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a b s t r a c t

Tuberculosis is ancient disease known to mankind. Diagnosis and management of spinal tuberculosis has
immensely improved in last few decades. Imaging, particularly MRI, plays important role in diagnosis of
spinal tuberculosis and its complications. Four common imaging patterns of spinal tuberculosis include
paradiscal type, central type, Anterior subligamentous type, and posterior type. Imaging also plays
important role in differentiation of spinal tuberculosis from its mimics, particularly pyogenic spondylitis,
and metastasis. Radiological interventions, such as CT guided vertebral biopsy, and percutaneous
drainage of cold abscess, are commonly used in management of spinal tuberculosis. Monitoring of
therapeutic response is often based on clinical evaluation and imaging. MRI is most common imaging
modality used. Signs of healing include bony ankylosis, resolution of marrow edema, decrease in contrast
enhancement, and fatty change with in bone marrow. PET CT is recently evaluated for response
assessment with promising results. This review summarizes pathophysiology, clinical presentation,
imaging features, radiological interventions, and response assessment in spinal tuberculosis.

© 2021
1. Introduction

Tuberculosis is one of the ancient diseases known to mankind.1

It is observed in mummies of Egypt and Peru, as old as 9000BCE. In
India, it has been mentioned in Rig Veda, and Atharva Veda, by the
name ‘Yakshama’ as early as in 3500BCEe1800BCE. In 1779, Sir
Percival Pott observed spinal tuberculosis as a disease causing
spinal deformity and paraplegia.1,2 It was in 1870, that the myco-
bacterium was identified as the causative agent.3 Since then,
diagnosis and management of tuberculosis has improved
immensely. More recently, since 1987, availability of computed
tomography (CT) and magnetic resonance imaging (MRI) has made
it possible to diagnose spinal tuberculosis in a pre-destructive
phase, and at rare and difficult sites such as craniovertebral junc-
tion.3 Thus, presently, with availability of advanced imaging tech-
niques, and effective antitubercular drugs, the objective of the
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treatment of spinal tuberculosis is ‘to eradicate the infection with
near normal spine’.4 Another concern in the treatment of spinal
tuberculosis is the decision on the optimum duration of antitu-
bercular therapy. Although, world health organization (WHO) and
American Thoracic Society recommend category I antitubercular
therapy for 6e9months in newly diagnosed spinal tuberculosis,
stopping antitubercular therapy at fixed 6e9 months duration may
not be ideal, considering potentially disastrous complications of
spinal tuberculosis. It is recommended that clinical response along
with imaging be used to decide the end point of antitubercular
therapy.5 MRI and 18F-fluorodeoxyglucose positron emission to-
mography (18F-FDG PET), are particularly useful in evaluating
therapeutic response.6,7 This review summarizes pathophysiology,
clinical presentation, imaging features, radiological interventions,
and response assessment in spinal tuberculosis.
2. Pathophysiology of spinal tuberculosis

Tuberculosis is caused by slow growing aerobic bacilli, myco-
bacterium tuberculosis complex.2 Lung is the most common site of
primary infection. Spinal involvement is always secondary to he-
matogenous dissemination of bacilli from the primary site.2 Thor-
acolumbar junction is the most common site involved.8 Four
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patterns of vertebral involvement in spinal tuberculosis8,9 include
(Fig. 1).

i) Paradiscal type where vertebral bodies, adjacent to the
intervertebral disc, are involved secondary to arterial spread
of infection. It is the most common type.

ii) Central type where central vertebral body is involved from
spread of infection through valveless Batson's paravertebral
venous plexus.

iii) Anterior type results from subligamentous spread of infec-
tion beneath the anterior longitudinal ligament.

iv) Posterior element involvement in spinal tuberculosis is rare,
and is caused by spread of infection through posterior
external vertebral venous plexus or by direct spread.8,9

Intervertebral disc is a relatively avascular structure, and is
spared until late stage of the disease, as tuberculous bacilli do not
produce proteolytic enzymes, in contrast to pyogenic infection
where it is involved early in disease.2 Bone destruction in spinal
tuberculosis can be fragmentary (47%), osteolytic (34%), sub-
periosteal (30%), or localized destruction with sclerosed margins
(10%)10 (Fig. 2). Bone destruction will eventually lead to anterior
wedging and kyphosis or concertina collapse of single vertebral
body. Disc osseous debris with in the spinal canal and epidural pus
can compress on the spinal cord or the nerve roots and cause
Fig. 1. Patterns of vertebral involvement in spinal tuberculosis. (A: Paradiscal; B: C

