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Abstract: Chronic low back pain (CLBP), lasting >3 months, is the end result of multiple
pathogenic factors. Unfortunately, little is known about CLBP pathogenesis, which limits its
advancements in clinical therapy and disease management. This paper summarizes the
known pathological axes of CLBP, involving both peripheral and central systems. In parti-
cular, this paper details injurious nerve stimulation, inflammation-induced peripheral path-
way, and central sensitization. Lumbar components, such as intervertebral disc (IVD), facet
joints, muscles, fascia, ligaments, and joint capsules, contain pain receptors called nocicep-
tors. Degeneration of the aforementioned lumbar components activates inflammatory path-
ways, which can directly damage nerves, lower nociceptor threshold to fire action potentials
(AP), and cause pain. Additionally, damaged lumbar IVDs and endplates can also lead to the
pathologic invasion of nerve growth and innervation, followed by the compression of
herniated IVDs on nerve roots, thereby causing traumatic neuropathic pain. The central
mechanism of CLBP involves alteration of the sensory processing of the brain and malfunc-
tion of the descending pain modulatory system, which facilitates pain amplification in the
center nervous system (CNS). Lastly, abnormalities in the brain biochemical metabolism,
activation of glial cells, and subsequent inflammation also play important roles in CLBP
development. Taken together, inflammation plays an important role in both peripheral and
central sensitization of CLBP. Due to the heterogeneity of CLBP, its pathological mechanism
remains complex and difficult to understand. Therefore, it is a worthy field for future
research into the subcomponents of CLBP pathogenesis, in order to distinguish the specific
form of the disease, identify its origins, and develop corresponding highly effective com-
prehensive therapy against CLBP.

Keywords: chronic low back pain, inflammation, degeneration, nerve innervation, central
sensitization

Introduction

Low back pain (LBP) refers to pain, muscle tension, or stiffness that occurs below
the costal margin and above the inferior gluteal fold, with or without sciatica (pain
that spreads from the lower back down to the legs). LBP persisting >3 months is
termed as chronic low back pain (CLBP) and is no longer considered a symptom,
but a disease caused by numerous onset factors and one that continues to progress.’
LBP is one of the most common musculoskeletal diseases among people with
chronic pain, and 45-75% of patients report feeling pain 12 months after the
onset of LBP.? Till now, no satisfactory treatments exist for LBP. A systematic
review of current evidences for CLBP treatment suggests that more research is
needed to fully recognize the best choice of drugs, the best drug combination, and
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the best sequence of treatments for treating CLBP.?
Although opioid analgesics are commonly used, their clin-
ical benefits in the treatment of CLBP remain uncertain,
and there is no evidence to support long-term use of any
dose of opioid analgesics in the treatment of LBP.* The
efficacy evaluation of non-steroidal anti-inflammatory
COX-2 inhibitor and antidepressant duloxetine in the treat-
ment of LBP is also controversial, as it can relieve short-
term pain in some patients but has little impact on the
overall improvement of back function.” Many non-drug
therapies such as exercise therapy, tai chi, yoga, psy-
chotherapy, spinal manipulation, acupuncture, and moxi-
bustion have also been shown to be effective in treating
CLBP (strength of evidence [SOE], mild to moderate).
However, few studies have reported the possibility of
significant clinical improvement in CLBP.®

Between 80% and 90% of LBP patients complain of
non-specific low back pain. However, since the underlying
pathologic or pain-causing factors are not yet determined,
the development of effective therapies is limited."” Based
on several ongoing investigations on the pathological
mechanism(s) of CLBP, few aspects of this disease are
known. For instance, most lumbar spine structures may
serve as the potential origin of pain. This includes the
sensory innervation in the intervertebral disc (IVD), facet
joints, muscles, tendons, ligaments, fascia, synovium, joint
capsule, etc. Moreover, lumbar pain can be brought on by
factors such as inflammation, degeneration, or injury.
Because of the high incidence of LBP, the central sensiti-
zation and systemic changes have become important
pathological factors for the continuation and aggravation
of LBP. Thus, this paper will systematically review the
possible pathological mechanism(s) of CLBP (mainly
including non-specific CLBP or radiculopathy syndromes),
in terms of its peripheral and central origins, in an effort to
for the
advancement of highly effective and targeted CLBP

provide detailed pathological classifications

therapy.

