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Objective: To review and organize the research results on the mechanism of action of acupuncture in the treatment of subjective tinnitus over the past 30 years. This will provide a reference basis for the clinical acupuncture treatment of subjective tinnitus.

Methods: Computer searches of PubMed, China National Knowledge Infrastructure (CNKI), and China Science and Technology Journal Database (CCD) were conducted to collect and organize literature on the research on the mechanism of action of acupuncture in the treatment of subjective tinnitus. The searches were limited to the period from January 1, 1995 to July 31, 2024. The literature was then summarized and analyzed in terms of the blood circulation of the inner ear, immuno-inflammation, and neural cells to elaborate on the potential mechanism of action of acupuncture. The objective of this study was to describe the potential mechanism of action of acupuncture. The final results yielded 36 research papers related to subjective tinnitus and the mechanism of action of acupuncture. The identified mechanisms are as follows: the enhancement of local microcirculation in the inner ear by regulating the blood supply of the vertebrobasilar artery may improve the inner ear’s blood supply obstacle. Additionally, the reduction of immuno-inflammatory factors in the inner ear may reduce the toxicity of the cochlea’s hair cells and protect them. The modulation of 5-hydroxytryptamine receptors in the cochlear nucleus may serve to protect spiral ganglion neurons from damage. Additionally, the modulation of the thalamus and the functional reorganization of the auditory cortex and synaptic network may contribute to the achievement of therapeutic effects.

Conclusion: While acupuncture has demonstrated clinical efficacy in the treatment of subjective tinnitus, the underlying mechanism of action remains poorly understood. In the future, there is a need to accelerate the application of modern advanced technology and multidisciplinary cross-fertilization, as well as to conduct in-depth and systematic investigations into the mechanisms of acupuncture effects. This will provide an objective basis for clinical treatment.
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1 Introduction

Subjective tinnitus constitutes an anomalous auditory perception in the absence of external acoustic sources within the cranium. One of the challenging clinical conditions commonly encountered in otolaryngology practice. The overall prevalence of subjective tinnitus in adults is approximately 14.4%, potentially affecting over 740 million adults worldwide (Jarach et al., 2022). Persistent and bothersome tinnitus exerts mental, tinnitus exerts mental, psychological, and behavioral impacts on patients, leading to diverse manifestations of negative psychological states. This adverse mental condition and tinnitus often create a detrimental feedback loop, potentially escalating to severe cases with suicidal inclinations (Clifford et al., 2020). Tinnitus, conceptualized as a hallucinatory perception, exhibits strong subjective features with an etiology that remains elusive; Consequently, its underlying mechanisms are ambiguous. Presently, clinical interventions for tinnitus predominantly encompass pharmacological treatment, cognitive-behavioral therapy, and phoniatric treatment among others. However, the 2019 European Multidisciplinary Guidelines for Tinnitus Management discourage pharmacological interventions and emphasize the primacy of cognitive-behavioral therapy, which modifies patients’ behavioral reactions and their cognitions related to the tinnitus or its symptoms. Acupuncture, an ancient therapeutic modality of the Chinese nation, has been extensively practiced by medical professionals across various dynasties. As quoted in “The Spirit Pivot The Thorn Section, True Evil,” “The blind man cannot see, the deaf man cannot hear. He who experiences this prick shall find himself in the sun, in the palace of hearing, in his eyes.” Studies have demonstrated the efficacy of acupuncture in the management of subjective tinnitus, resulting in favorable clinical outcomes (Cai et al., 2024). Systematic reviews and meta-analyses of randomized controlled trials indicate that acupuncture can diminish and even eliminate the intensity of tinnitus, alleviate tinnitus-related insomnia, and enhance the quality of life for sufferers (Zha V. B. et al., 2024). However, the pathophysiological mechanism of tinnitus is still unclear, and the mainstream view is that the core of its pathogenesis is related to peripheral auditory damage that triggers compensatory remodeling of the center and maladaptive neuroplasticity (Kang and Zheng, 2024). At the cellular level, a decrease in cochlear afferent nerve input (e.g., hair cell degeneration or auditory neuropathy) induces an increase in spontaneous firing rate and synchronization of neurons in the dorsal cochlear nucleus (DCN) (Shore et al., 2016; Teismann et al., 2014), and a concomitant decrease in inhibitory neurotransmitter (e.g., GABA)-driven and excitatory imbalance leads to neuronal hyper-excitability (Richardson et al., 2012), which disrupts the excitatory-inhibitory homeostasis and creates a neurological basis for tinnitus (Moller, 2016; Bauer, 2018; Kalappa et al., 2014). At the systemic level, cochlear deafferentation triggers topographic reorganization and gain enhancement in the auditory cortex (AC) through activation of the DCN and aberrant activity in the inferior colliculus (IC), which integrates auditory and limbic system signals via the medial geniculate body (MGB) (Henton and Tzounopoulos, 2021; Xia et al., 2020; Eggermont, 2015), whereas aberrant functional connectivity in non-auditory areas such as the anterior cingulate cortex (ACC), insula, and prefrontal lobes further mediate the emotional and attention dysregulation (Vanneste and De Ridder, 2012) and the mechanisms by which acupuncture alleviates tinnitus are not well-documented. Consequently, acupuncture is not recommended by the European Multidisciplinary Tinnitus Guidelines. Hence, investigating the mechanisms of acupuncture in the treatment of subjective tinnitus holds significant potential.