2

neurological sequelae.10 Cold abscesses are pus collections that lack
surrounding inflammatory response, and are seen in nearly 70% of
patients with spinal tuberculosis. It is often seen in paravertebral
region, and can take the path of least resistance along the fascial
planes and neurovascular bundle.2,9

Late onset paraplegia can occur even after resolution of active
infection in the presence of persistent severe kyphosis. This can
lead to chronic compression over spinal cord and eventually mye-
lomalacia which is irreversible and results in permanent neuro-
logical deficits. Thus, early control or surgical correction of kyphosis
is necessary to prevent permanent functional disability.10

3. Clinical features

Spinal tuberculosis shows increasing trending in recent years,
and largest number of patients belong to the age group of 16e30
years.11 Spinal tuberculosis can have varied presentations. Often, it
is insidious in onset with long duration of history. Uncomplicated
spinal tuberculosis is where the diagnosis is made before devel-
opment of complications. Back pain is the most common presen-
tation, seen in 90%e100% of spinal tuberculosis, and is the only
complaint in 61% of patients.9,11 Constitutional symptoms such as
fever, malaise, loss of appetite, and loss of weight which are com-
mon in pulmonary tuberculosis, are infrequent in spinal tubercu-
losis (20%e30%). Complicated spinal tuberculosis can present with
entral; C: Anterior subligamentous; D: Posterior (neural arch) involvement).



Fig. 2. Bone destruction types in spinal tuberculosis. (A: Fragmentary; B: Osteolytic; C: Subperiosteal; D: Localized destruction with sclerosed margins).
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deformity, instability, or neurological deficits.2,9

Patients without constitutional symptoms, back pain, kyphosis,
or typical imaging features are said to have atypical spinal tuber-
culosis.2 Common examples for atypical presentation on imaging
include skip vertebral lesions from spread of infection through
Batson's vertebral venous plexus, concertina collapse, multifocal
involvement, isolated neural arch involvement, isolated cold ab-
scess, and prolapsed intervertebral disc.2
4. Diagnosis of spinal tuberculosis

Diagnosis of spinal tuberculosis is often suggested by charac-
teristic clinical features, and imaging findings. WHO recommends
use of Tuberculin skin test in low income countries, for its high
negative predictive value. However, its use is limited, particularly in
endemic countries, as it cannot differentiate between latent from
active infection, and also, the test can be falsely negative in
immunocompromised individual.2,12 Tissue diagnosis is the gold
standard for diagnosis of spinal tuberculosis, and bacteriological
confirmation can be obtained by culture, histopathology, or poly-
merase chain reaction (PCR).9
5. Imaging in spinal tuberculosis

1) Plain radiograph:

Anteroposterior and lateral spine radiographs are often the
initial screening investigations done in evaluation of back pain or
3

suspected spinal infection.5 Though the spine radiograph is rudi-
mentary in the diagnosis of spinal tuberculosis, it forms the
cornerstone in diagnosis of spinal disease in resource poor endemic
countries. The findings become apparent on radiograph when at
least one-third of calcium is lost from bones. Often, by the time the
spinal abnormalities are seen on radiograph, the disease is in
advanced stage with deformity, or neurological deficits. Also, it is
difficult to see involvement of certain sites such as craniovertebral
junction, and cervicodorsal junction, on radiograph.9,12,13

