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Abstract

Background: Studies have shown that functional strength and balance exercises can reduce the risk of falling in
older people if they are done on a regular basis. However, the repetitive nature of these exercises; combined with
the inherent lack of feedback of progress may discourage seniors from exercising in the home, thereby rendering
such an intervention ineffective. This study hypothesizes that the use of visual feedback and multimodal games will
be more effective in encouraging adherence to home rehabilitation than standard care; thereby promoting
independence and improving the quality of life in older adults at risk of falling.

Methods: A parallel-group pilot randomized controlled trial with 3 groups of participants will be conducted in the
home for 12 weeks. Participants will include older adults who have been identified as at risk of falling (n =48),

over the age of 65, living in the community, and suitable for a home exercise intervention. The primary outcome is
adherence to exercise. Secondary outcomes include: variability in stride length, stride time and double support time
(DST); walking speed; Timed up and go test (TUG); Falls Efficacy Scale International (FES-I); CONFbal scale; Romberg's
test; and quality of life measures (SF-12 and EuroQol EQ-5D). Qualitative assessments on personal experiences with
rehabilitation tools will be done before and after the trial.

Discussion: This study will investigate the use of visual feedback and engaging multimodal activities to address the

problem of non-compliance to home exercises for falls rehabilitation. One of the unique qualities of this study is
the adaptation of special participatory design methods through which the end users (fallers) will be involved in the

Trial registration: ISRCTN79967470

design of the proposed rehabilitation tools at various stages of the design process.
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Background

Falls and adherence to exercise

Thirty percent of people over the age of 65 years fall at
least once a year [1], with over 75% of this population
suffering an injury as a result. Fractures (a major conse-
quence of falls) alone cost the National Health Service
(NHS) in the UK about £1.8 billion [2]. Although falls
can be caused by a wide variety of factors (including vis-
ual and physical impairment), many cases are attributed
to a lack of exercise as well as weaknesses in muscles,
bones and joints in the lower body [3]. These conditions
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can be improved by rehabilitation designed to improve
the patient’s ability to cope with movement in everyday
life, increase the patient’s functional capacity, elevate
confidence and reduce the fear of falling [4].

Evidence has shown that certain rehabilitation exer-
cises such as the Otago exercise program and Falls Man-
agement Exercise (FaAME) are effective in returning falls
patients to normal functional movement if the patient
adheres to the routine [5]. However, there is an existing
problem with adherence to these exercises, which could
be attributed to a wide variety of factors, such as low
confidence in the rehabilitation programme and lack of
motivation on the user’s part [6]. In the home, moti-
vation to exercise can also be affected by the somewhat
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repetitive nature of the current exercises and the way
that they are presented to the user (through paper-based
illustrations), which could make the rehabilitation pro-
cess seem like a chore for the patient [7,8].

To address this problem of low adherence to home ex-
ercises, it is necessary to first identify the common prob-
lems that fallers face in the home, and what effects these
problems may have on seniors’ confidence, fear of falling,
and quality of life. Furthermore, it is essential to explore
the limitations of standard rehabilitation care in order to
determine how these limitations may affect their adher-
ence to home rehabilitation programmes. In this study,
there is an investigation into how visualizations and
games could be used to encourage greater participation
in home rehabilitation.

Visual feedback of activity

In the past, visualizations of movement have been ex-
plored by Macdonald et al. [9] to promote engagement
in rehabilitation. The theory behind this study suggested
that if the seniors were more involved in their rehabilita-
tion, they could take greater steps to ensure that they
became more independent. This study involved testing
gait in the lower limbs, while providing visualizations of
the exercise using a motion capture system. The results
showed that the simple visualizations (which consisted
of a stick figure on a screen using a traffic light system -
green, amber and red - to show varying levels of stress
in joints during activity at different times) were able to
bridge the gap in the understanding of important data
between the patient, clinicians, biomechanists and physio-
therapists. By doing this, the seniors felt more involved
because a discussion could be had between them and the
therapists on how best to facilitate their recovery. In a simi-
lar vein, the study by Yavuzer et al. [10] revealed how the
use of visual feedback through balance training, in addi-
tion to a conventional stroke rehabilitation programme,
improved postural control and weight-bearing in late-stage
stroke patients. One of the limitations of these studies is
that factors such as equipment size, cost, and the complex
setup involved means that the experiments need to be re-
stricted to the clinical, or laboratory setting.