2 Acupuncture promotes microcirculation in the inner ear region

The blood supply to the ear primarily originates from two branches of the external carotid artery: the maxillary artery and the superficial temporal artery, which together provide nourishment to the outer ear and parts of the middle ear (Nguyen and Duong, 2024). The inner ear, an organ of remarkable complexity, is responsible for the encoding of sound, movement, and spatial orientation. The integrity of its blood supply is fundamental to the growth, maturation, and viability of the inner ear’s tissue and its physiological functions. The labyrinthine artery, the sole terminal blood vessel providing circulation to the inner ear, branches into three main components: the anterior vestibular artery, the cochlear artery, and the vestibulo-cochlear artery. This artery traverses the internal auditory canal, accompanying the cochlear vestibular nerve and emerges from either the anterior inferior cerebellar artery’s outer loop (predominantly, approximately 90%) or the basilar artery (around 10%). It measures with an average diameter of 0.2 ± 0.05 mm (Matsubara, 2024), demonstrating its delicate nature. Consequently, conditions such as vasospasms, impairment of blood flow, increased blood viscosity, and the formation of microthromboses can disrupt the circulation of the labyrinthine artery, resulting in inner ear ischemia, hypoxia, neural injury, and the onset of tinnitus symptoms. Research indicates that occlusive disorders within the vertebrobasilar artery system can adversely affect the regulatory mechanisms for inner ear blood flow, manifesting as symptoms of dizziness, tinnitus, and hearing loss (Ueda and Matsunaga, 1995). The interconnection between these systems may be mediated through the vascularity supply to trigeminal sensory neurons (Vass et al., 2001). The effects of acupuncture on microcirculation and hemorheology have long been the focus of research on the mechanism of acupuncture, such as the regulation of vasoactive substances, neurotransmitters, signaling pathways and oxidative stress (Zhang et al., 2024). Acupuncture can promote the improvement of hemodynamics, the release of vasoactive substances, the formation of new blood capillary refill time, accelerate the speed of cerebral blood flow in the basilar artery and mesencephalic artery, and effectively improve cerebral microcirculation (Ke et al., 2021). This may be related to the regulation of serum levels of serotonin, vascular endothelial growth factor and calcitonin gene-related neurohumoral regulation and enhance the local microcirculation of the inner ear to improve the blood supply disorder of the inner ear (Zheng et al., 2006). Cai et al. (2019) measured bilateral auricular temperatures in tinnitus patients before and after acupuncture using infrared thermography. The results showed a significant reduction in temperature differences between the bilateral ears post-acupuncture, suggesting that acupuncture may enhance cochlear microcirculatory stability. In addition, abnormal lipid levels have also become a new biomarker of subjective tinnitus. Acupuncture treatment can not only address hyperlipidemia, but also reduce the severity of tinnitus (Ali, 2023).



