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Objective. To analyze the presence of infectious pathogens in the intervertebral disc tissues as possible pathogenetic factor in the
development of degenerative diseases of the spine.

Material and Method. In 2017—2018, a prospective exploratory research was conducted, which included 64 patients with degen-
erative disease of the spine who met the following inclusion criteria: the presence of clinically and instrumentally proven hernias
of the intervertebral discs in the lumbosacral spine, the absence of a history of surgical interventions on the spine, non-intake of
antibacterial drugs for the year before surgery, and Modic I and/or II type changes on MRI. All patients underwent interven-
tions with sampling of intervertebral disc material; a total of 80 discs were examined. The obtained materials were subjected to
microbiological and histopathological studies.

Results. Out of 64 patients, only 1 (1.6 %) revealed the presence of bacterial flora in the intervertebral disc tissue (Propionibacterium
acnes strain). It can be assumed that the identified bacterial flora is the result of contamination. It is also possible that the infectious
agent joined already during the development of degenerative disease of the spine. If the bacterial flora was a pathogenetic factor,
then it can be assumed that the pathogenesis of the disease is polyetiological and includes the infectious process as a rare event.
Conclusions. Given the high interest of specialists in the pathogenesis of degenerative diseases, it seems appropriate to conduct

further studies in this direction using various laboratory diagnostic methods with high sensitivity and specificity.
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Degenerative diseases of the lumbar
spine are an alarming problem of mod-
ern medicine. According to current esti-
mates, up to 80-90 % of the population
experience spinal pain [1]. The number
of people with spine-related disability
in the World increased from 58.2 mil-
lion in 1990 to 83.0 million in 2010
[2]. However, although degenerative
spinal diseases are of high prevalence
and socio-economic importance, there
is still no consensus on their etiology
and pathogenesis. According to the
existing theories, the pathogenesis of
degenerative diseases of the spine (e.g.,
osteochondrosis) is multifactorial and
associated with the following risk factors:
age-related involutional changes in the
body; mechanical, immune, traumatic,
vascular, infectious, hormonal, functional,
and hereditary factors; age; smoking; and
heavy physical labor [3, 4].

The first research on the association
between degenerative diseases and
infectious pathogens was the study by
Stirling et al. [5], which was published

in the Lancet journal in 2001. The study
revealed the presence of anaerobic gram-
positive microorganisms in the inter-
vertebral disc tissue in 53 % of patients
with sciatica, with 84 % of them being
presented by Propionibacterium acnes
(P. acnes). Afterwards, there were also
some other works on this issue published
in foreign journals. However, this topic
remains poorly explored in the domestic
literature, which prompted us to initiate
this study.

The aim of the study is to analyze the
presence of infectious pathogens in the
intervertebral disc tissues as a possible
pathogenetic factor in the development
of degenerative diseases of the spine.

Material and Methods

A prospective exploratory study was con-
ducted at the Department of Trauma-
tology, Orthopedics and Spine Surgery,
Petrovsky Russian Research Center
of Surgery (Moscow) in the period of
October 2017 to October 2018. The
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study was aimed to detect infectious
pathogens in intervertebral disc tissues
and assess their role in the pathogenesis
of degenerative diseases of the spine.

The study included 64 patients aged
18 years and older suffering from clini-
cally and instrumentally verified degen-
erative diseases of the lumbosacral spine
and meeting the inclusion criteria. There
were 29 (45.3 %) women (median age,
464 years) and 35 (54.7 %) men (median
age, 460.8 years) among the patients.

The inclusion criteria were as fol-
lows: clinically and instrumentally veri-
fied hernias of intervertebral discs in the
lumbosacral spine, no history of spine
surgery, no history of antibacterial drug
consumption for a year prior to surgery,
and Modic type I and/or II changes.

Patients included in the study under-
went surgery for degenerative diseases,
namely intervertebral disc hernias; disc
tissue samples were collected for micro-
biological and histological examination.

Surgery for lumbar disc herniation
included Caspar microsurgical discecto-
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my; stabilization of the affected segment
using rigid or dynamic fixation systems
was conducted based on the indications.
Interventions were performed by the
same team of surgeons in the same oper-
ating room in compliance with aseptic
and antiseptic techniques for preopera-
tive prevention of infectious complica-
tions (intravenous injection of 2.0 g of
cefazolin one hour before skin incision;
in case of intolerance to cefazolin, it was
replaced with another drug upon consul-
tation with the clinical pharmacologist).