Virtual environments and video games have also proved
successful in providing an engaging rehabilitation experi-
ence for patients with a wide variety of ailments, including
stroke and chronic obstructive pulmonary disease (COPD)
[11,12]. The use of commercially available games such as
Wii-Fit has become a staple of encouraging physical activ-
ity in older adults, mostly in the clinical setting [13,14].
However, rehabilitation often involves specifically tailored
exercises that promote the recovery of muscle groups
necessary for improved strength, balance and mobility.
Therefore, there is a need to go one step further in the
design of games, in order to make them useful for
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rehabilitation purposes. It is believed that an efficient way
to tackle this problem is to design games that encourage
limb movements that are characteristic of rehabilitation,
in order to promote effective recovery of muscle strength
and balance.

In one arm of the study described in this paper, we will
explore how visualizations of movement may be used to
encourage older adults at risk of falling, to exercise in
the home. The main aim of the visualizations in this
study will be to advise users on the most efficient way to
perform each exercise. Using simple body-worn sensors,
the users’ body movements can be tracked, and the in-
formation from these sensors can be used to inform the
users on simple biomechanical concepts that are useful
to their rehabilitation, such as joint angles and range of
motion.

To tackle the ever-present problem of the lack of
interest and adherence to the rehabilitation routine, this
study also aims to employ the use of multimodal games,
based on rehabilitation exercises, which will enable users
to perform exercises in an enjoyable manner and hence
provide a suitable opportunity for effective functional re-
covery. To maximize the potential of the use of games
for this purpose, older adults have been involved at vari-
ous stages of the design process, including the initial
concept design stage, in order to address the main issues
that they may face, through the use of these tools in a
realistic unsupervised home setting [8]. It is anticipated
that by using games to exercise, the repetitive move-
ments necessary for rehabilitation can be made more en-
joyable for the user, which should have a positive effect
on confidence and adherence to the exercise programmes
in the home.

Methods/design
Research questions

1. Can visual feedback of movement during home
exercise improve adherence to falls rehabilitation
programmes?

2. Can the use of multimodal games for falls
rehabilitation in the home improve adherence to
exercise?

Study design

The study will involve a three-arm, parallel-group ran-
domized controlled trial (RCT) based in the community.
Participants will provide written informed consent prior
to taking part in the study. Randomization will be done
using a computer-based number generator. Participants
in all three groups will be allocated an intervention
based on a 1:1:1 ratio (Figure 1). The trial will be carried
out over a 12-week period.
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Figure 1 Flow diagram of trial design showing the three arms of the study (control, visualizations and multimodal games).

Home-based falls rehabilitation

Home rehabilitation for falls includes specially tailored
exercises designed to improve muscle strength and bal-
ance in the lower limbs, as well as core stability. This is
achieved by challenging important muscles, as well as
training joints through their normal range of movement
for a set number of repetitions (or for a certain amount
of time). For falls rehabilitation, these exercises are usu-
ally provided to older adults in the form of instructional
booklets or videos. Each exercise session involving the use
of these tools is expected to last for 30 to 45 minutes.

