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ABSTRACT

Background: Degeneration of the intervertebral disc (IVD), resulting from various factors, including ge-
netic and environmental causes, is a significant musculoskeletal disorder. It is characterized by a gradual
deterioration of the structure and a weakening in the function of the IVD, leading to a decline in the quality

of life (QOL) or disability.

Aim of the study: This study aimed to perform a review of scientific reports and a summary of the current
knowledge regarding IVD degeneration in terms of etiopathogenesis, clinical symptoms, and various diag-
nostic methods.

Material and methods: The literature review was performed by searching key medical databases such as
PubMed, MEDLINE, and Scopus. A search strategy was defined, encompassing keywords, synonyms, and
controlled keywords (MeSH terms). The search included the last 20 years and focused on aspects of etio-
pathogenesis, clinical symptoms, and diagnostic methods. Papers meeting the inclusion criteria underwent
a full-text analysis. Data and information gathered from the literature analysis were synthesized to provide
a comprehensive overview of the current state of knowledge on the researched subject.

Results: The process of IVD degeneration is extremely complex, involving biochemical, metabolic, and mor-
phological changes that impact its structure and function. It entails a gradual loss of water in the nucleus
pulposus (dehydration), resulting in an impaired shock-absorbing function and leading to the formation of
breaks in the annulus fibrosus, allowing herniation of the nucleus pulposus. For years, mechanical injuries,
especially work-related injuries, have been considered the primary factors causing IVD degeneration. Recent
findings emphasize the significant role of genetic factors, with the identification of several genes encoding
structural proteins of the IVD. Mutations in these genes may accelerate degeneration. Current clinical re-
search results indicate a correlation between aortic calcifications and episodes of low back pain (LBP) and
between lumbar artery stenosis, IVD degeneration, and subsequent LBP.

Conclusions: Understanding the complexity of IVD degeneration and its neurological consequences is cru-
cial in planning effective treatment. It is essential to monitor the latest research to systematically update the

This is an Open Access article distributed under the terms of the Creative Commons License
Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0). @ ® @ @
BY NC SA

License available: https://creativecommons.org/licenses/by-nc-sa/4.0/



ApAM DRUSZCZ ET AL.

knowledge and practical guidelines in the discussed area. Collaboration between an experienced neurosur-
geon and an interdisciplinary team of medical specialists can achieve the best therapeutic outcomes.

KEYWORDS: intervertebral disc degeneration, low back pain, etiopathogenesis, symptomatology, neurosur-

gery, state of knowledge

BACKGROUND

Contemporary society, due to a dynamic lifestyle,
constant technological progress, and changing health
habits, are increasingly confronted with various mus-
culoskeletal disorders [1], including those involving
the lumbosacral complex [2]. One of the key issues
gaining particular significance, in the context of to-
day’s health challenges, is the degeneration of the
intervertebral disc (IVD). This condition not only
affects a broad population, but it represents a civili-
zation-related problem associated with limited physi-
cal activity and presents comprehensive diagnostic,
therapeutic, preventive, and rehabilitative challenges
for specialists from various medical fields.

AIM OF THE STUDY

This work aimed to delve into issues related to IVD
degeneration, focusing on its etiopathogenesis, clini-
cal symptoms, and various aspects of diagnosis. The
paper also summarizes the current state of knowl-
edge based on a review of scientific reports, incorpo-
rating the latest research and discoveries in the field
of IVD degeneration. This review serves as the foun-
dation for further discussion on the interdisciplinary
approach to this clinical problem. Through analysis of
the latest scientific data, we aimed to offer the reader
a comprehensive view of the evolution of scientific
thought regarding IVD degeneration and guide our
considerations toward potential areas of further re-
search and improvements in clinical practice.

MATERIAL AND METHODS
Information sources

The literature review was meticulously conducted
by exploring prominent medical databases, includ-
ing PubMed, MEDLINE, and Scopus. Recognizing
the significance of a comprehensive and systematic
approach, a well-defined search strategy was formu-
lated to cast a wide net across the vast landscape of
available literature. This involved the incorporation
of a diverse array of search elements, including key-
words, synonyms, and controlled keywords in the
form of Medical Subject Headings (MeSH terms).

Search strategy

The meticulous development of the search strat-
egy played a pivotal role in ensuring a comprehensive
and up-to-date exploration of the literature. Encom-
passing the last 20 years, the search was strategically
designed to capture the latest advancements and in-
sights into the etiopathogenesis, clinical symptoms,
and diagnostic methods of IVD conditions. The tem-
poral scope was chosen to strike a balance between
including recent developments and maintaining
a sufficient historical context.

Eligibility criteria

Papers meeting the inclusion criteria under-
went a full-text analysis, evaluating the quality and
quantity of collected data. This rigorous assessment
involved a meticulous examination of study design,
participant characteristics, intervention methods,
and outcome measures.

Data synthesis

Data and information gathered from the litera-
ture analysis were synthesized, providing a compre-
hensive overview of the current knowledge on the
researched subject. Standard ethical principles were
applied in the literature review, and all data obtained
from the studies were used in accordance with the
principles of scientific honesty and integrity.

Reporting bias

An essential aspect of the literature review process
involved a vigilant consideration of reporting bias in
the selected studies. Recognizing the potential influ-
ence of selective reporting on the overall findings and
conclusions, the authors systematically assessed the
presence of reporting bias in the included papers.

RESULTS

The synthesis of literature exploring crucial as-
pects of etiopathogenesis, clinical symptoms, and
diagnostic methods regarding IVD presented a nu-
anced panorama of research outcomes. This thor-
ough review spanned studies conducted over the
last two decades, providing insights into the etio-
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pathogenesis, clinical symptoms, and diagnostic
methods associated with IVD. The narrative review
encompassed the following components: the etiolo-
gy of IVD degeneration considering the morpholog-
ical stages of IVD degeneration, clinical symptoms
of IVD degeneration categorized into pain, lumba-
go, and radicular symptoms associated with disco-
genic low back pain (LBP), as well as the diagnosis
of discopathy, specifying methods and the distribu-
tion of pain and muscle strength weakness depend-
ing on the level of IVD damage. The amalgamation
of data and insights derived from the studies under
review established a sturdy groundwork for compre-
hending the present state of knowledge concerning
theoretical grounds and diagnostics methods for
IVD conditions. The authors consistently adhered to
standard ethical principles during the literature re-
view, underscoring the importance of integrity and
honesty in the utilization of data extracted from the
chosen studies.

