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Objective: Lumbar degenerative spinal ailments are the most important causes for chronic low back pain.
Modic changes (MC) are vertebral bone marrow signal intensity changes seen on MRI, commonly in
association with degenerative disc disease (DDD). Despite being widely studied, majority of issues
concerning MC are still controversial. The current narrative, evidence-based review comprehensively
discusses the various aspects related to MC.
Literature search: An elaborate search was made using keywords “Modic changes”, “lumbar Modic
changes”, “Modic changes in lumbar spine”, and “vertebral Endplate Spinal Changes”, on pubmed and
google (scholar.google.com) databases on the 3rd of March 2020. We identified crucial questions
regarding Modic changes and included relevant articles pertaining to these topics for this narrative
review.
Results: The initial search using the keywords “Modic changes”, “lumbar Modic changes”, “Modic
changes in lumbar spine”, and “vertebral Endplate Spinal Changes” on pubmed yielded a total of 568,
412, 394 and 216 articles on “pubmed” database, respectively. A similar search using the aforementioned
keywords yielded a total of 3650, 3548, 3726 and 21570 articles on “google scholar” database. The initial
screening involved exclusion of duplicate articles, articles unrelated to MC, animal or other non-clinical
studies, and articles in non-English literature based on abstracts or the titles of articles. This initial
screening resulted in the identification of 405 articles. Full manuscripts were obtained for all these
selected articles and thoroughly scrutinised at the second stage of article selection. All articles not
concerning Modic changes, not pertaining to concerned questions, articles concerning other degenera-
tive phenomena, articles discussing cervical or thoracic MC, case reports or animal studies, articles in
non-English language and duplicate articles were excluded. Review articles, randomised controlled trials
and level 1 studies were given preference. Overall, 69 articles were included in this review.
Conclusion: Modic change (MC) is a dynamic phenomenon and its true etiology is still not definitely
known. Disc/end plate injury, occult discitis and autoimmune reactions seem to trigger an inflammatory
cascade, which leads to their development. Male sex, older age, diabetes mellitus, genetic factors,
smoking, obesity, spinal deformities, higher occupational loads and DDD are known risk factors. There is
no conclusive evidence on the causative role of MC in chronic low back pain (LBP) or any influence on the
long term outcome in patients with LBP or lumbar disc herniations (LDH). Patients with MC have been
reported to have less satisfactory outcome following conservative treatment or discectomy, although the
evidence is still unclear.
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1. Introduction

In 1988, Modic described three types of vertebral marrow signal
changes adjacent to endplates on magnetic resonance imaging
(MRI).1,2 The clinical relevance of this endplate-marrow phenom-
enon has been debated over years. Even after two decades since the
initial description, there is no lucid consensus regarding the
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etiology, patho-physiology, clinical significance and surgical rele-
vance of Modic changes (MC) and most issues concerning this
phenomenon in degenerative spinal disorders are still
controversial.3,4

The current article is a comprehensive review discussing diverse
aspects of MC including its historical background, etiology, patho-
biology, epidemiology and treatment implications, as well as evi-
dence in the current literature on these issues.

2. Literature search

An elaborate searchwasmade using keywords “Modic changes”,
“lumbar Modic changes”, “Modic changes in lumbar spine”, and
“vertebral Endplate Spinal Changes”, on pubmed and google
(scholar.google.com) databases on the 3rd of March 2020. We
identified crucial questions regarding MC and included relevant
articles pertaining to these topics.

3. Results

The initial search using the keywords “Modic changes”, “lumbar
Modic changes”, “Modic changes in lumbar spine”, and “vertebral
Endplate Spinal Changes” on pubmed yielded a total of 568, 412,
394 and 216 articles on “pubmed” database, respectively. A similar
search using the aforementioned keywords yielded a total of 3650,
3548, 3726 and 21570 articles on “google scholar” database. The
initial screening involved exclusion of duplicate articles, articles
unrelated to MC, animal or other non-clinical studies, and articles
in non-English literature based on abstracts or the titles of articles.
This initial screening resulted in the identification of 405 articles.
Full manuscripts were obtained for all these selected articles and
thoroughly scrutinised at the second stage of article selection. All
articles not concerning Modic changes, not pertaining to concerned
questions, articles concerning other degenerative phenomena, ar-
ticles discussing cervical or thoracic MC, case reports or animal
studies, articles in non-English language and duplicate articles
were excluded. Review articles, randomised controlled trials and
level 1 studies were given preference (Fig. 1). Finally, 69 articles
were included in this review. We did not perform any screening
[Methodological Index for non-randomized studies (MINORS) or
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) criteria] for including articles.

