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Abstract
Background: Dementia affects cognitive functioning, physical functioning, activities of daily living (ADLs), and
quality of life (QOL). Pharmacological treatments to manage, cure or prevent dementia remain controversial.
Therefore development of non-pharmacological approaches to prevent, or at least delay the onset and progression of
dementia is urgently needed. Passive exercise is proposed to be such a non-pharmacological alternative. This study
primarily aims to investigate the effects of three different forms of passive exercise on QOL and ADLs of institutionalized
patients with dementia. The secondary aims are to assess the effects of three different forms of passive exercise
on cognitive functioning and physical functioning of institutionalized patients with dementia as well as on care
burden of both the primary formal and primary informal caregivers of these patients.
Methods: This is a multicenter randomized controlled trial. Three forms of passive exercise are distinguished;
motion simulation (MSim), whole body vibration (WBV), and a combination of both MSim + WBV. Intervention
effects are compared to a control group receiving regular care. Institutionalized patients with dementia follow a
six-week intervention program consisting of four 4–12 min sessions a week.
The primary outcome measures QOL and ADLs and secondary outcome measure care burden are assessed with
questionnaires filled in by the primary formal and informal caregivers of the patient. The other secondary
outcome measures cognitive and physical functioning are assessed by individual testing. The four groups
are compared at baseline, after 6 weeks of intervention, and 2 weeks after the intervention has ended.
Discussion: This study will provide insight in the effects of different forms of passive exercise on QOL,
ADLs, cognitive and physical functioning and care burden of institutionalized patients with dementia and
their primary formal and informal caregivers. The results of this study might support the idea that passive
exercise can be an efficient alternative for physical activity for patients not able to be or stay involved in
active physical exercise.
Trial registration: The Netherlands National Trial Register (NTR6290). Retrospectively registered 29 March 2017.
Keywords: Dementia, Motion simulation, Whole body vibration, Randomized controlled trial, Quality of life, Activities of
daily living, Care burden, Cognition, Physical function
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Background
Dementia is a life changing condition that is characterized
by progressive cognitive decline and motor deficits, often
leading to psychological symptoms, decline in quality of
life (QOL) and the ability to perform activities of daily
living (ADLs). These disabilities lead to loss of autonomy and need for (in)formal care, in most cases even
institutionalization is required. Institutionalization, however, often results in a further decline in QOL of the
patient [1].
To date no cure for dementia is developed. Pharmacological treatments have been unsuccessful and often have
many side effects. Therefore, over the past few years there
has been a growing interest in non-pharmacological interventions to limit the adverse effects of dementia. Physical
exercise is one example of such a non-pharmacological
intervention. In multiple studies positive effects of physical
exercise on QOL, ADLs, physical and cognitive functioning
of patients with dementia were found [2–7]. Physical exercise thus seems to be an effective treatment strategy to limit
the adverse effects of dementia. However, due to physical
decline, behavioral problems and limited time of caregivers
to accompany patients, engaging in physical exercise is not
possible for most institutionalized dementia patients.
It is proposed that passive exercise can be an efficient
alternative for physical exercise to enhance QOL and ADLs
in institutionalized patients with dementia. Three forms of
passive exercise that can be employed with a robotized
movement platform (Fig. 1a, b) are distinguished; motion
simulation (MSim), whole body vibration (WBV), and a
combination of both MSim + WBV.
During MSim movies of multiple activities from various
perspectives are shown on a television screen. During these
movies the robotized platform moves synchronically with
the activities on the screen. Also matching sounds and
music are played. Altogether MSim stimulates the visual,
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auditory, tactile, and proprioceptive system of a participant.
To the best of our knowledge, to date MSim in this specific
form has not yet been studied. However, other studies that
employed either visual or auditory stimulation showed that
video and music interventions can improve alertness and
happiness, promote social behavior, and reduce behavioral
disturbances as well agitated behavior of patients with
dementia [8–10].
During WBV, participants are exposed to mild vibrations via contact with a vibration source. Thereby, WBV
provides tactile and proprioceptive input to the participant.
The intensity of WBV can be controlled by adjusting the
frequency, the amplitude (peak to peak displacement), and
the time of exposure. Multiple studies reported that mild
vibrations (30–40 Hz) can improve physical performance
and health related components such as increased muscle
strength, mobility, balance and lower blood pressure
[11–14]. Furthermore WBV was also found to improve
cognitive functioning, for example attention and inhibition
of schoolchildren, young adults and persons with attention
deficit hyperactive disorder [15, 16].
The exact working mechanisms of WBV and MSim remain unknown. However, we assume that the following
mechanisms may play a role. WBV can induce brain activation, especially in the sensory (motor) cortex. Skin mechanoreceptors, e.g. Meissner corpuscles, are sensitive for
30 Hz stimulation and activation of these receptors leads to
activation of the spinothalamic pathway and the medial
lemniscal pathway, both ending in the sensory motor cortex
[17–19]. The visual, auditory and sensory stimuli of MSim
on the other hand can elicit brain activation in the different
layers of the visual cortex, the cochlear nucleus in the
brainstem and to a lesser extent than WBV in the sensory
motor cortex [18]. Moreover, it is thought that the large
translational and rotational movements of MSim will also
increase signaling of the vestibular system to for example

