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Abstract

Background: Persons with dementia tend to be vulnerable to mobility challenges and hence face a greater risk of fall and
subsequent fractures, morbidity, and mortality. Motion-based technologies (MBTs), also called sensor-based technologies or
virtual reality, have the potential for assisting physical exercise and training as a part of a disease management and rehabilitation
program, but little is known about its' use for people with dementia.

Objective: The purpose of this pilot study was to investigate the feasibility and efficacy of MBT physical training at home for
people with dementia.

Methods: A 3-phase pilot study: (1) baseline start-up, (2) 15 weeks of group training at a local care center twice a week, and
(3) 12 weeks of group training reduced to once a week, supplemented with individual MBT training twice a week at home. A
total of 26 people with dementia from a municipality in Southern Denmark were eligible and agreed to participate in this study.
Three withdrew from the study, leaving 23 participants for the final analysis. Feasibility was measured by the percentage of
participants who trained with MBT at home, and their completion rate of total scheduled MBT sessions. Efficacy was evaluated
by physical function, measured by Sit-to-Stand (STS), Timed-Up-and-Go (TUG), 6-minute Walk Test (6MW), and 10-meter
Dual-task Walking Test (10MDW); cognitive function was measured by Mini-Mental State Examination (MMSE) and
Neuropsychiatric Inventory-Questionnaire (NPI-Q); and European Quality of Life 5 dimensions questionnaire (EQOL5) was
used for measuring quality of life. Descriptive statistics were applied accordingly. Wilcoxon signed-rank and rank-sum tests were
applied to explore significant differences within and between the groups.

Results: As much as 12 of 23 participants (52%) used the supplemental MBT training at home. Among them, 6 (50%) completed
75% or more scheduled sessions, 3 completed 25% or less, and 3 completed between 25% and 75% of scheduled sessions. For
physical and cognitive function tests, supplementing with MBT training at home showed a tendency of overall stabilization of
scores among the group of participants who actively trained with MBT; especially, the 10MDW test even showed a significant
improvement from 9.2 to 7.1 seconds (P=.03). We found no positive effect on EQOL5 tests.
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Conclusions: More than half of the study population with dementia used MBT training at home, and among them, half had an
overall high adherence to the home training activity. Physical function tended to remain stable or even improved among
high-adherence MBT individuals. We conclude that MBT training at home may be feasible for some individuals with dementia.
Further research is warranted.

(JMIR Ment Health 2020;7(8):e19495) doi: 10.2196/19495
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Introduction

Dementia is characterized by cognitive impairments that
gradually change the individual’s behavior, personality, and
physical functioning [1]. As the disease progresses, individuals
with dementia experience increasing difficulties with everyday
tasks and often require support from caregivers to complete
daily activities [2]. Worldwide, approximately 50 million people
live with dementia [3], and this number will increase
dramatically over the coming decades with the aging population.
This will place heavy health and economic burdens on
individuals, families, and society at large [1].

Many rehabilitation interventions to improve everyday life for
people with dementia and their families have been explored,
and many more are under consideration from research to
implementation in the future [4]. Among such interventions, a
suite of new technologies has gained popularity in recent years
as an aid to support elderly care. Some of these technologies,
such as electronic health (eHealth) and smart home devices,
seem promising and feasible for the elderly both in institutions
and at home [5-7], although one may be more effective than
another depending on chronic diseases under management [8].

Alongside new technology development, usage of new
technologies for assisting physical exercise and training as a
part of disease management and rehabilitation has grown in
parallel with the decentralization of health care, shifting from
skilled facility care to in-home care [9,10]. Among such
technologies are motion-based technologies (MBTs), also called
sensor-based technologies or virtual reality. This kind of
assistive technology has been approved as beneficial for stroke
recovery and atraumatic brain injury rehabilitation [11,12].

For dementia, a growing body of research reports on the
possibility of improving the lives of people with dementia using
MBTs, but most training programs researched thus far have
featured games and leisure activities and were conducted in
group settings [13]. MBTs for individuals with dementia training
at home and focusing on physical and cognitive function through
structured exercise have rarely been studied, although many
people with early stage dementia are capable of using computers
and touchscreen tablets [14]. A single-case feasibility study
from Canada testing a 2-week virtual reality training for a patient
with dementia reported that an exercise-based virtual reality
intervention was tolerated well by the patient; however, the
patient’s balance and mobility remained unaffected [15].

Persons with dementia tend to be vulnerable to mobility
challenges and hence face a greater risk of fall and subsequent
fractures, morbidity, and mortality [16]. Physical exercise

involving the movement of skeletal muscles has been associated
with improvement of balance, functions, and mood among older
people, aside from other health improvement benefits [17,18].
Therefore, strengthening body capacity levels through exercise
among people with dementia may not only reduce these risks
but also has the potential to improve physical and cognitive
function as well as overall well-being [19-22], although some
benefits of exercise are still debated [23].

The current public policy in Denmark aims to promote living
at home for as long as possible, providing the elderly with
in-home care and support, including those with dementia [24].
Many individuals with early stage dementia can live
independently and tend to do so; approximately 60% of all
persons with dementia live in their own home [25]. Effective
home-based rehabilitation using MBTs is desirable as compared
with center-based rehabilitation, an intervention which has
demonstrated efficacy but presents challenges for individuals
who require assistance to attend in-person visits [26]. A
combination of home- and center-based training could present
flexibility for people with dementia and their carers, serving to
stabilize physical and cognitive function without losing social
contacts.

However, it is unknown how individuals with dementia living
at home respond to this type of intervention, or its potential
benefits. Prior to implementing and evaluating the effects of
MBTs in a larger randomized controlled trial (RCT), it is
relevant to understand whether individuals will accept and
implement MBTs, as well as the completion rate and preliminary
physical and cognitive effect outcomes. We thus conducted this
pilot study aiming to test the feasibility and efficacy of MBT
training at home for people with dementia.

Methods

MBT Hardware and Software
The MBT used for this project utilized an online administration
system developed by Welfare Denmark (Wellfaster), which has
been tested in people who were at higher risk of fall in Denmark
[27].

The MBT hardware consisted of a touchscreen, a Microsoft
Kinect camera, and a modem (Figure 1). The screen was placed
in a room with at least 1.5 × 3 m of space to perform the
exercises, and with no sharp light, which would disable
registration of the participant’s movements by the camera.

The MBT training program software consisted of 142 exercises,
covering all major muscle groups. The exercise program was
integrated with a calendar system, allowing a physiotherapist
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to schedule and select daily training exercises to fit each
individual participant’s needs.

The system, when initiated, guided the participant through
various exercises via text, recorded instructions, and animations.
The Kinect camera detected the individual’s movements and
corrected possible errors with onscreen feedback; once the
participant successfully completed each exercise, visual
feedback in the form of a green smiling icon was displayed
onscreen. If the exercise was properly performed, the green
smiling icon appears on the screen; if performed incorrectly,
then a frowning icon appears (Figure 2). After finishing the

daily training session, the participants received visual feedback
displaying the percentage of correctly completed exercises.

The training data were transmitted to a physiotherapist in the
form of graphic charts including the date of the training
performed, percentage of correctly completed exercises, and
number of training sessions completed that day. If the
participants did not train as agreed or trained but with
discrepancies in terms of quality, an email was automatically
generated to the responsible physiotherapist to follow-up with
necessary measures.

Figure 1. Model layout of the motion-based technology for persons with dementia training at home (Welfare Denmark [Wellfaster]).
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Figure 2. Model layout of movement detection and visual feedback with a green smiling icon (Welfare Denmark [Wellfaster]).

