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Tuberculosis (TB) remains a significant global health challenge, with musculoskeletal TB
accounting for a notable proportion of cases. The spine is the most commonly affected
site, followed by the hip, knee, and ankle joints. Prompt and accurate diagnosis is
essential to prevent joint destruction, deformity, and neurological complications.
Given the paucibacillary nature of musculoskeletal TB, imaging plays a pivotal role in
diagnosis, guiding sampling procedures, and assessing treatment response. Contrast-
enhanced magnetic resonance imaging has emerged as the preferred modality for
diagnosing and monitoring both spinal and extraspinal TB. This review provides an in-
depth analysis of imaging characteristics of musculoskeletal TB, highlighting key
findings essential for early diagnosis and differentiation from similar pathologies.
Through case-based illustrations, various anatomical locations of osteoarticular TB are

osteoarticular discussed.

\

Introduction

Tuberculosis (TB) remains a major public health problem
worldwide and a significant cause of morbidity and mortality.1
According to the World Health Organization, an estimated 10.6
million people fell ill with TB in 2021, and 1.6 million people
died from the disease.? The emergence of multidrug-resistant
TB and the high prevalence of human immunodeficiency virus
(HIV) coinfection have further complicated the global TB
epidemic.?

Musculoskeletal TB accounts for approximately 1 to 3% of
all TB cases and up to 10 to 15% of extrapulmonary TB cases.*
The spine is the most common site of musculoskeletal TB,
accounting for approximately 50% of cases, followed by the
hip, knee, and ankle joints. Other less common sites include
the shoulder, elbow, wrist, and small bones of the hands and
feet.> Musculoskeletal TB can also involve the soft tissues,
such as the tenosynovium, bursae, and muscles.®
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The incidence of musculoskeletal TB has been increasing
in recent years, particularly in developing countries and
among immunocompromised individuals. Delayed manage-
ment of musculoskeletal TB can lead to joint destruction,
deformity, and neurological complications.” Therefore, early
and accurate diagnosis is crucial for the successful manage-
ment of these cases.

Pathogenesis and Predisposing Factors

Causative Microorganisms

Musculoskeletal TB is primarily caused by Mycobacte-
rium tuberculosis, with a small percentage of cases attrib-
uted to Mpycobacterium bovis.® Atypical mycobacteria
(such as Mycobacterium kansasii, Mycobacterium marinum,
Mycobacterium scrofulaceum, and Mycobacterium avium
complex) account for approximately 1 to 4% of TB
cases.’
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Microbiology and Histopathology

The diagnosis of musculoskeletal TB relies on identifying the
causative organism through microbiological and histopatho-
logical examinations. Mycobacterial culture remains the gold
standard for diagnosis, allowing for species identification
and drug susceptibility testing. The traditional method of
TB culture on the Lowenstein-Jensen (LJ) medium has been
superseded by automated liquid culture systems, with
Mycobacterial Growth Indicator Tube (MGIT) being the
favored option. MGIT offers faster results and improved
detection rates. Moreover, it can also be utilized for both
culture and drug sensitivity testing. However, due to the
notable contamination rates associated with MGIT cultures,
LJ culture is concurrently conducted as a safeguard.'”

Manifestations of Musculoskeletal TB

Imaging in Musculoskeletal Tuberculosis  Spalkit et al.

reactivated infected focus, usually in the lungs or genitouri-
nary system. Direct inoculation or contiguous spread from
adjacent infected tissues occurs less frequently. The rich
vascular supply of the vertebrae and the growth plates of
long bones in children make these sites particularly suscep-
tible to hematogenous spread.®

Predisposing Factors

Several factors can predispose individuals to musculoskele-
tal TB, including immunosuppression (particularly HIV in-
fection), poor socioeconomic conditions, malnutrition, and
comorbidities such as diabetes mellitus and chronic kidney
disease. Previous joint disease, trauma, or surgery may also
increase the risk of developing musculoskeletal TB."

SKELETAL TB

SPINAL

EXTRASPINAL

JOINTS BONES

TENDON SHEATH AND BURSAE

MUSCLES

Nucleic acid amplification tests (NAATs), such as the Xpert
MTB/RIF assay, rapidly detect M. tuberculosis and rifampicin
resistance.'

Histopathological examination of biopsy specimens is
crucial for diagnosing extrapulmonary TB, as these forms
are often paucibacillary with negative acid-fast bacillus
(AFB) stains and cultures. The hallmark of TB infection is
necrotizing granulomatous inflammation.'?

Joint fluid aspirate reveals elevated proteins (> 2.5g/
100 mL), decreased sugar level (less than 50 mg/100 mL),
and increased white cell count (in the inflammatory range,
typically 10-20 x 10°/L) with lymphocytosis.'> AFB stains
are usually negative. Synovial fluid culture is positive
in only approximately 20 to 40% of cases. NAATs for TB reveal
high sensitivity and specificity.' They offer a quick and
dependable diagnosis for TB, notably surpassing the time
taken by traditional culture methods. Its effectiveness
is particularly pronounced with samples containing low
levels of bacteria, like smear-negative osteoarticular
specimens.'>1®

Spread of Infection
Musculoskeletal TB most commonly results from hematoge-
nous dissemination or lymphatic spread from a primary or

Spinal Tuberculosis

Pathogenesis
Spinal TB, also known as Pott’s disease, is the most common
form of musculoskeletal TB, accounting for approximately
50% of cases.'” The infection typically starts in the anterior
aspect of the vertebral body, near the endplate, due
to the rich vascular supply in this region. The most common
route of infection is hematogenous spread from a primary
focus. Less commonly, direct extension from adjacent
infected tissues, such as the pleura or psoas muscle, can
occur.'8

The infection initially causes granulomatous inflamma-
tion and caseous necrosis in the vertebral body, leading to
trabecular and cortical bone destruction. The infection can
spread to the adjacent intervertebral disc (IVD) as the
disease progresses, causing disc destruction and collapse.
The infection may also extend into the paraspinal soft
tissues, forming cold abscesses. In advanced cases, the
structural integrity of the spine can be compromised,
leading to kyphotic deformity and spinal instability.'® The
thoracolumbar region is the most commonly affected site,
while the cervical and sacrum regions are less commonly
involved.’
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Fig. 1 Paravertebral opacities. Chest radiograph (A) shows a widening of the superior mediastinum and opacities extending to both lung apices
(arrows). Coronal postcontrast T1-weighted (T1W) magnetic resonance imaging (MRI) image (B) shows large bilateral paravertebral peripherally
enhancing collections (star) adjacent to the upper dorsal spine. Chest radiograph of another patient (C) showing fusiform retrocardiac opacity
(white arrows), close observation reveals D11 vertebral body collapse and D10-11 intervertebral (IV) disc space loss (red arrows)—bird’s nest

appearance of the paravertebral collection.