Fig. 1 Motion simulation devices a The balancer with a chair, screen and control panel, and b the wheelchair pod with a wheelchair platform
and television screen (identical control panel as in Fig. 1a is not depicted). Both platforms are used to provide the MSim, WBV and MSim + WBV
intervention sessions
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the cerebellum, thalamus and reticular formation in order
to maintain an upright posture [20]. Activation of the above
mentioned areas and pathways may induce increased blood
flow in and synaptic strengthening of these specific
areas and pathways. Furthermore neurite outgrowth
and functioning of underlying neurotransmitter systems
can be enhanced [21–25]. For both MSim and WBV association areas will receive input from the activated sensory
areas, causing a diffuse activation of brain regions [26].
We believe that during MSim a more diverse sensory integration of the different stimuli will take place, while during WBV primarily the sensory (motor) cortex processing
vibration stimuli will be activated. When combining MSim
and WBV it is thought that the combination of high
activation in the sensory (motor) cortex (WBV) and sensory integration of the visual, auditory and sensory stimuli
(MSim) will enhance the effects seen for WBV and MSim
alone.
Although MSim is already being used in multiple health
care settings, any effects of MSim alone or combined with
WBV have not yet been established. The current study
primarily aims to investigate the effects of the three different forms of passive exercise on QOL and ADLs of institutionalized patients with dementia. The secondary aims
are to assess the effects of the three different forms of
passive exercise on cognitive functioning and physical
functioning of institutionalized patients with dementia as
well as on care burden of both the primary formal and
primary informal caregivers of these patients. Cost-effectiveness of the interventions will also be analyzed. It
is hypothesized that MSim and WBV, due to their own
specific working mechanisms, both will lead to an improvement in QOL, ADLs and cognitive functioning,
but that the combination of MSim and WBV will lead to a
stronger cognitive effect as a results of complementary
working mechanisms. In addition, it is hypothesized that
improvement in ADLs and improved cognition will lead
to more independent and better daily functioning of the
patient, causing a reduction in need for care and consequently lower the care burden of the primary formal and
informal caregiver..

Methods
Study design and setting

This is a single blind randomized controlled trial. The
study will be conducted in the closed wards of nursing
homes in the north of the Netherlands. The effects of
three different types of passive exercise will be studied
and compared to a control group receiving regular care.
The protocol follows the Standard Protocol Items: Recommendations for Interventions Trials (SPIRIT) 2013 statement [27]. The study protocol is approved by the
medical ethics committee of the University Medical
Center Groningen (the Netherlands), according to the
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principles of the Declaration of Helsinki, and is registered with The Netherlands National Trial Register
(NTR6290, http://www.trialregister.nl).

Participants and eligibility criteria

Institutionalized older adults with dementia will be included in this multicenter, single blind randomized
controlled trial. People are eligible if they are officially
diagnosed with some form of dementia, aged 65 years
or older, not physically active for more than 10 min a day.
Participants will be excluded if they have a contra-indication for exercise, have a serious auditory disorder, are
color blind, and/or excessively use alcohol or drugs.

