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Research on Deqi Based on Cell Mechanics
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Abstract  Current basic science research on acupuncture has predominantly focused on the nervous system,
with limited exploration of the acupuncture initiation mechanism at acupoints. Acupuncture initiation refers to the
initial cellular responses triggered by mechanical stimulation at acupoints, encompassing mechanical signal percep-
tion and transduction; Deqi (the arrival of qi) represents the clinical subjective and objective manifestation of this
initiation. The mechanical signals generated by acupuncture are converted into biochemical signals by mechanically
sensitive cells, which prompt the cells to release bioactive factors and alter the microenvironment where the cells
are located. This, in turn, affects the biological responses of neighboring cells, creating an iterative effect, triggering
meridian sensation transmission, and achieving Deqi at the affected area. During this process, acupoint sensitization
reduces the threshold of cellular perception to mechanical stimulation via local immune responses, thereby amplify-
ing the Deqi effect. Based on these observations, this paper proposes a hypothesis framework: “mechanical input-

cellular mechanical signal conversion-acupuncture signal cascade amplification-needle sensation transmission”.
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The expansion of acupuncture signals from a “point” (acupoint) to a “line” (meridian) and the entire body is further

conceptualized as a logical chain: “sensitized Deqi-meridian sensation propagation-systemic regulation”. Build-

ing on this, a multi-dimensional quantitative evaluation framework for Deqi is constructed, integrating mechanical

physical quantities, biochemical molecules, and tissue functional responses, to provide a measurable pathway for

experimental validation of the hypothesis. This paper elucidates the material basis and signal transduction mecha-

nisms of acupuncture Deqi from a cellular mechanics perspective, establishes the intrinsic relationship between

acupoint sensitization and meridian sensation propagation, and offers a modern scientific theoretical framework for