The most prevalent segment affected
in the studied patients was L4-L5 (24
cases, 37.5 %); L5-S1 herniation was a lit-
tle less common (21 cases, 32.8 %), while
L3-14 segment changes were noted in 3
patients (4.7 %). The study also includ-
ed 16 (25.0 %) patients with two-level
degenerative disc diseases. Samples of
80 intervertebral discs were collected in
total.

Microbiological analysis included iso-
lation and identification of the detected
microorganism. Clinical samples were
taken in full compliance with regulations
using transportation systems (Copan, Ita-
ly). The obtained samples were seeded in
general purpose media and selective sol-
id MAST media (MAST Group Ltd., Unit-
ed Kingdom) according to the standard
methods. The samples were cultivated
under aerobic and anaerobic conditions
(using the BD GasPak™ system, USA);
identification of the isolated microorgan-
ism was carried out using a microbiologi-
cal testing system (VITEK® 2 Compact
Biomerieux, France).

For histopathological analysis, intet-
vertebral disc samples were dissected
into 0.4-0.5-cm fragments. The speci-
men were fixed in 10 % neutral buffered
formalin for 12-24 hrs according to the
standard technique and then embedded
in paraffin, Deparaffinized 3—4-um thick
sections were stained with hematoxylin-
eosin, van Gieson’s picrofuchsin, Heiden-
hain’s azan, and orcein. Histochemical
methods, namely staining with petiodic
acid-Schiff and toluidine blue, were used
to study the properties of the extracellu-
lar matrix. The von Kossa technique was
used to detect the presence of calcium
deposits. The samples were analyzed by

transmission electronic microscopy using
a Leica DM1000 LED light microscope in
order to detect bacterial biofilms in the
intervertebral discs.

All patients underwent examination
by MRI and radiography in the preop-
erative period. MRI data on changes in
the bone marrow and adjacent vertebral
endplates were evaluated according to
the Modic classification system [6]. Radio-
graphic examination was used to assess
segmental mobility and degenerative
changes in the facet joints and endplates.

The study followed ethical principles
in accordance with the Helsinki Decla-
ration of 1964 [7). All patients provided
written informed consent for diagnostic
testing and medical intervention.

The data were analyzed by bacteri-
ologists, clinical pharmacologists, and
pathologists. The data were subjected to
statistical analysis.

Results

Analysis of the intervertebral disc sam-
ples of 64 patients (80 discs in total) with
degenerative diseases of the lumbar spine
suffering from radicular syndrome and
back pain due to disc herniation revealed
the presence of bacterial flora (P. acnes)
in only one (1.6 %) case. Samples of the
remaining patients were free of bacterial
flora; histological examination revealed
no signs of inflammation (only the signs
of degenerative changes).

The pathological strain was detected in a
28-year-old patient with L4-L5 disc her-
niation and sequestration. The patient
had a concomitant diagnosis of class 1I
obesity (body mass index, 37.2 kg/m?). A
microbiological analysis revealed anaer-
obic gram-positive bacteria identified as
P. acnes. Histological examination dem-
onstrated small foci of edema and fresh
hemorrhages (Fig. 1), dystrophic uneven
changes in chondrocytes and intercellu-
lar substance, foci of calcification, as well
as signs of regenerative changes in chon-
drocytes (Fig. 2).

The patient received antibacterial pro-
phylaxis according to the protocols for
microsurgical discectomy (cefazolin, 2.0
g iv. before surgery). Radicular syndrome
stabilized; back pain disappeared within
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6 weeks after surgery. The patient had no
complaints at 6-month and 12-month
follow-up.

Discussion

The theory of infectious etiology of
degenerative diseases of the interverte-
bral discs was first proposed by a group
of British scientists in 2001. The authors
stated that low-virulent microorganisms,
in particular P. acnes, can cause a chron-
ic low-grade infection in lumbar interver-
tebral discs of the patients with sciatica
[5]. In this study, anaerobic gram-positive
microorganisms were found in 53 % of
patients with sciatica, with 84 % of the
cases represented by P. acnes. Accord-
ing to the specialists, other microorgan-
isms besides P. acnes were also revealed:
S. aureus, C. propinguum, C. freundii,
and B. cereus [2].

