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Objective: This is a narrative review aimed to explore the molecular biosciences mechanisms by which interleukin (IL) networks and
inflammatory pathways mediate nerve injury in lumbar disc herniation (LDH), providing translational insights for therapy.
Methods: We screened PubMed and Embase databases from January 2010 to January 2026 to search for published studies. The search
keywords used are as follows: [“lumbar disc herniation” or “LDH”], [ interleukin” or “IL” or “Interleukin Network™], [“Nerve
Injury”], [“Inflammatory”]. A total of 196 peer-reviewed studies were included, comprising 152 experimental studies (128 animal
models, 24 in vitro cell experiments) and 44 human clinical studies, with a human-to-animal study ratio of approximately 1:2.9.
Results: Preclinical mechanistic studies indicate that pro-inflammatory interleukins such as IL-1p, IL-6 and IL-17 lead to nerve root
demyelination, axonal degeneration and neuropathic pain by activating NLRP3, JAK-STAT3 and p38MAPK pathways. Anti-
inflammatory interleukins including IL-4 and IL-10 produce neuroprotective effects through inducing M2 macrophage polarization.
Clinical evidence shows that interleukin levels are related to the severity of radicular pain and neurological deficits. Targeted biologics,
TCM and acupuncture can regulate interleukin signaling to relieve symptoms. This review is structured with a three-part framework
that includes interleukin characteristics and inflammatory signaling in LDH, interleukin-mediated mechanisms of nerve injury and
translational interventions as well as clinical challenges.

Conclusion: In the future, it can be transformed into clinical practice of LDH through the development of targeted biologics, the
combination of standardized traditional Chinese and Western medicine protocols, and the evaluation of biomarkers based on interleukin.
Keywords: lumbar disc herniation, interleukins, inflammatory signaling pathway, nerve injury, signal transduction, treatment outcome

Introduction
Lumbar disc herniation (LDH) is a globally prevalent degenerative spinal disorder.' The prevalence of symptomatic
lumbar disc herniation in Finland and Italy is roughly 1% to 3%, and this rate varies by age and gender. The condition is
most common among people aged 30 to 50, with an incidence ratio of men to women of 2:1.> Around 95% of disc
herniations in people aged 25 to 55 occur at the lower lumbar spine segments L.4/5 and L5/S1, and lumbar disc herniation
is also more prevalent in those aged 55 and above.>* The chronic radicular pain and sensory-motor dysfunction of the
lower extremities caused by LDH have become one of the major contributors to loss of labor capacity.”® Current clinical
treatments are confronted with a dual bottleneck: conservative therapies only temporarily relieve inflammation without
nerve repair; *® surgery fails to block residual inflammatory nerve damage, leading to high recurrence and persistent
pain.”'® This clinical dilemma has driven the research focus to shift from a single goal of mechanical decompression to
a dual-target strategy encompassing inflammatory regulation and nerve repair.

The core pathological feature of LDH is a vicious cycle of intervertebral disc degeneration—inflammation activation—nerve
injury: intervertebral disc degeneration leads to nucleus pulposus herniation, which releases damage-associated molecular
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patterns (DAMPs) to trigger the activation of local inflammatory networks. As the central hub of the inflammatory network, the
interleukin family directly mediates nerve root demyelination, axonal degeneration, and neuronal apoptosis through an
imbalance characterized by excessive secretion of pro-inflammatory cytokines and insufficient expression of anti-
inflammatory cytokines.'""'* Furthermore, neuropeptides released after nerve injury further activate immune cells, forming
a positive amplification loop between inflammation and nerve injury.'>'* The key regulatory node of this pathological loop lies in
the interleukin network—interleukins act not only as core mediators of inflammatory responses but also as key signaling
molecules regulating nerve injury and repair. This dual role renders them ideal therapeutic targets for breaking the aforemen-
tioned vicious cycle.'>'¢

Previous studies present numerous limitations. Most investigations focus on single interleukins and lack integrated network
analysis. The dual roles of interleukins remain controversial.'”'* No review has systematically compared international biologic
therapies with domestic TCM interventions.'***** To address these gaps, this review systematically summarizes interleukin-
mediated inflammatory and neural mechanisms and makes methodological comparisons between domestic and international
research priorities. This review has three unique innovative points that distinguish it from earlier published work. It establishes
for the first time a complete cascade framework reflecting interleukin network imbalance inflammatory amplification nerve root
injury and repair in LDH. It adopts a standardized parallel comparison method to classify and compare international targeted
biologics with domestic interventions including TCM and acupuncture. It directly connects mechanism research results with key
clinical translation challenges such as targeted delivery and objective biomarkers to provide feasible stratified treatment
strategies. Our research aims to offer translational strategies for precise anti-inflammatory and neuroprotective therapy of lumbar
disc herniation.

Methods
Search Strategy

This is a narrative review (not a systematic review or meta-analysis). We conducted a literature search across the PubMed
and Embase databases for studies published from January 2010 to January 2026. The search employed the following
keywords: (“lumbar disc herniation” or “LDH”), (“interleukin” or “IL” or “Interleukin Network”), (“Nerve Injury”), and
(“Inflammatory”). Only English-language publications were included in this search. Initial screening was carried out
utilizing the native search tools of each database, and after excluding 285 duplicate records, a total of 783 relevant
articles were identified.

Study Selection

Prior to full-text assessment of the shortlisted papers, EndNote software was employed to screen for references relevant to the
present study topic. Among these references, 87 articles were without full-text abstracts, 145 were unrelated to lumbar disc
herniation (LDH) and interleukins (IL), 257 were review articles or meta-analyses, and 102 were clinical research studies.
Ultimately, a total of 196 full-text original research papers pertinent to the research topic were included in the analysis.
A flowchart illustrating the entire literature search and selection process is provided in Supplementary Figure 1.

Data Extraction

Data extraction was performed using a pre-specified form focusing on inflammatory phenotypes, signaling pathways,
interleukin expression, nerve injury indicators, and intervention efficacy. Extracted items included study type (animal/
in vitro/clinical), core interleukin targets, key signaling pathways, pathological outcomes, and therapeutic effects. Two
reviewers independently completed data extraction and cross-checked for consistency to ensure accuracy.

