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Abstract

Whole body vibration (WBV) is a modality which has been considered as an alternative form of
physical activity in absence of traditional physical exercise. Additionally, improved cognitive
performance in both murid and human experiments have been observed, hence resulting in WBV
being explored as a therapeutic treatment for neurocognitive and -degenerative disorders. However,
mechanisms of action of the procedure on the central nervous system are largely unknown. Studies
attempting to elucidate the biological underpinnings have been performed in rodent and human
models, however the results generated in fMRI show distinct activation of brain regions, with little
overlap. This could be the result of species-specific impact of sensory organs in perception of
movement and space, such as the rodent whiskers. Literature reports a distinct sensory pathway
activated by stimulation of the whiskers — the lemniscal pathway — which results in transmission of
sensory information from the mystacial pad to the ventro-posterior medial nucleus, posterior
thalamic nucleus, CA1 hippocampal subfield and a specialized area of the primary somatosensory
cortex. Evidence suggests that perpetual stimulation of the lemniscal pathway due to whisker
vibrations during WBV could account for increased cognitive performance due to remodelling of
neural pathways and increased activity of cholinergic neurons, such as the one reported in the
hippocampus. While the rodent lemniscal pathway bears some similarity to the human posterior
column medial lemniscal pathway, the species specific-differences in the pathway (such as the
presence of the barrel cortex and thalamic barreloids) could account for the differences observed in
fMRI studies. Hence, caution is recommended when applying results generated from rodent WBV
studies to humans, particularly when discussing system-wide changes observed after sessions.

Introduction

Whole-body vibration (WBV) is a term commonly used to describe the phenomenon of mechanic
oscillations being transferred to a human body, through exposure to a vibrating surface. High-
frequency WBV (most commonly generated by power tools, such as jackhammers) have been
traditionally relegated to the status of occupational hazard as it carries an increased risk in
development of musculoskeletal pathologies, cardiovascular and gastrointestinal disorders (Krajnak,
2018). Recently, applications of low-frequency WBV (up to 50 Hz) has been proposed as a novel non-
invasive therapeutic methodology in physical recovery, as well as an exercise modality, in disabled
patients (Gusso et al., 2016; Wollersheim et al., 2017). Studies in human patients have shown that
deliberate exposure to short-interval low-frequency WBYV provides benefit in a range of
impairments, including recovery of muscle strength, arthritis, back pain, knee pain and diabetes
among others (Baum et al., 2007; Kaeding et al., 2017; Rees et al., 2008; Rustler et al., 2019; Wang et
al., 2015).

Low-frequency WBV has also been explored in the context of improving cognitive performance of
patients suffering from neurocognitive disorders. While studies are sparse, there is some evidence
that performance increased in The Stroop Color and Word Test amongst patients with unilateral
brain lesions, dementia, stroke, ADHD and Down’s Syndrome (Ferreira, 2020; Herren et al., 2018;
Kim & Lee, 2018; A. Lee et al., 2020; Regterschot et al., 2014). Increased performance in cognitive
tasks has also been reported in healthy adults across all age groups, however the persistence of the
effect after cessation is yet to be explored (Boerema et al., 2018; de Bruin et al., 2020; Regterschot
et al., 2014; Sanders et al., 2019).

Similar WBV trials have been performed in animal models, such as rats and mice, in order to
understand the biological underpinnings of the improved cognitive performance. As with the human
studies, rodent experiments have shown increased performance in novel-object recognition tasks,



lessened anxiety-like behaviours, as well as improvement in motor skills (Boerema et al., 2018;
Cariati et al., 2021; Keijser et al., 2017; Peng et al., 2021). Curiously, fMRI has shown a very discrete
change in the energy demands of the rodent brain, which contrasts the increased demands observed
in human studies (Boerema, 2018; Li et al., 2012; see review on the topic Sanders et al., 2019). The
discrepancy between fMRI images generated in human and mice studies is puzzling. While only a
single study exists on the topic, it has reported increased glucose uptake exclusively in the murid
nucleus basalis (Sanders et al., 2019). By contrast, human fMRI imaging post low-frequency WBV has
shown increased activity in the caudate nucleus, sensory-motor, premotor and prefrontal cortex,
similar to studies investigating the impact of physical exercise on the central nervous system (Fig. 1)
(Choi et al., 2019; Kaut et al., 2016; A. Lee et al., 2020; Rajab et al., 2014).
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Figure 1: Brain structures activated post-WBV experiments in humans (left panel) and rodents (right
panel). Human fMRI trials show activation of PFC, PMC, MI, Sl and CN, while rodent studies show
sole activation of NB. Image created using data from Li, et al, 2012, Choi et al., 2019, Kaut et al.,
2016, Lee et al., 2020; Rajab et al., 2014 and Boerema, 2018. Brain regions were colour-coded
according to the Allen Institute Human and Mouse Brain Atlases (Hawrylycz et al., 2012). PFC:
prefrontal cortex; PMC: premotor cortex; MI: primary motor cortex; Sl: primary somatosensory
cortex; CN: caudate nucleus; CP: caudoputamen.

