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Abstract 

The dorsal root ganglion (DRG), as one of the key structures in the sensory nervous system, plays a crucial role in 

the onset and development of neuropathic pain. This paper explores the involvement of the DRG in the mechanism 

of neuropathic pain, starting with its anatomical structure. First, the basic anatomical characteristics of the DRG 

and its function in sensory signal transmission are analyzed. Then, the role of the DRG in neuropathic pain is 

discussed, particularly focusing on the abnormal neuronal activity and molecular mechanisms in chronic pain and 

hyperalgesia. Finally, the potential of the DRG as a therapeutic target for neuropathic pain is explored, including 

current treatment methods and future research directions. Through a detailed analysis of the DRG, this study 

provides new insights into understanding the mechanism of neuropathic pain and its clinical treatment. 
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1. Introduction 

Neuropathic pain is a type of persistent pain caused by damage or disease in the nervous system, often accompanied 

by hyperalgesia, sensory loss, or abnormal perceptual experiences, severely affecting the quality of life of patients. 

The mechanisms of its onset are complex and involve multiple factors from both the central and peripheral nervous 

systems. Among them, the dorsal root ganglion (DRG), as a key node in sensing external stimuli and transmitting 

pain signals, plays an important role in the formation of neuropathic pain. Located at the dorsal root of the spinal 

cord, the DRG contains a large number of sensory neurons, which convert external stimuli into neural signals and 

transmit them to the spinal cord, influencing the perception and regulation of pain. However, in the context of 

neuropathic pain, the neurons in the DRG may undergo functional changes, leading to abnormal transmission and 

amplification of pain signals, thus causing patients to experience persistent pain symptoms.Although a relatively 

thorough understanding of the basic anatomical structure of the DRG has been established, its specific role in 

neuropathic pain mechanisms remains not entirely clear. In recent years, with the continuous advancement of 

neuroscience research, the DRG has been found to be more than just a simple signal relay site; its role in the 

perception and regulation of pain has become increasingly important[1]. The electrophysiological properties of 

neurons, the release of neurotransmitters, the activation of ion channels, and the plasticity of neurons in the DRG 

all play key roles in the onset and maintenance of neuropathic pain. Therefore, in-depth research into the 

anatomical structure of the DRG and its role in neuropathic pain has become an important issue in the fields of 

neuroscience and pain research.This paper will systematically review the anatomical characteristics of the DRG, 

explore its specific mechanisms in neuropathic pain, analyze the relationship between abnormal neuronal activity 

and the formation of chronic pain, and discuss the potential of the DRG as a therapeutic target. This research not 

only helps to understand the pathogenesis of neuropathic pain but also provides new ideas for pain treatment 

strategies. 

2. Dorsal Root Ganglion Anatomy 

2.1 Basic Anatomical Features of the Dorsal Root Ganglion 

The dorsal root ganglion (DRG) is an important component of the spinal nerve, located at the dorsal root of the 

spinal cord, and has a specific anatomical structure. Its main function is to transmit signals from peripheral sensory 

neurons, playing a crucial role in the perception of sensations such as pain and temperature. The anatomical 



mhs.ideasspread.org Modern Health Science Vol. 8, No. 1; 2025 

 53 Published by IDEAS SPREAD 

 

structure of the DRG can be described in terms of its position, shape, and cell types.Firstly, the DRG is located 

between the dorsal root of the spinal cord and the spinal nerve, with its position roughly corresponding to the 

intervertebral disc area of the spine. Anatomically, each spinal nerve has a DRG, which is a small ganglion formed 

by a cluster of sensory neuron cell bodies. The DRG is typically 1-2 millimeters in diameter, and is usually round 

or oval in shape, with size variations across different spinal cord regions.Next, the internal structure of the DRG 

consists of neuronal cell bodies, satellite glial cells, and peripheral nerve fibers[2]. The neuronal cell bodies, which 

constitute the main part of the DRG, are primarily composed of sensory neurons that transmit peripheral sensory 

information. These neurons are typically unipolar, with axons that branch at the DRG, forming two main branches: 

one directed towards the peripheral tissues, and the other synapsing with second-order neurons in the spinal cord's 

dorsal horn. This structure allows sensory neurons to rapidly transmit external sensory information to the spinal 

cord and onward to the brain.Within the DRG, satellite glial cells surround the neuronal cell bodies, playing 

supportive, protective, and nutritional roles for the neurons. These cells help maintain the microenvironment of 

the DRG and may play crucial roles in neuroinflammation and injury repair.The nerve fibers in the DRG vary in 

diameter and conduction velocity, with common types including Aδ fibers and C fibers, responsible for 

transmitting acute pain and chronic pain signals, respectively. Aδ fibers primarily transmit rapid pain stimuli (such 

as sharp pain), while C fibers transmit more persistent dull pain, temperature, and some visceral sensory 

information.Overall, the DRG is a powerful neural structure that, through its close connection to the spinal cord, 

participates in the transmission of sensory information from the periphery to the central nervous system, 

particularly in the perception of pain and temperature. The basic anatomical features of the DRG provide a 

theoretical basis for its role in neuropathic pain[3]. 

