RMD
Open

Rheumatic &
Musculoskeletal
Diseases

To cite: Boisson M,
Lefévre-Colau M-M, Rannou F,
et al. Active discopathy: a
clinical reality. RMD Open
2018;4:000660. doi:10.1136/
rmdopen-2018-000660

Received 3 February 2018
Revised 21 March 2018
Accepted 26 March 2018

| '.) Check for updates

'AP-HP, Service de Rééducation
et de Réadaptation de
I’Appareil Locomoteur et des
Pathologies du Rachis, Hopitaux
Universitaires Paris Centre-
Groupe Hospitalier Cochin, Paris,
France

%Faculté de Médecine de Paris
Descartes, Université Paris
Descartes, Sorbonne Paris Cité,
Paris, France

®ECaMO Team, INSERM UMR
1153, Centre de Recherche
Epidémiologie et Statistique,
Sorbonne Paris Cité, Paris,
France

*Institut Fédératif de Recherche
sur le Handicap, Paris, France
SLaboratoire de Pharmacologie,
Toxicologie et Signalisation
Cellulaire, Faculté des Sciences
Fondamentales et Biomédicales,
INSERM UMR 1124, UFR
Biomédicale des Saints-Péres,
Paris, France

Correspondence to
Dr Christelle Nguyen;
christelle.nguyen2@aphp.fr

REVIEW

Active discopathy: a clinical

reality

Margaux Boisson,' Marie-Martine Lefévre-Colau,’?** Frangois Rannou,'?*

Christelle Nguyen'??®

ABSTRACT

In the late 1980s, the description by Modic and colleagues
of elementary discovertebral changes detected on MRI
(Modic classification) suggested for the first time a
possible correlation between anatomical and clinical
features in a subgroup of patients with non-specific
chronic low back pain. Degenerative disc disease is
frequent and usually asymptomatic, but Modic 1 changes
in the vertebral endplates adjacent to a degenerated disc
are associated with inflammatory-like chronic low back
pain and low-grade local and systemic inflammation,
which led to the concept of ‘active discopathy’. Active
discopathy shares some similarities with acute flares

of peripheral osteoarthritis. Likewise, what triggers

disc activation and how it self-limits remain unknown.

A better understanding of mechanisms underlying disc
activation and its self-limitation is of clinical relevance
because it may enable the design of more targeted
pharmacological and non-pharmacological interventions
for the subgroup of patients with chronic low back pain
and active discopathy. Here, we narratively review current
disc-centred biomechanical and biochemical hypotheses
of disc activation and discuss evidence of interactions with
adverse personal and environmental factors.

INTRODUCTION

Non-specific low back pain (LBP) is the first
cause of years lived with disability.' The aetio-
logical diagnosis of LBP is challenging because
a consistent anatomoclinical correlation is
usually lacking. However, the development of
lumbar MRI and studies of large cohorts of
patients with LBP have allowed for isolating
lesions involving the vertebral endplates
adjacent to degenerative disc disease (DDD)
that seem closely related to persistent painful
symptoms.” ® These lesions were classified
in 1988 by Modic and colleagues: Modic 1
changes correspond to inflammatory signal
of the vertebral endplates, Modic 2 to fatty
signal and Modic 3 to fibrous signal.*”

As early as 1990, Revel and colleagues,6 on
the basis of X-ray findings, reported that rapid
intervertebral space narrowing >50% in less
than 2 years, in the absence of specific causes
of disc disease, was associated with inflam-
matory-like LBP, which responded better to
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Key messages

What is already known about this subject?

» Active discopathy is a specific entity that associates
clinical, biological and MRI signs of activity with
degenerative disc disease.

What does this study add?

» The onset of active discopathy is unknown
but is most likely multifactorial, involving both
biomechanical and complex biochemical adverse
factors in addition to genetic and individual
predisposing factors.