DISCUSSION

Etiology of intervertebral disc
degeneration

IVD degeneration is extremely complex and not
fully understood. It involves biochemical, metabol-
ic, and morphological changes that impact its func-
tioning. Fragmentation of proteoglycans in the IVD
begins in childhood, and with age, there is a decline
in their composition and water content, especially
in the nucleus pulposus [3]. The turnover of matrix
substances also decreases, leading to an increase in
stable connections between molecules and collagen
fibers, further hindering the processing and repair
of the matrix components. This results in the re-
tention of damaged macromolecules, ultimately
reducing the quality and properties of the entire
tissue [4].

Furthermore, in early childhood, the blood sup-
ply to the endplates and, consequently, the IVD de-
creases. As a result, around the age of 15, the first
microstructural cracks and fissures appear, especially
in the nucleus and endplates [5]. Cell density decreas-
es, leading to a continuous increase in structural de-
fects, including those in the annulus. With a decrease
in cell quantity, the synthesis of matrix substance
diminishes, and the individual cells reduce their pro-
duction [6]. For most individuals, active and passive
transport mechanisms within the IVD are unable to
continuously and adequately supply nutrients to the
cells. As the supply of energy and nutrients dimin-
ishes for the IVD, cells produce lower-quality fibers
and matrix substances, ultimately leading to their
disintegration [7].

The gradual loss of water in the nucleus pulposus
(dehydration) leads to an impaired shock-absorbing
function and the development of annular tears, into
which the nucleus pulposus herniates. Concentric,
transverse, and radial tears have been identified. Ra-
dial tears most commonly lead to the formation of an
IVD herniation [8]. Completely separated fragments
of the annular tissue and endplates of the IVD, un-
der the influence of asymmetrical stresses, can move
beyond the IVD due to weakened areas. As a result,
protrusions and displacements of the IVD develop.
As long as the outer layers of the annulus are intact,
there is a possibility of the nucleus returning to its
original location. In the case of an IVD herniation, its
displaced tissues penetrate the annulus fibrosus and
are unable to return to their original location. Dorsal
or dorsolateral displacement of the IVD brings it into
contact with the posterior longitudinal ligament,
which has sensory innervation from the meningeal
branches of the spinal nerves, resulting in local pain,
radicular pain, and chronic discogenic LBP [9]. In
1990, based on morphological studies, Thompson
et al. [10] introduced a classification of the degree of
IVD degeneration, which perfectly illustrates the nat-
ural history of the degeneration process (Table 1).

Table 1. Morphological stages of intervertebral disc degeneration [10]

Stage Nucleus Pulposus Annulus fibrosus Vertebral endplate Vertebral body
I “Bulging” Few fibrous lamellae Uniform layer of hyaline Rounded edges
II Peripheral white connective Mucous material between Irregular layer of hyaline Sharp edges
tissue lamellae
111 Consolidation of connective Significant mucinous infiltra- Focal defects in cartilage Early chondrophytes and osteo-
tissue tion; obliteration of the divi- phytes at the edges
sion between annulus fibrosus
and nucleus pulposus
v Horizontal breaks, parallel to Focal breaks Fibrocartilaginous tissue Osteophytes less than 2 mm
the vertebral endplate emerging from ossification
centers; irregular and focal os-
sification centers
\% Scattered cracks in both the nucleus pulposus and annulus Diffuse sclerotization Osteophytes greater than 2 mm
fibrosus
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Currently, it is accepted that disturbances in
trophic factors, as described above, play a primary
role in the degenerative process of the IVD. For years,
it was believed that mechanical injuries, especially
work-related, were the main factor causing IVD de-
generation. This hypothesis is supported by the ob-
servation that degeneration most often occurs at the
L5/51 level - a segment that bears the greatest load.
Furthermore, it has been noted that the motion seg-
ment adjacent to the level in which a spinal fusion
is performed degenerates much faster (known as ad-
jacent level disease) [11]. Recent findings, however,
highlight a significant role of genetic factors. Several
genes encoding structural proteins of the IVD have
been identified, and mutations in these genes may
accelerate degeneration. These include genes for col-
lagen types I, IX, and XI, interleukin genes, vitamin
D receptor, IGF-1 receptor, aggrecan genes, and en-
zymes involved in matrix breakdown [12]. Moreo-
ver, postmortem studies have shown a connection
between atherosclerotic changes in the aorta and de-
generative disc disease, as well as between lumbar ar-
tery occlusion and episodes of LBP. Clinical research
results have indicated a correlation between aortic
calcifications and episodes of LBP, as well as between
lumbar artery stenosis and IVD degeneration with
subsequent LBP [13].

Clinical symptoms of intervertebral
disc degeneration

Pain syndrome

A symptom of IVD degeneration is local and/or
radiating pain, which arises from the irritation of
various elements of the nervous system. The pain
may have a referred character - it is felt in the inner-
vation area of the irritated nerve, in regions distant
from the source causing its occurrence. An example
is sciatica, which is caused by irritation of the nerve
roots forming the sciatic nerve. Organ pain is pain
felt at the site of the pathological change, with LBP
being an example. Although many spinal disorders
are challenging to precisely define, most discomfort
associated with disc disease can be attributed to the
involvement of specific nerve structures located in
the vicinity of the IVD [14].

Lumbago

The pathomechanism of LBP is not fully under-
stood. Sensory nerve endings sensitive to mechani-
cal irritation are primarily located within the poste-
rior longitudinal ligament, facet joint capsules, and
the nerves themselves [15]. As mentioned earlier,

nociceptive fibers normally penetrate the outer lay-
er of the annulus to a depth of about 1-3 mm, but
in significantly diseased discs, they can extend into
the nucleus pulposus. In the most external layers of
the annulus fibrous, immunohistochemical methods
have demonstrated the presence of fibers containing
substance P and VIP [16].