Peripheral Pathological Mechanism
of CLBP

Peripheral Tissue Damage

CLBP is a complex disease with high heterogeneity, and is
increasingly dubbed as a mixed pain syndrome with neu-
ropathic and injurious components.® The peripheral tis-
sues, such as IVDs, facet joints, muscles, tendons,
ligaments, fascia, synovium, and joint capsules are rich

in pain receptors called nociceptors. A series of biochem-
ical reactions, caused by degeneration of the above men-
tioned tissues, can directly stimulate nociceptors, activate
the nociceptive pathway, and produce pain. Similarly,
a direct injury to the spinal nerve root and the pathological
invasion of the nerve, due to damaged lumbar disc, could
also result in neurogenic CLBP.

Lumbar IVD Degeneration (IVDD)

The IVDs are composed of internal hydrogel-like nucleus
pulposus (NP), outer fibrous region—annulus fibrosus
(AF), and -cartilaginous endplate (CEP). The NP is
a central hydrophilic gelatinous extracellular matrix
(ECM) layer rich in proteoglycans. It constitutes of type
II collagen and aggrecan, which are bound by a lamellated
collagenous AF ring made of fibrous concentric type
I collagen layers. The CEPs, on the other hand, are sepa-
rate thin layered hyaline cartilages that attach IVD infer-
iorly and superiorly to the adjoining vertebral end plates.”
Approximately, 40% of the reported CLBP cases were
found to be related to IVDD.'® IVDD is a chronic and
irreversible process marked with elevated matrix degrada-
tion, NP proteoglycan loss and hydration, destruction of
the disc structure (ie, loss of distinction between AF and
NP, annular tear, bulge, and prolapse), and reduced disc
height.'""'> This can ultimately stimulate peripheral
inflammatory cell infiltration, followed by upregulation
of the levels of IL-1pB, IL-1a, TNF-a, vascular and nerve
growth factors, and catabolic factors. Simultaneously,
matrix degradation can increase absorption of IVD tissue
and activation of peripheral nerve endings, which raises
peripheral nociceptors sensitization, and enhances pain
sensation.'?

Lumbar IVD receives sinus innervation from the dorsal
root ganglion (DRG), sympathetic ganglia, and parasym-
pathetic ganglia.” In healthy IVD, only the outer one-third
of the IVD fiber ring is innervated. However, owing to the
high concentration of local neurotrophic factors (such as
nerve growth factors), along with vascularized granulation,
the degenerated IVD prompts the pathological vertebral
nerve fibers to penetrate deeper into the inner disc (deep
nerve growth), thus resulting in LBP.'"* Moreover, the
concentration of mechanoreceptors and calcitonin-
stimulated peptide-filled neurons increase in the IVD of
chronic discogenic pain patients.'>'® Lastly, as the sinus
nerve penetrates the nucleus pulposus, the degenerating
IVD-induced inflammation further stimulates nerve dis-
charge of the infiltrating nerve endings.'’
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CLBP patients experience more sinus nerve distribu-
tion in end plates with cartilage and subchondral bone
damage,'® likely due to the chemotaxis of disc- and neo-
vascularization-related neurotrophic factors. This could
result in sensitizing sinus nerves and inducing pain.'®°
The basivertebral nerve (BVN) is a component of the sinus
vertebral complex thought to play a crucial role in trans-
mitting nociceptive information from the endplate to the
spinal cord. This includes peptides like substance P, pro-
tein S-100, PGP9.5, and calcitonin gene-related peptide
(CGRP).2'"* Furthermore, endplate defects can boost
inflammatory cross-talks between the disc and the verteb-
ral body, producing yet another source of pain.** In parti-
cular, endplate defects and a drastic reduction in disc
proteoglycans can augment catabolic enzymes, pro-
inflammatory cytokines, and pro-apoptotic proteins,
thereby driving IVDD.>> In addition, an MRI study
showed that an increase in the defective endplate dimen-
sions is intimately linked to increases in disc degenerative
Modic
Moreover, the endplate degeneration and associated

scores, changes, and disc displacement.?
changes in SI in the nucleus pulposus can surface as
early as 1 year after lumbar IVDD, suggesting a faster
degeneration relative to the age-dependent regression.>’

Sympathetic fibers are also distributed around the
annulus, endplate, vertebral body, and anterior spinal
artery. In addition, a large frequency of nociceptive fibers
within the IVD ring of the lower lumbar pass through the
sympathetic trunk in a non-segmental manner and can be
considered as part of the sympathetic nervous system
(SNS). These peripheral endings display a dominant
expression of calcitonin gene-related peptide,”®*° and the
experimental excision of sympathetic nerves reduced pain
response in patients with CLBP.>° A series of neurobio-
chemical reactions, initiated by IVDD, enable abundant
regeneration of nociceptor and sympathetic nerve fibers,
thus prompting the degenerated IVD to become more
susceptible to inflammatory stimuli and pain sensation
via the nociceptive transmission.

