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1 

1.1 CAN EVERYONE BENEFIT FROM PHYSICAL ACTIVITY? 

Every generation people in our society are growing older. Although one could think of this as a result 

of increased health, according to research performed at the ‘National Institute for Public Health and  

the Environment’ every new generation is unhealthier than the one before [1]. More recent 

generations have bigger chances to develop health problems such as obesity and high blood pressure 

at a younger age. With health problems at a younger age combined with higher life expectancies, the 

risk for comorbidities increases dramatically. As a consequence, the extra years in life as compared to 

previous generations, are dominated by health problems causing declines in physical and cognitive 

capacity [2]. Main contributors to these health problems are high calorie intake and inactivity [1]. 

No wonder that in today’s society there is a growing interest in physical activity (PA) as an 

instrument to reduce health problems and overall burden of disease. The American College of Sports 

Medicine even states ‘exercise is medicine’ [3]. Many clinicians recommend PA to reduce symptoms of 

physical as well as cognitive problems. Numerous studies report that regular PA is thought to reduce 

adverse effects of and/or the risk to develop metabolic syndrome related disorders (e.g. obesity and 

diabetes mellitus type II), muscle, bone and joint diseases (e.g. osteoporosis and osteoarthritis), heart 

and pulmonary diseases (e.g. chronic heart failure and coronary heart disease) and cognitive disorders 

(e.g. depression and dementia) [3-6]. In general, the side-effects of PA are extremely limited, hence for 

many conditions PA is preferred as compared to drugs.   

However, many people that highly need the benefits from PA can often not be or stay involved 

in PA. This can be due to multiple reasons, varying from physical and cognitive limitations to practical 

limitations. For example, in frail populations, (adherence to) PA can be difficult. With increasing age, 

significant age related loss of functional capacities occur. Exacerbated by inactive and sedentary 

lifestyles, muscle atrophy [7], poor balance [8], muscle weakness [9], decreased peripheral sensitivity, 

vestibular dysfunction and loss of aerobic capacity [10] can keep older adults from PA participation. In 

addition, fear can also prevent people from getting or staying involved in PA. Fear of falling [9] and 

neighborhood safety [11-14] in older adults and fear of exercise in patients with cardiovascular or heart 

disease [15] and obesity [16] are reported as great barriers to PA. Furthermore, lack of social support 

[13,17], lack of exercise facilities [17,18] and difficulties to access exercise facilities [19,20] are found to 

be major barriers for PA in older adults (with disabilities). Causing large groups of society not being able 

to be or stay involved in PA. 

For many people who cannot be or stay involved in PA, medication often is inevitable in order 

to manage their condition(s). However almost every type of medications comes with side-effects. 

Moreover, many conditions cannot even be successfully managed with the use of medication. For 
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individuals suffering from such conditions, alternatives that can resemble the positive effects of PA 

could be of great importance in order to limit the amount of medication needed, improve general 

physical and mental health and reduce the risk of developing comorbidities. 

In this thesis two alternative intervention paradigms, referred to as ‘passive exercise’, are 

presented that can be applied regardless of someone’s physical or cognitive abilities. Both are thought 

to stimulate the body and the brain, thereby having the potential to improve users’ physical and mental 

health. The two interventions are whole body vibration (WBV) and therapeutic motion simulation 

(TMSim).  

 

1.2 WHOLE BODY VIBRATION 

WBV is a term used when a vibration source transfers mechanical oscillations to the body, thereby 

providing proprioceptive and tactile stimulation. In most vibration devices the applied mechanical 

oscillations are periodic with a sinusoidal shape. This means that the intensity of WBV can be controlled 

by adjusting the amplitude (peak-to-peak) (A), frequency (f) (see Figure 1.1) and time of exposure (t). 

WBV can be applied in an active as well as a passive manner. During active WBV exercises are performed 

while standing on or interacting with the vibrating source.  

Numerous studies reported effects of active WBV on physical function and health related 

components such as increased muscle strength [21], reduced knee osteoarthritis symptoms [22] and 

lower blood pressure [23]. However, due to the active component of these interventions, it is not 

suitable for people with physical disabilities. For passive WBV no active contribution is required. 

Therefore, passive WBV may serve as a suitable intervention for those who are not able to perform PA. 

Studies employing passive WBV are scarce. Nevertheless, reported results are promising. Passive WBV 

where participants were standing on the WBV platform was found to increase bone density [24] and 

improve mobility, balance and general health status [25,26]. Furthermore, in middle aged obese 

subjects, improvements in body composition, insulin resistance and glucose regulation were found 

when WBV was added to a dietary intervention [27]. Effects on cognition were found in studies that 

employed passive, seated WBV. Acute improvements in attention and inhibition after WBV were found 

in schoolchildren and young adults (with ADHD) [28-30]. In older adults improvements on attention and 

inhibition were found after 5 weeks of WBV [31]. 
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1.3 THERAPEUTIC MOTION SIMULATION 

TMSim is a form of multisensory stimulation in which visual, auditory, tactile and proprioceptive stimuli 

are simultaneously provided to the user. Different robotized devices can be used to provide TMSim to 

the user, with a selection presented in Figure 1.2. Activity videos (e.g. horse-riding, dancing or walking) 

are played on the television screen, matching sounds and music are played and the device on which 

the participant is seated/lying moves synchronically with the movements on the screen. Thereby, the 

participant on the platform experiences it as if they engage in the activities on  

the screen themselves. Until now, no studies have been reported in which this type of passive exercise 

in a multisensory environment is applied. However, the distinct components of TMSim are associated 

with improvements in both physical and cognitive performance. 

  Effects of vibratory tactile and proprioceptive stimulation have been discussed in the previous 

section about WBV. The large movements in the frontal, sagittal and transverse plane that are applied 

during TMSim, however, are other forms of tactile and proprioceptive stimulation. These large 

movements are thought to cause postural perturbations in the seated subject. Postural perturbation in 

the frontal and sagittal plane in sitting subjects causes alternating contraction and relaxation of the 

trunk muscles in order to maintain balance [32]. Depending on the plane in which the perturbation 

takes place, there are either symmetrical or asymmetrical contractions of right/left abdominal/back 

muscles. Such equilibrium reactions are automatic compensatory movements and can occur in in the 

head, trunk and limbs in order to retain or regain balance. These reactions make upright sitting, stance 

and gait possible and provide the background control necessary for the execution of all skilled motor 

Figure 1.1. Left panel: Sitting on a platform with synchronous vertical vibrations. Right panel: Example of a periodic 
sinusoidal mechanical oscillation that forms the basis of the vertical displacement in WBV. Intensity of the vertical 
displacement can be controlled by adjusting the amplitude and frequency of the oscillation. Peak-to-peak 
amplitude is the difference between the maximum positive and maximum negative displacement of the 
oscillation. Frequency is the number of oscillations (each oscillation having a set period) per second. 
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responses. Based on this knowledge it is thought that the postural perturbations applied in TMSim could 

improve both static and dynamic balance control.  

To the best of our knowledge no literature is available on the type of video therapy as used during 

TMSim. However, videos of familiar activities are often used for reminiscence therapy, which is a 

popular psychosocial intervention in dementia care, and is highly rated by staff and participants. There 

is some evidence to suggest that it is effective in improving cognition, mood and general behavioral 

function in older adults with and without dementia [33,34]. In older adults without dementia larger 

effects were found in subjects with elevated depressive symptomatology as compared to other subjects 

[34]. 

Music therapy is used in rehabilitation to enable communication and expression and stimulate brain 

functions involved in movement, cognition, speech, emotions and sensory perceptions [35]. High 

quality studies that provide evidence for music listening interventions are limited. Nevertheless, there 

are indications that listening to music may have beneficial effects on anxiety, pain and quality of life in 

people with cancer [36]. In palliative care patients singing and humming seem to have beneficial effects 

on mood, anxiety and depression [37]. Listening to preferred music enhanced functional connectivity 

in patients with Alzheimer’s disease [38]. Moreover, in patients with dementia, music therapy was 

found to have positive effects on anxiety and behavioral and psychological symptoms of dementia [39]. 

Although the processes that underlie the improvements found after the different discussed types of 

sensory stimulation remain unclear, WBV and the distinct components of TMSim were shown to have 

beneficial effects on a variety of physical and cognitive parameters. Altogether we think WBV and 

TMSim have the potential to improve mood, physical and cognitive function in (older) adults. Since both 

WBV and TMSim can be applied regardless of individuals’ cognitive or physical disabilities these 

interventions are thought to be especially attractive for frail and clinical populations who are not able 

to be involved in PA anymore.  

 

Figure 1.2. Three different robotized movement platforms that can be used to apply both TMSim and WBV. From 
left to right; the wheelchair pod, the balancer and the motion lounger (Pactive Motion, Hoogerheide, The 
Netherlands). 



General Introduction 
 

 

 

 
15 

1 

1.4 A ROLE FOR PASSIVE EXERCISE IN DEMENTIA? 

A population that could highly benefit from the potential beneficial effects of WBV and TMSim are 

institutionalized patients with dementia. Dementia is a term that describes the loss of cognitive 

functioning (memory, communications and reasoning) and behavioral abilities (emotional control, 

personality change) that can be the result of many different diseases of which Alzheimer’s Disease is 

best known. In 2016, worldwide, over 47 million people were estimated to live with dementia [40]. As 

advanced age is the main risk factor for most dementia types, aging of the world population will result 

in even higher dementia prevalence in the decades to come [41]. The cognitive decline and physical 

impairments that characterize dementia reduces patients’ their quality of life and their ability to 

perform activities of daily life. As a result, institutionalization is inevitable for many patients. To date no 

treatments are available that can cure or effectively manage dementia. Hence, a shift towards the use 

of non-pharmacological alternatives to limit the adverse effects of dementia has been deployed. 

 PA is thought to be effective in limiting the progressive course of dementia [42-45]. However, 

due to physical, cognitive and organizational limitations, PA often is not possible. The lack of activity 

and initiative, decline in the ability to communicate and perform everyday activities can cause severe 

sensory deprivation in these patients. In turn this facilitates a faster decline in cognitive and physical 

function. We believe that WBV and TMSim, two types of (multi)sensory stimulation that can be applied 

regardless of someone’s cognitive or physical disabilities, could be viable interventions to limit the 

adverse effect of dementia in institutionalized patients with dementia. However, it is unknown whether 

these types of (multi)sensory stimulation can be safely and successfully applied (feasibility) in these 

patients.  

BOX ‘SENSORY PROCESSING IN THE BRAIN’ 

As indicated before, the underlying processes of WBV and TMSim that could potentially have 

beneficial effects on cognitive and physical performance are unclear. Nevertheless, based on 

scientific knowledge about the processing of sensory information it is thought that the tactile, 

proprioceptive, visual and auditory stimulation that is provided during these types of (multi)sensory 

stimulation activates many different cortical and subcortical regions (Figure 1.3).   

Many different receptors in our body transduce external sensory information in order to be 

able to process it. For example, transduction of tactile stimulation takes place by skin 

mechanoreceptors and auditory information is transduced by hair cells in the organ of Corti. After 

transduction, sensory information travels to the brain via specialized, structured pathways consisting 

of highly interconnected networks of neurons [49] (e.g. tactile and proprioceptive information 

travels via the spinothalamic and medial lemniscus pathway both ending in the somatosensory 

cortex [46-48])[49]. 
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travels via the spinothalamic and medial lemniscus pathway both ending in the somatosensory 

cortex [46-48]). Key in sensory processing is the thalamus. It is often referred to as the ‘’gateway to 

the cortex’’ because, with the exception of some olfactory inputs, all sensory modalities make 

synaptic relays in the thalamus before continuing to the primary receiving areas [50]. From the 

primary receiving sensory areas, information is send to secondary and higher order association 

areas (see Figure 1.3).  As the before mentioned primary and association areas have reciprocal 

connections with many subcortical structures that also play a role in the processing of sensory 

information, for both TMSim and WBV a diffuse activation throughout the brain will take place [51]. 
 

 

Figure 1.3. Left the cortex with the primary sensory, motor, visual and auditory areas and surrounding 
association areas. Information flows from primary areas to secondary association areas and from there to 
higher order association areas which are spread across the cortex. Right the limbic system with some of the 
structures that are relevant to sensory processing. 

 

Other than relaying primary sensory information, the thalamus also receives and sends out 

information to the basal ganglia, cerebellum, neocortex (e.g. prefrontal cortex), and medial 

temporal lobe and together with these structures creates circuits involved in many different 

functions (e.g. integrative functions, arousal and selective attention) [52]. In addition, other parts of 

the limbic system such as the amygdala and hippocampus have widespread and reciprocal cortical-

subcortical connections that contribute to the integration of sensory information and play a major 

role in emotional processing, learning and memory. Activation of the mentioned an illustrated 

(Figure 1.3) areas and pathways may induce increased blood flow in and connectivity between these 

specific areas. Furthermore, neurite outgrowth and activation of underlying neurotransmitter 

systems could be enhanced [53-55]. 
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1.5 OUTLINE OF THIS THESIS 

The main objective of this thesis is to study the feasibility of WBV and TMSim and its effects on quality 

of life and daily functioning in institutionalized older adults with dementia. In addition, an animal study 

is conducted to increase our understanding about possible neurobiological underlying mechanisms of 

WBV. Chapter 2 presents an elaborate description on the concept of WBV and what is currently known 

about the potential effects of WBV on cognition and the mechanisms that may underlie these effects. 

In chapter 3 measures of cholinergic activity after five weeks of WBV in C57Bl/6J mice are presented in 

order to test whether the cholinergic system possibly contributes to the found improvements in 

attention after WBV. Based on the outcomes of chapter 3 and earlier findings, a clinical trial was 

developed, investigating the feasibility and effects of WBV, TMSim and a combination of both in 

institutionalized older adults with dementia. An extensive study protocol of this clinical trial is presented 

in chapter 4. In chapter 5 the feasibility of WBV, TMSim and TMSim + WBV in institutionalized older 

adults with dementia is reported. The effects of these interventions on quality of life, daily functioning, 

cognition and physical function of institutionalized older adults are described in chapter 6. To conclude, 

a summary of the results from previous chapters and a general discussion of the studies, their 

limitations, the potential of TMSim and WBV and implications for future research are presented in 

chapter 7.  
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2.1 BACKGROUND 

2.1.1 History 

Scientific interest into the impact of vibrating stimuli goes back to the beginning of the 20th century 

when Hamilton (1918) described an unusual disease in limestone cutters. After the introduction of air-

hammers (main vibrations of 75 Hz during 8-10 hours per shift), the majority of the cutters developed 

vibration-induced white fingers with altered sensory perception [1]. Many vibration studies that were 

published in the 20th century focused on the detrimental effects of mechanical vibrations in the work 

environment, for example when operating tools (e.g. sledgehammer, form machines) or while riding in 

a vehicle (e.g. truck, helicopter, tank). The latter vibrations affect the whole body and for such vibrations 

the term whole body vibration (WBV) is introduced. The work related “bad vibrations” often consists of 

prolonged, (random) vibrations in multiple directions, with lower frequencies (1-25 Hz) and variable 

magnitudes. Reviews of the literature on work related vibrations show that exposure to such levels of 

vibrations mainly leads to increased health risks of the musculoskeletal, as well as the peripheral 

nervous system [2,3]. 

In 1987, Nazarov and Spinak started to use WBV as a training modality for athletes [4]. During 

WBV the whole body of an individual is exposed to vibrations that are mechanically transferred from a 

vibrating device such as a platform. In contrast to the work-related “bad vibrations”, interventions with 

controlled vibrations were used. The vibrations are generally mild with small amplitudes (1-2 mm 

according to manufacturer’s settings, but in practice much lower) and higher frequencies (10-60 Hz) 

compared to the work-related vibrations. The scientific interest in WBV as a training modality in the 

fields of sports and fitness as well as for rehabilitation and medical therapies has increased ever since. 

More and more authors reported positive effects of WBV and suggested it to be a safe and effective 

way to train the musculoskeletal system and improve physical performance. Reported effects of WBV, 

for example, include increased muscle strength [5] and reduced knee osteoarthritis symptoms [6]. In 

addition, WBV improves physiological and health related components of physical fitness such as higher 

bone density [7] and lower blood pressure [8]. In elderly WBV improves mobility, balance, general health 

status [9,10], as well as body composition, insulin resistance and glucose regulation [11].  

While the world started to embrace WBV for training of skeletal muscles and physical functions, 

interest in the detrimental and/or beneficial impact of WBV on cognitive function and the brain studied 

in both humans and animals started to appear gradually. Below, after briefly introducing some basic 

aspects of WBV, we will summarize findings of WBV on cognition and the brain in humans and animals.    
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2.1.2 Mechanical principles 

During WBV a vibration source (platform) transfers mechanical vibrations to the body. In most vibration 

devices the applied mechanical oscillations are periodic with a sinusoidal shape. The intensity of WBV 

can be controlled by adjusting the amplitude (A) or acceleration (a, peak or root mean square (rms)), 

frequency (f) and time of exposure (t). The peak-to-peak amplitude can be calculated as the difference 

between the minimal and maximal position and represents the displacement of the vibrating source (in 

case of vertical vibrations). Frequency is the number of vibrations per unit time. For commercially 

available devices applied in sport and rehabilitation, two different types of vibration transmission can 

be distinguished (Figure 2.1, left panel). On the one hand, synchronous vertical vibration transmission, 

where the whole platform, and thus the body, oscillates linearly up and down. On the other hand, side-

alternating vibration transmission, where the platform rotates around the fulcrum causing reciprocating 

displacement of the left and right side of the body.  

 

Figure 2.1. Left panel: Standing on a platform with synchronous vertical vibrations (left) versus side-alternating 

vibrations (right). Right panel: Set-up of the mouse platform: a cage (2), (length: 44,5 cm, width: 28 cm; height: 16 

cm) is connected to a vibrator (1). Mice are placed in separate boxes (3) to avoid social interactions (e.g. fights 

between males); 4 = amplifier; 5 = oscillator. 

 

2.1.3 Active versus passive  

WBV can be applied in an active as well as a passive manner. During active WBV, exercises are performed 

while standing (often squatted) on or interacting with the vibrating source. For passive WBV no active 

contribution is required. Often, when passive WBV is applied the person is standing upright or sitting on 

the vibration source. Passive WBV is also referred to as passive exercise, since the body is moving 

without active, conscious performance. Passive WBV may be a suitable form of exercise for those who 

are not able to perform physical exercise. 
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2.1.4 Aim of this chapter 

The aim of this chapter is to give an overview of current knowledge regarding the impact of WBV on 

cognition and the brain in animals and humans including putative underlying working mechanisms. 

Cognition is defined as mental processes of perception, information processing, learning and thinking. 

Important aspects are memory and executive functions like attention, planning, inhibition or working 

memory. WBV-induced cognitive effects can be established at three time points: 1) acute effects, which 

are measured during the exposure to WBV; 2) short-term effects, which are measured right after a 

single session of WBV; and 3) long-term effects, which are measured after a series of WBV sessions (e.g. 

three times a week for two months) and are suggested to last for some period of time. As the term 

cognition is often a less suitable term for animals we will instead refer to learning and memory 

performance in the findings from animal studies.   

 

2.2 FINDINGS FROM ANIMAL STUDIES 

Few studies examined the impact of WBV on cognition and the brain in animals. In one study, rats were 

exposed to four hours of WBV (30 Hz, 0.5g setting) per day for four, six or eight weeks. These rats 

showed memory impairment and signs of brain damage [12]. As WBV sessions used in training are of a 

much shorter duration, we used sessions ranging from five to 30 minutes in our studies. To test the 

effect of WBV on cognition, a scale model of a human vibration platform was built in collaboration with 

the University of Aberdeen, Scotland, by which different frequencies and g-forces could be applied to 

mice in a sinusoidal way. The used mouse platform (Figure 2.1; right panel) provides vertical vibrations, 

although the vibrations are transferred to the cage through the center point only. At the center the 

peak-to-peak displacement for the left-right, front-back, and up-down directions is respectively 40, 29, 

and 14 µm. In the corners of the cage these values are higher: 60, 75, and 54 µm, respectively. Mice, 

housed individually in their home cages, were placed in the separate boxes (see Figure 2.1) in the cage 

which was directly connected to the vibrating platform.  Both young and old mice (approximately three 

and >18 months of age, respectively) received WBV (30 Hz) or pseudo-WBV (mice were placed in the 

cage, but in the absence of the actual vibrations). Of note, on days that a behavioral test was performed 

mice received the WBV session after the behavioral test to avoid an acute effect of WBV on the 

performance. During WBV mice quietly explored the box, sometimes display rearing (against the wall of 

the box) or grooming, or lying down. As such, this intervention cannot easily be compared to either 

active or passive WBV, and for that reason we solely refer to WBV in our mouse studies. 

Initial studies in Aberdeen on motor performance were done in NMRI mice, an outbred strain 

widely used in general biology as well as in pharmacology and toxicology. Three frequencies (20, 30, and 
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45 Hz) and two g-forces (0.2 and 1.9 g settings) were compared for the capacity to improve motor 

performance, using a rotarod (motor learning and motor coordination), hanging wire (muscle strength), 

and balance beam test (sensory-motor abilities). WBV sessions of 10 minutes were used, five days a 

week and for a period of five weeks. As WBV is known to improve neuromuscular performance [13], we 

hypothesized that it would improve motor performance in mice as well. Indeed, the results revealed 

that motor performance was significantly improved, and most notably so at 30 Hz and the 1.9 g setting, 

in WBV-treated mice as compared to pseudo-WBV mice (unpublished observations). Thereafter, in 

Groningen (The Netherlands) we set out to test brain functioning (e.g. cognition by way of learning and 

memory performance) in two other mouse strains: the C57Bl/6J (inbred) strain (hereafter referred to 

as B6), and the ICR(CD1) (outbred) strain (hereafter referred to as CD1). The use of different mouse 

strains is relevant as they represent different “personalities” as seen in the human population. It has 

been postulated that personality type might have a moderating role on performance in relation to WBV 

[14]. All procedures concerning animal care and treatment were in accordance with the regulations of, 

and approved by, the ethical committee for the use of experimental animals of the University of 

Groningen. 

 

2.2.1 Learning and memory performance  

Learning and memory performance was studied in a Y-maze reference test. In this test, one arm of the 

Y maze was baited with a small food crumb. The mice entered the Y maze through the start arm, and 

then had to choose one of the two arms. A visit to the baited arm was considered a correct choice, and 

each day mice were trained six times. The young WBV mice reached 75% or more correct choices (the 

criterion of having mastered the task) at day four, and the pseudo-WBV at day six. There was a 

statistically significant better performance of the WBV mice at day three, four and five (all p < 0.05). In 

total, young WBV mice had 21% more correct choices as compared to pseudo-WBV mice during the 

learning phase. Next, a reversal test was performed, by which the food reward was relocated to the 

other arm of the Y maze. In contrast to the learning phase, there were no differences between the WBV 

and pseudo-WBV mice at any day of the reversal learning phase. The data of the old mice revealed a 

similar picture. Old WBV mice reached 75% or more correct choices at day four, and the pseudo-WBV 

mice at day five. There was a statistically significant better performance of the WBV mice at day one 

and day two. In total, old WBV mice had 12% more correct choices as compared to the pseudo-WBV 

mice during the learning phase. As was seen in young mice, WBV did not result in any improvement 

during the reversal phase.  The cognitive improvements during the learning phase were not due to the 

sound produced by the vibrating plate. In a separate experiment, the WBV sessions were performed in 
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the room where the mice were housed (both the WBV and the pseudo-WBV animals). Also, in this 

setting the WBV mice outperformed the pseudo-WBV animals during the learning phase. 

 Besides B6 mice, we also used CD1 mice. CD1 mice have a preference for a striatal-driven over 

a hippocampal-driven strategy to solve spatial tasks, most likely because their hippocampus is weaker. 

This means that the CD1 mouse tends to rely on the use of landmarks (and acquired habits) to orient 

themselves in space, rather than using a (“mental”) spatial map known to depend on hippocampal 

functioning. The B6 mice have a preference for a hippocampal strategy. The preferred strategy can be 

tested in a cross maze training protocol, by which the mice are challenged to use their preferred strategy 

at the testing day. In 11 B6 mice tested in our lab, 36% preferred the striatal strategy (and hence 64% 

the hippocampal strategy) [15]. In contrast, in 20 CD1 mice tested in the same cross maze 87% preferred 

the striatal strategy (and hence 13% the hippocampal strategy; a significant strain difference (p= 0.0447; 

Fisher Exact test)). WBV was not able to shift the striatal preference of CD1 mice (n=15) to a 

hippocampal strategy, although the preference slightly changed from 13% to 25% hippocampal (p = 

0.6045 Fisher Exact test). 

 In contrast to the B6 mice, in CD1 mice WBV did not result in a better performance in the Y-

maze training (n=8 per group for young mice and n=11 per group for aged mice). This could be due to 

the poor (strain-specific) functioning of their hippocampus, leaving it insensitive to WBV if WBV indeed 

acts on the hippocampus. In line with having a poorly functioning hippocampus, the CD1 mice struggled 

to deal with the reversal phase in the Y-maze task (as this reversal test requires additional and specific 

activation of hippocampal activity; [16]). They needed on average 18 more trials to master this task than 

did the B6 mice, while there was no difference between the strains in the initial training phase.  

