usable way to help them understand their conditiga.
telecommunication, such information, remote from a
medical/care practitioner, can be presented to ptem
health behaviour change; and how this can allowplecio
adjust life goals to accommodate and aid acceptafice
their condition.

The remainder of this paper is organized as follows
Section Il presents the related research. Sectibn |
describes the research methodology with the prapose
PSMS, followed by description of work in monitoring
upper limb movements in Section Ill. Section IV the
presents a summary and discussion of challenges and
future research.



Il. RELATED RESEARCH

In the United States, the form of self management i
being integrated within a managed care framewo}fklfb
the United Kingdom self management is central te th
Government's long term conditions agenda. This is
comprised of the related principlesatient choice, care
tailored to individual, independent living, community
engagement and inter-agency partnership working,
exemplified by The Expert Patient Programme [6].
However, it is only relatively recently that considtion
has been given to other services, and in partitidare or
community located technologies that might be dgwedb
to assist the person with the tasks involved in agary
their own condition [7]—[9].

In recent years, a new research area of interactive
computing technologies for self management of Itmm
conditions has emerged [10], [11]. A prominent egkem
is from the USA, where a company is marketing altie
buddy” system capable of providing feedback to siser
with chronic health conditions [12]. However, ihig
system, feedback is restricted to information dalhsigns
to the user and professional, and supporting rekear
evidence for the system is not accessible. In tie U
computerized cognitive behaviour therapy (cCBThasv
available to assist therapists and offer patientsrem
choice following a national framework agreement[13]
The SAPHE project for example considered how
technology can be used to deteeteriorating health in
individuals, with the focus being upon the technological
system [14].

I1l. METHODOLOGY

A. Conditions

Our research focuses upon three very different
conditions, namelystroke, chronic pain and congestive
heart failure (CHF).

1) Sroke: People who have a stroke were often fit and
well beforehand. Stroke can leave the person sigde
physically disabled. It can also result in comneation
problems. Treatment and rehabilitation can comtifon a
long time to help recover mobility and ability to
communicate. Sometimes the person can be left avith
permanent disability, which they and their familyllw
have to adjust to living with.

2) Chronic pain: This is a symptom of many long term
illnesses and leads to very poor quality of lifer fo
sufferers. Over time, people with chronic pain #mose
for whom chronic pain is the primary complaint teéodio
less and become more upset by their conditionatient
called cognitive behavioural therapy (CBT) can help
people to manage the negative consequences of pain.

3) Heart failure: Heart failure means that the heart does
not pump enough blood to meet the needs of the.body
People with heart failure are restricted in whatytban do

and often have to go into hospital if their corutfiti
suddenly gets worse.

These three conditions are among the top five most
common in the UK, with services struggling to meet
demand for treatment and rehabilitation. Prevadeot
chronic pain is up to 46% with 8% reporting severe
disability [16]. Even though CBT is an effectivedtment
for chronic pain, less than 20% of people have sxce
[17]. There are approximately 100,000 new episaafes
stroke in the UK each year making it a leading eanis
disability [18]. The National Sentinel Stroke Audif
2002 reported that 64% of stroke survivors wereblento
access specialist stroke rehabilitation [19]. The&audit
showed that this has improved in secondary caradiun
primary care, where only 22% of Trusts have spistial
stroke teams to support rehabilitation after disghdome
[20]. CHF affects 1% of the population and 10% @t 7
years of age [21]. Up to 50% of hospital admissitor
CHF could be prevented if individuals comply with
necessary medication and undertake self-monitogalf;
care and lifestyle modification strategies [21].

We have chosen conditions with different intervemti
models: chronic pain for which the therapeutic gcale
largely accommodative; stroke for which the therapeutic
goals are largelyrestorative and CHF for which the
therapeutic goals are largefyreventative. The activity
monitoring for these three conditions are timing of
activities of daily living; gross motor activity wWrist
sensor for upper limb activity and bed sensorsieep
monitoring; and gross motor activity / sleep paitser
activities of daily living with the measurementwéight,
blood pressure and heart rate respectively.

This enables us to compare not only the differeetsi
needs but also establish whether technologies earséd
to enable the self management of different inteiigen
models.