In conclusion, disc degeneration, followed by inflam-
mation, and subsequent nociceptive fiber penetration into
the inner disc, or protruding tissue mechanically pressing
on the nerve root, may be the root cause of CLBP.**'
Previous studies have reported crucial roles of nerve root
injury and neuronal sensitization in the generation of
chronic pain during degenerative disc disease.>* In
response to inflammatory stimuli, activated macrophages
in the IVD can absorb the IVD tissue and release further

inflammatory mediators to stimulate the nerve roots and
increase the production and sensitization of nociceptors in
the nerve roots. As such, elevated afferent stimuli from
sensitized nerve root nociceptors may generate augmented
neuronal reactivity in the central nervous system (CNS),
resulting in central sensitization.”® Likewise, peripheral
sensitization within the IVD can also lead to spontaneous
enhancement of pain perception.* As a result, clinical
manifestation of disc herniation involves both mechanical
compression and inflammatory factors, which work in
concert to produce nerve damage and sensitization,
thereby leading to neuropathic pain.

Facet Degeneration

Triarticular complexes, comprised of IVD and facet joints,
connect adjacent vertebrae to one another to stabilize the
spine, maintain joint connections, transfer spinal load, and
limit vertebral movement.>> The facet joint is a highly
innervated structure consisting of the subchondral bone,
articular cartilage, synovial membrane, and fibrous
capsule.’® Moreover, the nerve endings originate from
the medial branch that comes from the posterior ramus
and are responsible for mostly pain and proprioception
signals from the middle of the spine to the facet joint.*’
Facet pain accounts for 16-40% of the CLBP cases and it
increases with age.’®>° The osteoarthritic facet joints or
buildup of capsule pressure in facet joints may promote
sensitization of nociceptors and, together with fat-induced
spinal nerve injury,*® produce pain sensation.*' However,

the specific mechanism is still under investigation.

Degeneration of the Lumbar Muscle Fascia

A healthy spine requires optimal performance of the back
muscles. The core muscles of the lumbar spine, namely the
lumbar multifidus and erector spinae, stabilize the spinal
formation. Therefore, any structural alterations in these
muscles contribute to functional limitations. Additionally,
multiple studies demonstrated that persistent CLBP is
typically associated with muscle structural changes, as
evidenced by alterations in motion patterns to safeguard
the deep multifidus from excess load,** pain/fear, and
avoidance of movement.*>** One mechanism of muscle
structural change in CLBP patients could be arthrogenous
muscle inhibition, which is a process where a localized
reflex inhibition is caused due to joint pain and weakened
driving force of muscle and nerve stabilizing the joint.*
There are reports of CLBP patients suffering from spinal
joint muscle suppression and electromyographic (EMG)
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evidence revealed that the patients with back pain have
weakened neural drive to the multifidus muscle (MF).*
Moreover, in healthy volunteers and in patients with
CLBBP, it is reported that pain reduced not only the neural
drive of MF, but also the nerve drive of the erector spine
muscle.*” Nociceptive or pain signals from the spine can
inhibit the neuromuscular control system in the brain and
spinal cord, resulting in decreased muscular nerve drive
and a reduced stability and movement of the spine.
Impaired neural drives also alter muscular pro-
prioceptive feedback signals.*® As a result, patients with
recurrent LBP (RLBP) often experience recombination of
trunk muscle performance associated with postural control
defects in their motor cortex.*’

It was previously reported that the fat infiltration into
the paraspinal muscle was the most relevant factor, rather
than the IVDD and end-plate alterations, in generating