It is believed that fissures in the annulus fibrous
during degenerative changes stimulate these recep-
tors. Even the deeper layers of the annulus fibrous
are pain-innervated, and some studies have dem-
onstrated the presence of receptors in the nucleus
pulposus itself [17]. Foci of proliferation have been
identified in the anterior and, more recently, in the
posterior part of the IVD. It has been observed that
damage to the annulus fibrosus initiates the ingrowth
of vascularized inflammatory tissue along the fissure,
with sensory fibers accompanying blood vessels [18].
Since the inner layers of the annulus fibrosus are not
vascularized, it appears that this process occurs con-
centrically, from the most superficial layers towards
the nucleus pulposus. Elevated levels of IL-6 and IL-8
have also been demonstrated in patients with LBP,
which may be responsible for sensitizing nociceptors
within the painful IVD [19].

Despite clear evidence of the presence of nocicep-
tive nerve endings in the IVD, their role in the devel-
opment of discogenic pain remains unclear. It often
happens that patients with significant degenerative
changes in the IVD revealed in magnetic resonance
imaging (MRI) do not report any pain at all [20],
On the other hand, the most sensitive test aiming
to demonstrate the IVD as the source of pain is dis-
cography. However, despite its high sensitivity, it is
characterized by a low specificity. This examination
involves injecting a specific volume of fluid into the
nucleus pulposus, causing an increase in intradiscal
pressure, which, in turn, irritates nociceptive nerve
endings in the annulus fibrous. The prevalence of
tears within the inner layers of the IVD using this
test is estimated at 39%-42%, while the prevalence
of discogenic pain without specifying IVD damage is
26% [21].

As mentioned earlier, changes in the height and
volume of the IVD always affect the alignment of
the facet joints. Conditions predisposing to exces-
sive loading within the facet joints are almost always
associated with instability, changes in volume, or ir-
reversible deformation of the IVD. This leads to an
increase in stresses acting on the articular processes,
resulting in an inflammatory reaction and damage
to the articular cartilage. Pain arises during irrita-
tion of sensory and autonomic nerve endings in the
joint capsule. Facet joint syndrome is currently one of
the most controversial issues in spinal surgery, with
some even questioning its clinical significance. Its
frequency is estimated at 10-15% [22]. The standard
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diagnostic procedures include interventional tech-
niques, such as intra-articular injection of an anes-
thetic or medial branch block [23], as conventional
diagnostic methods like computed tomography (CT)
or MRI, which will be discussed below, are not suf-
ficiently sensitive in this case. Research is ongoing
regarding the use of SPECT in the diagnosis of facet
joint pain [24].

Radicular pain

In the lumbar spine, the anatomical relationships
between the IVD, intervertebral foramina, and their
corresponding spinal nerve roots are of particu-
lar importance. The dorsal root ganglia and ventral
roots are in close proximity to the IVD. Within the
intervertebral foramen, between the nerve root and
the surrounding walls of the bony canal, there is, un-
der normal conditions, sufficient space. However, the
nerve root may become compressed if any of the re-
serve spaces narrow due to disc protrusion, disc her-
niation, osteophytes, enlarged vessels, or overgrown
bone tissue (spinal canal stenosis) [25].

Compression of a spinal nerve root causes dis-
tinct, segmental sensory and motor disturbances in
the trunk and limbs. The precise location and degree
of damage to the root determines whether the most
pronounced symptoms will reflect the involvement of
the ventral or dorsal branch of the nerve. Pain within
the dermatome may vary in character depending on
the type and degree of nerve compression [26].

The most common form of radicular pain is sciat-
ica - a set of painful symptoms resulting from irrita-
tion of the nerve roots forming the sciatic nerve. The
association of sciatica with mechanical compression
of the root by a herniated nucleus pulposus has been
known for a long time, yet the exact pathomecha-
nism of radicular pain - similar to that in the case of
LBP - is not fully understood. However, many factors
influencing the development of radicular pain have
been described. [27].

Pain associated with an IVD herniation is caused
not only by mechanical damage but also by chemical
irritation of the nerve root. Under physiological con-
ditions, the IVD is not located within the spinal ca-
nal, so if it shifts there, it triggers a foreign body reac-
tion. The mechanical and chemical irritation leads to
changes in the nerve root - initially, edema and later
atrophy. Compressed nerve fibers within the root
may spontaneously generate action potentials. Com-
pression results in demyelination of the root axons
and alters their excitability — inflammatory changes
in the root increase its sensitivity to additional me-
chanical irritation [28].

In vitro studies have shown that it is not a direct
mechanical injury that causes damage, but rather dis-

turbances in blood supply underlie the impairment
of function. It has been demonstrated that venous
outflow disturbances occur early, even at pressures
ranging from 5 to 10 mmHg. As a consequence of im-
paired outflow, there is a reduction in capillary flow,
potentially leading to local ischemia. Partial impair-
ment of nerve conduction may occur at pressures
as low as 10 mmHg [29]. At higher values, reaching
50 mmHg, edema formation occurs. Complete con-
duction block occurs at pressures of 50-75 mmHg,
acting for 1-2 hours. Necrosis occurs at pressure val-
ues of 70-130 mmHg [30].

It is accepted that when the pressure on the root
is below 200 mmHg, the damage results almost ex-
clusively from impaired circulation. Meanwhile, the
pressure exerted on the root in the presence of a her-
niated nucleus pulposus averages about 50 mmHg
[31]. Moreover, it has been observed that local swell-
ing around the root is more pronounced when the
pressure rises rapidly than when it is increased grad-
ually. This observation may explain the better adap-
tation to long-term, slowly progressing pathological
processes such as spinal canal stenosis compared
to the case of an acute herniated nucleus pulposus,
where symptoms are generally much more severe.
On the other hand, compression of periradicular ve-
nous plexuses easily leads to disturbances in capillary
circulation with subsequent ischemia and swelling.
A vicious cycle of disease occurs when compression
causes swelling and an increase in the volume of the
root, consequently increasing the pressure on the
root [32].