Clinical Presentation
The clinical presentation is often insidious, with the most
common symptoms being back pain, fever, weight loss, and
neurological deficits. Constitutional symptoms, such as fever,
night sweats, and weight loss, are present in 20 to 30% of
patients.20

Neurological deficits can occur due to spinal cord com-
pression from epidural extension of the infection, kyphotic
deformity, or spinal instability. Patients may also present
with signs and symptoms related to the primary site of
infection, such as pulmonary or genitourinary symptoms.21

Imaging Features

Radiography

Radiography is insensitive to early detection of tuberculous
spondylodiscitis, as up to 50% of bone destruction may occur
before changes are visible on radiographs.?

Early findings include localized osteopenia and loss of the
vertebral endplate cortical definition. Relative sparing of the VD
height is a characteristic feature of early stage of tuberculous
spondylodiscitis due to the lack of proteolytic enzymes respon-
sible for its early damage in cases of pyogenic spondylitis.”

Pre-/paravertebral collection or granulation tissue is seen
on the radiograph as a soft tissue mass, which may manifest
as follows?>4;

 Cervical spine: increased prevertebral soft tissue thicken-
ing on the lateral view, measuring greater than 5mm
above and 15 mm below the cricoid cartilage level.?®

» Upper dorsal spine: widening of the superior mediasti-
num on anteroposterior view and altered tracheal con-
tour on lateral view (=~Fig. 1).

* Lower dorsal spine (below D4 level): posterior mediasti-
nal mass (may have fusiform bird’s nest-type appearance)
(=Fig. 1).

* Lumbar spine: poorly demarcated psoas margin.

Anterior subligamentous spread of disease on radiograph is

seen as anterior vertebral scalloping of multiple contiguous
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vertebrae on the lateral radiograph. As the disease progresses,
radiographs may demonstrate vertebral body destruction,
collapse, and kyphotic deformity?' (~Fig. 2). Paravertebral
soft tissue masses and calcifications may be visible in advanced
cases. Calcification within a collection is highly suggestive of
TB.2

Tubercular involvement of posterior elements can
be suggested by indirect signs such as nonvisualization
of pedicle or spinous process, spondylolisthesis due to
involvement of facet joints or pars interarticularis, and
paraspinal soft tissue mass in the absence of vertebral
erosions.?®

The utility of radiographs is limited in areas of com-
plex anatomy such as craniovertebral and cervicodorsal
junction.?’

Fig. 2 Tuberculosis (TB) spine radiographs—kyphotic deformity.
Radiograph dorsal spine lateral (A) and anteroposterior (AP) view (B)
showing focal kyphotic deformity at the lower dorsal level due to
collapse of multiple contiguous vertebrae (D10-D12) with loss of
intervening intervertebral (V) discs (yellow arrow). Complete col-
lapse of L3 vertebral body also seen (white arrow), suggesting
multifocal disease.
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Fig. 3 Patterns of tuberculosis (TB) spine on computed tomography (CT). Sagittal and coronal CT bone window dorsolumbar spine

(A and B, respectively) show sclerosis of D12 to L3 vertebrae with endplate erosions and reduced vertebral height—sclerotic pattern. Axial bone
and soft tissue window at middorsal spine level (Cand D) show central osteolytic lesion (arrow) with hyperdense dead bone (sequestrum) within.
There is associated pre- and paravertebral collection (star) which is more conspicuous on the soft tissue window, causing scalloping of the
anterior surface of the vertebral body. Axial bone window and soft tissue window images (E and F, respectively) of the lumbar vertebrae in two
different patients show fragmentary patterns of destruction which is the most common pattern.

Computed tomography

Computed tomography (CT) is more sensitive than radio-
graphs in detecting early bone destruction, paravertebral
collections, and spinal canal involvement. Four patterns of
bone destruction have been described on CT; fragmentary,
osteolytic, sclerotic, and subperiosteal28 (=Fig. 3). It plays a
vital role in revealing calcification within a collection or bone
fragments within epidural collection.”® However, a notable
drawback is its inability to detect marrow changes indicative
of disease activity especially when overt collections are
absent and spinal cord compression. It is particularly valu-
able for guiding percutaneous diagnostic sampling, especial-
ly in challenging-to-access areas>’ (~Fig. 4).

Magnetic Resonance Imaging
Magnetic resonance imaging (MRI) is the imaging modality
of choice for a comprehensive assessment of tuberculous
spine, especially for examining challenging areas such as the
craniovertebral junction, cervicodorsal junction, neural arch
elements, vertebral appendages, sacroiliac joint region, sa-
crum, and coccyx.3? It provides unique insight into disease
activity, making it indispensable for evaluating treatment
response following antitubercular therapy (ATT).31

Typical MRI protocol for evaluation of suspected infection
of the spine includes T1-weighted (T1W) and fat-suppressed
T2-weighted (T2W) sequences in sagittal and axial planes,
along with short tau inversion recovery (STIR) sequences in

Fig. 4 Image guidance for procedures. Axial computed tomography (CT) sections through pathological vertebrae show (A) 11-G bone
biopsy needle inserted via the left transpedicular approach in lumbar spine and (B) CT in soft tissue window showing bilateral paravertebral
collections, thick bore (18-G) lumbar puncture (LP) needle is used to drain the collection for both diagnostic and therapeutic purpose.
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Patterns of spinal TB

Paradiscal

v v

Central Anterior subligamentous Posterior element

Fig. 5 Schematic representation of patterns of involvement in spinal tuberculosis.

coronal planes. Axial T2W (without fat suppression) images
may be required for evaluation of spinal cord and arachnoi-
ditis. Additionally, contrast-enhanced T1-weighted fat-sup-
pressed sequences are acquired in at least two planes

2

(sagittal and axial) post-gadolinium contrast injection.3
The whole spine should be included in the sagittal acquisi-
tion to detect unsuspected multifocal disease and axial scans
may be done for the abnormal area.