LBP in women.>

And the most commonly reported
cause of LBP was severe IVDD, which is closely related
to the end-plate changes (Modic changes) and fat infiltra-
tion into the multifidus and erector spinae of the corre-
sponding lumbar vertebrae.>' In addition, long-term
alterations in motion patterns in CLBP patients can ulti-
mately result in structural changes within muscle fibers. It
was previously reported that increased neuromuscular
activity or massive mechanical load promotes the forma-
tion of slow-oxidizing muscle fibers, whereas decreased
neuromuscular activity prompts generation of fast-
glycolytic muscle fibers.’> As a result, RLBP patients
exhibit muscle deterioration, which worsens with more
frequent or more persistent back pain. Relative to discon-
tinuous CLBP and RLBP, persistent CLBP patients experi-
ence increased adipose infiltration, reduced muscle quality,
and diminished muscle efficiency.’® The frequency of pain
may also alter the metabolic activity of the lower back
muscles. As a result, glycolytic or anaerobic fibers (type 11
fibers) are more commonly detected in the back muscles of
CLBP patients,”* along with more metabolite generation
during contraction.”®> Moreover, muscle biopsy from LBP
patients exhibits a reduced number of type I fibers with
low fatigue resistance.>® Alternately, the amount of type II
and intermediate Ilc fibers remain high indicating ongoing
fiber conversion from a highly efficient muscle type to one
that uses anaerobic respiration to produce short bursts of
mobility.”” Moreover, persistent pain and inflammation
can give rise to additional muscle dysregulation, such as,
atrophy, fatty infiltration, decreased strength/endurance,
and loss of function. In a vicious feedback loop, these

complex bidirectional interrelationships often drive recur-
ring or persistent LBP cycles.’® Interestingly, there are
also reports of the non-specific chronic low back pain
(NSCLBP) patients, harboring paraspinal muscles with
a larger number of type I fibers and lower number of
type IIx glycolytic fibers, thereby increasing their oxida-
tive potential.*® This may be due to the increased mechan-
ical load on the paraspinal muscle due to a shift in gait in
NSCLBP patients.

Furthermore, along with muscle nociceptors, animal
studies have also identified muscle fascia as yet another
source of nociception.’’ Inflammatory nodules activate
muscle nociceptors during skeletal muscle tension.®>
Moreover, myofascial trigger points may lead to primary
stimuli.®®  As
a result, tissue near the myofascial trigger points become
acidic and exhibit higher levels of substance P, CGRP,
tumor necrosis factor, and IL-1, each of which contributes

hyperalgesia under sustained noxious

to increased pain sensitivity.**

Role of Peripheral Inflammation in CLBP
Inflammation plays a major role in the pathogenesis of
CLBP; namely, in the degeneration of disc, endplate,
facet joints, and pathological processes of muscle fascia,
nerve, and other tissue. As such, inflammation is also
presumed to be involved in the pathogenesis of CLBP
and related pain.

Degenerative Inflammation of the Disc

Multiple prior reports suggest that both IVD resident cells
(NP and annulus fibrosus) and non-resident cells (macro-
phages) produce a variety of pro-inflammatory molecules
after IVDD or damage.®>°® Moreover, these cells are
reported to contribute to the inflammatory etiology of
IVDD.” At the onset of the IVD degenerating cascade,
the highly vascularized AF and NP enable mast cells and
macrophages to migrate to the disc, and exacerbate inflam-
mation within the disc, and produce LBP.*” The role of
macrophages in other forms of neuropathic and inflamma-
tory pain is well established. In particular, they are known
to infiltrate damaged nerves and dorsal root ganglia
through phagocytosis, inflammatory mediator secretion,
and angiogenesis.'>°® This infiltration process has been
detected in both human and rodent regressive IVDs
cases.’®® Moreover, the upregulated expression of IL-
1B, IL-lo, TNF-a, vascular endothelial growth factor
(VEGF) and its receptor, and basic fibroblast growth factor
(BFGF) in degenerated disc tissue, along with enhanced
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neovascularization accelerates catabolism, reduces proteo-
glycan production, and enhances matrix metalloproteinase
expression.”’ Proteoglycans prevent growth of blood ves-
sels and nerves to the NP. Excessive metalloproteinase
activation and matrix degradation can stimulate the growth
of in-disc blood vessels and nerves,”' thereby activating
and sensitizing sensory nerve fibers.”* Increased levels of
nerve growth factor (NGF), brain-derived neurotrophic
factor (BDNF) and inflammation can activate sprouting
of the DRG nerve fibers into the AF and NP, which
increases neural survival in DRG and augments nocicep-
tive cation channel sensitivity, and ultimately induces
pain.®”’® Based on several studies, artificially suppressing
the nociceptive factors and pro-inflammatory mediators,
secreted by degenerative discs, can reduce the nociceptive
input and inactivate the discs. Furthermore, suppressing
TLR4 also reduces signs of disc degeneration and pain, as
evidenced in SPARC-deficient mice.”