Study Participants
The study participants were from Esbjerg, a municipality located
in southwestern Denmark with approximately 115,000
inhabitants. The municipality offers rehabilitation to citizens
with dementia, comprising physical training and social and
psychological support at local care centers free of charge.
Support is also offered to relatives caring for individuals with
dementia [28].

For this pilot study, participant selection proceeded through 2
steps: (1) once a person was diagnosed with dementia at a
memory clinic in Esbjerg in 2016-2017, s/he was asked whether
s/he was willing to be contacted by the municipality’s Dementia
Knowledge Center (DKC); (2) among those who consented to
further contact, a nurse from the DKC contacted and used the
inclusion criteria to invite potential participants to a start-up
meeting at the center.

The nurse at the DKC selected the study participants based on
a diagnosis of mild to moderate dementia from the municipality
memory clinics. Other inclusion criteria included participants
(1) with a Mini-Mental State Examination (MMSE) score ≥18
diagnosed from the memory clinics, (2) over 50 years of age,
(3) living at home, (4) sufficient fluency in Danish to participate
in tests and interviews, and (5) a close relative in daily contact
with the participant who also possessed sufficient fluency in
Danish to participate.

In addition, we excluded participants who (1) lived at a nursing
home, (2) had a diagnosis of other serious physical or psychiatric
illness, including severe sight or hearing disabilities that could
affect their ability to participate, or (3) were participating in
other intervention projects or drug trials.

Pilot Intervention
This study intervention had 3 phases, illustrated in Figure 3.

Phase 1, which was conducted in 2016 and 2017, consisted of
a 2-hour start-up meeting held at the DKC. During the meeting,
a physiotherapist verbally introduced the detailed study plan to
the participant and the caregiver. Practical operation of the MBT
device, communications from the screen to the participant, and
feedback methods were introduced. The individuals who agreed
to participate in the study provided their consent for participation
(regardless of which training option was self-chosen) and
completed the baseline questionnaire survey and further physical
and cognitive function measurements. Those who agreed to
train supplementing with MBT received a follow-up home visit
for MBT device installation, by either a technical support person
or the physiotherapist, if the participant had difficulties with
unfamiliar persons.

Phase 2 consisted of 15 weeks of group physical training at the
local care center in 2016-2017 for all the study participants;
physical training took place twice a week for 1.5 hours per
session. A physiotherapist from the local care center facilitated
group physical trainings, comprising exercises for balance,
coordination, strength, and cardio adjusted to participants’
strength, flexibility, and endurance. While the individuals
completed the physical training session, caregivers were
provided with a separate room with free coffee, facilitating an
opportunity to meet and talk to other caregivers.

Phase 3 was a 12-week training including the MBT intervention.
In this phase, the participants, based on the decisions they made
in Phase 1, self-directed to either (1) continue with the group
training at the local training center twice a week for 1.5 hours
per session, or (2) continue with the group training at the local
training center but reduced to once a week for 1.5 hours per
session, supplemented with individual MBT training at home
twice a week for 20 minutes each session.
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Figure 3. Pilot study phases.

Variable Measurements
The study outcomes were feasibility and efficacy. We defined
the feasibility as the percentage of the participants who trained
with MBT at home, examining their completion rate for the
scheduled total 24 sessions over the 12 weeks of the
intervention. We defined the efficacy as improvement of
participants’ physical and cognitive function and quality of life
(QoL).

Baseline Demographic Characteristics of Participants
and Caregivers
The characteristics of participants at baseline were obtained
using semistructured questionnaires administered by a project
nurse during the start-up meeting, gathering information on
sociodemographics, dementia diagnosis, chronic diseases, and
social relations. The baseline characteristics of caregivers were
also self-reported in the questionnaire and included
sociodemographic information and relationship to the
participant.

Physical Function Measurements
To evaluate the effects of physical training, including MBT, we
measured participants’ physical functions at baseline, at Week
15, and at Week 27 using 4 measurements discussed next, all
of which are common physical performance measures for
muscular strength, balance, walking ability, and gait speed in
older adults, including those with a dementia diagnosis [29-31].

Sit-to-Stand Test
The Sit-to-Stand (STS) test determines a person’s functional
level by quantifying performance of lower extremity muscles
[32]. STS is performed using a chair without armrests, with a
seat height of 43 cm; participants are required to stand up from
the chair and then sit back. The number of repetitions completed
(sit to stand) over 30 seconds was counted. The same chair was
used for all participants during all 3 study phases.

Timed-Up-and-Go Test
The Timed-Up-and-Go (TUG) test evaluates dynamic balance
and is used to assess persons at risk of falling due to gait
problems and balance. It is a reliable and validated test in the
elderly population to measure functional ability and clinical
changes over time [29]. TUG measures the time in seconds that
participants require to rise from a straight-backed chair without
using their arms, walk 3 meters, turn around, walk back to the
chair, and sit down. The same chair was used in the TUG test
for all participants for all 3 study phases.

6-Minute Walk Test
The 6-minute Walk Test (6MW) was originally developed for
patients with heart failure [33], and it is a reliable and validated
measure in evaluating walking ability among older people with
dementia [30]. The participants were asked to walk for 6 minutes
as far as they could, at their usual pace. The distance in meters
they walked in 6 minutes was recorded. The participants could
stop and/or rest if they felt it necessary.

10-Meter Dual-Task Walking Test
Previous studies have shown that dual-task training improves
dual-task performance in people with mild to moderate dementia
[34,35]. The 10-meter Dual-Task Walking Test (10MDW)
required participants to walk for 10 m at a comfortable, normal
pace without assistance or mobility aids (straight walk) and then
to walk the same distance back (turn walk/dual task). The
participants were asked to wear comfortable footwear to the
test. The time to traverse 10 m on the two occasions was also
averaged to calculate their gait velocity.

Cognitive Function and Quality of Life Measurements

Mini-Mental State Examination
Even if the participants had fulfilled the MMSE score inclusion
criteria, there was a time gap from the date of diagnosis by the
local memory clinic to the date of study entrance, and changes
in cognitive functions vary among the study participants. We,
therefore, again measured their cognitive function by using
MMSE at the baseline and at Week 27 (the end of the
supplemental MBT), administered by a consultant specialized
in dementia. MMSE is a validated and widely used screening
tool for assessing cognitive impairment and tracking cognitive
changes over time. It briefly measures several domains,
including orientation to time and plan, immediate recall,
short-term verbal, memory, calculation, language, and construct
ability [36]. MMSE has in total 30 points, and in DKC daily
practice, a score of 25-30 is considered mild dementia, a score
of 18-24 is considered moderate dementia, and any score under
18 is categorized as severe dementia.

Neuropsychiatric Inventory-Questionnaire
We applied the Neuropsychiatric Inventory-Questionnaire
(NPI-Q) to assess the presence of the participants’ dementia
symptom severity and distress [37]. NPI-Q includes 12
categories of behavioral disturbance: delusions, hallucinations,
anxiety, depression/dysphoria, agitation/aggression,
elation/euphoria, disinhibition, irritability/lability,
apathy/indifference, motor disturbance, nighttime behavior
problems, and problems with appetite/eating. For this study, we
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presented a total NPI-Q score as the sum of the total severity
score and total distress score [38], which were self-reported by
the participant.