Paradiscal type is most common type.9,12 Earliest finding that
is seen on radiograph is decreased bone density and loss of
definition of vertebral endplates. Other common findings that are
seen on radiograph are end plate erosions, vertebral geode, disc
space loss, bone destruction, bone sequestration, vertebral height
reduction, and paravertebral soft tissue (Fig. 3). Sclerosis is un-
usual prior to institution of therapy. Central type is characterized
involvement of single vertebral body and concertina collapse
(Fig. 4).9,12 Subligamentous spread of infection causes scalloping
and erosion of anterior vertebral margin (giving appearance of
aneurysmal syndrome).13 On radiograph, cold abscesses are seen
as peri-vertebral soft tissue densities. In cervical spine, it can
cause widening of retropharyngeal space on lateral cervical
radiograph. In upper dorsal spine, it can appear as superior
mediastinal widening on anteroposterior radiograph, and pre-
vertebral soft tissue indenting on trachea on lateral radiograph. In
lower dorsal and lumbar spine, cold abscesses are seen as para-
vertebral soft tissue. Calcification in paravertebral soft tissue is
characteristic for spinal tuberculosis.12



Fig. 3. Radiographic features of spinal tuberculosis (paradiscal type). (a) anteroposterior and (b) lateral radiograph of lumbar spine shows loss of L3-L4 disc space, endplate erosions,
lytic destruction of L3 and L4 vertebral bodies (white arrow), and right paravertebral soft tissue (white arrowhead). (c) coronal STIR image shows loss of L3-L4 disc space, marrow
edema in L3, L4 (white arrow), and also L5 vertebral bodies, and right psoas abscess consistent with spinal tuberculosis (white arrowhead).

Fig. 4. Radiographic features of spinal tuberculosis (central type). (a) Lateral and (b) Anteroposterior radiograph of lumbar spine shows isolated L2 vertebral involvement with
concertina collapse of vertebral body (white arrow). No paravertebral soft tissue appreciated on radiographs. (c) sagittal post contrast T1 weighted image shows abnormal
enhancement of L2 vertebral body (white arrow). (d) axial post contrast T1 weighted image shows enhancing paravertebral soft tissue (white arrowhead).
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Chest radiograph is recommended in patients with spinal
tuberculosis. Nearly 67% of patients with spinal tuberculosis either
have active pulmonary tuberculosis or have had pulmonary
tuberculosis in the past.12

2) Computed tomography (CT):

CT shows changes of spinal tuberculosis earlier than radio-
graphs. Bone destruction is better appreciated on CT, and can be
fragmentary (47% of cases), osteolytic (34%), subperiosteal (30%), or
localized destructive with sclerotic margins (10%).12 CT can also
demonstrate paravertebral abscess, enhancing granulation tissue,
and spinal canal encroachment by bone fragments, disc debris, or
pus. Over 60% of patents with spinal tuberculosis have spinal canal
encroachment.9,13 CT is most sensitive in detecting calcification in
paravertebral soft tissue which is pathognomonic of tuberculosis
4

(Fig. 5). Multidetector CT technology, and multiplanar reconstruc-
tion allow detailed evaluation of spinal infection and deformity,
which is essential for surgical planning. New techniques like virtual
non-calcium CT based on Dual Energy CT, can detect bone marrow
edema, and thus, have potential to detect disease early in its pre-
destructive stage, and also, collagen mapping in dual energy CT
have potential to detect intervertebral disc involvement in spinal
infection.14 Dual energy CT can also be useful in differentiation of
spinal osteolytic metastasis from spinal infection.15 CT is also the
preferred imaging modality for percutaneous vertebral biopsy for
tissue sampling and confirmation of the disease.9,12,13 Helical CTcan
also be used to create 3D printed models of tuberculous spine, and
personalized pedicle guide plates, useful in surgical planning. This
is shown to reduce the amount of blood loos, operation and fluo-
roscopy time, and also reduce the complications associated with
nail placement.16



Fig. 5. CT features of spinal tuberculosis (paradiscal type). (a) sagittal non-contrast CT image shows paradiscal end plate erosions, and vertebral body involvement of L2 and L3
vertebrae (white arrows). (b) axial non-contrast CT image shows fragmentary type bone destruction (white arrow), and paravertebral soft tissue (white arrowhead). Calcification is
noted in paravertebral soft tissue, which is pathognomonic for spinal tuberculosis.