Fig. 6 Paradiscal pattern—early-stage tuberculosis (TB) spine: Sagittal T1 (A) and T2 (B) dorsal spine images show T1 hypointense, T2
fat-suppressed (FS) hyperintense signal alteration limited to the anterior sub-endplate location of two contiguous vertebrae with relative sparing
of the intervening intervertebral (IV) disc (yellow arrows). Postcontrast T1 FS sagittal (C) and coronal (D) images show abnormal postcontrast
enhancement in the same site. No prevertebral/epidural collection or vertebral height collapse was seen. Posttreatment imaging: Sagittal T1
non-FS and T2 FS (E and F) images show near complete resolution of the signal changes seen as fatty replacement of the affected vertebrae with
only thin sub-endplate T2 hyperintensity which may persist, however, does not signify active disease (white arrow).
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Fig. 7 Paradiscal disease pattern. Sagittal T1 non-fat-suppressed (FS) (A) and T2 FS (B) lumbosacral spine images show T1 hypointense and T2 FS
hyperintense signal alteration in the sub-endplate location of two contiguous vertebrae at the L5/S1 level (yellow arrows) along with
involvement of the intervening intervertebral (V) disc and destruction of the endplate cortex. Postcontrast T1 FS sagittal (C) image shows
abnormal postcontrast enhancement in the corresponding area showing signal alteration. A small adjacent presacral collection (star) is

also seen.

T2-weighted/STIR images, and postcontrast enhance-
ment>3 (~Figs. 6 and 7).
Pre-/paravertebral or epidural extension is a characteris-

Findings depend on the pattern of involvement (~Fig. 5):

- Paradiscal: This is the most common pattern and occurs

due to a common arterial blood supply to this region with
simultaneous involvement of two contiguous vertebrae
adjacent to the IVD. The involved vertebra shows altered
marrow signal intensity appearing hypointense on TIW
and hyperintense on T2W sequences, heterogeneous en-
hancement with loss of cortical definition. The changes
are predominantly epicentered in the sub-endplate loca-
tion. Intervening disc involvement is seen as the loss of
normal intranuclear cleft, an increased signal on

tic feature of TB and manifests in the form of either
granulation tissue or collection formation. Both appear
hyperintense on T2W (~Fig. 8).>* The former shows
homogenous enhancement while the latter reveals pe-
ripheral enhancement with a nonenhancing center. Para-
spinal collections tend to track along areas of low
resistance, along intercostal space in case of dorsal spine
involvement, and along the psoas muscle in lumbar spine
involvement. Psoas involvement is seen as increased bulk

Fig.8 Epidural collection and skip lesion on magnetic resonance imaging (MRI): Sagittal T2-weighted (T2W) (A), sagittal and axial postcontrast
T1W (B and C) images show upper dorsal paradiscal disease, sub-endplate erosion with adjacent prominent focal epidural collection lifting
the posterior longitudinal ligament causing significant canal compromise and dorsal cord compressive myelopathy. Another focal vertebral
signal alteration showing abnormal postcontrast enhancement was seen in the lower dorsal spine (red arrow).

Indographics  Vol. 3 No. 2/2024 © 2024. Indographics. All rights reserved.
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Fig. 9 Anterior subligamentous pattern. T2 and T1 postcontrast sagittal (A and B) and axial images (C and D) show a large peripherally
enhancing collection (star) uplifting and anteriorly displacing the anterior longitudinal ligament (yellow arrows) and extending longitudinally.
Note multiple contiguous vertebral extensions with maintained intervertebral (IV) discs except in the lower dorsal spine which shows a

paradiscal pattern of involvement (white arrow).

and loss of normal muscle morphology, T2/STIR hyper-
intensity with peripherally enhancing collection within it

or along its fascia.>®

- Anterior subligamentous pattern: This occurs when the
disease spreads to multiple contiguous vertebrae deep to
the anterior longitudinal ligament (ALL), thus involving the

Fig. 10 Central pattern: Sagittal T1-weighted (T1W) non-fat-sup-
pressed (FS) (A), coronal T2 FS (B), sagittal and axial postcontrast T1
FS (C and D) show D11 vertebral collapse with abnormal signal and
enhancement with preserved intervertebral (V) discs (red arrows),
mild paravertebral soft tissue inflammation on T2. Careful examina-
tion of the axial postcontrast image shows a small peripherally
enhancing prevertebral collection (yellow arrow) with surrounding
inflammation suggesting the diagnosis.

Indographics  Vol. 3 No. 2/2024 © 2024. Indographics. All rights reserved.

anterior aspect of the vertebral body. It differs from the
paradiscal pattern as discal involvement and vertebral col-
lapse are minimal (and seen only in later stages)>® (~Fig. 9).
On MR, signal alteration with postcontrast enhancement is
limited to the anterior aspect of vertebral bodies with loss
of anterior vertebral cortical outline.

Longitudinally extending peripherally enhancing collec-
tion is seen deep to the ALL which is seen as an anteriorly
displaced T1/T2 hypointense line on sagittal images.??
Central pattern: This is seen when infection seeding occurs
via Batson’s plexus/posterior vertebral artery branches lead-
ing to the involvement of the central portion of the vertebral
body. Disc involvement and pre-/paravertebral collection are
seenonly atalater stage in this subtype. It manifests as a focal
area of signal alteration within the vertebral body showing
postcontrast enhancement which evolves later into a pe-
ripherally enhancing intraosseous collection. This pattern of
involvement is sometimes difficult to differentiate from
neoplastic/metastatic involvement” (~Fig. 10).