Quality of Life
Participants’ and their caregivers’ QoL at baseline, Week 15,
and Week 27 were measured using the Euro Quality of Life 5D
questionnaire (EQOL5), which is a short, simple, validated
questionnaire for the health-related QoL assessment [39]. It
contains 5 three-level dimensions covering morbidity, self-care,
usual activities, pain/discomfort, and anxiety/depression. A
single summary score ranging from 0 to 100 is given by the
participant to indicate his/her health status. The higher the score,
the better the participant’s QoL.

Statistical Analysis
The proportion of participants who trained with supplemental
MBT training at home, the successful completion rate, the
correction rate (ie, the percentage of all training sessions
completed correctly), and the characteristics of the participants
at baseline according to whether they supplemented with MBT
training at home were all described statistically. The differences
between the two groups were tested using Pearson chi-squared
test for the categorical variables, or two-sample t tests for the
continuous variables.

Physical and cognitive functions and QoL on 3 occasions
(Phases 1, 2, and 3) were presented as medians with first and
third quartile (25%-75%). Given the relatively small number
of study participants and the potential skewing of their functional
data distribution, we therefore applied Wilcoxon signed-rank
and rank-sum tests to explore the significant differences between
2 occasions (Phase 1 and Phase 2, and Phase 2 and Phase 3),
both within and between the groups with and without
supplemental MBT training at home.

Subgroup analysis was conducted among the participants
according to their MBT training completion status: those who
trained more actively (completion of 75% or more sessions as
scheduled) and those who trained less actively (completion of
25% or less sessions as scheduled) at home using MBT.

The person who conducted the questionnaire surveys, the person
who collected the MBT training data, and the person who
analyzed the data were independent and blinded for each other’s
tasks.

Stata Statistical Software Release 16 (StataCorp) was used for
statistical analysis, and P values less than .05 were considered
statistically significant.

Consent and Ethical Considerations
Individuals with dementia and their relatives were instructed
verbally and in writing regarding the project. Those who wished
to participate in the study signed a consent statement. This study
has been submitted to the University Scientific Ethics
Committee and assessed as requiring no need for notification
(Journal number 2016-41-4844). The Danish Data Inspectorate
approved the project (Journal number 2016-41-4844).

Results

Selection of Participants
A total of 49 potential participants were identified with a
diagnosis of dementia from Esbjerg memory clinics within 12
months prior to the study baseline. Among them, 18 were
excluded as they did not fulfill the inclusion criteria, which left
31 persons eligible for study participation. Of those 31, 5
declined to participate in the study.

A total of 26 participants were assessed during the start-up
meeting (baseline) in 2016-2017. However, 3 persons withdrew
from the study due to acute illness/hospitalization (n=2) or
because the family could not cope with MBT technological
difficulties (n=1). This left 23 participants for the final analysis,
including 12 who supplemented with MBT training at home
and 11 who only completed the center-based group training
with no additional supplementation (Figure 4).

There were different reasons as to why the 11 participants chose
not to train with MBT at home: not at home very often (n=1),
had a hard time coping with MBT technology (n=1), and no
information was provided (n=9).
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Figure 4. Flowchart of study participation.

Characteristics of the Participants at Baseline
Table 1 presents the characteristics of the 23 participants at
baseline in the 2 groups. The mean age of the 12 participants
who supplemented their training with at-home MBT was 75.6
years (SD 6.4), and the mean age of those who trained without
MBT was 79.1 years (SD 4.4).

Overall, the 2 groups had no significant difference in age,
gender, health conditions, physical functioning, socioeconomic
status, or caregiver characteristics. However, those who trained
with MBT had on average a higher QoL and a slower 10MDW
than those who did not train with MBT at baseline (P<.05).
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Table 1. Characteristics of the participants at baseline (n=23) by the status of supplemental at-home MBTa training.

Supplemented with MBT at homeCharacteristics

P valueNo MBT (n=11)MBT (n=12)

Participants

.1479.1 (4.4)75.6 (6.4)Age, mean (SD)

.06Gender

510Male

62Female

.04166.7 (7.2)173.6 (7.4)Height, cm (SD)

.1271.5 (12.9)80.5 (13.4)Weight, kg (SD)

Health conditions

.18Dementia type

35Alzheimer

41Vascular dementia

33Dementia with Lewy body

10Mild cognitive impairment

03Unspecified dementia

.29Computed tomography/Magnetic resonance imaging scanning for dementia diagnosis

1012Yes

10No

Comorbidity

.1602Diabetes

.7534Heart disease

.9511Chronic obstructive pulmonary disease

.7534Depression

Cognitive and physical functioning

.008MMSEb scores

510Mild (25-30)

02Moderate (18-24)

6No report

.6711.6 (2.5)14.3 (8.4)Neuropsychiatric Inventory-Questionnaire, mean (SD)

.0159.7 (19.1)78.5 (20.1)European Quality of Life 5 dimensions, mean (SD)

.5312 (2.7)13 (3.2)Sit-to-Stand in numbersc, mean (SD)

.607.7 (1.9)8.4 (4.2)Timed-Up-and-Go in seconds, mean (SD)

.0368.2 (1.8)10.5 (2.9)10-meter Dual-Task Walking Test in seconds, mean (SD)

.81383.1 (74.7)370.5 (156.8)6-minute Walk Test in meters, mean (SD)

Socioeconomics

.54Education

810Have education

32Do not have any education

.13Living alone

52Yes

610No
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Supplemented with MBT at homeCharacteristics

P valueNo MBT (n=11)MBT (n=12)

.51House living status

910Own home

10Elderly community

12Other

Caregivers

.13Living together with dementia patient

610Yes

52No

.09Contact with the person with dementia

811Daily

31Several times per week

.95Education

1011Have some education

11No education

.90Currently working

33Yes

89No

.2470.5 (16.5)79.8 (20.1)European Quality of Life 5 dimensions, mean (SD)

aMBT: motion-based technology.
bMMSE: Mini-Mental State Examination.
cNumber of repetitions completed (sit to stand) over 30 seconds.

Feasibility of Using MBT Training at Home
Of the 23 participants, 12 (52%) trained with MBT at home.
Among them, 6 (50%) completed (≥75%) all 24 sessions as
scheduled, with a correction quality (ie, the percentage of all

training sessions completed correctly) ranging from 70% to
94%, 3 completed 25%-75%, and 3 completed less than 25%
as scheduled. The successful intervention implementation rate
among those who trained with MBT at home was thus 50%
(6/12; Table 2).

Table 2. Completed sessions as scheduled (n=24) among 12 participants who trained with supplemental at-home motion-based technology.

Completed sessions, n (correction rate %)aParticipants, n (%)Completion as scheduled

25 (90), 26 (70), 30 (84), 32 (93), 50 (74), 62 (94)6 (50)≥75% completionb

9 (92), 10 (85), 16 (82)3 (25)25%-75% completion

1 (57), 2 (42), 3 (58)3 (25)≤25% as completion

aThe percentage of all training sessions that participants completed correctly.
bAll participants in this group completed all training sessions as scheduled.

Development of Physical and Cognitive Functions and
Quality of Life
Table 3 lists the physical and cognitive function as well as QoL
measured at each occasion among the participants who trained
with and without MBT at home.

In general, physical function measured using the 10MDW
among the participants who trained with MBT showed a
tendency of improvement throughout the study, including during
the period of MBT implementation from Week 15 (9.1 seconds)
to Week 27 (8.0 seconds), whereas other measures for physical

function including STS, TUG, and 6MW, showed a tendency
to stabilize in both groups.

