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Concept of Neurogenic Inflammation During the Orthodontic Tooth Movements
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Abstract

Orthodontic tooth movement is related to the remodeling of paradental structures which are dental pulp,
periodontal ligament, alveolar bone, and gingiva. The changes occur in both clinical and cellular levels. The rates
of tooth movements depended on the characteristics of external force and biological responses of paradental
organs. Orthodontic force could modify periodontal ligament structures and the circulations. In these events, there
are several molecules playing the roles such as neurotransmitter, inflammatory cytokines, growth factors, and
arachidonic acid metabolites. This inflammatory orchestration could promote the paradental microenvironment for
bone resorption and formation. The previous studies have been focused on the mechanisms of various cells such
as fibroblast, endothelial cell, osteoblast, and osteoclast. However, this literature would like to depict the neurologic

mechanisms in order to remodel the paradental structures in orthodontic tooth movement.
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Figure 1 Biological response to orthodontic force. This diagram depicts the cascade of orthodontic force to the local response of
fibroblasts and endothelial cells.
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Overall picture of the cellular and molecular events during the neuronal inflammation and bone remodeling. This figure
describes the downstream effects of orthodontic tooth movement. The local tissue and vessels in dental socket are
compressed that subsequently squeeze PDL and causes the local ischemia. The acidosis accumulates hydrogen ions which directly
bind to ASIC3 and TRPs to induce inflammatory processes. The paradental connective tissue such as fibroblasts and endothelial cells
are stimulated to release nitrous oxide. Therefore, immune cells could penetrate through the injury sites; combined with the neuronal
inflammation that release neuropeptides. These neuropeptides could act as the mediators for bone remodeling processes via RANKL and

M-CSF to bind with RANK and c-Fms on the osteoclast maturation processes.
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Figure 3 Neuronal response to orthodontic force in peripheral levels. This diagram depicts the neurogenic inflammation that releases

neuropeptides. Then, these could regulate osteoblast and osteoclast activities.
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Figure 4 Dentin-pulp complex neural sensitization theories. This figure depicts 3 theories of dental pain inductions; (1) Neural theory describes
the direct activation of noxious stimuli onto the local neural fibers. (2) Hydrodynamic theory described by the movements of dentinal
fluid then activates the local nerve fibers. (3) Odontoblast transducer theory defines odontoblast cells as an inducer that functions

as neuronal cells to transduce the signals to the nearby neural fibers to central nervous system.
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