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ABSTRACT: Orthodontic tooth movements are a complex process that involves mechanical forces applied
to teeth, leading to changes in the periodontal ligament, alveolar bone, dental pulp, and neovasculature
tissue. The mechanosensitive influence of the electrical signals through ion channels plays a significant
role in understanding the cell signaling pathways and cell differentiation to increase and promote bone
remodeling and regeneration. The mechanism of cell signaling in response to bioelectric potential due
to mechanical loading, including mechanosensing, transduction, and cellular responses, facilitated the
tooth movement in response to mechanical forces. Moreover, the neurovascular unit plays a crucial role
during orthodontic tooth movement, which involves the coordinated activity of osteoclasts and osteo-
blasts to reshape the alveolar bone. The review aims to present the biological processes that underpin
the cellular response, explicitly focusing on the role of signal transduction during the biological tissue
response of the orthodontic tooth movement to deepen our understanding of this mechanism.
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RESUMEN: Los movimientos dentales ortoddnticos son un proceso complejo que involucra fuerzas
mecanicas aplicadas a los drganos dentarios, lo que lleva a cambios en el ligamento periodontal, el
hueso alveolar, la pulpa dental y el tejido neovascular. La influencia mecanosensible de las sefales
eléctricas a través de los canales ionicos desempefia un papel importante en la comprension de las
vias de sefializacion celular y la diferenciacion celular para aumentar y promover la remodelacion y
regeneracion del tejido 6seo. EI mecanismo de sefializacion celular en respuesta al potencial bioeléctrico
debido a la carga mecanica, incluida la mecanodeteccion, la transduccion y las respuestas celulares,
facilita el movimiento dental en respuesta a las fuerzas mecanicas. Asimismo, la unidad neurovascular
desempefia un papel crucial durante el movimiento dental ortodoncico, involucrando una actividad
coordinada de los osteoclastos y osteoblastos para remodelar el hueso alveolar. Esta revision tiene como
objetivo presentar los procesos bioldgicos que sustentan la respuesta celular en el movimiento dental
ortoddncico para profundizar nuestra comprension sobre este mecanismo, centrandose explicitamente
en el papel de la traduccion de sefiales durante la respuesta bioldgica de los tejidos circunvecinos al
drgano dentario.

PALABRAS CLAVE: Movimiento dental ortoddncico; Fuerzas mecanicas; Sefial piezoeléctrica; Respuesta

tisular y celular.

INTRODUCTION

Orthodontic tooth movement (OTM) is a
biologically mediated process initiated by the
application of controlled mechanical forces to the
dentition. These forces trigger a series of complex
physical and biological responses involving multi-
ple craniofacial tissues, including alveolar bone,
the periodontal ligament, gingival tissues, and
associated neural structures. At the cellular and
molecular levels, these tissues undergo dynamic
remodeling processes that regulate both struc-
tural adaptation and sensory responses during
treatment. In particular, molecular and neuro-
biological changes within periodontal and pulpal
nerve endings contribute to the modulation of
nociceptive signaling associated with orthodon-
tic force application. These biological respon-
ses play a significant role in the perception of
discomfort frequently reported by patients under-
going orthodontic therapy. Thus, this review aims
to describe the complex biological mechanisms

underlying orthodontic tooth movement, with parti-
cular emphasis on tissue-level responses and their
contribution to the regulation of pain and adapta-
tion during orthodontic treatment.

OTM-THE BASIC MECHANICAL PROCESS

OTM is a complex biological process initia-
ted by the application of mechanical forces to teeth,
leading to changes in the periodontal ligament,
alveolar bone, dental pulp, and neovasculature (1).
Five types of cells identified in the alveolar bone
respond to OTM: osteoblasts, osteoclasts, osteo-
cytes, osteoprogenitor cells, and bone-lining cells.
The process of OTM may involve several types
of tooth movement, including tipping, uprighting,
bodily movement, rotation, torque, intrusion, and
extrusion. Moreover, OTM can be divided into
several phases, each characterized by distinct
biological and mechanical changes in the hard
and soft tissues. These processes require careful
planning by the specialist to ensure the safe and
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effective execution of tooth movement. However,
OTM is commonly described in three sequential
phases: the initial, delayed, and linear phases.