3.1. Low back pain and historic background of MC

Low back pain (LBP) is a common disabling condition, which
afflicts 80% of adults during their lifetime.5 Lumbar degenerative
disc disease (DDD) is an important cause for LBP.6 With the advent
of MRI, the complex relationship between disc, vertebral body, end
plates and facet joints; as well as their individual roles in the
pathogenesis of LBP have received tremendous attention.7

The disc is avascular with sparse nerve distribution and lacks a
strong physiological basis as a primary pain generator.8 Over years,
the attention has therefore shifted to other anatomical structures
like endplates to explain the etiological basis of LBP.9 Vertebral
endplate is a thin interface between bone marrow (BM) and disc;
and any loss of its integrity can potentially trigger a cascade of
degenerative events.10,11 The endplate is rich in neural elements,
and therefore can be a pain generator.12 The two main arms of
endplate research are Modic changes (MC) and endplate lesions
(Schmorl’s nodes/fractures/erosions/calcifications).13,14

The concept of MC is well-known over the past 30 years and is
one of the highly controversial topics till date.15e20 The current
literature review comprehensively discusses various issues
regarding MC including historical details, etiology, patho-biology,
clinical features, causative role in back pain and other treatment
considerations.

In 1987, Roos et al.21 first described BM signal intensity changes
immediately adjacent to degenerated discs on MRI. They attributed
these changes to DDD itself, rather than infection or tumors. A year
later, Modic et al.1,2 classified these signal changes into three cat-
egories, still popularly calledModic’s changes (MC) types I, II and III.
The basis for this classification was the appearance of lesion on T1-
and T2-weighted spin-echo (T1WI and T2WI) sequences on MRI.
T1WI is the sequence characterized by short repetition time (TR)/
short echo time (TE), while T2WI is characterized by long TR/long
TE ratio.22

MC type I is characterized by hypo- and hyper-intense signal
intensities on T1WI and T2WI, respectively. Histologically, in MC I
lesions, endplate is disrupted, fibrous tissue replaces BM amidst
thickened trabeculae and disc-bone interface is filled with vascu-
larised granulation tissue.1,2 These changes represent BM edema
and inflammation. MC II is defined by hyper-intense signal on T1WI
and T2WI. Apart from the aforementioned findings of MC I, MC type
II specimens additionally demonstrate fatty marrow replacement.
These findings represent conversion of normal hematopoietic
marrow into fatty, yellow BM. Type III MC is characterized by hypo-
intense signals on both T1WI and T2WI MRI, related to sub-
chondral bone sclerosis (Fig. 2).23 Histo-morphometric analysis of
specimens from Modic lesions have demonstrated that MC I is
characterised by high bone turnover, type II shows decreased bone
turnover and type III lesions are stable. These histological features
highlight the dynamic interactions between bone and marrow
compartments in MC. These findings have also been confirmed by
bone scintigraphy.22,24e26

3.1.1. Results of original Modic’s study
In his original study, Modic1,2 had studied 474 lumbar MR im-

ages. Four and 16% of images showedMC types I and II, respectively.
Only less than 1% of MRI showed Modic type III changes. Modic
followed his patients with type I and II changes longitudinally. Five
out of six patients withMC I progressed onto type II over 2e3 years,
while 10 patients with MC II remained stable. Modic postulated
these signal intensity changes to be a spectrum of vertebral BM
changes associated with DDD. He concluded that these 3 types
represent different stages of the same pathological process (Fig. 3).