Fig. 6. MRI findings in spinal tuberculosis, paradiscal type. (a) Sagittal STIR image, and (b) sagittal post contrast T1 weighted image shows reduced disc space, with inflammatory
marrow edema of D10 and D11 vertebral bodies seen (white arrow). (c) Coronal post contrast T1 weighted image shows bilateral paravertebral peripherally enhancing cold ab-
scesses (white arrowhead).
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3) Magnetic resonance imaging (MRI):

Magnetic resonance imaging is the best imaging modality for evalu-
ation of spinal tuberculosis, with reported sensitivity of 96%, and
specificity of 93%.17,18 Infectious disease society of America (IDSA)
strongly recommends MRI in evaluation of suspected spinal infec-
tion.17MRI is indispensable for evaluation of spinal canal compromise
and cord compression in patients with neurological deficits.9 Some
centers recommendwhole spineMRI at the timeof initial diagnosisor
5

suspicion of spinal tuberculosis.9 It has twomajor advantages. First, it
allows early identification of disease process even before bone
destruction, deformity or disability from deformity has occurred.
Second, it is useful to identify skip lesions, particularly those which
are not readily apparent on radiograph. It is particularly important, as
the involved vertebrae can collapse as a natural course of disease,
evenwhenon chemotherapy. This can bewrongly interpreted asnew
abnormalitywhenpatient is just followedonradiograph,andcan lead
to false diagnosis of multidrug resistance tuberculosis.9



Fig. 7. Central type of spinal tuberculosis. (a) STIR sagittal, and (b) post contrast T1 weighted sagittal MR images show inflammatory bone marrow edema involving D2 vertebral
body (white arrow), epidural abscess compromising the spinal canal (black arrowhead), and prevertebral abscess (white arrowhead).

Fig. 8. Anterior subligamentous type of spinal tuberculosis. Sagittal STIR (a), and post contrast T1 weighted (b) images show subligamentous abscess (white arrow) beneath the
anterior longitudinal ligament along L5, and sacral vertebrae, causing scalloping of anterior vertebral margins (white arrow). In addition, inflammatory marrow edema also noted in
L5, and sacral vertebral bodies, adjacent to the abscess (white arrowhead).

V. Kubihal, R. Sharma, R.G. Krishna Kumar et al. Journal of Clinical Orthopaedics and Trauma 25 (2022) 101742
MRI signal changes can be observed as early as 3e5 days after
spinal infection, when no other imaging modality shows any ab-
normality.13,17 All the four patterns of spinal tuberculosis, namely,
paradiscal type (Fig. 6), central type (Fig. 7), anterior sub-
ligamentous type (Fig. 8), and posterior type (Fig. 9), can easily be
identified on MRI. In spinal tuberculosis, MRI often shows
6

inflammatory marrow edema as hypo-intensity on T1 weighted
images and hyper-intensity on short tau inversion recovery (STIR)
and T2 weighted images.6,13 Contrast enhancement improves the
diagnostic accuracy of detection of spinal tuberculosis, and is useful
in evaluating extent of disease, and disease activity. Well defined
and heterogeneous enhancement is seen in the region of



Fig. 9. Posterior type of spinal tuberculosis. (a) Sagittal STIR image, and (b) sagittal post contrast T1 weighted image show inflammatory marrow edema in L2 and L3 spinous
process (white arrow), with epidural abscess (white arrowhead). Note that vertebral bodies shows normal marrow signal. (c) axial post contrast T1 weighted image shows
involvement of spinous process, and right lamina, and pedicle (white arrow) with right posterior paravertebral abscess (black arrow) and right psoas abscess (black arrowhead).

Fig. 10. Multifocal disease. (a) Sagittal STIR image, and (b) sagittal post contrast T1 weighted image shows multiple cervical and upper dorsal vertebral body involvement (white
arrows). Axial post contrast T1 weighted image shows paravertebral cold abscess (white arrowhead).
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inflammatory marrow edema, on post gadolinium images.9,19 Disc
involvement is seen later in the course of disease and is seen as
reduced disc space, high signal intensity on T2 weighted image
with loss of intranuclear T2 hypointense cleft, and contrast
enhancement.13 Both phlegmon/granulation tissue and cold ab-
scess appear as high signal intensity on T2 weighted images, and
low signal intensity on T1 weighted images. However, on contrast
enhanced MRI, phlegmon shows uniform enhancement, and
7

abscess shows smooth, thin peripheral wall enhancement.13,19

Thoracolumbar spine is the most common site affected and para-
spinal abscess can track along iliopsoas muscles to reach into the
retroperitoneum and pelvis. MRI can also demonstrate intra-
medullary or extramedullary tuberculomas, spinal cord edema, and
myelomalacia.13 Atypical presentation on imaging include multi-
focal involvement (Fig. 10), skip vertebral lesions, isolated cold
abscess (Fig. 11), and prolapsed intervertebral disc2