The initial phase occurs within 24-48
hours after the application of OTM. It is charac-
terized by the activation of an acute inflammatory
response and the initial displacement of the tooth
over a short distance. This phase is followed by
the second phase, known as the delayed or lag
phase. The delayed phase occurs during the first
month, during which minimal tooth movement is
observed. During this period, areas of hyalini-
zation (necrotic tissue) develop in the periodon-
tal ligament and must undergo resorption before
further tooth movement can occur. The duration of
this phase depends on several factors, including
the magnitude of the applied force, the age of the
patient, and the density and quality of the alveolar
bone. As the biological process progresses, parti-
cularly with the resorption of hyalinized tissue, the
linear or post-lag phase begins, characterized by
continuous tooth movement in response to the
persistence of the mechanical stimulus. Progres-
sive tooth movement depends on the application
of optimal orthodontic force, which allows osteo-
clast activation and subsequent bone resorption,
influencing the optimal rate of tooth movement (2).

During OTM, the optimal magnitude of force
must be determined by identifying the lightest force
capable of producing a maximal or near-maximal
biological response in the tissues involved, while
minimizing potential adverse effects and promo-
ting patient comfort. Since 1932, Schwarz defined
optimal orthodontic force as approximately 20-25
g/cm2, suggesting that forces of this magnitude
should be low enough to avoid occluding periodon-
tal capillaries and altering the surrounding dental
tissues in a way that could negatively affect the
rate of tooth movement (3). When optimal forces
are applied, similar rates of tooth movement
can be achieved with fewer adverse effects (4).
Patient comfort must also be carefully conside-

red, as patients may experience inflammatory pain
associated with orthodontic force application. This
discomfort typically begins approximately 4 hours
after orthodontic activation, even when optimal
forces are applied (5), peaks around 24 hours,
gradually subsides within 5-7 days, and returns
to baseline levels after approximately 14 days (6).
These early events during tooth movement may be
associated with the release of bioactive molecules,
including proinflammatory cytokines and neuropep-
tides present in the gingival crevicular fluid, which
regulate the inflammatory response and trigger a
cascade of cellular events during OTM (7).

THEORIES OF OTM

As mentioned, OTM represents a biological
response to externally applied forces that disrupt
the physiological equilibrium of the dentofacial
complex. Several theories have been proposed to
explain the mechanisms underlying OTM, including
the bone-bending theory, the pressure-tension
theory, the biological electricity theory (8), and the
biphasic theory (9) (Figure 1). The bone-bending
theory (Figure 1.A) proposes that bone remode-
ling is mechanically activated by the forces applied
during orthodontic treatment. These forces are
transmitted to the surrounding tissues, particularly
the periodontal ligament, subsequently triggering
bone resorption and deposition (8).

The pressure—tension theory (Figure 1.B)
explains that tooth movement and bone turnover
are closely related to the periodontal ligament
(PDL) space. According to this theory, the force
applied during OTM generates areas of pressure
and tension that mechanically activate several
biological processes involved in tooth movement.
On the compression side, there is a reduction in
blood flow, cell replication, fiber production, and
oxygen levels, whereas on the tension side there
is an increase in blood flow, cell replication, fiber
production, and oxygen levels (10). These bioche-
mical changes, acting either directly or through
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the stimulation of other biologically active agents,
promote cellular differentiation and activity. In
essence, this theory describes three main stages
of tooth movement: a) alterations in blood flow
associated with pressure within the PDL, b) the
formation and release of chemical mediators, and
c) the activation of cells.

Morevoer, the biological electricity theory
(Figure 1.C) suggests that the application of an
electric current may alter the electrolytic environ-
ment, resulting in changes in the type and rate
of ions that move across cell membranes. Electric
signals are generated by bone in response to
mechanical stress. These signals, known as strea-
ming potentials, are regulated when orthodontic
forces are applied, increasing osteoclastic activity
and suggesting that the electrochemical properties
of PDL fibers may play a role in tooth movement
(11). Although some authors consider the biolo-
gical electricity theory to be an extension of the
bone-bending theory, it can also be interpreted as
a distinct explanatory mechanism.
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Finally, the biphasic theory (Figure 1.D)
proposes that the bone cells responsible for tooth
movement include bone-forming osteoblasts,
bone-resorbing osteoclasts, and mechanosen-
sory osteocytes. According to this theory, OTM
results from two sequential phases of alveolar
bone remodeling induced by orthodontic forces.
The catabolic phase precedes the anabolic phase,
with distinct cellular and molecular events defining
each stage. During the catabolic phase, osteo-
clast-mediated bone resorption creates the space
into which the tooth moves, while the perimeter
of osteoclastogenesis simultaneously shifts in
the direction of the applied force. As the catabo-
lic phase diminishes, the anabolic phase begins,
characterized by osteoblast activity and the forma-
tion of a perimeter of osteogenesis. The perimeter
of osteoclastogenesis is considered a prerequi-
site for the activation of the osteogenic perimeter.
Osteocytes function as mechanosensory cells that
detect mechanical loading and signal osteoclasts
and osteoblasts to remodel bone in response to
mechanical demands (9).
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Figure 1. Orthodontic tooth movement (OTM) prevailing theories. The bone bending theory (A) emphasizes the coupled activation of bone
resorption and regeneration. The pressure-tension theory (B) highlights the role of blood flow alterations in mediating bone remodeling. The
biological electricity theory (C) proposes that O0TM generates electrical signals influencing osteoclast and osteoblast activity. The biphasic
theory (D) posits a two-stage process involving osteoclast-mediated bone resorption followed by osteoblast-mediated bone formation.
These theories provide diverse perspectives on the intricate mechanisms underlying OTM. (original image created with BioRender.com).
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PIEZOELECTRIC SIGNALS AND OTM