Intervention

The Age UK falls rehabilitation booklet [15] is com-
monly used in falls services in the UK for home-based
exercise and will be used as standard care in this study.
This booklet contains a warm-up, a cool-down and ten

exercises in total, comprising five balance and five strength
exercises. Following recruitment, the participants will be
allocated to one of three interventions in this study,
namely control, visualization, or multimodal games.
Control: the control group will receive the standard
home-based rehabilitation care for falls prevention pro-
vided by the NHS Greater Glasgow and Clyde Falls Service.
This includes the Age UK booklet previously mentioned.
Visualization: the participants in this group will receive
visualizations of their movement during home rehabilita-
tion in addition to standard care. The visualizations will
serve three main purposes as follows: to 1) present the
rehabilitation exercises to the participants using an ani-
mated mannequin that will demonstrate the correct
range and speed of motion required for each exercise.
Instructions on how to perform these exercises will also
be shown; 2) show the users real-time feedback of their
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movements as they perform their exercises and provide
a summary of their performance during the process, and
3) provide lay information on the principles behind
strength and balance exercises, and to explain the role of
these exercises in the prevention of falls.

The proposed visualization tool will be able to execute
these functions in a variety of ways. First, through the
use of a digital mannequin, the users will receive infor-
mation on the ideal way to perform strength and balance
exercises. The goal of falls rehabilitation is to perform
exercises using a recommended (by a physiotherapist)
range and speed of motion. By performing these move-
ments using affected limbs, strength can be restored, or
acquired, in the relevant limb/body segment(s). We have
collaborated with leading falls experts and physiotherapists
in the local falls service on the definition and incorporation
of these optimal movements into our visualization soft-
ware. Second, the users will have the ability to visualize
their own movements on a screen, using input from body-
worn inertial sensors. This is to enable them to compare
their movements with the recommended movement.
Third, the visualization tool will provide users with a sum-
mary of their movement performance, and advise them on
how to avoid and correct any incorrect/compensatory
movements that occur during home exercise sessions
(Figure 2).

Multimodal games: participants in this group will re-
ceive multimodal games in addition to the standard care
during the trial. Multimodal games can be used to encour-
age users to exercise, as the use of games provides a sense
of engagement and distracts the user from the essential
but repetitive nature of rehabilitation exercises. The games
will serve two main functions: to 1) provide the users with
a more interactive and enjoyable way to perform home ex-
ercise, and 2) inform the users on their performance and
progress during rehabilitation by tracking game scores,

Exercise 8:Toe Raises

Trunk Forward Flexion

Your torso was
bent forward too far
during this exercise

Remember to keep
your torso upright
to avoid stress
on your hips

Figure 2 Concept design of visualizations showing users when
they performed exercises incorrectly.
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achievements and correct repetitions of movements dur-
ing exercise.

To ensure that the games satisfy the requirements
necessary for effective falls rehabilitation, their main me-
chanics will be based on movements required to suc-
cessfully perform the exercises in the Age UK booklet.
The users will be able to perform their exercises by
interacting with the games through full body interaction,
using inertial sensors strapped to their arms and legs.

When it comes to designing games and other multi-
modal activities for rehabilitation, we believe that it is
not enough for young designers to decide what older
adults will consider an enjoyable experience. Previous
studies in this field have recognized the need to evaluate
such tools with older adults, especially in stroke rehabili-
tation [16], but have stopped short of actually encour-
aging the seniors to design their own tools. This study
aims to include users in the design of games in order to
address many of the concerns that they may have re-
garding the use and interaction with the tools. Figure 3
shows one of the games co-designed with older adults at
a user workshop conducted as part of this research. The
base mechanics of this game (which involved users hav-
ing to sit and stand to control the flight of a bird in
order to collect letters in the game) were suggested by
seniors at a workshop, where they worked in groups to
design various games for the different falls exercises [8].
Pre-trial pilot studies with fallers will also ensure that
the games are designed and modified to a suitable speci-
fication for use in the trial.

Hypothesis

The home-based use of visualizations and multimodal
games will be more effective for encouraging adherence
to home rehabilitation programmes than standard care,

SCORE: 7

Figure 3 Early design for a game based on the sit-to-stand
exercise.
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thereby improving adherence to exercise, confidence and
quality of life.