3.2. Etiology and patho-biology of MC

The elucidation of etiology of MC is complicated by multi-
factorial patho-physiology and dynamic presentation (Fig. 4). It
remains unclear why some patients with DDD develop MC, while
others do not. Different factors may pave way for the development
of different types and also for the conversion of one MC to
another.27 The common risk factors include male sex, older age,
duration and severity of diabetes mellitus, genetic factors, smoking,
obesity, spinal deformities and higher occupational loads. The most
common risk factor for MC is the presence of DDD. There is a high
probability of identifying MC in patients with other degenerative
findings like disc degeneration (DD), disc herniation (DH) and
endplate defects (ED).28e30

a) Degenerative disc disease (DDD): Although MC is found
adjacent to degenerated discs, DDD alone is not a sufficient trigger
for its development.31e33 The literature demonstrates a significant
association of endplate damages (ED) and large DH with
MC.23,31,32,34 ED leads to a cascade of degenerative interactions
between disc and vertebra. They lead to increased intra-osseous
pressure, affect metabolite transport, cause hydraulic vertebral
body-disc coupling, and flow of inflammatory mediators from disc
to BM. Such events lead to BM lesions adjacent to endplate.35,36
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Fig. 1. Flowchart depicting the methodology of article selection.
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Similar changes in acute fractures heal with time, as the inflam-
matory stimulus is short-lived. However in degenerative pathol-
ogies and in situations of persistent stimuli, there is an
accumulative damage to BM, leading to a “frustrated healing
response”within bone.37,38 These phenomena may lead to MC type
I lesions. Lv et al.9 showed that the size of ED might significantly
increase the size of MC lesions, as well as accelerate facet joint (FJ)
tropism and degeneration. High incidence of MC I has also been
demonstrated at the same levels as large DH.

b) Low-virulent infective discitis: Biological plausibility of in-
fectious etiology of MC emanates from the knowledge of nature of
disc including poor vascularity, anerobic environment and low
healing capacity.3 It has been demonstrated that damage to pe-
ripheral disc canmake it vulnerable to infections from organisms of
low virulence like Cutibacterium acnes.39e41 Bacteremia may occur
during innocuous daily activities like brushing of teeth.39 While
good immune response and aerobic environment within blood and
BM curtail bacterial infection, disc may provide a conducive envi-
ronment for local infection.42 Discitis may result in production of
bacterial metabolites and cytokines, which leads to inflammation
within adjacent marrow.43 Elevated C-reactive protein (CRP) has
been reported in MC I lesions.42
Recently, Manniche et al.44 demonstrated the presence of Cuti-
bacterium acnes biofilm and inflammation in disc tissues of pa-
tients with disc herniation and no other signs of infection using
fluorescent in situ hybridization (FISH) method. They concluded
that a certain subgroup of patients with MC may have an under-
lying infection of low virulence and may benefit from antibiotic
therapy. In another recent systematic review, Jha et al.45 also re-
ported a similar conclusion and emphasized upon the need for
further clinical studies to determine the role of infectious etiology
in a subset of MC. Nevertheless, certain other prospective studies in
the recent literature have questioned the purported association
between infection and degeneration changes, and have offered only
a moderate support to the disc infection hypothesis in the pathol-
ogy of MC.46e49

c) Auto-immunity: After the embryonic development of disc,
nucleus pulposus (NP) never comes in contact with systemic cir-
culation. NPs therefore maintain their immunological privilege and
carry Fas ligand, capable of inducing apoptosis. When end plate
damage occurs, NP co-locates with BM immune cells.50 Following
exposure to immune system, NP cells get recognised as “foreign”
and an autoimmune reaction gets triggered. In such tissues, high
expression of cytokines, macrophages and activated T- and B-cells



Fig. 2. Modic type I change: A - Mid sagittal MRI section (L5-S1) showing hypo-intense signal intensity on T1 weighted image (T1WI) and B e Para sagittal MRI (L5-S1) showing
hyper-intense bone marrow lesion on T2WI. C and D -MC type II lesion (L5-S1) showing hyper-intense signal intensity on T1WI and T2WI parasagittal sections, respectively. E and F
- Type III MC (at L4-L5) showing hypo-intense signal intensity on both T1WI and T2WI parasagittal sections, respectively. G and H - Type III MC (at L4-L5) showing hypo-intense
signal intensity on both T1WI and T2WI parasagittal sections, respectively.