Overview of Interleukins and Inflammatory Network Regulation in LDH
Biological Characteristics of Interleukins and Their Secretory Regulation in LDH
As pivotal mediators of immune and neural signaling pathways, the interleukin family is primarily secreted by

macrophages, T lymphocytes, glial cells, and intervertebral disc cells in LDH. Its expression is tightly regulated by
pathways such as NF-kB, JAK-STAT, and the NLRP3 inflammasome.**** Among pro-inflammatory interleukins, IL-1p
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is predominantly released by M1-polarized macrophages upon stimulation by damage-associated molecular patterns
(DAMPs) derived from the nucleus pulposus. It forms a positive feedback loop through activating the NLRP3
inflammasome, resulting in sustained amplification of the inflammatory response.'?*> IL-6 can be secreted by macro-
phages and astrocytes. Via binding to the gp130 receptor, it activates the STAT3 pathway—promoting inflammatory
infiltration in the acute phase while potentially participating in tissue repair during the chronic phase.®'® IL-17 is mainly
derived from Thl7 cells, with its expression significantly upregulated in non-contained disc herniation. It accelerates
intervertebral disc degeneration and nerve injury by facilitating the secretion of matrix metalloproteinases (MMPs).2¢2®
IL-21 regulates the differentiation of Th17 cells and exhibits a positive correlation with visual analog scale (VAS) pain
scores. Increased IL-21 expression can exacerbate TNF-a-mediated inflammatory responses.'>?° IL-33 activates the
JNK/ERK pathway via the ST2 receptor, thereby aggravating central sensitization.*°

Among anti-inflammatory interleukins, IL-4 primarily induces macrophage polarization toward the M2 phenotype,
enhances IL-10 secretion and suppresses pro-inflammatory cytokine production. Elevated IL-4 levels are associated with
the regression of disc herniation.>' 3

IL-10 inhibits the excessive activation of immune cells and promotes the expression of brain-derived neurotrophic
factor (BDNF). Its serum levels are positively correlated with pain relief, which renders it a key regulatory factor in nerve
repair.**** The secretory regulation of interleukins in LDH exhibits a distinct hierarchical pattern. It initiates with the
release of (DAMPs) such as glycoproteins and nucleic acids from nucleus pulposus herniation, which initially activate
TLR4 receptors on the macrophage surface, trigger the NF-kB pathway and thus promote the initial secretion of pro-
inflammatory interleukins. Subsequently, pro-inflammatory interleukins activate T cells and glial cells via autocrine/
paracrine mechanisms, forming an inflammatory cascade. Meanwhile, insufficient expression of anti-inflammatory

interleukins further disrupts the inflammatory balance.''~*

Core Features of Nerve Injury and the Critical Role of Inflammation in LDH

LDH-associated nerve injury primarily targets nerve roots, with its core pathological features encompassing three
aspects: first, myelin sheath injury, characterized by the downregulated expression of myelin basic protein (MBP),
loose or even disrupted myelin structure. This is closely associated with the inflammation-induced release of matrix
metalloproteinases (MMPs), including MMP-3 and MMP-9, which directly degrade myelin proteins and impair the

36,37

integrity of nerve conduction; second, axonal degeneration, where mechanical compression from herniated discs

combined with inflammatory cytokines jointly causes axonal swelling and rupture, accompanied by decreased expression

38,39

of neurofilament protein (NF-H), thereby compromising neural signal transmission; third, neuronal apoptosis, in

which dorsal root ganglion (DRG) neurons undergo apoptosis via activating the caspase-3/8 pathway upon stimulation by
pro-inflammatory cytokines such as IL-17 and TNF-q, leading to irreversible impairment of neurological function.?>~*

Inflammation plays an amplifier role in nerve injury. On the one hand, inflammatory cells (macrophages and neutrophils)
infiltrate the periradicular region, and the proteases, nitric oxide (NO) and other mediators they secrete directly induce nerve
tissue damage.*>*' On the other hand, inflammatory cytokines indirectly exacerbate nerve injury by regulating the activation
of glial cells—activated microglia secrete IL-1Band TNF-a, while astrocyte proliferation leads to the formation of glial scars
that impede nerve repair.'"*** Clinical studies have confirmed that the levels of inflammatory cytokines (IL-6, IL-8) in the
cerebrospinal fluid (CSF) of LDH patients are positively correlated with the degree of nerve injury (electromyography [EMG]
abnormality rate). Furthermore, neurological function scores are significantly improved after anti-inflammatory therapy,

which further verifies the critical role of inflammation in nerve injury.****

Dual Roles of Interleukins in Regulating the Inflammatory Network in LDH

Interleukins exhibit prominent dual roles in LDH, with their functions being dependent on disease stages, expression levels,
and the cellular microenvironment. Pro-inflammatory interleukins exhibit notable dual functions. In acute LDH, IL-6
promotes inflammatory infiltration and exacerbates nerve injury by activating the STAT3 pathway.*’ In contrast, during the
chronic phase, it may participate in tissue repair by upregulating the expression of neurotrophic factors.'® IL-1Btriggers
inflammatory responses to clear necrotic tissues in the early stage of disc herniation. However, its persistent high expression
induces excessive inflammatory activation via a positive feedback loop, thereby aggravating neurotoxicity.”> Anti-
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inflammatory interleukins also feature dual properties. When expressed at appropriate levels, IL-4 induces M2 polarization of
macrophages and facilitates nerve repair. Nevertheless, excessive IL-4 expression may inhibit the clearance of necrotic tissues
by immune cells and delay tissue remodeling.**~*

The core mechanism underlying these dual roles is associated with the switching of signaling pathways: pro-
inflammatory interleukins primarily activate the NF-kB pathway during the acute phase, whereas they may switch to
the PI3K/AKT repair pathway in the chronic phase. In contrast, anti-inflammatory interleukins regulate the dynamic
balance between inflammation and repair by balancing the activity of the STAT3 and STAT6 pathways.'® This pathway-
switching mechanism also explains the controversies observed in different studies (eg., the correlation between IL-6 and
pain). Some studies focusing on acute LDH have demonstrated a positive correlation between 1L-6 levels and visual
analog scale (VAS) pain scores.*® However, other studies enrolling patients with chronic LDH have failed to identify any

significant correlation, indicating that the functions of interleukins are stage-specific.'’