Participants

Participants who have had injurious falls will be recruited
from the NHS Greater Glasgow and Clyde community falls
prevention programme (CFPP). Participants who have had
non-injurious falls will be recruited from the Glasgow
Housing Association Sheltered Housing Scheme. Recruit-
ment will occur at the point where older adults at risk of
falling are offered home exercise by the physiotherapists at
the CFPP, who will hand out information sheets and ex-
plain the study to the potential participants. Interested par-
ticipants who meet the inclusion criteria and have given
informed consent will then be randomized into one of the
groups involved in the trial.

Sample size

This study is a pilot RCT and as such, no power calcula-
tion has been carried out. It is intended that the results
obtained from this study will inform the design of a lar-
ger trial upon which a robust power calculation can be
done based on adherence to exercise.

Inclusion criteria

Participants will be included in the study if they are over
the age of 65 years; have had a fall in the past 12 months;
live in the community; are able to perform home exer-
cise; are able to give informed consent, and can under-
stand simple instructions using the English language (to
understand instructions from visualizations/games).

Exclusion criteria

Participants will be excluded from the study if they are un-
able to give informed consent; have major cognitive visual
or aural impairments, or are unable to understand instruc-
tions in English (necessary to understand the instructions
from the visualizations/multimodal games). Exclusion cri-
teria 1 and 2 will be determined with assistance from the
physiotherapists and falls experts within the falls service
and from Scheme managers in the Sheltered Housing
Schemes.

Outcomes

The outcomes for this study are consistent with useful
relevant studies in falls prevention. They include mea-
sures of compliance, and gait/balance performance, as
well as the use of questionnaire-based health and quality
of life evaluation tools, which provide a multi-factorial
assessment of a person’s falls risk. All outcome measures
will be assessed at the start and at the end of the 12-
week trial.
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Primary outcome measure

Adherence to exercise All of the participants will be re-
quired to record their exercise sessions on paper using a
series of tick boxes, detailing what exercises they did,
how many times they did them, and on what day they
did the exercises. The sensors used in the intervention
groups will automatically log usage data, which will re-
flect the amount of exercise performed.

Secondary outcome measures

Variability in stride length, stride time and double
support time (DST) Stride length and stride time are
measures associated with the distance between one foot
at the start and at the end of one gait cycle, and the time
taken to complete this cycle. DST is the amount of time
that both feet are simultaneously planted on the ground,
and is expected to be 10% of one gait cycle [17]. The
stride-to-stride variability in these measures has been
shown to be a major predictor of falls risk in the elderly
[18]. These measures will be captured using the GAITRite
system [19].

Gait speed This measure indicates how fast a person
walks, and it is known to be associated with falls risk.
For instance, there is a suspected higher risk of outdoor
falls in fast walkers, and a higher risk of indoor falls in
slow walkers. Gait speed in slow walkers is expected to
improve with regular exercise [20-22] and will be cap-
tured using the GAITRite system.

Timed up and go test (TUG) The TUG test is one of
the most commonly used clinical measures for
assessing gait and balance in older patients. Patients
rise from a chair, walk a distance of 3 metres, and
then return to the chair while being timed with a
stopwatch. Healthy older adults are expected to
complete the task in less than 10 seconds. A time
>14 seconds is known to be associated with a high
risk of falling [20,23].

Romberg’s test Romberg’s test is a standing balance test
used to diagnose proprioceptive, vestibular and visual
disorders related to maintaining balance. Patients are re-
quired to stand with their feet together, eyes open and
their hands by their sides for a period of time, usually a
minute. The process can then be repeated with their
eyes closed [24]. A positive Romberg sign is issued when
the subject fails to maintain the standing posture during
these tests.

The measure of balance confidence(CONFBal) scale
The CONFbal scale is a 10-item scale used to assess self-
efficacy and confidence in maintaining balance [25,26].
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Scores to the individual questions are assessed on a scale
of 1 to 3 (1 = confident, 3 = not confident).

Falls efficacy scale international (FES-I) The FES-I is
a useful tool that measures physical and social activities,
as well as the level of concern about falling during these
activities, both indoors and outdoors. The level of con-
cern is measured on a 4-point Likert scale (1 = not at all
concerned,4 = very concerned) [27-29].

