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Shifting from hydrodynamic hypothesis to ion conduction: A new paradigm and electrochemical strategy for dentin hypersen-
sitivity

WU Jilin, LIU Xinyw, WEI Yan, DENG Xuliang. ( Peking University School and Hospital of Stomatology, National Center of Stomaiolo-
gy, National Engineering Research Center of Oral Biomaterials and Digital Medical Devices, NMPA Key Laboratory for Dental
Materials , Beijing Laboratory of Biomedical Materials, Beijing Key Laboratory of Biomaterials for Oral Disease , Beijing 100081, China)
Abstract: Dentin hypersensitivity is a common oral condition characterized by short, sharp pain arising from exposed dentin in re-
sponse to external stimuli, significantly impacting patients quality of life. However, its mechanism has long been constrained by the hy-
drodynamic hypothesis, which fails to adequately explain key clinical phenomena such as rapid pain onset and suboptimal analgesic ef-
ficacy. To address this, we innovatively propose an ion conduction mechanism from a electrochemical perspective, redefining dentinal

tubules as functional biological nanochannels with ion selectivity and rectification properties. This review systematically revisits the con-

tributions and limitations of traditional theories, while focusing on the
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Ve 237 AL B [T PE 2 e [ 5% 1 BE 22 vt 1 2R firmed the presence of an asymmetric potential distribution and micro-
BT TE 4 F R T AR oL, 525 5 B e Bl R 1 i ampere-level stimulus-evoked currents within dentinal tubules, and es-
APREE SSEER O A W B IR & JL st T 8 £ 9580 % ,  tablished a comprehensive stimulus-current-pain signal transduction

theoretical foundation and experimental evidence for the new mecha-

nism. Through high-resolution electrochemical measurements, we con-

Aezt(100081) model. This validates the superiority of the new mechanism in explai-

B XBUTE  E-mail: kqdengxuliang@ bjmu.edu.cn ning millisecond-level pain transmission and demonstrates the clinical
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potential of polycation-based desensitizing materials developed using this approach for precise electrochemical regulation. This approach

not only provides a new pathway for addressing dentin hypersensitivity but also promotes a paradigm shift in the field from mere “physi-

cal occlusion” to* modulation of the electrical microenvironment”
als.
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Fig.1 Schematic illustration of the hydrodynamic

hypothesis for dentin hypersensitivity
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Fig.2 Schematic illustration of ion channel structures in living systems
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Fig.3 Schematic illustration of the ionic conduction mechanism
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Fig.4 Electrochemical microenvironment regulation strategy for treating dentin hypersensitivity
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