 We decided to use a different learning task in the CD1 mice: the novel object recognition task 

(see Figure 2.2, panel B). In this task mice have to discriminate a novel object from a familiar object 

(called the novel object recognition (NOR) task; this task is hippocampus-independent), or to 

discriminate a replaced familiar object from a familiar object that is still in the same position (called the 

spatial object recognition (SOR) task; this task is hippocampus-dependent). We started with WBV 

sessions of ten minutes, similar as done for B6 mice. However, it turned out that, besides a significant 

improvement in balance beam performance (p < 0.01 already reached after three weeks of WBV in 

young mice, and p < 0.05 reached after six weeks in aged mice; n=10 per group), both NOR and SOR 

performance did not significantly improve by WBV despite at trend towards improvement in the NOR. 

We hypothesized that for the CD1 mice, a different duration of the WBV sessions might be necessary. 

We therefore compared the effects of five versus 30 minutes WBV sessions instead of ten minutes 

sessions. The results showed that the five minutes WBV protocol (n=12 per group) was the best for CD1 

mice, with a statistically significant improvement in the NOR and the balance beam test, but not in the 
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SOR test [17]. The 30 min WBV protocol (n=10 per group) did not reveal significant improvements for 

any of the test, indicating that the duration of 30 minutes sessions was too long [17]. 

 Taken together, the results showed that WBV can improve learning and memory performance 

in mice, depending on the task, the mouse strain, and the duration of the WBV session. Future research 

is needed to understand the exact relationship between WBV and the underlying brain mechanisms 

critically involved in mastering the tasks mentioned above. 

 

Figure 2.2. Schematic representation of the Y-maze task (panel A: s = start arm; black dot represent the food 

reward in the baited arm (in arm 1 in this example) which was reversed during reversal training (now in arm 2); 

the Object Recognition task (panel B; after training with two identical objects in the arena (  familiar object; ○ 

novel object) a NOR or SOR was performed, or a NOR followed by a SOR; the Labyrinth task (panel C; the arrows 

indicate the trained route from the entrance (1) to the exit (2), initially without and thereafter with an extra space 

(grey area) created to be explored (double-headed arrow) by the mouse.  

 

2.2.2 Arousal-reducing effects 

Besides the improvement in cognitive performance observed in the WBV mice it seemed, based on 

overt behavior, that these mice were slightly less aroused as were the pseudo-WBV individuals. We 

performed a series of experiments in young mice (three months of age; all males) to determine the 

potential arousing-reducing effects of WBV. Firstly, we determined the amount of locomotor activity 

measured in the home cage directly after a ten minutes WBV session in B6 mice (n=8 per group). WBV 

mice were 19% less active (and hence less aroused) in the first five minutes when they were returned 

to their home cage than pseudo-WBV mice, although this difference did not reach statistical 

significance. Secondly, we examined how WBV mice responded to an unexpected change in the 

environment, as it is known that aroused mice pay less attention to changes in their environment [18]. 

We used the balance beam test, commonly used to measure sensory motor abilities. Mice (B6; n=8 per 

group) had to walk over a thin one-meter long squared wooden strip (diameter five mm; WBV mice 
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outperform pseudo-WBV mice; [17]) to reach their home cage. After four weeks of WBV, at 66 and 33 

cm distance from the home cage a mark (a small rubber band) was placed around the wooden strip. 

The time it took for the mice to cross this novel environmental element was measured. At the first mark 

(at 66 cm), WBV mice needed 4.5 ± 2.2 (average ± s.e.m.) seconds whereas pseudo-WBV mice needed 

11.8 ± 6.3 seconds to cross the mark. This is consistent with less-aroused mice being more daring to 

deal with an environmental change. At the second mark (at 33 cm), WBV mice needed 2.5 ± 0.9 seconds 

and pseudo-WBV mice 1.4 ± 1.0 seconds to cross the mark. Although not statistically significant, the 

WBV mice were more daring to cross the unexpected change in the environment when first 

encountered; at the second encounter this effect was no longer present. Thirdly, we tested CD1 mice 

(n=8 per group) in a simple labyrinth (see Figure 2.2 panel C). The mice were trained to walk through 

this labyrinth within 10 seconds. When they reached this criterion, the labyrinth was changed in such a 

way that an additional space was created in the middle. In the next test trial, it was measured how much 

time the mice spent in this unexpected, new area in the labyrinth. WBV mice explored the new space 

for 32 ± 11 seconds, whereas the pseudo-WBV mice spent only 12 ± 4 seconds in the new area, which 

was significantly different (F(1,12)= 3,89, p < 0.05; one-way ANOVA). Apparently, WBV made the mice 

more daring to explore the novel environment. Finally, we tested mice (B6; n=6 per group) in a standard 

elevated plus maze with two open and two closed arms. Although the WBV mice did not spent 

significantly more time in either the open or closed arms of the elevated plus maze (reduced activity in 

the open arms is considered to be a reflection of enhanced anxiety), they showed significantly less 

activity in the maze than the pseudo-WBV mice (p=0.012; two-sample t-test). The enhanced activity of 

the pseudo-WBV mice was primarily caused by more often repeatedly entering the dark arms, most 

likely reflecting a higher level of arousal than expressed by the WBV mice (15.0 ± 2.1 versus 8.5 ± 1.3; p 

= 0.009; two-sample t-test). Taken together, although the differences were often too subtle to reach 

statistical significance (also due to relative low numbers of animals per group), these results suggest 

that WBV reduces behavioral arousal. On the other hand, it also makes clear that WBV by itself does not 

induce anxiety or stress in mice. 

 

2.3 FINDINGS FROM HUMAN STUDIES 

2.3.1 Acute effects  

Several human studies examined acute effects, measured during WBV vs. control, on cognitive function. 

These studies were all performed from the perspective of “bad” vibrations in the work environment and 

are summarized in Table 2.1. Frequencies, magnitudes, and sometimes also direction of the vibrations 

were chosen in such a way that they were representative for vibrations during a truck/tractor drive or 
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helicopter flight. Most studies used fixed frequencies, while some others used random frequencies from 

a frequency spectrum. Applied frequencies ranged from one to 25 Hz. Magnitudes are generally 

expressed in accelerations and varied from 0.53 to 3.5 ms-2 rms. If we calculate amplitudes based on 

frequency and acceleration data (under the assumption of pure sinusoidal vibrations), the peak-to-peak 

amplitudes generally vary between 0.07mm and 25mm. However, these amplitudes should be 

interpreted with caution, since in practice pure sinusoidal vibrations do not exist. A variety of cognitive 

measures were used with mean reaction time and number of errors or correct responses as outcome 

variables. Most studies revealed detrimental acute effects on cognitive performance or did not succeed 

to find effects (see Table 2.1). Two studies found some positive acute effects of WBV. In a study of 

Ishimatsu et al. (2016) lower reaction times during WBV vs. control were found on a sustained attention 

go no-go task [19]. However, these lower reaction times went together with more errors suggesting a 

speed-accuracy trade-off. Zamanian et al. (2014) found improved performance on a divided attention 

(choice reaction time) task but not on a selective attention task, which holds true for three different 

vibration magnitudes without a specific magnitude effect[20]. One other study examined a dose-

response relation in which the magnitudes of the vibrations were varied (1.0, 1.6 and 2.5 ms-2 rms), but 

found no differences on a short-term memory task’[21]. This is to a large extent in agreement with the 

findings of Sherwood and Griffin (1990) [22].  

To summarize: acute effects were examined from work environment perspective. Mixed effects 

were found for cognition with some more evidence towards a detrimental effect, but without 

indications of a dose-response relationship.  

 

2.3.2 Short-term effects 

Ljungberg and Neely (2007b) [23] were the first who examined short-term effects of WBV on cognition. 

They used the same set-up as described in Ljungberg and Neely (2007a, see Table 2.1) [24]. After 44 

minutes of exposure, the subjects (n=54, male) went to another room and immediately performed a 

short-term “memory and search” attention task. After vibration the subjects performed the task faster 

(vibration only vs. control d=0.17; p<.05), but with less accuracy (d=-0.40; p<.05) and more errors (d=-

0.29; p<.01) indicating a speed-accuracy trade-off.  

From a sports perspective and using commercially available vibration platforms, Amonette et al. (2015) 

compared cognitive performance after active WBV with performance after exercise only [25]. Twelve 

young adults (eight males, mean age 28 years) completed a 25-minutes neuropsychological assessment 

after three different conditions: static squats only (five sets of two minutes), static squats with vertical 

vibrations (30 Hz, 4mm peak-to-peak) and static squats with side-alternating vibrations (30 Hz, 4mm 

peak-to-peak). Composite scores revealed slightly better scores after side-alternating WBV for verbal 
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memory (d=0.37, p not reported) and inhibition (d=0.43), but not for vertical WBV (resp. d=0.23 and d= 

-0.13). For visual memory and reaction time (vertical and side-alternating WBV) differences between 

the sessions were small and inconsistent (-.20 < d < .13). 

 After we found promising cognitive effects of passive WBV in mice in our Groningen research 

group, we initiated multiple studies to investigate whether these effects are present in humans as well. 

A pilot study in 12 healthy young adults (eight males, mean age 22.8 years; see for the used platform 

Figure 2.3A) was performed to identify the optimal passive WBV settings for short-term cognitive 

enhancement. We used a commercially available platform with vertical vibrations on which a chair was 

mounted. Executive functioning (attention and inhibition) was assessed immediately after each 

frequency (20, 30, 40, 50 and 60 Hz) x amplitude (2 and 4 mm as reported by manufacturer, but assessed 

on the chair between 0.19 and 0.74mm) condition with a duration of two minutes per condition. Passive 

WBV with a frequency of 30 H and amplitude of 0.5mm appeared the only condition that significantly 

improved attention and inhibition [26]. These settings were used in a consecutive study among 113 

healthy young adults (21 males, mean age 20.5 years). Again, we found positive effects of two minutes 

of passive WBV (30 Hz, 0.5 mm) on response inhibition and attention, but only when the tests were 

performed immediately after the passive WBV sessions (d=0.13; p<.05) [26]. In other studies using the 

same device and similar settings we found improved attention/inhibition in 83 healthy young adults (40 

males, mean age 22.5 years; d=.44; p<.001) and 17 adults with attention deficit hyperactivity disorder 

(ADHD) (8 males, mean age 24.2 years; d=0.64; p<.01) [27] and in 55 healthy schoolchildren (27 males, 

8-13 years; three minutes WBV/condition; d=0.10; p<.01) [28].  

 Summarized, side-alternating active WBV and vertical passive WBV with limited durations (two 

to ten minutes) appeared to improve attention/inhibition measured immediately after the WBV, but 

effect-sizes were generally small, except for young adults with ADHD who achieved larger 

improvements.  



 

 

Table 2.1. Studies regarding the acute effects of WBV versus control summarized 

Study Populationa Design Vibrationsb Outcome measure Results WBV vs Controlc 

Ishimatsu et al. 

2016 

[19] 

N=19 

M/F 9/10 

22.8±4.4yrs 

Healthy 

Elite runners 

Cross-over  

Balanced 

WBV vs Control 

1.0 ms-2 rms (z) 

17 Hz 

5.3 min/condition 

Sitting 

Sustained attention 

to response task (go 

no-go) 

Number of errors higher in no-go trials (p<.05, d=0.-

72)  

Number of errors higher in go trials (ns, d=-0.41) 

Reaction time lower (p<.05, d=0.75) 

(speed-accuracy trade-off) 

Zamanian et al. 

2014 

[20] 

N=25 

M 

20-30yrs 

Students 

Cross-over 

Partly balanced  

3 WBV magnitude 

conditions vs Control  

Sinusoidal/random 

waves (x, y and z) 

0.53, 0.81, 1.12 ms-2  

3-7 Hz 

3 min/condition x test 

Sitting  

Selective attention  

Divided attention 

Selective attention:  

No effect on reaction time (d=0.02 to .11) 

Diverse effects on number of correct responses 

(respectively ns, d=0.14; p<.001, d=-0.39; ns, d=0.14) 

Divided attention: 

Reaction time lower (respectively p<.01, d=0.25; 

p<0.001, d=0.29; p<.001, d=0.27) 

Higher number of correct responses (respectively 

p<.001, d=0.76; p<.01, d=0.31; p<.001, d=0.54)  

Newell & Mansfield 

2008 

[29] 

N=21 

M/F 11/12 

25.3±5.2yrs 

Healthy 

Students/staff 

Cross-over 

4 sitting positions x 

WBV (y/n) 

1.4 ms-2 (x) 1.1 ms-2 (z) 

1-20 Hz 

3 min/condition 

Sitting 

Visual motor choice 

reaction time 

Reaction time higher (p<.001) 

Higher number of errors (p<.01) 

Ljungberg & Neely 

2007a 

[24] 

N=24 

M 

25±2.4yrs 

Healthy 

Students 

Cross-over 

Balanced 

Noise (y/n) x WBV (y/n) 

(in four days)  

Sinusoidal 

1.1 ms-2 

2Hz (x) 3.15 Hz (y) and 4 

Hz (z) 

44 min/day 

Sitting 

Short term memory 

test (not analyzed) 

Grammatical 

reasoning task 

Reasoning task: 

No effect on reaction time (d=.03) 

Higher number of errors (ns, d=-0.29) 

 



 

 

Sherwood & Griffin 

1992  

[30] 

N=44 

M 

18-35 years 

Fit 

Two independent 

groups (WBV vs 

control) / cross-over 

Sinusoidal  

2.0 ms-2 (z) 

16 Hz 

Sitting 

Learning memory 

task 

Independent groups: 

Impaired learning in WBV as compared to controls 

(p<.05, d=-0.47) 

Cross-over: 

No effects 

Sherwood & Griffin 

1990 (abstract only) 

[22] 

N=16 Cross-over  

Control and 3 WBV 

magnitude conditions 

Sinusoidal  

1.0, 1.6 and 2.5 ms-2 rms 

16 Hz 

Short-term memory 

task (memory 

scanning) 

Detrimental effect on reaction time (p<.001) and 

number of attentional lapses (p<.01).  

Number of errors higher only in 1.0 ms-2  condition   

Sandover & 

Champion 1984 

[31] 

N=7 (Exp 1) 

N=6 (Exp 2) 

N=7 (Exp 3) 

M+F 

19-55yrs 

Fit 

Cross-over 

2 noise conditions x 

WBV (y/n) per 

experiment 

 

Exp 1 1.18 ms-2 rms 

Exp 2 0.83 ms-2 rms 

Exp 3 0.59 ms-2 rms 

2-25 Hz 

12 min/session 

Sitting 

Arithmetic task Number of errors higher in Exp.1 (p<.01), not in Exp.2 

and Exp. 3.  

Time/question no effects  

Harris & 

Shoenberger 1980 

(abstract only) 

[32] 

N=12 Cross-over  

2 noise conditions x 

WBV (y/n)  

0.36 rms Gz sum-of-sines 

30 min/condition 

Complex counting 

task 

Adverse effect  

Rao & Ashley 1974 

[33] 

N=5 

M 

19-35yrs 

Students/staff 

Cross-over 

Control-WBV-Control 

0.23 G rms 

2.5 Hz (peak) 

20 min/condition 

Sitting 

Choice teaction 

time 

Reaction time higher for WBV as compared to 

controls (d=-0.53, p<.05) 

Harris & 

Shoenberger 1970 

(abstract only) 

[34] 

Highly trained Cross-over  

2 noise conditions x 

WBV (y/n)  

0.25 G (z) 

5 Hz 

19 min/condition 

Reaction time (two 

conditions 

appearance red 

light disappearance 

green light)  

Adverse effect  

Notes:  a M=male; F=female; b x=front-back; y=left-right; z=vertical; c ns=non-significant (p>.05); d=Cohens d effect size (+ favors WBV, - favors control). Lay-out  modified from 

original publication.
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2.3.3 Long term effects  

Following the short-term effect studies we performed two preliminary studies regarding the long term 

effects of passive WBV. In a case study, an adult with ADHD (male, age 25 years) followed a daily regimen 

of 15 minutes WBV (vertical, 30 Hz, about 0.5 mm; for used platform see Figure 2.3A), three times a day 

and for ten weeks.  We found positive effects on divided attention, vigilance, flexibility, inhibition, and 

verbal fluency, but working memory, distractibility, and reaction times remained unchanged [35]. In a 

randomized-controlled pilot study with 34 healthy middle-aged to old adults (15 males, mean age 66 

years with range 42-99 years), during 5 weeks the experimental group underwent four, four minutes 

passive WBV sessions a week (vertical, 30 Hz, about 0.5mm; for used platform see Figure 2.3B). The 

control group received attention-matched sham WBV following the same time schedule and using 

vibrations with the same amplitude but with a frequency of 1 Hz. In this setting accelerations are really 

low (0.001g rms vs. 0.641g rms for 30 Hz calculated from pure sinusoidal) and the vibrations are hardly 

experienced. After this five-week period we found trends towards improved performance for the 

experimental vs. control group for an attention/inhibition task (d=0.35; p=0.051) and a visual working 

memory task (d=0.54; p=0.068). Statistically controlled for age, both effects became significant (p< 

0.05). For several memory tasks and a tracking task we did not find any evidence for beneficial or 

detrimental effects of passive WBV (-0.02 < d < 0.15; p > 0.05). Although these preliminary studies 

suggest beneficial long term effects of passive WBV in at least some cognitive domains, more research 

is necessary to confirm this. Important research questions relate to the cognitive domain specificity of 

WBV as well as the population specificity. For example, older populations or clinical populations with 

cognitive impairment are more likely to benefit from WBV, as it is assumed that there is only little room 

for exercise related improvements of cognition in early adulthood [36], but more in periods of cognitive 

decline. Passive WBV is especially attractive for people who are not able to be physically active anymore.  

A B 

Figure 2.3. Platforms used for our human pilot studies (see text) 
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2.4 POSSIBLE UNDERLYING MECHANISMS 

At present, it is not known by which underlying mechanism(s) WBV exerts its positive effects on 

cognition and the brain. However, based on known physiological mechanisms in humans in combination 

with the results of the animals studies some likely candidates come to surface: skin mechanoreceptors, 

neurotransmitter systems and other brain factors involved in various aspects of brain functioning. 

Below, we will briefly discuss these candidates. 

 

2.4.1 Skin mechanoreceptors 

The skin contains many specialized mechanoreceptors that subserve “touch” sensations contributing to 

proprioception and motor control. Mechanoreceptors located in various layers of the skin are excited 

by indentation of the skin by their preferred stimulus (for example vibrations, stretching of the skin, or 

brushing). This is followed by transferring the information to the brain via the spinal cord reaching the 

thalamus. From there, the information is conveyed to the sensory areas of the neocortex and other 

areas in the basal forebrain, cerebellum and brainstem. The four types present in the glabrous skin are 

the Meissner and Pacinian corpuscles, Merkel cell-neurite complexes and Ruffini endings. Most likely all 

these types of cutaneous mechanoreceptors respond to WBV in their own way. Meissner and Pacinian 

corpuscles are fast-adapting types, mainly responding at the start and the end of the skin indentation. 

Both respond strongly to vibratory stimuli, but the Pacinian corpuscles are most sensitive to vibration 

frequencies around 250 Hz (but also detect vibrations starting from 80 Hz). In contrast, Meissner 

corpuscles are sensitive to much lower frequencies, especially those of 20-40 Hz [37]. The Merkel cell-

neurite complexes and Ruffini endings are slow-adapting types, responding for a longer duration to a 

continuous skin indentation. These mechanoreceptors mainly respond to stretching of the skin or 

brushing. 

 For now, it seems that the Meissner corpuscles are the main candidates involved in activating 

the brain in response to 30 Hz WBV, but it should be noted that the platforms used often also generate 

(less intense) multiples of such a setting, by which these vibrations may also activate Pacinian 

corpuscles. It is unclear to what extent the transfer of WBV stimuli through skin mechanoreceptors is 

directly comparable between humans and animals (e.g. mice). Mice also have, next to the glabrous skin 

of the paws, extensive numbers of hairy skin mechanoreceptors [37] as well as whiskers which may add 

to the detection of touch including vibrations. The use of mice that lack specific types of 

mechanoreceptors (having a touch deficit) may shed more light on this issue. 
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2.4.2. Neurotransmitters 

Improved cognitive performance could be induced by enhanced functioning of underlying 

neurotransmitter systems. It is known that the cholinergic system responds to behaviorally salient 

stimuli from the environment [38], often in tandem with the dopaminergic system [39]. Our results in 

mice (B6; n=8 per group) revealed that both systems are significantly affected after five weeks of WBV, 

as reflected by the significantly increased expression of the enzymes responsible for the production of 

the neurotransmitters. The expression was determined by way of immunohistochemistry applied to 

brain sections of WBV and pseudo-WBV brains, using highly selective and sensitive antibodies against 

the enzymes. Immunoreactivity for choline-acetyltransferase, the enzyme responsible for the 

production of acetylcholine, was measured in various brain regions. Statistically significant increases of 

ChAT immunoreactivity were found in the medial septum, hippocampus, neocortex and basolateral 

amygdala as compared to pseudo-WBV. On average, the increase in immunoreactivity, when statistically 

significant, ranged between 17% and 25% (with p-values ranging from 0.048 to 0.0009; chapter 3). Of 

interest, female NMRI mice that underwent the WBV protocol were less sensitive to a cholinergic 

antagonist reducing cognitive performance [40], which seems to be in line with an increased capacity 

of the cholinergic system. In the striatum, we measured the expression of the enzyme tyrosine 

hydroxylase, critically involved in the production of dopamine. WBV enhanced the immunoreactivity by 

48% (n=8 per group; P<0.01; two-sample t-test). 

 

2.4.3 Other factors 

Next to changes in the cholinergic and dopaminergic systems, several WBV-specific findings indicate 

that the sensations caused by WBV are processed in various regions of the brain. Immunocytochemical 

examinations of the brains showed that mice in the passive WBV group had an increase in Glucose 

transporter 1 (Glut1) immunoreactivity throughout the brain, but most prominently in the dentate gyrus 

of the hippocampus [41]. Additionally, strongly significant increases in c-fos protein expression (a brain 

marker for neuronal activity) were found in brain areas involved in sensorimotor and learning/memory 

functions. These measures were done two hours after the last WBV session (the time point c-fos protein 

expression is highest upon a stimulus, followed by a gradual degradation of the protein), compared to 

pseudo-WBV. The strongest changes were found in the striatum, hippocampus (but much less so in the 

CD1 mouse than the B6 mouse), motor cortex and parts of the cerebellum. It must be noted that c-fos 

expression revealed a specific pattern in the brain, with several brain regions unaffected by WBV such 

as the biological clock. Moreover, as expected c-fos expression was back to low baseline values one day 

after the last WBV session, showing that the increase was a direct response to the WBV session [42]. 

The poorer c-fos response in the hippocampus of the CD1 mouse is in line with the behavioral 
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observation that WBV is not able to improve hippocampus-dependent learning and memory 

performance in this strain. 

 Next to the above mentioned factors, an important role of the stretch reflex, the equilibrium 

system (balance), and increased blood flow to the brain in the cognitive improvements after WBV should 

not be underestimated. The effects of WBV on neuromuscular performance are supported by 

neurological processes such as changes in motor neuron excitability, synchronization, and motor unit 

recruitment thresholds, involving the motor cortex and brain areas involved in motor control (e.g. the 

striatum and cerebellum). It is currently unknown whether the equilibrium system is critically involved 

in WBV and the WBV-induced changes in cognition and brain activity. Maintaining one’s balance 

requires a constant feedback to the brain and WBV-induced corrections requires enhanced brain 

activity.  

To summarize, passive WBV can improve cognitive performance in men and mice, although the 

optimal conditions are not yet known. The response of different brain regions to (passive) WBV are very 

likely to contribute if improvements in cognitive performance are observed. Of note, in mice not all 

brain regions respond to WBV. For example, the biological clock (suprachiasmatic nucleus) located in 

the hypothalamus which dictates the temporal, circadian (~24 hours) rhythms in sleep/wake activity did 

not show any change in c-fos or in its output neuropeptide system vasopressin. In line with these brain 

findings WBV was not able to improve poor sleep/wake patterns notably seen in older mice. 