Fig. 3. MRI showing interval change of Modic lesion at L5-S1 over a period of 9 months. A and B e T2-and T1WI showing parasagittal sections of a typical Modic type 2 lesion. C and
D e Mid sagittal sections of T1-and T2WI showing evolution of the same lesions to a larger sized Modic type 1 lesion.
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have been detected.51 Disc cartilage proteoglycans can also trigger
autoimmune response through enhanced lymphocyte trans-
formation and monocyte infiltration.52

d) Genetic association: Genetic basis for lumbar DDD has been
evaluated in various studies. Rajasekaran et al.53,54 critically
reviewed the genetic associations of DDD-related morphological
phenotypes like DD, DH, MC, ED and Schmorl’s nodes (SN). They
reported genetic association of MC with vitamin D receptor (VDR)
and matrix-metalloproteinase-20 (MMP20) genes.55 Biczo15 re-
ported significant associations between specific lumbar DDD endo-
phenotypes and VDR variants genes. The search for “magic mo-
lecular bullet” which may target DDD-related changes has been a
topic for advanced research globally.
3.2.1. Final common pathway e Inflammatory cascade
Although disc/endplate injury, discitis and autoimmune reac-

tion may trigger the inflammatory cascade, development of MC is
not uniform. This discrepancy is due to variability in the inflam-
matory potential of disc material and the ability of BM to respond.
There are many similarities between the pathogenesis of BM le-
sions in osteoarthritis (OA) and MCs.

Some final common pathways for this inflammatory cascade in
MC include:

a. Toll-like receptors (TLR): Higher TNFa/IL-1b levels in degen-
erated discs enhance the TLR2-mediated NF-Kß-responsive



Fig. 4. Diagram showing multi-factorial etiology of Modic changes.
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gene transcription, as well as IL-6 and IL-8 production.56,57

These cytokines have been significantly associated with MC.
b. TLRs are receptors for bacterial cell wall and damage-
associated molecular proteins (DAMP). DAMP molecules are
extra-cellular matrix (ECM) molecules, which are released from
necrotic cells and play a crucial role in DDD.57

c. These cytokines released from degenerated discs enhance the
osteoclastic factors like RANKL, M-CSF etc. and result in altered
bone turnover within BM.58

d. The response of BM to inflammatory mediators depends on
the composition of BM itself. High marrow adipose tissue (MAT)
content leads to increased saturated fatty acids (FA) and oxi-
dised low-density lipoproteins (LDLs), which can cause adipo-
genesis and fatty marrow conversion, as seen in MC II lesions.59

High MAT may also sometimes cause continued PPARg activa-
tion leading to chronic osteogenesis and a situation similar to
MC III.60

e. Hyperloading-related mechanical injury can complement the
aforementioned biological factors and contribute to MC
pathobiology.61

In short, structural damage triggers an inflammatory cascade in
disc, which allows microbial infiltration and/or immune-mediated
reactions. These inflammatory reactions cause nociceptive stimuli
and activate intra-cellular signalling pathways leading to adipo-
genesis and osteoclastogenesis. The development of different types
of MC depends on the severity and duration of inflammatory
stimuli, as well as the degree to which BM can respond.57e61
3.3. Epidemiology

3.3.1. MC in asymptomatic population
Literature reports a huge variation in the prevalence of MC. In

the asymptomatic population, the reported prevalence is around
0.5%e47.1%.62e64 Majority of the studies indicate that MCs are more
common inmale patients. Recently, Chen et al.12 observed that MC I
are more prevalent in males, while the female counterparts tend to
develop MC II more frequently. There is no known ethnic predi-
lection for MC across the globe. Kanna et al.62 recently reported a
prevalence of 13% in a cohort of 809 Indian patients, while Vrede-
veld et al.63 reported 28.6% prevalence of MC among European
military personnel. In general, most studies report MC II lesions as
commonest sub-type followed by MC I. However, some studies
have shown relatively higher prevalence of MC I lesion. This
discrepancy may be secondary to a relatively younger study pop-
ulation or greater prevalence of LBP.