While this difference could be a result of humans and rodents inhabiting different ecological niches,
and reacting species-appropriate to low-frequency WBV, this highlights a pervasive issue of non-
applicability of data generated from rodents in humans. In order to fully comprehend why the
response of rodents and humans to low-frequency WBYV is distinct, we need to understand the
impact of distinct sensory organs in the species.

Humans rely primary on visual cues to discriminate their environment, a modality which is tested
during the Stroop Colour and Word test in low-frequency WBV trials, as well as other cognitive



studies (Cho et al., 2016; Hutmacher, 2019; Scarpina & Tagini, 2017). By comparison, when similar
cognitive tests are performed on rodents, they are subjected to novel-object perception tests, which
are largely reliant on animals distinguishing between items using facial whiskers (Antunes & Biala,
2012; Mathiasen & Dicamillo, 2010). In order to understand what are the neurological underpinnings
behind improved cognition in humans and rodents, we need to understand the impact of whiskers in
sensory information processing.

Neural networks in whisker sensory processing

Whiskers, or vibrissae, are prominent sinus hair found across nearly all mammalian species that act
as sensory organs (Ahl, 1986). In rodents, such as rats, they form a grid-wise layout on both sides of
the snout, and are distinct from ordinary hair due to innervation of the enlarged hair follicle. The
presence of dense nerve terminals and sensory receptors enable the whisker to act as a mechanical
transducer (Brecht et al., 1997). The mystacial vibrissae are further specialized into macrovibrassae
and microvibrassae. Macrovibrassae are thought to be capable of transmitting spatial information
via “whisking” (sweeping of whiskers at high frequencies) and microvibrassae considered to be
involved in object recognition, although there is evidence of some functional redundancy (Adibi et
al., 2012; Adibi & Arabzadeh, 2011; Brecht et al., 1997; Von Heimendahl et al., 2007; Y. S. W. Yu et
al., 2016a).

The innervated hair follicle is a host to a large range of mechanoreceptors sensitive to a variety of
tactile stimulus parameters, such as amplitude, frequency, duration, velocity, acceleration and
direction of the whisker (Gibson & Welker, 1983; Lichtenstein et al., 1990; Pubols et al., 1973; Zucker
& Welker, 1969). The signal produced by the mechanoreceptors is transduced to the central nervous
system via a modality-specialized highly sensitive trigeminal ganglion unit (Gibson & Welker, 1983;
Lichtenstein et al., 1990; Pubols et al., 1973; Zucker & Welker, 1969). Curiously, a great majority of
the ganglion cells are capable of adapting to stimulus, although the rate of adaptation differs
(Gibson & Welker, 1983; Pubols et al., 1973).

The sensory information generated in the mystacial pad is transduced towards the barrel cortex via
the brainstem, a discrete rodent-specific component of the somatosensory cortex (Fig. 2) (Durham &
Woolsey, 1984; Woolsey & Van der Loos, 1970). The barrels are somatotopically arranged in a
reflection of the mystacial pad, with the most dorsal posterior whiskers being represented by the
most lateral posterior barrels (Woolsey & Van der Loos, 1970).

A secondary recipient of the signal transduced by the second-order trigeminal ganglions via the
brainstem lies within the ventro-posterior medial nucleus (VPM) and posterior thalamic nucleus
(POm) (Diamond et al., 1992; Veinante et al., 2000; Williams et al., 1994). Similarly, to the barrels of
the somatosensory cortex, in the VPM the vibrissae are represented by oblong finger-like barreloids
(Van Der Loos, 1976). POm does not have barreloid-like structures, however evidence shows they
are organized topographically, similarly to the barrel cortex (Alloway et al., 2003; Diamond et al.,
1992). Moreover, POm neurons have been shown to aggregate signal from multiple (6-9) whiskers,
with a weaker response generated to movement of singular whiskers (Diamond et al., 1992).