Interestingly, a single session of WBV (10, 20, 40, 50, 80, 100, 150, and 200 Hz) applied to neural 

cell cultures for 30 minutes resulted in an increase in neurite outgrowth (except in the case of 150 and 

200 Hz, with 40 Hz being the most effective frequency), indicative of enhanced vitality of the nerve cells 

[43].  Part of the underlying mechanism of the increased neurite outgrowth was found to be the 

activation of a transcription factor (CREB) and the activation of a kinase (p38 MAPK) [43,44]. These 

observations could suggest that vibrations may also influence the brain directly (mechanically), without 

a role of all above mentioned factors.     

 

2.5 CLINICAL IMPLICATIONS 

We realize that effect sizes in our human studies were mainly small, and that WBV by itself might not 

have the capacity to replace established treatment to stimulate cognitive function. However, that does 

not mean it has no clinical value, as more longitudinal clinical studies are needed to find out the potential 

value of WBV for the following aspects: 1) which populations (children vs. adults vs. elderly; healthy 

people vs. psychiatric vs. neurological conditions), 2) which functions can be improved, and 3) by which 
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treatment regimen. WBV could be a safe and cheap additional intervention in schools, homes for the 

elderly or nursing homes, which complement current and already established treatment methods.  

 The animal studies indicated that our WBV protocol is not unpleasant, and has the tendency to 

reduce behavioral arousal. Participants of the human WBV intervention using our device were asked to 

rate the experience on a scale from one (very unpleasant) to ten (very pleasant). The vast majority of 

the participants experienced the treatment as “neutral” to “slightly pleasant”, irrespective of the age of 

the participants. This subjective rating was confirmed by a study in which the facial expression was 

monitored and analyzed of 40 individuals (20.5 +/- 1.15 years of age; 30 females and ten males) during 

a four minutes WBV session (unpublished observations). Facial expressions were compared to the 

situation without receiving WBV at the start of the intervention. The results revealed no significant 

differences for the seven emotions distinguished: anger, disgust, fear, happiness, neutral, sadness, and 

surprise. Taken together, these observations demonstrate that WBV interventions are perceived as a 

rather neutral experience suitable for clinical implementation. Altogether, WBV has the potential to be 

a safe, feasible and clinically relevant additional treatment to affect cognitive function of several 

populations, but more research is needed to confirm this.  

 

2.6 CONCLUSION 

In this chapter an overview of the current knowledge regarding the impact of WBV on cognition and the 

brain in animals and humans is presented. Results from animal studies show that, depending on the 

task, the mouse strain and the duration of the WBV session(s), WBV can improve learning and memory 

performance in mice. Also, mice tend to show reduced behavioral arousal after WBV. In human studies, 

short-term effects of both side-alternating active and vertical passive WBV with limited durations (two 

to ten minutes) are found. It is shown that in schoolchildren, young adults and young adults with ADHD, 

WBV can improve attention/inhibition when measured immediately after a single WBV session, with 

largest improvements found in young adults with ADHD. Furthermore, preliminary studies looking into 

the long term effects of WBV show trends towards improved attention/inhibition and visual working 

memory after five weeks of WBV. 

Multiple possible mechanisms that may underlie these effects of WBV on the brain are 

suggested. First of all, skin mechanoreceptors, especially the Meissner corpuscles, have been reported 

to be most sensitive to low frequencies (20–40 Hz) and may be the main candidates involved in brain 

activation following 30 Hz WBV. Second, improved cognitive performance could be induced by 

enhanced functioning of underlying neurotransmitter systems such as the cholinergic and dopaminergic 

system. Third, a variety of other factors such as changes in motor neuron excitability, synchronization, 
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and motor unit recruitment thresholds may play an important role in cognitive improvements found 

after WBV. Fourth, there are also some implications that WBV may influence the brain directly 

(mechanically), without a role of earlier mentioned factors. 

Taken together (passive) WBV can improve cognitive performance and is safe and feasible to 

apply in a clinical setting, but more (longitudinal) research is needed to (1) confirm the effectiveness of 

WBV for different populations, (2) examine which functions can be improved by WBV, (3) establish an 

optimal treatment regimen, and (4) to examine which mechanisms underlie cognitive improvements 

found after WBV. 
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ABSTRACT 

Whole body vibration (WBV) is a form of physical stimulation brought about by mechanical vibrations 

transmitted to a subject. WBV can increase attention in cognitive tasks in mice and men. However, little 

is known about the mechanisms that underlie this improved brain functioning. We examined whether 

WBV affects the cholinergic forebrain system of mice. Male C57Bl/6J mice (2 months of age) received 

WBV in a cage attached to a small vibrating platform (30 Hz with peak-to-peak displacements ranging 

from 14 to 75 mm). WBV was applied five days a week for a period of five weeks with daily sessions of 

ten minutes. Control mice (pseudo-WBV) were treated similarly, but did not receive the actual vibration. 

Mice were sacrificed 24 hours after the last session and their brains were processed 

immunocytochemically for the acetylcholine-synthesizing enzyme choline acetyltransferase (ChAT). 

ChAT-immunoreactivity was measured in the nucleus basalis magnocellularis (NBM), the somatosensory 

cortex and the basolateral amygdala (where the cholinergic fibers arising from the NBM terminate). 

ChAT-immunoreactivity was significantly increased due to WBV in layer 5 of the somatosensory cortex 

(by 23%; p<0.01) and amygdala (by 21%; p<0.05), but not in the NBM as compared to pseudo-WBV. As 

increased ChAT-immunoreactivity indicates a higher cholinergic activity, these results reveal that the 

positive effects of WBV on attention are most likely (at least in part) mediated by an increased activity 

of the NBM cholinergic system. WBV could therefore be a suitable intervention strategy in conditions 

where a reduced cholinergic forebrain activity plays a role.  

 

Keywords: Sensory stimulation, Cholinergic system, Acetylcholine, nucleus basalis magnocellularis, fiber 

density 

 

Abbreviations: ADHD: Attention-Deficiency/Hyperactivity Disorder; ChAT: choline acetyltransferase; 

NBM: nucleus basalis magnocellularis; OD: optical density; WBV: whole body vibration 
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3.1 INTRODUCTION 

The cholinergic forebrain system consists of several subnuclei providing the forebrain with dense and 

widespread cholinergic innervations. A major cholinergic subnucleus in rodents is the nucleus basalis 

magnocellularis (NBM), innervating primarily the cortex and amygdala [1,2]. Within these projection 

areas, layer five of the somatosensory cortex and the basolateral amygdala are particularly densely 

innervated [1]. The cholinergic system is considered to be crucial in learning and memory performance, 

and the cholinergic NBM cells play a specific role in the performance of tasks that require selected 

attention [2-4]. In general, the cholinergic system is activated in response to environmental stimuli. The 

cholinergic NBM cells are ideally located within the basal forebrain region to process sensory stimuli 

arising from the midbrain [2,3]. Especially highly salient sensory stimuli activate the NBM and hence 

modulate the activity in their projection areas. A specific type of sensory stimulation is whole body 

vibration (WBV). During WBV a vibration source (usually a platform) transfers mechanical vibrations to 

the body of a subject standing on the platform. The platform provides a mechanical oscillation of specific 

amplitude of displacement and frequency, improving neuromuscular performance suitable for clinical 

purposes [5,6]. WBV with limited durations (two to ten minutes) was found to improve attention in 

humans measured shortly after the WBV sessions [7-9]. In several mouse strains, five weeks of WBV 

treatment was able to improve performance in learning tasks as well as motor performance. For 

example, in C57Bl/6J mice, WBV-mice learned faster in a two-arm spatial discrimination task [10]. In 

ICR(CD1) mice, cognitive performance in the object recognition task, a test by which the mice have to 

discriminate between a familiar and a novel object, improved significantly [11]. These effects can be 

explained by increased (selective) attention, which may imply a contribution of the cholinergic forebrain 

system. Therefore, in the current study we examined in C57Bl/6J mice whether WBV could enhance 

selective attention by way of increased cholinergic activity. The level of immunoreactivity for the 

acetylcholine-synthesizing enzyme choline acetyltransferase (ChAT) correlates positively with ChAT 

enzyme activity and hence cholinergic activity [12]. We analyzed ChAT-immunoreactivity in the NBM, 

somatosensory cortex and basolateral amygdala in mice subjected to the five weeks WBV protocol as 

employed in the above mentioned mouse studies. 

 

3.2 MATERIAL AND METHODS 

3.2.1 Animals 

Young C57Bl/6J mice were used (n = 14; males; two months of age at the start of the experiment; Harlan 

Netherlands BV, Horst, the Netherlands). All mice were individually housed, with food and water 

available ad libitum. They were kept under a 12-hour light / 12-hour dark cycle (lights on at 7:00 am). 
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The air humidity in the room was kept at 40% and temperature was held constant at 21ᵒ Celsius. All 

procedures concerning animal care and treatment were in accordance with the regulations of the 

ethical committee for the use of experimental animals of the University of Groningen. These regulations 

are consistent with the guidelines for the care and use of laboratory animals as described by the U.S. 

National Institutes of Health. All experiments of this study were approved by the ethical committee of 

the University of Groningen, The Netherlands. 

 

3.2.2 Whole body vibration procedure  

The WBV apparatus was made of an oscillator (LEVELL R.C. Oscillator Type TG200DMP) and power 

amplifier (V406 Shaker Power Amplifier). A cage (44.5(length) x 28 (width) x 16 (height) cm) was 

attached to the oscillator at the center point of the cage (a circular contact plate with a diameter of 5 

cm). The cage contained 12 removable compartments (6.5 (length) x = 7.5 (width) x 20 (height) cm). 

Mice were subjected to low intensity sinusoidal vibrations with a frequency of 30 Hz and a peak to peak 

displacement in the following directions: X (left-right; 40-60 mm), Y (front-back; 29 to 75 mm), and Z 

(up-down; 14-54 mm). The lowest values were measured at the center of the cage and the highest levels 

at the corners of the cage. WBV was applied five days a week for a period of five weeks with daily 

sessions of ten minutes. Mice were placed in the compartments following a rotation schedule. Control 

mice (pseudo-WBV mice) were similarly placed in the compartments, but did not receive the actual 

vibration. Animals were randomly assigned to either the WBV or pseudo-WBV group. Body weight of 

the mice was measured weekly. 

 

3.2.3 Immunocytochemistry 

Mice were placed under deep anesthesia and transcardially perfused with a solution containing 4% 

buffered paraformaldehyde. After perfusion, the brains were removed and post-fixed for 18-24 hours 

in the same solution. After dehydration in 30% buffered sucrose the brains were frozen in liquid nitrogen 

and coronal sections of 20 µm were made on a Cryostat. Next, brain sections were incubated with goat 

anti-ChAT IgG (diluted 1:333, Millipore, Billerica, MA, USA). Thereafter, brain sections were incubated 

with biotynilated rabbit-anti-goat IgG (Sigma, St. Louis, MO, USA, 1:400). Sections were thereafter rinsed 

in 0.01M TBS and incubated for 2 hours with ABC solution (1:500). Finally, 3,3’-diaminobenzidine (Sigma, 

St. Louis, MO, USA) was used as chromogen.  

 Quantification of the ChAT-immunostaining was performed by a Leica Quantimed system, and 

the obtained optical density (OD) was then corrected for the aspecific background staining measured in 

the corpus callosum, resulting in the corrected OD. Regions of interest were the NBM, somatosensory 

cortex layer 5 and the basolateral amygdala. OD was measured in six sections per mouse, aiming at 
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sections at 0.6 mm posterior to Bregma. In the NBM ChAT was separately measured in cell bodies and 

processes (axons and dendrites; software was used to discriminate cell bodies from other structures). 

The differentiation between cell bodies and processes was done because of the much higher staining 

intensity of ChAT in the cell bodies compared to the processes (see Figure 3.1), by which WBV-induced 

differences in the staining intensity of the processes could be marginalized. 

 

3.2.4 Statistical analyses 

Data were presented as mean ± standard error of the mean (SEM). Statistical analyses were performed 

by Student´s t-test. P < 0.05 was considered significant. Data were analyzed by using Microsoft Excel 

and SPSS23.   

 

3.3 RESULTS AND DISCUSSION 

No differences in body weight gain (due to growth during the five-week intervention period) were found 

between the pseudo-WBV and WBV group (respectively 6.5% [from 24.1 to 26.88 g] and 6.0% [from 

23.7 to 25.13 g]). ChAT OD and ChAT-immunostaining are depicted in Figure 3.1 for the NBM, cortex 

and amygdala. The ChAT staining pattern was similar as previously observed by us and others [13 and 

references therein]. ChAT immunostaining in the NBM showed intense labeling in the cholinergic cell 

bodies and relatively less intensely stained processes (not shown). To discriminate between these 

structures, the staining intensity of the cell bodies were measured separately from the processes. No 

differences were found in the staining intensity between pseudo-WBV (corrected OD: cell bodies 1.30 

± 0.04 SEM; processes 0.41 ± 0.06) and WBV groups (corrected OD: cell bodies 1.32 ± 0.04 SEM; 

processes 0.39 ± 0.05). In the two projection areas of interest of the NBM only ChAT-positive axons 

were observed. ChAT-immunostaining was significantly higher by 23% in the WBV group in layer 5 of 

the somatosensory cortex (WBV: corrected OD= 0.23 ± 0.01 SEM.; pseudo-WBV: corrected OD = 0.19 ± 

0.01 SEM; p < 0.05; Student´s t-test). In the basolateral amygdala ChAT-immunoreactivity was also 

significantly increased by 21% in the WBV group (WBV: corrected OD = 0.33 ± 0.013 SEM; pseudo-WBV: 

corrected OD = 0.27 ± 0.012 SEM; p < 0.01; Student t-test).   

The absence of a WBV-induced difference in the NBM 24 hours after the last WBV session is 

probably due to transport of the ChAT protein, produced in the cell bodies, towards the axons and their 

nerve terminals in the projection regions, where the enzyme is responsible for the production of 

acetylcholine. Although axonal transport of ChAT is relatively slow (for example, 1.25 mm/day in rat 

sciatic nerve axons [14]), this rate of transport may explain why enhanced ChAT-immunoreactivity is not 

observed in the NBM 24 hours after the last WBV session. Most likely the enhanced ChAT-
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immunoreactivity in the NBM target regions reflects accumulation of ChAT in existing cholinergic fibers 

rather than a more widespread presence of cholinergic fibers via axonal sprouting. The increase in ChAT-

immunostaining indicates a higher level of ChAT activity and acetylcholine release, and hence a higher 

activity of the cholinergic cells, as it has been shown that ChAT-immunoreactivity correlates positively 

with ChAT enzyme activity and hence cholinergic activity [12]. Nevertheless, as OD measurements of 

ChAT-immunoreactivity provides semi quantitative values, future research using a quantitative assay of 

ChAT activity after WBV is needed to confirm the functional consequence of the observed increased 

ChAT OD in terms of enhanced cholinergic activity. If in humans WBV does enhance cholinergic activity 

as well, it could explain why cognitive performance in the Stroop test was improved by WBV in healthy 

children and young adults [7,9], but also in young adults with attention-deficit/hyperactivity disorder 

[8]. A link between cholinergic functioning and Stroop test performance has been shown [15]. 

 

Figure 3.1. ChAT corrected OD 

(expressed in arbitrary units; 

mean ± SEM) in the NBM (panel 

A), and the somatosensory 

cortex and basolateral 

amygdala (panel B). WBV 

induced a significant increase in 

ChAT-immunostaining in the 

somatosensory cortex (p<0.01) 

and the basolateral amygdala 

(p<0.05). Representative 

pictures of ChAT-

immunostaining show the 

somatosensory cortex (pseudo-

WBV (panel C) and WBV (panel 

D); numbers indicate layer 4 

and 5) and the basolateral 

amygdala (BA; pseudo-WBV 

(panel E) and WBV (panel F). 

Inserts show a larger 

magnification of the center part 

of the images. Scale bars in 

panel C-D = 25 mm; in panel E-F 

= 50 mm. 
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3.4 CONCLUSION 

The results of this study reveal that the positive effects of WBV on attention may be (at least in part) 

mediated by an increased activity of the NBM cholinergic system. WBV could therefore be a suitable 

intervention strategy in conditions where a reduced cholinergic forebrain activity plays a role. 
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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 (TMSim), whole body vibration (WBV), and a combination of both 

TMSim + 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 

minutes 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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4.1 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 (Figure 4.1A, B) are distinguished; motion 

simulation (TMSim), whole body vibration (WBV), and a combination of both TMSim + WBV.  

During TMSim 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 TMSim stimulates the visual, auditory, 

tactile, and proprioceptive system of a participant. To the best of our knowledge, to date TMSim 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 

(proprioceptive and tactile stimulation). 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 
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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 TMSim 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 TMSim 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 TMSim will also 

increase signaling of the vestibular system to for example 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 TMSim and WBV association areas will receive input from the activated 

sensory areas, causing a diffuse activation of brain regions [26]. We believe that during TMSim 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 TMSim 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 (TMSim) will enhance the effects seen for WBV 

and TMSim alone.  

Although TMSim is already being used in multiple health care settings, any effects of TMSim 

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 TMSim 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 TMSim 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. 
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4.2 METHODS 

4.2.1 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 principles of the Declaration 

of Helsinki, and is registered with The Netherlands National Trial Register (NTR6290, 

http://www.trialregister.nl). 

 

4.2.2 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 minutes 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. 

 

4.2.3 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 

Figure 4.1. 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. 4.1A is not depicted). Both 

platforms are used to provide the TMSim, WBV and TMSim + WBV intervention sessions. 
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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 enrolment and study design is given in Figure 4.2. 

  

Figure 4.2. Flowchart of the study processes. 
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4.2.4 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 (TMSim, WBV, 

TMSim + 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.  

 

4.2.5 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 TMSim. 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 a peak-to-peak 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, as this was shown to be most effective [16]. During 

the WBV session a stationary motorcycle with idling engine is shown on the screen and matching sounds 

are played. 

For the TMSim + WBV intervention, the former two forms of passive exercise are combined. 

During 12 minutes participants alternately receive TMSim (4 minutes) and WBV (2 minutes). 

 All forms of passive exercise will be applied using two commercially available motion simulation 

devices (the balancer, Figure 4.1A and the wheelchair pod, Figure 4.1B). 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 TMSim and TMSim + WBV group, 

the participants are asked which movies of the session they liked the most. For the TMSim and TMSim 

+ WBV group 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. 
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4.2.6 Outcome measures 

QOL and ADLs 

To assess QOL and ADLs a series of questionnaires are used.  

The EQ-5D-5L [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-5L 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-3L 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 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 the subdomains global cognitive functioning, executive functioning and verbal memory is 

used. 
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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 seconds. 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 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 
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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 rises from a chair, walk 3 meters, 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 

seconds. If a stance cannot be held for 10 seconds, the test stops. Scores can range from 0 to 5, with 

higher scores indicating better performance.  

 A 6-meter walking test is used to assess walking speed. Participants are instructed to walk 10 

meters as fast as possible, but without running. Time registration starts after 2 meters and stops 2 

meters before the end of the 10-meter 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.  

 

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. 
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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-5L 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 TMSim 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) 

 

4.2.7 Sample size calculation 

Sample size is calculated with Sample Power 3. Since there is no data available on TMSim 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 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.  
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4.2.8 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 Bonferroni 

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 Bonferroni 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 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]. 

 

4.3 DISCUSSION 

TMSim and WBV are new and promising interventions for patients not able to be or stay involved in 

physical exercise. TMSim 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. 
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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 TMSim makes that TMSim can be personalized to a 

great extent. Consequently, high adherence rates are expected in the present study. 

TMSim 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 potential 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 

hypothesis 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 TMSim and TMSim + 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 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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LIST OF ABREVIATIONS 

QOL: Quality of life;  

ADLs: Activities of daily living;  

TMSim: Motion simulation;  

WBV: Whole body vibration;  

TOPICS-MDS: The older persons and informal caregivers survey minimum dataset;  

 MMSE: Mini mental state examination;  

SRT: Simple reaction time;  

DSf: Digit span forward;  

DSb: Digit span backward;  

TMT A: Trail making test part A;  

TUG: Timed up & go test;  

CSI: Caregiver strain index;  

ZBI: Zarit burden interview;  

QALYs: Quality adjusted life years; 
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ABSTRACT  

Background: Increasing physical activity levels in patients with dementia can reduce pathology severity 

and progression of the disease. However, physical activity programs can be challenging to adhere to for 

this vulnerable population. Three novel forms of passive exercise in a multisensory environment may 

be feasible alternatives for patients who can no longer be involved in physical activity. Objective: To 

determine the feasibility of three different forms of passive exercise in a multisensory environment in 

inactive institutionalized older adults with dementia. Methods: 120 patients with dementia participated 

in this single blind randomized controlled trial (64.5% female, age 85.3±6.8 years, mini mental state 

examination range 0-29). Ninety participants were randomly assigned to one of the three intervention 

groups (Therapeutic Motion Simulation (TMSim), Whole Body Vibration (WBV) and TMSim+WBV). 

Participants received 6 weeks of passive exercise, 4 sessions a week, 4 (WBV) to 12 (TMSim and 

TMSim+WBV) minutes per session. Feasibility of the novel forms of passive exercise was evaluated 

based on attendance, compliance, (proxy) experience scores, adverse events and drop-out rates. 

Results: On average 87.9% of the offered intervention sessions were attended. All three forms of 

passive exercise were well appreciated by the participants (7.3 on a scale from 0 to 10). Intervention 

related drop-out rates were reasonable (12.2%) and no serious adverse events occurred. Conclusion: 

The novel passive exercise interventions TMSim, WBV and TMSim+WBV are feasible to apply in patients 

at all stages of dementia. More research is needed to establish effectiveness of passive exercise to limit 

adverse effects of dementia. 

 

Keywords 

Dementia, Randomized controlled trial, Feasibility studies, Sensory Art Therapies, Exercise Therapy, 

Long-Term Care, Nursing Home, Vulnerable populations 
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5.1 INTRODUCTION 

Older adults with dementia frequently have low activity levels, poor mobility and reduced quality of life 

(QoL), especially after being institutionalized. Compared to healthy older adults, community dwelling 

dementia patients have 21,6% lower physical activity (PA) levels and for institutionalized dementia 

patients PA levels are even 40% lower [1,2]. Increasing PA levels by means of exercise interventions can 

reduce pathology severity and decline in cognitive functioning, QoL and activities of daily life (ADLs)in 

patients with dementia [3,4].  

Although increased PA can be effective to reduce disease progression [3-5], adherence to PA 

programs can be challenging, especially for institutionalized older adults with dementia. Reduced 

cognitive and physical functions, poor mobility and comorbidities limit patients in the ability to 

successfully adhere to or complete PA interventions [6,7]. In addition, patients who show more severe 

disease progression are often not even included in studies in which feasibility and effectiveness of new 

PA programs are tested and evaluated [4]. This makes outcomes of such PA interventions less 

generalizable to patients in the most severe stages of dementia. Moreover, despite the growing 

evidence of the benefits of PA in dementia, there remains a lack of studies looking into activity 

alternatives suitable for patients who are no longer able to stay involved in PA. Therefore, alternatives 

to PA that are available for all dementia patients, regardless of their cognitive and physical abilities, 

could be promising in this vulnerable population.  

We aim to test the feasibility of three new forms of passive exercise in a multisensory 

environment which are thought to be applicable in all dementia stages. The three novel forms of passive 

exercise that are distinguished are Therapeutic Motion Simulation (TMSim), Whole Body Vibration 

(WBV) and the combination of both (TMSim + WBV). All forms of passive exercise are employed with 

robotized movement platforms as depicted in Figure 5.1, making it possible to include wheelchair 

bound patients as well. During TMSim tactile, proprioceptive, auditory and visual stimuli are provided 

to the user by means of activity videos that are accompanied by matching music and sounds and 

movements of the platform that are synchronized with the activities on the screen. During WBV tactile 

and proprioceptive stimulation is provided to the user via mechanical vibrations (30 Hz, 1-2 mm) of the 

platform.  

WBV exercise, where participants have to performs exercise on a vibrating platform has been 

shown to be an effective stimulus for creating significant improvements in overall health [8,9]. In 

addition it has been shown that passive WBV, where participants are seated on a vibrating platform, 

can improve aspects of attention in (older) adults [10-12]. However passive WBV has not yet been 

studied in patients with dementia, nor in combination with other sources of sensory stimulation. The 
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same holds true for TMSim, which has never been studied before. However, after interventions for 

patients with dementia in which components of TMSim were used, such as music and video 

interventions, agitated behavior was reduced and social behavior, alertness and happiness were 

promoted [13-15]. Taken together TMSim, WBV and TMSim + WBV are thought to help to reduce 

inactivity in patients with dementia and to be applicable in in all dementia stages. In addition, these 

novel forms of passive exercise could potentially enhance physical, cognitive and emotional function in 

patients with dementia. 