How might this impact on clinical practice?
» Although local inflammation is currently the
main therapeutic target, it may be only a late-
stage marker of disc disease activation, and a
better understanding of disc activation complex
pathogenesis is needed to develop more
comprehensive and long-term efficient treatments.

non-steroidal anti-inflammatory drugs than
did other causes of non-specific LBP. The
authors suggested that this imaging and clin-
ical phenotype could be related to an ‘active’
process of discolysis and named it ‘rapidly
destructive intervertebral disc disease’.® They
further related this condition to Modic 1
chalnges.78 They also observed that the condi-
tion was associated with increased serum levels
of inflammatory markers such as highly sensi-
tive C-reactive protein’ and therefore might
reflect an ‘active discopathy’.7 The concept of
active discopathy now encompasses clinical,
biological and imaging features that reflect
an ‘activation’ (ie, ‘inflammatory flare’) of a
previously unremarkable DDD in a subgroup
of patients with chronic LBP."

Active discopathy shares some similarities
with acute flares of peripheral osteoarthritis.
Likewise, what triggers disc disease activation
and how it selflimits remain unknown. A
better understanding of mechanisms under-
lying disc disease activation and its self-lim-
itation, with a specific focus on adverse

BM)

Boisson M, et al. RMD Open 2018;4:6000660. doi:10.1136/rmdopen-2018-000660

eular !


https://www.eular.org
http://rmdopen.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/rmdopen-2018-000660&domain=pdf&date_stamp=2018-04-17
http://rmdopen.bmj.com/

biomechanical and biochemical factors, could be of
clinical relevance.!' Here, we narratively review current
disc-centred biomechanical and biochemical hypotheses
of disc disease activation.

WHAT IS ACTIVE DISCOPATHY?

Degenerative disc disease

To understand active discopathy, we first describe ‘non-ac-
tive” disc disease, or DDD. At the macroscopic level, DDD
affects the intervertebral disc and also the whole discover-
tebral complex.'* It is characterised by a fibrillar structure
of the annulus fibrosus, cracks of the nucleus pulposus, thin-
ning and erosions of the cartilaginous vertebral endplates,
marginal osteophytosis and loss of disc height."” '* DDD
results from an imbalance in intervertebral disc homeo-
stasis with quantitative and qualitative changes affecting
intervertebral disc cells and extracellular matrix as well
as decreased water content that impair the biomechanics
of the intervertebral disc. At the molecular level, DDD
is associated with local inflammatory processes charac-
terised by immunological stimulation, neovascularisa-
tion and neoinnervation, accelerated cartilaginous and
bone remodelling, and changes in lipid and oxidative
metabolism.'”™® At the MRI level, the most consistently
reported signs of DDD are nucleus pulposus dehydration,
decreased disc height, disc bulging or hernia.* Pfirrmann
and colleagues described five MRI grades of DDD."
The first grade corresponds to a normal intervertebral
disc, and higher grades correspond to DDD and have in
common a hypointense signal in T2-weighted sequences
of a homogenous nucleus pulposus, with no distinction
between the annulus fibrosus and nucleus pulposus, and loss
of intervertebral disc height."” However, no consistent
anatomoclinical correlation between DDD and LBP has
been described.”

Activation of DDD

MRI signs

In the late 1980s, Modic and colleagues described three
elementary lesions corresponding to three MRI signal
changes affecting the vertebral endplates adjacent to
DDD detected on lumbar MRI of 474 patients with LBP’:
a Modic 1 signal corresponds to a hypointense signal in
Tl-weighted MRI sequences and a hyperintense signal
in T2-weighted sequences with contrast enhancement
after gadolinium injection, indicating local inflamma-
tion. Histologically, fissures of the vertebral endplates are
observed, with vascularised granulation tissue replacing
the normal bone marrow as well as an increased number
of osteoblasts and osteoclasts with a thickening of the
bony spans, indicating bone remodelling. A Modic 2
signal corresponds to a hyperintense signal in T1 and
T2-weighted MRI sequences, indicating fatty replace-
ment of bone marrow. Histologically, cracks in verte-
bral endplates are observed with granulation tissue but
not hypervascularisation. A Modic 3 signal corresponds
to a hypointense signal in T1 and T2-weighted MRI

sequences, indicating bone sclerosis. The prevalence
of Modic changes, whatever their type, ranges from
6% in asymptomatic patients to 43% in patients with
LBP.” Modic changes usually evolve over 1-3 years, from
Modic 1 to Modic 2 (then Modic 3), which may reflect
a dynamic healing process. However, many longitudinal
studies have shown that this evolution is not linear and
could be reversed in some cases, with reactivation of the
disc disease over time.*'™*