Posterior element TB: This refers to the involvement of
pedicles, laminae, transverse, and spinous processes (in
isolation or combined); this pattern is rare but more com-
monly seen in TB compared with pyogenic infection. Posteri-
or elements are usually affected by contiguous extension
from vertebral involvement and are rarely involved in isola-
tion%® (~Fig. 11).

Cord changes: More commonly, cord involvement is due to
extrinsic mechanical compression by collection, gibbus
deformity, or subluxation. Compressive myelopathy is
seen as a focal increased T2 signal with maintained bulk
in the early stage and cord atrophy/myelomalacia/syrinx
formation in later stages (=Fig. 11). Less commonly, cord
involvement is due to direct involvement where it mani-
fests as multiple small enhancing T2 hypointense nodular



Fig. 11 Posterior element spine tuberculosis (TB). Sagittal T1
non-fat-suppressed (FS) (A) and T2 FS (B) cervical spine magnetic
resonance imaging (MRI) reveals T1 hypointense and T2 hyperintense
signal alteration in the D1 and D2 vertebrae, along with involvement
of posterior elements and spinous processes (yellow arrows). A

heterogeneously T2 hypointense granulation soft tissue (G) is

causing separation of the D1 and D2 spinous processes and is
extending into the posterior epidural space causing spinal canal
compromise, cord compression, and displacement anteriorly
along with T2 hyperintense cord signal suggestive of compressive
myelopathy. Axial T2 FS and postcontrast T1 FS images (C and D)
show T2 hyperintense signal and abnormal postcontrast

enhancement in the left pedicle, lamina, posterior spinous process,

Imaging in Musculoskeletal Tuberculosis

Fig. 12 Tuberculosis (TB) cord involvement: Sagittal T2 cervical spine
images (A and B) showing intramedullary T2 hypointense discrete foci
(yellow arrows in B) with perilesional edema (yellow arrow in A)
causing expansion of the cord. The vertebral bodies and intervertebral
(IV) discs are normal, and no pre-/paravertebral collection is seen. The
patient also had multiple T2 hypointense granulomas in the brain.

Spalkit et al.
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intramedullary lesions with or without surrounding ede-
ma® (~Fig. 12).

- Arachnoiditis: Occasionally, there is abnormal leptomenin-
geal enhancement overlying the spinal cord, indicating

and left posterior rib along with left costotransverse joint
involvement. Homogenously enhancing granulation tissue (G) and large
peripherally enhancing collections (star) in bilateral paravertebral
location.

Table 1 Key differentiating points among tubercular, pyogenic, and Brucella spondylitis

Tubercular Pyogenic Brucellosis
Clinical presentation Chronic Acute Chronic
Pulmonary TB changes Old/active changes usually seen | Absent Absent
Common site of involvement | Thoracolumbar Lumbar Lumbar

Vertebral involvement pattern

Long segment (> 3)
Heterogeneous enhancement
More severe destruction
Collapse common

Shorter segment (< 2)
Homogenous enhancement
Less severe destruction
Collapse rare

Less severe destruction
Homogenous enhancement
Collapse rare Sclerosis in
chronic cases

Disc

Preserved till late

Early destruction

Intact until late
Air within the disc

Paraspinal collection

Thin and smooth walled

Thick and irregular wall

Minimal, thin walled

Calcification within collection | Common Rare May be present
Neural arch involvement Common Rare Rare

Skip lesion Common Rare Rare

Marginal osteophytes - - Present

Abbreviation: TB, tuberculosis.

Note: This table outlines the distinctive clinical, radiological, and laboratory features that help differentiate between spinal tuberculosis from other

spinal infections.

Indographics
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Table 2 Distinguishing features of tubercular vertebral involvement compared to metastases and traumatic/osteoporotic collapse

Tuberculosis Metastases Traumatic/Osteoporotic collapse
Vertebral endplate Irregular/destroyed Intact Mostly intact, maybe fractured
Disc Involved Spared Spared
Posterior elements Usually spared Involved May be involved
Collections/sinus tracts Present Absent +Adjacent hematoma
Calcification Present Absent Absent, fractured bony fragments may be seen

Signal alteration on MRI

Usually paradiscal

Involves the whole
vertebral body

Linear area limited to the fracture site

arachnoiditis. This typically presents as a smooth, thin

Abbreviation: MRI, magnetic resonance imaging.
Note: This table enumerates the key imaging differentiating points between vertebral collapse caused by tubercular etiology and other causes such
as metastases and traumatic or osteoporotic collapse.

2. Metastases or traumatic collapse: =Table 2 enumerates

layer, unlike the irregularity seen in leptomeningeal carci-
nomatosis. Thickening and clumping of the cauda equina
roots may be evident, often accompanied by abnormal
enhancement of nerve roots as well. Additionally, arach-
noiditis can lead to the formation of CSF loculations, which
are extramedullary lesions with clear fluid signal intensity
and imperceptible walls. Identifying these lesions is crucial
as they may cause cord contour changes and could neces-
sitate surgical intervention. Long-standing arachnoiditis
can progress to diffuse myelitis without the presence of
focal intramedullary lesions.3®

Differential Diagnoses

1. Other spinal infections: =Table 1 delineates the differen-
39-41

tiating points from other spinal infections.

the distinguishing points of TB from metastases and
traumatic/osteoporotic collapse*>*> (~Fig. 13).

. Spondyloarthritis: Andersson lesion/sterile spondylodis-

citis in ankylosing spondylitis is a discovertebral lesion
seen in the late stages of the disease, which may mimic TB
spondylodiscitis. However, in this case, background
changes of spondyloarthritis will be seen.** Fever is
typically not associated with these lesions. The findings
are seen at the site of the unfused intervertebral disc or
the site of fracture in the rigid spine (the last mobile
segment) and it usually extends to the neural arch with
fracture of the posterior elements as well. There is signifi-
cant sub-endplate sclerosis. Pre-/paravertebral/epidural
collections are not seen in the Andersson lesion.*?

. Degenerative spine disease/spondylosis: Rarely, degener-

ative endplate changes are differential for paradiscal

Indographics  Vol. 3 No. 2/2024 © 2024. Indographics. All rights reserved.