The Crosstalk Between Inflammatory Network, Interleukin Imbalance and
Nerve Root Injury in LDH

Initiating Mechanisms of Inflammatory Network Activation and Interleukin Imbalance
The initiating event for inflammatory network activation in LDH is the foreign body immune response triggered by
nucleus pulposus herniation. Under normal physiological conditions, the nucleus pulposus is in an immune-privileged
state. When herniated, damage-associated molecular patterns (DAMPs) such as glycoproteins, nucleic acids, and
collagens released from the nucleus pulposus are recognized by receptors including TLR4 and CD68 on the surface of
macrophages, thereby initiating the innate immune response.*>**®

Studies have demonstrated that the number of infiltrating macrophages is significantly increased in herniated disc
tissues. Specifically, the degree of macrophage infiltration (proportion of CD68+ cells) in non-contained disc herniation is
2.3-fold higher than that in contained disc herniation.*”**® Once activated, these macrophages secrete large amounts of
IL-1p and TNF-q, serving as the primary source of pro-inflammatory interleukins.*~°

Interleukin network imbalance acts as the core driver of inflammatory amplification. Pro-inflammatory interleukins
exhibit a cascade-like elevation. Specifically, IL-1B promotes the secretion of IL-6 and IL-17 by activating the NF-xB
pathway,”">* while IL-17 further recruits neutrophil infiltration and induces the release of IL-8 and MMPs.**** This
process forms an inflammatory cascade that takes IL-1B as the initiator, IL-6/IL-17 as intermediate links and IL-8 as
downstream effector molecules. In contrast, anti-inflammatory interleukins show insufficient expression. For instance,
serum IL-10 levels in LDH patients are only 58% of those in healthy individuals, and positively correlated with the
degree of pain relief.>* Although IL-4 is elevated in some patients, it is insufficient to counteract the damaging effects of
pro-inflammatory cytokines.”> This imbalanced state is particularly pronounced in acute LDH. Serum IL-6 and IL-17
levels peak within 12 weeks of onset and then decline gradually.’®>” On the other hand, chronic patients exhibit a low-
grade imbalance between pro-inflammatory and anti-inflammatory cytokines.>®

Core Pathways of Interleukin-Mediated Nerve Root Injury

We have summarized the relevant research results of interleukin mediated nerve root injury in lumbar disc herniation in
recent years, as shown in Table 1. Pro-inflammatory interleukins such as IL-1p and IL-6 directly damage nerve roots by
activating glial cells to release toxic mediators. IL-1p binds to interleukin-1 receptors (IL-1R) on the surface of dorsal
root ganglion (DRG) neurons and microglia, activating the p38MAPK pathway to promote the secretion of neurotoxic
substances including NO and PGE2, which results in loose myelin structure and downregulated myelin basic protein
(MBP) expression.”” Clinical studies have confirmed a positive correlation between IL-1f expression levels in DRG
tissues of LDH patients and the degree of myelin sheath injury.’>°° IL-6 activates astrocyte proliferation via the gp130/
STAT3 pathway, leading to the formation of glial scars that impede nerve axonal regeneration. Meanwhile, it promotes
the release of matrix metalloproteinase-9 (MMP-9) to further degrade myelin proteins.”®®' Animal experiments have
demonstrated that inhibiting IL-6 can reduce the area of myelin sheath injury in DRG tissues by 41%.%
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Table | Related Studies on Interleukin Mediated Nerve Root Injury in Lumbar Disc Herniation

Interleukin Model Core Signaling Key Molecular | Result Reference
inflammation Pathway Targets
Regulation
Direction
IL-1, IL-6, IL-8 Human Inhibit local NF-«xB, Nerve root Alleviate sciatica and [
inflammation and arachidonic acid inflammation radiculopathy
autoimmune cascade mediators
response
IL-1B, IL-6 Rat (autologous Inhibit pro- p38MAPK/NF-xB | P-p38MAPK, Increased pain threshold; reduced | [2]
nucleus pulposus inflammatory P-lkBo, NF-kB serum inflammatory factors;
transplantation-induced | cytokines and pain pé5 improved DRG histopathology
non-compressive LDH) | signaling
IL-1B, IL-18 Rat (puncture-induced Inhibit inflammation; Whnt/B-catenin, TRPVI, Wntl, Reduced disc damage and pain; [4]
LDH) activate autophagy autophagy B-catenin activated autophagy
and Wnt/B-catenin
pathway
IL-1B, IL-6, TNF-a Rat (autologous Inhibit pro- cAMP/cGMP PDE2A Alleviated mechanical allodynia; [6]
nucleus pulposus- inflammatory downregulated spinal
induced non- cytokines; reduce inflammatory factors
compressive LDH) mechanical allodynia
IL-6 Rat (LDH) Inhibit NF-kB NF-«xB NF-«B p65, Reduced pain; decreased TNF-o [10]
pathway and pro- TNF-a and IL-6 levels
inflammatory
cytokines
IL-1B, IL-4, IL-6 Human (LDH with/ Balance pro- Immune IL-1B, IL-4, IL-6 Increased anti-inflammatory IL-4 [12]
without neurological inflammatory and regulation and decreased pro-inflammatory
deficit) anti-inflammatory cytokines indicate disc herniation
cytokines regression
IL-17 Human/Rat (IDD/LDH) | Inhibit ECM MAPK, NF-«xB MMPs, Reduced disc degeneration and [13]
degradation and inflammatory nerve injury
inflammatory cells
response
IL-1B Rat (autologous Inhibit microglia Src-family kinases | TNF-q, IL-1p, Alleviated mechanical allodynia [15]
nucleus pulposus- activation and Iba-| and central sensitization
induced LDH) inflammatory
response
IL-4 Human (LDH with Induce M2 Macrophage CD206, IL-4 Increased CD206+ M2 [16]
Modic changes) macrophage polarization macrophages associated with pain
polarization relief
IL-1B Rat (non-compression Inhibit NF-«xB NF-xB NF-kB p65, Alleviated motor dysfunction and | [19]
LDH) pathway and TNF-a lumbar disc pain
inflammatory factor
release
IL-1B, IL-18 Rat (autologous Inhibit NLRP3 NLRP3 NLRP3, ASC, Alleviated mechanical allodynia [20]
nucleus pulposus- inflammasome and inflammasome, caspase-|, p-p65 | and thermal hyperalgesia
induced LDH) NF-kB activation NF-kB
IL-1B Rat (peripheral nerve Inhibit excessive JAK-STAT NLRP3 Reduced macrophage [21]
injury, PNI) inflammation and inflammasome, recruitment and Schwann cell
glial scar formation JAK-STAT, glial pyroptosis; hindered axon
scar-related extension inhibition
proteins
IL-6 Rat (peripheral nerve Balance early pro- JAK-STAT Oxidative Alleviated neuroinflammatory [22]
injury, PNI) repair and late pro- stress-related pain; reduced late-stage fibrosis-
fibrotic effects factors, EMT- induced nerve regeneration
related proteins | impairment
IL-17 Rat (peripheral nerve Inhibit neutrophil STAT3 MMP-9, Attenuated endoneurial fibrosis; [23]
injury, PNI) recruitment and fibroblasts, improved Schwann cell
extracellular matrix neutrophils myelination function
degradation
(Continued)
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Table 1 (Continued).