No significant change was observed in MMSE or NPI-Q
throughout the study between the 2 groups. Regarding QoL,
the participants showed a decline from Week 15 to Week 27 in
both groups during the period of MBT implementation.
However, their caregivers showed two tendencies for this period:
a declining tendency of QoL score among those who trained
with MBT, and an increasing tendency of QoL score among
those who trained without.
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A Wilcoxon signed-rank test showed no statistically significant
differences between the groups at Week 27 as well as within

the group between Week 15 and Week 27 for all measurements
(ie, the period when MBT was implemented).

Table 3. Physical and mental function on 3 occasions among the participants who trained with (n=12) and without (n=11) MBTa at home.

Median (interquartile range Q1-Q3)Functional status

P3: Week 27P2: Week 15P1: Baseline

Physical function

Sit-to-Stand in numbersb

14 (12-16)14 (12-16)14 (10-16)With MBT

13 (11-16)12 (11-15)12 (10-14)Without MBT

Timed-Up-and-Go in seconds

6.5 (5.5-7.8)6.7 (5.5-7.9)6.7 (6.7-8.5)With MBT

7.8 (5.9-8.5)7.1 (5.7-9.1)8.0 (6.1-9.2)Without MBT

10-meter Dual-Task Walking Test in seconds

8.0 (7.1-8.9)9.1 (7.5-9.8)d10.0 (9.2-12.2)cWith MBT

8.6 (7.2-10.1)8.7 (7.5-9.5)8.6 (7.2-9.5)Without MBT

6-minute Walking Test in meters

418 (334-501)416 (350-472)443 (345-474)With MBT

360 (334-493)339 (304-468)385 (311-457)Without MBT

Cognitive function and quality of life

MMSEe score

24 (22-28)26 (24-27)With MBT

24 (23-26)24 (24-26)Without MBT

NPI-Qf score

10 (3-12)7 (2-12)10 (3-17)With MBT

12 (8-12)13 (5-23)10 (4-11)Without MBT

QoLg score

78 (68-80)85 (70-90)80 (72-80)cWith MBT

70 (60-80)75 (70-80)d60 (50-75)Without MBT

Caregivers’ QoL score

83 (67-98)94 (80-100)d90 (70-92)With MBT

90 (70-90)78 (75-83)70 (50-90)Without MBT

aMBT: motion-based technology.
bNumber of repetitions completed (sit to stand) over 30 seconds
cSignificant difference between two groups at baseline (P<.05)
dSignificant difference within the group between baseline and Week 15 (P<.05)
eMMSE: Mini-Mental State Examination.
fNPI-Q: Neuropsychiatric Inventory-Questionnaire.
gQoL: quality of life.

Subgroup of Participants Who Trained Actively With
MBT
A subgroup analysis showed that among those who more
actively trained with MBT at home (completion rate ≥75% as
scheduled) had a significant improvement of 2.1 seconds in the

10MDW test, from 9.2 at Week 15 to 7.1 seconds at Week 27
(P=.031), as shown in Table 4. The other 3 tests (STS, TUG,
and 6MW), however, showed a tendency of stabilization in this
period. For the group of participants who trained less actively
with MBT (completion rate ≤25% as scheduled), all 4 physical
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function tests showed a tendency of either no change or a decline
from Week 15 to Week 27.

MMSE and NPI-Q seemed stable among those who more
actively trained with MBT. QoL of the participants and their

caregivers both had a tendency of decline regardless of whether
they trained more or trained less actively with MBT. Again,
except 10MDW, all other test measurements were statistically
insignificant between or within the group between Week 15
and Week 27.

Table 4. Physical and mental function of participants who more actively (n=6) and less actively (n=3) used MBTa at home.

Median (interquartile range Q1-Q3)Functional status

P3: Week 27P2: Week 15P1: Baseline

Physical function

Sit-to-Stand in numbersb

14 (12-15)14 (12-15)13 (11-14)More active

11 (10-16)12 (11-20)16 (9-17)Less active

Timed-Up-and-Go in seconds

6.5 (5.4-7.8)6.6 (5.5-8.5)7.1 (6.7-9.6)More active

6.5 (5.4-7.8)6.4 (5.4-6.9)6.7 (6.6-6.7)Less active

10-meter Dual-Task Walking Test in seconds

7.1 (6.4-7.9)c9.2 (7.8-9.7)10.1 (9.7-14.5)More active

8.5 (8.4-12.2)7.8 (7.2-9.5)10.0 (8.8-10.0)Less active

6-minute Walking Test in meters

424 (345-548)423 (370-480)443 (348-455)More active

334 (277-465)400 (330-464)345 (345-462)Less active

Cognitive function and quality of life

MMSEd score

24 (20-25)25 (23-27)More active

22 (22-28)25 (25-26)Less active

NPI-Qe score

6 (5-11)8 (3-11)6 (1-12)More active

10 (0-24)7 (1-17)15 (2-20)Less active

QoLf score

80 (70-100)90 (80-90)80 (76-80)More active

65 (60-75)70 (60-90)70 (60-75)gLess active

Caregivers’ QoL score

71 (61-78)86 (74-94)78 (65-90)More active

95 (60-100)100 (40-100)90 (45-100)Less active

aMBT: motion-based technology.
bNumber of repetitions completed (sit to stand) over 30 seconds.
cAmong those who more actively and less actively trained with MBT between Week 15 and Week 27, Wilcoxon signed-rank test P=.031.
dMMSE: Mini-Mental State Examination.
eNPI-Q: Neuropsychiatric Inventory-Questionnaire.
fQoL: quality of life.
gAmong those who more actively and less actively trained with MBT at home at baseline, rank-sum test P=.048.
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Discussion

Principal Findings
This pilot study tested whether supplementing with MBT
training at home is feasible and can improve physical and
cognitive function as well as QoL of people with mild dementia.
Among the 23 participants in the final analysis, more than half
(12/23, 52%) trained with MBT and among that group, half
(6/12, 50%) had an overall high adherence to this home training
activity. Supplementing with MBT training at home showed a
tendency to stabilize physical and cognitive functioning;
physical function even improved in some participants who more
actively trained with MBT. However, our results revealed a
tendency of declining QoL with MBT implementation, for both
the participants and their caregivers, a finding which requires
further study.

Studies of physical training using MBT at home (with a similar
platform) in people with dementia are sparse, and it is therefore
difficult to compare our study with others conducted under
similar circumstances. A literature review of 45 studies
concludes that people with dementia are able to independently
use touchscreen technology for cognitive rehabilitation with
featured games or leisure activities [40]. Other researchers report
that although people with early stage dementia are largely not
confident with new technology devices, half were able to use a
tablet computer independently [14]. In our study, we also found
half of the participants had high adherence with the use of MBT
at home, which shows consistency with the aforementioned
studies in a broader sense.

Learning a new technology can be both physically and
emotionally challenging for elderly individuals, especially for
those with dementia. These challenges can include unfamiliarity
with new technology operation, lack of understanding the
purpose, fear of mistakes, or forgetfulness about how the
technology works, which can affect the participants’ adherence
to using MBT training at home [41]. Adaptability to new
technology is lower among the elderly than among younger
populations [42]. For those with cognitive impairment,
adaptability can be even lower. Indeed, cognitive impairment
of persons with dementia can limit memory, attention,
concentration, visuality, execution, and speed, which can affect
both performance and the experience of using MBT.
Additionally, the introduction to MBT can be critical,
influencing the patients and their caregivers’ choice or desire
to learn to use MBT [41], even if the program, including the
MBT, was free of charge and offered by the municipality.