According to epidemiological studies,
the prevalence of P. acnes ranges from
13 % to 44 %. Furthermore, many authors
consider the presence of this pathogen
in the intervertebral disc tissue one of
the risk factors for Modic changes, non-
specific back pain, and sciatica [8-10].
The most pronounced symptoms are
observed in Modic type I changes [11].
Moreover, this microorganism takes
the second place in the incidence of
infectious diseases of the shoulder joint,
the third place among the causes of
periprosthetic infections; it is also often
associated with vertebral osteomyelitis,
purulent discitis, and spondylodiscitis
(11, 12].

To date, there is no unified stan-
dard system for diagnosing infectious
and degenerative diseases of the spine.
Having analyzed the literature data, a
research group formed a system based
on a combination of histopathological
criteria: the presence of granulation tis-
sue, chronic inflammatory cells, neutro-
philia, and dense fibrotic foci [13].

A meta-analysis of nine studies (602
patients) showed that six of them
favored the infectious hypothesis
(microorganisms were found on aver-
age in 45.2 % of the patients in these
studies), with P. acnes being more com-
mon (59.2 %) in patients with disc her-
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niation [14]. According to another meta-
analysis, microorganisms were detected
in nine of the 11 studies analyzed, while
infection was found on average in 34 %
of patients, with P. acnes being the most
common microorganism: it was identi-
fied in 45 % of the positive samples. We
also detected the P. acnes strain in our
study; however, the bacteria was found
only in one out of 64 patients. A corre-
lation between the presence of bacte-
ria in the intervertebral disc tissues and
back pain, Modic I changes, and disc
herniation was noted [15]. An analysis
of 404 patients from eight different stu-
dies revealed 132 (32.7 %) cases of inter-
vertebral disc infection, with the same
microorganism, P. acnes, being the most
common pathogen (689 %) [2].

Patients suffering from lower back
pain were divided into two groups for
comparison: individuals receiving anti-
bacterial therapy and patients receiv-
ing placebo. A statistically significant
improvement in all parameters (MRI
signs, pain intensity in the lower back
and lower extremities) was noted in
the first group [16]. Similar data were
obtained by researchers from Denmark
and Great Britain: back pain was shown
to be associated with edematous end-
plates and swollen bone marrow of the
vertebral bodies adjacent to the damaged
disc, which might be caused by low-vir-
ulent anaerobic bacteria [16]. According
to a series of studies, antibacterial treat-
ment of non-specific back pain is more
effective than placebo therapy [16, 17].
A multicenter, randomized, blind study
of the feasibility of prescribing antibacte-
rial drugs to treat back pain is currently
ongoing [18]. In our study, only standard
antibacterial prophylaxis was carried out;
no antibacterial therapy was used, since
there was no evidence for the infectious
origin of the disease.

The well-known DISC study of an
Australian cohort of 168 individu-
als (84 women and 84 men) revealed
a pathogen in the intervertebral discs
in 19.6 % of the patients (50 % of the
cases were represented by P. acnes) [19].
The authors allocated the patients into
several groups based on the area of sut-
gical intervention: 27.8 % of the cases

underwent lumbar fusions, and 18.5 %
had cervical operations. However, the
researchers noted clinical insignificance
of the data and indicated the need for a

multicenter study using a proper sample.

A group of researchers [20] conducted
a genetic analysis of 15 herniated inter-
vertebral discs, five degenerative discs,
and two healthy discs. All the three disc
groups varied in the number of the pro-
teins involved in the immune response

Fig. 1

eosin; x400 magnification

Foci of edema and sclerosis are observed in the sequestrated areas of cartilage;
chondrocytes are sparse, with dystrophic changes seen in most of them; some
chondrocytes are in a state of necrobiosis and necrosis; staining with hematoxylin and

Fig. 2
Unevenly metachromatic ground substance, areas of vascularization surrounded by
foci of chronic inflammation comprised of lymphocytes and histiocytic elements in the
sequestered intervertebral disc tissue; staining with azan; x200 magnification
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during the infectious process (lysozyme,
defensin, dermcidin, cathepsin G, phos-
pholipase A2, ubiquitin C): one group
had the largest number of these proteins,
the second group had slightly smaller
number of the proteins, while the third
group had the smallest number of the
proteins among the other groups.

Specialists from China [21] examined
46 patients with hernias. The authors
studied disc samples and paravertebral
muscles using PCR. No microbial genes
were found in the muscle tissue. How-
ever, a bacterial gene was found in the
intervertebral disc samples in 23.9 % of
cases, which made the authors suggest
a low probability of sample contamina-
tion and a likely presence of an infec-
tious pathogen.