3 Acupuncture modulates the immunological and inflammatory responses in the inner ear

The inner ear engages in a complex interplay with the systemic immune system, primarily via lymphatic drainage and vascular circulation, to protect itself against infections and stressors, including auditory trauma. Allergens, pathogens, and autoimmune responses can precipitate middle ear effusions, eustachian tube mucosal inflammation, or ossicular chain (the auditory ossicular chain consists of the following three small bones - the malleus, incus, and stapes) involvement, disrupting the inner ear’s homeostasis and precipitating sensorineural hearing loss and tinnitus. A constellation of immune-inflammatory mechanisms, potentially involving genetic variants, nuclear factor-κB-driven inflammation, interleukin-1β, tumor necrosis factor-α, and other cytokines, may partially elucidate the pathogenesis of acute tinnitus. A comprehensive literature review has revealed no published studies investigating the correlation between immune responses and chronic tinnitus.” I think you should also say it in the text. In addition to neurophysiological alterations within the central nervous system, it may be intertwined with chronic stress (Becker et al., 2022). secondary to the priming of the peripheral inflammatory response (Basso et al., 2022). Investigations into the modulatory impact of acupuncture on the immune system have corroborated its immunomodulatory effects on infectious and allergic conditions. Research has delved into the mechanisms that underpin the amelioration of inflammation, which include vagus nerve activation, modulation of the toll-like receptor 4/NF-κB signaling cascade, macrophage polarization, activation of the mitogen-activated protein kinase pathway, and engagement of the cholinergic anti-inflammatory pathway. According to the study conducted by Xiaofeng (2018), serum IL-6 and TNF-α levels in the acupuncture group showed significant reductions post-treatment compared to pre-treatment levels. Furthermore, the extent of these reductions was positively correlated with the decrease in the total score of the Hamilton Depression Rating Scale. These findings suggest that the regulation of inflammatory cytokines through electroacupuncture may constitute one of the mechanisms underlying the treatment of depressive symptoms associated with occupational noise-induced hearing loss. Acupuncture has oxygen therapy to manage patients with autoinflammatory vasculitis and bilateral sensorineural hearing loss, resulting in a 20 dB improvement in hearing thresholds after a month been shown to augment the population of cochlear hair cells, mitigate oxidative stress in mice, and alleviate the effects of transgenic ototoxicity via the nuclear factor erythroid 2-related factor 2 signaling pathway (Yu et al., 2022). Furthermore, it can counteract ototoxicity Induced by Gentamicin in Mice by upregulating the expression of neurotrophic factor 3 in the nucleus of the inferior colliculus, thereby shielding cochlear hair cells (Zhou et al., 2017). Electroacupuncture has been reported to enhance the expression of aquaporin 1 in the cochlea, which in turn increases the concentrations of potassium and calcium ions, thereby attenuating endolymphatic edema in guinea pigs (Jiang et al., 2015). Moreover, acupuncture has been observed to alter liver lipid metabolism by diminishing leptin sensitivity and to modulate the immune response, thereby alleviate depression-like behaviors (Jung et al., 2021).



4 Acupuncture is effective in mitigating damage to the periauricular nerves

Nerve fibers, blood vessels, and lymphatic vessels are disseminated extensively within and beyond the skin of the auricle. Nerves of the ear, which are interconnected with blood vessels, extend from the basal region to the peripheral areas, traversing lymphatic vessels to establish an integrated network of nerves, blood vessels, and lymphatic vessels that function in concert. Cochlear hair cell injury with subsequent degeneration of the associated nerve fibers (Wang et al., 2024), originating from factors such aging, or other sources, can precipitate spontaneous firing patterns. These patterns may result in the central nervous system experiencing reduced inhibition and heightened activity, culminating in the generation of phantom perceptions. The primary destruction of the cochlear nerve encompasses lesions in the spiral ganglion neurons, the cochlear vestibular nerve, and various cochlear synaptic administered (Zhou et al., 2009) nerve growth factor via injections to the Yifeng and Wangu acupoints for the treatment of sound-perceiving nerve deafness and tinnitus, yielding superior outcomes compared to the treatment efficacy observed in the Western medication group, which ingested Sipyrine and adenosine triphosphate orally. Chang et al. (2021) electroacupuncture, examining the resultant reduction in spiral ganglion neuron density and the auditory status of the rats. Their findings indicated that electroacupuncture exerted a beneficial influence on mitigated spiral ganglion neuron damage and aiding in the recovery of hearing. Kang et al. (1998) electroacupuncture treatment preserves the integrity of lysosomes in cochlear hair cells, preventing Serotonin, as a crucial neurotransmitter, modulates auditory signals in the cochlear nucleus through various receptor subtypes (Dai et al., 2015) electroacupuncture at the Yifeng point could augment the expression level of 5-hydroxytryptamine receptor 1b mRNA in the cochlear nucleus of mice exposed to mobile phone radiation, while concurrently suppressing the expression of 5-hydroxytryptamine receptor 2c mRNA. The depth of acupuncture is a critical factor in modulates the autonomic nervous system balance in individuals experiencing tinnitus (Lee et al., 2023). Research indicates that autonomic dysfunction is a risk factor for subjective (Tu et al., 2019) divided 30 patients into either a deep or shallow acupuncture group, administered acupuncture to both and assessing changes in heart rate variability and Tinnitus Handicap Inventory (THI) pre- and post-treatment. The study yielded evidence suggesting that deep-prick acupuncture significantly improved heart rate variability (HRV) and that there was a physiological correlation between autonomic modulation and HRV, suggesting that acupuncture may alleviate tinnitus symptoms by modulating sympathetic-parasympathetic balance.