Clinical signs

Patients with LBP and active discopathy usually report
a flare of previously unremarkable LBP with inflamma-
tory-like features. The influence of DDD activation and
radiculopathy incidence has not been studied. First
described by Revel and colleagues in the context of
rapidly destructive intervertebral disc disease, an inflam-
matory LBP pattern associated with Modic 1 changes was
confirmed by Rannou and colleagues in a cross-sectional
study of 36 patients (12 with Modic 1 changes, 12 with
Modic 2 changes and 12 with Modic 0 changes). Morning
stiffness was longer and more often present in patients
with Modic 1 than Modic 0 or 2 changes, and the worst
painful moment was during late night and morning in
all patients with Modic 1 changes. Discogenic pain was
also more frequent in patients with Modic 1 than Modic
0 or 2 changes, including reproduction of the pain
during Valsalva manoeuvres and exacerbation of pain in
lumbar hyperextension. Despite this inflammatory LBP
pattern, patients with LBP and active discopathy do not
fulfil criteria for ankylosing spondylitis and criteria sets
for inflammatory LBP.** Other groups further confirmed
these clinical findings®® and reported that active disco-
pathy could be associated with poor outcomes of LBP,
with low rates of return to work, persistent symptoms at
1 year27 and increased back-specific disability.” No longi-
tudinal observational studies have assessed the correla-
tions between the evolution of pain and evolution of MRI.

Biological signs

Rannou and colleagues also reported an increase in
serum level of high-sensitive C-reactive protein in patients
with than without chronic LBP and active discopathy
(4.64+3.09 mg/L with Modic 1 changes vs 1.33+0.77 mg/L
with Modic 0 changes and 1.75+1.30 mg/L with Modic 2
changes).” This observation supports that local inflam-
mation occurs at the vertebral endplate level and is
consistent with local cell and tissue activation. Time
correlations between Modic modification from 1 to 2 and
C-reactive protein evolution have not been studied.

Limits of the concept

Even though the concept of active discopathy could now
be defined as a syndrome characterised by DDD associ-
ated with MRI, clinical and biological signs of activation,
its reality and clinical relevance remain controversial
among spine researchers® and its pathogenesis unclear.
How DDD activates and how disc disease activation
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Figure 1 Main hypothesised aetiopathogenic mechanisms
of intervertebral disc disease activation. DDD, degenerative
disc disease; VESB, vertebral endplate subchondral bone.

actually selflimits remains largely unanswered. Even
though there are some similarities between osteoarthritis
and DDD and between inflammatory flare of peripheral
osteoarthritis and active discopathy, we agree that the
lack of synovial tissue in spine may differentiate the phys-
iopathology of these diseases.

WHAT IS THE PRIMER FOR DDD ACTIVATION?

Several factors including adverse biomechanical and
biochemical factors may contribute to the activation of
DDD, but the onset of active discopathy is most likely
multifactorial. Although local inflammation is currently
the main therapeutic target, it may be only a late-stage
marker of disc disease activation. Other biochemical and
metabolic factors, in addition to genetic and biomechan-
ical predisposing factors, could participate in early stages
of disc disease activation and be more relevant targets
(figure 1).

Adverse personal and environmental factors

The association between active discopathy and polymor-
phisms of various genes including type 1Al, 9A3 and
11A2 collagens; interleukin-lo (IL-100) growth differ-
entiation factor 5; vascular endothelial growth factor;
matrix metalloproteinases 3, 9 and 14; a disintegrin and
metalloproteinase with thrombospondin motifs 4 and
5; tissue inhibitor of metalloproteinase 3; and vitamin
D receptor has been reported.” In a study of 347 twins,
the concordance rates of Modic signal were 0.56 in
homozygotic twins versus 0.39 in dizygotic twins. The
heritability of Modic changes, whatever their type, was
estimated at 30% (16%-43%).** Other adverse personal
factors reported to be associated with active discopathy
are smoking, overweight and physical work.” In an
observational cross-sectional study of 100 patients and
500 vertebral levels, Karchevsky and colleagues found
Modic changes associated with older age, male gender
and increased weight.”* In a retrospective study of 412
patients, Leboeuf-Yde and colleagues reported three
independent risk factors for intermittent LBP, DDD or
Modic 1 changes on MRI™’: smoking >20 cigarettes/ day,
overweight and workload. The risk of a Modic 1 signal
was maximum when smoking was associated with physical