The piezoelectric signal in OTM is associa-
ted with the electrical polarization produced by
certain crystalline structures within bone. Bassett
and Becker introduced this concept in 1962,
proposing that whenever the alveolar bone is
flexed or bent, piezoelectric signals are genera-
ted that may contribute to tooth movement (12).
When bone deformation occurs, the displacement
of ions within an electric field produces measu-
rable electrical and thermal signals (1, 8). Under
these conditions, changes in electrical potential
occur in the tissues involved in OTM. The concave
side becomes electronegative, which promotes
osteoblastic activity and tissue formation. Conver-
sely, areas with positive or neutral potential are
associated with increased osteoclastic activity and
bone resorption during the remodeling process (1).
In addition, the expression of calcium channels
and the release of calcium into the cytosol are
enhanced, increasing the availability of Ca®* ions,
which are essential for osteogenesis and angio-
genesis through the synthesis of cytokines and
growth factors (13).

These mechanisms have supported the
development of devices designed to generate
controlled vibrations in order to reduce the duration
of orthodontic treatment. Piezoelectric techno-
logy has been proposed to stimulate bone mass
and induce craniofacial growth by harmonically
exciting a biocompatible material, thereby genera-
ting low-frequency vibrations and cyclic forces
that may accelerate tooth movement and potentia-
lly reduce patient discomfort or pain (14).

Piezoelectric or ultrasonic devices can be
applied to teeth or used to stimulate the surroun-
ding bone in order to generate precise harmonic
cyclic forces on the targeted teeth. This approach
allows external electrical stimulation that may
promote osteogenic activity (15). Electrical stimu-
lation ranging between 5 and 100 pA, or speci-

fically around 20 pA, has been suggested to
accelerate tooth movement and potentially shorten
treatment duration (16). Therefore, the mechano-
sensitive influence of electrical signals produ-
ced by piezoelectric devices through ion-channel
activation may play an important role in regulating
cellular signaling pathways and cell differentiation
processes that promote bone regeneration (17).

CELL SIGNALING PATHWAYS RESPONSE IN OTM

Since the early 2000s, the possibility of the
existence of several types of electrical signals
generated during OTM has been proposed. These
include the previously described piezoelectric
signals as well as other electrical phenomena, such
as bioelectric potentials (11), in which inactive
cells exhibit a relatively neutral electrical charge.
However, the introduction of external signals may
induce membrane depolarization, leading to ion
exchange that directly influences cellular differen-
tiation. In this context, cell differentiation may be
influenced by variations in membrane potential,
which tends to be more negative in already diffe-
rentiated cells and less negative in proliferating
cells (18). Thus, OTM may facilitate cellular diffe-
rentiation through two main mechanisms: incre-
asing the number of second messengers invol-
ved in intracellular signaling pathways or altering
membrane voltage through electrical signals.