Fig. 13 Magnetic resonance imaging (MRI) solved the radiographic dilemma. Lateral radiograph lumbar spine (A) shows collapse of D12
vertebral body (black arrow) in a 5-year-old child with maintained D11-12 and only partial loss of D12-L1 intervertebral (IV) disc space, and a
possibility of eosinophilic granuloma was considered. Sagittal T1 non-fat-suppressed (FS) and T2 FS (B and C) images of MRI done a few weeks
after the radiograph reveal paradiscal involvement of D12 and L1 vertebrae with complete obliteration of the intervening IV disc (yellow arrow).
T1 hypointense, T2 hyperintense anterior epidural collection (star) contiguous with the posterior aspect of the affected vertebrae seen
extending superiorly up to D11 level causing significant spinal canal compromise. Note the T1 hyperintense rim of the collection on noncontrast
T1 non-FS sequence suggesting granulation tissue. MRI findings were diagnostic of tuberculosis (TB).
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Fig. 14 Type 1 Modic degenerative change. Sagittal T1 non-fat-suppressed (FS) (A), T2 FS (B), and T1 postcontrast (C) magnetic resonance
imaging (MRI) images showing sub-endplate vertebral signal alteration in the form of hypointense T1, hyperintense T2 signal, and mild
postcontrast enhancement (white arrows). The intervening disc (red arrow) shows reduced height, T2 hypointense signal, and anterior disc
bulge. The endplate cortical outline is intact (seen on the T1 image), and enhancement is limited to the periphery of the edema. No pre-/

paravertebral collection seen.

involvement of TB. An absence of hyperintensity on T2W
image with absent postcontrast enhancement within the
disc is critical to make the diagnosis of Modic 1 endplate
changes. The endplate lining is irregular but intact in
Modic 1 and blurred in spondylodiscitis. The vertebral
body shows sub-endplate marrow edema; however, a thin
line of sclerosis is seen between the disc and bone edema
in degenerative changes***> (~Fig. 14).

Rarely, neuropathic spine involvement may simulate TB
spine. The presence of gross disorganization (jigsaw spine)
along with features of the cause of the disease in the form of
syrinx or any traumatic cord pathology may be seen. Preser-
vation of bone density in the neuropathic spine is typical
unlike in the tubercular spine. Enhancing soft tissue may be
confused with homogeneously enhancing granulation tis-
sue; however, peripherally enhancing collection is not seen
in neuropathic involvement.*®

Other rare differentials for TB spine also include spine
involvement in SAPHO (synovitis, acne, pustulosis, hyperos-
tosis, osteitis) syndrome, characterized by a curvilinear or
semicircular pattern of contiguous vertebral involvement,
distinct from IVD edema and enhancement typically seen in
TB. Additionally, dialysis-induced spondyloarthropathy may
occasionally pose a diagnostic challenge, but correlation with
the duration of hemodialysis, along with the presence of
T1/T2 hypointense amyloid deposits and the absence of
paravertebral collections, helps clarify the diagnosis.*

Extra-spinal Osteoarticular TB

Clinical Presentation

Osteoarticular TB usually presents with chronic pain, swell-
ing, and decreased range of motion of the affected bone or
joint. Constitutional symptoms, such as fever, weight loss,

and night sweats, may also be present. The onset is insidious,
and the disease progression is slow. In advanced cases, cold
abscesses and sinus tracts may develop which are important
diagnostic clues of TB. The clinical presentation is often
nonspecific, leading to delayed diagnosis.’

Imaging Features
The imaging features are discussed in =Table 3 and vary
depending on the stage of pathology*®2%4’ (~Fig. 15).

TB of Joints
The infection typically starts in the synovium and then
extends to the subchondral bone, causing erosions and joint
destruction. The hip and knee joints are most commonly
affected, followed by the ankle, elbow, and wrist.*® Tubercu-
lous arthritis is usually monoarticular, as is the case with
most infectious joint diseases. Tuberculous arthritis can also
occur secondary to tuberculous osteomyelitis, in which a
primarily tuberculous metaphyseal focus crosses the epiph-
yseal plate. This transphyseal spread is one of the hallmarks
of tuberculous skeletal infection, not found in pyogenic
arthritis. If untreated, infection spreads to para-articular
soft tissue to form collections and sinus tracts. M. tuberculo-
sis is rarely isolated from these sinus tracts because of
frequent pyogenic contamination.>*°

Radiography: Early findings include periarticular osteo-
penia, osseous marginal erosions, and gradual joint space
narrowing—Phemister’s triad and soft tissue swelling.>®
Calcification within the soft tissue opacity is a strong pointer
toward TB (=Fig. 16). In advanced stages, severe joint de-
struction and fibrous ankylosis may occur. Radiological
assessment can be done through Kerri and Martini staging
classification. This staging classification was described for TB
of the knee; however, this can be applied to other joint TB as
well.”!
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Table 3 Imaging correlates of pathological features in extraspinal osteoarticular TB

Pathology

Radiograph

MRI

Synovitis: Effusion

Effusion: displacement of
periarticular fat pads

Effusion

Granulomatous synovial lesion

Synovial thickening (T2 hypointense) and
enhancement

Juxta-articular hyperemia

Juxta-articular osteopenia

Subchondral marrow edema

Erosion + cartilage destruction

Gradual decrease in joint space
Articular cortex irreqularity and
erosions

Cartilage destruction, defect in the hypointense
articular lining with subchondral bone
erosions/intraosseous collection

Para-articular soft tissue
masses + cold abscess + sinus

Periarticular soft tissue opacity

Para-articular T2 hypointense, homogeneously
enhancing granulation tissue/rim enhancing

subarticular bone, sclerosis,
fibrous ankylosis

tract collection, myositis, cellulitis, tenosynovitis,
bursitis, and skin ulceration/sinus tract formation
End-stage Joint deformity, collapse of Gross destruction of subchondral bone

Fibrous ankylosis: blurry articular cortex line with
T1/T2 iso-hypointense signal tissue bridging the
bones

Granuloma in bone followed by
caseation

Extension outside bone to
periosteum and soft
tissue/adjacent joint

Ill-defined lucent area—focal eccentric
geographic lytic lesion with local

osteopenia Minimal periosteal
reaction + soft tissue opacity

Focal marrow edema showing enhancement-T1
hypo-, T2/STIR hyperintense peripherally
enhancing lesion + cortical breach + periosteal
thickening/subperiosteal collection + periosseous
collection (more common)

Transphyseal spread

Abbreviations: MRI, magnetic resonance imaging; STIR, short tau inversion recovery.