5 Acupuncture is known to modulate brain architecture and neural connectivity

Currently, scholarly inquiries into the etiology of tinnitus are predominantly concentrated on the peripheral auditory pathways and the central auditory, as well as the non-auditory systems. It is a consensus among professionals that damage to the peripheral auditory pathways often elicits a central compensatory response, which can lead to a persistent state of tinnitus. This condition is characterized by a dynamic interplay of abnormal local neural activity and dysfunctional networking within multiple brain systems. The advent of contemporary neuroimaging technologies has furnished a pivotal “visualization” tool for elucidating the mechanisms underlying the therapeutic efficacy of acupuncture in mitigation of tinnitus. Researchers such as Yu et al. (2023); Fan et al. (2024) near-infrared spectroscopy (fNIRS) to delineate the discrepancies in neural activity within the cerebral cortex during auditory stimulatory tasks, thereby differentiating subjective neural tinnitus cerebral cortex of tinnitus sufferers using fNIRS, documenting an increase in the concentration of oxyhemoglobin in the temporal lobes of these patients concomitant with the activation of auditory cortex. Additional studies (Yang et al., 2019) have instituted auricular point electrical NMDAR positive modulator can selectively amplify the endogenous activity of NMDAR in GABAergic neurons, thereby potentiating inhibitory neurotransmission, upsetting the balance between excitation and inhibition, and potentially retarding the onset of subjective tinnitus attributable to inhibitory deficits stimulation in concert with masking techniques to modulate the BDNF/TrkB/CREB signaling cascade within the auditory cortex of tinnitus-afflicted rodents, culminating in the enhancement of the pre-pulse suppression threshold in the presence of high-frequency background noise – an effect indicative of tinnitus amelioration. Functional magnetic resonance imaging (fMRI) technology has emerged as a pivotal tool for investigating the functional dynamics and dysfunctions of the human brain, owing to its non-invasive nature, real-time imaging capabilities, and high spatial and temporal resolution. A team led by the nationally renowned traditional Chinese medicine expert, Professor Yang Jun, administered acupuncture therapy to patients experiencing subjective tinnitus, employing the principles of “calming and clearing body, activating blood channel.” The team recorded the Tinnitus Handicap Inventory (THI), Tinnitus Evaluation Questionnaire (TEQ), and Visual Analogue Scale (VAS) scores both pre- and post-acupuncture intervention, demonstrating significant clinical efficacy. Utilizing fMRI, the researchers compared alterations in brain regions exhibiting varying amplitudes of ALFF 197 (Amplitude of Low-Frequency Fluctuations) “fALFF” (Fractional Amplitude of Low-Frequency Fluctuations) values, as well as the functional connectivity among the head, body, and tail of the bilateral caudate nucleus before and after acupuncture treatment for chronic subjective tinnitus. The findings revealed that acupuncture can enhance the ALFF values in of the auditory cortex and the right superior frontal gyrus of the default mode network, facilitating functional reorganization within the auditory cortex and the frontal cortex. Additionally, the study observed a reduction in the functional connectivity between the caudate nucleus, the auditory cortex, and the limbic system, which was found to be negatively correlated with the alleviation of subjective neurological tinnitus (Zhang, 2022), along with 22 age- and gender-matched normal controls (control group) (Wei et al., 2021). Utilizing the resting-state fMRI dynamic functional connectivity analysis approach, the researchers assessed the hearing and tinnitus-related scales of the chronic subjective tinnitus patients. Their findings revealed that, in contrast to healthy individuals, patients with chronic neural tinnitus exhibited heightened temporal variability in the dynamic functional connectivity between the supplementary motor area and the medial superior frontal gyrus, which was positively correlated with hearing loss. Additionally, following acupuncture treatment, a significant reduction in the dynamic functional connectivity between the posterior cingulate gyrus and the angular gyrus was observed in chronic tinnitus patients, a change that correlated positively with the amelioration of tinnitus insula, and amygdala within the salient network, and comparatively analyzed the differences in brain networks between subjective tinnitus patients and healthy volunteers both pre- and post-acupuncture treatment. The study yielded results indicating that, subsequent to acupuncture, the brain networks of subjective tinnitus patients exhibited notable enhancements. Decreases in functional connectivity (FC) were observed in the right anterior cingulate gyrus, left lingual gyrus, and left thalamus. Similar reductions in FC were found in the left anterior cingulate gyrus, right middle frontal gyrus, and right. Superior frontal gyrus, as well as in the right insula and right middle frontal gyrus. Furthermore, a decrease in FC was detected in the left insula, left middle frontal gyrus, and right superior frontal gyrus, changes that positively correlated with the improvement of Zhang et al., (2022, 2024); Zha B. et al., (2024) tinnitus symptoms.



