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Abstract

Recent re-examination of the gravity-dependency of position sense revealed two distinctive
proprioceptive pathway generation. One was indeed gravity-dependent as matching and pointing
tasks showed, while the other one was suggested to use memory as repositioning demonstrated it in
a gravity-independent fashion. The current manuscript puts forward that not only matching and
pointing tasks use muscle spindle-dependent position sense, but repositioning as well. Consequently,
memory-supported repositioning does not involve peripheral proprioceptor encoding acutely in the
context of scene representations, however spatial and episodic memory with critical hippocampal
contribution may essentially rely on earlier peripheral intrafusal proprioceptive Piezo2-initiated
input source through hippocampal learning and memory. Furthermore, the cingulate cortex and
working memory may be involved in this memory process downstream. Accordingly, the underlying
proposed two distinctive proprioceptive pathways are the following: the muscle spindle-derived
proprioceptive terminal Piezo2-initiated ultrafast signaling may contribute to motoneurons in a
monosynaptic fashion through VGLUT1 and to the hippocampus as well through VGLUT2. Delayed
onset muscle soreness, with the theorized microdamage of these proprioceptive terminals, impairs
the efficiency of proprioceptive integration and body representation process during body-related
motor imagery. Body representation is indeed crucial in spatial, episodic and working memory
formation. This manuscript puts into perspective how the microdamage of Piezo2 on these
proprioceptive terminals may not only miswire proprioception acutely, like in delayed onset muscle
soreness, but with chronification as well, leading to spatial, episodic and working memory
impairments, and rapid eye movement sleep reduction. This longitudinal trajectory is demonstrated
mainly though traumatic brain injury and Alzheimer’s disease.
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1. Introduction

The re-examination of the gravity-dependency of position sense resulted in indispensable
findings, namely the confirmation of the gravity-dependency of matching and pointing tasks, in
contrast to repositioning where gravity had no impact [1]. In addition, Proske and Weber found that
the position sense of repositioning is independent of peripheral sensory receptors’ contribution, in
contrast to muscle spindle-dependent position sense of matching and pointing tasks [1]. These
observations implied two pathways in proprioception generation, and repositioning was suggested
to use memory along one of these pathways [1]. The current author is in agreement with the two
distinctive pathways, however posits that repositioning also uses contributions from peripheral
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sensory receptors, but from earlier that is consolidated in spatial and episodic memory through
hippocampal learning and memory, and possibly involving other brain regions, like the cingulate
cortex (CC) and its role in working memory. Moreover, the two distinctive peripheral pathways
relying on proprioceptive sensory receptors-induced ultrafast signaling (Table 1) provide the sensory
feedback to lower motoneurons instantaneously and to upper motoneurons with the involvement of
consolidated memory.

1. Two Distinctive Proprioceptive Pathways and Memory

Notable that anterior CC has a critical role in working memory as a traumatic brain injury (TBI)
study showed [2]. TBI also increases reaction time and lowers response accuracy of spatial working
memory tasks [2]. The deletion of PIEZO2, resulting in Piezo2 loss of function, increases escape
latency during the defensive arousal response in TBI [3], not to mention it reveals a body-wide Piezo2
system [4]. Moreover, the activity of the left sensimotor cortex is decreased with increased task
difficulty in TBI, hence reflecting additional challenge since this brain region is the one that
compensates for the diminished executive function of the anterior CC in TBI [2].