Note: This table highlights the pathological changes associated with extraspinal osteoarticular tuberculosis and their corresponding imaging
manifestations on radiographs and MRI. It provides a detailed comparison to help clinicians accurately interpret imaging findings in the context of

pathological features.

JOINT and BONE TB

Primary focus: lung/lymph node

Synovial vessels

Synovitis

Hematogenous spread

Juxta-articular hyperemia

Granulomatous synovial lesion

Or Direct extension from bone TB

Erosion + cartilage destruction

If long standing

Necrotic cartilage + fibrinous material =Rice bodies

Para-articular soft tissue masses €

End stage

Further progression

Granulomatous lesion within bone
-metaphysis-most commonly-children
-epiphysis: infants and adults

Caseation/liquefactive necrosis

Cortical destruction, periosteal reaction

Transphyseal spread-joint involvement

Para-osseous soft tissue masses

Severe joint destruction, sclerosis and fibrous ankylosis

Fig. 15 Joint and bone tuberculosis (TB) pathophysiology.
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+Pathological fracture




Fig. 16 Tuberculosis (TB) ankle. Radiographs of left ankle lateral (A)
and anteroposterior (AP) view (B) reveal subtle juxta-articular osteo-
porosis, articular cortex irregularity, and subchondral erosions with
reduced joint space (Phemister triad), especially prominent at the
talonavicular joint (red arrow), distal tibiofibular and talofibular joint
(yellow arrows), as well as the subtalar joint (white arrow). There is
replacement of normal fat lucency in the anterior and posterior
tibiotalar joint recesses by soft tissue showing dystrophic calcification
(black arrows in A). Sagittal and axial postcontrast T1 fat-suppressed
(FS) images (C and D) show subchondral erosions with enhancing
granulation tissue within (red arrows) and surrounding marrow
enhancement, enhancing synovial proliferation (yellow arrows) in the
anterior and posterior tibiotalar joint recess.

Stage 1: Localized osteopenia, no erosions, +soft tissue
swelling

Stage 2: One or more osseous erosions, without narrowing
of joint space

Stage 3: Narrowing of joint space without gross anatomical
disorganization

Stage 4: Narrowing of joint space with gross anatomical
disorganization

CT is more sensitive in detecting early bone erosions,
sequestrum, and intra-articular loose bodies. Calcification
within the periarticular soft tissue can be readily picked up.
Its major role is to guide sampling in difficult-to-access areas.*’

Ultrasound (US) may reveal the presence of synovial
proliferation as a hypoechoic nodular thickening showing
vascularity, it is not compressible on probe compression
(unlike joint effusion that appears anechoic, shows change
in shape and internal movement on probe compression, and
does not show any vascularity). The role of US is also to
provide real-time guidance for joint fluid aspiration or
synovial biopsy'' (~Fig. 17).
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MRI is the most sensitive modality for detecting early
synovial inflammation, bone marrow edema, and subchondral
erosions before joint space loss is apparent on X-ray.> Synovial
thickening with tubercular involvement appears hypointense
on T2W images with enhancement on postcontrast images.
The T2 hypointensity is attributed to hemorrhage, fibrosis, and
inflammatory debris (=~Fig. 18). Joint effusion appears T2-
hyperintense and T1-hypointense without any postcontrast
enhancement.*” MRI can directly assess the articular cartilage
damage which is seen as a loss of cartilage thickness with
underlying articular cortex erosion. In advanced cases, gross
destruction of subchondral bone with intraosseous collection
(seen as T1 hypointense, T2 hyperintense lesions showing
peripheral enhancement), bone marrow edema and periartic-
ular soft tissue collection, sinus tracts with subluxation or
dislocation, and deformity may be seen®? (~Fig. 19). Enlarged
regional lymph nodes may be seen, for example, epi-/supra-
trochlear and axillary in elbow and shoulder, popliteal and
inguinal in knee and hip joint infection*® (~Fig. 20).

Differential Diagnosis of TB Arthritis

Pyogenic arthritis: =Table 4 compiles the key points in
differentiating pyogenic from tuberculous arthritis.*>>3

Rheumatoid arthritis (RA): =Table 5 collates the key points
in differentiating rheumatoid from tuberculous
arthritis.37-47->4

RA can mimic tuberculous arthritis, particularly when RA
presents with monoarticular involvement. Periarticular
osteopenia and joint effusion are seen in both.

Inflammatory sacroiliitis: Distinguishing between inflamma-
tory sacroiliitis as part of axial spondyloarthritis (and tuber-
cular sacroiliitis presents challenges, as both conditions may
manifest with subchondral marrow edema, erosions, and
capsulitis. The traditional teaching suggests that unilateral
involvement indicates an infectious etiology, while bilateral
involvement leans toward an inflammatory origin. However,
the differentiation becomes complex when there is only
unilateral active inflammatory involvement (asymmetrical).

Key indicators of an infective etiology include dispropor-
tionate marrow edema, larger erosions, and periarticular
collections. Conversely, features suggestive of an inflammato-
ry etiology include the concomitant presence of chronic
sacroiliitis features like subchondral sclerosis and fat metapla-
sia, enthesitis at specific sites, human leukocyte antigen (HLA)-
B27 positivity, and signs of spondyloarthritis in the spine.