Interleukin Model Core Signaling Key Molecular | Result Reference
inflammation Pathway Targets
Regulation
Direction
IL-4 Rat (peripheral nerve Induce M2 M2 polarization- M2 macrophage | Enhanced myelin formation and [24]
injury, PNI) macrophage related signaling markers, axon regeneration; optimized
polarization and Schwann cell repair microenvironment
promote Schwann receptors
cell function
IL-10 Rat (peripheral nerve Inhibit NF-kxB activity | STAT3, NF-xB NF-«B, NGF, Reduced pro-inflammatory [25]
injury, PNI) and promote BDNF cytokine production; alleviated
Schwann cell repair neuropathic pain; enhanced
transformation neurotrophic factor secretion
IL-13 Rat (peripheral nerve Polarize M2 M2 polarization- M2 macrophage | Created favorable [26]
injury, PNI) macrophages and related signaling markers, IL-10 microenvironment for axon
induce anti- regeneration; reduced peripheral
inflammatory sensory neuron excitability
cytokine secretion
IL-1B, IL-6, IL-17 Human/Rat (LDH- Inhibit hypoxic- NF-xB, NLRP3 HIF-1a, NLRP3, Attenuated neuroinflammatory [27]
related hypoxic induced inflammasome ASC, pro- vicious cycle; reduced Ml
neuroinflammation) inflammatory inflammatory macrophage polarization
cascade amplification cytokines

Abbreviation: LDH, lumbar disc herniation.

Pro-inflammatory interleukins such as IL-17 and TNF-a promote the death of nerve root neurons by activating apoptotic
pathways. IL-17 binds to interleukin-17 receptors (IL-17R) on the neuronal surface, activates the caspase-3/8 pathway,
upregulates the expression of the pro-apoptotic protein Bax, and downregulates the anti-apoptotic protein Bcl-2, resulting in
an increased apoptotic rate of DRG neurons.’”**> Immunohistochemical staining has shown that the number of IL-17+ cells
in the intervertebral disc tissues of patients with ruptured LDH is 1.8-fold higher than that in patients with non-ruptured
LDH, and it is positively correlated with the expression of the neuronal apoptotic marker (cleaved-caspase-3).** TNF-a
exacerbates DRG neuronal apoptosis through the tumor necrosis factor receptor 1 (TNF-R1)-mediated extrinsic apoptotic
pathway. Meanwhile, it inhibits neural stem cell proliferation and impedes nerve repair.>*%*

Pro-inflammatory interleukins induce chronic neuropathic pain by upregulating the expression of pain-related ion channels
and enhancing nociceptive signal transmission. IL-6 upregulates the expression of TRPV1 and Nav1.7 ion channels on the surface
of DRG neurons via the JAK2/STAT3 pathway, reducing the pain threshold and triggering abnormal neuronal discharge.**%
Animal experiments have demonstrated that warm acupuncture and moxibustion can decrease the proportion of TRPV1-positive
neurons by 35% through inhibiting IL-6 expression.’® IL-1p activates the PKC pathway in DRG neurons, enhancing ion channel
sensitivity and exacerbating mechanical allodynia and thermal hyperalgesia.°® Additionally, IL-8 can directly stimulate nocicep-

tors to induce radiating pain, and its levels are closely correlated with back extension-induced radicular pain.®”-*®

The Vicious Cycle of Inflammation—Nerve Injury—Interleukin

The chronic progression of LDH is closely associated with a vicious cycle constituted by inflammation, nerve injury, and
interleukins. After nerve root injury, neuropeptides such as substance P (SP) and neuropeptide Y (NPY) released from
damaged nerves can activate microglia and astrocytes, which in turn secrete more IL-1p and TNF-0.°° Animal
experiments have demonstrated that SP expression in DRG tissues increases by 2.1-fold following nerve injury.
Through binding to the neurokinin 1 (NK1) receptor, SP promotes IL-6 secretion by macrophages, thus forming a closed
loop. SP release after nerve injury activates inflammation, leading to elevated pro-inflammatory interleukins that further
exacerbate nerve injury.”> Meanwhile, nerve injury-induced disruption of the blood-nerve barrier facilitates the infiltra-
tion of peripheral inflammatory cells into the periradicular region, aggravating local inflammation.®® Meanwhile, nerve
injury-induced disruption of the blood-nerve barrier facilitates the infiltration of peripheral inflammatory cells into the

periradicular region, aggravating local inflammation.®**
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This vicious cycle is particularly pronounced in patients with postoperative residual pain: in patients who still suffer
from chronic pain 3 months after surgery, the levels of IL-1p and TNF-a in DRG tissues are 1.9-fold higher than those in
pain-free patients, while BDNF expression is reduced by 52%.°%7° This indicates that residual inflammation sustains the
pain state by inhibiting nerve repair. Furthermore, fat infiltration of the multifidus muscle and inflammatory imbalance
mutually reinforce each other. Elevated IL-1f levels in subcutaneous fat can inhibit muscle regeneration, and muscle
dysfunction further exacerbates spinal mechanical imbalance, accelerating intervertebral disc degeneration and inflam-
matory activation.*>”! The interaction between the inflammatory network, interleukin imbalance, and nerve root injury in
lumbar disc herniation is shown in Figure 1.

