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ABSTRACT

Study Design: Prospective nonrandomized study.
Objective: Objective of the study was to ascertain etiological correlation between Modic changes (MC) and

bacterial infection through 16s DNA sequencing in patients with chronic low backache.
Summary of Background Data: Modic changes are common on magnetic resonance imaging (MRI) of patients

with low back pain and are strongly associated with low back pain. Various factors are associated with the etiology; of

these, degeneration and mechanical factors are most common. Some studies have also found etiological relation between
MC and infection.

Material and Method: The study involved 20 patients of either sex (age range, 20–65 years) who were investigated
for blood count, erythrocyte sedimentation rate, and quantitative C-reactive protein. The intervertebral disc removed

during discectomy from each patient was sent for polymerase chain reaction (PCR) study. We have targeted the
conserved gene of the bacteria (ie, 16s ribosomal DNA) and used a universal eubacteria nested-amplification protocol
that may detect picograms of bacterial DNA.

Result: Among the 20 cases of patients who had low back pain and MC in MRI, 13.5% showed raised
leucocytosis, 28.6% showed raised erythrocyte sedimentation rate, 72.7% showed raised quantitative C-reactive protein,
and 90% of the disc sample showed presence of bacteria in PCR study.

Conclusion: MC may have an infective etiology.
Level of Evidence: 4.
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INTRODUCTION

Modic changes (MC) are vertebral end plate and
bone marrow signal changes seen on magnetic
resonance imaging (MRI). de Roos et al1 first
reported signal changes adjacent to the vertebral
end plates visualized by MRI.

Classification

Radiologist Michael Modic and his colleagues2,3

described and classified MC. The MC are classified
into 3 types: type 1, type 2, and type 3. Modic
changes type 1 (Figure 1) are seen as areas of high
signal intensity on a T2 weighted image (T2WI)
and as areas of low signal intensity on a T1
weighted image (T1WI). Modic changes type 2
(Figure 2) are seen as areas of high signal intensity
on both T2WI and T1WI. Modic changes type 3
(Figure 3) are seen as areas of low signal intensity

on both T2WI and T1WI. Modic changes type 1

contains vascular granulation tissue with inflam-

matory components, and MC type 2 contains fat

replacement of hematopoietic tissue. Modic chang-

es type 3 are rare and represent subchondral bony

sclerosis. Miller4 classified MC in 4 grades. Grade 0

is normal, grade 1 is similar to MC type 1, grade 2

is similar to MC type 2, and grade 3 is similar to

MC type 3. Weishaupt et al5 also classified MC

into 4 types on the basis of vertebral height

involvement. MC type 1 can change over time to

type 2 and vice versa.6

Pathogenesis

Multiple authors have found MC to be strongly

associated with low back pain (LBP). Albert and

Manniche7 found strong association between MC,

mainly MC type 1, and nonspecific LBP. They
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showed an increase in MC type 1 in follow-up of
patients with LBP. Kjaer et al8,9 also showed strong
association between MC and LBP and also showed
that MC type 1 and MC at the L5-S1 level are more
related to LBP than are MC at other levels.
Carragee et al10 and Toyone et al11 also found
association between MC and LBP. Ohtori et al12

found that presence of immunoreactive nerve fibers
in the end-plate cartilage and a high number of
cytokines such as tumor necrosis factor is cause for
LBP in MC. After establishing that MC are strongly
associated with LBP, knowing their etiology will
help to address the problem. Although the etiology
of MC remains poorly understood, previously it was
thought to be associated with the degenerative
process only. However, MC are not specific to the

degenerative process only13 and can be seen with

different conditions such as infectious, degenerative,
and immunological diseases. According to the

current literature, there are two possible mecha-
nisms: biomechanical and biochemical causes.14 The

biomechanical mechanism relies mainly on vertebral
end-plate changes due to a degenerative process.

Disc degeneration leads to end-plate calcification
and vertebral end plates exhibit altered structure

and microfailure.15 Disc degeneration leads to
uneven distribution of loads across the entire disc

and thus may contribute to end-plate fissures.2 The
biochemical mechanism is the one more studied and

focuses on increases in inflammatory mediators.
Crock et al16,17 showed an increase in the inflam-

matory mediator in the nucleus pulposus, leading to
LBP. Braithwaite et al18 showed in their study that

MC possibly resulted from the inflammatory
reaction to the toxic substances from a degenerative

disc. Albert et al19 suggested bacteriological etiology
for MC. The present study focuses on finding an

etiological correlation of MC with bacterial infec-
tion. Although there are studies that show the

relation of MC to infectious discitis, these studies
were based on isolation of bacteria by the culture

method or the detection of increase in various
proinflammatory markers. As such, the culture

isolation is considered to be very poor in sensitivity,
and surrogate markers of inflammation are very

much nonspecific. In the present study, bacterial
infection was identified by polymerase chain reac-

tion (PCR) and by finding 16s DNA, which is
specific for bacteria.

Figure 1. Modic changes type 1 (arrows): (A) Hypointense on T1WI. (B)

Hyperintense on T2WI.

Figure 2. Modic changes type 2 (arrows): (A) Hyperintense on T1WI. (B)

Isointense or hyperintense on T2WI.

Figure 3. Modic changes type 3 (arrows): (A) Hypointense on T1WI. (B)

Hypointense on T2WI.
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MATERIALS AND METHOD

This was a prospective nonrandomized study that
involved 20 patients of either sex with ages ranging
from 20 to 65 years. The study was conducted at the
Department of Orthopaedics, Institute of Medical
Sciences, Banaras Hindu University, Varanasi,
India.