Piezo2 is considered as the principal mechanosensory ion channel responsible for
proprioception [5]. The team of Nobel laureate Ardem Patapoutian may have coined the principality
of Piezo2 in proprioception too early [5], because later other genetic knock-out models in reference
to other ion channels, like ASIC3, Nav1.1 and ASIC2, also resulted in proprioceptive impairments. In
support of Piezo2’s proprioceptive principality, it was proposed in 2023 that muscle spindle-derived
proprioceptive terminal Piezo2-initiated ultrafast signaling not only contributes to motoneurons in a
monosynaptic fashion through vesicular glutamate transporter 1 (VGLUT1), but to the hippocampus
as well through VGLUT2 [6] on top of a hierarchy of mechanotransduction under ultradian events
[4] (Figure 1).
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Figure 1. Proposed intrafusal proprioceptive terminal Piezo2-initiated ultrafast proton-based long-range
synchronization to hippocampal theta rhythm through VGLUT2 and neurotransmission to motoneurons
through VGLUT1 —the current figure is an English adaption of the figure from Hungarian Rheumatology [4].
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As a test of this ultrafast Piezo2-initated signaling theory, it was indeed confirmed later in a
genetic knock-out study that re-examined sensory neurons in the absence of PIEZO2 and surprisingly
found that the inducement of rapidly adapting mechanosensitive currents with very fast activation,
and inactivation, were reduced [7]. Moreover, it has been implied in a forced lengthening/eccentric
exercise induced delayed-onset muscle soreness (DOMS) related research in 2022 that acquired
Piezo2 channelopathy on muscle spindle-based Type Ia proprioceptive terminals may contribute to
the delayed latency of the medium latency response (MLR) of the stretch reflex [8]. This Piezo2
microdamage may impair the aforementioned ultrafast signaling and switch of this signaling to the
secondary Type II proprioceptive afferents [4,8]. However, this delayed latency may induce a
mismatch in between lower and upper motoneurons on neuromuscular junctions due the
impairment of the above mentioned two distinct pathways in proprioception generation.

The acute transient indication of this eccentric exercise-induced neural microdamage is not only
the increased M-wave latency on motoneurons[9], but even more importantly, it has been proposed
that intrafusal proprioceptive Type la fibers may be damaged precedingly due to acute Piezo2
channeloapthy-induced VGLUT1 disconnection on motoneurons, represented in the delayed latency
of MLR [4,8]. Noteworthy, that eccentric contractions support the body against gravity and it is
known that they damage proprioception if prolonged or induce DOMS when unaccustomed [10].

Another longitudinal indication of this neural microdamage that in an amyotrophic lateral
sclerosis (ALS) mouse model it was shown that dysfunctional abnormalities could be detected first
on neuromuscular junctions, and postsynaptic structural detachment from the neuromuscular
junctions happened only subsequently [11]. All of these alterations were present prior to motor
symptoms developed [11]. This longitudinal observation is important because the pathophysiology
onset of ALS is devoted to age-dependent irreversible Piezo2 channelpathy in the presence of genetic
and/or environmental risk factors, proposed first in 2022 and indirectly confirmed in later genetic
analyses in 2023 and 2025 [12]. The current author proposes that the neurodegeneration of the
aforementioned two distinctive pathways, detected by Proske and Weber, may explain the
pathophysiology onset why both lower and upper motoneurons are affected in ALS by dye-back
mechanism, and why gravity could be an etiological factor in ALS [13].

Accordingly, the proposed memory-supported gravity independent proprioceptive input
source to upper motoneurons may essentially rely on earlier position sense contributions from
muscle spindle-based peripheral proprioceptors consolidated in memory. The author of this
perspectives manuscript suggests that phantom limb sensations of amputated limbs, and phantom
limb pain as well, may be another indication for the existence of this memory-supported gravity
independent proprioceptive pathway, reflecting memory-supported position sense from earlier
intrafusal proprioceptive input, loss of Piezo2 signaling-induced VGLUT1 disconnection and
resultant ultrafast pain. Important to note that an ultrafast pain system was detected earlier and the
authors of this study excluded the contribution of PIEZO2 [14]. However, it was proposed later that
the contribution of PIEZO2 should not be excluded, because in the functional absence of Piezo2, the
Nav and ASIC3 channels may take over the control of proprioception in a secondary fashion, but in a
miswired way [6] with Cav1.3 loading [12,15]. Hence, ultrafast pain may be the direct consequence of
lost ultrafast/fine tuning/modulation by Piezo2 [6]. Therefore, phantom limb pain might be the
consequence of transected proprioceptive nerve injury on the affected limb with lost Piezo2
modulation at the hippocampal pain center, but left with miswired proprioception and ultrafast pain
signaling through other ion channels, like Nav, and increased low-threshold Cav1.3 loading due to
the lost proton-based ultrafast signaling.