Mechanisms of Interleukins Regulating Inflammatory Network to Alleviate
Nerve Root Injury in LDH
Targeting Pro-Inflammatory Interleukins for Blocking the Inflalmmation and Nerve

Injury Cascade

As a key inflammatory initiating factor, blocking IL-1P signaling can suppress the inflammatory cascade at its source.
The NF-«B inhibitor Bay11-7082 blocks NF-kB nuclear translocation by inhibiting IkBa phosphorylation, which
significantly reduces the expression of IL-1p and IL-18 in the DRG tissues of LDH rats. Meanwhile, it suppresses
NLRP3 inflammasome activation, resulting in a 40% increase in the mechanical allodynia threshold.”® Phellodendrine
improves motor dysfunction in rats by downregulating the mRNA expression of NF-kB p65 and reducing IL-1p
release.®* Preclinical studies have demonstrated that anti-IL-1p monoclonal antibodies can reduce the demyelination

area of nerve roots by 38%, while upregulating BDNF expression to promote axonal regeneration.’®’°

Th17 Cells : )—W

Inflammasome
Microglia

Degenerating
nucleus  © © @

Degenerating
nucleus pulposus cells S

M1 Macrophages

Figure | The Crosstalk Between Inflammatory Network, Interleukin Imbalance and Nerve Root Injury in LDH. The Source of Inflammation (Left): As the disc degenerates,
these cells break down and release DNA and other cellular debris, labeled here as DAMPs (Damage-Associated Molecular Patterns), which trigger an immune response.
Th17 Cells (Purple cells): A type of immune cell that responds to the DAMPs. They primarily release the cytokine IL-17 (represented by purple dots). M| Macrophages (Red
cells): Pro-inflammatory immune cells that also respond to the DAMPs. They release the cytokines IL-1f and IL-6 (represented by red dots). Cytokine Storm: The massive,
combined release of these inflammatory signaling molecules (IL-17, IL-Ip, IL-6) into the surrounding tissue. MMP-9 (represented as scissors) cutting up the ECM
(Extracellular Matrix, the green structural web), which further contributes to tissue breakdown. Downstream Effects on the Nervous System (Right): The cytokine
storm impacts three main types of cells in the nervous system, leading to distinct negative outcomes. Microglia: These are the primary immune cells of the central nervous
system. IL- 1 binds to their receptors, activating the NLRP3 inflammasome and Caspase-|, which eventually leads to Pyroptosis (a highly inflammatory form of programmed
cell death). Astrocyte: These are supporting cells in the nervous system. IL-6 binds to their receptors (gp|30), activating the JAK/STAT3 pathway, which causes them to form
a fibrous Glial Scar. DRG Neuron (Dorsal Root Ganglion): This is the primary sensory nerve cell responsible for transmitting pain. IL-17 binds to its receptor, triggering the
NF-kxB pathway, which can lead to Apoptosis (programmed cell death). The inflammatory environment sensitizes and activates specific ion channels on the neuron—TRPV|
(allowing Calcium/Ca®* in) and Nav1.7 (allowing Sodium/Na" in). This ion influx triggers the electrical impulses (red lightning bolts) that the brain interprets as pain.
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The IL-6/JAK-STAT pathway is a key node in inflammatory amplification and nerve injury, and its targeted inhibition can
simultaneously alleviate inflammation and nerve damage. The PDE2A inhibitor Bay 60-7550 inhibits JAK2/STAT3 phos-
phorylation by increasing cAMP/cGMP levels, downregulates IL-6 expression, and elevates the pain threshold by 35% in rats
with non-contained lumbar disc herniation (NCLDH).”? Clinical studies have confirmed that the Isobar dynamic stabilization
system combined with discectomy can significantly reduce postoperative IL-6 levels while improving lumbar spine function,
with the improvement rate of JOA scores being 1.3-fold higher than that of the discectomy-only group.’® In addition, propofol
total intravenous anesthesia inhibits the NF-kB pathway, reduces postoperative IL-6 and C-reactive protein (CRP) levels, and
mitigates secondary nerve injury induced by surgery-related inflammation.”

IL-17 exacerbates nerve injury by promoting the release of MMPs, and its targeted inhibition can protect the intervertebral
disc matrix and nerve tissue. Animal experiments have demonstrated that Shinbaro 2 restores the morphology and function of
the spinal cord by inhibiting IL-17 expression and reducing the levels of MMP-1 and MMP-9.”* Anti-IL-17 antibodies can
reduce the degree of axonal degeneration by 45% in rats with ruptured LDH.® Clinical studies have found that the magnitude
of the postoperative decrease in IL-17 levels is positively correlated with the degree of pain relief in patients with non-
contained disc herniation, suggesting that IL-17 inhibition is an effective therapeutic target.’’ The mechanism by which
interleukin regulates the inflammatory network to alleviate LDH nerve root damage is shown in Figure 2.

Enhancing Anti-Inflammatory Interleukins for Activating the Nerve Repair and Inflammation

Balance Pathway

In a cell experiment, IL-10 promotes nerve repair by inhibiting the excessive activation of immune cells. Glycoprotein
non-metastatic melanoma protein B (GPNMB) binds to CD44 to inhibit the NF-kB pathway, increase IL-10 secretion,
while reducing IL-6 expression and extracellular matrix (ECM) degradation, thereby protecting the perineural
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Figure 2 Mechanisms of Interleukins Regulating Inflammatory Network to Alleviate Nerve Root Injury. Acupuncture/TCM: Represents external therapy triggering a cascade
of healing signaling molecules. M| Macrophage/M2 Macrophage: Represents the two functional states of immune cells. The shift from M| (pro-inflammatory) to M2 (anti-
inflammatory) is labeled as a Phenotypic Switch. Tocilizumab & Canakinumab: Biological drugs (monoclonal antibodies) that target specific cytokines to halt inflammation.
Glial Cell (e.g., Astrocyte/Microglia): Supporting brain/spinal cells that are being “de-activated” from their inflammatory state. Neuron: The target of the regenerative
process, specifically showing the Axonal Growth Cone (rebuilding the nerve tip) and Myelin Sheath (insulating the nerve). Neuroprotection & Regeneration: The ultimate
positive outcome of the illustrated pathways. Red Elements (IL-6, IL-1B): These represent Pro-inflammatory Cytokines. They are shown being blocked or neutralized. Blue
Elements (IL-4, IL-10): These represent Anti-inflammatory Cytokines. They promote healing and suppress the “bad” pathways. Purple Elements (Arg-1): Arginase-I,
a specific marker and tool of the “healing” M2 macrophage. Green Elements (BDNF, TrkB): BDNF is a “growth factor” (star-shaped). It binds to the TrkB receptor to signal
the neuron to grow. JAK-STAT3 & NLRP3 Pathways: These are the “inflammatory engines” inside cells. In this diagram, they are struck through with a Red X, meaning they
are being inhibited by the treatments. Blue Block Arrow: Represents the initiation of therapy (Acupuncture). Green Block Arrows: Represent “Progress” or “Transition”
(moving from a bad state to a good state). T-Bar Line (T): A standard biological symbol for Inhibition. It shows where a drug (like Tocilizumab) stops a molecule (IL-6) from
working. Curved Black Arrows: Indicate the secretion of molecules out of a cell or the movement of transcription factors (like STAT6 or NF-kB) into the nucleus. DNA
Helix (inside nucleus): Indicates that genes are being “turned on” to produce new proteins for repair.
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microenvironment.®® Animal experiments have demonstrated that IL-10 overexpression reduces the apoptotic rate of
dorsal root ganglion (DRG) neurons by 32% and promotes myelin basic protein (MBP) expression to repair myelin
sheath injury.”* Clinical studies have confirmed that serum IL-10 levels in lumbar disc herniation (LDH) patients who
respond positively to conservative treatment are 2.1-fold higher, and this elevation is positively correlated with
improvements in visual analog scale (VAS) pain scores, suggesting that IL-10 is a potential biomarker for therapeutic
efficacy evaluation.”*”