Analysis of the surgical samples of 290
patients obtained during microdiscec-
tomy and biopsy of the intervertebral
disc tissue revealed Propionibacterium
species in 40 % of cases, staphylococci
in 11 % of patients, and alpha-hemolytic
streptococci in 3 % of individuals. The
authors [22] suggested the involvement
of P. acnes in the pathogenesis of inter-
vertebral disc degeneration. A similar
study was conducted using samples of
368 patients obtained during microsur-
gical discectomy. Bacteria were detected
in 162 (44 %) individuals, including 119
(32.3 %) cases of P. acnes. P. acnes was
cultured exclusively in 89 patients and
in combination with other microorgan-
isms (mainly Staphylococcus) in 30 cases.
This study confirms the predominance of
P. acnes in the tissues of herniated discs.
Moreover, it provides the first visual evi-
dence of the presence of bacterial bio-
films (which have not been detected in
our study) thus indicating an infection
rather than sample contamination [23].

Analysis of the treatment of 83
patients revealed the presence of micro-
organisms in 40 (48 %) cases, with 43
cases being bacterial-free. Based on the
obtained results and having taken into
account the presence of multinucleat-
ed cells, low correlation with previous
discography, and the absence of post-
operative infectious inflammation, the
authors [24] suggested the involvement
of low-grade spondylodiscitis in degen-

erative changes in the intervertebral discs.
P. acnes strain was detected in 28 cases,
coagulase-negative staphylococci were
observed in 16 patients. Interestingly,
that the majority of the infected inter-
vertebral discs was found in men. The
most contaminated segment was L4-L5.
No correlation between the presence of
an infectious agent and Modic changes
was revealed. We also evaluated Modic
changes in our study. There were also
no signs indicating the presence of infec-
tion in the intervertebral discs. A group of
American researchers analyzed 169 discs
obtained from 87 patients: 76 (45 %)
were found to be infected, with P. acnes
and staphylococci strains being detected
in 34 and 30 disc samples, respectively.
According to the authors [25], local bac-
terial biofilms are directly associated with
disc hernias and discogenic back pain.

A group of French researchers [20]
detected P. acnes in only 2 (3.7 %) out
of 54 intervertebral discs, which coin-
cides with the results of our study. Con-
trol samples of the ligamentum flavum
obtained from the same patients were
also contaminated with bacteria. Similar
control studies yielded a positive result
in 10 (18.5 %) cases. Air samples from the
operating room and laminar flow were
also examined: P. acnes was detected in
three and four cases, respectively. The
authors [26] considered sample contami-
nation to be the most likely explanation
to the occurrence of microorganisms.
The data are consistent with other stu-
dies, in which P. acnes strain was found
in 21.5 % of tissue samples and 16.5 % of
surgical wound lavage obtained during
spinal surgery.

There is also a theory of the involve-
ment of an infectious agent in the patho-
genesis of sciatica. Israeli researchers [27]
analyzed 120 samples obtained from 30
patients. A total of 116 samples turned
out to be sterile; growth of anaerobic
bacteria (coagulase-negative staphy-
lococci) was recorded in 4 cases (2
patients). The authors believe that the
results obtained deny the infectious eti-
ology of sciatica. It is possible that micro-
flora growth described in the previous
studies can be partially due to intraoper-
ative contamination, which the research-
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ers try to avoid by following the most
stringent aseptic and antiseptic tech-
niques [27]. According to the recom-
mendations and protocols, observance
of the rules of aseptic and antiseptic sur-
gery are the same in different parts of
the World. Apparently, even slight devia-
tions or disregard of rules result in sam-
ple contamination.