work (OR=4.6;95% CI 1.6to 13.0), then when overweight
was associated with physical work (OR=2.9; 95% CI 1.4to
6.3). Consistently, in 2449 Chinese volunteers, the risk
of Modic changes, whatever their type, was increased
in smoking and overweight individuals (OR=2.2; 95%
CI 1.1to 4.3). In a recent retrospective study of 16 men
and 31 women, Han and colleagues did not confirm the
association between smoking and Modic changes but
found heavy work and obesity associated more strongly
with Modic 8 than other Modic changes.”® Overall, the
level of evidence for the above-mentioned clinical asso-
ciations must be considered low, owing to the cross-sec-
tional or retrospective designs of the studies. No associ-
ation between other metabolic factors such as diabetes,
hypertension, lipid abnormalities and initiation or aggra-
vation of active discopathy has been reported yet.

Adverse biomechanical factors

Inadequate response to mechanical stresses applied to
the degenerated intervertebral disc has been suggested
to contribute to disc disease activation. DDD results in
alterations of the disc biomechanical properties. These
biomechanical changes are associated with microfis-
sures or lesions of the vertebral plates adjacent to DDD,
increased local expression of proinflammatory molecules
such as IL-1B in animal models®” * and inflammatory and
immune responses to the extruded intervertebral disc.”
Consistently, Modic changes are more frequent in L.4/L5
and L5/S1 levels than other levels,*”*! which suggests that
local biomechanical stress may contribute to the distri-
bution of Modic changes. Albert and Manniche*? found
that the prevalence of Modic 1 changes increased from
9% (17/180 discs) to 29% (48/166 discs) after 14
months of follow-up among patients with chronic LBP
and that new Modic changes all developed at the level
of a herniated disc. The prevalence of Modic changes
was increased in patients who had undergone surgery for
lumbar disc herniation (OR=3.5; 95% CI 0.8to 20.8). In
a 3-year prospective study of 60 patients, Modic changes,
whatever their type, followed disc herniation in 8/13
cases.”” The relation between Modic changes and the
evolution of disc herniation was further suggested in a
prospective study of 30 patients with herniated disc: after
6 months of conservative treatment, the mean reduction
in disc herniation volume was ~0.326 and ~0.152cm” for
patients without and with Modic changes.*

Adverse biochemical factors
During non-active discopathy

Whether the degree of DDD is associated with disc
disease activation is unclear. Some advanced DDDs are
not associated with Modic 1 changes, whereas some
Modic 1 changes can occur on vertebral endplates adja-
cent to early-stage DDD and supposedly mechanically
competent intervertebral discs. This observation suggests
that besides adverse biomechanical factors, other factors
such as adverse biochemical factors may be important
contributors to disc disease activation. At the molecular
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and cellular levels, disc degeneration has been shown to
involve several elementary pathways.

Local inflammation with the preponderant role
of inflammatory cytokines such as IL-1B and tumour
necrosis factor-o. promotes cartilaginous extracellular
matrix breakdown but also neovascularisation and neoin-
nervation within the degenerated discs.” **~** Innate and
adaptive immunity may also participate in intervertebral
disc degeneration. The intervertebral disc is the largest
avascular organ in the human body and therefore is
excluded from immunologic tolerance, contributing to
the ‘immune privilege’ of the nucleus pulposus. However,
the expression of Fas ligand by nucleus pulposus cells can
stimulate apoptosis of activated Fas-positive cytotoxic
T lymphocytes. On the one hand, tears of the annulus
pulposus will expose the nucleus pulposus to the immune
system, which will recognise it as a foreign body and
will promote activation of the cytotoxic T lymphocytes
and the production of immunoglobulins by activated B
lymphocytes. On the other hand, the decreased Fas ligand
level in the nucleus pulposus can lead to an unbalanced
immune environment during DDD.*** In addition, cells
of degenerated discs overexpress Toll-like receptors 2
and 4 that can be stimulated by the products of extracel-
lular matrix degradation and amplify the inflammatory
and immune response.” **