Currently, it is believed that the widespread hy-
pothesis that pain arises due to mechanical compres-
sion is considered an oversimplification. It is not in
line with the observation that 20-30% of individu-
als in the general population, without any history of
radicular pain, show imaging features of mechanical
compression of nerve roots within the interverte-
bral foramen [33]. Furthermore, based on pressure
measurements on the root during microdiscectomy,
it was found that the intensity of symptoms, includ-
ing radicular symptoms, does not correlate with the
degree of root compression [34].

Apart from LBP and radicular pain, which are es-
sential components of the clinical picture of degen-
erative disc disease, some patients also experience
muscle pain. Irritation of the dorsal branches of the
spinal nerve can lead to continuous motor impulses
to the muscles, resulting in abnormal contractions
and pain. Furthermore, the instability of the mo-
tion segment associated with disc disease can induce
compensatory contraction of the trunk and proximal
limb muscles, causing excessive tension and over-
load [35]. Patients typically perceive a combination
of painful symptoms that further evolve with the
duration of the disease. From a pathophysiological
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perspective, it is presumed that the combination of
structural, biochemical, and physiological changes in
the peripheral and central nervous systems acts as
a common pathway for the “mixed pain” character-
istic of chronic LBP and sciatica [36]. A dorsolateral
disc herniation compressing the nerve root initially
causes purely radicular pain, which later transforms
into pain consisting of radicular, pseudoradicular, and
myotendinous elements. Spinal pain is characterized
by considerable diversity and tends to transform into
chronic pain [37].

Diagnosis of discopathic changes

The most common levels for degeneration and
herniation of the IVD are L4/L5 and L5/S1. Typically,
the disease begins with an acute, burning, stabbing
pain in the lumbar region radiating to the back of the
lower limb, down to the shin. The pain is usually su-
perficial and localized, often accompanied by numb-
ness. A detailed interview regarding the location of
the pain is crucial in determining the spinal level
where the nerve root is compressed (Table 2) [38].

In advanced disease, paralysis and weakened deep
reflexes can occur. Sometimes, symptoms of cauda
equina syndrome may appear in the course of a cen-
tral disc herniation, which is an urgent indication
for surgical intervention. Based on the examination
of superficial sensations, motor functions, and deep
reflexes, the responsible level for symptoms can be
precisely determined according to dermatomes and
the knowledge of the innervation of individual mus-
cle groups. For example, the nerve roots of the up-
per lumbar spine (L1-L3) control the function of the
iliopsoas muscle, which is primarily responsible for
thigh flexion. Fibers from roots L2-L4 innervate the
quadriceps femoris muscle, which is a knee extensor.
The L4 root innervates the anterior tibialis muscle,
responsible for dorsal flexion of the foot causing a pa-
tient with a damaged L4 root to have difficulty walking
on their heels. Fibers from the L5 root innervate the
extensor hallucis longus muscle and the thigh adduc-
tors, and a positive Trendelenburg test may indicate
damage [39]. An essential part of the examination is
the assessment of stretch signs. In the compression
of the L5-S1 roots, the Lasegue sign is often posi-
tive. The Lasegue test is highly sensitive in recogniz-

Table 2. Distribution of pain and muscle weakness depending on the level of the disease [41]

Level of the spine Pain localization Muscle function

T12-L1 Groin area and medial surface of the thigh —

L1-L2 Anterior and medial part of the upper thigh surface Slight weakness of the quadriceps femoris muscle, slight
weakness of the knee reflex

L2-L3 Anterolateral surface of the thigh Weakness of the quadriceps femoris muscle, weakness of
the knee reflex

L3-L4 Posterolateral surface of the thigh, anterior surface of Weakness of the quadriceps femoris muscle, weakness of

the lower leg the knee reflex
L4-L5 Dorsal surface of the foot Weakness of the dorsal flexors of the toe and foot
L5-S1 Lateral surface of the foot Weakness or the absence of the ankle reflex

ing root syndromes, with a sensitivity ranging from
72% to 97%, albeit with relatively low specificity. In
the diagnosis of sciatica, another stretch sign - the
Mackiewicz sign — has lower sensitivity, ranging from
43% to 60% [40].

The described characteristics of symptoms, un-
fortunately, apply only to a portion of patients, spe-
cifically those with a classic root syndrome caused
by compression of nerve roots. As mentioned above,
the source of pain in degenerative spinal disease can
be the disc itself, as well as structures in its vicinity,
such as the longitudinal ligaments or facet joints.
The clinical picture can be non-specific and chal-
lenging to interpret. Additionally, psychological and
socioeconomic factors play a significant role [42].
Elements of a medical examination, such as a posi-
tive sign (a maneuver interpreted by the patient as
inducing pain), tenderness to touch, or an exaggerat-
ed response to medical examinations, may raise sus-

picions of pain on a psychological basis. It has been
shown that such symptoms occur more frequently in
patients filing disability claims and in those who have
had workplace accidents [43].

LBP can also occur in other, more serious condi-
tions. Therefore, degenerative disc disease should be
considered after excluding other medical conditions
such as tumors, infections, fractures, or cauda equina
syndrome. Alarming symptoms in true lumbar radic-
ulopathy or other conditions resembling radiculopa-
thy are referred to as “red flags.” For tumors or in-
fections, “red flags” include age over 50 or under 20,
a history of cancer, general symptoms such as fever,
chills, unexplained weight loss, immunosuppression,
intravenous drug use, and pain worsening in a lying
position. On the other hand, a history of trauma, pro-
longed corticosteroid therapy, osteoporosis, and age
>70 years may suggest a vertebral fracture. Alarming
symptoms of nerve root compression include urinary
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and fecal incontinence, sensory disturbances resem-
bling “pants” in cauda equina syndrome, or signifi-
cant muscle weakness, as in sudden foot drop [44].

Imaging diagnostic methods are crucial for de-
termining the diagnosis, stage of advancement, and
potential indications for surgical treatment in de-
generative disc disease. The two most important and
commonly used diagnostic methods are conventional
radiography and MRI. Other methods, such as CT,
CT myelography, bone scintigraphy, ultrasonog-
raphy, and PET/CT, are currently supplementary
methods [45].