The thalamic barreloids and cortical barrels form a dense neural network. In particular, VPM
barreloids have shown a one-to-one connection to the cortical barrels, with no multi-barrel
connections ever recorded in literature (Chmielowska et al., 1989; Lu & Lin, 1993). However, some
innervation to the surrounding barrel tissue has been observed, such as the thalamic reticular
nucleus and the ventral part of layer VI of the primary somatosensory cortex (Chmielowska et al.,
1989; Jensen’ & Killackey, 1997; Lu & Lin, 1993). The ventral-lateral VPM neurons do not project to
the barrels, instead receiving presynaptic inputs from the spinal nucleus and branch towards the



primary and secondary somatosensory cortices, forming the lemniscal pathway (Fig 2) (Pierret et al.,
2000; C. Yu et al., 2006). Evidence suggests that the lemniscal pathway is involved in processing
information related to touch (C. Yu et al., 2006). Additionally, the thalamic barreloids have been
shown to be capable of receiving direct input from the principal trigeminal nucleus and cortico-basal
ganglia-thalamo-cortical feedback from the whisker primary motor cortex due to the multi-receptive
fields on the ventral parts of the structure (Furuta et al., 2009; Urbain & Deschénes, 2007).

POm neurons have not been recorded to be capable of forming direct networks with the cortical

barrels or thalamic barreloids. Instead, POm neurons have been shown to project towards almost all
areas of the sensory-motor cortex, with the terminal fields of the projects localized primarily in layer
| and Va, thus forming the paralemniscal pathway (Fig 2) (Lu & Lin, 1993; Urbain & Deschénes, 2007).

Finally, the thalamic reticular nucleus (TRN) forms an inhibitory feedback loop in whisker-related
neural pathways. Neurons of the TRN receive input from vibrissae-related input from layer VI of the
primary somatosensory cortex via the infrabarrels, as well as axon collaterals from VPM and POm
(Bourassa et al., 1995; Crandall et al., 2017; Harris, 1987). This feedback loop enables inhibition of
VPM and POm via GABAergic projections, albeit the inhibition of the former occurs indirectly (Fig 2)
(Bourassa et al., 1995; Desilets-Roy et al., 2002; Lam & Sherman, 2007; Lavallée et al., 2005).
Moreover, evidence suggests that attenuation of the inhibitory signal produced by the TRN upon
VPM has been casually linked to latency and accuracy of responses in visual detection and
discrimination tasks (Chen et al., 2016; Halassa et al., 2014; Wimmer et al., 2015).
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Figure 2: Pathways involved in the transduction of signal from whisker to the central nervous
system. Left panel - coronal section of the cortical arrangement of the somatosensory cortex stained
with Nissl. The white arrowheads indicate individual cortical barrels in layer IV. Right panel —the
three excitatory pathways (in coloured arrows) involved in the transduction of signal from whiskers
to the barrel cortex (pink boxes) and infrabarrels (blue boxes). Black arrows correspond to excitatory
outputs. Image adopted from (Adibi, 2019). S/I: secondary somatosensory cortex; M1: primary motor



cortex; TRN: thalamic reticular nucleus; VPM: ventro-posterior medial nucleus; POm: posterior
thalamic nucleus.

The involvement of whiskers in hippocampal information processing

An often overlooked component of sensory processing and other cognitive functions within rodents
is the hippocampus. Evidence from murid studies suggest that the hippocampus is involved in a
multitude of processes outside of memory, such as working memory, processing speed, formation of
spatial maps and a multitude of executive functions (Burghardt et al., 2012; Deacon et al., 2002;
Kahn et al., 2012; Tzakis & Holahan, 2019; Zemla & Basu, 2017). By contrast, in humans, the
prefrontal cortex is primarily responsible for cognitive performances, including executive functions
such as thinking, reasoning, planning and decision-making (Cole et al., 2012; Funahashi, 2017; Yuan
& Raz, 2014).