Changesin oxidative stress also occur during disc degen-
eration. Because of its avascular structure, the interver-
tebral disc is nourished by imbibition from the adjacent
cartilaginous and osseous vertebral endplates. Its metab-
olism is anaerobic and leads to the production of lactates.
Local pH is physiologically acidic, between 7.1 for healthy
discs and 6.5 or lower for DDD. Acidification of the disc
medium is associated with increased apoptosis of disc
cells, mainly mediated by abnormal influx of intracellular
calcium, and with changes in the disc cell phenotype with
increased expression of proinflammatory cytokines such
as IL-1B and IL-6 and factors involved in nociception
such as nerve growth and brain-derived neurotrophic
factors.”® > In 1969, using a specially constructed anti-
mony pH-electrode needle type, Nachemson reported
a negative correlation between pH and disc degenera-
tion, preoperative pain, and the amount of connective
tissue reaction around the nerve root in 40 discs from 30
patients who underwent lumbar surgery for ‘rhizopathy’,
which suggested that acidification could be a biomarker
of painful DDD.” Dimozi and colleagues found that
H,0O-induced stress on disc cells could promote the
upregulation of extracellular matrix-degrading enzymes
such as matrix metalloproteinases 1, 2 and 9 and a disin-
tegrin and metalloproteinase with thrombospondin
motif 5 and the downregulation of tissue inhibitors of
metalloproteinase and aggrecan, the major component
of the nucleus pulposus.™

Changes in lipid metabolism may also contribute
to disc degeneration. At the systemic level, hyperlip-
idaemia promotes lipid peroxidation and the forma-
tion of advanced glycation end-products which bind to

extracellular matrix proteins, thereby decreasing its
water content. Indirectly, advanced glycation end-prod-
ucts can also stimulate the extracellular matrix degrada-
tion by binding to their specific receptor that is expressed
by the nucleus pulposus cells of the degenerated disc. This
binding can lead to an activation of the NLRP3 inflam-
masome.”” Some studies have suggested an association
between body mass index and Modic changes. However,
none examined the relation between fat distribution
and Modic changes. Using MRI and dual energy X-ray
absorptiometry in 57 patients with or without LBP,
Teichtahl and colleagues found Modic changes asso-
ciated with increased fat mass index (OR=1.20, 95%
CI 1.01to 1.43). Risk of Modic changes was reduced with
gynoid fat (OR=0.62, 95% CI 0.43 to 0.89) but increased
with android fat (OR=2.11, 95% CI 1.18to 3.76), which
suggests that Modic changes may be associated with a
metabolic component.™

Changes in cartilage remodelling involving the carti-
laginous vertebral endplates™ and chondrocyte-like cells
of the intervertebral disc have been described during
DDD.* During disc degeneration, phenotypical qualita-
tive and quantitative changes affect cartilaginous verte-
bral endplates and intervertebral disc cell populations,
towards an imbalance between extracellular matrix
anabolism and catabolism, with an increased expression
of matrix metalloproteinases”'; decreased expression of
type II collagen; abnormal expression of type I, III and
X collagens; and decreased expression of Sox-9, the key
transcription factor of chondrogenesis.”” Consistently,
increased urinary levels of cartilaginous matrix prod-
ucts of degradation such as type II C-telopeptide are
associated with the degree of DDD detected on X-ray.”
A decrease in other extracellular matrix proteins such
as aggrecan, versican, biglycan, decorin and fibromod-
ulin in both the nucleus pulposus and annulus fibrosus has
also been reported.”

During active discopathy

Even though these above-mentioned elementary path-
ways can concomitantly be activated during disc degen-
eration, most DDDs remain non-active. This observation
suggests that there may be a continuum between non-ac-
tive and active discopathies that may rely on individual
genetically and environmentally conditioned thresholds
separating physiological and pathological pathway activa-
tion (figure 2).

The local expression of proinflammatory cyto-
kines, such as tumour necrosis factor-o, is increased
in intervertebral discs with than without Modic 1 or 2
changes. Consistently, Tang and colleagues® reported
increased expression of some inflammasome compo-
nents such as NACHT, LRR and PYD domain-containing
protein-3, caspase-1 and IL-1B in the cartilaginous verte-
bral endplates. Consistently with Crock®s concept of
‘internal disc disruption’,”” Ma and colleagues devel-
oped the hypothesis that the nucleus pulposus, in the
absence of normal vascularisation under physiological
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Figure 2 Revisiting the concept of internal disc disruption:
‘the nuclear theory’ or nucleus pulposus as the primer of
local cellular and tissular activation. NSAID, non-steroidal
anti-inflammatory drug.