Quality of life - EuroQOL (EQ)-5D and Short Form
(SF)-12 These are useful commonly used questionnaire-
based tools for the assessment of quality of life [30-35].

Equipment

Home use

This study will utilize small inertial sensors (developed by
Glasgow Caledonian University) as the primary control
mechanism for the software tools. These inertial sensors,
which provide a relatively cheap, and accurate motion cap-
ture system, will be strapped to various limbs depending
on the exercise required, and will translate the users’ move-
ments into the relevant motion in the software. During the
trial, user feedback through visualizations of movement, or
games will be shown to the user on a television connected
to a laptop computer.

Home assessment and training

The participants will be visited at the start of the trial by
the chief investigator and a research nurse, who are both
trained in environmental risk assessment. During this visit,
the chief investigator will train the participants how to per-
form exercises using the visual feedback and games sys-
tems. Through usability studies that will be conducted
prior to the start of the trial, it is intended that the best
possible way to keep the training time to a minimum will
be identified. This means that the visualization and games
systems will be designed to be accessible and easy to use.
The participants will be asked to perform an exercise ses-
sion during the home visit to ensure that they understand
how to use the systems properly. A handbook on the oper-
ation of the system will also be provided to the partici-
pants, with clear annotated diagrams highlighting the
various components, as well as details on achieving the
maximum benefits offered by the system. Furthermore,
the participants’ homes will be assessed to ensure that
there is enough space to perform the exercises in a safe
manner. Both the chief investigator and the research nurse
will also assess the environment in order to identify an ap-
propriate location for the equipment (laptop computer
and inertial sensors) through which the participants will
interact with the visualization/games.
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Statistical analysis

For qualitative data, Likert scales will be used for some
questions, and for the open-ended questions, thematic
coding will be used. Quantitative data from the labora-
tory tests (baseline and outcome measures of gait and
balance) will be analysed on an intention-to-treat basis.
Statistical analyses will focus on the possible existence of
differences in outcomes between the control and inter-
vention groups using a two-way, repeated-measures ana-
lysis of variance (ANOVA).

Ethical approval

Ethical approval for this study was granted by the NHS
Research Ethics Committee 3, Scotland, UK (Reference:
11/AL/0383).

Discussion

A problem with adherence to exercise has been identi-
fied in community falls prevention as well as in research
trials, and this is the basis for this study. Participants in-
cluded in this study will be provided with tools that
could potentially increase their motivation to perform
home exercise, which in turn could help improve their
gait, balance and mobility. In addition, the use of these
tools could reduce their fear of falling (if present) and
improve their quality of life. The multimodal games and
visualizations also have the potential to help the partici-
pants understand why each of the exercises is important
to their recovery and to assure them of the progress that
they make during their rehabilitation.

The use of computers and inertial sensor technologies
is relatively new to older adults at risk of falling (age 65 -
years and older). It was necessary to identify the major
problems that they may face when using such technologies
in the absence of a professional. Some of the most impor-
tant barriers may include using the computer, strapping on
and managing the inertial sensors (for example, charging
the sensors), and successfully navigating their way around
the software. In this project, seniors have been involved in
the initial design and development of the visualizations,
games and sensors. This user involvement process in-
cluded: 1) involving older adults in design workshops to
identify the limitations of standard home rehabilitation
care (booklets); 2) determination of the requirements
necessary to ensure that the proposed intervention tools
were useful to them (visualizations and games), and 3)
generation of concept ideas for the appearance and oper-
ation of these tools [7,8]. It is the intention of this project
to involve elderly users in the iterative design and modifi-
cation of these tools in usability studies prior to the start
of the randomized controlled trial. This will be done in
order to ensure that these relatively new technologies are
easy to use and manage by older adults in the home.
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Trial status

Recruitment for the trial started in October 2012, and

will end in July 2013.
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CONFBal: Measure of balance confidence; COPD: Chronic obstructive
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