In order to reproduce and analyze the
infection observed in the intervertebral
discs, specialists conduct experiments
in laboratory conditions. Chen et al. [28]
administered P. acnes and S. aureus into
the discs of rabbits and performed his-
tological analysis of the disc samples.
P. acnes was found to induce degenera-
tive changes in the intervertebral discs,
endplate damage, and Modic type I
changes. S. aureus caused discitis with
severe consequences (including death).
A group of American specialists conduct-
ed quite an interesting study. P. acnes
was isolated under aseptic conditions
from the L4-L5 disc of a patient with
back pain and Modic type [ changes’ after
which this biological material was inject-
ed into the caudal intervertebral discs of
laboratory rats. Proliferation of P. acnes,
as well as activation of IL-1 and IL-6 were
noted on day 3. On day 7, disc degenera-
tion in the form of fibrotic changes in the
endplates was observed; TNF-a activity
increased in the areas of endplate dam-
age, cell infiltration was noted; the bone
marrow remained intact. On day 14, end-
plates and the trabecular bone adjacent
to the disc space were resorbed almost
completely, fibrous tissues can be traced
to the bone marrow. The highest activity
levels of T cells and TNF-a. were detected
at the border of the disc substance and
bone marrow; Modic type I changes were
observed. The authors concluded that
P. acnes bacteria proliferate in the disc
sample causing degenerative changes in
bone marrow classified as Modic type [
changes. Another group of researchers
[30] inoculated P. acnes culture into the
L3-14 and L4-L5 discs of a rabbit; L2—
L3 discs were injected with 100 mL of
physiological saline; L5-L6 discs were left
intact. The authors showed that P. acnes
can cause degenerative disc changes and
an inflammatory response in endplates,
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which were classified as time-dependent
Modic type I or II changes. P. acnes bac-
teria accumulate in the endplate region,
which provides the most favorable con-
dition for their growth. There, the micro-
organism causes low-grade inflamma-
tion by attracting immune cells resulting
in MRI signal changes (Modic changes).
In the conclusion section, the authors
pointed out the relationship between
degenerative changes in the spine, back
pain and Modic changes. These changes,
in turn, are associated with the presence
of P. acnes in the conjunction area of the
disc and the subchondral bone [31].
Considering the prevalence of this
theory among specialists, there are
numerous disputes about the way of
microbial contamination of the inter-
vertebral discs. Possible contamination
mechanisms include bacteremia, translo-
cation of bacteria through the intestinal
wall, as well as morphological features
of the nucleus pulposus (these tissues
provide extremely favorable conditions
for proliferation of microorganisms due

to the absence of vascularization) [19].
P. acnes can be present in the blood-
stream in small amounts; however, the
non-vascular structure of the nucleus
pulposus can provide an ideal environ-
ment for the proliferation of opportu-
nistic microorganisms [32]. Endplate car-
tilage damage as a result of degenera-
tion additionally facilitates inflammatory
and infectious complications due to the
increased cartilage permeability [33).
Retrograde bacterial migration from
the pelvis is also possible. In 1967, Bat-
son described the epidural venous plexus
(which was subsequently called Batson
venous plexus or Batson veins), which
collects venous blood from all vertebral
bodies and connects it with the pelvic
venous system. Due to valvular insuf-
ficiency, when the intra-abdominal
pressure rises to its maximum, retro-
grade spread of the infection from the
pelvic organs can occur. This feature
can explain the frequent comorbidity
of spondylodiscitis with inflammatory
diseases of the genitourinary tract and
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organs of the abdominal cavity. However,
the mechanism remains debatable [24].

Conclusion

No convincing data on the involvement
of microorganisms in degenerative dis-
eases of the lumbosacral spine have been
obtained. Of 64 cases, only one (1.6 %)
patient had bacterial flora (Propionibac-
terium acnes). The presence of pathogen-
ic bacteria in the disc sample can be due
to contamination. Howevet, the possible
involvement of the microorganism in the
development of the disease cannot be
excluded completely. If the bacterial flo-
ra was a pathogenetic factor in this case,
it is logical to assume that pathogenesis
of degenerative changes in the interver-
tebral discs is multifactorial and can also
include infection (in rare cases).

The study was not supported by a specific funding.
The authors state that there is no conflict of interest.

DEGENERATIVE DISEASES OF THE SPINE



HIRURGIA POZVONOCHNIKA 2020:17(2):23-30

M.M. ALEXANYAN ET AL. INFECTIOUS PATHOGENS IN ETIOPATHOGENESIS OF DEGENERATIVE INTERVERTEBRAL DISC DISEASE

References

V)

Konovalov NA, Shevelev IN, Kornienko VN, Nazarenko AG. Clinico-diagnostic
assessment of the severity of degenerative damage of the lumbosacral spine. Annaly
klinicheskoy i eksperimental’noy nevrologii. 2009;3(3):17-20. In Russian.

Fisher TJ, Osti OL. Do bacteria play an important role in the pathogenesis of low back
pain? ANZ J Surg. 2015;85:808-814. DOL 10.1111/ans.12983.

Schroeder GD, Guyre CA, Vaccaro AR. The epidemiology and pathophysiology of lum-
bar disc herniations. Semin Spine Surg, 2016;28:2-7. DOL 10.1053/jsemss.2015.08.003.
Takatalo J, Karppinen J, Taimela S, Niinimaki J, Laitinen J, Sequeiros RB,
Samartzis D, Korpelainen R, Nayha S, Remes J, Tervonen O. Association of abdomi-
nal obesity with lumbar disc degeneration — a magnetic resonance imaging study. PLoS One.
2013;8:¢56244. DOL 10.1371 /journal pone.0056244.