Kanna et al.62 reported that 60%, 30%, 5% and 5% of patients
presented with single-, two-, three- and four- or multi-level MC,
respectively. MC were commonly observed at lower lumbar (L4-S1
levels).1 In the study by Kanna et al.,62 L4-5was themost commonly
involved level (30.7% patients), followed by L5-S1 (26.3%), L3-4
(23.9%), L2-3 (12.4%) and L1-2 (6.8%). The prevalence of MCs,
especially MC II has been shown to increase with age and a sig-
nificant proportion of these lesions develop in patients �50
years.65,66 In general, the prevalence varies between 0.5 and 1.9% in
adolescents and young adults, as against 5.8e47.1% in middle-aged
or older adults.16,65,67e69 MCs in lumbar MRI are more prevalent in
anterior third of vertebral body,31 especially in association with
severe DDD or DH. Morphologically, MCs are symmetrical cephalad
and caudad to the disc.32,33 Recent studies have demonstrated
strong associations between sagittal spino-pelvic alignment and
MC. While Zehra et al.14 demonstrated significantly greater preva-
lence of MC in patients with low pelvic incidence (�42�), Chen
et al.12 showed greater association of high lumbar lordosis (LL) and
higher L4-5 lordotic angle with MC.

3.3.2. MC and low back pain (LBP)
Previous systematic reviews by Jensen70 (2008), Zhang71 (2008)

and Brijikji72 (2015) demonstrated a significant association be-
tween MC and non-specific LBP. While Brinjikji et al.72 found an
association between LBP and MC I only, the other two studies did
not find any difference between the types of MC.70,71 The overall
prevalence of MC in patients with LBP has been reported to vary
between 8 and 80.1%.65,70e72 Among the three types, MC I has been
most commonly associated with LBP.65

In 2018, Feng et al.73 reported that ED, DD and MC were all risk
factors for severe LBP. Studies have also reported that LBP patients
with MC demonstrate a clinically different symptomatology as
compared with those without MC.31 In general, those with positive
MC report greater frequency and duration of LBP.70 In the meta-
analysis by Brijinkji,72 MRI findings including MC I, disc bulge,
spondylolysis, DH and DD were more prevalent in individuals �50
years with LBP, while “any MC”, lumbar stenosis, high intensity
zones (HIZ), annular fissures and spondylolisthesis showed no as-
sociation with axial pain. They cautioned against interpreting this
as causative evidence and purported that these imaging findings
may be only considered as candidate biomarkers for LBP.

However, more recent literature indicates a much less lucid
association between LBP and MC. A recent meta-analysis by Herlin
et al.65 involving 31 major studies revealed no statistically signifi-
cant association between all types of MC or their sizes and preva-
lence or severity of low back pain or activity limitation. In a
population-based study involving 478 participants,74 there was
no statistically significant correlation between presence of MC and
LBP over the past 12 months, or during lifetime. Among all MRI
parameters, ED demonstrated significant association with lifetime
LBP and significantly contributed to the worst pain intensity during
previous 12 months. They concluded that ED, rather than MC or DD
was the commonly overlooked, independent factor for LBP and a
major confounder for other MRI findings.

In short, there is no consensus on whether MC lesions have a
causal association with chronic LBP. One of the major issues high-
lighted in recent literature is the heterogeneity in the nomenclature
of MC and other endplate lesions (fractures, erosions, calcifications
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and Schmorl’s nodes). In a survey involving 55 participants, 84%
and 80% of clinicians and researchers respectively, acknowledged
significant variations in the existing nomenclature and under-
standing of endplate pathologies and emphasized upon the need
for standardized nomenclature.14

3.3.3. Modic changes and LDH
In a retrospective study involving patients with LDH, Shan

et al.75 reported 41.2% prevalence of MC in patients with symp-
tomatic LDH. Among them, type II changes (seen in 30.6% of all
patients) were significantly more common than type I (25.7% pa-
tients). Chen et al.12 reported greater association of disc bulge with
MC I, although no significant association was noticed between MC
and other patterns of LDH (extrusions, protrusions or
sequestration).