6 Synopsis and future perspective

The comprehensive analysis indicates that acupuncture therapy offers a wide variety of clinical acupoint selection and operational techniques for subjective tinnitus treatment. Nonetheless, the subjective nature of tinnitus presents a challenge, as there are no universally accepted objective criteria for evaluation, coupled with an enigmatic pathophysiological underpinning. Presently, the therapeutic emphasis is placed on modulating vertebral-basilar artery blood supply and enhancing inner ear circulation, aimed at diminishing immune-inflammatory mediators within the cochlea and safeguarding cochlear hair cells. Additionally, there is a focus on regulating neurotrophic support in the cochlear nucleus to mitigate damage to the spiral ganglion neurons, as well as on reorganization of the thalamic-auditory cortex/amygdala network function. To strengthen the robust evidence-base of acupuncture in the management of subjective tinnitus and elucidate the underlying mechanisms of its effectiveness, future endeavors may be directed toward the following paths: (1) conducting standardized, multi-center, randomized controlled trials evaluating the efficacy of acupuncture for subjective tinnitus; (2) exploring the therapeutic mechanism of acupuncture for tinnitus through comprehensive neuroimaging and Doppler ultrasound studies, based on clinical outcomes; (3) the modern biological mechanisms of acupuncture in tinnitus treatment was studied by means of extrinsic somatic electrophysiology and patch clamp technique from macroscopic brain imaging down to mesoscopic neuroelectrophysiology across species. Limitations of this study include the scope of literature screening and methodologic differences, and future systematic evaluations are needed to provide support for higher levels of evidence.



Author contributions

FS: Project administration, Writing – original draft, Writing – review & editing. ZY: Conceptualization, Writing – original draft, Writing – review & editing. BZ: Funding acquisition, Writing – original draft, Writing – review & editing. WW: Writing – original draft, Writing – review & editing. YZ: Writing – original draft, Writing – review & editing. LY: Writing – original draft, Writing – review & editing. WL: Writing – original draft, Writing – review & editing. YR: Conceptualization, Investigation, Writing – original draft, Writing – review & editing. JY: Project administration, Resources, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by the 2023 Anhui Province Clinical Medical Research Transformation Project (grant number: 202304295107020125).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Abbreviations


CNKI, China National Knowledge Infrastructure; CCD, China Science and Technology Journal Database; THI, Tinnitus Handicap Inventory; TEQ, Tinnitus Evaluation Questionnaire; fMRI, Functional magnetic resonance imaging; ALFF, Amplitude of Low-Frequency Fluctuations; fALFF, Fractional Amplitude of Low-Frequency Fluctuations; fNIRS, functional near-infrared spectroscopy; VAS, Visual Analogue Scale.




References

 Ali, I. A. (2023). Lipid profile response to acupuncture in obese patients with subjective tinnitus: a randomized controlled trial. J. Acupunct. Meridian Stud. 16, 11–19. doi: 10.51507/j.jams.2023.16.1.11 

 Basso, L., Boecking, B., Neff, P., Brueggemann, P., El-Ahmad, L., Brasanac, J., et al. (2022). Negative associations of stress and anxiety levels with cytotoxic and regulatory natural killer cell frequency in chronic tinnitus. Front. Psychol. 13:871822. doi: 10.3389/fpsyg.2022.871822 

 Bauer, C. A. (2018). Tinnitus. N. Engl. J. Med. 378, 1224–1231. doi: 10.1056/NEJMcp1506631 

 Becker, L., Keck, A., Rohleder, N., and Muller-Voggel, N. (2022). Higher peripheral inflammation is associated with lower orbitofrontal gamma power in chronic tinnitus. Front. Behav. Neurosci. 16:883926. doi: 10.3389/fnbeh.2022.883926 