IL-4 creates a neuroprotective microenvironment by inducing the polarization of macrophages toward the M2
phenotype. It activates the STAT6 pathway to promote macrophages to express anti-inflammatory markers including
Arginase-1 (Arg-1) and CD163, while reducing the secretion of TNF-o. and IL-18.*>> In patients with Modic changes,
the proportion of CD206" M2 macrophages is significantly increased, accompanied by elevated IL-4 expression, which is
associated with pain relief.*’ The active components of Yaobishu Formula, namely PA and THMC, indirectly upregulate
IL-4 levels by reshaping the gut microbiota and activating autophagy as well as the Wnt/B-catenin pathway. This process
reduces TRPV 1 expression and alleviates neuropathic pain.®*

Downstream Dual Therapeutic Effects

Interleukin modulation significantly reduces local inflammatory cytokine levels: following warm acupuncture and
moxibustion treatment, serum IL-6 and TNF-a levels in LDH rats were reduced by 42% and 38%, respectively, while
the protein expression of phosphorylated p38MAPK (P-p38MAPK) and NF-kB p65 in dorsal root ganglion (DRG)
tissues was downregulated.®® Compared with traditional posterior lumbar interbody fusion (PLIF) surgery, unilateral
biportal endoscopic surgery (ULIF) resulted in lower IL-6 and TNF-a levels on postoperative day 5, accompanied by
a milder inflammatory response.”® Concurrent with inflammatory alleviation is reduced inflammatory cell infiltration.
Acupuncture inhibits the CXCL12/CXCR4-ERK/NF-kB pathway to diminish the infiltration of macrophages and
neutrophils, thereby creating a favorable microenvironment for nerve repair.”’

Interleukin modulation can protect myelin sheath integrity and promote axonal regeneration. UPAL gel implantation
inhibits IL-6 and TNF-a, downregulates tropomyosin receptor kinase A (TrkA) expression to reduce neural ingrowth into
intervertebral disc tissues, and simultaneously promotes MBP expression to repair the myelin sheath.”® IL-10 over-
expression increases brain-derived neurotrophic factor (BDNF) levels in DRG tissues by 2.3-fold and promotes axonal
regeneration.®” At the functional level, interleukin modulation improves nerve conduction function: after phellodendrine
treatment, motor function scores of LDH rats are significantly elevated, and nerve conduction velocity is accelerated by
30%.** Clinical studies have shown that acupuncture combined with nerve block therapy achieves a 78% improvement
rate in lower limb paresthesia among LDH patients.”®

The ultimate effect of interleukin modulation is reflected in pain relief and functional recovery: inflammation-
preserving therapy (acupuncture combined with gabapentin) enabled complete intervertebral disc resorption in 100%
of patients with acute LDH, with the VAS pain score decreasing from 6.12 to 1.8.8% After 4 weeks of warm acupuncture
and moxibustion treatment, the paw withdrawal threshold of LDH rats increased by 50%, and the pathological damage of
(DRG) tissues was alleviated.®® In surgical treatment, the Isobar dynamic stabilization system combined with discectomy
reduced the Oswestry Disability Index (ODI) score by 48% and increased the Japanese Orthopaedic Association (JOA)
score by 55% at 6 months postoperatively. Meanwhile, it reduced the recurrence rate, and its therapeutic effect was
closely associated with the significant decrease in IL-6 and C-reactive protein (CRP) levels.”

Current Domestic and International Research Progress

International Research Progress

International research has focused on highly specific biologics to achieve precision anti-inflammation plus neurorepair.
Tocilizumab (an anti-IL-6 receptor monoclonal antibody) reduced the VAS score for neuropathic pain by 32% and increased
nerve conduction velocity by 25% in patients with LDH in a phase II clinical trial. The underlying mechanism involves
blocking the IL-6/TAK2/STAT3 pathway to reduce MMP-9-mediated myelin degradation.®"®' Canakinumab (an anti-IL-1p
monoclonal antibody) inhibited microglial activation, upregulated brain-derived neurotrophic factor (BDNF) expression, and
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reduced the apoptotic rate of dorsal root ganglion (DRG) neurons by 36% in LDH rats in preclinical studies.’® An interleukin-
10 fusion protein (IL-10-Fc), which has an extended half-life, achieved sustained anti-inflammatory effects and promoted
neurotrophic factor secretion without systemic immunosuppressive side effects in animal experiments.>*

International research has identified the key molecular targets through which interleukins regulate nerve injury. 1L-6
directly upregulates MMP-9 promoter activity by activating the STAT3 pathway, thereby promoting myelin
degradation.®' In an animal experiment, IL-1p triggers a cascade consisting of IL-1p, caspase-1, and IL-18 via NLRP3
inflammasome activation, which exacerbates central sensitization.”® IL-21 regulates the expression of TNF-oand
a disintegrin and metalloproteinase with thrombospondin motifs-7 (ADAMTS-7) through STAT3, accelerating inter-
vertebral disc degeneration and nerve compression.®*** In addition, progress has been made in dissecting the mechanism
underlying the dual roles of IL-6. Studies have revealed that IL-6 exerts pro-inflammatory effects via the classical
signaling pathway (membrane-bound receptors) in the acute phase, while it participates in tissue repair through the trans-
signaling pathway mediated by soluble receptors in the chronic phase.®’