2.2 Neural Connections and Functions of the Dorsal Root Ganglion 

The dorsal root ganglion (DRG) not only transmits information within the peripheral nervous system but also plays 

an essential role in pain perception, sensory transmission, and neural regulation due to its tight connections with 

the spinal cord and central nervous system. Located at the dorsal root of the spinal cord, the DRG connects to the 

second-order neurons in the spinal cord’s dorsal horn through the dorsal root, quickly transmitting sensory signals 

from peripheral tissues to the central nervous system. When peripheral receptors receive stimuli such as touch, 

temperature, or pain, the sensory neurons in the DRG integrate and relay these signals to the spinal cord, which 

further transmits the information to the brain cortex, resulting in conscious perception[4]. The DRG predominantly 

consists of unipolar sensory neurons whose axons split at the DRG: one branch connects to peripheral tissues, 

while the other synapses with second-order neurons in the spinal cord’s dorsal horn to process external 

environmental stimuli.Within the DRG, sensory neurons of varying diameters and conduction velocities exist, 

including Aδ fibers that transmit fast pain stimuli and cold sensations, as well as C fibers that carry chronic dull 

pain, temperature, and some visceral sensations. The electrophysiological activity of neurons, the opening of ion 

channels, and the release of various neurotransmitters (such as glutamate and substance P) all play a role in 

amplifying or inhibiting pain signals. Satellite glial cells surrounding neuronal cell bodies in the DRG support, 

protect, and nourish neurons, and may play a crucial regulatory role in neuroinflammation and injury repair.The 

DRG’s involvement in pain regulation and neural plasticity is also essential through its multiple connections to 

the spinal cord and central nervous system. Whether it is peripheral tissue injury, sustained inflammation, or 

abnormal neuronal excitability, these factors can cause functional or structural remodeling within the DRG. When 

such remodeling persists, it often leads to hyperalgesia or chronic pain. Given that these changes are central to the 

onset and maintenance of neuropathic pain, studying the DRG's neural connections and functions can help us better 

understand and intervene in the clinical manifestations of various chronic and refractory pain conditions[5]. 

3. The Role of the Dorsal Root Ganglion in Neuropathic Pain 

3.1 Mechanisms of Neuropathic Pain 

Neuropathic pain is a type of pain caused by damage or disease within the nervous system, often associated with 

trauma, inflammation, tumors, or certain neurological disorders such as diabetes or shingles. This type of pain is 

characterized not only by an increase in pain intensity but also by symptoms such as sensory abnormalities and 

hyperalgesia. The mechanisms underlying neuropathic pain are complex, involving multiple physiological and 

pathological processes, with the dorsal root ganglion (DRG) playing a crucial role in this process.Under normal 

physiological conditions, the sensory neurons in the DRG are responsible for converting external stimuli into 

neural signals, which are then transmitted to the spinal cord and brain[6]. However, in neuropathic pain, the 

neurons in the DRG may undergo structural and functional changes. These changes are typically manifested as 

neuronal hyperexcitability or abnormal activation. Damaged neurons may overly react to otherwise harmless 

stimuli, causing unnecessary pain perception. This phenomenon, known as "hyperalgesia" or "abnormal pain," is 

a hallmark of neuropathic pain.The mechanisms of neuropathic pain can be analyzed from several aspects. First, 
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the neurons in the DRG may undergo "neuronal remodeling" due to injury or inflammation. Damaged neuronal 

axons may regrow abnormally and connect incorrectly, leading to disrupted signal transmission. Additionally, the 

electrophysiological properties of neurons may change, such as a lowered action potential threshold, making 

neurons more easily activated. Abnormal release of neurotransmitters, such as substance P and glutamate, also 

plays a facilitating role, as their excessive release increases neuronal excitability, further intensifying pain 

perception.Second, glial cells in the DRG (such as satellite glial cells and microglia) also play an important role in 

neuropathic pain. Studies have shown that glial cells become activated following nerve injury, releasing pro-

inflammatory factors and interacting with neurons, which increases neuronal excitability. This process, known as 

"neuroinflammation," not only promotes pain but may also exacerbate the spread of nerve injury, creating a vicious 

cycle[7].Moreover, neuropathic pain involves abnormal connections between the DRG, spinal cord, and brain. 