3.3.4. Pitfalls in diagnosing MC lesion
One of the major pitfalls in diagnosing MC is to differentiate it

from spondylodiscitis (Fig. 5). Studies have evaluated the possible
imaging findings on non-enhanced MRI which may distinguish
these two entities. Schwarz-Nemec et al.76 reported that endplate
contour, extent of edema, and T1-signal ratios of MC I (extent e

31.96%, T1 signal ratio e 0.83), early spondylodiscitis (56.42%; 0.60)
and severe spondylodiscitis (91.84%; 0.61) are significantly
different. In patients with vertebral marrow edema, presence of
irregular, yet intact T1-W endplate contour has a high accuracy for
diagnosing MC I. The role of short tau inversion recovery (STIR) MRI
in Modic’s lesion has been discussed. Recently, Kristoffersen et al.77

reported good inter-observer reliability for the interpretation of
STIR sequence signal hyper-intensity in Modic’s lesion. Such STIR
Fig. 5. Pre-operative MRI showing A. T2WI mid-sagittal section revealing large L4-5 disc ex
disc extrusion, C and D. Mid sagittal and coronal CT images revealing significant end plate e
weeks) T2WI, T1WI (parasagittal sections) and axial section at L4-5 disc space showing sign
plain radiographs at 3 months post-debridement period showing significant collapse of L4
hyper-intense MRI lesions may indicate ongoing inflammation or
edema which has been correlated with painful MC or early in-
fections. Whenever infection is suspected, computerised tomog-
raphy (CT e to identify bony defects better) and gadolinium
contrast-enhanced MRI should be obtained.

Another important differential diagnosis to be considered in
young patients with MC I is inflammatory spondyloarthropathy
(SpA).78,79 Nguyen et al.78 concluded that despite certain
morphological similarities on MRI between MC I and early SpA,
these two lesions are completely distinct clinical entities; and pa-
tients with MC I do not fulfil all the clinical, biological and imaging
criteria for SpA. Canella et al.79 reported that MC I and Andersson’s
lesions can sometimes be incorrectly differentiated on the basis of
MRI alone in patients with SpA; and a combined diagnostic
approach involving clinical, laboratory and radiological evaluations
may be necessary to a precise distinction.
3.4. Treatment implications in the presence of MC

Based on the available evidence, MCs are generally considered
as “incidental” lesions onMRI and it is unclear if the presence of MC
itself is an indication for treatment in patients with chronic LBP.
Recent systematic reviews have not demonstrated any influence of
MC on long-term outcomes of LBP.80 In the 13-year follow-up study
by Udby et al.,80 it was observed that MCs were not negatively
associated with long-term pain, sick-leave or disability. In fact, they
concluded that LBP patients with MC had significantly less chronic
disability. However, these lesions co-exist with other degenerative
changes in the lumbar spine (LDH, spondylolisthesis and scoliosis),
which may warrant non-surgical/surgical treatment. In a
trusion and Modic type 1 changes, B. T2WI axial section revealing large L4-5 left sided
rosions of adjacent endplates of L4 and L5 vertebrae, E, F, G e Post-operative MRI (at 3
s of early infection and possible left sided fluid/abscess collection, H,I e AP and lateral
-5 disc space.
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systematic review by Jensen et al.,81 it was concluded that the ev-
idence regarding the clinical importance of MC in determining the
ideal treatment option for a patient with low back pain is still
largely unclear.

3.4.1. MC and conservative treatment
Conservative treatment (including physical therapy) should

obviously be the first line of management in all patients with MC
and chronic LBP, although some studies have demonstrated that
patients with MC (MC II > I) respond poorly to conservative treat-
ment.32,82 Studies have evaluated roles of bisphosphonate, hyper-
baric oxygen and antibiotics, however there is no conclusive
evidence on any of thesemodalities.83,84 Shan et al.75 demonstrated
poor response to conservative measures or poor resolution of LDH
in patients with concomitant MC. They postulated that the pres-
ence of hyaline cartilage makes herniated disc fragment less
amenable to vascular infiltration and spontaneous resorption.