Fig. 11. Atypical presentation - isolated cold abscess. Axial STIR (a), and T1 weighted post contrast (b) images show tubercular cold abscess in right posterior paraspinal location,
posterior abdominal wall, and posterior pararenal space (white arrow). (c) Sagittal T2 weighted image shows normal vertebra marrow signal intensity.

Fig. 12. 18F-FDG PET CT features of spinal tuberculosis (paradiscal type). Paradiscal increased metabolic activity seen at D12-L1 and L3-L4 vertebral levels (a) (White arrow), right
paravertebral soft tissue (b) (white arrowhead).
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MRI findings that show high sensitivity and specificity in dif-
ferentiation of spinal tuberculosis from non-tubercular lesions
include subligamentous spread of infection to three or more
contiguous vertebral levels, large abscess with smooth thin wall,
and >50% vertebral destruction. Diagnostic accuracy further im-
proves when combination of above findings are present.13,20

4) Nuclear medicine studies:

Nuclear medicine studies can measure metabolic activity within
the lesion, differentiate infectious from non-infectious pathology,
identify multifocal disease, and assess response to treatment.13

Both 99mTc- Diphosphonate scan and 18F-fluorodeoxyglucose
positron emission tomography (18F-FDG PET) can identify
abnormal metabolic activity at the site of active inflammation, and
multifocal involvement (Fig. 12), however, they cannot very well
differentiate between infectious and non-infectious pathology.21,22
8

Gallium67 is an inflammatory labelling radionuclide isotope that is
particularly useful in identifying infection. Combined Gallium and
99mTc- Diphosphonates scan shows high sensitivity (90%) and
specificity (78%) for identification of bone and soft tissue infec-
tion.13 PET CT may also be useful in selection of lesion or abscess
with higher metabolic activity for tissue sampling that can improve
the diagnostic yield.9,23

6. Differential diagnosis

Few common conditions that mimic spinal tuberculosis include
pyogenic spondylitis, brucellosis, Andersson's lesion in ankylosing
spondylitis, SAPHO (Synovitis, Acne, Pustulosis, Hyperostosis,
Osteitis) syndrome, rheumatoid arthritis, degenerative spine dis-
ease, baastrup's disease, Osteoporotic fracture, Neuropathic spine,
and metastasis.24,25 Table 1 provides few salient features that can
help differentiate spinal tuberculosis from above mentioned



Table 1
Mimics of spinal tuberculosis.

Mimics of spinal tuberculosis Salient features to differentiate it from spinal tuberculosis.

Pyogenic spondylitis (Fig. 13) Acute onset with shorter duration of history.
High fever and constitutional symptoms.
Lumbar spine is the most common site.
Usually involve �2 vertebral bodies.
More homogeneous and ill-defined enhancement of involved vertebral bodies
<50% vertebral body destruction.
Early and severe disc involvement.
Paraspinal abscess are infrequent and when present show thick and irregular wall enhancement.19,24

Functional MRI, particularly diffusion tensor imaging, and dynamic contrast enhancedMRI, are new emerging techniques
used to differentiate pyogenic spondylitis from spinal tuberculosis.26,27 Razek, and Sherif noted higher mean diffusivity,
and lower fractional anisotropy in pyogenic spondylitis, than in spinal tuberculosis.26 Miyamoto and Akagi noted longer
maximum contrast index, and higher likelihood of enhanced disc in pyogenic spondylitis, in comparison with spinal
tuberculosis.27

Brucellosis Predilection for lumbar spine.
Diffuse vertebral osteomyelitis with preserved vertebral architecture. Gibbus deformity is rare.
Osteophyte formation at anterior vertebral end plate (parrot's beak)
Facet joint involvement and early disc involvement.
Air with in intervertebral disc or vertebral body is characteristic finding in brucellosis.
Paraspinal abscess, when present, show thin irregular wall enhancement.24,25,28