 Cai, W., Chen, A. W., Ding, L., and Shen, W. D. (2019). Thermal effects of acupuncture by the infrared thermography test in patients with tinnitus. J. Acupunct. Meridian Stud. 12, 131–135. doi: 10.1016/j.jams.2019.05.002 

 Cai, H., Ye, L., and Li, Z. (2024). Combined treatment of idiopathic tinnitus with “Fa Meng” acupuncture and electroacupuncture: a case series of 45 patients. Chin Acupuncture Moxibustion. 44, 276–278. doi: 10.13703/j.0255-2930.20230814-0001

 Chang, C. H., Lin, C. D., and Hsieh, C. L. (2021). Effect of Electroacupuncture on noise-induced hearing loss in rats. Evid. Based Complement. Alternat. Med. 2021:9114676. doi: 10.1155/2021/9114676

 Clifford, R. E., Maihofer, A. X., Stein, M. B., Ryan, A. F., and Nievergelt, C. M. (2020). Novel risk loci in tinnitus and causal inference with neuropsychiatric disorders among adults of European ancestry. JAMA Otolaryngol. Head Neck Surg. 146, 1015–1025. doi: 10.1001/jamaoto.2020.2920 

 Dai, J. Y., Chen, Y. G., and Zhang, X. Q. (2015). The impact of Electroacupuncture intervention on expression of 5-HTR 1 B/2 C genes in mice under radiation stimulation from Mobile phone. Zhen Ci Yan Jiu 40, 296–299.

 Eggermont, J. J. (2015). The auditory cortex and tinnitus - a review of animal and human studies. Eur. J. Neurosci. 41, 665–676. doi: 10.1111/ejn.12759 

 Fan, X., Gong, B., Yang, H., Yang, J., Qi, G., Wang, Z., et al. (2024). Changes in temporal lobe activation during a sound stimulation task in patients with sensorineural tinnitus: a multi- channel near-infrared spectroscopy study. Biomed. Eng. Online 23:59. doi: 10.1186/s12938-024-01255-7 

 Henton, A., and Tzounopoulos, T. (2021). What's the buzz? The neuroscience and the treatment of tinnitus. Physiol. Rev. 101, 1609–1632. doi: 10.1152/physrev.00029.2020 

 Jarach, C. M., Lugo, A., Scala, M., van den Brandt, P. A., Cederroth, C. R., Odone, A., et al. (2022). Global prevalence and incidence of tinnitus: a systematic review and Meta-analysis. JAMA Neurol 79, 888–900. doi: 10.1001/jamaneurol.2022.2189 

 Jiang, L., Wang, C., Ni, F., and Chen, H. (2015). Effects of electroacupuncture on cochlea morphology and expression of aquaporins in guinea pigs with endolymphatic hydrops. Zhongguo Zhen Jiu 35, 579–584. doi: 10.13703/j.0255-2930.2015.06.016 

 Jung, J., Lee, S. M., Lee, M., Ryu, J., Song, J., Lee, J., et al. (2021). Lipidomics reveals that acupuncture modulates the lipid metabolism and inflammatory interaction in a mouse model of depression. Brain Behav. Immun. 94, 424–436. doi: 10.1016/j.bbi.2021.02.003 

 Kalappa, B. I., Brozoski, T. J., Turner, J. G., and Caspary, D. M. (2014). Single unit hyperactivity and bursting in the auditory thalamus of awake rats directly correlates with behavioural evidence of tinnitus. J. Physiol. 592, 5065–5078. doi: 10.1113/jphysiol.2014.278572 

 Kang, S., Zeng, Z., and Shi, X. (1998). Effect of electroacupuncture on succinate dehydrogenase of gentamycin induced ototoxic cochlear hair cells in guinea pigs. Zhongguo Zhong Xi Yi Jie He Za Zhi 18, 362–364 

 Kang, Y. J., and Zheng, Y. (2024). Current understanding of subjective tinnitus in adults. Eur. Arch. Otorrinolaringol. 281, 4507–4517. doi: 10.1007/s00405-024-08633-w 

 Ke, H. K., Tu, S. H., Shen, Y. J., and Qu, Q. W. (2021). Effect of ZHU Lian's type II inhibition on chronic migraine and serum 5-HT, VEGF, CGRP. Zhongguo Zhen Jiu 41, 1079–1083. doi: 10.13703/j.0255-2930.20200925-0001 