Inflammation is another factor regulating regression of
lumbar disc herniation (LDH). In fact, inflammation and
neovascularization can induce phagocytic enzyme-related
degradation and spontaneous absorption of herniated disc
tissue.®>’* Inflammation is triggered when disc contents
are squeezed into the epidural space. Additionally, the role
of macrophages is crucial for this process. Multiple studies
have detected the presence of macrophages in herniated
IVD tissue specimens using immunohistochemistry.”
These cells actively engulf herniated tissues and process
themselves in lysosomes filled with collagen-degrading
enzymes. Macrophages are also known to secrete lysoso-
mal enzymes through exocytosis and contribute to the
intercellular breakdown of substances, such as the IVD
matrix components proteoglycan and collagen.”® In addi-
tion, IVD cells can produce inflammatory mediators,’’
which may help to recruit other immune cells to herniated
tissues, namely, monocyte chemoattractant protein (MCP)-
1, a CC chemokine responsible for facilitating monocyte
activation and recruitment.®> Under physiological condi-
tions, a mature IVD is lightly vascularized. However,
neovascularization is reported at the edge of protruding
tissue and is the main determinant of the spontaneous
regression of LDH.”* Taken together, inflammation plays
a critical role in lumbar IVDD. With the infiltration of
immune cells into the IVD, neovascularization, nerve
growth, IVD nerve compression, nerve sensitization, and
inward growth can all work in concert to excessively
stimulate nociceptive receptors and induce LBP.

Inflammation in Peripheral Circulation

Inflammatory response is also detected in the peripheral
blood of CLBP patients, presenting M1-type monocyte
dominance, imbalance between pro-inflammatory and
anti-inflammatory cytokines, down-regulation of IL-10
levels, up-regulation of IL-6 levels, and decrease in
opioid secretin ability of M2-type macrophages.’®
Moreover, pro-inflammatory biomarkers like C-reactive
protein (CRP) and IL-6 are shown to be positively asso-
ciated with the severity of non-specific low back pain
(NSLBP), while TNF-a is positively related to the pre-
sence of NSLBP.”® Using preclinical models, it was
revealed that a rise in IL-6 enhances TNF-a generation
in DRG neurons and accelerates hyperalgesia.®
Moreover, leptin and MCP-1 are reported to be biomar-
kers marking the transition of acute LBP into chronic
disease. In addition, alterations in plasma N-glycation
levels in CLBP patients are consistent with common
n-glycation changes during chronic inflammation.®’
Based on these reports, systemic and/or local inflamma-
tory processes are partly responsible for the progression

of CLBP in LBP patients.

Central Pathological Mechanism of
CLBP

Recent evidence suggests that the nociceptive mechanism
of central sensitization, including neuronal hyperactivity in
the CNS may contribute to the persistent pain in CLBP, in
the absence of noxious stimuli.**** Based on an epide-
miology study, there was a high concentration of trigger
points (TrPs) in the psoas muscle of CLBP patients, rela-
tive to those without CLBP.®> Moreover, it was shown that
prolonged nociceptive input from TrPs can alter brain
plasticity and drive the development and maintenance of

chronic musculoskeletal pain.®*®®” Therefore, central
pathological changes may be an important factor in the

pathogenesis of CLBP.