When sensory neurons in the DRG become excessively active, second-order neurons in the spinal cord’s dorsal 

horn are overactivated, leading to the continual enhancement of pain signal transmission. Abnormal activity in the 

spinal cord’s dorsal horn extends to the brain cortex, intensifying and prolonging pain perception. Over time, pain 

signals may be continually amplified within the neural circuits, leading to persistent chronic pain.In summary, the 

DRG plays an essential role in the onset and development of neuropathic pain. Abnormal activation of neurons, 

neuronal remodeling, neuroinflammation, and abnormal connections between the spinal cord and brain all 

contribute to the amplification and persistence of pain perception. Understanding the DRG's role in these 

mechanisms will help to better explore the onset mechanisms of neuropathic pain and provide new ideas and 

targets for clinical treatment[8]. 

3.2 The Role of the Dorsal Root Ganglion in Pain Signal Transmission 

The dorsal root ganglion (DRG) plays a crucial role in pain signal transmission, serving as a key link between the 

peripheral and central nervous systems, responsible for transmitting external pain stimuli to the spinal cord and 

ultimately the brain. Under normal physiological conditions, the primary role of the DRG is to transmit sensory 

information from the skin, muscles, and internal organs to the spinal cord. However, in the context of neuropathic 

pain, the role of the DRG becomes more complex, with abnormal neuronal activity leading to the amplification 

and persistence of pain signals, which exacerbates pain perception.The DRG mainly contains sensory neurons that 

receive signals from peripheral receptors, such as temperature, pressure, and pain stimuli. These signals enter the 

spinal cord via the DRG and synapse with second-order neurons in the spinal cord’s dorsal horn. The neurons in 

the DRG play an amplifying role in this process. When pain is perceived, external harmful stimuli (such as 

mechanical damage, chemicals, or inflammation) first activate the afferent neurons in the DRG, which then 

transmit the signals to the spinal cord's dorsal horn, and through the ascending pathways of the spinal cord, to the 

brain cortex, where the pain sensation is formed[9].In the case of neuropathic pain, the DRG's role becomes more 

important and complicated. Nerve injury, inflammation, or prolonged stimulation can lead to abnormal changes in 

the DRG's neurons. First, the electrophysiological properties of the neurons may change, causing them to overly 

respond to normal stimuli. For instance, the threshold for action potentials may decrease, making them more easily 

activated and even generating persistent neural impulses in the absence of external stimuli. Second, the excessive 

release of neurotransmitters may cause the over-transmission of pain signals. For example, the over-release of 

glutamate and substance P increases neuronal excitability, further amplifying the transmission of pain signals.The 

neuroinflammatory response in the DRG also plays an important role in amplifying pain signals. When nerve 

injury occurs, glial cells (including satellite glial cells and microglia) in the DRG become activated and secrete 

various pro-inflammatory factors. These inflammatory factors not only directly affect the function of neurons but 

also promote hyperexcitability of neurons through neuro-glial interactions, thereby intensifying pain perception. 

Additionally, the activation of glial cells also affects the propagation of pain signals within the DRG, enhancing 

pain transmission to the spinal cord and brain.Thus, the DRG is not only the starting point for pain signal 

transmission but also a key node in the amplification and persistence of pain signals. The abnormal excitability of 

neurons in the DRG, the excessive release of neurotransmitters, and the neuroinflammatory response all work 

together to maintain peripheral pain signals, ultimately leading to the development of chronic neuropathic pain. 

Therefore, studying the DRG's role in pain signal transmission will not only help uncover the physiological 

mechanisms of pain but also provide important targets and intervention strategies for clinical pain management[10]. 

3.3 The Relationship Between the Dorsal Root Ganglion and Chronic Pain 

Chronic pain refers to persistent pain lasting more than three months or pain caused by neural system dysfunction, 

which is often difficult to treat and has more complex pathological mechanisms compared to acute pain. The dorsal 

root ganglion (DRG) plays a critical role in the formation and maintenance of chronic pain. The DRG is not only 

a site for sensory signal transmission but also undergoes structural and functional changes in the process of chronic 
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pain, which amplify, sustain, and transmit pain signals to the central nervous system, leading to the onset of chronic 

pain. 