Stirling A, Worthington T, Rafiq M, Lambert PA, Elliott TS. Association between
sciatica and Propionibacterium acnes. Lancet. 2001;357(9273):2024-2025. DOL10.1016/
$0140-6736(00)05109-6.

Bierry G, Dietemann JL. Imaging of degenerative disk disease. In: Pinheiro-Franco JL,
Vaccaro AR, Benzel EC, Mayer HM, eds. Advance Concepts in Lumbar Degenerative Disk
Disease. Springer-Verlag Berlin Heidelberg, 2016:91-108.

Williams JR. The Declaration of Helsinki and public health. Bull World Health Organ.
2008;86:650-652. DOL 10.2471/BLT:08.050955.

Albert HB, Kjaer P, Jensen TS, Sorensen JS, Bendix T, Manniche C. Modic
changes, possible causes and relation to low back pain. Med Hypotheses. 2008;70:361-
368. DOL: 10.1016/.mehy.2007.05.014.

Bailly F, Maigne JY, Genevay S, Marty M, Gandjbakhch F, Rozenberg S,
Foltz V. Inflammatory pain pattern and pain with lumbar extension associated with
Modic 1 changes on MRI: A prospective case-control study of 120 patients. Eur Spine
J.2014;23:493-497. DOL 10.1007 /500586-013-3036-6.

. Denaro V, Denaro L, Di Martino A, Longo UG, Maffulli N. Degenerative disk di-

sease. In: Denaro L, D’Avella D, Denaro V, eds. Pitfalls in Cervical Spine Surgery Avoid-
ance and Management of Complications. Springer, 2010:121-163.

. Dudli S, Liebenberg E, Magnitsky S, Miller S, Demir-Deviren S, Lotz JC. Propioni-

bacterium acnes infected intervertebral discs cause vertebral bone marrow lesions consis-
tent with Modic changes. ] Orthop Res. 2016;34:1447-1455. DOL 10.1002 /jor.23265.

. Chen Z, Cao P, Zhou Z, Yuan Y, Jiao Y, Zheng Y. Overview: the role of Propioni-

bacterium acnes in nonpyogenic intervertebral discs. Int Orthop. 2016;40:1291-1298.
DOI: 10.1007/500264-016-3115-5.

. Rao PJ, Phan K, Maharaj MM, Scherman DB, Lambie N, Salisbury E, Mobbs R]J.

Histological analysis of surgical samples and a proposed scoring system for infections in
intervertebral discs. J Clin Neurosci. 2016;30:115-119. DOL 10.1016/j,jocn.2016.01.032.

. Ganko R, Rao PJ, Phan K, Mobbs R]. Can bacterial infection by low virulent organ-

isms be a plausible cause for symptomatic disc degeneration? A systematic review. Spine.
2015;40:E587-E592. DOI: 10.1097/BRS.0000000000000832.

. Urquhart DM, Zheng Y, Cheng AC, Rosenfeld JV, Chan P, Liew S, Hussain SM,

Cicuttini FM. Could low grade bacterial infection contribute to low back pain? A sys-
tematic review. BMC Med. 2015;13:13. DOL 10.1186/512916-015-0267-x.

. Albert HB, Sorensen JS, Christensen BS, Manniche C. Antibiotic treatment

in patients with chronic low back pain and vertebral bone edema (Modic type 1
changes): a double-blind randomized clinical controlled trial of efficacy. Eur. Spine J.
2013;22:697-707. DOI: 10.1007/500586-013-2675-y.

. Birkenmaier C. Should we start treating chronic low back pain with antibiotics

rather than with pain medications? Korean J Pain. 2013;26:327-335. DOL 10.3344/
kjp.2013.264.327.

. Storheim K, Espeland A, Grovle L, Skouen JS, Assmus J, Anke A, Froholdt A,

Pedersen LM, Haugen AJ, Fors T, Schistad E, Lutro O, Marchand GH, Kadar T,

28

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Vetti N, Randen S, Nygaard OP, Brox JI, Grotle M, Zwart JA. Antibiotic treat-
ment In patients with chronic low back pain and Modic changes (the AIM study):
Study protocol for a randomised controlled trial. Trials. 2017;18:1-11. DOL 10.1186/
§13063-017-2306-8.