Study procedures

The participants of this study will be recruited via the
medical staff of nursing homes. The medical staff and
nurses, who are informed about the aim and procedure
of the study, select potential participants within the different wards of the nursing homes. The potential participants and their legal representatives then receive an
information letter with informed consent. The legal representatives of the potential participants can provide
written informed consent, and in addition patients will
have to orally agree to participate. After informed consent is given by the legal representatives, participants
will be screened for eligibility.
Measurements for cognitive and physical function are
administrated by trained research assistants who are
blinded for group allocation. Questionnaires for QOL,
ADLs and care burden are given or send to respectively
the primary formal and primary informal caregiver.
Tests and questionnaires for all outcome measures are
assessed at baseline (T0), after the intervention period
of six weeks (T1) and two weeks after the intervention
has ended (T2). All test moments of a given participant
are performed at the same time of the day and are
assessed by the same research assistant. Also the questionnaires for both the primary formal and primary informal caregiver are filled in by the same person on
each given time point. An overview of the enrollment
and study design is given in Fig. 2.

Randomization

After baseline measurements and stratification for gender,
MMSE score, age and nursing home, participants are randomly assigned (1:1:1:1 allocation ratio) to one of the four
groups (MSim, WBV, MSim + WBV or regular care which
serves as the control condition) by using random numbers. The randomization procedure is performed by a
blinded scientist who is not related to the study.
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Fig. 2 Flowchart of the study processes

Interventions

All participants in the intervention groups receive the
intervention four times a week for six consecutive weeks.
During these six weeks, participants in the control group
receive regular care.
The first intervention group receives MSim. During a
session, three short, real life movies of approximately
four minutes are shown of multiple activities (e.g. motor
riding, dancing or horse riding) and from various perspectives. Matching music and sounds are played and
the platform moves synchronically with the movies. This
way, the participant on the platform moves in a passive
way and is stimulated multisensory by means of visual,
auditory, tactile and proprioceptive stimuli.
During WBV, the platform vibrates with a 30 Hz frequency and an amplitude of 1–2 mm. In an earlier study
it was shown that these vibrations can safely be applied
in old adults [28]. The duration of the WBV sessions is
set to four minutes. During the WBV session a stationary motorcycle with idling engine is shown on the screen
and matching sounds are played.

For the MSim + WBV intervention, the former two
forms of passive exercise are combined. During 12 min
participants alternately receive MSim (4 min) and WBV
(2 min).
All forms of passive exercise will be applied using two
commercially available motion simulation devices (the
balancer, Fig. 1a and the wheelchair pod, Fig. 1b). During
the sessions, participants are asked to take place on either one of the platforms and focus on the television
screen. Hands are placed on the sidebars of the balancer
or the wheelchair. Preferably the participant is seated as
upright as possible.
The types of movies,the movement intensity of the platform and vibration intensity are documented. After each
session the participant will be asked how much he/she
enjoyed the session. Scores can be given on a scale ranging
from zero to ten, with zero meaning they did not enjoy the
session at all and ten meaning that they really enjoyed the
session. Also, in the MSim and MSim + WBV group, the
participants are asked which movies of the session they
liked the most. For the MSim and MSim + WBV group
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respectively a top 3 or top 2 is documented. In the first
week, at least one movie of each activity will be shown to
the participant. After the first week, if any preferences are
known for a participant, movies shown in the remaining
sessions are chosen based on these preferences.