This discrepancy could also be, in part, attributed to the presence of whiskers, as the hippocampus
has been shown to be involved in processing sensory information relayed from the primary
trigeminal ganglion in the mystacial pad. Evidence suggests this is achieved via a match-mismatch
system involving the CA1 and CA3 hippocampal subfields, as sensory inputs received in the CA1l are
compared against stored spatiotemporal sequences in the CA3 (l. Lee et al., 2004). This is further
supported by reported signal relays through VPM and the somatosensory cortex — both major
components of the lemniscal pathway — to the CA1 hippocampal subfield (Grion et al., 2016; Pereira
et al., 2007). The presence of this pathway suggests tactile processing may be located downstream
of the lemniscal pathway. Moreover, bilateral trimming of whiskers in juvenile rodents resulted in
decreased CA3 hippocampal subfield activity and subsequent reconfiguration of the CA1-CA3 system
and showed significant change in performance in spatial-memory related tasks (Gonzalez-Perez et
al., 2018; Milshtein-Parush et al., 2017). This suggests that sensory experiences may regulate
computational processes performed by the hippocampus as well as its synaptic plasticity, which
could impact behaviour.

Neural pathways in the context of whisker vibrations during WBV

During WBYV trials, a rodent will experience vertical or lateral movements at a constant frequency
and amplitude. This, in turn, will result in environmentally-induced whisker movement, due to
changing direction of airflow, however it is impossible to say whether that will occur at whisker
resonance frequency. Evidence suggests that the whisker movement due to airflow will result in a
response in the trigeminal primary afferent neurons, with properties like velocity and direction
positively correlating to the frequency of spike production (Bush et al., 2019; Leiser & Moxon, 2007;
Y.S. W. Yu et al., 2016b). Curiously, each trigeminal afferent neuron coupled to a specific whisker
would display a unique pattern in the firing rate, with little overlap. Additional evidence suggests
firing rate is also modulated by both arclength and direction of the whisker (Bush et al., 2019).
Moreover, the activity of trigeminal afferent neuron displays ramp-and-hold pattern during
sustained unidirectional airflow stimulus, with immediate cessation of activity upon removal of
stimulus (Y. S. W. Yu et al., 2016b). There is a very discrete attenuation of activity, however as the
stimulus was applied for brief periods of time (15 seconds), it is unknown whether the whiskers are
capable of adapting and fully filtering the signal. While the impact of changing direction of stimulus
is currently not known, evidence has shown that discrimination of stimulus direction is performed by
the lemniscal pathway (El-Boustani et al., 2020; Frangeul et al., 2014; Nakamura et al., 2009). As low-
frequency WBYV involves continuous movement of the mystacial whiskers, with no tactile component
involved, we can assume that the primary pathway involved in the transduction of signal is done
through the lemniscal pathway. Furthermore, while studies are sparse, low frequency WBV has
shown to increase synaptic plasticity in the CA1 hippocampal subfield both young and old mice,



which could be the result of increased sensory information processing due to increased whisker
movement (Cariati et al., 2021).

Further evidence on the involvement of the lemniscal pathway as a primary transductor of WBV-
induced whisker vibration lies in the activity of cholinergic neurons in the barrel cortex. Data
suggests that acetylcholine released by cholinergic neurons during whisking has shown to increase
cortical activity, and reduced when the whisking ceases (Eggermann et al., 2014; Sachdev et al.,
1998). Persistent movement of the whiskers during low-frequency WBYV are much longer than the
movement induced by the animal. | speculate that this phenomenon could result in elevated activity
of cholinergic neurons due to constant stimulation of the lemniscal pathway, resulting in elevated
cortical activity. Some evidence does support this hypothesis, as mice which underwent WBV did
show elevated levels of acetylcholine-synthesizing enzyme choline acetyltransferase in contrast to
control in immune-histological staining of the somatosensory cortex (Heesterbeek et al., 2017).
Elevated levels of acetyltransferase have also been observed within the hippocampus, further
underlining the potential importance of the cholinergic neurons in rodent cognitive performance
(van der Zee, unpublished).

Acetylcholine activity during WBV results in higher cognitive performance in rodents
The impact of acetylcholine on cognition is known and well-studied. Studies that employed the use
of drugs capable of blocking effects of acetylcholine in muscarine receptors have shown lowered
performance cognitive tasks assessing memory function and the ability to maintain attention, with
some patients experiencing complete cognitive breakdown (Beatty et al., 1986; Crow & Grove-
White, 1973; Ostfeld & Aruguete, 1962). This is thought to be a result of the multifaceted function of
acetylcholine within the central nervous system, as it has shown to be crucial in modulating neuronal
behaviour, such as altering firing rate of neurons, reinforcing neuronal loops and cortical dynamics
during learning, among others (Hasselmo, 2006; Letzkus, 2011).