. Rao PJ, Phan K, Reddy R, Scherman DB, Taylor P, Mobbs RJ. DISC (Degener-

ate-disc Infection Study With Contaminant Control): Pilot Study of Australian Cohort
of Patients Without the Contaminant Control. Spine. 2016;41:935-939. DOI: 10.1097/
BRS.0000000000001404.

Rajasekaran S, Tangavel C, Aiyer SN, Nayagam SM, Raveendran M, Demon-
te NL, Subbaiah P, Kanna R, Shetty AP, Dharmalingam K. ISSLS PRIZE IN CLINI-
CAL SCIENCE 2017:Is infection the possible initiator of disc disease? An insight from
proteomic analysis. Eur Spine J. 2017;26:1384-1400. DOIL 10.1007/s00586-017-4972-3.
Zhou Z, Chen Z, Zheng Y, Cao P, Liang Y, Zhang X, Wu W, Xiao J, Qiu S. Rela-
tionship between annular tear and presence of Propionibacterium acnes in lumbar
intervertebral disc. Eur. Spine J. 2015;24:2496-2502. DOIL 10.1007/500586-015-4180-y.
Capoor MN, Ruzicka F, Machackova T, Jancalek R, Smrcka M, Schmitz JE, Her-
manova M, Sana J, Michu E, Baird JC, Ahmed FS, Maca K, Lipina R, Alamin TF,
Coscia MF, Stonemetz JL, Witham T, Ehrlich GD, Gokaslan ZL, Mavromma-
tis K, Birkenmaier C, Fischetti VA, Slaby O. Prevalence of propionibacterium
acnes in intervertebral discs of patients undergoing lumbar microdiscectomy: A pro-
spective cross-sectional study. PLoS One. 2016;11:¢0161676. DOL 10.1371 /journal.
pone.0161676.

Capoor MN, Ruzicka F, Schmitz JE, James GA, Machackova T, Jancalek R,
Smrcka M, Lipina R, Ahmed FS, Alamin TF, Anand N, Baird JC, Bhatia N,
Demir-Deviren S, Eastlack RK, Fisher S, Garfin SR, Gogia JS, Gokaslan ZL,
Kuo CC, Lee YP, Mavrommatis K, Michu E, Noskova H, Raz A, Sana J, Shamie AN,
Stewart PS, Stonemetz JL, Wang JC, Witham TF, Coscia MF, Birkenmaier C, Fisch-
etti VA, Slaby O. Propionibacterium acnes biofilm is present in intervertebral discs of
patients undergoing microdiscectomy. PLoS One. 2017;12:¢0174518. DOIL 10.1371 /journal.
pone0174518.

Arndt J, Charles YP, Koebel C, Bogorin I, Steib JP. Bacteriology of degenerated
lumbar intervertebral disks. J Spinal Disord Tech. 2012;25:E211-E216. DOL 10.1097/
BSD.0b013€318269851a.

Coscia MF, Denys GA, Wack MF. Propionibacterium acnes, Coagulase-Negative Staphylo-
coccus, and the “Biofilm-like” Intervertebral Disc. Spine. 2016:41:1860-1865. DOL 10.1097/
BRS.0000000000001909.

Carricajo A, Nuti C, Aubert E, Hatem O, Fonsale N, Mallaval FO, Vautrin AC, Brun-
on J, Aubert G. Propionibacterium acnes contamination in lumbar disc surgery. ] Hosp
Infect. 2007;66:275-277. DOL 10.1016/}jhin.2007.04.007.

Ben-Galim P, Rand N, Giladi M, Schwartz D, Ashkenazi E, Millgram M, Dekel S,
Floman Y. Association between sciatica and microbial infection: True infection or culture
contamination? Spine. 2006;31:2507-2509. DOL 10.1097/01brs.0000238657.13263.b2.
Chen Z, Zheng Y, Yuan Y, Jiao Y, Xiao J, Zhou Z, Cao P. Modic changes and disc
degeneration caused by inoculation of Propionibacterium acnes inside intervertebral discs of
rabbits: a pilot study. Biomed Res Int. 2016;2016:9612437. DOL 10.1155/2016/9612437.
Dudli S, Liebenberg E, Magnitsky S, Miller S, Demir-Deviren S, Lotz JC. Propi-
onibacterium acnes infected intervertebral discs cause vertebral bone marrow lesions
consistent with Modic changes. J Orthop Res. 2016;34:1447-1455. DOL 10.1002/
jor.23265.