Orthodontists work within a unique biolo-
gical environment in which applied forces induce
remodeling of both mineralized (alveolar bone)
and non-mineralized paradental tissues, inclu-
ding the periodontal ligament (PDL), gingiva, and
associated neurovascular elements. Cellular signa-
ling mechanisms triggered by bioelectric potentials
generated by mechanical loading involve proces-
ses of mechanosensing, signal transduction, and
cellular responses that ultimately facilitate tooth
movement. Periodontal mechanoreceptors (PMRs)
are sensory receptors that play an important role in
the stomatognathic system by detecting forces and
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positional changes in the teeth and transmitting
afferent information from the tooth to the central
nervous system (19). Therefore, the physiologi-
cal properties of PMRs must adapt to new tooth
positions following the removal of orthodontic
forces, highlighting their broader role in somato-
sensory processing and in providing feedback for
reflexive oral functions (2). Furthermore, PMRs and
the induction of bioelectric potentials together play
an important role in cellular differentiation during
orthodontic tooth movement. These processes
may contribute to cellular specialization, including
the differentiation and recruitment of mesenchy-
mal stem cells associated with periodontal and
surrounding dental tissues. This process involves
the generation of signals that activate biomolecu-
lar messengers responsible for regulating tissue
regeneration (20).

The activation of multiple signaling molecu-
les during OTM includes factors such as recep-
tor activator of nuclear factor-«B ligand (RANKL),
insulin-like growth factor-1  (IGF-1), compo-
nents of the Wnt signaling pathway, transfor-
ming growth factor-@ (TGF-B), bone morphoge-
netic proteins (BMPs), interleukin-1 (IL-1), and
prostaglandins. These molecules play essential
roles in stimulating cellular processes involved
in bone remodeling and promoting the release
and increase of second messengers such as
cyclic adenosine monophosphate (cAMP), cyclic
guanosine  monophosphate  (cGMP), inositol
triphosphate (IP3), and Ca** (21). Cyclic adeno-
sine monophosphate (cAMP) is a water-soluble
second messenger involved in numerous intrace-
llular signaling pathways. In bone tissue differen-
tiation, CAMP participates in signaling pathways
activated by the interaction between parathyroid
hormone-related peptide (PTHrP) and its receptor
(PTHR) (22). This interaction leads to activation of
protein kinase A (PKA), which translocates to the
nucleus and activates transcription factors such as
c-fos, c-jun, and Runx2, whose early expression
is associated with bone differentiation (23). Cyclic

guanosine monophosphate (cGMP) is another
second messenger involved in signaling pathways
associated with neuroplasticity and neuronal diffe-
rentiation (24). Many biological processes invol-
ving ¢cGMP occur in environments with elevated
nitric oxide levels (25). Briefly, nitric oxide stimu-
lates the production of cGMP, either directly or
through activation of membrane-bound guanylate
cyclase. Subsequently, cGMP is degraded by the
activity of phosphodiesterase enzymes. cGMP can
also activate protein kinase G (PKG), which trans-
locates to the nucleus and activates the transcrip-
tion factor CREB, associated with neuronal diffe-
rentiation in mesenchymal stem cells (MSC) (24).

Both inositol triphosphate (IP3) and Ca®*
function as signaling molecules involved in multi-
ple intracellular pathways (26). IP3 has been
associated with neuronal or bone-like differen-
tiation, whereas Ca®* is more commonly associa-
ted with differentiation into bone tissue (23). IP3
is generated through activation of the fibroblast
growth factor (FGF) signaling pathway, whereas
Ca?* may be produced through non-canonical Wnt
and FGF signaling pathways. Binding of FGF to its
receptor triggers phosphorylation of phosphatid-
ylinositol 4,5-bisphosphate (PIP2), leading to the
generation of IP3. This process promotes downs-
tream Ca?* activation and recruitment of calmo-
dulin-dependent kinase CaMKIV, which transloca-
tes to the nucleus and activates the transcription
factor CREB previously described (27). Similarly,
when Wnt ligands bind to the Frizzled receptor,
the Disheveled protein (DSH) becomes activated,
which subsequently activates phospholipase C,
leading to the production of IP3 and the increase
of intracellular Ca®* through a similar signaling
pathway (23) (Figure 2). In addition to the increase
in second messengers during OTM, a review by
Zhu et al. describes different mechanisms through
which electrical signals may activate specific
signaling pathways, including MAPK/ERK and
NMDAR/Rac1/actin pathways, or increase intrace-
llular Ca?* levels as described above (28).
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Figure 2. The second messengers increase their expression on OTM and get involved in several signaling pathways like FGF, NMDAR, or the
PTHR. Several transcription factors are activated with the activation of these pathways, which could facilitate some cellular differentiation.
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NEUROVASCULATURE UNIT RESPONSE IN OTM

A relatively recent concept describing the
relationship between neural structures and their
associated vascular components is the neurova-
cular unit (NU) (29). In the context of OTM, the
NU plays a crucial role in the biological responses
associated with orthodontic therapy. The NU refers
to the complex interaction among several cellular
components, including astrocytes, oligodendro-
cytes, neurons, interneurons, vascular cells, micro-
glial cells, pericytes, the basement membrane,
brain microvascular endothelial cells, the extrace-
llular matrix, and elements of the immune system.
In the craniofacial region, these interactions occur
within bone and periodontal tissues (30).