WBV was already found to be feasible to apply in institutionalized older adults [16]. However, 

to the best of our knowledge, feasibility of WBV as well as completely novel interventions such as 

TMSim and TMSim + WBV are currently not used in older adults with dementia and its feasibility needs 

to be established. Therefore, the objective of this study was to determine the feasibility of three 

different forms of passive exercise in a multisensory environment (TMSim, WBV and TMSim + WBV) in 

inactive institutionalized older adults with dementia. 

 

5.2 METHOD 

The study design was a single blind randomized controlled trial. The study protocol conforms to the 

principles of the Declaration of Helsinki and was approved by the medical ethics committee of the 

University Medical Center Groningen (the Netherlands). A detailed description of study design and 

procedures can be found in the protocol paper of this study [17]. Procedures and methodology relevant 

to the current paper are described below. 

 

5.2.1 Participants and procedures 

120 residents (64.5% female, age 85.3 ± 6.8 years) from the closed wards of eight different nursing 

homes in the North of the Netherlands participated in this study. The patient and legal representative 

were informed about the study and asked to give informed consent. The legal representative gave 

written informed consent and the patient orally agreed to take part in the study. After informed consent 

was given, participants were screened for inclusion and exclusion criteria. Participants were enrolled in 

the study if they were 1) officially diagnosed with a form of dementia, 2) over 65 years of age, and 3) 

not physically active for more than 10 minutes a day. Participants were excluded if they 1) had a contra-

indication for passive exercise, 2) had a serious auditory disorder, 3) were color blind, and/or 4) 

excessively used alcohol or drugs.  

After stratification for nursing home, age, gender and baseline mini mental state examination 

(MMSE) score participants were randomly assigned to one of the intervention groups or the control 
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group with a 1:1:1:1 allocation ratio. An independent blinded researcher, not related to the study, 

performed the randomization using a random number generator.  

 

5.2.2 Interventions 

Participants in the intervention groups received 4 (WBV) or 12 (TMSim and TMSim + WBV) minutes of 

passive exercise in a multisensory environment, four times a week for six consecutive weeks. 

Participants in the control group received regular care during these six weeks. All forms of passive 

exercise were applied using two commercially available motion simulation devices as shown in Figure 

5.1 (balancer and wheelchair pod, Pactive Motion, Hoogerheide, The Netherlands). During the sessions, 

participants were asked to take place on either one of the platforms and focus on the television screen. 

Hands were placed on the sidebars of the balancer or the wheelchair. Preferably the participant was 

seated as upright as possible. All sessions were individually supervised by a trained research assistant. 

In the TMSim intervention group participants saw three short, real life movies of approximately 

four minutes each during each session. Matching music and sounds were played and the platform 

moved synchronically with the movies on screen, so the participants were passively moved and were 

stimulated multisensory by means of visual, auditory, tactile and proprioceptive stimuli.  

 During a WBV intervention session participants received vibrations with a frequency of 30 Hz 

with a peak-to-peak amplitude of 1-2 mm for four minutes. A stationary motorcycle with idling engine 

was shown on the screen and matching sounds were played. Three different stationary motorcycling 

videos were available to provide some sort of variation. 

 

Figure 5.1. 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). A wheelchair as well as a 

normal chair could be safely secured on the wheelchair platform. Both platforms are used to provide the TMSim, 

WBV and TMSim + WBV intervention sessions. 
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In the TMSim + WBV intervention, the former two forms of passive exercise were combined. During 12 

minutes, the participants alternately received TMSim (4 minutes) and WBV (2 minutes). 

For the TMSim parts of the intervention a total of 31 different movies were available in six different 

categories: motor riding, horse riding, nature (e.g. diving, forest and seaside videos), walking, dancing 

and extreme sports (snowboard and jetski). During the first week movies from all six categories were 

shown and participants were asked to give an indication of which movies they liked most. For each 

session of TMSim and TMSim + WBV respectively a top 3 and top 2 were documented. Since not every 

participant was able to express their preferences also a proxy top 3 and top 2 were given by the research 

assistant who supervised the session. Selection of movies during the following five weeks was based on 

the preferences as expressed by the participant after all prior sessions. 

 In addition, after each session participants were asked to give an indication of how much they 

enjoyed the session. This was documented as the experience score. Scores could range between zero 

(not liking the session at all) and ten (really enjoyed the session). As not every participant was able to 

understand or formulate an experience score, the research assistant scored a proxy-experience score 

first and thereafter asked the participant to give an experience score to the session (if possible). 

 

5.2.3 Feasibility 

The feasibility of TMSim, WBV and TMSim + WBV in institutionalized older adults was evaluated based 

on the following parameters: attendance, compliance, (proxy) experience scores, adverse events and 

drop-out rates. Attendance was computed after the 6-week intervention period as the percentage of 

the offered sessions that were actually attended. Compliance was the percentage of attended sessions 

that were completed according to protocol. Experience scores, between 0 (very unpleasant) and 10 

(very pleasant) were obtained for each completed session [17]. The following ranges apply to the 

experience scores 0-3 very unpleasant, 3-5 unpleasant, 5-6.5 neutral, 6.5-8 pleasant, 8-10 very 

pleasant. Adverse events, drop-outs and reasons for drop-out were documented. A distinction was 

made between dropouts related to the intervention (e.g. unwillingness to participate after a number 

of sessions or drop-outs related to adverse events) and drop-outs not related to the intervention (e.g. 

sickness and death) 

 An intervention was considered as feasible when attendance was high (>75%), interventions 

were completed according to protocol (>90%) experience scores indicated at least pleasant experiences 

(≥6.5) for the participants, drop-out rates related to the intervention were low (<20%) and no serious 

adverse events occurred [18]. 
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5.2.4 Statistics  

Data was analyzed using IBM SPSS statistics 25. Both intention-to-treat as well as per protocol analyses 

were performed. In the intention to treat analysis every randomized participant who participated in at 

least one session was included. For the per protocol analysis only participants who attended at least 

50% of the scheduled sessions were included. A flowchart for the groups and participants included in 

the intention to treat and per protocol analyses is presented in Figure 5.2. Chi-square tests were used 

to analyze differences in gender, use of walking aid/wheelchair, type of dementia, platform use and 

dropout rates between the groups. Age, number of comorbidities, MMSE score and intervention 

related measures were tested using one-way analysis of variance. Bonferroni corrected post-hoc tests 

were performed for significant group effects. P values lower than 5% were considered to indicate 

statistical significance. 

  

Figure 5.2. A flowchart of the participants per group included in the intention to treat and the per protocol analyses 
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5.3 RESULTS 

5.3.1 Group characteristics 

In Table 5.1 baseline characteristics of the 120 included participants are presented. Age, gender, use of 

walking aid, number of comorbidities and global cognitive function as measured with the MMSE were 

not different at baseline between the four groups.  

 

Table 5.1. General characteristics of the study population. 

Characteristic 

TMSim group 

(n=30) 

WBV group 

(n=30) 

TMSim + WBV 

group 

(n=30) 

Control group 

(n=30) 

F/Chi2 test-value (df), 

p value 

Age (years), M(±SD) 84.9 (±6.6) 86.2 (±4.7) 84.3 (±8.1) 85.8 (±7.4) 0.48 (119), p=0.70a 

Range 69-95 75-96 69-103 70-99  

Females, % 70.0 63.3 66.7 66.7 0.30 (3), p=0.96b 

Walking aid/wheelchair 11/6 13/4 15/3 11/8 3.91 (6), p=0.69b 

Dementia typec, %      10.1 (15), p=0.81b 

Alzheimer’s Disease 53.3 43.3 60 36.7  

Vascular Dementia 10 16.7 13.3 13.3  

Lewy body Dementia 3.3 3.3 0 0  

Fronto-temporal Dementia 3.3 0 0 3.3  

Combination 10 13.3 3.3 10  

Other/Unknown 20 23.3 23.3 36.7  

Comorbidities (number), M±SD, (N) 2.8±1.8, (26) 3.6±2.0, (21) 3.4±2.0, (16) 3.7±2.7, (23) 0.90 (85), p=0.44a 

MMSEd, M(±SD) 12.2 (±7.5) 14.0 (±5.9) 13.6 (±6.7) 12.8 (±6.1) 0.38 (98), p=0.77a 

Ranged 0-29 5-22 3-28 1-26  

N/not tested 23/7 26/4 27/3 23/7  

Not tested due to (receptive) 

aphasia/unwillingness 

4/3 1/3 2/1 3/4  

Questionable(score 25-30), % 4.3 0 3.7 4.3  

Mildly impaired (score 19-24), % 17.4 26.9 25.9 13.1  

Moderately impaired (score 10-18), % 39.2 42.3 44.5 56.5  

Severely impaired (score ≤ 9), % 39.1 30.8 29.6 26.1  

a Differences between groups were tested with One-way Analysis of Variance. b Differences between groups were 

tested with Chi-square test. c Presumed dementia type according to medical records. d Mini mental state 

examination. Range 0-30, higher scores indicate better performance  
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5.3.2 Personalization 

In Figure 5.3 the percentage of videos watched per category in the TMSim and the TMSim + WBV group 

are presented for each individual. In general, walking was the most often watched category in both the 

TMSim and the TMSim + WBV group. In both groups least videos were watched in the category extreme 

sports. However large variation in preferred categories can be observed between individuals in both 

the TMSim as well as the TMSim + WBV group. 

  

Figure 5.3. Overview of the percentages of the videos that are played in each category in the TMSim and TMSim + 

WBV group. For each group the categories are sorted (descending) based on the total number of videos watched in 

each category. Each bar represents a single individual. Only individuals who attended at least 50% of the scheduled 

sessions were included in this figure. 
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5.3.3 Adverse events and drop-outs  

No serious adverse events took place in relation to the different passive exercise interventions. A total 

of four participants experienced motion sickness during the intervention session and therefore further 

interventions were stopped for these participants. However, it must be noted that two of these patients 

also reported motion sickness when movements of the device were put off. 

Drop-out rates did not significantly differ between the groups. In addition to the drop-outs due 

to motion sickness, a total of two participants passed away during the study and due to illness (e.g. 

broken shoulder, pneumonia) eight patients were no longer able to attend the intervention sessions. 

After a couple of sessions, a total of seven participants indicated that they did no longer want to 

participate in the study. Eleven drop-outs were related to the intervention. In Tables S1 and S2 the 

number of dropouts is given with regard to physical and cognitive burden of the participants (see 

supplementary data). No apparent differences in drop-out rates were observed with regard to physical 

and cognitive disease severity of the participants. 

 

5.3.4 Intention-to-treat 

In Table 5.2 feasibility measures for each group are presented. 85 of the 90 participants that were 

assigned to one of the intervention groups were included in the intention to treat analysis. Five 

participants did not attend a single intervention session; hence these participants were not included in 

the analysis. On average 20.4±6.9 passive exercise sessions were offered to the participants of which 

16.6±7.8 were attended. Reasons for missed sessions were divers: motivational problems (40%), 

bedday (23%), sick (9.1%), not present at ward (7.9%), visitors (5.5%), delusions (3.9%), physical 

discomfort (3.3%), tiredness (3.3%), aggressive behavior (2.1%), discommended by staff (1.2%), 

disoriented (0.3%) and broken wheelchair (0.3%). Mean attendance rates ranged from 77% (TMSim 

and TMSim + WBV) to 83% (WBV). Overall compliance of the attended sessions was 99.3%, cases of 

non-compliance were caused by participants wanting to leave the session before it was finished. 

Fifty-nine participants were able to express their experiences. The passive exercise sessions on 

average were rated between 6.9 (WBV) and 7.3 (TMSim + WBV) by the participants with no significant 

differences between groups. Proxy-experience scored by the supervisor of the sessions was significantly 

different between groups, post hoc analyses revealed the proxy-experience was significantly higher in 

the TMSim group when compared to the WBV group (p=.004; 95% [CI], 0.23 to 1.47) 
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5.3.5 Per protocol 

Due to a variety of setbacks (e.g. closing of ward due to norovirus, technical problems or sickness of the 

research assistant) for 65% of the participants the intended 24 sessions were offered, 12% were offered 

23 interventions sessions and 15% were offered 22, 6% were offered 21 sessions and a final 1.5% was 

offered 20 sessions. Of the 90 participants that were assigned to an intervention group, 68 participants 

attended at least 12 (50%) of the scheduled sessions. Mean adherence rates ranged between 85% 

(TMSim+WBV) and 90% (TMSim and WBV). Overall 99.3% of the attended sessions in the per protocol 

analysis was completed according to protocol. In general, the experience and proxy-experience scores 

were somewhat higher in the per protocol analyses as compared to the intention-to-treat analyses, but 

these differences were not significant (p>.05). Overall 52 participants were able to judge the sessions 

and indicated that they experienced the passive exercise sessions as pleasant (6.5-8). Experience scores 

were highest in the TMSim group, followed by WBV and TMSim + WBV. The TMSim sessions also tended 

to be rated better by the supervisor as compared to the WBV and the TMSim + WBV sessions. Proxy 

experience scores were significantly higher in the TMSim group when compared to the WBV group 

(p=0.002; 95%[CI], 0.24 to 1.32). 

 

5.4 DISCUSSION 

The objective of this study was to evaluate the feasibility of three new forms of passive exercise, TMSim, 

WBV and TMSim + WBV, in institutionalized older adults with dementia. The interventions were 

considered feasible when attendance and compliance were high (respectively >75% and >90%), 

experience scores indicated at least pleasant (≥6.5) experiences for the participants, drop-out rates 

related to the intervention were low (<20%) and no serious adverse events occurred. 

All three forms of passive exercise in a multisensory environment were successfully delivered 

over a 6 weeks’ time period, and even the most severely affected individuals could successfully adhere 

to the program. The results indicate that all three forms of passive exercise in a multisensory 

environment were well appreciated by the participants (mean experience 7.3, range 7.2-7.4). 

Moreover, attendance rates are considered as high (mean attendance 87.9%, range 84.5-89.7), 

interventions were completed according to protocol in 99.3% of the sessions, intervention related drop-

out rates were reasonable (12.2%, range 10.0-17.9) and no serious adverse events occurred. All things 

considered TMSim, WBV and TMSim + WBV are feasible to apply in institutionalized older adults with 

dementia.  

Due to the novelty of the described passive exercise interventions there is limited opportunity 

to compare feasibility outcome measures with other passive exercise studies. One study in which WBV 
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was applied in nursing home patients (6 weeks, 3 times a week) reported attendance rates over 95% 

[16]. 

 

Table 5.2. Feasibility outcome measures presented per group.  

Intervention characteristic TMSim group WBV group 
TMSim + WBV 

group 
Control 

group 
F/Chi2 test-value (df), 

p value 

Balancer/wheelchair platform (N) 17/13 17/13 18/12 N.A. 0.09 (2), p=0.96 b 

      

Intention-to-treat analysis, N 27 30 28 N.A.  

Sessions offered, M(SD) 20.1 (7.0) 20.9 (6.9) 20.3 (6.9) N.A. 0.12 (85), p=0.88 a 

Sessions attended, M(SD) 16.3 (8.2) 17.4 (7.7) 16.1 (7.7) N.A. 0.24 (85), p=0.79 a 

Attendance rate c, M(SD) % 77.2 (26.3) 82.5 (22.0) 77.1 (27.5) N.A. 0.44 (85), p=0.65 a 

Compliance, % 100 99.8 98.0 N.A.  

Experience, M(SD) 
 N 

7.2 (1.3)  
17 

6.9 (1.7)  
22 

7.3 (0.9)  
20 

N.A. 0.54 (58), p=0.59 a 

Proxy experience, M(SD) 7.1 (0.9) 6.3 (0.8) 6.7 (0.7) N.A. 7.68 (77), p=0.001 a 

      

Per protocol analysis, N 21 23 22 N.A.  

Sessions offered, M(SD) 23.2 (1.2) 23.7 (0.9) 23.1 (1.1) N.A. 2.28 (65), p=0.11 a 

Sessions attended, M(SD) 20.8 (2.5) 21.3 (2.9) 19.5 (4.0) N.A. 1.80 (65), p=0.17 a 

Attendance rate c, M(SD) % 89.6 (11.4) 89.7 (12.5) 84.5 (17.3) N.A. 0.98 (65), p=0.38 a 

Compliance, % 100 99.8 97.9 N.A.  

Experience, M(SD)  

N 

7.4 (1.3)  

14 

7.4 (0.9)  

19 

7.2 (0.9)  

19 

N.A. 0.15 (51), p=0.87 a 

Proxy experience, M(SD) 7.2 (0.9) 6.5 (0.5) 6.7 (0.7)  N.A. 6.49 (65), p=0.003 a 

      

Drop-out, N 8 5 9 1 13.3 (15), p=0.58 b 

No oral consent after testing 1d 0 1d N.A.  

Motion sickness 1 1 2 N.A.  

Refused to attend after 1-16 
sessions 

2 2 3 N.A.  

Illness/Physical complaints 3d 2 3d 0  

Passed away 1 0 0 1  

N.A. Not applicable. a Differences between groups were tested with One-way Analysis of Variance. b Differences 

between groups were tested with Chi-square test. c The percentage of offered sessions that are attended. Note 

that if scheduled sessions would have been used attendance rates would have been lower. d Includes participants 

who did not attend a single session 

  

However, in this study very strict in- and exclusion criteria were applied with regard to cognitive and 

physical dysfunction. Since disease severity can affect adherence rates [19] it is likely that differences 

in attendance rates between these studies are the result of differences in the included sample. Despite 

the inclusion of even the most severely affected patients, the mean attendance rate of 87.9% is 
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comparable to a study in which feasibility of a group intervention involving multisensory stimulation, 

reminiscence, and light physical activity in people with moderate to severe dementia (88.6%) [20]. 

Moreover, mean attendance was 12.8% higher than the mean attendance rate in a 22-week music 

therapy intervention for care home residents with dementia [21]. As the latter study provided a 22-

week instead of 6-week intervention, higher attendance rates could be explained by the shorter 

intervention period. Longer duration passive exercise programs are needed to establish attendance on 

the long term.  

The high attendance rates we found in this study might also be related to the opportunity to 

adapt the interventions to the participants’ preferences. We observed large variation in preferences 

between individuals. As the selected videos were based on participants’ preferences the variation 

between individuals represents a certain level of individualization of the TMSim and TMSim + WBV 

interventions. The possibility to adapt TMSim and TMSim + WBV to participants’ preferences can be 

considered as a major strength of these interventions. Activities that can be adjusted to people’s 

preferences and are enjoyable can enhance attendance over the long term [22]. Hence, it is likely that 

the opportunity to adapt the TMSim and TMSim + WBV interventions to the preferences of the 

participants has contributed to both high experience scores as well as attendance rates.  

Although not significantly different, drop-out rates were higher in the intervention groups 

when compared to the control group. This can partly be explained by the fact that no intervention was 

provided to the control group. Therefore, one could only drop-out from the control group if they passed 

away. Furthermore, for some intervention related drop-outs the reason for drop-out might not be 

specific for the intervention given. In a number of cases the motions of the device were completely 

turned off, whilst the participants still indicated they became dizzy. For these dropouts it can be 

questioned whether the reported motion sickness was truly an effect of the intervention parameters 

or more so of the novelty of the intervention and stress that might be related to that.  

The overall dropout rate in the intervention groups (24.4%) was relatively high when compared 

to other studies [16,21]. This may be explained by the included population. It is very reasonable to 

assume that with including patients with higher disease severity (e.g. higher level of dependence, 

cognitive decline) risks for drop-outs not related to the intervention (e.g. death, illness) are higher. In 

addition, risk for complications during the intervention could be higher as compared to a less severe 

impaired population. Kovach (2000) described how older adults with dementia can experience 

intrapsychic discomfort as a result of too little or too much sensory stimulation [23]. This discomfort 

can result in confusion, agitation, frustration or unhappiness [24]. For some participants the 

combinations of sensory stimuli that is provided during passive exercise may have caused sensory 

overstimulation, resulting in non-attendance or eventually even dropping out. If overstimulation is 
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suspected, parameters of the interventions could be adjusted, even further extending the possibilities 

to individualize passive exercise. 

While for some patients overstimulation as a result of passive exercise can be a potential threat, 

for others passive exercise may propose a great opportunity to breach inactivity patterns and prevent 

sensory deprivation. Although duration of passive exercise lasted for four to twelve minutes in the 

current study the duration of passive exercise can easily be extended or shortened, depending on the 

needs of a patient. As such, passive exercise in a multisensory environment may be used to reduce 

intrapsychic discomfort in patients with dementia, resulting in less agitation, frustration and confusion 

and therefore reducing care burden of their caregivers.  

 One of the limitations of the current study is that the interventions were supervised by trained 

research assistants and not by nursing home staff. This does not affect the feasibility of the 

interventions itself, but it does limit us in evaluating the possibility to apply these forms of passive 

exercise outside the study setting. Future research in which passive exercise is applied by nursing home 

staff is necessary to test whether passive exercise can be integrated in daily routines within the nursing 

home setting. 

Second, even though the majority of the included participants showed both cognitive and 

physical disabilities, there might have been an inclusion bias as a result of protectiveness of the legal 

representatives over potential participants. In the recruitment phase of the study numerous legal 

representatives indicated that they thought their relative was too frail to participate in this study and 

therefore did not provide informed consent. This could have resulted in an included population that 

was less frail and representative for the vulnerable, inactive population we aimed for. However, the 

majority of the included participants showed both cognitive and physical disabilities. In addition, there 

was a substantial number of participants for who assessment with MMSE test was not even possible. 

Hence, we think the study population does represent the vulnerable population we aimed to include 

to a large extend. 

Taken together the novel passive exercise interventions TMSim, WBV and TMSim + WBV are 

feasible to apply in patients at all stages of dementia and can be used to provide passive exercise with 

(multi)sensory stimulation while respecting people their preferences. The different forms of passive 

exercise can be used to breach inactivity patterns and might have the potential to reduce mental 

discomfort in patients with dementia and care burden of their caregivers. More research is needed to 

establish attendance to passive exercise on the long term and to test whether it is possible to integrate 

passive exercise in daily routines of the nursing home setting. Moreover, the potential effectiveness of 

these novel forms of passive exercise in a multisensory environment to limit adverse effects of 

dementia are worth investigating. 
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SUPPLEMENTARY DATA 

 

Table S5.1. Drop-out rates for participants without a walking aid, walking aid users and wheelchair users 

 None Walking aid Wheelchair 

Drop-out, N/% 9/18.4% 10/20% 4/19% 

No oral consent after testing 2/4.1% 0/0% 0/0% 

Motion sickness 0/0% 3/6% 1/4.8% 

Refused to attend after x sessions 2/4.1% 5/10% 0/0% 

Illness/physical complaints 4/8.2% 2/4% 2/9.5% 

Passed away 1/2% 0/0% 1/4.8% 

 

 

Table S5.2. Drop-out rates divided by dementia severity level 

 
Questionable 
(score 25-30) 

Mild 
dementia 

(score 19-24) 

Moderate 
dementia 

(score 10-18) 

Severe 
dementia 
(score ≤ 9) Not tested a 

MMSE, N 3 20 45 31 21 

Drop-out, N/% 0 3/15.0% 10/22.2% 5/16.1% 5/23.8% 

No oral consent after testing 0 0 0 0 2/9.5% 

Motion sickness 0 0 2/4.4% 2/6.5% 0 

Refused to attend after 1-16 
sessions 

0 1/5.0% 5/11.1% 0 1/4.8% 

Illness/physical complaints 0 2/10.0% 2/4.4% 2/6.5% 2/9.5% 

Passed away 0 0 1/2.2% 1/3.2% 0 

a Mini mental state examination testing was not possible in these participants due to (receptive) aphasia (n=10) 

or unwillingness to test (n=11) 
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ABSTRACT 

Background: Since pharmacological treatments to manage dementia remain controversial, 

development of non-pharmacological alternatives to limit adverse effects of dementia is urgently 

needed. Passive exercise in a multisensory environment (Therapeutic Motion Simulation (TMSim, 

Whole Body Vibration (WBV) and a combination (TMSim + WBV)) is proposed to be such a non-

pharmacological alternative. This study primarily aimed to investigate the effects of these different 

forms of passive exercise on Quality of Life (QoL) and Activities of Daily Living (ADLs) of inactive 

institutionalized patients with dementia. The secondary aim was to assess the effects on cognitive and 

physical function. Methods: In this randomized controlled trial 120 inactive institutionalized persons 

with dementia (age 85.3 ± 6.8 years, 64.5% female, 59.2% walking aid/wheelchair users, mini mental 

state examination 12.9 ± 6.6) were assigned to TMSim, WBV, TMSim + WBV or a control group (regular 

care) The passive exercise groups followed a six-week intervention program consisting of four 4–12 

minute sessions a week. QoL, ADLs (proxy-report questionnaires), cognitive and physical function 

(performance based tests) were measured at baseline, after 6 weeks of intervention, and 2 weeks after 

the intervention had ended. Results: Outcome measures did not differ between groups at baseline. No 

consistent effects of passive exercise on QoL, ADLs, cognitive and physical function were observed after 

six weeks of intervention or during follow-up. 