Shan Z, Zhang X, Li S, Yu T, Liu J, Zhao F. Propionibacterium acnes incubation
in the discs can result in time-dependent Modic changes. Spine. 2017;42:1595-1603.
DOL: 10.1097/BRS.0000000000002192.

DEGENERATIVE DISEASES OF THE SPINE



HIRURGIA POZVONOCHNIKA 2020:17(2):23-30
M.M. ALEXANYAN ET AL. INFECTIOUS PATHOGENS IN ETIOPATHOGENESIS OF DEGENERATIVE INTERVERTEBRAL DISC DISEASE

31. Shan Z, Zhang X, Li S, Yu T, Mamuti M, Zhao F. The influence of direct inocula-
tion of Propionibacterium acnes on Modic changes in the spine: evidence from a rab- Address correspondence to:
bit model. ] Bone Joint Surg Am. 2017;99:472-481. DO 10.2106/JBJS.16.00146. Alexanyan Mark Mikayelovich
32. Rollason J, McDowell A, Albert HB, Barnard E, Worthington T, Hilton AC, Petrovsky Russian Research Center of Surgery,
Vernallis A, Patrick S, Elliott T, Lambert P. Genotypic and antimicrobial char- 2 Abrikosobskiy Pereulok, Moscow, 119991, Russia,
acterisation of Propionibacterium acnes isolates from surgically excised lumbar disc AlexanyanMM@gmail.com
herniations. Biomed Res Int. 2013;2013:530382. DOIL 10.1155/2013/530382.
33. Lama P, Zehra U, Balkovec C, Claireaux H, Flower L, Harding I, Dolan P, Received 22.10.2019
Adams MA. Significance of cartilage endplate within herniated disc tissue. Eur Spine Review completed 26.02.2020
J. 2014;23:1869-1877. DOI: 10.1007 /500586-014-3399-3. Passed for printing 28.02.2020

Mark Mikayelovich Alexanyan, MD, PhD, senior researcher of Trauma and Orthopedic (Spine Surgery) Deparitment of Petrovsky Russian Research Center of Surgery,
2 Abrikosobskiy Pereulok, Moscow, 119991, Russia, ORCID: 0000-0003-1321-086X, AlexanyanMM@gmail.com;

Alexander Georgyevich Aganesov, DMSc, Prof., Chief of Trauma and Orthopedic (Spine Surgery) Department of Petrovsky Russian Research Center of Surgery,
2 Abrikosobskiy Pereulok, Moscow, 119991, Russia, ORCID: 0000-0001-8823-5004, Aaganesov@gmail.com;

Elen Levonovna Pogosyan, resident of Reconstructive and Plastic Surgery Depariment of Petrovsky Russian Research Center of Surgery, 2 Abrikosobskiy Pereulok,
Moscow, 119991, Russia, ORCID: 0000-0002-0423-036X, elenatvtv@mail.ru;

Tatyana Maratovna Mrugova, MD, PhD, chief of Microbiological Laboratory of Petrovsky Russian Research Center of Surgery, 2 Abrikosobskiy Pereulok, Moscow,
119991, Russia, ORCID: 0000-0002-4127-7415, t.m.mrugova@gmail.com;

Alexandra Grigoryevna Ivanova, MD, PhD, senior researcher of Pathological Anatomy Department of Petrovsky Russian Research Center of Surgery, 2 Abrikosobskiy
Pereulok, Moscow, 119991, Russia, ORCID: 0000-0001-6962-7440, Agivanova@mail.ru;

Maria Aleksandrovna Chukina, clinical pharmacologist of Petrovsky Russian Research Center of Surgery, 2 Abrikosobskiy Pereulok, Moscow, 119991, Russia,
ORCID: 0000-0001-5968-3297, machukina@gmail.com;

Eduard Georgievich Gemdzbian, senior researcher, biostatistician of Trauma and Orthopedic (Spine Surgery) Department of Petrovsky Russian Research Center of
Surgery, 2 Abrikosobskiy Pereulok, Moscow, 119991, Russia, ORCID: 0000-0002-8357-977X, edstat@mail.com.

29

DEGENERATIVE DISEASES OF THE SPINE




HIRURGIA POZVONOCHNIKA 2020:17(2):23-30

M.M. ALEXANYAN ET AL. INFECTIOUS PATHOGENS IN ETIOPATHOGENESIS OF DEGENERATIVE INTERVERTEBRAL DISC DISEASE

30

DEGENERATIVE DISEASES OF THE SPINE