Alongside the intervention, the QoL of the participants and their
caregivers, among those who trained with MBT, showed a
tendency of decline. This has been interviewed with 4 pilot
study participants (2 with dementia and 2 caregivers) which
revealed that caregivers enjoyed the center-based training
because it presented an opportunity to talk to other caregivers
while the group training took place; MBT training at home was
viewed as less enjoyable because it was difficult to adapt to the
new technology. MBT provides many small exercises for
training different body muscles; although an introduction and
demonstration of MBT was provided prior to the intervention,

elderly persons and especially those with dementia may benefit
from a longer learning process to become comfortable with new
technology. There is an ongoing study evaluating the
participants’ experiences of using MBT and their interactions
with the physiotherapist during the training process, which may
potentially provide valuable information for further refinement
of this intervention.

Compared with the group training at the local center, the
individual home training environment reduces social contacts,
social activity, and social coherence. Social participation is
important for well-being and maintenance of cognitive function
[43,44]. However, a previous study of people with Alzheimer’s
dementia living at home showed that fewer than 40% had
participated in social activities outside their home more than
once a week, and nearly 30% never left their home for social
activities [45]. While technological interventions have the
potential to improve care, some may also create barriers to social
participation, resulting in overall dissatisfaction and other
adverse health consequences for both patients and their family
caregivers [46].

Family caregivers play an important role in the everyday lives
of individuals with dementia. For people with dementia living
at home, based on evidence from the United States,
approximately 75% of the care for these individuals is provided
by family and friends [47]. In this study, we do not know how
many participants needed and/or received support/assistance
from caregivers, or how much, while training with MBT at
home. A study found that people with dementia who lived with
their partners tended to rely on them for support when
implementing a new electronic assistive device [48]. In this
pilot study, it was also often up to relatives whether to activate
the MBT during the start-up meeting. Caring for a person with
dementia is stressful in daily life. Too much demand for
assistance with MBT training at home may have caused distress
to the relative/caregiver, thereby reducing their own QoL, and
additional stress if they are also unfamiliar with the MBT
program’s setup and operation.

Teaching and training the caregivers on hands-on skills with
the assistive device may increase their ability to facilitate,
support, and assist the people with dementia. A randomized
controlled trail of 153 community-dwelling individuals with
dementia found that home-based exercise training combined
with teaching behavior management techniques to caregivers
improved physical health and depression, compared with only
routine care [49]. In this RCT, caregivers showed their capacity
to encourage and supervise exercise participation, thus
increasing the patients’ physical and social activity and
providing a successful integrated home-exercise program model
that may apply for further research.

Despite the abovementioned, MBT training at home can provide
freedom and flexibility compared with training in groups at a
center. People with dementia face barriers to exercise, and
researchers and health professionals are actively working
together to find effective ways to deliver exercise to people with
dementia; it is still unknown whether center- or home-based
training is superior [50,51]. As populations age, and more
elderly tend to stay at home for as long as possible, a growing
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trend for home-based care demands has arisen, including
rehabilitation. As Denmark provides free health care to citizens,
evaluation of the efficacy of such interventions should also
consider the economic component.

Study Limitations
A relatively small sample size is one of the limitations of this
study, especially the subgroups, which may have floor and
ceiling effect for the results’ reliability [52]. However, given
that this is a pilot study to test the feasibility and efficacy of
MBT training at home, a small sample size study is a rational
design in terms of resource use and financial cost. Based on this
pilot study’s results, a larger study with improved strategic
design will be implemented, preferably as a randomized control
trial.

Beyond the sample size limitation, this pilot study also has
generalizability weaknesses. Only those with newly diagnosed
dementia who were interested in physical exercise training were
invited to the start-up meeting. During that meeting, participants
were drawn only from among those who were willing to use
the MBT training at home and comply with the MBT regimen.
Therefore, the participants in our study cannot be viewed as
representative of all individuals with dementia who might train
with MBT.

Moreover, involvement of users as informants and co-designers
is vital for successful rehabilitation interventions and research.
A systematic review of 26 publications involving people with
dementia in the development of supportive IT applications
concluded that involvement in all phases lead to better
applications as well as empowering effects on the users [53].
We lacked this aspect in this pilot study; although the MBT
platform was intended to be easy to operate, it had never been
tested in people with dementia.

Of the 12 participants who trained with MBT at home, we saw
2 polar opposite phenomena: a group of participants who
actively trained with a high correction rate (ranging from 70%

to 94%), and a group who trained much less with a lower
correction rate (ranging from 42% to 58%). For this latter group,
we lack full knowledge on their reasons for not completing the
scheduled training sessions. Despite difficulties in adapting to
new technology, incorrect performance during MBT training
may cause emotional distress, leading to dropping out or
withdrawing. However, this pilot intervention lacked a
comprehensive formal evaluation to identify what factors
affected MBT completion rates not limited to adaptation to the
new technology, such as physical, emotional, social, and
spiritual well-being perspectives.

We implemented MBT twice a week together with group
training at a local center once a week. Center-based group
training is part of the usual care in Denmark among this
population and is continuously offered to older citizens with
dementia in Esbjerg, as it has shown positive effects, including
social participation. As this MBT self-training at home is a pilot
study with uncertainty about its effects, the weekly group
training was included to at least maintain the patients’ and their
caregivers’ social contacts. However, such a combination may
have influenced the outcomes to some extent. As this pilot study
showed positive potential, a further study might involve a large
sample RCT designing MBT as one single arm.

Conclusion
More than half of the participants with dementia trained with
MBT at home, and among them, half had an overall high
adherence to the preset MBT training activity. Physical and
cognitive tests showed stable scores throughout the intervention
and to some extent even improvements. We conclude that MBT
training at home for people with dementia may be feasible for
some people with dementia together with center-based training.
Further research is warranted to identify the capacities and
challenges of MBT implementation and successful completion,
preferably targeting both the participants and their family
caregivers.

Acknowledgments
The project was financed by the Esbjerg municipality. The funders had no role in this manuscript except for the financial support.

Authors' Contributions
FW initiated the project protocol and implemented the intervention. MS was the project manager. JP conducted the data analysis
and drafted the manuscript. EL, KC, CB, and JC provided academic inputs, first for the study’s outcome measures, and second
for the manuscript. All the authors interpreted the study results, commented, and contributed to the manuscript. All authors
approved the manuscript for publishing in this journal.

Conflicts of Interest
None declared.

References

1. Winblad B, Amouyel P, Andrieu S, Ballard C, Brayne C, Brodaty H, et al. Defeating Alzheimer's disease and other dementias:
a priority for European science and society. Lancet Neurol 2016 Apr;15(5):455-532. [doi: 10.1016/S1474-4422(16)00062-4]
[Medline: 26987701]

2. Zwaanswijk M, Peeters JM, van BAP, Meerveld JH, Francke AL. Informal caregivers of people with dementia: problems,
needs and support in the initial stage and in subsequent stages of dementia: a questionnaire survey. Open Nurs J 2013;7:6-13
[FREE Full text] [doi: 10.2174/1874434601307010006] [Medline: 23346266]

JMIR Ment Health 2020 | vol. 7 | iss. 8 | e19495 | p. 13http://mental.jmir.org/2020/8/e19495/
(page number not for citation purposes)

Petersen et alJMIR MENTAL HEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1016/S1474-4422(16)00062-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26987701&dopt=Abstract
http://europepmc.org/abstract/MED/23346266
http://dx.doi.org/10.2174/1874434601307010006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23346266&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


3. World Health Organization. Dementia. Geneva, Switzerland: World Health Organization; 2019. URL: https://www.who.int/
news-room/fact-sheets/detail/dementia [accessed 2020-08-11]