Discussion: In the current setting passive exercise did not affect any of the outcomes measures. This 

may be due to the short intervention period, limited sensitivity to change of the assessment 

instruments in this specific vulnerable population or short lasting effects of the interventions. Future 

research into passive exercise should consider measuring acute and short term effects as well as longer 

intervention periods looking into alternative outcome measures (e.g. seated balance and behavioral 

and psychological symptoms of dementia).  

 

Trial registration: The Netherlands National Trial Register (NTR6290). Retrospectively registered 29 

March 2017.  

Keywords: Dementia, Therapeutic motion simulation, Whole body vibration, Randomized controlled 

trial, Quality of life, Activities of daily living, Cognition, Physical function 
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6.1 BACKGROUND 

The number of patients with dementia is rapidly increasing. It is predicted that in 2050 over 130 million 

people will suffer from this disease [1]. Dementia is characterized by progressive cognitive decline and 

physical impairment, causing high burden to both patients and caregivers. With the progression of the 

disease, patients’ quality of life (QoL) and their ability to perform activities of daily life (ADLs) rapidly 

decline, with the latter often resulting in institutionalization. To date no cure has been developed to 

effectively manage dementia. Therefore, a shift towards the use of non-pharmacological alternatives 

to limit the adverse effects of dementia has been deployed.  

To date the most described and examined non-pharmacological intervention is physical 

exercise. In numerous studies physical exercise is reported to improve cognitive and physical function, 

ADLs and QoL in patients with dementia [2-4]. However, due to motor deficits, comorbidity and 

behavioral problems there is a large patient group that cannot be or stay involved in physical exercise 

programs. For these patients, passive exercise in a multisensory environment might be an effective 

alternative. It has already been shown that passive exercise in a multisensory environment is feasible 

to apply in institutionalized older adults with dementia regardless of their cognitive and physical 

disabilities [5]. However, it remains unclear whether passive exercise in a multisensory environment 

has beneficial effects in this population. 

In this study we distinguish three different forms of passive exercise in a multi-sensory 

environment: Therapeutic Motion Simulation (TMSim), Whole body vibration (WBV) and a combination 

of both (TMSim + WBV). All forms of passive exercise are employed with robotized movement platforms 

as depicted in Figure 6.1. During TMSim tactile, proprioceptive, auditory and visual stimuli are provided 

to the user by activity videos accompanied by simultaneous movements of the robotized movement 

platform. During WBV tactile and proprioceptive stimulation is provided by mechanical vibrations (30 

Hz, 1-2 mm) of the platform. To the best of our knowledge effects of multisensory stimulation as 

provided by TMSim has not been studied yet in this population. However, in studies that employed 

(multi)sensory stimulation interventions such as ‘snoezelen’, video or music interventions, 

improvements in alertness and happiness, increased social behavior, and a reduction in behavioral 

disturbances as well agitated behavior of patients with dementia were found [6-8]. Additionally, mild 

vibrations (30-40 Hz), as provided during WBV and TMSim + WBV, can be beneficial for physical 

performance and cognitive functioning. Multiple studies reported increased muscle strength, mobility, 

balance and lower blood pressure after WBV [9-12]. Moreover, WBV was found to improve attention 

and inhibition, both acute (in schoolchildren, young adults (with ADHD)) as well as after 5 weeks (in 

older adults) [13-16]. Based on these findings it is thought that both TMSim and WBV will lead to a 

diffuse activation of different brain areas, but that the combination of TMSim + WBV will elicit the 



Chapter 6 
 

 

 

 
106 

strongest effects [17]. Altogether we presume that passive exercise in a multisensory environment has 

the potential to improve QoL, ADLs, and cognitive and physical function in institutionalized older adults 

with dementia. 

The primary aims of this study were to investigate the effects of TMSim, WBV and TMSim + 

WBV on ADLs and QoL in institutionalized physically inactive older adults with dementia. The secondary 

aims were to assess the effects of the three different forms of passive exercise in a multi-sensory 

environment on cognitive and physical function. We hypothesized that all forms of passive exercise will 

have positive effects on both the primary and secondary outcome measures when compared to regular 

care. Due to a more diffuse brain activation we hypothesized TMSim + WBV to elicit the strongest 

effects. 

 

6.2. METHOD 

An extensive description of the study protocol is given in the previously published protocol paper of 

this study [17]. The study protocol was approved by the Medical Ethics Committee of the University 

Medical Centre of Groningen, the Netherlands, and conforms to the principles of the Declaration of 

Helsinki. 

 

6.2.1 Study design 

The study was a single blind randomized controlled trial, comparing the effects of TMSim, WBV and 

TMSim + WBV with each other and to regular care in institutionalized older adults with dementia. Data 

was collected from October 2016 until December 2018. 

 

6.2.2 Participants 

120 residents (64.5% female, age 85.3 ± 6.8 years) from the closed wards of eight different nursing 

homes in the North of the Netherlands were included in this study. General characteristics of the 

participants are given in Table 6.1. 

 



 

 

Table 6.1. General characteristics of all included participants. 

Characteristic 
TMSim group 

(n=30) 
WBV group 

(n=30) 

TMSim + WBV 
group 
(n=30) 

Control group 
(n=30) 

F/Chi2 
test-value  df P value 

Age (years), M(±SD) 84.9 (±6.6) 86.2 (±4.7) 84.3 (±8.1) 85.8 (±7.4) 0.48a 119 0.70 

Range 69-95 75-96 69-103 70-99    

Females, % 70.0 63.3 66.7 66.7 0.30b 3 0.96 

Walking aid/wheelchair 11/6 13/4 15/3 11/8 3.9 b 6 0.69 

Dementia typec, %      10.1b 15 0.81 

Alzheimer’s Disease 53.3 43.3 60 36.7    

Vascular Dementia 10 16.7 13.3 13.3    

Lewy body Dementia 3.3 3.3 0 0    

Fronto-temporal Dementia 3.3 0 0 3.3    

Combination 10 13.3 3.3 10    

Other/Unknown 20 23.3 23.3 36.7    

Comorbidities (number), M±SD, N 2.8±1.8, (26) 3.6±2.0, (21) 3.4±2.0, (16) 3.7±2.7, (23) 0.90a 85 0.44 

Drug burden indexd, M±SD, N 0.65±0.49, (26) 0.73±0.45, (26) 0.64±0.49, (25) 0.56±0.51, (27) 0.58 3 0.63 

MMSEe, M(±SD) 12.2 (±7.5) 14.0 (±5.9) 13.6 (±6.7) 12.8 (±6.1) 0.38a 98 0.77 

Ranged 0-29 5-22 3-28 1-26    

N/not tested 23/7 26/4 27/3 23/7    

Not tested due to (receptive) aphasia/unwillingness 4/3 1/3 2/1 3/4    

Questionable(score 25-30), % 4.3 0 3.7 4.3    

Mildly impaired (score 19-24), % 17.4 26.9 25.9 13.1    

Moderately impaired (score 10-18), % 39.2 42.3 44.5 56.5    

Severely impaired (score ≤ 9), % 39.1 30.8 29.6 26.1    

Drop-out, N 8 5 9 1 13.3b 15 p=0.58 

No oral consent after testing 1 0 1 N.A.    

Motion sickness 1 1 2 N.A.    

Refused to attend after 1-16 sessions 2 2 3 N.A.    

Illness/Physical complaints 3 2 3 0    

Passed away 1 0 0 1    

N.A. Not applicable. a Differences between groups were tested with One-way Analysis of Variance. b Differences between groups were tested with Chi-square test. c 

Presumed dementia type according to medical records. d Total drug burden calculated as the sum of anticholinergic and sedative drug burden index according to methods 

described in [57].e Range 0-30, higher scores indicate better performance 
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6.2.3 Procedures 

Written informed consent was provided by the legal representatives of the participants, participants 

orally agreed to participate in the study. Outcome measures were assessed at baseline (T0), after six 

weeks of intervention (T1), and two weeks after the interventions had ended (T2). For every participant 

all three test moments were assessed by the same research assistant at the same time of the day. 

Questionnaires for QoL, ADLs and care burden were given to the formal caregiver of the participants.  

 After baseline measurement and stratification for nursing home, age, gender and baseline 

MMSE score participants were randomly assigned to one of the intervention groups or the control 

group with a 1:1:1:1 allocation ratio. For randomization a random number generator was used by an 

independent researcher not related to the study.  

 

6.2.4 Interventions 

Participants in the intervention groups received 4 intervention sessions a week for six consecutive 

weeks. In these six weeks, participants in the control group received regular care. All forms of passive 

exercise were applied using two commercially available motion simulation devices (the balancer, Figure 

6.1A and the wheelchair pod, Figure 6.1B, Pactive Motion, Hoogerheide, The Netherlands). 

During a TMSim session, three short, real life activity videos (e.g. motor riding, dancing or horse 

riding) of approximately four minutes were shown. Matching music and sounds were played and the 

platform moved synchronically with the movies on the screen. This way, the participant on the platform 

moved passively and was stimulated multisensory by means of visual, auditory, tactile and 

proprioceptive stimuli. During WBV, the platform vibrated with a 30 Hz frequency and a peak-to-peak 

amplitude of 1–2 mm (manufacturer settings). The duration of the WBV sessions was set to four 

minutes. A stationary motorcycle with idling engine was shown on the screen and matching sounds 

were played. For the TMSim + WBV intervention, the former two forms of passive exercise were 

combined. During 12 min participants alternately received TMSim (4 min) and WBV (2 min).  
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6.2.5 Outcome measures 

An extensive description of the outcome measures and followed procedures to assess these is given in 

the protocol paper of this study [17]. 

ADLs and QoL of the participants were determined with questionnaires filled in by the primary 

formal caregiver. To determine ADLs an adapted version of the Barthel index was used [18]. In the 

adapted version performance on ten different items is scored on a 5 point Likert scale. In this study the 

item stairclimbing was removed from the questionnaire because of irrelevance for this institutionalized 

population. Sum scores can range between 0 and 90, with higher scores representing better ADL 

functioning. 

QoL was measured with the QUALIDEM and the EQ-5D-5L [19,20]. Within the QUALIDEM 10 

different subdomains of QoL are distinguished. A sum score between 0 and 120 can be obtained with 

higher scores reflecting better QoL [19]. The EQ-5D-5L consists of five 5-point Likert scale questions in 

five different QoL related domains: mobility, self-care, usual activities, pain/discomfort, 

anxiety/depression [20]. From the scores on these five questions an index value can be computed, 

which can range between 0 and 1, index values closer to 1 resemble better QoL [21]. 

As stated in the protocol paper of this study, initially we also planned to use different questions 

from the The Older Persons and Informal Caregivers Survey Minimum DataSet (TOPICS-MDS) in addition 

to the QUALIDEM, EQ-5D-5L and the adapted Barthel index to determine QoL and ADLs. However, at 

baseline, posttest and follow-up we had TOPICS-MDS data for less than half of the participants, as many 

legal representatives did not fill in the questionnaires (in time). Therefore, we decided not to use these 

items for the analyses. 

Figure 6.1. 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 Figure 1A is not depicted). A wheelchair as well as a 

normal chair could be safely secured on the wheelchair platform. Both platforms were used to provide the TMSim, 

WBV and TMSim + WBV intervention sessions. 
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Cognitive functions were assessed with a set of neuropsychological tests. Global cognitive function was 

measured using the Mini Mental State Examination (MMSE). The digit span forward (DSf) was used to 

test verbal memory. For measuring different aspects of executive function a simple reaction time task 

(SRT), 45 second STROOP test, digit span backward (DSB), trail making test part A (TMT A), phonemic 

fluency and semantic fluency test were used. Extensive descriptions of the assessments of these tests 

can be found in the protocol paper of this study [17]. In contrast to what is described in the protocol 

paper, for the STROOP test, instead of accuracy scores, an interference score is presented, calculated 

by subtracting the predicted color-word score (word score x color score/(word score + color score)) 

from the actual color-word score, as this is thought to better reflect inhibition. 

To assess physical function, if possible, participants were asked to perform the Timed Up & Go 

test (TUG), FICSIT-4 and a 6-meter walking test (6MW). For both the TUG and 6MW the fastest trial of 

the respectively two and three performed trials was used for analyses. 

 

6.2.6 Statistics 

All statistical analyses were performed using IBM SPSS Statistics 25.0. Baseline characteristics of the 

participants were compared between groups using one-way analysis of variance for age, MMSE and 

number of comorbidities and chi-square tests for gender, use of walking aid/wheelchair, type of 

dementia platform use and dropout rates.  

Analyses without substitution of missing values as well as analyses in which missing values were 

substituted by means of maximum likelihood estimation (MLE) were performed. MLE was performed 

for each group and domain (QoL, ADLs, cognitive function and physical function) separately. For each 

test/questionnaire within a domain the tests/questionnaires within that domain on the same time point 

as well as the same test/questionnaire on the other two time points were taken as predictor variables. 

A variable on a given time point was substituted only if this variable was measured on at least one of 

the other time points. The maximum number of substituted values per variable was set to 50%, as 

substitution of larger percentages would suffer from insufficient sample size to generate valid and 

meaningful substitutes. Substituted scores below the theoretical minimum on a test or item were set 

at the theoretical minimum for that test or item, substituted scores higher than the theoretical 

maximum of a test or item were set at the theoretical maximum for that test or item. In addition, data 

of the primary and secondary outcome measures were analyzed with both an intention-to-treat and a 

per protocol analysis. For the intention to treat analysis all participants were included. For the per 

protocol analysis only participants who attended at least 50% of the scheduled sessions were included.  

Primary and secondary outcome measures at baseline were compared between groups using 

analyses of variance. If data was not normally distributed (positively skewed), the data was log 
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transformed and again checked for normality before performing the analyses of variance. For each 

outcome measure change scores between T0 and T1, T0 and T2, and T1 and T2 were calculated and 

presented. The following applies to all following analyses: participants were included in the analyses if 

at least one outcome measure was available for at least two measurement time points (T0, T1 or T2). 

If the data satisfied the assumptions analyses of covariance (ANCOVA) were used to test for differences 

between groups on both the primary and secondary outcome measures at all three time points. Scores 

on T1/T2 were used as dependent variables, T0/T1 scores as covariates and group as between subjects 

factor. Repeated measures analyses of variance were used if the assumption of homogeneity of 

regression slopes was violated. If the assumption of sphericity was violated, a Greenhouse-Geisser 

correction was used. For all outcome measures, partial eta squared effect sized were calculated. Effect 

sizes of 0.01 were considered as small, 0.06 as medium and 0.14 as large [22]. Post-hoc tests were 

performed with Bonferroni corrections for multiple comparisons. P values lower than 5% were 

considered to indicate statistical significance.  

 

6.3 RESULTS 

6.3.1 Baseline 

A total of 219 patients were screened for eligibility, informed consent was given for 122, of which 120 

were enrolled in the study. In Figure 6.2 the study design, patient flow and intervention characteristics 

for each group are shown. Descriptive characteristics, baseline MMSE and type of dementia were not 

different between the groups (Table 6.1). There were no between group differences in feasibility 

measures and drop-out rates [5]. In supplementary table S6.1 baseline scores on QoL, ADLs, 

neuropsychological and physical tests at baseline are shown for each group. As indicated by the MMSE 

scores, the majority of the participants had moderate to severe dementia. At baseline there were no 

significant between group differences for any of the primary or secondary outcome measures. 

 

6.3.2 Blinded testing 

86.6% of the tests were assessed by a blinded research assistant. In 5.6% of the cases the research 

assistant knew that the participant was allocated to an intervention group, but he/she was still blinded 

for the type of intervention. 7.8% of the tests were not performed blinded, either because the 

participant gave away the group allocation or because of practical constraints.  
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Figure 6.2. Flowchart of the study design, intervention characteristics and participant flow. IIT, intention to treat 
analysis; PP, per protocol analysis. *Number includes participant that is also included in ‘died n=2’, as this 
participant dropped-out of the interventions due to illness and eventually passed away, therefore dropped-out 
of the T1 and T2 measurements. 
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6.3.3 Primary outcome measures 

Analyses with substituted missing values did not yield different results than analyses with the original 

dataset. Moreover, per protocol analyses including participants who attended at least 12 of the 

scheduled intervention sessions did not yield different results as compared to the intention to treat 

analyses. Therefore, data from the intention to treat analyses with substituted values were used for the 

results presented in tables 6.2-6.4.  

For 4.2% of the cases questionnaire scores for the primary outcome measures were substituted 

by means of MLE. After six weeks of passive exercise all groups seem to improve somewhat on QoL. 

ADLs scores improve only in the TMSim and TMSim + WBV group. However, at T1 no significant effects 

of intervention on QoL or ADLs were found (Table 6.2). After the 2-week follow-up, significant 

differences were found for the QUALIDEM and Barthel index. Post hoc tests revealed that QoL in the 

control group improved as compared to the WBV group after controlling for the effects of T1 (p=0.017). 

When controlling for baseline effects (T0) the TMSim + WBV group scored higher on the Barthel index 

at follow up (T2) as compared to the control group (p=0.027). 

 

6.3.4 Secondary outcome measures 

Results on the neuropsychological tests and physical tests are presented in Table 6.3 and 6.4. In 4.0% 

of the cases test scores on neuropsychological tests were substituted, for the physical tests this was 

6.4%. Scores on the SRT and the TMTA were not substituted since data on these tests were available 

for less than 50% of the participants. After controlling for baseline scores, except for a significant 

difference in performance on the DSB between the WBV group and the TMSim + WBV group (p=0.013), 

no significant differences were found in cognitive function after six weeks of passive exercise. At follow 

up, while controlling for effects of T1, post-hoc tests revealed that the control group performed better 

on the DSF as compared to all intervention groups (TMSim p<0.001, WBV p=0.018, TMSim + WBV 

p=0.004). Post-hoc tests for semantic fluency test performance at T2 after controlling for effects of T1 

did not yield any significant between group differences. For both ∆ T0-T2 and ∆ T1-T2 a significant time 

x group interaction was found on the STROOP color-word test. Post hoc tests revealed no group 

differences. 

All intervention groups performed better (negative difference scores represents faster 

performance) on the TUG and the 6MW test after 6 weeks of passive exercise. On the FICSIT4 

performance declined in all groups after six weeks. At T1 no significant intervention effects were found 

on any of the physical tests. There was a significant time x group interaction on the 6MW at ∆ T0-T2. 

Post-hoc tests revealed no group differences. 



 

 

 

Table 6.2. Baseline and difference scores for QoL and ADLs from-the-intention to treat analyses with substituted missing values.  

 TMSim group WBV group 
TMSim + WBV 

group Control group Test results Effect size 

Test characteristic N Mean(SD) N Mean(SD) N Mean(SD) N Mean(SD) F Df p E 

EQ-5D-5L index   T0 30 0.45 (0.27) 30 0.55 (0.21) 30 0.52 (0.22) 30 0.46 (0.27) 1.231 3, 116 0.302  

∆ T0-T1 29 +0.02 (0.13) 29 -0.03 (0.18) 30 -0.01 (0.19) 30 +0.002 (0.23) 0.111 3, 113 0.954 0.003 

∆ T0-T2 29 +0.03 (0.13) 29 -0.03 (0.22) 30 +0.03 (0.18) 29 +0.01 (0.17) 0.588 3, 112 0.624 0.015 

∆ T1-T2 29 +0.002 (0.10) 29 -0.008 (0.12) 30 +0.03 (0.19) 29 +0.004 (0.18) 0.630 3, 112 0.597 0.017 

QUALIDEM Sum  T0 30 77.2 (18.8) 30 85.0 (17.0) 30 78.8 (19.2) 30 76.0 (20.2) 1.354 3. 116 0.261  

∆ T0-T1 29 +0.86 (9.3) 29 +1.6 (13.1) 30 +2.9 (12.0) 30 +0.96 (14.4) 0.615 3, 113 0.607 0.016 

∆ T0-T2 29 -1.3 (12.0) 29 -2.8 (17.1) 30 +1.2 (13.5) 29 +5.0 (10.7) 1.304 3, 112 0.277 0.034 

∆ T1-T2 29 -2.1 (8.5) 29 -4.4 (9.8) 30 -1.7 (7.2) 29 +2.5 (7.7) 3.283 3, 112 0.024 0.081 

Barthel Sum         T0 29 53.5 (23.5) 28 59.9 (24.6) 29 53.9 (24.2) 30 52.4 (27.1) 0.523 3, 112 0.668  

∆ T0-T1 28 +1.4 (10.3) 27 -1.8 (16.9) 29 +2.1 (16.9) 30 -4.0 (11.8) 1.305 3, 109 0.277 0.035 

∆ T0-T2 28 -1.7 (7.1) 27 -1.3 (11.3) 29 +5.8 (20.1) 29 -3.7 (11.8) 3.041 3, 108 0.032* 0.078 

∆ T1-T2 28 -3.1 (6.9) 27 +0.46 (10.1) 29 +3.7 (14.5) 29 -0.42 (6.5) 2.502 3, 108 0.063 0.065 

Positive difference scores indicate improvements in QoL or ADLs, negative scores indicate decline. Group effects and partial eta-squared effect sizes are presented. Baseline 

measures were compared using one-way analysis of variance. Other group effects were tested with ANCOVA. * indicates statistical significance 

  



 

 

Table 6.3. Baseline and difference scores for the neuropsychological tests from-the-intention to treat analyses with substituted missing values.  