3.4.2. MC and antibiotics
In 2013, Albert43 purported the role of infection (Cutibacterium

acnes and Corynebacterium propinquum) in the pathophysiology
of MC and endorsed the administration of antibiotic therapy (3-
month course of amoxicillin-clavulanate) in a select group of pa-
tients with MC. Over the past years, concerns have been raised by
clinicians in view of potential risk of study bias, conflicting results
in subsequent studies and the prospect of treating large number of
LBP patients with long-term, high-dose antibiotics.65,85 A recent
multi-centered, randomised, Norwegian study has refuted this
claim and strongly discouraged the use of antibiotics in MC.46

3.4.3. MC and surgical treatment
DH and MC often co-exist. It is of utmost importance that prior

to planning discectomy or fusion in patients with DH and MC,
possibility of infection should be thoroughly investigated. Patients
with MC I seem to demonstrate poor outcome following micro-
discectomy. This has led to the belief that pain in these patients is
not only discogenic, but also vertebrogenic or endplate-origin.
Increased number of PGP-9.5 nerve fibers and TNF-a positive cells
inside MC type I and II endplates may contribute to endplate-origin
pain.86e88 Djuric et al.8 demonstrated the importance of signs of
disc inflammation in MC. They showed that patients with pre-
operative disc inflammation had less satisfactory outcome after
discectomy. Xu et al.89 also observed that patients with MC (espe-
cially type I) showed a deteriorating trend in post-operative back
pain after trans-foraminal per-cutaneous endoscopic discectomy
(TF-PELD). In a study by Lv9 involving patients who underwent TF-
PELD, it was observed that progression in ED, rather than wors-
ening DD or MC resulted in progressive deterioration in pain scores
and functional disability until 6 weeks post-operatively.

A 2-year prospective study by Bostelman90 evaluated the nat-
ural course of MC following micro-discectomies. Interestingly, they
concluded that evolution of MC showed a complex pattern, instead
of the progressively worsening trend as commonly believed. Ma-
jority of MC retained the same sub-type as pre-operative status.
There was significant conversion from one type to another
(including both upward and downward trends), especially at 12
months in MC II and between 12 and 24 months in MC I. They re-
iterated the fact that MCs are dynamic lesions and an assumption
of its universal worsening following micro-discectomy should be
reconsidered.

Some studies have evaluated whether all patients with MC and
DH require lumbar fusion, however there is no strong evidence in
favour of such an approach.76,77,90e92 In a prospective study,
Esposito et al.93 demonstrated that the type of MC might influence
the outcome following lumbar fusion surgeries. In their cohort,
patients with MC II demonstrated poor outcome following fusion,
while patients with MC I and III types showed significant
improvement in pain and disability. In a retrospective study by
Wang94 involving patients undergoing trans-foraminal lumbar
fusion, it was concluded that although presence of MC did not
negatively influence fusion rates, cage subsidence rates were
greater in those with both Modic’s I and II lesions. Liu et al.91

demonstrated that patients with MC and endplate sclerosis had
significantly reduced cage subsidence following oblique lumbar
inter-body fusion. In a prospective, multicenter, trial involving pa-
tients undergoing “lumbar decompression-alone” or “lumbar
decompression with fusion”, Ulrich92 reported no significant dif-
ference in post-operative clinical outcome (until 36 months post-
operatively) between patients with MC and those without MC.

Thus, although current literature indicates that patients with
MC tend to show relatively poorer outcome following conservative
treatment or discectomies, there is no significant evidence
favouring definitive fusion procedures or recommending alterna-
tive strategies for managing these lesions.76,77,90e92

4. Conclusion

Despite such extensive research, our understanding of MCs is
still incomplete. Disc/end plate injury, occult discitis and autoim-
mune reactions seem to trigger an inflammatory cascade, which
leads to their development. Male sex, older age, diabetes mellitus,
genetic factors, smoking, obesity, spinal deformities, higher occu-
pational loads and DDD are known risk factors. There is no
conclusive evidence on the causative role of MC in chronic LBP or
any influence on the long-term outcome in patients with LBP or
LDH. Patients with MC generally have less satisfactory outcome
following conservative treatment or discectomy, although the evi-
dence is still unclear. Overall, there is huge scope for advanced
research on this phenomenon in the years ahead. Large scale,
multi-center trials in future can help us understand MC better,
bring to light its clinical and surgical relevance and pave way for
better management of LBP.
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