Conventional radiography

X-rays are usually the initial diagnostic examina-
tion in spinal degenerative disease due to their low
cost and widespread availability. They effectively
illustrate significant changes such as interverte-
bral space narrowing, osteophytes, sclerosis within
vertebral bodies, degenerative kyphosis, scoliosis,
and spondylolisthesis. Degenerative disc changes
manifest on X-rays as a reduction in disc height, the
vacuum phenomenon (caused by gas accumulation
within the degenerating disc), and disc calcifica-
tions. Primary projections include anteroposterior
and lateral views, supplemented by functional stud-
ies [46].

Computed tomography

This examination has lower tissue resolution com-
pared to MRI. Therefore, in practice, an indication for
performing CT for the evaluation of spinal pain is in
patients with contraindications to MRI. Currently,
thanks to significant technological advancements,
there is the possibility of reconstructing images in
virtually any plane and creating volumetric recon-
structions. This allows for a detailed assessment of
the structure and pathology of the vertebrae, to a
lesser extent the intervertebral discs, and in selected
cases, with the use of a contrast agent, the soft tis-
sues, primarily the soft tissue structures around the
spine and within the vertebral canal. Multiplanar re-
constructions can be used to better assess vertebral
canal stenosis and narrowing or pathological widen-
ing of intervertebral foramina. CT imaging is less pre-
ferred compared to MRI due to the necessity of using
ionizing radiation [47].

Magnetic resonance imaging

MRI visualizes soft tissues such as the spinal
cord, nerve roots, meninges, IVD, muscles, liga-

ments, joint effusions, adipose tissue, connective
tissue scars, and inflammatory granulation tissue
in great detail. This examination also allows for the
assessment of the vertebral endplates, the marrow
cavity, degenerative changes, and vertebral heman-
giomas. Imaging changes to the intervertebral discs
are very detailed and allow for the evaluation of disc
herniations, sequestrations, disruptions of the an-
nulus fibrous, and compression of vertebral canal
structures, which is crucial in making therapeutic
decisions [48].

The MRI examination always begins with cross-
sectional spin-echo sequences (currently most of-
ten in their modifications: fast spin-echo or turbo
spin-echo) in T1- and T2-weighted images. The
scans should cover the entire spinal canal and both
intervertebral foramina. Subsequently, at the levels
of identified changes, examinations are performed
in axial planes (usually in T2-weighted spin-echo
or gradient T2*-weighted images; only in patients
with previous lumbar disc herniation surgery, addi-
tional T1-weighted images are necessary), with the
layers tilted parallel to the intervertebral spaces.
Axial scans should cover the entire intervertebral
foramen [49].

In addition to conventional spin-echo tech-
niques, numerous additional sequences are used:
gradient-echo sequences - helpful in differentiat-
ing osteophytes from small disc herniations; fat
suppression sequences (FatSat) — useful in cases of
unclear images of the vertebral bodies, e.g., to dis-
tinguish fatty degeneration from destructive chang-
es. Steady-state sequences (CISS, FIESTA, CBASS,
DRIVE) allow for a more accurate assessment of the
outlines of the spinal cord and the thecal sac than
conventional sequences, enabling, for example, a
better determination of the relationship between
osteophytes and the thecal sac, spinal cord, and spi-
nal nerve roots. Currently, research is underway on
the application of other sequences and imaging with
3T devices [50].

The assessment and classification of degenerative
changes in the intervertebral discs on MRI examina-
tions with T2-weighted sequences are performed us-
ing the five-grade Pfirrmann scale, first described in
2001. It evaluates the condition of the IVD, its height,
and hydration. The latter feature is the best-deter-
mining factor in the MR image of the IVD, which cor-
relates well with the degree of degenerative changes.
Thus, Grade I indicates a homogeneous disc structure,
high signal intensity, and a normal disc height, while
Grade V indicates a non-homogeneous disc structure,
low signal intensity, a lack of distinction between the
annulus fibrous and the nucleus pulposus, and a sig-
nificantly reduced disc height [51].

In 1987, De Roos et al. first described changes in
the MRI images of vertebral bodies adjacent to de-
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generated intervertebral discs, and a year later, Mod-
ic et al. [52] introduced a formal classification based
on differences in imaging using T1 and T2-weighted
sequences. According to Modic, the altered signal is
not caused by the disease process itself. Instead, it
reflects its consequences, such as instability or over-
load. Based on these observations, a three-stage clas-
sification of degenerative changes in vertebral bodies
was introduced. In Type I, zones of decreased signal
intensity are visible with T1-weighted images and
increased in T2-weighted and FatSat images, located
adjacent to the endplates. These changes indicate an
active inflammatory process and correlate with active
spinal pain syndrome. In Type II, changes manifest
as zones of increased signal intensity in T1-weighted
images, located near the endplates. In T2-weighted
images, they are iso-intense or moderately hyperin-
tense, and in the FatSat sequence, the areas with fat-
ty degeneration signaling undergo characteristic sup-
pression — indicating chronic overload changes, with
marrow fat replacement corresponding to the chronic
stable phase of the disease with a possible conversion
to Type IIL. In Type III, zones of low signal intensity
are visible on T1- and T2-weighted images, as well
as fat saturation, located around the endplates. This
suggests marrow sclerosis, likely corresponding to
the clinical phase of healing and recovery, although
the exact significance is not known [53].

The assessment of changes in the vertebral bodies
over the course of degenerative spine disease, accord-
ing to Modic, is one of the most valuable diagnostic
tools currently available. Its primary advantages in-
clude its accessibility and high reliability. Additional-
ly, it facilitates differentiation between degenerative
changes and other more serious conditions such as
discitis or neoplastic changes. Kijer et al. [54] demon-
strated that even advanced degenerative changes in
the disc can occur without clinical symptoms, while
the presence of Modic Type I changes more often cor-
relates with an acute phase of spinal pain syndromes.
However, it is currently emphasized that degenera-
tive changes in the spine have a dynamic nature and
that Modic changes may be reversible - raising ques-
tions about their clinical value [55].