Andersson's lesion in ankylosing spondylitis Localized disco-vertebral inflammation or fracture of ankylosed spine.
Associated features of ankylosing spondylitis: Syndesmophytes, bamboo spine, facet arthropathy, and bilateral
sacroiliitis.24,25

SAPHO (Synovitis, Acne, Pustulosis,
Hyperostosis, Osteitis) syndrome

Multifocal involvement.
Anterior vertebral body corner erosions are characteristic finding.
Absence of abscess.
Extraspinal involvement, particularly skin manifestations are often seen (94%).25,29

Rheumatoid arthritis Cervical spine is most common site of spinal involvement.
Almost always associated with other features of rheumatoid arthritis, more commonly, peripheral polyarthropathy.
Absence of abscess.24,30

Modic type 1 changes Lack of clinical features and laboratory findings suggestive of infective etiology, such as fever, and raised white blood cell
counts or ESR.
Absence of abnormal high signal intensity with in disc.
End plate erosion rather than end plate destruction.
Absence of paraspinal abscess.
Vacuum phenomenon.24,25,31

Baastrup's disease Commonly involve L4-L5 spinous process.
Approximation of enlarged spinous process.
Often associated with degenerative spine changes as loss of disc height, osteophyte formation, spondylosis, and
spondylolisthesis.24

Osteoporotic fracture T2 and T1 hypointense fracture line or trabecular impaction.
Relatively preserved marrow signal intensity.
Absent paraspinal soft tissue or abscess.
Diffuse osteoporotic changes.24

Neuropathic spine Appropriate clinical history is important, particularly of traumatic spinal cord injury or neurosyphilis.
Gas with in the disc, bone sclerosis, large osteophytes, bone fragmentation, and malalignment.24,25

Metastasis (Fig. 14) History of malignancy.
Thoracic spine is the most common site involved.
Single vertebral body or posterior elements involvement favor metastasis.
Presence of skip lesion.
Destructive bone lesion with preserved disc and sharp endplates.
No sequestra formation.
Absence of paraspinal or intra-osseus abscess.24,32,33
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conditions. Often, diagnosis is based on combination of clinical
features, imaging, and histopathology.

Among above mentioned conditions, differentiation of spinal
metastasis from spinal tuberculosis is of great clinical signifi-
cance.34 Spinal tuberculosis is a benign disease, and is managed by
effective antitubercular therapy,10 whereas, spinal metastasis is a
malignant disease, and surgery or chemotherapy may be optimal
therapy.35 Although, biopsy is gold standard to distinguish spinal
tuberculosis from spinal metastasis,36 diagnosis at outpatient
department is often based on clinical findings, and imaging.33

Important features that help differentiate spinal metastasis from
spinal tuberculosis include (i) history of malignant tumor, (ii)
posterior element destruction, (iii) preserved intervertebral disc,
(iv) absence of sequestrum, and (v) absence subligamentous
spread33,34 (Fig. 14). Du et al. developed a scoring system (Table 2)
based on above five clinical characteristics, with total score ranging
from 0 to 10. Higher scores were noted in spinal metastasis, than in
9

spinal tuberculosis. Score 5 has been suggested as optimal cut-off to
differentiate spinal metastasis from spinal tuberculosis, with area
under curve of 96.5%.33

Diffusion weighted imaging, and dynamic contrast enhanced
(DCE) MRI are also evaluated to differentiate spinal tuberculosis
from spinal metastasis. Few studies have shown lower apparent
diffusion coefficient (ADC) in metastatic vertebrae than in spinal
tuberculosis. However, there was overlap between ADC values of
metastatic vertebrae and spinal tuberculosis in some patients,
suggesting that diffusion images and ADC values should be inter-
preted in the background of clinical history and routine MRI
findings.37e39 Lang et al. noted that kinetic time course of DCE MRI
is more likely to show washout/plateau pattern in metastatic
vertebrae, whereas, washout pattern is less likely in spinal tuber-
culosis. Washout rate constant, Kep, was seen to be significantly
lower in spinal tuberculosis than in spinal metastasis.40