The coordinated activity of these cellular
components is essential for the proper regulation
of blood flow, oxygen delivery, and energy supply
to the central nervous system (CNS). In addition,
during OTM, the NU contributes to the coordinated
activity of osteoclasts and osteoblasts responsible
for alveolar bone remodeling (31, 32). Dysfunction

of the NU has been associated with several neuro-
degenerative conditions, including Parkinson’s
disease, amyotrophic lateral sclerosis, Alzheimer’s
disease, and other neurological disorders (31, 33,
34). In the context of orthodontic therapy, damage
to the NU may contribute to complications such
as anesthesia, paresthesia, trigeminal neuropathy,
temporomandibular disorders, and alterations
in nociceptive sensation, highlighting the impor-
tance of understanding the NU during orthodontic
treatment (35).

The neurovascular unit includes several
types of glial cells:

1. Microglial cells: Microglial cells are
mononuclear phagocytes that represent approxi-
mately 10% of the cellular population of the CNS
(36). These cells play an important role in modula-
ting synaptic strength and influencing synaptic
organization and direction. Although microglia
are traditionally associated with neuronal damage
and inflammatory responses, emerging evidence
suggests that they also contribute to physiological
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processes such as neurogenesis, depending on
specific molecular interactions (37). In addition,
activated microglia accumulate at sites of injury,
where they participate in reducing inflammation
and tissue damage (38).

2. Astrocytes: Astrocytes, also referred to
as astroglia, occupy more than half of the CNS
volume. They play a fundamental role in maintai-
ning neuronal homeostasis by producing antioxi-
dants and recycling neurotransmitters. Astrocytes
are also involved in the development and mainte-
nance of the blood—brain barrier (BBB) through
their interactions with endothelial cells and
pericytes at the basement membrane. Although
astrocytes contribute to vascular regulation, they
are more closely associated with neuronal activity,
partly through the production of endothelial growth
factors that influence BBB permeability (34).

3. Oligodendrocytes: Oligodendrocytes are
responsible for the myelination of axons and for
providing metabolic support to neurons in the CNS.
Dysfunction of these cells can lead to neuronal
damage and neurodegeneration. Recent advances
in regenerative research have focused on identi-
fying stem cells capable of differentiating into
oligodendrocytes and cultivating them in three-
dimensional models for therapeutic applications
(39, 40).

4. Pericytes: Pericytes are multifunctio-
nal cells with fibroblast-like morphology whose
cytoplasmic processes surround endothelial cells
in capillaries, venules, and arterioles. These cells
contribute to immune defense mechanisms in the
CNS due to their macrophage-like properties (39,
41). Their interactions with endothelial cells are
mediated by several signaling molecules, including
platelet-derived growth factor (PDGF), vascular
endothelial growth factor (VEGF), and transforming
growth factor (TGF), which are involved in angioge-
nesis (42). Pericytes also play an important role in
maintaining BBB integrity and regulating cerebral

blood flow. Through their contractile activity, they
can induce capillary dilation and increase blood
flow (43).

These complex interactions between neural
and vascular elements are fundamental to the
function of the UN. The regulation of blood flow
and neural activity also influences several biome-
chanical and physiological processes in the
head and neck region, including those involved
in orthodontic tooth movement. The craniofacial
complex consists of multiple tissues, including
cartilage, bone, muscle, dermis, and a significant
neurovascular component (22, 42, 44). From a
skeletal perspective, the craniofacial complex inclu-
des cranial bones that protect the brain as well
as facial bones such as the maxilla and mandible,
which support the dental structures.