The inclusion criteria were

� back pain for at least 6 months;
� patients with MC at lumbar spine level on

MRI.

The exclusion criteria were

� history of recent viral or bacterial infections
(within 6 months);

� past or present history of tumor, trauma, or
any surgical intervention in the spine;

� having received epidural steroid injection;
� having undergone previous discectomy at the

index level.

From each patient, 5 mL of venous blood were
collected under aseptic conditions and sent for
complete blood count, erythrocyte sedimentation
rate, and quantitative C-reactive protein in their
respective vials.

At least 1 mL of intervertebral disc was collected
from each patient under aseptic conditions in the
operating theater during discectomy and stored in a
sterile container containing sterile normal saline.
This sample was sent to the Department of
Microbiology for PCR study. In the present study
we have targeted the conserved gene of the bacteria
(ie, 16s ribosomal DNA). We have used a universal
eubacteria nested-amplification protocol that may
detect quantities as small as picograms of bacterial
DNA. For the qualitative variables, Pearson v2 test
and Fisher exact test were applied to test for
significance. Informed consent was taken from all
the patients.

RESULTS

Among the 20 cases of patients who had LBP and
MC in MRI, 13.5% showed raised leucocytosis,
28.6% showed raised ESR, and 72.7% showed
raised quantitative C-reactive protein. Moreover,
90% of the cases showed presence of bacteria in
PCR study. In this study we have found the
amplification of the 16s DNA sequence in 90% of
the patients having MC along with LBP. When the

amplicons (amplified products) from 18 different
specimens were subjected to restriction enzyme
analysis, EcoR1 yielded 2 bands of equal size in 17
of the samples, whereas 1 had a different banding
pattern. This observation suggests that the bacteria
amplified might be the same in most cases (Figures 4
and 5).

DISCUSSION

The basic objective of this study was to know
whether bacterial infection is associated with MC.
There are few studies that support our findings. In
a 2008 study, Albert et al19,20 claimed that a disc
herniation was the entry point of the bacteria and
that MC likely were the result of the entry of
bacteria, resulting in edema and inflammation
surrounding the extruded nuclear material. How-
ever, this hypothesis has not been supported up to
now. In the Albert et al19,20 study, 46% of the 61
patients with a lumbar disc herniation were found
to have microorganisms present in extruded
nuclear tissue. The microorganism most frequently
cultured was the anaerobic bacterium Propionibac-
terium acnes. The discs from which the anaerobic
bacteria were isolated were statistically significant-
ly more likely to develop MC than those in which
no bacteria or aerobic bacteria were detected (P ,

.0038). The findings of this study could be
interpreted as support for the theory that the
occurrence of MC type 1 in the vertebrae adjacent
to the previously herniated disc might be the edema
surrounding an infected disc. Ohtori et al21 in their
2-year follow-up study reported that 4.2% of 71
patients with MC were diagnosed as having
pyogenic spondylitis. They too used the culture
method to isolate the bacteria. As expected, these 2
culture-based studies detected the presence of
bacteria in small proportions. Because our study
was based on molecular detection, our bacterial
detection rate was quite high. Few other studies
also showed that following a breach of the outer
annulus fibrous after herniation of the nucleus
pulposus, new capillarization occurred around the
extruded nucleus pulposus during a short period of
time,22–25 which leads to inflammation and macro-
phage aggregation.23–26 Anaerobic bacteria may
enter the disc through the breach, causing a low-
virulent and slowly developing infection in the disc.
Due to the fact that a disc is an avascular structure,
it is an ideal environment for the growth of
anaerobic bacteria. Albert et al27 and Modic et
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Figure 4. Depicting the 16s amplified DNA products of the 20 samples of intervertebral discs. (Among the 20 samples, sample no. 13 and sample no. 17 did not

show the presence of bacterial DNA.)

Figure 5. Depicting the restriction analysis of 18 amplicons from 16s amplification. Upper half of the figure represents BamH1 enzyme-digested products and the

lower half of the figure represents EcoR1 enzyme-digested products.
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al28 showed a positive result of antibiotic treatment
on MC in 2 small and uncontrolled studies.
Aghazadeh et al29 found in their study of 120
patients that the 16s DNA gene was identified in
38.3% of the disc sample.

CONCLUSIONS

Diagnosing patients with LBP with specific
anatomical pathological etiology is challenging,30

and because MC are strongly associated with LBP,
this study focused on finding an etiological corre-
lation between MC and bacterial infection. After the
study, we can conclude that vertebral end plate
changes (Modic changes) may have an infective
etiology such as bacteria that may have led to a local
inflammatory process and raised levels of acute-
phase reactants. This local inflammation might have
led to vertebral end plate changes that appear in the
MRI as MC. Because this is a very small study, a
study involving large numbers might be able to
resolve the issue more clearly. In our study, the
focus was on finding a correlation between MC and
bacterial infection by PCR and 16s DNA but not on
finding any specific bacteria. If the DNA sequencing
data become available and some specific bacteria are
found to be associated, that would be more helpful.
Amplification of 2 or 3 genes of that particular
bacteria in the intervertebral disc from a patient can
resolve the issue further. However, it needs further
extensive study involving a large number of cases,
which might modify the current concepts in the
treatment of back pain associated with MC.
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