4. Livingston G, Sommerlad A, Orgeta V, Costafreda SG, Huntley J, Ames D, et al. Dementia prevention, intervention, and
care. Lancet 2017 Dec 16;390(10113):2673-2734. [doi: 10.1016/S0140-6736(17)31363-6] [Medline: 28735855]

5. Blott J. Smart homes for the future of dementia care. Lancet Neurol 2019 Jul 02. [doi: 10.1016/S1474-4422(19)30249-2]
[Medline: 31278065]

6. Kimberly Miller AA. Smart-Home Technologies to Assist Older People to Live Well at Home. Aging Sci 2013;01(01).
[doi: 10.4172/2329-8847.1000101]

7. Eland-de KP, van OH, Vergouwe-Meijer A, Bruijnzeel-Koomen C, Ros W. A systematic review of the effects of e-health
on chronically ill patients. J Clin Nurs 2011 Nov;20(21-22):2997-3010. [doi: 10.1111/j.1365-2702.2011.03743.x] [Medline:
21707807]

8. Hersh WR, Hickam DH, Severance SM, Dana TL, Pyle Krages K, Helfand M. Diagnosis, access and outcomes: Update of
a systematic review of telemedicine services. J Telemed Telecare 2006;12 Suppl 2:S3-31. [doi:
10.1258/135763306778393117] [Medline: 16989671]

9. Astell AJ, Bouranis N, Hoey J, Lindauer A, Mihailidis A, Nugent C, TechnologyDementia Professional Interest Area ....
Technology and Dementia: The Future is Now. Dement Geriatr Cogn Disord 2019;47(3):131-139 [FREE Full text] [doi:
10.1159/000497800] [Medline: 31247624]

10. Bonnechère B, Jansen B, Omelina L, Van SJS. The use of commercial video games in rehabilitation: a systematic review.
Int J Rehabil Res 2016 Dec;39(4):277-290. [doi: 10.1097/MRR.0000000000000190] [Medline: 27508968]

11. Webster D, Celik O. Systematic review of Kinect applications in elderly care and stroke rehabilitation. J Neuroeng Rehabil
2014;11:108 [FREE Full text] [doi: 10.1186/1743-0003-11-108] [Medline: 24996956]

12. Pietrzak E, Pullman S, McGuire A. Using Virtual Reality and Videogames for Traumatic Brain Injury Rehabilitation: A
Structured Literature Review. Games Health J 2014 Aug;3(4):202-214. [doi: 10.1089/g4h.2014.0013] [Medline: 26192369]

13. Dove E, Astell AJ. The Use of Motion-Based Technology for People Living With Dementia or Mild Cognitive Impairment:
A Literature Review. J Med Internet Res 2017 Dec 11;19(1):e3 [FREE Full text] [doi: 10.2196/jmir.6518] [Medline:
28077346]

14. Lim FS, Wallace T, Luszcz MA, Reynolds KJ. Usability of tablet computers by people with early-stage dementia. Gerontology
2013;59(2):174-182. [doi: 10.1159/000343986] [Medline: 23257664]

15. McEwen D, Taillon-Hobson A, Bilodeau M, Sveistrup H, Finestone H. Two-week virtual reality training for dementia:
Single case feasibility study. J Rehabil Res Dev 2014;51(7):1069-1076 [FREE Full text] [doi: 10.1682/JRRD.2013.10.0231]
[Medline: 25437527]

16. Petersen JD, Siersma VD, Christensen RD, Storsveen MM, Nielsen CT, Waldorff FB. The risk of fall accidents for home
dwellers with dementia-A register- and population-based case-control study. Alzheimers Dement (Amst) 2018;10:421-428
[FREE Full text] [doi: 10.1016/j.dadm.2018.05.004] [Medline: 30151421]

17. de LC, Guimaraes-Pinheiro C, Maseda A, Lorenzo T, Millán-Calenti JC. Effects of physical exercise interventions in frail
older adults: a systematic review of randomized controlled trials. BMC Geriatr 2015;15:154 [FREE Full text] [doi:
10.1186/s12877-015-0155-4] [Medline: 26626157]

18. Warburton DER, Nicol CW, Bredin SSD. Health benefits of physical activity: the evidence. CMAJ 2006 Mar
14;174(6):801-809 [FREE Full text] [doi: 10.1503/cmaj.051351] [Medline: 16534088]

19. Ströhle A, Schmidt DK, Schultz F, Fricke N, Staden T, Hellweg R, et al. Drug and Exercise Treatment of Alzheimer Disease
and Mild Cognitive Impairment: A Systematic Review and Meta-Analysis of Effects on Cognition in Randomized Controlled
Trials. Am J Geriatr Psychiatry 2015 Dec;23(12):1234-1249. [doi: 10.1016/j.jagp.2015.07.007] [Medline: 26601726]

20. Heyn P, Abreu BC, Ottenbacher KJ. The effects of exercise training on elderly persons with cognitive impairment and
dementia: a meta-analysis. Arch Phys Med Rehabil 2004 Oct;85(10):1694-1704. [doi: 10.1016/j.apmr.2004.03.019] [Medline:
15468033]

21. Blondell SJ, Hammersley-Mather R, Veerman JL. Does physical activity prevent cognitive decline and dementia?: A
systematic review and meta-analysis of longitudinal studies. BMC Public Health 2014;14:510 [FREE Full text] [doi:
10.1186/1471-2458-14-510] [Medline: 24885250]

22. Winchester J, Dick MB, Gillen D, Reed B, Miller B, Tinklenberg J, et al. Walking stabilizes cognitive functioning in
Alzheimer's disease (AD) across one year. Arch Gerontol Geriatr 2013;56(1):96-103 [FREE Full text] [doi:
10.1016/j.archger.2012.06.016] [Medline: 22959822]

23. Forbes D, Thiessen EJ, Blake CM, Forbes SC, Forbes S. Exercise programs for people with dementia. Cochrane Database
Syst Rev 2013 Dec 04(12):CD006489. [doi: 10.1002/14651858.CD006489.pub3] [Medline: 24302466]

24. Dilling-Petersen S. Denmark's National Follow-up to the UNECE Regional Implementation Strategy (RIS) of the Madrid
Plan of Action on Ageing (MIPAA) from 2012-2016. Copenhagen, Denmark: The Ministry of Health, Division of Elderly
and Coherent Healthcare The Danish Ministry of Health; 2017. URL: https://www.unece.org/fileadmin/DAM/pau/age/
country_rpts/2017/DNK_-_National_Report.pdf [accessed 2020-08-11]

25. Prince M, Knapp M, Guerchet M. Dementia UK: Update (Second Edition). 2014. URL: https://www.alzheimers.org.uk/
about-us/policy-and-influencing/dementia-uk-report [accessed 2020-08-11]

JMIR Ment Health 2020 | vol. 7 | iss. 8 | e19495 | p. 14http://mental.jmir.org/2020/8/e19495/
(page number not for citation purposes)