the essence of acupuncture, along with a testable mechanistic hypothesis for subsequent experimental verification.
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A: overall schematic summarizing force directions across stages. Green indicates compressive force (downward) or lifting-pulling force (upward); blue
indicates needle tip reaction force (upward) or needle tip pulling force (downward); black indicates shear force; orange indicates frictional force. B: at the
initial position, the needle tip is not in contact with the skin. C: in penetration stage, the needle shaft is advanced downward, exerting a downward indenta-
tion force on the tissue, while the tissue generates an upward reaction force against the needle tip. D: in insertion-twisting stage, the needle shaft is inserted
while being twisted, wrapping around collagen fibers to form a “micro-winch” structure; frictional and shear forces are generated at the needle-tissue inter-
face, and the fiber network is subjected to traction. E: in withdrawal-twisting stage, the needle shaft is twisted while being lifted upward; the “micro-winch”
structure gradually loosens, but frictional and shear forces persist between the shaft and fibers, and the tissue continues to be pulled. F: in extraction stage,
the needle shaft is lifted upward, exerting an upward extraction force on the tissue, while the tissue exerts a downward pulling force on the needle tip.
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Fig.1 Mechanical characterization of acupuncture at different stages
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Acupuncture-induced mechanical stimulation sequentially activates mechanosensitive ion channels (Piezol, TRPV2, and TRPV4) as well as integrin
receptors on the plasma membrane. Integrin engagement triggers downstream FAK/Src signaling, leading to the recruitment of adaptor proteins paxillin
and vinculin and the assembly of mature focal adhesions. This cascade subsequently activates the RhoA/ROCK pathway, driving actomyosin-mediated
cytoskeletal remodeling. Inhibition of RAP2 activates the Hippo pathway, leading to inactivation of LATS1/2, thereby promoting dephosphorylation of
YAP/TAZ. Cytoskeletal tension is transmitted to the nuclear envelope via the LINC complex, inducing downregulation of lamin A/C and facilitating
YAP/TAZ nuclear import through the nuclear pore complex. Within the nucleus, YAP/TAZ heterodimerize with TEAD family transcription factors to
regulate target gene expression. Finally, afferent signals are relayed via dorsal root ganglia and spinal cord circuits to higher brain centers, establishing a
complete mechano-neural axis from peripheral mechanical input to central nervous system response.
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Fig.2 Schematic diagram of mechanical signal transduction in acupuncture
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The left panel illustrates mechanical force types exerted by the acupuncture needle on acupoint tissue, green indicates compressive force (downward) or
lifting-pulling force (upward); blue indicates needle tip reaction force (upward) or needle tip pulling force (downward); black indicates shear force; or-
ange indicates frictional force. The central module outlines a three-tiered cellular functional architecture within the acupoint. Sensing layer (keratinocytes,
fibroblasts): mechanosensitive channels (e.g., Piezol-CD39, Piezol-YAP) transduce mechanical stimuli, triggering the release of initial signaling
factors such as ATP. Amplification and conversion layer (mast cells, fibroblasts): ATP activates TRPV2 channels in mast cells, inducing Ca** influx;
subsequent degranulation releases 5-HT and HA, which act on fibroblasts via H1 receptors. Output layer (A9 fibers, C fibers): activation of TRPV1/
TRPAT channels and engagement of purinergic receptors P2X3 and H1 convert integrated chemical signals into action potentials. The right panel
depicts that chemical signals derived from cytokines (e.g., IL-10, TNF-o) drive synergistic effects in the acupoint microenvironment, with information
propagation mediated by EVs (extracellular vesicles) and interstitial fluid. Neural signals are relayed to the central nervous system via the DRG
(dorsal root ganglion) and spinal cord, generating the subjective sensation of Deqi. Solid arrows indicate effects directly demonstrated by acupuncture
stimulation in published studies; dashed arrows indicate mechanical effects reported using non-acupuncture mechanical stimuli.
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Fig.3 Multiscale mechanical signal integration diagram
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Table 1 A comprehensive framework for the quantification of Deqi (measurement and validation system)
fabn ey HAgfats /B8 E 5 5 YSAiE H 1Y EE PN
Indicator type Specific indicator Measurement/validation system Validation purpose References
Subjective score MASS Visual analog scale (0-10), question- Quantify subjective needle [1]
naire (13 sensations) sensation intensity and quality
SASS 10 cm visual analog scale (9 Evaluate composite needle [58]
sensations+anxiety score) sensation, distinguish Deqi from
pain
SNSQ None, mild, moderate, severe rating Multi-dimensional assessment of  [59]
(17 sensations) needle sensation quality
Mechanical Needle pull-out force, twisting ~ Force sensor (dedicated needle/cus- Quantify the practitioner’s Deqi ~ [60-61]
torque tom sensor) hand sensation
Tissue elastic modulus Shear wave elastography Characterize local stiffness [14]
changes at acupoints
Stress field distribution Finite element model simulation Reveal force transmission path- [53]
ways
Morphology Connective tissue winding Ultrasound/tissue section; polarized Observe deformation and wind- [5,62-63]
angle, displacement light microscopy ing of connective tissue fibers
Molecular ATP concentration in acupoint ~ Microdialysis+luciferase Quantify the initial signal acti- [22]
area vated by acupuncture
Ca”" wave velocity In vivo calcium imaging (spinal Detect communication efficiency — [64-65]
cord/DRG); microfluidic chip co- of acupuncture signals
culture
EMG (electromyog- ~ EMG amplitude, firing fre- Surface EMG/implantable EMG elec-  Reflect spinal reflex excitability, — [54]
raphy) quency; integrated EMG value  trodes; isolated nerve-muscle prepara-  quantify Deqi initiation
tion
Blood flow Local blood perfusion Laser Doppler flowmetry, ultrasound Vasodilation and acupuncture [62,66-67]
maintenance-phase response
Temperature Acupoint skin temperature Infrared thermography Auxiliary monitoring of local [55]

Brain function BOLD (blood oxygen level-

dependent) signal imaging)
EEG band power, functional
connectivity, and microstates
Concentrations of HbO
(oxyhemoglobin) and HbR
(deoxyhemoglobin)

troscopy)

fMRI (functional magnetic resonance

EEG (electroencephalogram)

fNIRS (functional near-infrared spec-

energy metabolism
Characterize central integration [56]
effects

Track real-time EEG dynamics [57]

Human studies of acupuncture [68]
central mechanisms in natural

environments
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