Abnormalities in the Central Pain
Modulation System

Along with the pain mechanisms involving peripheral
nociceptive and nerve root injury, the central pain modula-
tion system can also be a major factor in the development
of CLBP.*® CLBP patients have lower stress pain thresh-
old, compared to healthy people.*” This may be due to the
stimulation of the nociceptive pathway that expands the
receptive field of the dorsal horn of the spinal cord, excites
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associated pain regions in the CNS, and lowers the pain
threshold based on the duration and intensity of the pain
syndrome,”® thereby sensitizing the entire spinal cord seg-
ment that interacts with muscles, ligaments, and skin.”!
Recently, multiple brain imaging studies investigated brain
structural and functional changes in relation to CLBP.
Based on these studies, CLBP patients display character-

92 attention

istic features in the sensorimotor systems,
network,” default mode network,” and pain modulation
network, such as the structural and functional changes of
the pain modulation system,” relative to healthy controls.
According to a systematic review, CLBP patients exhibit
enhanced activity in certain cortical and subcortical areas,
such as higher activation of the medial PFC, cingulate
cortex, amygdala, and insular lobe, and reduced activity
in the pain-relief areas and altered functional connectivity
(FC) in pain-associated areas.”® These findings are indica-
tive of a relationship between CLBP and broad changes in
brain networks. Conditioned pain modulation (CPM) is
one of the methods used to evaluate the function of endo-
genous descending pain modulation system.”® The neuroa-
natomical basis of CPM includes brainstem structures like
periaqueductal gray (PAG) that is regulated by both ser-
otonergic and non-adrenergic systems. Using high-
intensity nociceptors-mediated stimulation of the brain-
stem, neuronal impulses from the spinal cord can be sup-
pressed, resulting in an anti-irritating low-polarization
which

hypoalgesia.”® Similarly, a meta-analysis discovered that

response, ultimately results in extensive
LBP patients exhibit severe CPM damage followed by
a remarkable rise in the temporal summation of pain. In
fact, chronic and severe pain has the greatest influence on
CPM between LBP patients and healthy controls.”” CLBP
patients typically exhibit abnormal FC in the central PAG
pain modulation at rest.”® In addition, the FC between
PAG and ventral prefrontal cortex (VmPFC)/rostral ante-
rior cingulate gyrus (RACC) is enhanced in CLBP
patients. Lastly, a significant negative correlation between
pain score and PAG-vmPFC/rACC FC is reported in
CLBP patients. These findings are consistent with the
descending pain modulation dysfunction in CLBP
patients.”*

The transition from acute LBP to CLBP is also accom-
panied by changes in the CNS. One study found that the
individuals with persistent pain exhibit increased FC
between the medial prefrontal cortex (mPFC) and the
nucleus accumbens (NAC) at initial evaluation.”® After 3

years, the structural components associated with pain,

along with FC between mPFC, amygdale, and NAC,
altered in persistent LBP and those who recovered from
LBP. However, those who progressed to chronic pain had
relatively smaller amygdala and hippocampus volumes,
suggesting that these structural changes may have
occurred before the onset of pain, potentially predisposing
individuals to develop chronic pain.”” In addition, cogni-
tive and emotional responses to pain can also be important
factors in the development and maintenance of chronic
pain.'” With a shift to chronic pain, brain activity, asso-
ciated with back pain perception, shifts from areas
involved in acute pain to areas participating in emotional
circuits such as medial prefrontal cortex/amygdale. As
a result, the perception shifts from pain-oriented to specific
emotions such as fear, anger and sadness.'®' Therefore,
acute/sub-acute back pain is regulated by both pain and
reward circuits. Multiple reports validate that in CLBP and
in late persistent LBP (after 6-12 months of back pain)
patients, there is a gradual decrease in the participation of
acute pain circuits, and a simultaneous increase in the

circuits.'?!

involvement of emotional and reward
Moreover, once the CLBP or late persistent LBP brain
characteristics develop, they remain stable and unchanged
for the next 10 years.'”' This study suggests that the brain
forms a state of chronic pain within the first year of LBP.
Therefore, the first year is a critical period for brain
alterations in back pain patients. Moreover, this period
remains consistent with the clinical definition of the tran-
sition standard pain to chronic pain and is assumed to be

between 3 and 12 months.

Central Inflammation
Using integrated positron emission tomography (ICT-MRI)
and radioactive oligonucleotide C-PBR28, elevated levels
of glial cell activation marker (translocator protein) were
found in the brains of CLBP patients.'”> Along with glial
cell activation, cytokines induced by neuroinflammation in
the CNS, may also target pain and hyperalgesia.'®>'** In
fact, a positive correlation is reported between IL-8 levels in
serum and cerebrospinal fluid (CSF) of patients with
chronic lumbar disc herniation (LDH). Moreover, increase
in CSF IL-8 is correlated with pain intensity and pain
sensitivity of the vertebral pressure, suggesting an IL-
8-mediated neuroimmune crosstalk regulating neuroinflam-
mation and pain sensitivity in LDH patients. Additionally,
MCP1 is known to promote differentiation of activated
microglia, %'
ability via MCP1 receptors,