The onset of chronic pain is often associated with hypersensitivity and functional changes in the DRG neurons. 

First, sensory neurons in the DRG may undergo a phenomenon known as “neuronal remodeling.” Neuron injury 

or repeated stimulation can promote abnormal regeneration of their axons, even resulting in incorrect connections, 

leading to the misrouting of pain signals. This abnormal connection causes the neurons to continue sending pain 

signals, even in the absence of external harmful stimuli. Additionally, the electrophysiological properties of the 

DRG neurons undergo significant changes. For example, their excitability is enhanced, and the threshold for action 

potentials is lowered, making the neurons more easily activated and transmitting signals. This change allows even 

minor stimuli to evoke strong pain sensations, forming the basis for chronic pain.Moreover, the neuroinflammatory 

response in the DRG is an important mechanism for maintaining chronic pain. Immune responses during nerve 

injury or inflammation activate glial cells (such as satellite glial cells and microglia) in the DRG. These cells, upon 

stimulation, release various pro-inflammatory factors (such as cytokines, chemokines, etc.), which not only 

directly affect neuronal function but also intensify the hypersensitivity of neurons through neuro-glial interactions. 

Neurons' response to these inflammatory factors typically manifests as further increased excitability, which 

amplifies pain signals and forms a “pain circuit” within the DRG, causing pain to persist.This neuroinflammation 

and excessive activation of neurons in the DRG not only affect local neurons but also influence other regions of 

the spinal cord and central nervous system. In the context of chronic pain, abnormal connections between the DRG 

and spinal cord dorsal horn may continuously amplify pain signals within the central nervous system, leading to a 

more prolonged pain experience. This phenomenon is called “central sensitization,” where the spinal cord and 

brain cortex respond abnormally to pain signals. Over time, the pain signals form a persistent vicious cycle 

throughout the nervous system, further exacerbating chronic pain symptoms.In conclusion, the DRG plays multiple 

roles in the formation and maintenance of chronic pain. The hypersensitivity of DRG neurons, neuronal remodeling, 

neuroinflammatory responses, and functional changes in the central nervous system all contribute to the 

persistence of chronic pain. Studying the role of the DRG in chronic pain will help uncover the mechanisms behind 

pain onset and provide new theoretical foundations and therapeutic targets for treating chronic pain. 

4. Dorsal Root Ganglion as a Therapeutic Target 

4.1 Intervention Methods for the Dorsal Root Ganglion 

The dorsal root ganglion (DRG), as a critical node in neuropathic pain, has recently become a focus of pain 

treatment research. Due to its pivotal role in pain signal transmission and the maintenance of chronic pain, 

interventions targeting the DRG have become an essential strategy for alleviating neuropathic pain and improving 

treatment outcomes. Current intervention methods for the DRG primarily include pharmacological treatments, 

nerve stimulation therapies, and other emerging therapeutic approaches.Pharmacological treatment is one of the 

most common interventions. Common drugs include local anesthetics, analgesics, anti-inflammatory drugs, and 

neuroregulatory medications. For example, local anesthetics like lidocaine can temporarily inhibit the neuronal 

activity in the DRG, reducing the transmission of pain signals; nonsteroidal anti-inflammatory drugs (NSAIDs) 

can suppress inflammation, reducing neuroinflammation within the DRG and alleviating pain. Additionally, some 

antidepressants (such as tricyclic antidepressants) and anticonvulsants (such as gabapentin) are used to treat 

neuropathic pain by affecting the electrophysiological properties of neurons or regulating neurotransmitter levels 

to reduce the overactivation of DRG neurons, thus alleviating pain.Nerve stimulation therapies are another 

promising treatment method. By electrically stimulating the DRG, it is possible to modulate neuronal activity and 

reduce pain. Common nerve stimulation techniques include spinal cord stimulation and direct DRG electrical 

stimulation. Spinal cord stimulation involves implanting electrodes in the dorsal spinal cord to generate electrical 

currents that interfere with pain signal transmission and promote the activation of inhibitory neural circuits. DRG 

electrical stimulation involves implanting electrodes directly at the DRG to modulate neuronal activity, reducing 

the transmission of pain signals and enhancing pain inhibition. Nerve stimulation therapies are considered effective 

treatments, especially for chronic pain patients who do not respond to drug treatments.Molecular intervention of 

neuronal mechanisms is also an emerging therapeutic strategy. With advancements in molecular biology and gene 

editing technologies, researchers are beginning to explore modifying the molecular mechanisms of DRG neurons 

to treat pain. For example, targeting ion channels involved in pain, such as sodium and calcium channels, can 

effectively modulate neuronal excitability. Specific molecular inhibitors can target pain-related signaling pathways 

in the DRG, such as TRPV1 receptors and acid-sensing ion channels, thereby reducing pain perception. 