To enhance local therapeutic efficacy and minimize systemic side effects, international researchers have developed nerve
root-targeted delivery vectors. Ganglioside-modified liposomes can specifically bind to the GM1 receptors on the surface of
DRG neurons, enabling local enrichment of IL- 1 inhibitors at the nerve roots, with the local drug concentration being 5.8-fold
higher than that of free drugs.”® In addition, phosphodiesterase 2A (PDE2A) inhibitors, delivered via intrathecal injection, act
directly on the dorsal horn of the spinal cord, dose-dependently downregulating pro-inflammatory cytokines and alleviating
mechanical allodynia.”* Research has found that the potential of using the Histologic Degradation Score for Histologic
assessment can provide valuable insights into disease progression and outcomes in LDH patients.®* In addition, host factors
such as BMI also have a significant impact on intervertebral disc degeneration.®®

Domestic Research Progress

Domestic research has demonstrated distinctive strengths in the studies of natural products and TCM formulas.
Tanshinone ITA downregulates the expression of IL-1 and IL-17 by inhibiting the NF-kB pathway, while simultaneously
promoting the secretion of BDNF, resulting in a 39% reduction in the area of myelin sheath injury in LDH rats.**
Astragalus polysaccharides reduce the apoptotic rate of DRG neurons by upregulating IL-10 levels and inhibiting
caspase-3 activation.”* Curcumin improves nerve root inflammation and demyelination by regulating the gut microbiota,
activating the autophagic pathway, and downregulating IL-6 and TNF-a expression. For TCM formulas, the active
components of Yaobishu Formula (PA and THMC) reshape the gut microbiota, activate the Wnt/p-catenin pathway, and
downregulate the expression of TRPV1 and IL-1B.%* Duhuo Jisheng Decoction promotes M2 macrophage polarization by
balancing the IL-6/IL-10 ratio. A small-sample clinical study has shown that it can increase the Japanese Orthopaedic
Association (JOA) score by 23986

Acupuncture and Tuina regulate the interleukin network through multiple pathways: warm acupuncture and mox-
ibustion (40°C with 2Hz electrical stimulation) at acupoints GB30 and BL54 inhibits the p38MAPK/NF-kB pathway,
downregulates the protein expression of IL-1p and IL-6 in DRG tissues, and simultaneously upregulates IL-10 levels,
increasing the pain threshold of rats by 50%.°° “Root-Branch Acupoint” acupuncture improves pain and lumbar spine
function by regulating the CXCL12/CXCR4 pathway and reducing IL-6 and TNF-a levels.*® Tuina inhibits peripheral
inflammation by modulating the TLR4 pathway and miRNAs, and simultaneously regulates P2X3 and Piezo ion channels
to suppress glial cell activation, achieving a 76% effective rate in treating LDH-related neuropathic pain.®’ Korean
traditional medicine (acupuncture combined with Tuina) can alleviate postoperative complications and reduce Numerical
Rating Scale (NRS) and Oswestry Disability Index (ODI) scores.

In China, cohort studies focusing on the interleukin expression profile of LDH in the Chinese population have been
conducted. These studies revealed that the serum levels of IL-17 and IL-33 in patients with severe nerve injury were
2.1-fold and 1.8-fold higher than those in patients with mild nerve injury, respectively, indicating that these two
interleukins can serve as predictive biomarkers for the severity of nerve injury.””* A multicenter randomized controlled
trial demonstrated that 6 weeks of treatment with Bosinji Granules combined with acupuncture reduced the VAS score by
41%, and its safety was verified through liver and kidney function tests.*” In the field of targeted delivery, domestic
researchers have developed chitosan microspheres loaded with active traditional Chinese medicine components (eg.,
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phellodendrine). Administered via percutaneous intervertebral disc injection, this delivery system achieves local sus-
tained release of the drug at the nerve roots, with the anti-inflammatory effect lasting for 21 days.** In addition,
cutaneous acupuncture therapy alleviates inflammatory infiltration at gluteal tender points, reduces the inflammatory
response width observed under B-ultrasound, and decreases the VAS score by 38%.%

Domestic studies have explored the combined regulatory mechanism of “acupuncture plus TCM”, confirming that
acupuncture downregulates pro-inflammatory interleukins by inhibiting the p38MAPK pathway, while TCM activates
autophagy by regulating the gut microbiota. Their synergistic effect results in significantly higher downregulation
magnitudes of IL-1p and IL-6 compared with monotherapy.®* TCM minimally invasive techniques (cutaneous acupunc-
ture and filiform-knife acupuncture) alleviate fascia tension, reduce the release of inflammatory factors, and simulta-
neously promote IL-10 expression, which is suitable for the tension-type pain of nerve endings secondary to tissue
texture changes.’® In addition, domestic research has focused on the impacts of risk factors such as smoking and obesity
on the expression of IL-6 and IL-1B, revealing that the levels of IL-1B and IL-6 in the ligamentum flavum are

significantly elevated in smokers, thus providing evidence for risk factor intervention.”'-*?

Discussion

There are significant interindividual differences in the type (demyelination-predominant, axonal injury-predominant, or mixed
injury) and severity of nerve injury among patients with LDH) Patients with non-contained disc herniation mainly present with
demyelination, accompanied by significantly elevated levels of IL-17 and IL-8.*” In contrast, patients with chronic nerve
compression are characterized by axonal degeneration, with much higher levels of IL-6 and TNF-0.>® This heterogeneity leads
to substantial variability in the efficacy of single interleukin-targeted drugs. The effective rate of anti-IL-1Bmonoclonal
antibodies reaches 67% in patients with demyelination-predominant injury, but only 32% in those with axonal injury-
predominant injury.>® The lack of precision stratification criteria has become a major barrier to clinical translation.

Existing delivery methods are difficult to achieve efficient local enrichment of drugs at the nerve roots. For systemic
administration (eg., oral anti-inflammatory agents), the local drug concentration at the nerve roots is only 12—-18% of the
serum concentration, which is prone to inducing gastrointestinal and hepatorenal adverse effects.**’* Although intrathe-
cal injection can act directly on the spinal cord, it is associated with considerable invasiveness and fails to precisely target
the affected nerve roots.”” Drugs delivered via intervertebral disc injection are easily adsorbed by the intervertebral disc
matrix, resulting in low release efficiency.*’ In addition, the blood—nerve barrier hinders drug penetration, which further
impairs local therapeutic efficacy.