 TMSim group WBV group 

TMSim + WBV 

group Control group Test results Effect size 

Test characteristic N Mean(SD) N Mean(SD) N Mean(SD) N Mean(SD) F Df p E 

MMSE                          T0 26 11.5 (7.5) 27 13.6 (6.2) 28 13.5 (6.6) 23 12.8 (6.1) 0.596 3, 100 0.619  

∆ T0-T1 25 -0.85 (2.3) 26 -0.40 (2.3) 28 +0.52 (3.4) 22 +0.11 (2.2) 1.600 3, 96 0.194 0.048 

∆ T0-T2 24 -0.22 (2.3) 26 +0.43 (2.4) 28 -0.09 (3.9) 21 -0.57 (3.2) 0.469 3, 94 0.705 0.015 

∆ T1-T2 24 +0.62 (2.5) 26 +0.83 (2.3) 28 -0.61 (2.9) 21 -0.68 (2.2) 2.292 3, 94 0.083 0.068 

RT Mean (ms)            T0 13 980.8 (637.1) 18 905.6 (468.9) 16 972.2 (435.1) 14 1158.9 (606.5) 0.621 3, 57 0.604  

∆ T0-T1 9 -2.5 (346.9) 11 +134.0 (519.3) 11 -17.22 (453.0) 9 -82.8 (483.5) 0.302 3, 35 0.824 0.025 

∆ T0-T2 8 -68.1 (334.2) 10 +178.9 (218.2) 9 +23.3 (348.0) 9 -382.6 (545.8) 2.096 3, 31 0.121 0.169 

∆ T1-T2 9 -53.6 (154.0) 9 -126.7 (350.8) 9 -12.3 (189.8) 8 -176.8 (596.2) 0.277 3, 30 0.841 0.027 

RT SD (ms)                  T0 13 286.7 (188.5) 18 424.4 (211.1) 16 385.5 (233.6) 14 435.3 (311.1) 1.099 3, 57 0.357  

∆ T0-T1 9 -51.2 (193.0) 11 -18.1 (159.2) 11 -15.1 (248.9) 9 -145.9 (232.1) 0.924 3, 35 0.440 0.073 

∆ T0-T2 8 -124.3 (205.5) 10 +47.2 (216.2) 9 +80.4 (271.8) 9 -287.2 (392.6) 0.090 3, 31 a 0.268 0.848 

∆ T1-T2 9 -48.3 (86.5) 9 -45.5 (275.3) 9 +15.6 (109.7) 8 -42.0 (202.6) 0.711 3, 30 0.553 0.066 

Stroop Word              T0 22 32.1 (19.9) 25 44.9 (24.5) 25 41.1 (24.1) 20 35.8 (18.1) 1.537 3, 88 0.211  

∆ T0-T1 21 +4.53 (10.0) 24 -2.3 (10.2) 25 -1.9 (12.6) 19 +5.1 (16.0) 1.696 3, 84 0.174 0.057  

∆ T0-T2 20 +3.4 (13.7) 24 -1.9 (14.5) 25 -2.7 (9.0) 18 +4.9 (12.8) 1.490 3, 82 0.223 0.052 

∆ T1-T2 20 -1.1 (10.6) 24 0.37 (15.1) 25 -0.80 (13.4) 18 -0.49 (9.5) 0.142 3, 82 0.934 0.005 

Stroop Color               T0 22 23.5 (15.0) 23 31.2 (14.8) 25 28.8 (10.5) 20 28.3 (10.5) 1.138 3, 86 0.339  

∆ T0-T1 21 +2.9 (7.5) 22 -0.94 (10.9) 25 -4.0 (13.0) 19 -0.39 (9.9) 1.360 3, 82 0.261 0.047 

∆ T0-T2 20 +3.5 (9.7) 22 +0.78 (5.9) 25 -1.1 (11.9) 18 +0.12 (11.9) 1.002 3, 80 0.397 0.036 

∆ T1-T2 20 +0.44 (11.4) 22 +1.7 (10.3) 25 +2.9 (9.1) 18 +0.07 (7.5) 0.359 3, 80 0.783 0.013 



 

 

 TMSim group WBV group 

TMSim + WBV 

group Control group Test results Effect size 

Test characteristic N Mean(SD) N Mean(SD) N Mean(SD) N Mean(SD) F Df p E 

Stroop Color-Word   T0 20 6.2 (6.7) 22 6.1 (7.9) 20 5.5 (8.7) 20 3.0 (3.7) 0.973 3, 64 0.411  

∆ T0-T1 19 +1.3 (6.0) 21 +2.7 (7.7) 20 +0.61 (5.7) 19 +1.8 (3.2) 0.517 3, 74 0.672 0.021 

∆ T0-T2 19 -2.4 (5.6) 21 -0.01 (3.3) 20 +1.9 (5.9) 18 +0.09 (3.8) 2.755 3, 74 a 0.048* 0.100 

∆ T1-T2 19 -3.7 (4.8) 21 -2.7 (7.5) 20 +1.3 (4.7) 18 -1.7 (5.8) 2.781 3, 74 a 0.047* 0.101 

Stroop Interference  T0 20 -7.6 (6.5) 22 -12.7 (7.4) 20 -11.5 (11.3) 20 -12.2 (6.0) 1.656 3, 78 0.183  

∆ T0-T1 19 -0.73 (7.3) 21 +2.9 (9.3) 20 +1.1 (8.1) 19 +1.4 (7.9) 0.201 3, 74 0.895 0.008 

∆ T0-T2 19 -3.9 (8.2) 21 +0.36 (6.6) 20 +1.3 (6.7) 17 -1.3 (5.1) 1.420 3, 72 0.244 0.056 

∆ T1-T2 19 -3.2 (6.0) 21 -2.5 (10.9) 20 +0.26 (7.5) 17 -1.4 (7.6) 0.573 3, 72 0.635 0.023 

DSF                               T0 21 5.5 (2.8) 24 5.9 (2.1) 24 6.2 (2.4) 21 6.0 (1.7) 0.396 3, 86 0.756  

∆ T0-T1 20 +0.34 (2.1) 23 -0.33 (1.4) 24 +0.15 (2.0) 20 -0.62 (1.5) 1.571 3, 82 0.203 0.054 

∆ T0-T2 20 -0.03 (1.9) 23 -0.03 (1.8) 24 +0.21 (2.2) 19 +0.83 (1.8) 1.485 3, 81 0.225 0.052 

∆ T1-T2 20 -0.36 (1.2) 23 +0.30 (1.2) 24 +0.06 (0.82) 19 +1.5 (1.5) 7.727 3, 81 <.001* 0.223 

DSB                              T0 21 2.2 (1.9) 24 2.6 (1.8) 23 2.7 (1.9) 21 2.4 (1.7) 0.293 3, 85 0.830  

∆ T0-T1 20 +0.22 (1.4) 23 -0.63 (1.2) 23 +0.50 (1.4) 20 -0.02 (1.5) 3.405 3, 81 0.021* 0.112 

∆ T0-T2 19 +0.03 (1.4) 23 -0.17 (1.1) 23 -0.17 (1.5) 19 -0.11 (1.4) 0.004 3, 79 1.00 0.000 

∆ T1-T2 19 -0.22 (1.9) 23 0.46 (0.89) 23 -0.67 (1.1) 19 -0.07 (1.5) 1.395 3, 79 0.251 0.050 

TMT-A (s)                    T0 15 120.2 (87.2) 19 114.1 (96.6) 15 141.5 (109.4) 12 120.1 (89.1) 0.215 3, 60 0.886  

∆ T0-T1 11 +14.3 (119.0) 14 -8.2 (42.9) 12 +13.6 (66.0) 9 +13.9 (47.1) 0.977 a 3, 42 0.413 0.065 

∆ T0-T2 11 +17.7 (79.2) 14 +34.1 (147.9) 11 -20.3 (62.9) 10 -4.2 (30.2) 0.353 a 3, 42 0.787 0.025 

∆ T1-T2 11 +3.4 (56.4) 13 +50.5 (179.7) 12 -23.7 (68.7) 9 -17.6 (64.7) 0.235 a 3, 41 0.871 0.017 



 

 

 TMSim group WBV group 

TMSim + WBV 

group Control group Test results Effect size 

Test characteristic N Mean(SD) N Mean(SD) N Mean(SD) N Mean(SD) F Df p E 

Phonemic fluency     T0 21 8.6 (7.0) 23 9.5 (7.7) 22 9.5 (7.1) 19 11.7 (9.3) 0.568 3, 81 0.638  

∆ T0-T1 19 -0.15 (3.3) 22 +1.2 (4.6) 22 +2.0 (4.5) 18 -1.3 (5.3) 2.031 3, 76 0.117 0.074 

∆ T0-T2 20 -0.26 (3.7) 22 +1.1 (3.5) 22 +1.9 (4.2) 17 -2.7 (4.2) 4.870 3, 76 0.004* 0.161 

∆ T1-T2 19 -0.25 (2.9) 22 -0.12 (3.4) 23 -0.08 (4.7) 17 -1.3 (4.0) 0.382 3, 76 0.766 0.015 

Semantic fluency       T0 22 2.6 (2.4) 23 3.2 (2.1) 22 2.5 (2.0) 18 2.6 (1.9) 0.481 3, 81 0.697  

∆ T0-T1 21 -0.17 (0.89) 22 -0.14 (2.4) 22 +0.37 (1.8) 17 -0.01 (2.1) 0.308 3, 77 0.819 0.012 

∆ T0-T2 21 -0.47 (1.6) 22 +0.50 (2.3) 22 +0.17 (1.9) 16 -0.75 (1.8) 2.420 3, 76 0.073 0.087 

∆ T1-T2 21 -0.30 (1.9) 22 +0.64 (1.7) 22 -0.20 (1.9) 16 -0.72 (1.6) 2.906 3, 76 0.040* 0.103 

Group effects and partial eta squared effect sizes are presented. Baseline measures were compared using one-way analysis of variance. For all other effects, ANCOVA was used 

unless indicated otherwise. Except for time-related outcome measures positive difference scores indicate improvements in test performance, negative difference scores 

indicate decline in test performance. For time related outcome measures (RT Mean, RT SD and TMTA) negative difference scores indicate improvements in test performance, 

positive difference scores indicate decline in test performance. * indicates statistical significance, a Repeated measures analyses of variance, time x group effects presented 

 

  



 

 

Table 6.4. Baseline and difference scores for the physical tests from the intention-to-treat analyses with substituted missing values.  

 
TMSim group 

 
WBV group 

 
TMSim + WBV 

group 
Control group 

 Test results Effect size 

Test characteristic N Mean(±SD) N Mean(±SD) N Mean(±SD) N Mean(±SD) F Df p E 

Wheelchair 6  4  3  8      

             

TUG (s)                 T0 15 19.2 (10.1) 19 27.0 (23.6) 23 24.3 (13.7) 16 26.8 (19.2) 0.504 3, 72 
0.680  

∆ T0-T1 15 -3.2 (7.8) 18 -5.1 (13.3) 23 -0.76 (5.3) 13 +1.7 (5.8) 0.433 a 3, 65 0.730 0.020 

∆ T0-T2 15 -1.4 (4.5) 18 -4.1 (10.7) 23 -0.85 (5.1) 12 -1.1 (9.0) 0.937 a 3, 64 0.428 0.042 

∆ T1-T2 16b +2.2 (5.1) 18 +1.0 (2.9) 23 -0.09 (5.3) 12 -2.8 (10.2) 1.269 a 3, 65 0.292 0.055 

FICSIT4                  T0 15 2.2 (1.7) 18 2.2 (1.6) 23 1.8 (1.8) 16 2.4 (2.0) 0.376 3, 68 0.771 
 

∆ T0-T1 15 -0.19 (1.0) 16 -0.64 (0.82) 21 -0.31 (1.1) 12 -0.46 (2.2) 0.284 3, 59 0.837 0.014 

∆ T0-T2 15 -0.61 (0.71) 16 -0.56 (0.95) 19 -0.25 (1.2) 12 -0.55 (1.1) 0.433 3, 57 0.730 0.022 

∆ T1-T2 16b -0.40 (0.98) 16 +0.09 (1.1) 19 +0.09 (0.97) 11 +0.15 (1.4) 0.975 3, 57 0.411 0.049 

6MW (s)               T0 20 8.1 (3.7) 21 9.3 (4.5) 24 9.4 (4.4) 17 8.8 (6.1) 0.390 3, 81 0.760  

∆ T0-T1 20 -0.43 (2.2) 20 -1.1 (1.5) 24 -1.4 (2.5) 15 -0.19 (0.94) 1.162 a 3, 75 0.330 0.044 

∆ T0-T2 20 -0.13 (1.6) 20 -0.49 (1.3) 24 -1.8 (1.7) 14 +1.1 (1.7) 10.48 a 3,74 <0.001* 0.298 

∆ T1-T2 21b +0.12 (2.1) 20 +0.65 (1.0) 24 -0.43 (1.8) 14 +1.3 (2.0) 2.556 a 3, 75 0.062 0.093 

Group effects and partial eta squared effect sizes are presented. Baseline measures were compared using one-way analysis of variance. For all other effects, ANCOVA was used 

unless indicated otherwise. For the TUG and 6MW negative difference scores indicate improvements in test performance, positive difference scores indicate decline in test 

performance. For the FICSIT4 positive difference scores indicate improvements in test performance, negative difference scores indicate decline in test performance. * indicates 

statistical significance, a Repeated measures analyses of variance, time x group effects presented, b Due to a bone fracture one participant of the TMSim was unable to perform 

the physical tests during T0.
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6.4 DISCUSSION   

The primary objective of this study was to examine the effects of TMSim, WBV and TMSim + WBV on 

QoL and ADLs in institutionalized physically inactive older adults with dementia. Secondary we wanted 

to assess the effects of these three different forms of passive exercise in a multi-sensory environment 

on cognitive and physical function.  

 

6.4.1 Primary outcome measures QoL and ADLs 

Our results did not indicate any effects of passive exercise on QoL and ADLs. This might be attributed 

to the limited intervention period (six weeks) and/or type of instruments used to quantify QoL and 

ADLs. Although the instruments used in this study are internationally recognized and have shown 

adequate sensitivity, validity and reliability to measure QoL and ADLs, sensitivity of these instruments 

to measure change over a six-week time period may be limited. In addition, assessing QoL and ADLs by 

means of proxy report may be influenced by personal characteristics of the formal caregiver or their 

relationship with the participant [23,24].  

Comparing the current results to other findings is challenging since there is a lack in availability 

of high quality studies examining the effects of (multi)sensory stimulation on various outcome 

measures in institutionalized patients with dementia [25]. Nevertheless, results of our study are partly 

in line with some other studies in which no effects were found on QoL and ADLs after exercise or music 

interventions in patients with dementia [26-28]. However, music therapy was shown to be effective in 

reducing agitated behavior, irritability, anxiety and depression [29-31]. Moreover, multisensory 

interventions as ‘snoezelen’ demonstrated improvements in Neuropsychiatric Inventory in patients 

with severe dementia [32]. In the short term ‘snoezelen’ was effective at managing mood and 

behavioral disturbances [33]. However, it must be noted that the type and degree of multisensory 

stimulation applied during ‘snoezelen’ and TMSim has some major differences (e.g. during ‘snoezelen’ 

also olfaction and taste can be stimulated, while TMSim is more focused on motor, auditory and visual 

stimulation). Despite limited evidence on improved QoL after these interventions and differences 

between TMSim and the types of sensory stimulation as applied in other studies, the different 

components of passive exercise could have the potential to positively influence QoL related factors 

such as wellbeing, affect and behavioral and psychological symptoms of dementia (BPSD) in both short 

and long term. Therefore, further research is recommended in which the acute and short-term effects 

of passive exercise in a multisensory environment on QoL related factors are examined. 
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6.4.2 Secondary outcome measures cognitive- and physical function 

No meaningful effects of passive exercise in a multisensory environment on cognitive function were 

found. Except from some inconsistent findings on a limited number of neuropsychological tests, there 

were no between group differences. Significant findings may be attributed to chance instead of 

intervention effects since level of significance was corrected for the multiple comparisons between 

groups, but not for multiple tests of outcome measures.  

Based on previous findings in both humans and rodents positive results of WBV and TMSim + 

WBV on cognitive function were expected. In older adults 5 weeks of WBV was found to improve 

attention and inhibition [14]. Furthermore, in mice, 5 weeks of WBV with daily sessions of 10 minutes 

was found to increase the amount of the acetylcholine-synthesizing enzyme choline acetyltransferase 

in layer five of the somatosensory cortex and the amygdala, indicating higher cholinergic activity in 

these areas [34]. Besides, it is known that the cholinergic system responds to behaviorally salient stimuli 

from the environment [35], indicating that TMSim is likely to induce increased cholinergic activity as 

well. The cholinergic system plays a key role in cognitive function [36] and dysfunction of this system 

has been suggested to underlie cognitive decline in dementia [37,38]. Interventions, such as WBV, 

TMSim and TMSim + WBV, targeting this system could therefore be promising to reduce cognitive 

decline. However, in the current severely affected population it might have been too late for 

improvements in the cholinergic system. It is likely that due to the severity of the pathologies in these 

patients, great losses of forebrain cholinergic neurons already took place [38]. This severe loss of 

forebrain cholinergic neurons may drastically limit the diffuse projections to and activation of other 

cortical areas leaving less room for improvements via the cholinergic system. 

It is also possible that the effects of passive exercise only last for a limited amount of time. Most 

studies that reported improved cognitive performance after WBV assessed this immediately after the 

WBV session [13,15,16]. For TMSim it is unknown whether effects are more likely to be short or long 

lasting. In future studies, assessment of different parameters during or shortly after passive exercise 

could be used to determine if passive exercise can evoke acute or short term effects in institutionalized 

patients with dementia. 

On the other hand, in older adults and a young adult with ADHD effects of WBV on cognitive 

performance after respectively five weeks and ten days of stimulation were found [14,39]. The fact that 

we did not find improved cognitive functioning in the current population after six weeks of passive 

exercise may be explained by Another explanation for inconclusive results in cognitive function may be 

the fact that quantifying cognitive function is challenging in this population. First of all because cognitive 

functions are complex processes and there is limited knowledge regarding the cortical and subcortical 

pathways related to these processes [40]. Second, in the included population many uncontrollable 
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variables (e.g. distress, attention fluctuations and BPSD) can influence test performance and cause large 

day-to-day fluctuations [41,42]. In order to limit the effects of such uncontrollable variables and daily 

fluctuations in test performance larger sample sizes are needed.  

 Similar to cognitive function, no intervention effects on balance related outcome measures 

were found. To our knowledge, this is the first study into the effects of TMSim. In addition, the only 

prior studies into the effects of WBV on balance related outcome measures in older adults (without 

dementia) employed vertical WBV and participants had to stand on the vibrating platform instead of 

being seated. Results of these studies are inconclusive with a mix of studies reporting improvements 

[43-45] or no effects in balance related outcome measures [46-49]. Moreover, it must be noted that in 

all these studies WBV was applied in combination with an exercise program. Although results of 

previous studies are inconsistent there are implications that WBV has the potential to improve physical 

function. The lack of result on balance related outcome measures as used in this study may be a result 

of the seated position during the interventions. Compared to upright stance, when seated, less 

compensatory muscle activity is needed for maintaining balance during postural perturbations as 

applied during WBV and TMSim. Therefore, physical response to seated passive exercise might not be 

intensive enough to potentially improve balance related outcome measures that require upright stance. 

On the other hand, seated balance, especially relevant for wheelchair bound individuals, may have been 

improved after passive exercise. However, outcome measures as used in this study could not be 

performed by wheelchair bound patients, and may not have been able to capture such possible 

improvements in seated balance. Alternative measures like seated posturography or a seated 

functional reach test could be used in future studies to measure possible functional changes in seated 

balance after passive exercise [50,51]. 

 Finally, as a result of including a vulnerable population the number of participants that could 

perform the physical tests, especially the balance tests, was relatively low. The current findings on the 

physical tests are likely to reflect results for patients with lower disease severity. However, especially in 

vulnerable older adults WBV and TMSim could have the potential to improve balance and mobility [52]. 

Future research is suggested with alternative balance and mobility measures appropriate to use in 

vulnerable populations.  

 

6.4.3 Limitations 

We already addressed some limitations regarding difficulties to quantify (changes in) the primary and 

secondary outcome measures in older adults with moderate to severe dementia. As a result of 

assessment difficulties there was a considerable number of missing data for the cognitive and physical 

tests. Reasons for these missing data were largely related to (receptive) aphasia and mood or behavioral 
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problems. Participants suffering from (receptive) aphasia were not able to understand test instructions 

or to produce answers to the test to which they were subjected. Mood and behavioral problems often 

resulted in agitated and aggressive behavior, resulting in not answering questions or performing 

physical tests. In addition, a considerable number of participants were wheelchair bound and therefore 

not able to perform the physical tests. Finally, some participants simply wished to avoid disruptions in 

their daily routines. Missing questionnaires from the primary formal caregiver were often the result of 

limited time, due to understaffing, to fill out the questionnaires. 

An additional drawback of this study is that it was not known whether the intensity of the 

movements that were applied during TMSim and TMSim + WBV could affect possible effects of the 

interventions. For example, some types of high-intensity activities such as horse riding or snowboarding 

could be more effective to improve outcome measures as compared to other lower-intensity activities 

such as walking or diving. On the other hand, for some patients overstimulation as a result of passive 

exercise could reduce/eliminate potential effects [53]. Both examples stress the importance of further 

individualization of the different forms of passive exercise. Intensity of each video and optimal session 

duration should be formally assessed in future studies to help determine the optimum parameters for 

individuals with dementia living in nursing homes.  

 

6.4.4 Strengths of passive exercise 

Even though, in this study, we found no convincing effects of passive exercise on any of the reported 

outcome measures, we would like to emphasize the potential of passive exercise to breach inactivity 

levels in institutionalized older adults. As, due to high sedentariness and inactiveness, there is a high 

need to develop innovative ways of breaching sedentary behavior in residential aged care [54]. Due to 

reduced cognitive and physical capabilities, many regular activities are difficult to engage in for nursing 

home residents. We showed that all types of passive exercise are feasible to apply in institutionalized 

older adults with dementia regardless of their cognitive or physical disabilities [5]. Additionally, in 

general the participants indicated they really enjoyed the passive exercise sessions [5]. Personal 

preferences, with regard to type of activities, intensity and duration, can be taken into account, creating 

possibilities for highly individually tailored interventions. For group activities it has already been shown 

that individualization based on participants’ preferences can optimize the impact [55]. Moreover, 

familiar activities, sounds and music can (reminiscence) help patients to recall remote memories which 

may enhance communication, increase sense of orientation, and improve mood and well-being [56]. 

Therefore, passive exercise in a multisensory environment can be complementary to existing types of 

activities in nursing homes in order to breach inactivity patterns of the residents and provide them with 

enjoyable occupation. 
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6.4.5 Conclusion 

In sum, we did not succeed to demonstrate effects of TMSim, WBV and TMSim + WBV on QoL, ADLs, 

cognitive and physical function. The six-week intervention period may have been too short and 

alternative instruments for outcome measure assessment should be considered.  Addition of passive 

exercise to daily routines can be used to breach inactivity in institutionalized older adults with 

dementia. Future studies are suggested in which passive exercise is applied for a longer period and is 

even more individually tailored. Moreover, development of neuropsychological tests that can be used 

to measure change in cognitive performance of patients with dementia is recommended. In addition, 

we propose future studies examining acute and short term effects of passive exercise as well as the 

effects of passive exercise on alternative outcome measures (e.g. BPSD and seated balance). 
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SUPPLEMENTARY DATA 

Table S6.1. Baseline scores from dataset without substitutions on the primary and secondary outcome measures  

  TMSim group WBV group 
TMSim + WBV 

Control group Test results 
group 

Test characteristic N Mean(SD) N Mean(SD) N Mean(SD) N Mean(SD) F Df p 

QoL            

EQ-5D-5L index 29 0.47 (0.26) 30 0.55 (0.21) 29 0.52 (0.22) 30 0.46 (0.27) 1.025 3, 114 0.384 

Qualidem Sum 29 77.5 (19.1) 30 85.0 (17.0) 29 79.3 (19.3) 30 76.0 (20.2) 1.299 3, 114 0.278 

ADLs            

Barthel Sum 25 53.2 (22.8) 26 60.5 (25.4) 28 53.7 (24.6) 26 51.5 (28.1) 0.645 3, 101 0.588 

Cognitive function            

MMSE 23 12.2 (7.5) 26 14.0 (5.9) 27 13.6 (6.7) 23 12.8 (6.1) 0.379 3, 95 0.768 

RT Mean (ms) 13 980.8 (637.1) 18 905.6 (468.9) 16 972.2 (435.1) 14 1158.9 (606.5) 0.621 3, 57 0.604 

RT SD (ms) 13 286.8 (188.4) 18 424.4 (211.1) 16 385.5 (233.6) 14 435.3 (311.0) 1.099 3, 57 0.357 

Stroop Word 20 33.3 (20.3) 23 48.0 (22.9) 23 41.2 (23.4) 18 35.5 (18.2) 2.013 3, 80 0.119 

Stroop Color 20 24.9 (15.0) 22 32.2 (14.2) 22 29.5 (16.3) 18 27.8 (10.7) 0.961 3, 78 0.415 

Stroop Color-Word 19 6.2 (6.9) 20 6.3 (8.2) 19 5.7 (8.9) 18 2.9 (3.8) 0.839 3, 56 0.478 

Stroop Interference 19 -8.1 (6.3) 20 -13.7 (7.0) 19 -11.2 (11.5) 18 -12.1 (6.1) 1.629 3,72 0.190 

DSF 21 5.5 (2.8) 23 6.0 (2.1) 22 6.4 (2.4) 18 6.2 (1.8) 0.581 3, 80 0.629 

DSB 21 2.2 (1.9) 23 2.7 (1.9) 21 2.8 (2.0) 18 2.6 (1.7) 0.357 3, 79 0.784 

TMT-A (s) 15 120.2 (87.2) 19 114.1 (96.6) 15 141.5 (109.4) 12 102.6 (45.7) 0.215 3, 57 0.886 

Phonemic fluency 21 7.5 (7.3) 23 9.5 (7.6) 20 10.0 (7.3) 17 11.5 (8.8) 0.896 3, 77 0.447 

Semantic fluency 18 2.6 (2.6) 21 3.3 (2.2) 20 2.5 (1.9) 17 2.5 (1.9) 0.651 3, 72 0.710 

Physical function            

TUG 14 19.1 (10.4) 15 27.7 (25.7) 20 23.0 (14.1) 14 26.6 (20.2) 0.358 3, 59 0.783 

FICSIT4 15 2.1 (1.8) 16 1.9 (1.7) 21 2.0 (1.8) 14 2.0 (2.1) 0.029 3, 62 0.993 

6MW 18 8.0 (3.9) 18 9.3 (4.7) 24 9.4 (4.4) 15 8.9 (6.3) 0.350 3, 71 0.789 
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In this thesis we aimed to examine the feasibility of three different forms of passive exercise 

(therapeutic motion simulation (TMSim), whole body vibration (WBV) and TMSim + WBV) and its effects 

on cognitive and physical function, quality of life (QoL) and activities of daily life (ADLs) of 

institutionalized older adults with dementia. A secondary aim of this thesis was to increase our 

understanding about possible underlying brain mechanisms of WBV, using mice. Below I reflect on the 

results of the previous chapters and integrate the findings with the existing body of literature. Next, 

considerations and future perspectives are discussed. Finally concluding remarks and clinical 

implications are presented. 