Outcome measures
QOL and ADLs

To assess QOL and ADLs a series of questionnaires are
used.
The EQ-5D-5 L [29] is filled in by the primary formal
caregiver. It consists of five 5-point Likert scale questions, and is used to measure health-related quality of
life based on five different domains (mobility, self-care,
usual activities, pain/discomfort, anxiety/depression).
An index value can be computed using the Crosswalk
Index Value Calculator [30] with the value set from the
Netherlands; an index value closer to 1 resembles a better
quality of life. This index value of the EQ-5D-5 L can also
be used for cost effectiveness analyses.
The Qualidem [31] is also filled in by the primary formal caregiver. The questionnaire consists of 40 items on
a 4-point Likert scale and is specifically developed to
quantify QOL in institutionalized patients with dementia. The following subscales can be distinguished: care
relationship, positive affect, negative affect, restless tense
behavior, positive self-image, social relations, social isolation, feeling at home, having something to do and other.
A sum score between 0 and 120 can be obtained, a
higher score reflects a better quality of life.
The Older Persons and Informal Caregivers Survey
Minimum DataSet (TOPICS-MDS) is a set of brief, standardized questionnaires filled in by the primary informal
caregiver, if possible in consultation with the participant
[32, 33]. Next to demographic characteristics, outcome
measures are comorbidity, quality of life, mood, functional limitations, mental health, social functioning,
care use and care burden. For QOL the TOPIC-MDS
includes the EQ-3D-3 L and two questions adapted
from the RAND-36 [34, 35]. For ADLs the TOPICS-MDS
includes a modified version of the Katz Index and an additional indicator of mobility [36]. Respondents are asked if
the participant requires assistance for six basic functions
(e.g. dressing, eating and bathing), and seven instrumental
functions (e.g. grooming and taking medication). Responses
are rated on a binary scoring system (dependent = 1; independent = 0) and summated, with higher scores representing greater functional limitations [32].
An adapted version of the Barthel-Index [37] is filled
in by the primary formal caregiver and is used to measure ADL functioning and mobility. The adapted version
is an observation scale that consists of ten items on a
5-points Likert scale. Sum scores can range between 0
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and 90, with higher scores representing greater ADL
functioning and mobility.
Cognitive functioning

To evaluate the effects of passive exercise on cognitive
functioning a neuropsychological test battery that covers
de subdomains global cognitive functioning, executive
functioning and verbal memory is used.
Global cognitive functioning is measured using the Mini
Mental State Examination (MMSE) [38].The MMSE is a
brief 20 item questionnaire test that is used to screen for
cognitive impairment. The items refer to orientation, attention, memory, recall, and processing verbal and written
information. Scores on this test can range from 0 to 30,
a higher score reflects a higher level of global cognitive
function.
To measure attention the Deary-Liewald simple reaction time task (SRT) [39] is used. During the SRT participants have to press a key, as quickly as possible in
response to a single stimulus. The stimulus consists of a
black cross appearing in a white square. Five practice trials are given (the practice trial can be repeated up to a
maximum of 3 times to make sure the participant fully
understands the task), after which instructions are repeated. The official test consists of a minimum of 15 trials.
The test stops if the participant has 15 correct responses,
correct being a response within the time limits of 150–
3000 ms. Means and standard deviations are measured for
each participant. Also the number of correct and incorrect
(premature and anticipated) responses is measured.
The Stroop test is used to measure attention and inhibition [40]. It consists of three subtasks, all performed
as quickly and accurately as possible within 45 s. For the
first subtask a card is used with names of 4 colors (‘blue’,
‘green’, ‘red’, ‘yellow’) printed on it in black ink. Participants
have to name the right words in the right sequence
(left-right, top-bottom), as fast as possible. For the second subtask a card with colored blocks (blue, green,
red, and yellow) is used. Participants have to name the
right color of the block in the right sequence, as fast as
possible. During the third subtask a card with names of
colors (‘blue’, ‘green’, ‘red’, ‘yellow’) printed in opposite
colors (e.g. ‘red’ written in blue ink or ‘yellow’ written
in green ink) is presented to the participant. The participant now has to name the ink of as many words as
possible in the right sequence. The score for each subtask consists of the number and the accuracy (%) of
correctly named words or colors, a higher number and
percentage reflects better inhibition.
The digit span forward (DSf) and backward (DSb) tests
are used to measure respectively verbal short term memory
and working memory [41]. During the DSf series of verbally
presented digits are asked to be repeated. While during the
DSb series of verbally presented digits are asked to be
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repeated in reverse order. In both tests the number of
digits increases by one digit every two trials. The test is
stopped when the participants fails to correctly repeat
two consecutive series. The score is the number of successful repeated series, with higher scores indicating a
better performance.
The short version of the Trail Making Test part A
(TMT A) is used to measure visuomotor speed and attention. Participants have to draw a line between encircled
numbers in increasing order (1–14) [42]. The time to
complete the task is recorded. Lower scores indicate a
better performance.
To assess divergent thinking and language skills, both
the phonemic fluency and semantic fluency tests are used.
For the phonemic fluency test participants are asked to
name words starting with a specific letter (‘D’, ‘A’ and ‘T’)
[43]. For each letter they have one minute to name as many
words as possible. It is not allowed to use (part of) a word
multiple times (e.g. snow, snowmen, snowball), names or
digits. The total number of correct words from all three
trials counts as score. A higher score reflects better performance. For the semantic fluency participants are asked
to name as many ‘professions’ in one minute. The outcome
measure is the total number of professions, with a higher
score indicating a better performance.