For all three conditions the therapeutic regimen is
underpinned by a need for the individual to chatigper
behaviour and maintain those changes in the long.te
Therefore, any assistive technological solution teage
positioned within a context of therapeutically grdd
behaviour change. For people with chronic paiijanuce
with activity pacing and habit reversal is frequgnt
identified as being necessary [22]. Following ko
therapeutic aims are focused on maintaining and
improving physical activity and function. Managerhef
CHF is largely by drug therapies but also, increglyi
through self monitoring, and lifestyle modification
strategies. However, without support, compliangth w
both drug therapy and self-care strategies can be
problematic, leading to clinical instability and sgening
heart failure [23]. Currently, people with all ¢er
conditions have limited access to assistance tp thelm
to make the necessary changes to behaviour in eoder
accommodate their condition, promote continuedveno
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where possible and/or prevent deterioration.

B. PSMS System Structure

The proposed PSMS system, illustrated in Figure 1,
consists of four main components, namely clipetcgic
monitoring, decision support expert system, pagient
database and telecommunication. Patients with tenm
conditions are monitored by a number of sensingcdsv
such as accelerometers for monitor patients limb
activities; bed sensors for sleeping measureménthe
information monitored is used to generate a usefiler
for each patient, together with other informationyided
by therapists, such as personal life goal, care plad
medical perspectives. The series of user profilestred
in the database. And an expert system running @sekier
analyses each profile and provides advice and tesdto
the users, monitor the life goal and send alert nwhe
necessary. The communication component provides the
facility for the therapists and health carers toess the
system from remote to review the care plan, arafdidce
the change of life goal.

The PSMS provides information on progress with the

therapy/ management plan to the user and to health
social care professionals through the InternetitaligVv.
As well as giving information, this will help theepson to
identify the need for changes to their plan and hélp
with the emotional consequences of the conditicihaouit
the need for a professional to be present.

IV. MONITORING OF UPPER LIMB MOVEMENT

Research has been carried out to monitor upper limb
movements for stroke patient at home rehabilitafizs].
Two MT9 motion sensors are used to track patients
movement during the rehabilitation exercises (FégRy.
One is placed on the wrist and the other one é&la¢id on
the elbow. An MT9 sensor consists of a three axis
accelerometer, a three axis gyroscope, and a #xie
magnetic field sensor, which can measure the momeme
information including position and rotation.

Figure 2 Upper limb motion monitoring

The position and rotation information of the arm is
recorded and sent to the computer. The movement is
rendered and presented to the patient by a 3-diomexht



visual feedback and other graphic forms of feedback
Figure 3 illustrates one patient movemerdrse the
template in 3D models. Patients can observe his/her
movement and compare it with the template moverent
understand how to improve his/her rehabilitatioereise.
Therapists can also review patients movement and
according to patients progress to adjust the teimpla

Figure 3 Comparison of one patient movement with
the template in 3D models. Upper panel: template
movement; lower panel: patient movement.

V. SUMMARY AND FUTURE WORK

The use of technology to support self management fo
patients living with chronic conditions is now attting
attention. In this paper we propose a personalissfi
management system for three long term conditioinsk(s,
chronic pain and chronic heart failure). Our reskasn
monitoring rehabilitation movement for post-stroke
patients [25] have demonstrated the feasibilitgmblying
ICT on the support of long term home rehabilitatiBuit
there are some fundamental issues that need to be
researched. These include how information on oy
chronic conditions can be collated and fed badksters in
a meaningful and usable way to help them to undedst
their condition; how such information, remote fraan
therapist can be presented to promote behavioungeha
and how this information can allow people to adjifst
goals to accommodate and aid acceptance of their
condition. All these deserve further investigation.

Future work will be carried out to investigate how
technology can be used to construct tailored plahs
interventions to be undertaken by an individualneet
identified needs; to identify how relevant signanptoms
and lifestyle consequences of long term conditicars be
effectively monitored, modelled and analysed; arnd
examine the extent to which behaviour change is
promoted through personalised feedback, remote fiom
health care professional, but delivered within #otad
plan of intervention.
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