However, early-stage infective involvement lacking overt
erosions and collections may closely resemble early inflam-
matory involvement. In such cases, the definitive diagnosis
often relies on thorough sampling.*

Inflammatory seronegative arthritis: Peripheral joint in-
volvement in spondyloarthritis tends to be asymmetric,
predominantly affecting the lower extremities rather than
the upper extremities. Conditions like reactive arthritis and
psoriatic arthritis can mimic tuberculous arthritis when they
present with asymmetric oligoarticular involvement.>>
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Fig. 17 Role of ultrasound. Longitudinal view with the probe placed along the dorsal radial aspect of the right elbow joint, grayscale (A) and
color Doppler (B), shows heterogeneously hypoechoic synovial proliferation (yellow arrows) with interspersed fluid clefts (star), no significant
internal vascularity was seen on Doppler. Longitudinal ultrasound view along the volar aspect (C) reveals a large collection (white arrows) with
hypoechoic content that showed moving echoes on dynamic compression. Radiographs, anteroposterior (AP) and lateral view (D and E), show
joint space loss with articular margin erosions (black arrows), and periarticular soft tissue prominence (yellow arrows). Sagittal T2 fat-
suppressed (FS) and coronal T1 non-FS images (F and G) show articular margin erosions along the distal humerus and proximal radius (black
arrows) with significant marrow edema. Exuberant synovial proliferation appearing T2 hypointense with surrounding hyperintense fluid (yellow
arrows) is seen along with a large periarticular collection (star) along the volar aspect of the joint. Note the significant periarticular soft tissue
inflammation. The periarticular collection shows a T1 hyperintense rim (penumbra sign).

Additional features such as changes in the axial skeleton
(sacroiliitis, syndesmophytes), enthesitis, clinical manifes-
tations like skin and nail changes (in psoriatic arthritis), and
symptoms indicating eye/genital involvement (in reactive
arthritis), along with elevated HLA-B27 levels, can provide
valuable diagnostic clues. Unlike tubercular arthritis, psori-
atic joint involvement typically does not result in juxta-
articular osteopenia or joint space reduction.®3”

Fungal arthritis: Fungal infections of the joints, such as those
caused by Aspergillus species, may resemble tuberculous
arthritis.® However, fungal arthritis is more frequently ob-
served inimmunocompromised individuals and often exhib-
its more pronounced bone destruction and soft tissue
extension. In both conditions, synovial proliferation appears
T2 hypointense. Classic signs like the “dot in circle” sign
should be considered in suspected mycetoma cases.”®

Neuropathic arthropathy: or Charcot joint, can cause destructive
changes in the joints that may resemble tuberculous arthritis.
However, neuropathic arthropathy is associated with underlying
neurologic disorders, such as diabetes mellitus or syringomyelia,
and often shows more pronounced joint destruction and defor-
mity. The bone density is usually preserved.*’
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Tuberculous Osteomyelitis

In children, the metaphysis of long bones is most commonly
affected due to its rich blood supply. In adults, the vertebrae,
pelvis, and large joints are more frequently involved.*® TB
arthropathy is a more common manifestation of osteoartic-
ular TB than TB osteomyelitis.2° Isolated tubercular osteo-
myelitis without adjacent arthropathy usually occurs in the
long bones (femur and tibia most commonly) and the small
bones of the hand and feet.”

Early findings on radiography include focal osteopenia,
cortical thinning, and periosteal reaction. As the disease pro-
gresses, well-defined osteolytic lesions may be seen. Seques-
trum formation is less common and less extensive compared
with pyogenic osteomyelitis (=Fig. 21). In advanced cases,
pathological fractures, joint involvement, and development of
medullary infarcts due to TB vasculitis may occur.”’

CT is more sensitive in detecting early bone destruction
and sequestrum formation. CT can also guide percutaneous
biopsy for microbiological and histopathological diagnosis.

MRI is the most sensitive modality for detecting early
marrow changes, soft tissue involvement, and adjacent joint
involvement. Marrow changes appear as T1 hypointense and
T2 hyperintense lesions, with enhancement on postcontrast
images (=Fig. 22). An intraosseous collection is seen as T1
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Fig. 18 Tuberculosis (TB) hip. T1 non-fat-suppressed (FS) coronal (A), T2 FS coronal, and axial images (B-D) show gross subchondral bone
destruction (white arrow) and marrow edema involving the acetabular as well as the femoral aspect of the left hip joint with T2 hypointense
marked synovial proliferation (star). Periarticular collection and inflammation tracking: superiorly along iliopsoas and gluteus muscles (green
arrow), posteroinferiorly along ischiofemoral space (yellow arrow), anteriorly along the adductors (red arrow).

hypointense, and T2 hyperintense with peripheral enhance-
ment. A thin rim of T1 hyperintensity lining the collection
may also be seen (penumbra sign), this sign is also seen in
periarticular collections (=Fig. 16). MRI features of tubercu-
lar osteomyelitis are nonspecific and are usually not useful in

Fig. 19 Tuberculosis (TB) knee with a sinus tract. T1 postcontrast
axial magnetic resonance imaging (MRI) images (A and B) showing a
focal nonenhancing bone (B) surrounded by homogenously enhanc
ing soft tissue and bone marrow edema in the lateral femoral condyle
s/o sequestrum formation with surrounding granulation tissue (seen
in A), a peripherally enhancing collection is seen along the medial
aspect of the joint s/o collection formation (star in A). A sinus tract
lined by enhancing granulation tissue extending from the joint to the
skin surface is seen in a slightly cranial section (white arrows in B).

Fig. 20 Tuberculosis (TB) knee synovitis. Radiograph knee lateral
view (A) reveals loss of normal posterior fat plane of quadriceps
tendon suggestive of fluid in suprapatellar recess (star), T2 fat-sup-
pressed (FS) sagittal (B) and T1 postcontrast sagittal and axial
magnetic resonance imaging (MRI) image (C and D) shows T2
hyperintense joint fluid in suprapatellar recess (star) and uniform
synovial thickening and enhancement (green arrows), few enlarged
popliteal lymph nodes are also seen (yellow arrow).
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Table 4 Key points for differentiating pyogenic arthritis from tuberculous arthritis

Pyogenic arthritis

Tubercular arthritis

Clinical presentation Acute toxic

Chronic

Synovial proliferation on MRI

Intermediate to bright signal on T2W

T2 Hypointense

Joint space reduction Greater degree with early Gradual loss
cartilage destruction
Cartilage loss distribution Nearly uniform Uneven

Intraosseous and periarticular collections

Irregular shaggy margin-ill marginated

Smooth thin wall-well marginated

Cellulitis and fasciitis Extensive

Less severe

Chronic sequelae

Bony ankylosis

Fibrous ankylosis

Abbreviations: MRI, magnetic resonance imaging; T2W, T2-weighted.