Fig. 13. Pyogenic spondylitis (biopsy proven) in 30year old male patient with acute onset fever and back pain. (a) Sagittal, and (b) axial STIR images show reduced L3-L4 inter-
vertebral disc space, with abnormally high T2 signal intensity with in the disc (white arrow), and thick irregular walled paraspinal abscess (white arrowhead). Bone marrow edema
seen in L3 and L4 vertebral bodies with relatively preserved vertebral height.
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7. Imaging interventions in spinal tuberculosis

7.1. Percutaneous vertebral biopsy

CT is the best imaging modality to guide percutaneous vertebral
biopsy for tissue sampling and confirmation of etiology.13 Over
open biopsy, CTguided biopsy is advantageous, that it is quick, easy,
accurate, safe and has less procedure related complications. Pro-
cedure is usually performed under local anesthesia. Posterior entry
is preferred in majority of the cases, except in lower cervical spine
where anterolateral entry is preferred. Common approaches in CT
guided percutaneous vertebral biopsy include transpedicular
approach, translaminar approach, trans-costovertebral approach,
and trans-apophyseal approach. Preferably two types of samples
are obtained. First, fine needle aspiration biopsy which contains
block of cells for microbiological evaluation, and second, large bore
biopsy using 8G to17G needle, for histopathological evaluation.
Genotypic analysis, and immunohistochemistry can be done on
both type of samples. Biopsy is more effective if taken from lytic
areas rather than sclerotic areas, and also from solid areas than
liquified component. However, aspiration can be done in case of
liquefied abscess.13
7.2. Percutaneous drainage of cold abscess

Percutaneous drainage can be done using both ultrasound or CT
guidance. It is safe and effective alternative to open surgical
drainagewith less procedure relatedmorbidity. It is indicatedwhen
there are associated neurological pressure effects, or when there is
poor response to medical treatment. It can also be donewhen there
is large iliopsoas abscess, to aid the medical treatment (13).
10
8. Imaging evidence of healing

WHO recommends category I antitubercular therapy for 9
months in newly diagnosed spinal tuberculosis.5 Fixed time
schedule in treatment of spinal tuberculosis is considered unsci-
entific and many experts advise longer duration of therapy guided
by either pathological, clinical, or imaging evidence of response.
Though repeat tissue sampling at the end of treatment regimen is
the best method of documenting healing, it is invasive, and not
practical in spinal tuberculosis. Monitoring of therapeutic response
is often based on clinical evaluation and imaging. Neuroimaging,
particularly MRI is commonly used in evaluation of treatment
response. It is advised to obtain MRI at 8months of therapy and
subsequently, as required, to look for MR signs of healing. Currently,
MRI is still imperfect in documenting healed status. Better criteria
of healing than MRI is needed and 18F-FDG PET can be one such
modality.4,5
8.1. Radiographic signs of healing

Radiological signs of healing often appear quite late on plain
radiograph. On radiograph, bone destruction and loss of vertebral
height can occur even during therapy, and shouldn't not be taken as
sign of poor therapeutic response.41 Common signs of healing that
are described on radiograph6,13,41 include:

(i) Sclerosis is a sign of healing when early disease is purely
osteolytic. It should be seen with in 5 months of treatment,
and can progress over a period of 1 year. However, sclerosis,
when present prior to antitubercular therapy, is of little
importance in monitoring response;



Fig. 14. Spinal metastasis in a patient with infiltrating ductal carcinoma of the breast.
Sagittal CT bone window image shows lytic lesions involving multiple non-contiguous
vertebrae (skip lesions) (white arrow) with metastatic compression fracture of the D11
vertebra body, and involvement of posterior elements (white arrowhead). Interverte-
bral disc spaces are maintained (white asterisk).

Table 2
Scoring system to differentiate spinal metastasis from spinal tuberculosis by Du
et al.33

Clinical/Radiological characteristics Yes No
History of malignancy 2 0
Destroyed vertebral posterior elements 2 0
Preserved intervertebral disc 3 0
No sequestra formation 2 0
Absence of subligamentous spread 1 0
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(ii) Paravertebral soft tissue densities, if seen on initial radio-
graph, is useful feature on follow up. Paravertebral masses
often reach maximum size with in one and half months of
presentation. Decrease in these soft tissue densities is a sign
11
of healing. However, they could sometimes take up to 15
months to completely resolve.