circumstances, can be considered an immune sanctuary.
When presented to immune cells of adjacent vertebral
plates that will recognise them as powerful antigens,
nucleus pulposus components trigger an autoimmune and
inflammatory cascade and promote subsequent inflam-
mation, neovascularisation and neoinnervation involving
adjacent vertebral endplate subchondral bone, detect-
able as Modic 1 changes on MRL*

Only one study specifically assessed the link between
oxidative stress and active discopathy. Belge Kurutas and
colleagues reported an increase in oxidative and nitro-
sative stress markers with an increase in serum levels of
nitric acid, 3-nitrotyrosine and malondialdehyde and
a decrease in catalase and superoxide dismutase activ-
ities in 10 patients with Modic 1 changes as compared
with 12 and 10 patients with Modic 2 and 3 changes,
respectively.*

Some observations have implicated lipid metabolism in
disc disease activation. Vertebral bone marrow is rich in
adipose tissue in elderly men and at the lower lumbar
level. Bone marrow adipose tissue is composed of unsat-
urated fatty acids and low-density oxidised lipoproteins,
capable of activating Toll-like receptors 2 and 4 and
maintaining and amplifying inflammatory and immune
reactions observed in active discopathy.””!

Changes in cartilage remodelling have also been
described during active discopathy and include decreased
expression of chondrogenesis transcription factors such
as type 2 collagen and Sox-9.” Cevei and colleagues
reported changes in collagen populations depending on
Modic 1, 2 or 3 changes, with a decrease in type 1 and 2
collagen levels and an increase in type 3, 4 and 5 levels
with Modic 2 changes and a decrease in levels of all colla-
gens and a quasidisappearance of proteoglycan level with
Modic 3 changes."*

Increased local bone remodelling has also been asso-
ciated with Modic 1 changes. Using histomorphometric

analyses, Perilli and colleagues showed Modic 1 changes
associated with greater bone remodelling, Modic 2
changes with decreased remodelling and increased bone
formation and Modic 3 changes with osteosclerosis with
increased bone formation and decreased bone resorp-
tion.” Briggs and colleagues reported no differences in
bone mineral density between 11 patients with LBP and
Modic 1 changes and 10 healthy controls.” Interverte-
bral discs and vertebral endplate bone marrow associ-
ated with Modic changes express pro-osteoclastic factors
and neurotrophic receptors.”* Torkki and colleagues
also found increased expression of cytokines involved in
osteoclast differentiation and proliferation in interverte-
bral discs with Modic 1 and 2 changes versus Modic 0
changes.” In a crosssectional study of 101 patients with
lumbar Modic 1 changes, Nguyen and colleagues found
in young men that Modic 1 changes were more frequent
at L5/S1 level and associated with mild DDD whereas
in older women Modic 1 changes were more frequent
at the L4/L5 level and associated with advanced DDD,
which indicates perhaps a greater involvement of bone
remodelling in disc degeneration associated with active
discopathy.*!

Finally, some authors suggested that disc disease acti-
vation could have an infectious cause, namely discitis
with anaerobic germs such Propionibacterium acnes.”™ "’
However, this hypothesis has not been confirmed by inde-
pendent groups.™”

WHAT ARE THE CLINICAL AND THERAPEUTIC IMPLICATIONS OF
THE CONCEPT OF ACTIVE DISCOPATHY?

Clinical implications

The clinical diagnosis of active discopathy is now facil-
itated by a comprehensive description of clinical and
imaging signs associated with this condition, namely a
flare of previously unremarkable chronic LBP with discog-
enic and inflammatory-like features and Modic 1 changes
on MRI. When isolated, these clinical and imaging signs
lack specificity. The epidemiological association between
active discopathy and adverse personal and environ-
mental factors suggests increased risk of developing an
active discopathy for some patients with chronic LBP,
who therefore may benefit from a specific treatment and
follow-up. Most consistently reported adverse personal
and environmental factors are overweight, smoking and
physical work, but the overall level of evidence is low due
to the methodological weakness of the studies. Other
important adverse factors may not have been addressed
yet.