Petersen et alJMIR MENTAL HEALTH

XSL•FO
RenderX

https://www.who.int/news-room/fact-sheets/detail/dementia
https://www.who.int/news-room/fact-sheets/detail/dementia
http://dx.doi.org/10.1016/S0140-6736(17)31363-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28735855&dopt=Abstract
http://dx.doi.org/10.1016/S1474-4422(19)30249-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31278065&dopt=Abstract
http://dx.doi.org/10.4172/2329-8847.1000101
http://dx.doi.org/10.1111/j.1365-2702.2011.03743.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21707807&dopt=Abstract
http://dx.doi.org/10.1258/135763306778393117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16989671&dopt=Abstract
https://www.karger.com?DOI=10.1159/000497800
http://dx.doi.org/10.1159/000497800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31247624&dopt=Abstract
http://dx.doi.org/10.1097/MRR.0000000000000190
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27508968&dopt=Abstract
http://jneuroengrehab.biomedcentral.com/articles/10.1186/1743-0003-11-108
http://dx.doi.org/10.1186/1743-0003-11-108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24996956&dopt=Abstract
http://dx.doi.org/10.1089/g4h.2014.0013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26192369&dopt=Abstract
http://www.jmir.org/2017/1/e3/
http://dx.doi.org/10.2196/jmir.6518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28077346&dopt=Abstract
http://dx.doi.org/10.1159/000343986
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23257664&dopt=Abstract
http://www.rehab.research.va.gov/jour/2014/517/JRRD-2013-10-0231.html
http://dx.doi.org/10.1682/JRRD.2013.10.0231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25437527&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2352-8729(18)30029-0
http://dx.doi.org/10.1016/j.dadm.2018.05.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30151421&dopt=Abstract
http://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-015-0155-4
http://dx.doi.org/10.1186/s12877-015-0155-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26626157&dopt=Abstract
http://www.cmaj.ca/cgi/pmidlookup?view=long&pmid=16534088
http://dx.doi.org/10.1503/cmaj.051351
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16534088&dopt=Abstract
http://dx.doi.org/10.1016/j.jagp.2015.07.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26601726&dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2004.03.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15468033&dopt=Abstract
http://www.biomedcentral.com/1471-2458/14/510
http://dx.doi.org/10.1186/1471-2458-14-510
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24885250&dopt=Abstract
http://europepmc.org/abstract/MED/22959822
http://dx.doi.org/10.1016/j.archger.2012.06.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22959822&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD006489.pub3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24302466&dopt=Abstract
https://www.unece.org/fileadmin/DAM/pau/age/country_rpts/2017/DNK_-_National_Report.pdf
https://www.unece.org/fileadmin/DAM/pau/age/country_rpts/2017/DNK_-_National_Report.pdf
https://www.alzheimers.org.uk/about-us/policy-and-influencing/dementia-uk-report
https://www.alzheimers.org.uk/about-us/policy-and-influencing/dementia-uk-report
http://www.w3.org/Style/XSL
http://www.renderx.com/


26. Gately ME, Trudeau SA, Moo LR. In-Home Video Telehealth for Dementia Management: Implications for Rehabilitation.
Curr Geriatr Rep 2019 Sep 01;8(3):239-249. [doi: 10.1007/s13670-019-00297-3] [Medline: 32015957]

27. Mogensen F, Jakobsen P. Virtuel genoptrænings betydning for motivation og fastholdelse af træning. Gerontologi
2016;32(1):22-27.

28. Esbjerg Municipality. Din Sunhed. URL: https://dinsundhed.esbjergkommune.dk/laer-at-leve-med-sygdom/demens/traening.
aspx [accessed 2020-08-11]

29. Podsiadlo D, Richardson S. The timed. J Am Geriatr Soc 1991 Feb;39(2):142-148. [Medline: 1991946]
30. Chan WLS, Pin TW. Reliability, validity and minimal detectable change of 2-minute walk test, 6-minute walk test and

10-meter walk test in frail older adults with dementia. Exp Gerontol 2019 Jan;115:9-18. [doi: 10.1016/j.exger.2018.11.001]
[Medline: 30423359]

31. Perera S, Mody SH, Woodman RC, Studenski SA. Meaningful change and responsiveness in common physical performance
measures in older adults. J Am Geriatr Soc 2006 May;54(5):743-749. [doi: 10.1111/j.1532-5415.2006.00701.x] [Medline:
16696738]

32. Bohannon RW. Sit-to-stand test for measuring performance of lower extremity muscles. Percept Mot Skills 1995
Feb;80(1):163-166. [doi: 10.2466/pms.1995.80.1.163] [Medline: 7624188]

33. Guyatt GH, Sullivan MJ, Thompson PJ, Fallen EL, Pugsley SO, Taylor DW, et al. The 6-minute walk: a new measure of
exercise capacity in patients with chronic heart failure. Can Med Assoc J 1985 Apr 15;132(8):919-923 [FREE Full text]
[Medline: 3978515]

34. Schwenk M, Zieschang T, Oster P, Hauer K. Dual-task performances can be improved in patients with dementia: a randomized
controlled trial. Neurology 2010 Jun 15;74(24):1961-1968. [doi: 10.1212/WNL.0b013e3181e39696] [Medline: 20445152]

35. Fritz NE, Cheek FM, Nichols-Larsen DS. Motor-Cognitive Dual-Task Training in Persons With Neurologic Disorders: A
Systematic Review. J Neurol Phys Ther 2015 Jul;39(3):142-153 [FREE Full text] [doi: 10.1097/NPT.0000000000000090]
[Medline: 26079569]

36. Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A practical method for grading the cognitive state of patients
for the clinician. J Psychiatr Res 1975 Nov;12(3):189-198. [doi: 10.1016/0022-3956(75)90026-6] [Medline: 1202204]

37. Cummings JL, Mega M, Gray K, Rosenberg-Thompson S, Carusi DA, Gornbein J. The Neuropsychiatric Inventory:
comprehensive assessment of psychopathology in dementia. Neurology 1994 Dec;44(12):2308-2314. [Medline: 7991117]

38. Kaufer DI, Cummings JL, Ketchel P, Smith V, MacMillan A, Shelley T, et al. Validation of the NPI-Q, a brief clinical
form of the Neuropsychiatric Inventory. J Neuropsychiatry Clin Neurosci 2000;12(2):233-239. [doi: 10.1176/jnp.12.2.233]
[Medline: 11001602]

39. EuroQol G. EuroQol--a new facility for the measurement of health-related quality of life. Health Policy 1990
Dec;16(3):199-208. [Medline: 10109801]

40. Joddrell P, Astell AJ. Studies Involving People With Dementia and Touchscreen Technology: A Literature Review. JMIR
Rehabil Assist Technol 2016 Nov 04;3(2):e10 [FREE Full text] [doi: 10.2196/rehab.5788] [Medline: 28582254]

41. Gibson G, Dickinson C, Brittain K, Robinson L. The everyday use of assistive technology by people with dementia and
their family carers: a qualitative study. BMC Geriatr 2015 Jul 24;15:89 [FREE Full text] [doi: 10.1186/s12877-015-0091-3]
[Medline: 26205957]

42. Wu Y, Damnée S, Kerhervé H, Ware C, Rigaud A. Bridging the digital divide in older adults: a study from an initiative to
inform older adults about new technologies. Clin Interv Aging 2015;10:193-200 [FREE Full text] [doi: 10.2147/CIA.S72399]
[Medline: 25624752]

43. Gilmour H. Social participation and the health and well-being of Canadian seniors. Health Rep 2012 Dec;23(4):23-32
[FREE Full text] [Medline: 23356042]

44. James BD, Wilson RS, Barnes LL, Bennett DA. Late-life social activity and cognitive decline in old age. J Int Neuropsychol
Soc 2011 Nov;17(6):998-1005 [FREE Full text] [doi: 10.1017/S1355617711000531] [Medline: 22040898]

45. Sørensen LV, Waldorff FB, Waldemar G. Social participation in home-living patients with mild Alzheimer's disease. Arch
Gerontol Geriatr 2008;47(3):291-301. [doi: 10.1016/j.archger.2007.08.011] [Medline: 17936382]