Additionally, gene therapy and stem cell therapy are in the research phase, aiming to repair damaged neurons or 

modulate neural circuits to alleviate chronic pain.Future treatment directions also include targeted drug delivery 

systems and the application of precision medicine. Since the DRG has limited absorption of external drugs, 
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researchers are exploring more precise drug delivery methods, such as microneedle technology, nanoparticle 

carriers, or targeted drug delivery systems, to directly deliver drugs to the DRG, thereby improving the therapeutic 

effect and reducing side effects.In summary, interventions targeting the DRG are continuously evolving and 

improving. Through pharmacological treatment, nerve stimulation, molecular targeting interventions, and 

emerging gene therapies, the quality of life for patients with neuropathic pain can be effectively improved. Future 

research will focus more on how to reduce side effects through precision-targeted treatments and improve the long-

term effectiveness of therapies. 

4.2 Future Treatment Directions 

As our understanding of the dorsal root ganglion (DRG) in neuropathic pain grows, therapeutic approaches 

continue to evolve. Traditional pharmacological and nerve stimulation therapies will remain useful, but future 

treatments will focus on more precise and personalized strategies that better target the DRG’s function, reduce 

neuropathic pain, and enhance long-term outcomes.Precision medicine will be key, integrating genomics, 

proteomics, and neuroscience to tailor treatments to each patient’s genetic background, pathological features, and 

pain responses. Personalized drug therapy can match a patient’s genotype and neurotransmitter profile, optimizing 

efficacy and minimizing side effects. Screening biomarkers allows clinicians to more accurately classify pain and 

choose the most appropriate interventions, making clinical treatments more effective.Targeted drug development 

holds promise for DRG-related pain. As pain mechanisms become clearer, researchers are designing drugs to 

inhibit specific DRG pathways, such as sodium, calcium, or potassium channels. New anti-inflammatory agents 

can address local inflammation in the DRG, while modulators of substances like substance P or glutamate receptors 

can regulate pain signaling and reduce neuronal overactivation. These therapies may help patients who do not 

respond to conventional methods.Gene and cell therapies also offer substantial potential. By altering gene 

expression in the DRG through gene editing tools like CRISPR/Cas9, it may be possible to reduce neuronal 

hyperexcitability and ease chronic pain. Cell therapies, especially stem cells, could repair or replace damaged 

neurons, restoring normal DRG function. Though these interventions are still largely experimental, they could 

revolutionize future neuropathic pain management.Advances in nerve stimulation present another promising path. 

Techniques such as deep brain stimulation, spinal cord stimulation, and DRG electrical stimulation have shown 

efficacy in chronic pain. Future device improvements will enable real-time monitoring and precise modulation of 

neuronal activity. Moreover, non-invasive methods like transcutaneous electrical nerve stimulation (TENS) and 

ultrasound stimulation may provide more convenient treatment options.Finally, innovations in drug delivery are 

reducing systemic side effects. Localized approaches—using nanotechnology, microneedles, or intelligent 

systems—allow drugs to be delivered directly to DRG neurons, increasing therapeutic efficiency while lowering 

toxicity.In sum, future DRG-related pain treatments will be more diverse, precise, and personalized. Through 

targeted drugs, gene and cell therapies, advanced nerve stimulation, and sophisticated delivery systems, we can 

better control neuropathic pain and expand research horizons in pain medicine. 

5. Conclusion 

The dorsal root ganglion (DRG) plays a critical role in the onset, development, and maintenance of neuropathic 

pain. Its neuronal hyperexcitability, remodeling, neuroinflammatory response, and abnormal pain signal 

transmission contribute significantly to chronic pain persistence. The DRG not only transmits pain signals but also 

amplifies and sustains them through mechanisms like modulation of neuronal properties, neurotransmitter release, 

and glial cell activation. As a key pain amplification site, the DRG provides a vital target for treatment.Current 

interventions, including pharmacological treatments and nerve stimulation therapies, show efficacy, but future 

treatments will be more precise and personalized. Targeted drugs, gene therapy, cell therapy, and advanced nerve 

stimulation hold great promise for more effective, long-term pain relief. Further research into the DRG’s molecular 

mechanisms and treatment methods will lead to more innovative strategies and clinical applications for neuropathic 

pain management. 
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