Physical functions

For participants who are not wheelchair bound the
following tests are used to assess physical functioning
in multiple domains.
The Timed Up & Go test (TUG) is used to measure
functional mobility [44]. The participant is instructed to
rise from a chair, walk 3 m, make a turn, walk back and
sit down in the chair, as fast as possible, but without
running. Participants are allowed to use their hands
while standing up and also walking devices are allowed
during test performance. Two trials are performed and
the average time is the outcome, lower scores implying
better functional mobility.
The FICSIT-4 measures static balance [45]. Participants
are asked to perform a stance with two feet parallel, semi
tandem, tandem and on a single leg. The participant has
to hold every stance for 10 s. If a stance cannot be held
for 10 s, the test stops. Scores can range from 0 to 5, with
higher scores indicating better performance.
A 6-m walking test is used to assess walking speed.
Participants are instructed to walk 10 m as fast as possible, but without running. Time registration starts after
2 m and stops 2 m before the end of the 10 m track.
The use of a walking aid is allowed. For each participant three attempts are timed, the mean time of three
trials is used as score, a lower score implies a better
performance.
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Care burden

Care burden of both the primary informal caregiver as
well as the primary formal caregiver is assessed with a
set of brief questionnaires.
The Caregiver Strain Index (CSI) is filled in by the primary informal caregiver and evaluates (over)load of the
family caregiver on 13 yes/no items [46].
The short version of the Zarit Burden Interview (ZBI)
evaluates care burden of the primary informal caregiver
[47]. It consists of 12 5-point Likert scale questions and
is widely used in dementia caregiving research. Scores can
range between 0 and 48. Higher scores represent higher
care burden.
Next to the short standardized questionnaires, care
burden of both the primary formal caregiver as well as the
primary informal caregiver is evaluated with an adapted
Borg scale (originally used in sports as a measure of
perceived exertion). Scores can range between zero and
fourteen, zero indicating no care burden at all and fourteen
indicating maximum care burden.
Cost-effectiveness

To evaluate the cost-effectiveness of the passive exercise
interventions, QOL outcomes and costs need to be determined. The outcomes of the EQ-5D-5 L will be used
to calculate quality adjusted life years (QALYs). QALYs
are expressed as a number between 0 and 1, where 0 indicates death and 1 indicates optimal QOL, multiplied
with the life expectancy of the person. To estimate the costs
of the intervention, the hours of intervention and the costs
of the MSim platform will be included. Cost-effectiveness
will be specified as the incremental cost-effectiveness ratio
(ICER), which is defined by the cost per incremental QALY.
Separate cost-effectiveness ratios will be calculated for each
type of passive exercise, compared to regular care using
the following formulae: ICER = (Costs Intervention –
Costs Control)/(Effect Intervention – Effect Control).
Sample size calculation

Sample size is calculated with Sample Power 3. Since
there is no data available on MSim or any comparable
intervention, the sample size is calculated with an effect
size estimation based on results of pilot studies on the
chronic effects of WBV on cognition. Two pilot studies
used the Stroop test score to evaluate these effects and
resulted in an effect size of f = 0.22 [unpublished observations]. Power analyses with this value and use of repeated measures ANOVA, alpha 5%, power 80% and
expected drop-out of 15% results in a minimal sample
size of 49 participants per group.
Some additional remarks are needed to explain this
sample size calculation. Since pilot data for QOL and
ADLs are not available, the sample size estimation is
based on the secondary outcome measure cognition and
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not on the primary outcome measures quality of life and
daily functioning. Moreover, we are fully aware of the
fact that with the calculated sample size additional subgroup analyses lack power. Including these analyses in
the sample size calculation would result in unrealistic
high sample sizes which would be practically impossible
to realize due to factors like available budget, duration of
the study and available number of potential participants.
Additional analyses will be performed but will be considered exploratory.
Statistics