(iii) Sharpening of articular and cortical margins.
(iv) Remineralization and reformation of bony trabeculae.
(v) Bony ankylosis is believed to be sure sign of healing, and is

seen in around 50% of patients.6,13,41
8.2. Signs of healing on MRI

MRI is the most common imaging modality used to monitor
therapeutic response. Even though MRI is highly sensitive in
diagnosis of spinal tuberculosis, assessment of healing on MRI can
be difficult.13 Common signs of healing on MRI (Fig. 15) include.

(i) Resolution of bonemarrow inflammatory edema is seenwith
healing. However, bone marrow edema can sometimes
persist for up to 14 months, and it might be difficult to
differentiate active infection from sterile residual
abnormality.6,7

(ii) Decrease in contrast enhancement is early sign of healing,
and can be seen within few weeks or months of treatment.
However, in around 15% of patients, contrast enhancement
can persist even after successful treatment.13

(iii) Decrease in paravertebral, and epidural abscess and granu-
lation tissue can be seen with healing. Small collections with
thin rim enhancement may persist and represent sterile
collections.6,7,13

(iv) Fatty change with in the bone marrow seen as hyperintense
signal on both T1, and T2 weighted images, matching that of
fat, is seenwith healing. However, it is a gradual process, and
is seen in 40% of patients at 6 months and 75% of patients at
12 months of treatment.6,7,13
8.3. 18F-FDG PET in evaluation of healing

18F-FDG PET evaluates metabolic activity in the lesion in a non-
invasive, and semiquantitative manner. Active tubercular lesions
show presence of lymphocytes, epitheloid cells, and Langerhans
type of giant cells, which show high glucose utilisation and thus,
high FDG uptake.7,42 Decrease in FDG uptake can indicate response
to anti-tubercular therapy and guide duration of treatment.7,43,44 It
is also particularly useful in evaluation of therapeutic response in
presence of metallic implants, where MRI is of limited use.13

Simultaneous 18F-FDG PET/MRI has both metabolic advantage of
PET and anatomical advantage of MRI, for evaluation of treatment
response in spinal tuberculosis, and can be used to determine
appropriate time to discontinue anti-tubercular treatment.7

Further, 18F-FDG PET may be useful in early detection of non-
responders, and multi drug resistant tuberculosis (MDR-TB),
reducing the lag in the management of MDR-TB and its associated
morbidity.45,46

9. Conclusion

Spinal tuberculosis is a common extrapulmonary tuberculosis
with potential to cause serious complications such as spinal
deformity, and neurological disability. Early diagnosis and timely
management are necessary to prevent disabling complications of
spinal tuberculosis. Imaging, particularly MRI, is useful in early
diagnosis of spinal tuberculosis. Imaging features such as paradiscal
involvement, >50% vertebral destruction, Subligamentous spread
of infection to three or more contiguous vertebral levels, large ab-
scess with smooth thin wall, and calcification with in paravertebral



Fig. 15. MRI features of healing. (a) sagittal STIR and (b) axial T2 weighted images show paradiscal involvement of D10-D11 vertebrae with wedge collapse of D10 and D11 vertebral
bodies, inflammatory bone marrow edema, and paravertebral soft tissue (white arrow) consistent with active spinal tuberculosis. Follow up MRI was done after 8 months of
antitubercular therapy. (c) Sagittal T2 weighted and (d) sagittal T1 weighted images of follow up MRI shows bony ankylosis with fatty change in bone marrow (blue arrowhead). (e)
axial T2 weighted image of follow up MRI shows resolution of paravertebral soft tissue (blue arrow). (f) Sagittal T1 weighted post contrast images of follow up MRI shows no
abnormal contrast enhancement (blue asterisk). Follow up MRI features are consistent with healing.
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soft tissue, are useful in differentiating spinal tuberculosis from its
mimics. Imaging, particularly MRI, and 18F-FDG PET, play an
important role in evaluation of therapeutic response, and help to
decide when to stop anti tubercular therapy.

Scope of the manuscript

The manuscript aims to consolidate the existing knowledge of
imaging in spinal tuberculosis, essential for timely diagnosis and
treatment.
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