The region is innervated by twelve cranial
nerves that include efferent, afferent, and mixed
components. Among them, the trigeminal nerve
plays a central role in dental pain perception and
mastication (45, 46). Unlike most skeletal bones,
craniofacial bones originate from neural crest
cells, which give rise to bone and cartilage derived
from the branchial arches. These craniofacial
bones often exhibit greater structural stability and
reduced bone density loss over time compared
with non-cranial bone tissues, although both types
of bone undergo regeneration through similar
transcriptional mechanisms and are influenced by
orthodontic mechanical stimuli (47). These mecha-
nical stimuli also affect the neurovascular unit,
which plays an important role in regulating inflam-
matory responses and nociception through the
release of biologically active molecules and neuro-
peptides such as calcitonin gene-related peptide
(CGRP) and substance P (SP) (1). The trigeminal
nerve is the largest cranial nerve and represents
the primary pathway for sensory processing in the
head and neck region, as well as for the innerva-
tion of muscles involved in mastication. It conta-
ins a large sensory root and a smaller motor root
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and is divided into three branches: ophthalmic,
maxillary, and mandibular. The maxillary branch
is purely afferent and innervates the maxillary
bone, portions of the nasal cavity, the mucosa of
the nasopharynx, the inferior surface of the soft
palate, the maxillary sinus, the palate, the gingiva,
and the maxillary teeth (61). The mandibular
branch is the largest division and contains both
sensory and motor components, providing inner-
vation to the teeth and gingiva of the mandible. All
three branches converge at the trigeminal ganglion
located within Meckel’s cave (48).

Previous studies have demonstrated the
regulatory role of sensory nerve fibers in contro-
lling inflammatory responses during OTM (1).
Orthodontic treatment involves the application
of mechanical forces to the periodontal ligament
space, which directly affects nerve endings
located in this region (49). In this context, mecha-
notransduction—the conversion of mechanical
stimuli into biological responses—represents a
fundamental physiological mechanism involved
in sensory processes such as touch, balance,
proprioception, and hearing, while also contribu-
ting to tissue homeostasis (50).

The periodontium is innervated by multi-
ple mechanosensory afferent fibers whose cell
bodies are located in the trigeminal ganglion and
the mesencephalic trigeminal nucleus (51). Perio-
dontal afferents express various receptor molecu-
les capable of transmitting nociceptive chemical
stimuli to the brain, generating pain perception.
These neurons also express mechanosensitive
ion channels that detect pressure and stretching

forces. Among these receptors are transient
receptor potential vanilloid 1 (TRPV1), transient
receptor potential ankyrin 1 (TRPA1), Piezol,
Piezo2, acid-sensing ion channel 3 (ASIC3), and
purinergic receptors such as P2X3 (52, 53, 54,
55). Orthodontic forces not only alter the mecha-
nical environment of these nerve endings but also
induce molecular changes, including variations
in the expression of TRPV1 and TRPA1. These
molecules are closely associated with inflamma-
tory processes and play an important role in the
generation of orthodontic pain during OTM. During
orthodontic treatment, patients may experience a
phenomenon known as orthodontic pain, which
is related to the sensitization of nociceptors. This
sensitization can lead to increased pain percep-
tion and the development of hyperalgesia. During
the early stages of orthodontic treatment, TRPV1
expression is predominantly observed in the
trigeminal ganglion, whereas TRPA1 expression
becomes more prominent in later stages, contri-
buting to the persistence of pain until resolution.
These processes are mediated through the release
of neuropeptides such as calcitonin gene-related
peptide (CGRP) and substance P (SP), which act as
neurotransmitters (56) (Figure 3).

Furthermore, recent studies evaluating the
role of the neurovascular unit during OTM have
shown that neovascularization plays a critical role
in sensing and enhancing tissue perfusion on the
tension side of the periodontal ligament. These
vascular changes may contribute to increased
efficiency and speed of tooth movement while
potentially reducing associated discomfort or
pain (57).
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Figure 3. TRPV1 is expressed primarily during the first days of treatment, which is active by the entrance of bradykinin and prostaglandin
molecules inside the trigeminal neuron. With the activation of TRPV1, Ca2+ molecules enter the cell and, finally, activate the expulsion of

CGRP or SP, increasing pain sensation. Created with BioRender.com

CONCLUSION

OTMis an eventthatinvolves several molecu-
les throughout the treatment. Several studies
suggest that various mechano-electrical signals
may trigger the activation of different metabolic
pathways that cause a series of changes at the
cellular phenotype level. OTM causes an increase
in the available number of second messengers
such as Ca?, IP3, cAMP, or cGMP, which invol-
ves the participation of several signaling pathways
that lead to the activation of transcription factors
to give rise to MSC cell differentiation towards
bone or neurovasculature lineages to participate
in the bone remodeling. However, more studies
are required to establish whether only piezoelec-
tric signals are enough to regulate the biological
response in the periodontal and neurovascular unit
to understand further the totality of the processes
involved during OTM.
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