increase blood-brain barrier (BBB) perme-

> participate in crosstalk
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between the peripheral and the CNS,'% and produce large

quantities of IL-8§ and MCPI via the activated glial
cells.'”'% Subsequently, the peripheral T cells and mono-
cytes pass through the BBB and travel to the spinal cord
parenchyma, resulting in massive neuroimmune activity.
Lastly, these inflammatory responses send signals to the
brain and, in a vicious feedback loop, perpetuate more
inflammation of neurons in the CNS.**'%

A number of inflammatory biomarkers like cystatin C,
neural cell adhesion molecule L1-like protein, and amy-
loid-like protein 1 were found to be elevated in CSF of
IVDD patients, regardless of the state of pain. CLBP
patients experiencing I[VDD-related neuropathy often
show a rise in the levels of hemagglutinin, various apoli-
poproteins, insulin-like growth factor II and fibronectin,
which are induced by nerve injury. Conversely, asympto-
matic IVDD patients only show changes in the CSF cysta-
tin C levels.''” The differences in the presence of CSF
proteins in these two conditions may be attributed to the
destruction of the blood-spinal cord barrier''" and BBB''?
after nerve injury, which allows peripheral molecules and
white blood cells to enter CSF. It may also be due to
a state of nerve injury-related edema that alters the flow
of molecules from the injured nerve to the CSF. In all, the
changes in CSF proteins reflect the peripheral regulatory
pathways of CNS, such as central sensitization and

neuroinflammation. '3

Discussion

In summary, the pathology of CLBP is heterogeneous.
Taking both CLBP peripheral and central pathological
mechanisms into account, the pathogenesis potentially
includes peripheral nociceptive stimulation, peripheral
and/or central inflammation, central pain modulation net-
work abnormality, and a mixed onset of various patholo-
gical mechanisms. In short, lumbar and pelvic spinal
components, such as IVD, muscle, fascia, facet joint,
sacroiliac joint, pubic symphysis, ligament and joint cap-
sule contain nociceptors. Any event that brings about
tissue degeneration activates massive inflammatory
response that infiltrates the IVD, joint, muscle, fascia,
and other tissues, stimulates nociceptive receptors to pro-
duce inflammatory substances, which directly damages the
nerve root, and generates pain. Simultaneously, the injured
lumbar IVD and endplate stimulate pathological and inva-
sive nerve growth and distribution, followed by the com-
pression of the nerve root by IVD herniation tissue,

thereby causing neuropathic pain. Growing evidences

also point to inflammation playing a critical role in the
pathogenesis of CLBP. The central mechanism of LBP
involves altering sensory processing in the brain,* such
as the dysfunction of descending pain modulation
system,” resulting in the amplification of pain information
in the brain. Recently, abnormal biochemical metabolism
and activation of glial cells in the brain were also shown to
play essential roles in CLBP.

Although there is some understanding of the pathogen-
esis of CLBP, more specific and reliable investigations are
warranted for a comprehensive analysis into the intricate
details of the complex CLBP pathogenesis. For instance,
the role of small joints in the development of LBP is still
unclear. Moreover, there are few studies on central inflam-
mation and glial cell activation and its involvement in the
peripheral inflammation in CLBP patients. However, the
exact mechanism and its contribution to the development
of CLBP still remains to be understood.