For each group, descriptive statistics of the sample’s
sociodemographic and clinical characteristics at baseline will be determined. Analyses of covariance (continuous, normally distributed data) or non-parametric
alternatives (ordinal, non-normally distributed data)
will be used to examine differences between groups at
baseline.
Since all primary outcome measures and some of the
secondary outcome measures result from questionnaires, they will be of ordinal level of measurement
and probably have a skewed distribution. Therefore,
non-parametric tests will be used to analyze the data
from the questionnaires. Gain scores (post-test minus
pretest and follow-up test minus pretest/posttest) will
be calculated and the differences between the groups
will be analyzed using Kruskall-Wallis tests followed
by Bonferoni corrected Mann-Whitney tests for paired
comparisons.
The outcome measures related to cognitive and physical function will be of continuous level. If the data satisfy the assumptions, analyses of covariance will be used
with scores on cognitive tests at T1/T2 as dependent
variables, pretest scores as covariates and group (experimental groups, control group) as between-subjects factor. If the data do not meet the assumptions repeated
measures analyses of variance or non-parametric methods
with gain scores will be considered. Post-hoc tests will
be performed with Bonferoni corrections for multiple
comparisons. The data will be analyzed both according
to intention-to-treat method (irrespective of adherence
to intervention) as per-protocol (for selection of participants with sufficient adherence).
Missing data of items within questionnaires are
substituted as prescribed for the individual questionnaires. If no prescription is available, the maximum
likelihood method is used to substitute the missing values.
Based on the internal consistency of the questionnaires,
the maximum number of substituted values will be determined (Cronbach’s alpha >.80, max 50% of the items can
be substituted).
A p-value of < 0.05 will be used to assess statistical significance. For all tests power and effect size calculations
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will be performed. Effect sizes will be calculated with
Cohen’s d to measure the magnitude of difference of
gain score measurements between each experimental
and control group. Values benchmarking small, medium
and large effect sizes: d = .20, d = .50, d = .80 [48].

Discussion
MSim and WBV are new and promising interventions
for patients not able to be or stay involved in physical
exercise. MSim and WBV are currently implemented in
a variety of health care settings. However, there is limited
evidence, if at all, of the clinical and cost-effectiveness of
these interventions. To the best of the authors knowledge,
the current trial is the first to study the proposed three
forms of passive exercise in institutionalized patients with
dementia.
The targeted population is a major strength of the
study. The current in- and exclusion criteria ensure that
the interventions are applied to a wide variety of dementia patients, thereby enhancing the generalizability of the
results. Furthermore, the variety of movies and the possibility to adjust the intensity of the movements and
sounds used for MSim makes that MSim can be personalized to a great extent. Consequently high adherence
rates are expected in the present study.
MSim is a complex multi component intervention.
Outcomes are expected in a wide range of variables.
Therefore, in addition to the primary outcome measures, several secondary outcome measures are included, which have the potential to capture possible
effects. This is a great advantage of the study. However we are also aware that the multiple comparisons
leading from this variety of outcome measures will
lead to a lack of statistical power of these comparisons. Therefore such additional analyses will be considered exploratory.
One of the possible threats and limitations of the
current study is the use of questionnaires for assessment
of the primary outcome measures. To determine QOL
and ADLs of the patients, questionnaires that are filled
in by the primary formal caregiver and the primary informal caregiver are used. It is impossible to blind these
caregivers during the intervention. The subjective nature of these measures might influence the outcomes.
However, the caregivers are not informed about the
hypotheses of the study. Therefore, no bias within the
intervention groups is to be expected. Another possible
limitation of this study is that due to the multi component nature of MSim and MSim + WBV, no indisputable conclusions can be drawn about which specific
component(s) caused the effects that might be found
after the intervention period. It will be possible to compare the different interventions with each other. However
no decisive answers can be given to the question which
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sensory stimuli caused the potentially found effects. Moreover, since the trial lacks a social control group, any
assumptions of the social component of the intervention
causing potential effects cannot be falsified. However,
effect sizes of the intervention groups of the current trial
can be compared to effect sizes found in exercise studies
in the same population in which social controls are
included.
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