 Lee, W., Li, Y. L., Li, C. Y., Lin, C. Y., and Wu, J. L. (2023). Objective multidisciplinary measurements of sleep disturbance and autonomic dysfunction as risk factors for chronic subjective tinnitus. J. Formos. Med. Assoc. 122, 470–478. doi: 10.1016/j.jfma.2022.12.013 

 Matsubara, S. (2024). Basilar artery, anterior inferior cerebellar artery, superior cerebellar artery. No Shinkei Geka 52, 514–521. doi: 10.11477/mf.1436204944 

 Moller, A. R. (2016). Sensorineural tinnitus: its pathology and probable therapies. Int J Otolaryngol 2016:2830157. doi: 10.1155/2016/2830157

 Nguyen, J. D., and Duong, H. (2024). Anatomy, Head and Neck, Posterior Auricular Artery. Treasure Island, FL: Statpearls.

 Richardson, B. D., Brozoski, T. J., Ling, L. L., and Caspary, D. M. (2012). Targeting inhibitory neurotransmission in tinnitus. Brain Res. 1485, 77–87. doi: 10.1016/j.brainres.2012.02.014 

 Shore, S. E., Roberts, L. E., and Langguth, B. (2016). Maladaptive plasticity in tinnitus — triggers, mechanisms and treatment. Nat. Rev. Neurol. 12, 150–160. doi: 10.1038/nrneurol.2016.12 

 Teismann, H., Wollbrink, A., Okamoto, H., Schlaug, G., Rudack, C., and Pantev, C. (2014). Combining transcranial direct current stimulation and tailor-made notched music training to decrease tinnitus-related distress – a pilot study. PLoS One 9:e89904. doi: 10.1371/journal.pone.0089904 

 Tu, J. F., Kim, M., Yang, J. W., Li, Q. Q., Litscher, G., Wang, L., et al. (2019). Influence of acupuncture on autonomic balance in adult tinnitus patients: an exploratory study. Curr. Med. Sci. 39, 947–953. doi: 10.1007/s11596-019-2127-y 

 Ueda, T., and Matsunaga, T. (1995). The influence of unilateral vertebral artery occlusion on brainstem and inner ear blood flow in rat. Acta Otolaryngol. 115, 742–746. doi: 10.3109/00016489509139396 

 Vanneste, S., and De Ridder, D. (2012). The auditory and non-auditory brain areas involved in tinnitus. An emergent property of multiple parallel overlapping subnetworks. Front. Syst. Neurosci. 6:31. doi: 10.3389/fnsys.2012.00031

 Vass, Z., Steyger, P. S., Hordichok, A. J., Trune, D. R., Jancso, G., and Nuttall, A. L. (2001). Capsaicin stimulation of the cochlea and electric stimulation of the trigeminal ganglion mediate vascularpermeability in cochlear and vertebro-basilar arteries: a potential cause of inner ear dysfunction in headache. Neuroscience 103, 189–201. doi: 10.1016/S0306-4522(00)00521-2 

 Wang, Y., Su, Y., Wang, J., Zhang, K., Zhang, W., Cui, J., et al. (2024). Networks of nerve fibers, and blood and lymphatic vessels in the mouse auricle: the structural basis of ear acupuncture. Med. Acupunct. 36, 79–86. doi: 10.1089/acu.2023.0077 

 Wei, Y., Zhang, W., Li, Y., Liu, X., Zha, B., Hu, S., et al. (2021). Acupuncture treatment decreased temporal variability of dynamic functional connectivity in chronic tinnitus. Front. Neurosci. 15:737993. doi: 10.3389/fnins.2021.737993

 Xia, C., Yin, M., Wu, C., Ji, Y., and Zhou, Y. (2020). Neuroglial activation in the auditory cortex and medial geniculate body of salicylate-induced tinnitus rats. Am. J. Transl. Res. 12, 6043–6059.

 Xiaofeng, D. (2018). Efficacy evaluation of Electroacupuncture in treating noise-induced hearing loss with depressive symptoms and exploration of its immunological mechanisms. Guangzhou: Traditional Chinese Medicine University Of Guangzhou.