 

7.1 MAIN RESULTS 

7.1.1 Whole body vibration, cognition and the cholinergic system 

Different studies that report acute, short term and long term cognitive enhancing effects of WBV are 

discussed in chapter 2. In this chapter we also suggest that the found improvements in cognitive 

performance after WBV could be induced by enhanced functioning of underlying neurotransmitter 

systems. As it is known that the cholinergic system responds to behaviorally salient stimuli from the 

environment [1], and the high density of cholinergic synapses in the thalamus, striatum, limbic system 

and neocortex support that cholinergic transmission plays a critical role in attention, memory, learning 

and other higher brain functions [2], response of the cholinergic system was of special interest to us. 

To elucidate whether WBV can induce enhancements in the cholinergic system, a study was 

designed in which the immunoreactivity of the acetylcholine-synthesizing enzyme choline 

acetyltransferase (ChAT) (a measure for cholinergic activity) was measured in mice after five weeks of 

WBV. In chapter 3 we reported enhancements of ChAT-immunoreactivity in the amygdala and layer 5 

of the somatosensory cortex in WBV mice as compared to the pseudo-WBV mice. This increase in ChAT-

immunoreactivity indicates a higher level of ChAT activity and hence acetylcholine (ACh) production 

and release. 

 The neurotransmitter ACh plays a critical role in attention, perception and learning and 

memory [3]. Links between cholinergic stimulation and improved cognitive performance have been 

found. For example, in rats, stimulation of cholinergic projections to the cortex enhanced attention 

performance [4]. Moreover, studies on cholinergic drugs (cholinesterase inhibitors) demonstrated 

improved memory, attention and visuospatial functions in a number of disorders such as Lewy body 

dementia, multiple sclerosis, Parkinson’s disease, attention hyperactivity disorder and Alzheimer’s 

disease [5 and references therein]. Also, a link between cholinergic functioning and Stroop test 
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performance has been shown [6]. Lesions in cholinergic input to the prefrontal cortex strongly reduced 

attention performance [7]. 

Altogether these findings indicate that improved cognitive performance found after WBV are 

likely to be, at least partly, mediated by increased activity of the cholinergic system. Hence, WBV could 

possibly reduce symptoms of conditions in which reduced cholinergic activity plays a role (e.g. 

Parkinson’s disease (in addition to dopaminergic dysfunction) [8] and Alzheimer’s disease [9]). As 

dysfunction of the cholinergic system and degeneration of cholinergic neurons have been related to 

cognitive and behavioral symptoms in different dementia types (e.g. Alzheimer’s disease, vascular 

dementia and Huntington’s disease) [9-13] WBV was thought to be a promising intervention for 

patients with dementia. Therefore, a clinical trial was designed to examine the feasibility and effects of 

WBV, TMSim (for rationale see introduction) and a combination of both in institutionalized older adults 

with dementia. The study protocol is described in chapter 4. 

 

7.1.2 Feasibility of TMSim, WBV and a combination of both in older adults with dementia 

In chapter 5 the feasibility of TMSim, WBV and a combination of both (TMSim + WBV) in institutionalized 

patients with dementia is reported. With high attendance rates (mean 87.9%), pleasant participant 

experiences (mean 7.3) and no serious adverse events, we concluded that all three forms of passive 

exercise in a multisensory environment were shown feasible in institutionalized patients with dementia. 

Moreover, even the most severely affected individuals could successfully engage in the sessions, 

making passive exercise feasible at all stages of dementia.  

We presume that the extent to which the interventions could be adjusted to participants’ 

preferences highly contributed to the pleasant experiences of the participants and the high attendance 

rates. Intensity of the vibration and movements of the platform could be adjusted for all types of passive 

exercise. Moreover, the videos applied during TMSim were chosen based on preferences known for, or 

indicated by the participant. As the TMSim and TMSim + WBV interventions could be personalized to a 

larger extent than the WBV intervention, higher attendance rates and experience scores were expected 

in the former two. However, no considerable differences were observed in attendance rates or 

experience scores between the groups (results chapter 5). This may be partly due to differences in 

intervention duration between the groups (WBV 4 minutes, TMSim and TMSim + WBV 12 minutes). 

Since, in general, attendance rates tend to decrease with increased intervention demands, the fact that 

WBV was only applied for a very short time may distort comparisons with the other two interventions. 

Besides, although subjective, proxy-experiences scores scored by the research assistants indicated that 

TMSim and TMSim + WBV were appreciated more than WBV. So even though the TMSim and TMSim + 

WBV interventions did not seem to be more appreciated in the current study, we do think that the 
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possibility to take into account personal preferences during TMSim has advantages for intervention 

adherence in the long run.  

 

7.1.3 Effects of TMSim, WBV and a combination of both in older adults with dementia 

Contrary to our expectations, we were unable to establish consistent effects of the three forms of 

passive exercise on daily functioning (ADLs), quality of life (QoL), cognitive and physical (balance) 

performance of institutionalized older adults with dementia (chapter 6). It might be that the 

intervention period of six weeks was too short to evoke detectable differences in this population. In 

addition, even though the chosen instruments to measure outcome variables are internationally 

recognized and have shown adequate validity and reliability, they might not be sensitive enough to 

detect potential small differences that may have occurred within those six weeks. Third, effects of the 

three forms of passive exercise in a multisensory environment may not last very long, and therefore 

time points at which outcome measures were assessed were not adequate to capture this.  

 As reported in chapter 2, most studies in which positive effects of WBV on cognitive 

performance are reported assessed short term effects [14-16]. Positive effects on attention and 

inhibition were found immediately after WBV was applied. Moreover, in the study of Regterschot et al. 

(2014) these effects were only present at the first test assessed after WBV, not the second [16]. As this 

is the first study to examine the effects of TMSim (only and in combination with WBV), comparing 

results is difficult. As indicated in chapter 1, the separate components of TMSim were thought to 

activate many different cortical and subcortical areas, thereby enhancing for example neurotransmitter 

systems and connectivity between different brain areas [1,17,18]. This could potentially induce 

improvements in cognitive function and consequently QoL. In chapter 6 we discussed problems that 

were encountered for assessing different outcome measures in patients with dementia. With the used 

methods we may have been unable to detect potential (short term) effects of TMSim (and WBV) in this 

clinical population.   

On the other hand, in contrast to our assumption, it might be that the extent to which patients 

with dementia can benefit from the increased cholinergic activation found after WBV (chapter 3) is 

limited. Human studies assessing the neuropathological diagnosis of Alzheimer’s disease (AD) have 

shown that the cholinergic loss seen in this disease is based on the degeneration of cholinergic neurons 

and of the axons they project to the cerebral cortex [9]. So the cholinergic loss is mainly presynaptic 

rather than postsynaptic. As many presynaptic cholinergic cells have already been lost in clinical stages 

of AD, less potential enhancement of cholinergic activity is possible. This may partly explain why we did 

not find improved cognitive performance after six weeks of WBV in institutionalized patients with 

dementia.  
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Physical effects of passives exercise were addressed in chapter 6. We reported that no improvements 

on static balance (FICSIT4), dynamic balance (timed up and go) and walking speed (6-metre walk) were 

found after six weeks of passive exercise. No previous studies looking into the effects of passive seated 

WBV or TMSim on physical functions were found. As reported in chapter 2 a clear distinction can be 

made between active and passive WBV, as well as between side alternating and synchronous WBV. 

Studies employing passive, standing WBV in older adults showed inconsistent results. One study found 

improved static balance [19] following passive, standing (side alternating) WBV, while another did not 

(synchronous WBV) [20]. Improved performance on the timed up and go test was found in two studies 

(both side alternating) [21,22] while two others reported no effects on this test (both side alternating) 

[19,23]. No effects of passive WBV on maximal walking speed were found (synchronous) [24]. As 

compared to passive WBV, WBV exercise (active WBV, side alternating) was found to be more effective 

in improving balance and mobility related measures [25]. Moreover, beneficial effects on several health 

related components such as increased muscle strength [26], reduced knee osteoarthritis symptoms 

[27] and lower blood pressure [28] have been reported. 

Even though physical and physiological effects have been reported after active WBV, this has 

not yet been consistently established in passive WBV. More research (in different populations) is 

needed to elucidate whether seated WBV and TMSim may have similar physical effects as standing 

WBV. Further examination of underlying mechanisms could also shed a light on whether passive WBV 

(standing and/or seated) and active WBV may be of similar nature and to possible differences in working 

mechanisms of synchronous and side alternating WBV. 

 

7.1.4 Summary main results 

Taken together, in mice, after five weeks of WBV the cholinergic system is activated, which is thought 

to underlie the cognitive enhancements found after WBV in both mice and, if translatable, humans. 

Although expected, in institutionalized patients with dementia we did not find improvements in 

cognitive performance after six weeks of passive exercise. Neither did we find effects of WBV, TMSim 

and a combination of both on QOL, ADLs and balance related measures. Encouraging was the finding 

that TMSim, WBV and a combination of both can be safely applied in institutionalized patients with 

dementia, even in the presence of physical and cognitive problems. Thereby providing alternatives to 

breach inactivity levels in institutionalized patients for whom often limited activities are available. 

Further individualization seems to be key and will be addressed later on in this discussion (see 7.2.5 

Further development and personalization of TMSim). 
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7.2 CONSIDERATIONS AND FUTURE PERSPECTIVES 

7.2.1 Doing something is better than nothing 

Although in this thesis we could not provide evidence for beneficial effects of three different types of 

passive exercise in institutionalized patients with dementia, we do think that adding passive exercise to 

activity programs of this population can be beneficial.  

Most hours of institutionalized patients with dementia are spent passively in the shared living 

room of the nursing home. Even though multiple residents and caretakers are often present in these 

living rooms, the amount of activity and distraction that takes place in these areas is sparse. In an 

observational study, cognitively impaired nursing home residents were not involved in any form of 

activity during 63% of the observations [29]. In addition, limited time (approximately 5% of all 

observations) was spent in structured activities (e.g. music therapy) or social activities (e.g. receiving 

visitors). As a result of a lack of suitable activities and of dementia patients being unoccupied, they 

might become increasingly isolated, frustrated, bored and unhappy. Often this is reflected by people 

walking around and searching, or becoming apathetic, agitated and/or emotionally distressed. An 

absence of suitable activities might also affect their ability to perform activities of daily life. 

Interestingly, participants in the study of Cohen-Mansfield (1992) manifested greater number 

of agitated behaviors when they were unoccupied, while fewer agitated behaviors manifested when 

involved in structural or social activities [29]. These results imply an association between boredom and 

agitated behavior. A clear message arises from these results: (agitated) institutionalized patients with 

dementia should be provided with activities or social interactions to occupy their time.  

 As stated in chapter 6 we think TMSim and WBV have the potential to breach inactivity and be 

complementary to already existing nursing home activities. Both interventions could be used to reduce 

boredom and provide occupational therapy to residents, thereby possibly reducing agitated behavior.  

In the course of the study described in chapter 4-6 we performed a small pilot study in one of 

the cooperating nursing homes. In this pilot study we observed agitated behavior on days with and 

without passive exercise intervention during four consecutive weeks. One participant (TMSim + WBV) 

showed systematically/consistent less agitated behavior on intervention days, whilst two others 

(TMSim and WBV) showed systematically more agitated behavior. For all participants the number of 

observed agitated behaviors reduced over time.  Although no clear short term positive or negative 

effect on agitated behavior was established, these results indicate that passive exercise evokes at least 

some reaction in the patients that is different for each individual.  

In addition, although very subjective, many research-assistants and nursing home staff 

reported that passive exercise vitalized memories and responses from the patients with dementia, 
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thereby increasing their social interactions. We tried to quantify this in another pilot study where we 

observed social behavior and positive and negative affect (e.g. ‘’has a smile around the mouth’’ and ‘’ 

is cheerful’’ or ‘’makes an anxious impression’’ and ‘’is crying’’) before and after the passive exercise 

interventions and at the same time points on days without intervention. We observed more positive 

social behavior and less negative social behavior after the intervention as compared to before the 

intervention. However, similar trends were observed on days without intervention. For positive and 

negative affect on the other hand, we observed more positive affect and less negative affect after the 

interventions as compared to before (Figure 7.1). While on days without interventions there were less 

distinct differences in observed positive and negative affect at the two time points. As these are results 

of a pilot study with small sample sized, and few observed behaviors, future observational studies 

including larger sample sizes are recommended in order to elucidate whether passive exercise really 

has an effect on affect, social behavior and agitated behavior. 

Taken together, there is a high need for development of innovative ways to breach inactiveness 

and boredom in residential aged care. Unoccupied patients seem to manifest more agitated behavior 

as compared to when they are occupied. In addition, sitting in a chair or lying in bed for large parts of 

the day could greatly affect peoples’ ability to perform ADLs. Passive exercise could be used to provide 

personalized activities to institutionalized patients with cognitive and physical disabilities. Results from 

our pilot studies indicate that passive exercise can evoke changes in behavior, different for each 

individual. This was only established in small sample sizes and with moderate methodology, therefore, 

high quality studies with larger sample sizes are suggested to examine short term effects of passive 

exercise on social and agitated behavior and measures related to wellbeing. 
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7.2.2 Improving measures in the dementia population 

As discussed in chapter 6, quantifying outcome measures is challenging in patients with dementia. The 

number of neuropsychological and physical tests that can be adequately used in patients with dementia 

is limited [30]. In addition, due to a variety of cognitive, behavioral and physical problems assessment 

of objective measures such as neuropsychological and physical tests is not possible in a large part of 

the institutionalized patients with dementia. For obtaining valid and reliable results, the participant 

should be able to accomplish the presented test according to protocol. Many tests, however, require 

instructions that are too comprehensive to understand for patients in moderate to severe dementia 

stages (e.g. STROOP color-word test [31], reaction time task [32] and the trailmaking test [33] as 

described in chapter 4). Development of suitable neuropsychological and physical tests, with normative 

data for different dementia stages, types and global cognitive status is necessary for this population in 

order to adequately measure cognitive and physical functions and place changes in test performance 

over time in context on the population as well as the individual level. Such tests should be of short 

duration and require short, straightforward instructions. 

Beside assessment of cognitive and physical tests, assessment of questionnaires or interviews 

in these patients is difficult as well, as this requires a certain level of communication skills that are often 

tremendously affected [34]. For example, patients may not be able to understand what is asked or have 

difficulties with expressing themselves. This can cause outcomes of self-reported measures to be 

Figure 7.1. Observed behaviors for positive and negative affect. On intervention days, behaviors were observed in 
the 10 minutes prior to the intervention and the 10 minutes after the intervention. On control days, similar time 
points were taken, but no intervention was employed. Bars represent the median number of observed behaviors of 
eight participants. 
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unreliable. Therefore, often subjective measures such as proxy reports are used as an alternative to 

assess outcome measures. However, proxy measures are accompanied by several limitations. Proxy-

measures often show discrepancies from self-reported measures [35]. Personal characteristics of the 

respondent or their relationship with the participants may influence the outcomes [36,37]. Hence, 

proxy-measures may not be the right solution to counteract the problems with self-report. 

 In sum, more feasibility and clinimetric research is needed to create consensus on and 

empower development of feasible, reliable and valid tests and measures that can be used in future 

clinical studies that include patients with dementia.  

BOX ‘PASSIVE EXERCISE?’ 

In this thesis we refer to TMSim, WBV and TMSim + WBV as forms of passive exercise in a 

multisensory environment. The term passive exercise implicates that activated processes following 

TMSim and WBV are similar to those following active physical exercise (PE). As the study described 

in chapters 4-6 is the first to employ TMSim, it is difficult to indicate whether processes following 

this intervention are similar to those following PE. For WBV and PE, key processes and mechanisms 

underlying the positive effects on cognition have, in part, been elucidated, mostly in animal models.  

To mimic PE, many animal model studies used voluntary running. Voluntary running was 

shown to increase synaptic plasticity [38,39], neurogenesis (in the hippocampus) [39,40], 

angiogenesis and perfusion [41] in brain area’s that are important for learning and memory. These 

processes are mediated, in part, by the activation and production of several key growth factors and 

neurotransmitters: Brain-Derived Neurotrophic Growth Factor (BDNF), Vascular Endothelial Growth 

Factor (VEGF), serotonin, dopamine and Insulin-Like Growth Factor-1 (IGF-1) [38,42-44].  

Although found in animal models that mimic pathological conditions, similar activation and 

production of growth factors and neurotransmitters have been reported after WBV. In ischemic 

rats, increased BDNF levels were found after 30 days of WBV treatment as compared to controls 

[45]. Additionally, after four weeks of WBV increased levels of dopamine and BDNF were found in 

the striatum of Parkinson’s disease model mice [46]. In an experiment in which different WBV 

accelerations and frequencies were applied, increased serotonin levels were found after WBV as 

compared to control condition [47]. These increases were found after a single, four hour, session of 

20 Hz, 0.4G WBV, but not after 5 or 30 Hz, 0.4G WBV. At 20 Hz, serotonin levels were found to 

increase with increased acceleration (0.4 -5G).  

One study in which PE and WBV were directly compared was performed in leptin receptor–

deficient mice, a model for type II diabetes. Metabolic and osteogenic effects of 20 minutes WBV 

(32 Hz, 0.5G) and 45 minutes of treadmill exercise (10m/min) were compared. For both types of 
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7.2.3 Optimal characteristics of vibration?  

As processing of vibratory stimuli by the skin mechanoreceptors is thought to be a crucial underlying 

mechanism of WBV, it can be questioned whether vibration of the whole body is necessary. Density of 

mechanoreceptors is highest in glabrous skin which is typically more sensitive than hairy skin. In humans 

for example, the fingers have many receptors with small receptive fields (more sensitive), while the legs 

and trunk have fewer receptors with large receptive fields (less sensitive). A study in which only the 

fingertips are stimulated could provide evidence for the hypothesized role of mechanoreceptors in 

WBV. This may also verify whether vibration of the whole body is necessary. It is known that the number 

and mean density of mechanoreceptors in the skin decreases with age [50-52]. Therefore, research in 

different aged study populations is recommended.  

Furthermore, given the characteristics of the mechanoreceptors that are sensitive to the type 

of vibration that is applied during WBV (in most studies 20-40 Hz), the continuous nature of the applied 

WBV could be impeached. Meissner and Pacinian corpuscles are rapidly adaptive receptors [53], 

meaning they respond to changes in the environment instead of to continuous stimuli (Figure 7.2). 

Hence, in order to fire, these corpuscles need constantly changing stimuli. During WBV we apply the 

same stimulus for several minutes, while it is likely that with such continuous stimulation the firing of 

the targeted mechanoreceptors only lasts for several seconds. On the other hand, random WBV, for 

example with changing frequency and/or amplitude, could potentially cause the mechanoreceptors to 

keep firing. So far, only one study examined both continuous and random WBV [54]. Six weeks random 

(three series of alternately 30 seconds, 20 Hz and 30 seconds, 50 Hz), but not constant (six times 30 

intervention, similar effects were found on insulin sensitivity, pancreatic response to glucose, 

muscle fiber diameter, reduced adipocyte hypertrophy in visceral fat, attenuated hepatic steatosis 

and enhanced glycemic control [48]. In addition, in older adults increased levels of IGF-1 were found 

immediately, one hour and two hours after a single session of WBV as compared to pseudo-controls 

[49]. 

To conclude, comparisons across findings in both human and rodent literature reveal 

similarities between exercise and WBV in activation and production of several growth factors and 

neurotransmitters. However, WBV studies were often performed in models resembling pathological 

conditions. Furthermore, it is unclear whether working mechanisms of active and passive WBV are 

identical. Therefore, it remains unknown if WBV as applied in animal models reflects passive and/or 

active WBV (discussed in the section 7.2.4 Animal models). Altogether the comparison between 

exercise and WBV (as well as TMSim) warrants further investigation in order to determine whether 

we can rightfully refer to WBV (and TMSim) as being passive exercise. 
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seconds,35 Hz) WBV in series of 30 seconds improved performance on the time up and go test (dynamic 

balance). However, no between group comparisons were made and data for the constant WBV group 

was not presented, therefore from this study it cannot be concluded that random WBV is more effective 

than constant WBV. Nevertheless, it is worth investigating whether providing more variable types of 

WBV might be more effective than applying the same stimulus for several minutes, as we currently do 

in WBV. 

 

7.2.4 Animal models  

Although mouse models can be very useful to study specific neurobiological processes that underlie 

passive WBV and other types of sensory stimulation, important differences between the human and 

animal models should be recognized. As the exact underlying mechanisms of passive WBV remain 

unknown, it also remains unknown whether the processing of this type of sensory stimulation in mice 

actually resembles the processing of WBV in humans.  

In seated, passive WBV it is thought that information processing via the skin mechanoreceptors plays a 

key role in the observed positive effects on cognitive performance found after (seated) WBV.  Similar 

to human, in animals touch is also detected by means of skin mechanoreceptors and processed in the 

somatosensory area. However, unlike human, rodents (and other animals) heavily rely on their whiskers 

for tactile sensing, complementary to sensing via the skin. In the barrel cortex, a region of the 

somatosensory cortex, information of the whiskers is processed. Different neurons of the barrel cortex 

Figure 7.2. Touch is the detection of a mechanical stimulus impacting the skin. Four types of mechanoreceptors are 

localized in various layers of the skin where they detect a wide range of mechanical stimuli (e.g. pressure, stretch 

and vibration). Each type of receptor has its own characteristics in terms of receptive field size, adaptation speed 

and perception (e.g. stimulus type and frequency), thereby is sensitive to specific aspects of the physical 

environment.  
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have different frequency preferences [55]. Whisking generally occurs at frequencies between 5 and 15 

Hz [56,57]. However, results from different studies suggest sensitivity of the whiskers to stimulation up 

to 1500 Hz [55,58-60]. It is likely that WBV in mice, at least to a large extent, activates signaling from 

the whiskers and related brain areas. To what extent this difference between animal models and the 

human situation affects the possibility to translate results remains unknown. 

In addition to differences in the processing of tactile information, also differences in posture 

between animal and human passive WBV could be problematic in translating results. In human, during 

passive WBV participants are seated or statically standing on the vibrating plate. While in rodent 

experiments the animals often can freely move around (albeit in a limited space). In our own 

experiments it was observed that during WBV mice were moving and changing posture. Therefore, 

rodent WBV experiments may be more likely to resemble active WBV instead of passive WBV. 

Moreover, direct contact of the mice with the vibrating source may be less consistent as compared to 

the human situation.  

Finally, even though the use of different mouse strains is relevant as they may represent 

differences as seen in het human population, the outcomes can differ for different strains. Studies on 

different strains in which effects of WBV on cognitive and physical performance was examined yielded 

inconsistent results. For example, improved performance in a reference memory Y-maze test was 

observed in C57BL/6 mice, but not in CD-1 mice (chapter 2). Additionally, in two studies with similar 

protocols joint degeneration following WBV was found in CD-1 mice, but not in C57BL/6 mice [61,62]. 

These results indicate that WBV induced effects may vary in a strain-specific matter.  

 All in all, the use of animal models could potentially elucidate underlying mechanisms of WBV. 

Besides, investigating differences in effectiveness of WBV in different strains could help examine factors 

or areas specifically susceptible to WBV. Future research is needed to examine the similarities between 

the processing of WBV in human and animal models and to check whether current methods applied in 

animal models may resemble active or passive WBV. 

 

7.2.5 Further development and personalization of TMSim 

TMSim is a relatively new intervention in which passive exercise in a multisensory environment can be 

applied to the user. In chapter 5 we already showed that TMSim (in combination with WBV) was highly 

adjustable to participants their preferences. We also discussed that personalization is thought to affect 

attendance rates and experience scores and that TMSim has the potential to breach inactivity patterns 

in residential aged care (this chapter). More research to provide a scientific foundation for further 

development of TMSim is key. 
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Determining optimal duration, frequency (how often) and intensity are important to determine the 

optimal dose of TMSim. In CD1 mice for example five, but no 30 minutes of WBV was effective for 

improving cognitive and physical performance [63]. Apart from the intervention characteristics of 

TMSim, personalization of the content of TMSim is also needed. The extent to which effectiveness of 

TMSim could depend on different types of music played during TMSim for example remains open to 

question. It is known from the literature that effectiveness of music therapy highly depends on 

familiarity and preferences of the participant [64,65]. Activation of the supplementary motor area may 

underlie the effectiveness of familiar and preferred music [66]. Also widespread increased functional 

connectivity in cortico-cortical and cortico-cerebellar networks following preferred music was found 

[66]. The latter study indicates, that familiar sensory stimulation are powerful instruments to evoke 

emotions and retrieve memories. Thereby supporting further personalization of the music, sounds, 

videos and type of activities that are applied during TMSim.  