In naturalistic and laboratory settings, reduction of acetylcholine has been associated with a variety
of cognitive disorders in both animal models and human patients, such as Autism spectrum
disorders, attention deficit disorder and neurodegeneration-induced memory loss, to name a few
(Deutsch et al., 2010; Karvat & Kimchi, 2014; Martyn et al., 2012; Tata et al., 2014). The reduction of
acetylcholine (either by reduction of transporters or increased activity of acetyltransferase) has been
proposed to be a component of a variety of cognitive- and neurodegenerative disorders. However,
current modalities of stimulation of production of acetylcholine in vivo are incredibly invasive, and
have only been performed in animal models (Uberti et al., 2017; Vianney et al., 2014). If the
stimulation of cholinergic neurons during WBYV can also be observed outside of rodent models, this
could be employed safely in therapeutic settings.

Translating rodent neuronal pathways to humans

The lemniscal pathway described in the rodent brain is distinct, and cannot be directly translated to
humans. The closest possible equivalent pathway which is capable relaying sensory information such
as proprioception, texture and vibration is the posterior column medial lemniscal pathway (PMLP)
(Purves et al., 2001). Similarly to the rodent pathway, sensory information is perceived by peripheral
mechanosensory ganglia in the epidermis and relayed toward the spinal cord (specific to the position
of the neuron). The primary ganglia ascends ipsilaterally through the dorsal of the cord, all the way
to the lower medulla, where it terminates by contacting second-order neurons in the gracile and
cuneate nuclei. Subsequently, secondary neurons project towards the VPM, which relays signals
from the facial trigeminal nerve, and ventral posterior lateral nucleus (VPL), which process signals



from the rest of the body (Brodal, 2004; Jones & Powell, 1970). The neurons of VPL and VPM, in
turn, project towards the somatosensory cortex.

In spite of the differences, the rodent lemniscal pathway and the human PMPL pathway share
common features, such as the stimulation of the thalamus and transmission of signal towards the
somatosensory cortex via glutamatergic projections (Parent, 1995; Silkis, 2001). However, issues in
comparisons arise when taking in account the presence of cholinergic projections of the murid barrel
cortex towards the somatosensory cortex as well as their one-to-one connection to the thalamic
barreloids, completely absent in the human brain (Eggermann et al., 2014; Sachdev et al., 1998). The
lack of barrel cortex- thalamic barreloid direct connections in the human brain could impact of the
relative speed of signal transduction, or excitatory pathways involved (such as the cholinergic
projections of the barrel cortex versus the glutaminergic projections from the thalamus to the
cortex) (Beitz, 1989; Paraskevopoulou et al., 2019).

In light of these differences, | speculate that the increase in cognitive function in humans after WBV
could potentially be the result of a highly-stimulated cortico-basal ganglia-thalamo-cortical loop
(CBGTC loop), rather than the action of cholinergic neurons directly onto the somatosensory cortex
observed in the rodents, as a result of whisker movement. This is partly supported by data
generated from fMRI imaging studies, that showed an increase in the activity of multiple
components of the CBGTC loop, such as the caudate nucleus and multiple areas of the sensory-
motor cortex (Choi et al., 2019; Kaut et al., 2016; A. Lee et al., 2020). This is congruent with the
hypothesis suggesting that inhibition or disruption of the CBGTC loop is involved in neurocognitive
disorders, such as ADHD, which has shown response to WBV treatment (Maia et al., 2008; Maia &
Frank, 2011; Mills et al., 2012; Saad et al., 2020; Vicente et al., 2020). Additionally, transcranial
stimulation of the CBGTC across a variety of psychiatric disorders have shown cognitive
improvements similar to the ones observed after WBV, such as reduced arousal and increase in
attention (Alyagon et al., 2020; Downar et al., 2016; Dunlop et al., 2016; Jung et al., 2020).