Current clinical efficacy evaluation relies heavily on subjective symptom scales (Visual Analog Scale [VAS] and
Oswestry Disability Index [ODI]), with a notable absence of objective biomarkers. Detection of myelin repair markers
(myelin basic protein [MBP]) and axonal regeneration markers (neurofilament heavy chain [NF-H]) requires invasive
biopsy, which cannot be routinely applied in clinical practice.”” Serum inflammatory cytokines (IL-6 and IL-10) show
weak correlation with nerve repair processes.” Imaging examinations, such as magnetic resonance imaging (MRI), are
unable to quantify the severity of myelin and axonal injuries.’® This deficiency makes it impossible to evaluate the effect
of nerve repair at an early stage, leading to delays in the adjustment of therapeutic regimens.

The mechanisms of action of TCM and natural products remain unclear. For instance, the specific targets (eg., specific
bacterial genera) through which the active components of Yaobishu Formula (PA and THMC) regulate the gut microbiota
have not been clarified.®* The upstream signaling pathways (eg., neural conduction pathways of acupoint stimulation)
underlying acupuncture-mediated regulation of the p38MAPK/NF-kB pathway are still poorly understood.®® In addition,
there is a lack of sufficient standardization for the components of natural products. Variations in production regions and
extraction processes result in 30-50% differences in the content of active components, which affects the stability of
clinical therapeutic efficacy.®®

Developing combination therapies targeting both inflammation and nerve injury is a key focus, with regimens
incorporating pro-inflammatory interleukin inhibitors (eg., anti-IL-18 monoclonal antibodies), anti-inflammatory inter-
leukin mimetics (eg., IL-10-Fc fusion protein), and neurotrophic factors (eg., brain-derived neurotrophic factor [BDNF]).
Animal experiments have shown that this combination can increase the nerve repair rate to 68%, which is significantly
higher than that of monotherapy.”® In addition, individualized combination regimens can be formulated clinically based
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on different injury types. For patients with demyelination-predominant injury, a therapeutic regimen combining IL-17
inhibitors and myelin basic protein (MBP) repair agents is recommended; for those with axonal injury-predominant
injury, the regimen can consist of IL-6 inhibitors and BDNF.*°

Developing nerve root-specific targeted vectors is another critical direction. Tropomyosin receptor kinase A (TrkA)-
modified nanoparticles can specifically bind to DRG neurons, enabling targeted delivery of IL-1f inhibitors, with the
local drug concentration increased to 8.3-fold higher than that of free drugs.”® Degradable chitosan-alginate composite
gel, administered via intervertebral disc injection, enables sustained drug release for up to 4 weeks while promoting
intervertebral disc repair.”® In addition, combining with minimally invasive interventional technology (percutaneous
endoscopic guidance) allows for precise injection at the affected nerve roots, minimizing invasiveness.’®

Another key research direction focuses on leveraging multi-omics technologies, mechanism exploration, and stan-
dardization to address the limitations of TCM and natural products. Specifically, multi-omics approaches (transcriptomics
and metabolomics) will be used to screen the core targets of TCM, clarifying the interaction between active components
(eg., PA and THMC) and the gut microbiota—such as regulating the abundance of Ruminococcaceae.®*

Meanwhile, the association between neural signal transduction and immune cell activation following acupoint
stimulation will be deciphered.”* A standardized production process for natural products will be established, utilizing
fingerprinting to control the content of active components with the error controlled within 10%.%¢ Additionally,
derivatives of active TCM components will be developed to improve bioavailability and target specificity.>*

Phase I/II clinical trials will be conducted, with patients who have different types of nerve injury enrolled.
A comprehensive evaluation approach that combines objective indicators and subjective scales will be adopted, where
objective indicators encompass nerve conduction velocity, magnetization transfer ratio (MTR) MRI for myelin assess-
ment and serum neurofilament heavy chain (NF-H)/MBP levels.®> Subjective scales cover the VAS, ODI and JOA
score.”®’® Meanwhile, an individualized treatment algorithm based on interleukin expression profiles and nerve injury
types will be established, with machine learning technology leveraged to predict patients’ treatment response rates.”> In
addition, clinical trials of integrated traditional Chinese and Western medicine (TCM-WM) therapies will be carried out
to verify the synergistic therapeutic effects of acupuncture, TCM and biologics.”

Further in-depth exploration of fundamental mechanisms and animal model refinement is crucial to advance LDH
research. Specifically, the molecular switches underlying the dual roles of interleukins will be deciphered, clarifying the
switching mechanism between the classical and trans-signaling pathways of IL-6.%! Additionally, the crosstalk pathways
between inflammation and nerve repair (eg., the interaction between NF-kB and Wnt/B-catenin pathways) will be
investigated.** LDH animal models more closely mimicking human pathology (eg., non-human primate models) will
be constructed to enhance the translational value of preclinical research.’' Furthermore, the impact of epigenetic
regulation (eg., miRNAs and DNA methylation) on interleukin expression will be explored, providing a theoretical

basis for the development of novel therapeutic targets.””-*

Conclusion

Interleukins act as core regulators in LDH-associated nerve injury. Human clinical evidence confirms that circulating IL-
6, IL-1B and IL-17 levels are associated with radicular pain severity and neurological deficits in LDH patients.
Mechanistic inferences from preclinical studies suggest pro-inflammatory ILs drive myelin degradation and axonal
injury via NF-kB, JAK-STAT3 and p38MAPK pathways, while anti-inflammatory IL-4/IL-10 may promote neuroprotec-
tion. Cautiously interpreted, targeting IL signaling may hold translational potential for LDH, but clinical application
requires further large-scale human trials to validate efficacy and safety.

Critical barriers currently stand in the way of clinical translation. Validated non-invasive objective biomarkers for
early nerve injury assessment are lacking. Targeted delivery across the blood nerve barrier remains inefficient which
limits local drug concentration and weakens therapeutic efficacy.

Interleukin-targeted strategies are expected to benefit three groups of patients to the greatest extent. These patients
include those with acute lumbar disc herniation accompanied by severe radicular pain, those with persistent chronic
residual pain after lumbar discectomy, and those with non-contained disc herniation and obvious nerve root inflammation
who fail to respond to conservative treatment. Overcoming the above translational barriers will allow interleukin-based
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precision therapy to realize integrated anti-inflammation and nerve repair. This will ultimately improve functional
recovery and quality of life for patients with lumbar disc herniation.
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