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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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