Finally, LBP is only a symptom. As for any chronic
painful condition, patients with chronic LBP may have
more than one cause of pain. Even though active discop-
athy may explain the acute inflammatory component of
LBP, it does not address other contributors to chronic
pain such as psychological distress, catastrophism,
fear-avoidance beliefs, job dissatisfaction, work absen-
teeism and low educational level. As for any patient with
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Figure 3 Towards targeted non-pharmacological and
pharmacological treatments in patients with chronic low
back pain and active discopathy. IL, interleukin; TNF, tumour
necrosis factor.

chronic LBP, these factors should be finely assessed, and
modifiable factors concomitantly treated.

Therapeutic implications (figure 3)

As previously described, active discopathy is a
multifactorial disease, and different targeted thera-
peutic approaches have been proposed. Mechanistic
approaches aim at combating biomechanical or biochem-
ical adverse factors, whereas structural approaches aim
at reversing alterations involving anatomical structures,
mostly subchondral bone and intervertebral disc. Both
approaches are often combined. However, we have no
evidence or practice-based guidelines for the manage-
ment of active discopathy.

Biomechanical interventions including lumbar
bracing,”’ physical therapy®’ and ultimately lumbar
fusion™ and biochemical systemic or local interventions
including intravenous biphosphonates®** or intradiscal
therapies with glucocorticoids,22 8 86 tumour necrosis
factor-o. inhibitor®” or IL-6 inhibitor®™ have been offered.
To date, only intradiscal injection of glucocorticoids has
shown a short-term but clear clinical benefit on pain in
a high-level randomised controlled trial of 135 patients
with chronic LBP and active discopathy.'' Physical activity
as a specific treatment for patients with chronic LBP and
active discopathy has not been assessed. Studies assessing
the long-term effects of this type of treatment are needed.
In addition, because chronic LBP is only a symptom and
concomitant causes may be involved, a multidisciplinary
approach is often necessary to obtain sustained positive
effects of treatments.

In the past decades, regenerative medicine of the inter-
vertebral disc has raised intense interest. It has involved
intradiscal injection of growth factors, with or without
plasma-rich platelets, gene therapy or cell grafting
(autologous haematopoietic stem cells, mesenchymal
stem cells and autologous chondrocytes) to repair the
intervertebral disc.*””' The RESPINE project (Euro-
pean Horizon 2020 project ID 732163: REgenerative
therapy of intervertebral disc: a double blind phase 2b
trial of intradiscal injection of mesenchymal stromal
cells in degenerative disc disease of the lumbar SPINE

Box1 Research agenda

1. Improving the phenotyping of patients with chronic low
back pain and active discopathy:

» Biological phenotyping: serum biomarkers.

» |maging phenotyping: radiological biomarkers.

» Development and validation of classification criteria.

2. Unravelling the pathogenesis of active discopathy

activation:

» In vivo and in vitro modelling of intervertebral disc disease
activation.

3. Developing non-pharmacological and pharmacological

treatments more efficiently targeting adverse

biomechanical, biochemical and environmental factors

and taking into account personomics:

» Tailored to phenotype and predominant adverse factors.

» Accounting for powerful interactions with adverse social and
psychological factors.

» Aiming to obtain sustained positive effects on pain, function,
patient global assessment and returning to work.

unresponsive to conventional therapy) will assess, via a
multicentre, randomised, controlled, phase 2b clinical
trial including 112 patients with DDD, the efficacy of an
allogenic intervertebral mesenchymal stem cell-based
therapy. However, as previously stated, active discopathy
is a whole-organ disease, involving the intervertebral disc
and also surrounding anatomical structures. Therefore,
the interest of regenerative medicine targeting only the
intervertebral disc may be limited. In addition, the bene-
fits of regenerative medicine approaches have not been
proven in high-level clinical trials.

CONCLUSIONS AND PERSPECTIVES

DDD is frequent and usually asymptomatic, whereas
Modic 1 changes involving the vertebral endplates adja-
cent to a DDD are associated with inflammatory-like
chronic LBP and low-grade local and systemic inflam-
mation, giving rise to the concept of active discopathy.
A better understanding of mechanisms underlying disc
disease activation and its self-limitation seems of clin-
ical relevance because it could lead to designing more
targeted pharmacological and non-pharmacological
interventions in the subgroup of patients with chronic
LBP and active discopathy (box 1).
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