Another useful feature of MRI is the presence of
a high-intensity zone (HIZ) in the annulus fibrous,
first described in 1992 by Aprill and Bogduk [56].
These are linear or spherical high-signal zones visible
on T2-weighted images in the posterior part of the
annulus fibrous. The high signal of the HIZ on T2-
weighted images is caused by the presence of fluid
within a fissure of the annulus fibrous and neovascu-
larization occurring at the edge of the fissure, reflect-
ing the reparative processes. It has also been shown
that within a disc with a HIZ on MR examination, not
only are there indeterminate tissues in the annulus
fibrous, but also inflammatory tissues with granulo-

cytes, causing a higher signal compared to the signal
from the nucleus pulposus [57].

The prevalence of HIZs in a group of patients with
LBP, as assessed by MRI, was estimated at 28%, and
the positive predictive value of significantly altered
findings leading to clinical symptoms of disc degener-
ation was 86% [56]. However, the presence of a HIZ
has also been demonstrated in patients without
clinical symptoms, reaching 56%, and its frequency
increases with the age of the patients. In a recently
published study by Alyas et al. [58], they concluded
that a HIZ visualized on MRI represents non-specific
changes and may not necessarily be related to the oc-
currence of back pain symptoms.

The bulging of the IVD is visualized on axial sec-
tions as a symmetrical displacement of the outer
contour of the disc beyond the outline of the verte-
bral body, towards the spinal canal or intervertebral
foramina. Meanwhile, a focal bulging of the poste-
rior contour of the disc indicates a disc herniation,
which can be located centrally, paramedially, or later-
ally, less commonly far laterally or anteriorly. Based
on the relationship of the herniation to the parent
disc, it is possible to differentiate the type of hernia-
tion into protrusion, extrusion, and sequestration. In
the case of protrusion, the dimension of the bulging
fragment perpendicular to the disc is smaller than its
base, while in extrusion, this dimension is larger than
the base of the herniation. Moreover, the position of
the separated disc fragment is visualized in detail on
the MRI in the case of sequestration [59].

Study limitations

According to the authors, the paper constitutes
a valuable summary of the current state of knowl-
edge regarding etiopathogenesis, clinical symptoms,
and diagnostic methods of IVD disease. Neverthe-
less, this review paper has potential methodological
limitations that need to be addressed. It is a narra-
tive review developed based on guidelines and the
Narrative Review Checklist. However, the authors
acknowledge that more appropriate guidelines, such
as PRISMA, could be applied in the future for a more
precise reporting of individual stages of methodolo-
gy (eligibility criteria, search strategy, selection proc-
ess, study risk of bias assessment, effect measures,
and synthesis methods) and results (study selection,
study characteristics, risk of bias in studies, results
of individual studies, results of syntheses, reporting
biases, and certainty of evidence). Conducting de-
tailed systematic or scoping reviews on the discussed
topic is necessary. Scientific data and clinical reports
should be continuously verified due to the high vol-
ume of research publications of insufficient quality
and evidence strength.
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CONCLUSIONS

The analysis of an interdisciplinary approach to
the degeneration of IVDs, focused on the collabora-
tion of specialists from various medical fields, con-
stitutes a significant concept aimed at improving the
effectiveness of treatment and the quality of care. Ul-
timately, understanding the essence of the problem

REFERENCES

1. Kirsch Micheletti J, Blafoss R, Sundstrup E, Bay H, Pastre
CM, Andersen LL. Association between lifestyle and mus-
culoskeletal pain: cross-sectional study among 10,000 adults
from the general working population. BMC Musculoskeletal
Dis 2019; 20: 609.

2. Miekisiak R. Morphology of the myofascial structures of the
lumbosacral complex in healthy people: preliminary report
from single-center and cross-sectional study. Physio Rev
2021; 25: 64-8.

3. Colombini A, Lombardi G, Corsi MM, Banfi G. Pathophysiol-
ogy of the human intervertebral disc. The Inter J Bioch & Cell
Biol 2008; 40: 837-42.

4. Roughley PJ. Biology of intervertebral disc aging and degen-
eration: involvement of the extracellular matrix. Spine (Phila
Pa 1976) 2004; 29: 2691-9.

5. Baptista J da S, Fontes RB de V, Liberti EA. Aging and de-
generation of the intervertebral disc: review of basic science.
Coluna/Columna 2015; 14: 144-8.

6. Maeda S, Kokubun S. Changes with age in proteoglycan syn-
thesis in cells cultured in vitro from the inner and outer rab-
bit annulus fibrosus. Responses to interleukin-1 and inter-
leukin-1 receptor antagonist protein. Spine (Phila Pa 1976)
2000; 25: 166-9.

7. LiW, Liu T, Wu L, Chen C, Jia Z, Bai X, et al. Blocking the
function of inflammatory cytokines and mediators by us-
ing IL-10 and TGF-P: a potential biological immunotherapy
for intervertebral disc degeneration in a beagle model. Inter
J Mol Scie 2014; 15: 17270-83.

8. Sharma A, Pilgram T, Wippold FJ. Association between annu-
lar tears and disk degeneration: a longitudinal study. AJNR
Am J Neuroradiol 2009; 30: 500-6.

9. Wu PH, Kim HS, Jang I-T. Intervertebral disc diseases part 2:
a review of the current diagnostic and treatment strategies
for intervertebral disc disease. Int J Mol Sci 2020; 21: 2135.

10. Thompson JP, Pearce RH, Schechter MT, Adams ME, Tsang
IK, Bishop PB. Preliminary evaluation of a scheme for grad-
ing the gross morphology of the human intervertebral disc.
Spine (Phila Pa 1976) 1990; 15: 411-5.

11. Kauppila LI Atherosclerosis and disc degeneration/low-back
pain: a systematic review. Eur J Vasc Endovasc Surg 2009; 37:
661-70.

12. Kalb S, Martirosyan NL, Kalani MYS, Broc GG, Theodore N.
Genetics of the degenerated intervertebral disc. World Neu-
rosurg 2012; 77: 491-501.