 Yang, S. B., Peng, L. Y., Mei, Z. G., Tan, L. J., Huang, Y. G., Feng, Z. T., et al. (2019). Effect of electrical stimulation at auricular points combined with sound masking on the expression of CREB, BDNF and TrkB in the auditory cortex of tinnitus rats. Zhongguo Zhen Jiu 39, 637–642. doi: 10.13703/j.0255-2930.2019.06.018 

 Yu, Y., Cao, L., Guan, N., Tang, Y., and Han, M. (2022). Acupuncture attenuates ototoxicity induced by gentamicin in mice. Altern. Ther. Health Med. 28, 78–83. doi: 10.13702/j.1000-0607.2015.04.007 

 Yu, X., Gong, B., Yang, H., Wang, Z., Qi, G., Sun, J., et al. (2023). Effect of acupuncture treatment on cortical activation in patients with tinnitus: a functional near-infrared spectroscopy study. IEEE Trans. Neural. Syst. Rehabil. Eng. PP 31, 729–737. doi: 10.1109/TNSRE.2022.3231899 

 Zha, B., Zhang, Y., Shi, F., Cheng, L., Rong, Z., Yu, L., et al. (2024). Modulations of resting-static functional connectivity on insular by electroacupuncture in subjective tinnitus. Front. Neurol. 15:1373390. doi: 10.3389/fneur.2024.1373390

 Zha, V. B., Zhang, Y., Ye, M., Rong, Z., Yu, L., Liu, W., et al. (2024). Clinical efficacy of acupuncture in treating subjective tinnitus at different stages and its impact on quality of life. J Anhui Univ Chin Med 11, 1–7. Available at: https://link.cnki.net/urlid/34.1324.R.20240615.2340.004

 Zhang, W. (2022). A study on the effect of acupuncture on the caudate nucleus functional connectivity network in patients with subjective tinnitus based on resting-state fMRI. Hefei: Anhui University of Chinese Medicine.

 Zhang, W., Jin, H. T., Wang, F., Zhang, J. L., Bao, Y., and Wang, S. (2024). A randomized controlled study investigating the efficacy of electro-acupuncture and exercise-based swallowing rehabilitation for post-stroke dysphagia: impacts on brainstem auditory evoked potentials and cerebral blood flow. Medicine (Baltimore) 103:e37464. doi: 10.1097/MD.0000000000037464 

 Zhang, Y., Zha, B., Shi, H., Cheng, L., Fan, Y., Zhang, W., et al. (2022). Acupuncture decreases amygdala functional connectivity in subjective tinnitus. Front. Neurol. 13:986805. doi: 10.3389/fneur.2022.986805 

 Zhang, Y., Zha, B., Shi, H., Fan, Y., Zheng, Y., Rong, Z., et al. (2024). Preliminary exploration of the regulatory effect of “Ning Shen Tong Qiao” acupuncture on the anterior cingulate cortex and whole-brain functional connectivity in patients with subjective tinnitus based on fMRI. Chin Acupuncture Moxibustion 44, 12–18. doi: 10.13703/j.0255-2930.20230628-0003 

 Zheng, Z., Song, K. Y., Hu, X. M., Yu, F., Deng, X. Z., and Zhang, Q. (2006). Electroacupuncture improves VBI-induced microcirculatory disorders in the inner ear and its effect on VOR[J]. Chin. J. Appl. Physiol 22, 99–104. doi: 10.13459/j.cnki.cjap.2006.01.031

 Zhou, P., Ma, W., Sheng, Y., Duan, M., and Zhang, X. (2017). Protective effects of acupuncture against gentamicin-induced ototoxicity in rats: possible role of Neurotrophin-3. Med. Sci. Monit. 23, 446–451. doi: 10.12659/MSM.898535 

 Zhou, F., Wu, P., Wang, L., Wang, H. T., Zhang, S. B., Lin, Y., et al. (2009). The NGF point-injection for treatment of the sound-perceiving nerve deafness and tinnitus in 68 cases. J. Tradit. Chin. Med. 29, 39–42. doi: 10.1016/S0254-6272(09)60029-7 


Copyright
 © 2025 Shi, Ye, Zha, Wu, Zhang, Yu, Liu, Rong and Yang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Recent advances on the mechanism of acupuncture in the treatment of subjective tinnitus



		1 Introduction



		2 Acupuncture promotes microcirculation in the inner ear region



		3 Acupuncture modulates the immunological and inflammatory responses in the inner ear



		4 Acupuncture is effective in mitigating damage to the periauricular nerves



		5 Acupuncture is known to modulate brain architecture and neural connectivity



		6 Synopsis and future perspective



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Abbreviations



		References



















OPS/images/cover.jpg
& frontiers  Frontiers in Systems Neuroscience

Recent advances on the
mechanism of acupuncture in the
treatment of subjective tinnitus












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
’ frontiers Frontiers in Systems Neuroscience