Given the heterogeneous nature of CLBP pathology, it
is either possible that one mechanism gives rise to all the
disruptions seen peripherally and centrally or a number of
dysregulations result in the above-mentioned disruptions
and result in CLBP. Hence, it is shown that CLBP can be
injurious, neurotic, or both. It is possible that the local
inflammation of the lower back induces peripheral inflam-
mation, which reduces the pain-relieving opioid secreting
ability of peripheral blood cells in CLBP patients, result-
ing in pain. Previous studies have reported that the pre-
sence of neuropathic components was associated with
a greater intensity and a longer duration of pain, with
higher prevalence in patients with comorbidities.'"
Many treatments are available for CLBP; however, con-
clusions from several clinical studies remain inconclusive
and the level of evidence is low. One such CLBP therapy
is COX-2 inhibitor, which was considered a first-line
NSAIDs treatment for CLBP in a systematic review.''*
However, a recent trial revealed a smaller benefit of
NSAIDs, as compared to placebo.''®> The unclear hetero-
geneous pathology of CLBP may be to blame for this
discrepancy. In a meta-analysis exploring the efficacy of
CLBP therapy, the trials differed significantly in their
patient selection and may have accidentally included
patients with neuropathic pain. Neuropathic pain may,
sometimes, exist in the absence of local neurological find-
ings and may, therefore, be mistakenly assigned as CLBP.
Moreover, different pain conditions may be affected by the
same drug, thereby influencing the combined estimate of
the level of therapeutic effect.''* Therefore, to clarify the
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pathological mechanism of CLBP, it is important to con-
duct subcomponent investigation to reduce heterogeneity
of CLBP, improve homogeneity of the disease, and pro-
vide effective clinical diagnosis and treatment. Similar
concerns have been raised in academia that exploring the
pathogenesis of NSLBP may be too broad of a concept to
tackle together. And existing NSLBP therapy use only
generic drugs to treat pain and its consequences.
Although this therapy is effective to a certain extent, it is
moderate at best. Therefore, the next approach to examin-
ing LBP pathology is to determine LBP phenotype based
on the pathological anatomy or through clinical
reasoning.''® Researchers and clinicians have explored
the subgroup classification of LBP in an attempt to sub-
divide LBP patients into homogeneous populations with
similar characteristics to improve patient outcomes.
A systematic review shows that current efforts to explore
the classification of LBP subset patients have focused on
the following five attributes: (I) clinical characteristics; (II)
pathological anatomy; (III) treatment-based approaches;
(IV) screening tools and prediction rules; and (V) pain
mechanisms.''” However, research is still ongoing and
there is still no consensus on the current classification
standards. The reliability of the subgroup effects was
found to be quite low in the systematic review.
Moreover, there was insufficient evidence to support the
subgroup classification, owing to the inadequate statistical
analysis or contradictory authors’ claims.''®

Furthermore, due to the complex and heterogeneous
pathologic mechanism of CLBP, monotherapy may not
achieve ideal results. In fact, several studies have proposed
that the most reasonable therapy should be a multi-mode
approach integrating multi-disciplinary treatment and
coordinating somatic and psychological therapeutic ele-
ments. Moreover, in a multi-level approach, individual
combination therapy can improve the analgesic effect
and reduce the dosage of drugs, thus reducing the inci-
dence of side effects.''® Global clinical practice guidelines
use comprehensive management of CLBP patients, includ-
ing education and comfort, analgesics, non-drug therapy,
and timely response based on the individual patient’s
needs, possible prognosis, and attention to serious patho-
logical abnormalities.''® In addition, compared to treating
acute LBP, persistent CLBP therapy should place more
emphasis on non-drug therapy, and more consideration
on the treatment of coexisting diseases such as depression.
This is further illustrated in several systematic reviews

evidencing lack of effective therapy and the need for

research into the best choice of therapeutic agents, the
best combination and sequential treatment, as well as the
most effective drug in the treatment of LBP.> As men-
tioned before, many non-drug therapies such as exercise
therapy, Tai chi, yoga, psychotherapy, spinal manipulation,
and acupuncture have shown some efficacy in CLBP
management (SOE, mild to moderate), but few studies
have reported clinically significant improvement. Since
monotherapy is not optimal,” it is necessary to advance
comprehensive management recommended by the current
international clinical guidelines and reasonably combine
multiple therapies to improve the clinical effect of CLBP
therapy.

Moreover, due to the lack of effective CLBP therapy,
opioids are still widely used to manage pain. However, its
repeated and long-term use may promote tolerance (desensiti-
zation to opioid drugs) and, therefore, make it ineffective for
future pain management. Additionally, long-term opioid use
may develop opioid dependence, which can cause undesirable
withdrawal syndromes, such as, agitation, insomnia, diarrhea,
and hyperalgesia.''® Finally, due to extensive research into the
pathological understanding of CLBP, much is known about the
disease than ever before. However, more investigations are
warranted to gain a comprehensive understanding of all intri-
cate pathways involved in CLBP pathogenesis. These investi-
gations should specifically target the subcomponents of CLBP
in order to promote highly effective and integrated manage-
ment therapy for CLBP.
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