13. Zhangy, ZhaoY, Wang M, Si M, LiJ, Hou Y, et al. Serum lipid

levels are positively correlated with lumbar disc herniation-a

and its complexity allows for the implementation of
more effective therapeutic strategies. This approach
requires a holistic view of the condition, taking into
account biomedical, psychosocial, and interdiscipli-
nary aspects. Further research and the development
of clinical practice are crucial for refining diagnostic,
therapeutic, and preventive methods related to this
exceptionally complex clinical issue.

retrospective study of 790 Chinese patients. Lipids in Health
and Disease 2016; 15: 80.

14. Mertimo T, Karppinen J, Niinimaki J, Blanco R, Maatta J,
Kankaanpii M, et al. Association of lumbar disc degeneration
with low back pain in middle age in the Northern Finland birth
cohort 1966. BMC Musculoskeletal Disorders 2022; 23: 359.

15. El Sayed M, Callahan AL. Mechanical back strain [online]
2023 [cited 17.11.2023]. Available from URL: http://www.
ncbi.nlm.nih.gov/books/NBK542314/

16. AokiY, TakahashiY, Takahashi K, Chiba T, Kurokawa M, Ozawa
T, et al. Sensory innervation of the lateral portion of the lum-
bar intervertebral disc in rats. The Spine J 2004; 4: 275-80.

17. Brisby H. Pathology and possible mechanisms of nervous
system response to disc degeneration. J Bone Joint Surg Am
2006; 88 Suppl 2: 68-71.

18. Peng B-G. Pathophysiology, diagnosis, and treatment of dis-
cogenic low back pain. World J Orthop 2013; 4: 42-52.

19. Morris P, Ali K, Merritt M, Pelletier J, Macedo LG. A system-
atic review of the role of inflammatory biomarkers in acute,
subacute and chronic non-specific low back pain. BMC Mus-
culoskelet Disord 2020; 21: 142.

20. Babinska A, Wawrzynek W, Czech E, Skupinski J, Szczygiet J,
Eabuz-Roszak B. No association between MRI changes in the
lumbar spine and intensity of pain, quality of life, depressive
and anxiety symptoms in patients with low back pain. Neurol
i Neuroch Pol 2019; 53: 74-82.

21. Manchikanti L, Soin A, Benyamin RM, Singh V, Falco FJ, Cal-
odney AK, et al. An update of the systematic appraisal of the
accuracy and utility of discography in chronic spinal pain.
Pain Physician 2018; 21: 91-110.

22. Cohen SP, Raja SN. Pathogenesis, diagnosis, and treatment
of lumbar zygapophysial (facet) joint pain. Anesthesiol 2007;
106: 591-614.

23. Varlotta GP, Lefkowitz TR, Schweitzer M, Errico TJ, Spivak
J, Bendo JA, et al. The lumbar facet joint: a review of cur-
rent knowledge: part II: diagnosis and management. Skeletal
Radiol. 2011; 40: 149-57.

24. Han CS, Hancock MJ, Sharma S, Sharma S, Harris IA, Co-
hen SP, et al. Low back pain of disc, sacroiliac joint, or facet
joint origin: a diagnostic accuracy systematic review [online]
2023 [cited 17.11.2023]. Available from URL: https://www.
thelancet.com/journals/eclinm/article/PI1S2589-5370-
(23)00137-2/fulltext.

25. Kwon J, Moon S-H, Park S-Y, Park S-J, Park S-R, Suk K-S, et
al. Lumbar spinal stenosis: review update 2022. Asian Spine
J 2022; 16: 789-98.

Medical Science Pulse 2024 (18) 1



10

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

ApAM DRUSZCZ ET AL.

Kobayashi S, Baba H, Uchida K, Kokubo Y, Kubota C, Yamada
S, et al. Effect of mechanical compression on the lumbar nerve
root: localization and changes of intraradicular inflammatory
cytokines, nitric oxide, and cyclooxygenase. Spine (Phila Pa
1976) 2005; 30: 1699-705.

Blamoutier A. Nerve root compression by lumbar disc hernia-
tion: a French discovery? Orthop Traumatol Surg Res 2019;
105: 335-8.

Gupta R, Rummler L, Steward O. Understanding the biology
of compressive neuropathies. Clin Orthop Relat Res 2005;
251-60.

Olmarker K, Rydevik B, Hansson T, Holm S. Compression-in-
duced changes of the nutritional supply to the porcine cauda
equina. J Spinal Disord 1990; 3: 25-9.

lorio JA, Jakoi AM, Singla A. Biomechanics of degenerative
spinal disorders. Asian Spine J 2016; 10: 377-84.

Takahashi K, Shima I, Porter RW. Nerve root pressure in lum-
bar disc herniation. Spine (Phila Pa 1976) 1999; 24: 2003-6.
Bibby SR, Jones DA, Lee RB, Yu J, Urban JPG. The pathophys-
iology of the intervertebral disc. Joint Bone Spine 2001; 68:
537-42.

Wang N, Sun D, Zhang X, Xi Z, Li J, Xie L. Nerve abnormali-
ties in lumbar disc herniation: a systematic review and meta-
analysis of diffusion tensor imaging. PLoS One 2022; 17:
€0279499.

Manchikanti L, Derby R, Benyamin RM, Helm S, Hirsch JA.
A systematic review of mechanical lumbar disc decompres-
sion with nucleoplasty. Pain Physician 2009; 12: 561-72.
Zhang S, Hu B, Liu W, Wang P, Lv X, Chen S, et al. The role of
structure and function changes of sensory nervous system in
intervertebral disc-related low back pain. Osteoarthritis and
Cartilage 2021; 29: 17-27.

LiW, Gong, Liu J, Guo Y, Tang H, Qin S, et al. Peripheral and
central pathological mechanisms of chronic low back pain:
a narrative review. J Pain Res 2021; 14: 1483-94.

Chanda ML, Alvin MD, Schnitzer TJ, Apkarian AV. Pain char-
acteristic differences between subacute and chronic back
pain. J Pain 2011; 12: 792-800.

Saleem S, Aslam HM, Rehmani MAK, Raees A, Alvi AA, Ashraf
J. Lumbar disc degenerative disease: disc degeneration symp-
toms and magnetic resonance image findings. Asian Spine J
2013; 7: 322-34.