46. Orgeta V, Mukadam N, Sommerlad A, Livingston G. The Lancet Commission on Dementia Prevention, Intervention, and
Care: a call for action. Ir J Psychol Med 2019 Jun;36(2):85-88. [doi: 10.1017/ipm.2018.4] [Medline: 31187723]

47. Schulz R, Martire LM. Family caregiving of persons with dementia: prevalence, health effects, and support strategies. Am
J Geriatr Psychiatry 2004;12(3):240-249 [FREE Full text] [Medline: 15126224]

48. Meiland FJM, Bouman AIE, Sävenstedt S, Bentvelzen S, Davies RJ, Mulvenna MD, et al. Usability of a new electronic
assistive device for community-dwelling persons with mild dementia. Aging Ment Health 2012;16(5):584-591. [doi:
10.1080/13607863.2011.651433] [Medline: 22360649]

49. Teri L, Gibbons LE, McCurry SM, Logsdon RG, Buchner DM, Barlow WE, et al. Exercise plus behavioral management
in patients with Alzheimer disease: a randomized controlled trial. JAMA 2003 Oct 15;290(15):2015-2022. [doi:
10.1001/jama.290.15.2015] [Medline: 14559955]

50. Middleton LE, Black SE, Herrmann N, Oh PI, Regan K, Lanctot KL. Centre- versus home-based exercise among people
with mci and mild dementia: study protocol for a randomized parallel-group trial. BMC Geriatr 2018 Jan 25;18(1):27 [FREE
Full text] [doi: 10.1186/s12877-017-0684-0] [Medline: 29370756]

JMIR Ment Health 2020 | vol. 7 | iss. 8 | e19495 | p. 15http://mental.jmir.org/2020/8/e19495/
(page number not for citation purposes)

Petersen et alJMIR MENTAL HEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1007/s13670-019-00297-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32015957&dopt=Abstract
https://dinsundhed.esbjergkommune.dk/laer-at-leve-med-sygdom/demens/traening.aspx
https://dinsundhed.esbjergkommune.dk/laer-at-leve-med-sygdom/demens/traening.aspx
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1991946&dopt=Abstract
http://dx.doi.org/10.1016/j.exger.2018.11.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30423359&dopt=Abstract
http://dx.doi.org/10.1111/j.1532-5415.2006.00701.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16696738&dopt=Abstract
http://dx.doi.org/10.2466/pms.1995.80.1.163
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7624188&dopt=Abstract
http://europepmc.org/abstract/MED/3978515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3978515&dopt=Abstract
http://dx.doi.org/10.1212/WNL.0b013e3181e39696
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20445152&dopt=Abstract
http://europepmc.org/abstract/MED/26079569
http://dx.doi.org/10.1097/NPT.0000000000000090
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26079569&dopt=Abstract
http://dx.doi.org/10.1016/0022-3956(75)90026-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1202204&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7991117&dopt=Abstract
http://dx.doi.org/10.1176/jnp.12.2.233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11001602&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10109801&dopt=Abstract
http://rehab.jmir.org/2016/2/e10/
http://dx.doi.org/10.2196/rehab.5788
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28582254&dopt=Abstract
https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-015-0091-3
http://dx.doi.org/10.1186/s12877-015-0091-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26205957&dopt=Abstract
https://dx.doi.org/10.2147/CIA.S72399
http://dx.doi.org/10.2147/CIA.S72399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25624752&dopt=Abstract
http://www.statcan.gc.ca/pub/82-003-x/2012004/article/11720-eng.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23356042&dopt=Abstract
http://europepmc.org/abstract/MED/22040898
http://dx.doi.org/10.1017/S1355617711000531
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22040898&dopt=Abstract
http://dx.doi.org/10.1016/j.archger.2007.08.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17936382&dopt=Abstract
http://dx.doi.org/10.1017/ipm.2018.4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31187723&dopt=Abstract
http://www.sciencedirect.com/science/article/pii/S1064748112617746
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15126224&dopt=Abstract
http://dx.doi.org/10.1080/13607863.2011.651433
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22360649&dopt=Abstract
http://dx.doi.org/10.1001/jama.290.15.2015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14559955&dopt=Abstract
https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-017-0684-0
https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-017-0684-0
http://dx.doi.org/10.1186/s12877-017-0684-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29370756&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


51. Ashworth NL, Chad KE, Harrison EL, Reeder BA, Marshall SC. Home versus center based physical activity programs in
older adults. Cochrane Database Syst Rev 2005 Jan 25(1):CD004017. [doi: 10.1002/14651858.CD004017.pub2] [Medline:
15674925]

52. Sauro J, Dumas J. Comparison of three one-question, post-task usability questionnaires. In: CHI '09: Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems. New York: Association for Computing Machinery; 2009
Apr Presented at: Conference on Human Factors in Computing Systems; April 2009; Boston, MA p. 1599-1608 URL:
https://dl.acm.org/doi/10.1145/1518701.1518946 [doi: 10.1145/1518701.1518946]

53. Span M, Hettinga M, Vernooij-Dassen M, Eefsting J, Smits C. Involving people with dementia in the development of
supportive IT applications: a systematic review. Ageing Res Rev 2013 Mar;12(2):535-551. [doi: 10.1016/j.arr.2013.01.002]
[Medline: 23318684]

Abbreviations
6MW: 6-minute Walk
10MDW: 10-meter Dual-Task Walking
DKC: Dementia Knowledge Center
EQOL5: European Quality of Life 5 dimensions questionnaire
MBT: motion-based technology
MMSE: Mini-Mental State Examination
NPI-Q: Neuropsychiatric Inventory-Questionnaire
QoL: quality of life
RCT: randomized controlled trial
STS: Sit-to-Stand
TUG: Timed-Up-and-Go

Edited by J Torous; submitted 20.04.20; peer-reviewed by G Hobson, H Kristensen; comments to author 28.05.20; revised version
received 01.07.20; accepted 07.07.20; published 26.08.20

Please cite as:
Petersen JD, Larsen EL, la Cour K, von Bülow C, Skouboe M, Christensen JR, Waldorff FB
Motion-Based Technology for People With Dementia Training at Home: Three-Phase Pilot Study Assessing Feasibility and Efficacy
JMIR Ment Health 2020;7(8):e19495
URL: http://mental.jmir.org/2020/8/e19495/
doi: 10.2196/19495
PMID: 32845243

©Jindong Ding Petersen, Eva Ladekjær Larsen, Karen la Cour, Cecilie von Bülow, Malene Skouboe, Jeanette Reffstrup Christensen,
Frans Boch Waldorff. Originally published in JMIR Mental Health (http://mental.jmir.org), 26.08.2020. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR
Mental Health, is properly cited. The complete bibliographic information, a link to the original publication on http://mental.jmir.org/,
as well as this copyright and license information must be included.

JMIR Ment Health 2020 | vol. 7 | iss. 8 | e19495 | p. 16http://mental.jmir.org/2020/8/e19495/
(page number not for citation purposes)

Petersen et alJMIR MENTAL HEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1002/14651858.CD004017.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15674925&dopt=Abstract
https://dl.acm.org/doi/10.1145/1518701.1518946
http://dx.doi.org/10.1145/1518701.1518946
http://dx.doi.org/10.1016/j.arr.2013.01.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23318684&dopt=Abstract
http://mental.jmir.org/2020/8/e19495/
http://dx.doi.org/10.2196/19495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32845243&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