More research on the underlying mechanisms involved in TMSim can potentially increase our 

knowledge about which populations might benefit from this type of stimulation and what the optimal 

dose could be. So, further research, development and personalization of TMSim could potentially 

further improve feasibility and effectiveness. 

 

7.3 CONCLUSION AND PRACTICAL IMPLICATION 

Taken all results and considerations into account we conclude that passive exercise is a feasible 

intervention that can be successfully applied in all stages of dementia. Effectiveness of passive exercise 

in institutionalized patients with dementia has not been established. So for now, we conclude that 

passive exercise by itself may not have the capacity to replace established pharmacological and non-

pharmacological approaches to alleviate adverse effects of dementia. However, we do suggest it can 

be used as an adjunct treatment, complementary to current activity programs and is a useful strategy 

to breach inactivity patterns. Not only in institutionalized older adults with dementia, but for all persons 

that are inactive due to cognitive, physical or organizational limitations.  
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ACHTERGROND 

Het is algemeen bekend dat bewegen een positief effect kan hebben op zowel fysieke als cognitieve 

gezondheid. Regelmatig bewegen wordt geassocieerd met het verminderen van symptomen en/of het 

risico op bepaalde ziektes en aandoeningen zoals hart en vaatziekten, diabetes mellitus type II, 

depressie en verschillende type dementie. In vergelijking met reguliere medicijnen heeft bewegen vaak 

weinig negatieve bijwerkingen, waardoor bewegen zelfs (deels) de voorkeur kan hebben boven 

medicatie als onderdeel van behandeling. 

 Echter, veel mensen die van de positieve effecten van bewegen zouden kunnen profiteren zijn 

vaak juist degene die niet meer in staat zijn om te bewegen. Kwetsbare groepen, zoals ouderen en 

verschillende patiëntengroepen kunnen moeilijkheden ondervinden met blijven bewegen door fysieke, 

cognitieve en praktische beperkingen. Alternatieven waarvan de effecten de positieve effecten van 

bewegen benaderen zouden voor deze mensen van groot belang kunnen zijn om de benodigde 

hoeveelheid medicatie te beperken, fysieke en mentale gezondheid te verbeteren en het risico om 

comorbiditeit te ontwikkelen te verminderen. 

 In dit proefschrift zijn de toepasbaarheid en effecten van twee mogelijke alternatieven, whole 

body vibration (WBV) en therapeutic motion simulation (TMSim) onderzocht. Ook is door middel van 

een dierstudie geprobeerd meer kennis te vergaren over de mogelijke (neurobiologische) 

onderliggende werkingsmechanismen van WBV. Beide vormen van ‘passief bewegen’ kunnen worden 

toegepast ongeacht de deelnemer zijn/haar fysieke of cognitieve capaciteiten. Tijdens WBV zit de 

deelnemer op een platform dat snelle trillingen (30 Hz) produceert. Deze trillingen zorgen voor 

proprioceptieve en tactiele stimulatie bij de deelnemer. Tijdens TMSim wordt een video van een 

activiteit afgespeeld (bijv. dansen, paardrijden of motorrijden) met bijpassende geluiden en muziek. 

Het gerobotiseerde platform waarop de deelnemer zich bevindt beweegt mee met de beelden op het 

scherm, zodanig dat hij/zij het gevoel krijgt zelf de activiteit uit te voeren. Tijdens deze multi-

sensorische stimulatie worden de visuele, auditieve, tactiele en proprioceptieve zintuigen 

gestimuleerd. Zowel het lichaam als de hersenen van de deelnemer worden tijdens WBV en TMSim 

gestimuleerd, daarom verwachtten we dat beide vormen de potentie hebben om fysieke en cognitieve 

gezondheid van deelnemers te verbeteren.   

 

RESULTATEN 

In hoofdstuk 2 is een overzicht gegeven van de huidige kennis over de impact van WBV op cognitie en 

het brein in dieren en mensen. De resultaten van dierstudies laten zien dat, afhankelijk van het type 

taak, de muislijn en de duur van de WBV-sessie(s), WBV in staat is om leren en geheugen in muizen te 
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verbeteren. In humane studies werd in schoolkinderen, jongvolwassenen en jongvolwassenen met 

ADHD gevonden dat WBV de prestatie op een aandacht/inhibitietaak kan verbeteren wanneer dit direct 

na een sessie WBV werd gemeten. Grootste verbeteringen werden hierbij gevonden in 

jongvolwassenen met ADHD. Daarnaast leken aandacht/inhibitie en visueel werkgeheugen te 

verbeteren na vijf weken WBV in pilotstudies waarin werd gekeken naar de lange termijn effecten van 

WBV. Mogelijke mechanismen die ten grondslag liggen aan deze effecten van WBV op het brein zijn 

ook besproken in hoofdstuk 2. De mechanoreceptoren in de huid lijken de meest voorname kandidaten. 

Met name de Meisner corpuscles zijn zeer gevoelig voor frequenties tussen de 20 en 40 Hz en zouden 

en rol kunnen spelen in de activatie in het brein tijdens en na WBV. Ook versterkt functioneren van 

onderliggende neurotransmittersystemen zoals het cholinerge en dopaminerge systeem zouden een 

rol kunnen spelen in de verbeterde cognitieve prestaties na WBV.  

 Om meer inzicht te krijgen in de mogelijke rol van het cholinerge systeem in de effecten van 

WBV werd een studie uitgevoerd waarin is gekeken naar maten voor cholinerge activiteit in muizen na 

vijf weken WBV. Deze studie is beschreven in hoofdstuk 3. C57Bl/6J muizen kregen vijf weken lang, vijf 

dagen per week, gedurende 10 minuten per dag WBV (30 Hz) aangeboden. De immunoreactiviteit van 

het acetylcholine-synthetiserende enzym choline acetyltransferase (ChAT) dat een maat is voor 

cholinerge activiteit, werd gemeten in verschillende delen van het frontale brein. In laag vijf van de 

somatosensorische cortex en de amygdala werd een hogere mate van ChAT-immunoreactiviteit 

gevonden bij de WBV muizen in vergelijking met de pseudo-WBV muizen (dezelfde behandeling, maar 

zonder dat het WBV apparaat werd aangezet). Deze verschillen werden niet gevonden in de nucleus 

basalis magnocellularis. Aangezien toegenomen ChAT-immunoreactiviteit een indicatie kan zijn voor 

toegenomen cholinerge activiteit, impliceren deze resultaten dat de positieve effecten van WBV op 

aandacht zeer waarschijnlijk worden gemedieerd door verhoogde activiteit in het cholinerge systeem. 

WBV zou daarom mogelijk een effectieve interventie kunnen zijn voor ziekte een aandoeningen waarbij 

verlaagde cholinerge activiteit in het (frontale) brein een rol speelt. 

 Gebaseerd op voorgaande bevindingen werd er een klinische studie opgezet waarin de 

toepasbaarheid en effecten van WBV, TMSim en een combinatie van beide (TMSim + WBV) in 

geïnstitutionaliseerde ouderen met dementie werden getest. Het uitgebreide protocol van deze studie 

is beschreven in hoofdstuk 4. Op verschillende locaties in Noord-Nederland zijn geïnstitutionaliseerde 

ouderen met dementie en hun wettelijk vertegenwoordigers gevraagd deel te nemen aan dit 

onderzoek. Voor het onderzoek werden de deelnemers ingedeeld in een van de vier 

onderzoeksgroepen: TMSim (12 minuten, 3 video’s van 4 minuten), WBV (4 minuten), TMSim + WBV 

(12 minuten) of controle (reguliere zorg). Gedurende zes weken ontvingen de deelnemers uit de eerste 

drie groepen, vier keer per week een sessie passief bewegen. Gedurende deze zes weken werden er 
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verschillende gegevens verzameld aan de hand waarvan de toepasbaarheid van passief bewegen kan 

worden uitgedrukt. Hiervoor is gekeken naar: aanwezigheid, of de sessies werden uitgevoerd volgens 

protocol, ervaringen (op een schaal van 0-10), bijwerkingen en stoppen van deelname. Voorafgaand 

(T0), na afloop (T1) en twee weken na afloop (T2) van de zes weken passief bewegen werden er 

neuropsychologische, balans- en looptesten afgenomen bij de deelnemers om zo het cognitief en fysiek 

functioneren te kunnen bepalen. Daarnaast werden de eerst verantwoordelijk verzorgende en de 

wettelijk vertegenwoordiger op dezelfde tijdstippen gevraagd om een aantal vragenlijsten in te vullen 

over de kwaliteit van leven en het algemeen dagelijks functioneren van de deelnemers. Ook werd hun 

gevraagd hoe zij de zorglast voor de deelnemer op dat moment ervaarden.  

In totaal hebben 120 geïnstitutionaliseerde ouderen met dementie (64.5% vrouw, leeftijd 

85.3±6.8 jaar, MMSE 0-29) op 7 verschillende locaties deelgenomen aan het onderzoek. In hoofdstuk 5 

zijn de resultaten met betrekking tot de toepasbaarheid van de drie verschillende vormen van passief 

bewegen bij geïnstitutionaliseerde ouderen met dementie gepresenteerd. Wat betreft de 

toepasbaarheid werden er geen verschillen gevonden tussen de drie verschillende vormen van passief 

bewegen. Gemiddeld werd 87.9% van de aangeboden sessies passief bewegen ook daadwerkelijk 

bijgewoond door de deelnemers. Vrijwel alle sessies zijn uitgevoerd volgens het protocol. Alle drie de 

vormen van passief bewegen werden positief gewaardeerd, met een gemiddeld cijfer van 7.3 op een 

schaal van 0-10. Er traden geen serieuze bijwerkingen op tijdens of na het passief bewegen en het 

aantal mensen dat stopte met de studie om redenen gerelateerd aan de interventie (bijv. geen zin meer 

of wagenziekte) was met 12.2% acceptabel. Voor alle TMSim en TMSim + WBV-sessies is ook 

bijgehouden naar welke activiteitenvideo’s de deelnemer heeft gekeken. De keuze voor deze video’s 

was gebaseerd op de voorkeur van de deelnemers (indien zij in staat waren een voorkeur uit te 

drukken). Relatief gezien werden wandel-video’s het vaakst bekeken en extreme sport video’s het minst 

vaak. Echter is er in beide groepen grote variatie te zien tussen de verschillende deelnemers. De 

resultaten uit hoofdstuk 5 impliceren dat TMSim, WBV en TMSim + WBV goed toepasbaar zijn in 

geïnstitutionaliseerde ouderen met dementie. Alle drie de vormen kunnen worden gebruikt om passief 

bewegen aan te bieden waarbij rekening wordt gehouden met individuele voorkeuren van de 

deelnemer. Gezien de goede toepasbaarheid zou passief bewegen een geschikte manier zijn om 

inactiviteit van geïnstitutionaliseerde ouderen met dementie te doorbreken. 

De effecten van WBV, TMSim en een combinatie van beide zijn beschreven in hoofdstuk 6. Uit 

de verzamelde data blijkt dat, in vergelijking met reguliere zorg, alle drie de vormen van passief 

bewegen geen effect hebben op de kwaliteit van leven, het algemeen dagelijks functioneren, cognitief 

en fysiek functioneren van geïnstitutionaliseerde ouderen met dementie. Er blijken echter 

moeilijkheden met het (betrouwbaar) vaststellen van verandering in de gemeten uitkomstmaten bij 
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deze doelgroep. Zo zijn de vragenlijsten, gebruikt om kwaliteit van leven en algemeen dagelijks 

functioneren te meten, waarschijnlijk niet sensitief genoeg om veranderingen na zes weken te kunnen 

vaststellen. Daarnaast zijn er vrijwel geen geschikte neuropsychologische testen beschikbaar om, 

specifiek bij ouderen met dementie, (verandering in) cognitief functioneren op een betrouwbare 

manier te meten. Aanbevelingen voor verder onderzoek die hieruit volgen zijn onder andere het 

toepassen van passief bewegen voor een langere termijn dan zes weken en het ontwikkelen van 

neuropsychologische testen specifiek voor de beschreven doelgroep. 

In Hoofdstuk 7 zijn per hoofdstuk de belangrijkste bevindingen beschreven en worden deze 

(integraal) bediscussieerd. Veel van de verschillende typen dementie worden gekenmerkt door 

dysfunctie van het cholinerge systeem en een degeneratie van cholinerge neuronen. Om die reden gaf 

de toegenomen ChAT-immunoreactiveit in de amygdala en laag 5 van de somatosensorische cortex in 

muizen gevonden na WBV ons reden om te denken dat WBV een effectieve therapie zou kunnen zijn 

voor ouderen met dementie. Echter bleek in onze klinische studie dat WBV (in combinatie met TMSim) 

niet de verwachtte positieve effecten had op het functioneren van geïnstitutionaliseerde ouderen met 

dementie. Een verklaring hiervoor zou kunnen zijn dat, door het verlies van grote aantallen 

presynaptische cholinerge neuronen, de mate waarin ouderen met (gevorderde) dementie baat 

kunnen hebben bij toegenomen cholinerge activatie na WBV beperkt is. Wellicht dat WBV daarom 

geschikter zou kunnen zijn om toe te passen in vroege stadia van dementie bij mensen die weinig 

kunnen of willen bewegen Ondanks dat er geen positieve effecten van WBV, TMSim en TMSim + WBV 

werden gevonden in geïnstitutionaliseerde ouderen met dementie zijn we er wel van overtuigd dat 

passief bewegen een goede aanvulling zou kunnen zijn op het huidige aanbod van activiteiten voor deze 

doelgroep. Veel van deze ouderen zijn het grootste gedeelte van de dag inactief en hebben weinig 

afleiding. Wat kan leiden tot o.a. toegenomen apathie, agitatie en sombere gevoelens. Daarnaast zijn 

de activiteiten die worden aangeboden vaak vrij algemeen van aard. Passief bewegen zou een manier 

zijn om deze periodes van inactiviteit te doorbreken waarbij rekening wordt gehouden met individuele 

voorkeuren van de deelnemer. Om nog beter in te kunnen spelen op deze voorkeuren zou passief 

bewegen nog verder ontwikkeld kunnen worden. Zo kan het aantal verschillende type activiteiten dat 

tijdens TMSim kan worden aangeboden worden uitgebreid en zou de inhoud van deze activiteiten nog 

meer kunnen aansluiten op de belevingswereld van de doelgroep. Ook zou bijvoorbeeld meer variatie 

in de frequenties die tijdens een sessie WBV worden aangeboden effectiever kunnen zijn dan één 

constante frequentie. Meer onderzoek is nodig naar de onderliggende mechanismen van de 

verschillende vormen van passief bewegen. Dit zou ons kennis kunnen geven van de verschillende 

doelgroepen die mogelijk baat hebben bij passief bewegen en wat de optimale instellingen (zoals duur, 

intensiteit en frequentie (hoe vaak)) zijn. 
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CONCLUSIE 

Samengevat concluderen we dat passief bewegen goed toe te passen is in geïnstitutionaliseerde 

ouderen met dementie. Op dit moment lijk passief bewegen op zichzelf nog geen geschikt alternatief 

te zijn voor reeds erkende farmacologische en non-farmacologische behandelingen om negatieve 

effecten van (gevorderde) dementie te verminderen. Wel denken we dat passief bewegen een goede 

aanvulling zou zijn op het huidige activiteitenaanbod om inactiviteit en verveling in de (ouderen)zorg 

tegen te gaan.  
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Dan hier het, over het algemeen, meest gelezen hoofdstuk van een proefschrift, het dankwoord. 

Onderzoek doen is teamsport dus er zijn een hoop mensen die, direct of indirect, hebben bijgedragen 

aan de totstandkoming van dit boekje en het plezier dat ik heb gehad tijdens dit traject. Ik wil hieronder 

graag van de gelegenheid gebruik maken om een aantal mensen in het bijzonder te bedanken. Mocht 

je wel hebben bijgedragen maar niet zijn genoemd, excuus en natuurlijk ook jij heel erg bedankt. 

 

Eddy en Marieke, jullie natuurlijk allereerst bedankt. Voor het vertrouwen, zodat ik zelfstandig aan de 

verschillende projecten kon werken. Voor de mogelijkheden om mij daarnaast ook verder te 

ontwikkelen binnen de afdeling neurobiologie. Ook al hadden we geen vaste meetings, ik kon altijd bij 

jullie terecht met vragen of als alles even tegen leek te zitten. Marieke, de tijd en moeite die jij in het 

lezen en commentaar geven op mijn stukken en andere (voor mij) randzaken hebt gestoken waardeer 

ik zeer. Eddy, jouw onverstoorbare enthousiasme voor de wetenschap en jouw kunst om altijd het 

positieve van een situatie of resultaten te kunnen zien zijn motiverend. Ik ben jullie allebei heel 

dankbaar voor de ontwikkeling die ik, met hulp van jullie, de afgelopen jaren heb kunnen doormaken! 

 

Heel veel dank aan de deelnemers uit de verschillende verpleeghuizen en hun naasten (of wettelijk 

vertegenwoordigers) voor het verlenen van toestemming en deelname aan het onderzoek. Meer nog 

bedankt voor alle gezellige, ontroerende en ontwapenende momenten die de uitvoer van het 

onderzoek extra kleur gaven. Directies, teamleiders, verzorgenden, verpleegkundigen, artsen en overige 

medewerkers van de verpleeghuizen Old Wolde, Heymanscentrum, De Es, De Brink, Zuiderflat, 

Stellinghaven, Voltawerk en Nieuw Mellens, met hulp van jullie enthousiasme was het mogelijk om het 

onderzoek op deze locaties uit te voeren. Al het personeel op de afdelingen, dank voor jullie tips en 

adviezen en natuurlijk het invullen van alle vragenlijsten naast al het harde en ook vaak liefdevolle werk 

dat jullie dagelijks verrichten. Dana en Eddy jullie wil ik er graag nog even uit lichten. Jullie enthousiasme 

en wil om dit onderzoek tot een succes te maken was heerlijk om mee samen te werken. Jullie waren 

altijd bereikbaar, zelfs in eigen tijd, en nooit te beroerd om een stapje extra te zetten. Dana, ik durf wel 

te stellen dat zonder jou, de pilot niet van de grond was gekomen, dus heel erg bedankt voor je bijdrage 

aan de kick-start van dit project. Eddy, het was een plezier om te ervaren hoe bevlogen en betrokken 

jij de verschillende zorgtaken op je neemt, dank voor de leuke gesprekken en voor alle tijd en hulp die 

je in dit onderzoek hebt gestoken. 
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Alle studenten die hebben meegeholpen met het afnemen van testen en het begeleiden van 

interventiesessies, zonder jullie was al dit werk niet mogelijk geweest. Anna-Julia, Arjen, Aveline, Beli, 

Daniel, Eelke, Elise, Karlijn, Kas, Lieke, Linda, Maarten, Marloes, Maud, Megan, Merle, Niels, Renee, 

Rianne, Rob, Roland en Tara heel erg bedankt voor jullie inzet, enthousiasme en gezelligheid! 

 

I would like to thank the co-authors of the different chapters in this thesis. Thank you very much for 

your contribution to these papers. 

 

Ook een woord van dank voor de leden van de beoordelingscommissie. Prof. dr. U.L.M. Eisel 

Prof. dr. T. Hortobagyi and Prof. dr. J. Rittweger thank you for your willingness to assess this thesis. 

 

Herbert en Cathrina, de oprichters van Pactive Motion. Wat een fantastisch product hebben jullie 

ontwikkeld. Dank dat we tijdens het onderzoek gebruik mochten maken van jullie apparatuur. Bedankt 

ook voor het altijd meedenken met wat van pas zou kunnen komen tijdens het onderzoek en het snelle 

handelen als er zich problemen voordeden met software of apparatuur. 

 

Aan het begin van deze 3 jaar heb ik regelmatig gedacht dat het handiger was geweest om op het UMCG 

in een kamertje bij de afdeling bewegingswetenschappen te werken. Maar wat ben ik blij dat ik 

uiteindelijk in de groep neurobiologie terecht ben gekomen. Er ging een hele nieuwe wereld voor mij 

open, ik ontdekte onderzoeken en (analyse)technieken waarvan ik het bestaan niet kende en niet wist 

dat dit überhaupt mogelijkheden waren. Mijn nieuwsgierigheid werd dan ook goed gevoed, wat tot 

leuke en leerzame momenten in het lab en de kelder leidde. Bedankt aan alle neurobiologie collega’s. 

Speciale dank aan Kunja, Pleunie, Jan en Wanda voor jullie bijdrage en hulp bij de verschillende 

projecten. 

 

Lieve collega-PhD’s, wat een leuke tijd heb ik met jullie gehad. Zo leuk dat het ook wel eens ten koste 

ging van de productiviteit. Als jullie er niet waren geweest had dit boekje misschien nog wel een half 

jaar eerder af kunnen zijn, maarja, dan was het wel eenzaam en een stuk minder gezellig geweest. 

Anouschka, Betty, Danielle, Deepika, Doortje, Els, Frank, Giorgio, Kata, Kevin, Laura, Maria, Natalia, 

Naomi, Niels, Peter, Romy, Tamas, Steffen, Valentina, Vibeke, Vlad, Warner, Yingying en Youri bedankt 

voor alle sporturen, etentjes (‘’ik heb nog paprikas’’), spel-/gameavonden, (uit de hand gelopen) borrels 

en stapavonden, wandelingen, koffiepauzes, series-/filmavonden, voetbal kijken in de kroeg, 

grappen/verzonnen verhalen en ga zo maar door. 
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Frank, hoe kon ik anders dan jou vragen als paranimf. ‘’Keep your enemies close’’ luidt het spreekwoord 

en ik kan je maar beter te vriend houden gezien de belachelijke hoeveelheid lelijke foto’s die je in de 

afgelopen jaren van mij hebt weten te verzamelen #obsessed. Maar nee, ik weet nog goed hoe we onze 

eerste avond Pokémon gingen vangen in het plantsoen. Ik denk dat die avond de start was van een 

vriendschap die vanzelfsprekend voelt. Hopelijk volgen er nog meer leuke avonturen zoals met (een 

deel van) team friet vs. patat naar Athene, op wintersport en de karaokebar (‘’Release your inhibitions’’). 

 

Merel en Daniëlle (Daan) bedankt dat jullie respectievelijk mijn paranimf en ‘de echte paranimf’ willen 

zijn. Ook bedankt voor jullie interesse in mijn werkzaamheden en het voorzien in primaire 

levensbehoeftes zoals spelletjesavonden, kattenknuffels, goede verhalen (‘’Tinie toedie’’), 

escalatieavonden, carpoolkaraokesessies (‘’nee, nee, neeee’’) en heel veel lachen. Jullie gedrevenheid 

en positiviteit is inspirerend en aanstekelijk. Ook al sluiten onze agenda’s vaak niet heel goed op elkaar 

aan en zal dat in de toekomst misschien nog wel erger worden, ik hoop dat onze vriendschap nog lang 

mag duren.  

 

Familie, vrienden, vriendinnen en (oud) teamgenoten, bedankt voor jullie interesse, steun, vriendschap, 

gezelligheid en afleiding buiten het werk om. 

Sanne en Johan, bedankt dat ik altijd bij jullie terecht kan. Het aantal keren dat ik 

onaangekondigd bij jullie hele dagen heb doorgebracht is enorm. De vanzelfsprekendheid waarmee ik 

zo ongeveer deel uitmaak van jullie gezin is bijzonder. Dank voor alle avondmalen, familie-uitjes, jullie 

Netflix wachtwoord en het op de wereld zetten van het leukste neefje en nichtje ter wereld. 

 Juul en Adam, ook al begrijpen jullie op dit moment nog weinig van wat hier staat en is mijn 

liefde voor jullie niet in woorden uit te drukken, toch ook een stukje voor jullie. Jullie zijn de leukste, 

liefste en knapste peetkinderen die ik me kon wensen. Jullie maken al het andere in de wereld tot 

bijzaak, wat tijdens deze PhD soms een fijne afleiding was. 

Pap en mam, bedankt dat jullie er altijd voor me zijn. Pap, bedankt voor alle gezamenlijke 

fietskilometers en vakanties. Ik heb er even een berekening op losgelaten en denk dat we in ons leven 

samen zeker al een keer de wereld rond hebben gefietst. Mam, bedankt voor je altijd luisterende oor, 

de gezellige uitjes en heerlijke broodjes in Utrecht op de brug. Bedankt voor jullie onvoorwaardelijke 

liefde, steun en vertrouwen. Ik ben heel blij dat ik deze dag met jullie kan delen, ik hou van jullie! 
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