Alternatively, low-frequency WBV could be stimulating the basal forebrain, which does possess
extensive cholinergic output into the neocortex, with evidence suggesting it is implicated in
promoting attention and other cognitive processes (Bloem et al., 2014, Jiang et al., 2016; Sachdev et
al., 1998; Villano et al., 2017). This would also be congruent with the documented increase in activity
observed in the nucleus basalis of mice which underwent WBV, and reported activation upon non-
noxious skin stimulation (Boerema et al., 2018; Hotta et al., 2014). However, it is not known whether
activation of the basal forebrain in WBV occurs in humans as well.

Conversely, most human low-frequency WBYV experiments use side-alternating vibrating plates to
mimic human walking. This is of note as activities such as walking on the treadmill have been
associated with increased cognitive performance in both children and adults (Huang et al., 2021;
Mualem et al., 2018; Schaefer et al., 2010). WBV may cause the central nervous system into activate
processes related to the action of walking, such as lower-limb muscle contractions and activation of
the premotor and motor cortices (Choi et al., 2019; Kaut et al., 2016; Lienhard et al., 2015; Mikhael
et al., 2010; Roelants et al., 2006).

Mountains out of mice —how can we mitigate the brain architectural differences

between rodents and humans?

Translating information acquired from animal models, particularly rodent, are inherently difficult,
particularly when attempting to apply a technique as a therapeutic modality in neurocognitive
disorders. In order to assure that a study can be applies across species, you have to account for
species-specific characteristics. In the case of low-frequency WBY, the influence of rodent whiskers



upon sensory processing, and their associated brain regions, are posing a challenge in untangling the
biological changes underlying the therapeutic effect of WBV.

From an experimental stand-point, the removal of whiskers (by clipping or employing a whisker-less
strain) would not result in a more human-accurate model, as they are a crucial component of normal
murid development and would contribute more experimental factors (Arakawa & Erzurumlu, 2015;
de la Zerda et al., 2020; Soumiya et al., 2016). Though, temporary blocking the primary ganglionic
neurons in the mystacial pad via injection of pharmaceutical compounds during WBV trials could
elucidate the contribution of the peripheral ganglionic neurons involved in the PMLP pathway in
activation of murid brain circuits, as this would resemble human biology more closely. Employment
of animal models such as non-human primates in the neural pathways stimulated by low-frequency
WBYV could result in a better understanding of the impact of the modality. However, trials with non-
human primates are unlikely to ever occur due to ethical and financial considerations.

Additionally, one cannot discount the lack of experiments of the impact of low-frequency WBV in
human disease within animal models. As of this writing, most human trials of WBV have involved
distinct patient populations, both healthy and suffering from neurodegenerative and -cognitive
disorders, such as Alzheimer’s, autism spectrum disorder and ADHD. In my literature search, | have
uncovered a single study of WBV as a therapeutic modality being used on a mouse population
affected by a neurocognitive disorder, while the rest employed the traditional C57BI/6J strain and a
single unilateral stroke study in rats (Peng et al., 2021; Raval et al., 2018).

Conclusion

Low-frequency WBV is a promising non-invasive therapeutic modality, which has proven
effectiveness in improving attention and lowering arousal in a variety of neurocognitive deficiencies.
While similar responses are observed in murid studies, we cannot discount the difference in
perception processing between humans and rodents, as proprioception can be perceived by
different systems.

In the rodent case, the impact of mystacial whiskers on proprioception cannot be discounted and
the size of its effect cannot be accurately estimated due to a lack of studies. The existence of the
lemniscal pathway, and direct connections between thalamic barreloids and cortical barrels can
imply a more efficient system of transmission of information, in contrast to the human one, which
could impact the performance of mice in cognitive trials. Additionally, the lack of human and non-
human primates studies in hominid-specific neuronal pathways doubles the difficulty in making a
meaningful comparison between species. As a result, murid studies on the therapeutic effect of WBV
should use caution when interpreting results and extrapolating the observed effect in rodents
towards human patients.

Nevertheless, we cannot discount rodent studies altogether. Brain activity changes in both rodents
and humans shows that WBV does impact functionality of the central nervous system in a
meaningful way. In order to derive accurate comparisons between rodent and human studies, focus
should be placed on regions and pathways with similar functionality (such as the human PFC and
rodent hippocampus), rather than making direct comparisons between brain regions. Additionally,
rodent proprioception outside of the once sensed by the whiskers, such as the PLMP should be
explored, to understand the impact whisker vibration has on visual perception, as it may not be as
large as it is speculated to be.
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