One more consideration is gravity along the two distinctive proprioception generation
pathways. Important to note that Piezo2 ion channels on proprioceptive terminals have been
theorized to represent a stochastic nonlinear anti-gravity entropic-spring-like mechanics [16] and this
theory is partially supported by proven stochastic entropic-spring-like mechanics of Piezo ion
channels [17]. Correspondingly, the invaluable work of Proske and his team show that matching and

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202604.1524.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 April 2026 d0i:10.20944/preprints202604.1524.v1

4 of 6

pointing tasks may not only use Piezo2-initiated ultrafast signaling, but anti-gravity entropic-spring-
like mechanics of proprioceptive Piezo2 as well.

1. Traumatic Brain Injury and Alzheimer’s Disease

In contrast, memory-supported repositioning does not involve peripheral proprioceptor Piezo2
acutely in the context of scene representations and it is a gravity-independent task [1]. However
spatial and episodic memory with critical hippocampal contribution may essentially rely on earlier
peripheral intrafusal proprioceptive Piezo2-initiated input source through hippocampal learning and
memory in support of repositioning. A recent study, that used proprioceptive terminal
microdamage[8] as a working hypothesis, indeed showed that DOMS impairs the efficiency of
proprioceptive integration and body representation processing during body-related motor imagery
[18]. Body representation is crucial in spatial [19], episodic [20] and working memory formation, not
to mention its role in constructing the body image and body memory [21]. Interestingly, Piezo2-
coupled synchronization during rapid eye movement (REM) sleep may contribute to spatial and
episodic memory consolidation [6] that might explain why elevated REM sleep duration enhances
the accuracy of working memory [22]. Moreover, the altered CC functions in mild TBI[23], the
decreased REM sleep in TBI[24] and the alteration in working memory functional activity in mild
TBI[25] are devoted principally to the pathophyisiology-initating Piezo2 channelopaty by the current
author.

Final consideration that the PIEZO2-influenced defensive arousal response of the
aforementioned TBI study [3] has a critical brain locus in the CC when it comes to the initiation of
this response. TBI is known to be an established risk factor for Alzheimer’s disease (AD), especially
with repeated bouts. Notable that irreversible Piezo2 channelopathy has been proposed to be the
pathophysiology initiating microdamage in AD as well at the prefrontal cortex in the presence of
genetic and environmental risk factors [26]. Accordingly, it is demonstrated that the CC of the
prefrontal cortex is an early target of AD pathology [27]. Moreover, it has been long known that the
CC is where the earliest and largest energy metabolism reduction takes place in AD [28]. In support,
the proposed irreversible Piezo2 channelopathy-induced proton reversal and resultant OXPHOS
depletion may explain this energy metabolism switch [4,29] even in AD [26]. After all, irreversible
Piezo2 channelopathy-induced lost ultrafast signaling from the prefrontal cortex to the hippocampus
might explain the early impairment of hippocampal spatial and episodic, and working memory.
Furthermore, irreversible Piezo2 channelopathy may explain the significantly reduced REM sleep in
AD [30].

One recent preprint paper highlights that rare coding variant of PIEZO2 indeed implicated in
AD disease mechanism [31], while an another preprint emphasizes acquired irreversible Piezo2
channelopathy’s relevance in the initiation of AD disease mechanism [32]. Accordingly, the current
author proposes that the rare coding variant of PIEZO2 presents an alteration from glutamate to
lysine, and since glutamate is negatively charged and lysine is positively, therefore it may cause a
critical charge alteration at functionally critical site, leading to age-dependent irreversible Piezo2
channelopathy in the presence of underlying genetic and environmental risk factors.
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