Roussel NA, Nijs J, Truijen S, Smeuninx L, Stassijns G. Low
back pain: clinimetric properties of the Trendelenburg test,
active straight leg raise test, and breathing pattern during ac-
tive straight leg raising. J Manipulative Physiol Ther 2007,
30:270-8.

Ohry A. A forgotten eponym: the Mackiewicz sign. Harefuah
2011; 150: 548-9, 550.

Khan N, Drolet CE, Farrokhi F, Nemani V, Leveque J-CA,
Krause K, et al. Clinical guidelines for the evaluation and
treatment of lumbar disc herniations: how accurate is the in-
ternet? World Neurosurgery 2023; 178: e682-91.

Huang Z, Guo W, Martin JT. Socioeconomic status, mental
health, and nutrition are the principal traits for low back pain
phenotyping: data from the osteoarthritis initiative. JOR
SPINE 2023; 6: €1248.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Govindu NK, Babski-Reeves K. Effects of personal, psycho-
social and occupational factors on low back pain severity in
workers. Inter J Industr Ergo 2014; 44: 335-41.

Jacobs WCH, van Tulder M, Arts M, Rubinstein SM, van
Middelkoop M, Ostelo R, et al. Surgery versus conservative
management of sciatica due to alumbar herniated disc: a sys-
tematic review. Eur Spine J 2011; 20: 513-22.

Rao D, Scuderi G, Scuderi C, Grewal R, Sandhu SJ. The use
of imaging in management of patients with low back pain.
J Clin Imaging Sci 2018; 8: 30.

AlAteeq M, Alseraihi AA, Alhussaini AA, Binhasan SA, Ah-
mari EA. Plain lumbosacral X-rays for low back pain: findings
correlate with clinical presentation in primary care settings.
J Family Med Prim Care 2020; 9: 6115-20.

Van Rijn RM, Wassenaar M, Verhagen AP, Ostelo RWJG,
Ginai AZ, de Boer MR, et al. Computed tomography for the
diagnosis of lumbar spinal pathology in adult patients with
low back pain or sciatica: a diagnostic systematic review. Eur
Spine J 2012; 21: 228-39.

Kanna RM, Shetty AP, Rajasekaran S. Patterns of lumbar disc
degeneration are different in degenerative disc disease and
disc prolapse magnetic resonance imaging analysis of 224 pa-
tients. Spine J 2014; 14: 300-7.

Suthar P, Patel R, Mehta C, Patel N. MRI evaluation of
lumbar disc degenerative disease. J Clin Diagn Res 2015; 9:
TC04-9.

Lee S, Jee W-H, Jung J-Y, Lee S-Y, Ryu K-S, Ha K-Y. MRI of
the lumbar spine: comparison of 3D isotropic turbo spin-
echo space sequence versus conventional 2D sequences at 3.0
T. Acta Radiol 2015; 56: 174-81.

LiY, Fredrickson V, Resnick DK. How should we grade lumbar
disc herniation and nerve root compression? A systematic re-
view. Clin Orthop Relat Res 2015; 473: 1896-902.

Modic MT, Steinberg PM, Ross JS, Masaryk TJ, Carter JR.
Degenerative disk disease: assessment of changes in verte-
bral body marrow with MR imaging. Radiology 1988; 166:
193-9.

Herlin C, Kjaer P, Espeland A, Skouen JS, Leboeuf-Yde C,
Karppinen J, et al. Modic changes - their associations with
low back pain and activity limitation: a systematic literature
review and meta-analysis. PLoS One 2018; 13: e0200677.
Kjaer P, Korsholm L, Bendix T, Sorensen JS, Leboeuf-Yde C.
Modic changes and their associations with clinical findings.
Eur Spine J 2006; 15: 1312-9.

Hutton MJ, Bayer JH, Powell JM. Modic vertebral body
changes: the natural history as assessed by consecutive mag-
netic resonance imaging. Spine (Phila Pa 1976) 2011; 36:
2304-7.

Aprill C, Bogduk N. High-intensity zone: a diagnostic sign of
painful lumbar disc on magnetic resonance imaging. Br J Ra-
diol 1992; 65: 361-9.

Cheung JPY, Luk KDK. The relevance of high-intensity zones
in degenerative disc disease. Int Orthop 2019; 43: 861-7.
Alyas F, Sutcliffe J, Connell D, Saifuddin A. Morphological
change and development of high-intensity zones in the lum-
bar spine from neutral to extension positioning during up-
right MRI. Clin Radiol 2010; 65: 176-80.

www.medicalsciencepulse.com



Degeneration of the intervertebral disc as an interdisciplinary clinical problem... Part 1

59. Scarcia L, Pileggi M, Camilli A, Romi A, Bartolo A, Giubbolini phological and functional considerations. J Pers Med 2022;
E et al. Degenerative disc disease of the spine: from anatomy 12:1810.

to pathophysiology and radiological appearance, with mor-

Word count: 5265 « Tables: 2 « Figures: 0 « References: 59

Sources of funding:
The research was funded by the authors.

Conflicts of interests:
The authors report that there were no conflicts of interest.

Cite this article as:

Druszcz A, Mi§ M, Mis§ M, Szzcepanska M, Paprocka-Borowicz M.

Degeneration of the intervertebral disc as an interdisciplinary clinical problem in the context
of neurosurgery: a summary of the state of knowledge. Part 1.

Med Sci Pulse 2024;18(1):1-11. DOI: 10.5604/01.3001.0054.3352.

Corresponding author:

Matgorzata Paprocka-Borowicz

E-mail: malgorzata.paprocka-borowicz@umw.edu.pl
Department of Physiotherapy,

Wroclaw Medical University

ul. T. Chatubinskiego 3, 50-368 Wroclaw, Poland

Other authors/contact:

Adam Druszcz

E-mail: dr.druszcz@gmail.com
Maciej Mis

E-mail: mis.neurochirurg@gmail.com

Marcin Mi$

E-mail: marcin.mis@gmail.com Received: 8 January 2024

Marta Szczepanska Reviewed: 26 January 2024
E-mail: szczepanska.marta@op.pl Accepted: 6 February 2024

Medical Science Pulse 2024 (18) 1