Note: This table compiles the essential distinguishing features between pyogenic arthritis and tuberculous arthritis. It includes differences in clinical
presentation, imaging findings, laboratory results, and typical disease progression to aid in accurate diagnosis.

differentiating from pyogenic osteomyelitis without appro-
priate clinical information.®

TB Dactylitis

TB dactylitis, also known as spina ventosa, is a form of
tuberculous osteomyelitis affecting the short tubular bones
of the hands and feet. It is more common in children and
presents with diffuse swelling and pain of the affected digit.
The radiograph shows expansile, lytic lesions with thinned-
out cortex. Minimal periosteal reaction and absence of seques-
trum formation differentiate it from pyogenic infections.’®

Differential Diagnosis of TB Osteomyelitis

The differential diagnosis of tuberculous osteomyelitis
includes pyogenic and fungal osteomyelitis, Brodie’s abscess,
Langerhans cell histiocytosis, and primary bone tumors.
Pyogenic osteomyelitis usually has a more acute onset and
more pronounced periosteal reaction compared with tuber-
culous osteomyelitis.

Transphyseal spread of the infection to the joint is one of
the hallmarks of TB; though joint space is relatively pre-
served in early TB infection. Brodie’s abscess appears as a
well-defined, centrally located osteolytic lesion with a scle-
rotic rim. Langerhans cell histiocytosis may present with
multiple osteolytic lesions and pathological fractures. Pri-
mary bone tumors, such as Ewing’s sarcoma, may mimic
tuberculous osteomyelitis, especially in the early stages.

Giant cell tumor (GCT) and enchondroma of the small
bones may mimic tubercular dactylitis. GCT is rare in small
bones of hands and feet, it lacks periosteal reaction, and
shows a T2 hypointense signal with the absence of surround-
ing soft tissue inflammation on MRI. Enchondroma is a
common benign bone tumor involving the small bones of
hands and feet. Enchondroma rarely presents with pain and
does not show periosteal reaction unless complicated by a
pathological fracture. It does not show surrounding soft
tissue inflammation, rather shows rings and arcs (chondroid
matrix) pattern calcification.”®

Table 5 Points for differentiating tuberculous arthritis from rheumatoid arthritis

Rheumatoid arthritis

Tubercular arthritis

Disease distribution

B/L symmetrical
Polyarticular
Small joints of the hands and feet

Unilateral

Monoarticular

Large joints (hip and knee)
more commonly

Synovial proliferation: degree and
distribution within the joint

More extensive, thickness usually > 1cm
Nonuniform distribution within the joint

Relatively thin
Uniform proliferation

Erosions

Marginal
Numerous
Smaller

Nonmarginal
More destructive
Larger

Cartilage loss

Always before erosions
(except at bare area)

Erosions may occur even
without cartilage destruction

Extra-articular (cold collections abscesses)

Absent

Usually present

Periarticular bursal/tenosynovial inflammation

More extensive

Less extensive

Note: This table collates the critical distinguishing features between tuberculous arthritis and its close imaging mimic, rheumatoid arthritis.
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Fig. 21 Tuberculosis (TB) knee complication—sequestrum formation and medullary bone infarct. Radiograph knee anteroposterior (AP) and
lateral view (A and B) reveal reduced tibiofemoral joint space and subchondral erosions (white arrows), mixed lytic-sclerotic lesion in the medial
tibial plateau (star), medial and posterior soft tissue prominence (yellow arrows). Coronal T1 non-fat-suppressed (FS) and short tau inversion
recovery (STIR), anterior (Cand D) and posterior sections (Eand F), sagittal T2 non-FS and T2 FS (G and H) show geographic T1 hyperintense, STIR
hypointense areas lined by serpiginous outer T1 hypointense and inner STIR hyperintense rim suggestive of medullary infarcts in the distal femur
(green arrows in C and D), markedly T1 hypointense, STIR hyperintense area in medial tibial plateau with a small T1 hyperintense, STIR
hypointense focus within (red arrows in E and F) suggestive of sequestrum with surrounding granulation tissue, minimal fluid with thickened
inflamed synovium along with T2 hyperintense collections in posterior periarticular soft tissue (star in G and H) . Note the significant marrow
edema and surrounding soft tissue edema.

commonly involves the greater trochanteric and subacromial
bursae.
Calcifications within the soft tissue swelling are highly

Tuberculosis of the Soft Tissues

Tuberculous Tenosynovitis and Bursitis

Tuberculous tenosynovitis and bursitis usually result from
direct extension of adjacent osteoarticular TB, or less com-
monly, from hematogenous spread. The flexor tendons of the
hand and wrist are most frequently affected. TB bursitis most

-

.
S \
\

suggestive of TB.? US demonstrates thickening of the tendon
sheath or bursal wall, with increased vascularity on color
Doppler and fluid within the sheath/bursa. Rice bodies,
appearing as linear echogenic foci or round isoechoic

Fig.22 Tuberculosis (TB) calcaneum: T1 non-fat-suppressed (FS) (A), short tau inversion recovery (STIR) (B), and postcontrast T1 FS (C) showing
T1 hypointense, STIR hyperintense signal, and postcontrast enhancement involving the body of the calcaneum (star) with surrounding soft
tissue edema.
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Fig. 23 Tuberculosis (TB) tenosynovitis (compound palmar ganglion). Coronal T1 non- fat-suppressed (FS) and T2 FS (A and B) and axial T1 non-
FS and T2 FS (C and D) at the level of the wrist volar aspect: An hour-glass shaped mixed signal intensity lesion longitudinally extending

along the length of the flexor tendons at the level of the wrist and further into the palm (green arrows). Multiple T2 hypointense foci within the
fluid-rice bodies (yellow arrow). Coronal T2 FS image of the same patient (E) after completion of antitubercular therapy (ATT) shows complete

resolution of the findings.

melon-seed bodies, may be seen within the synovial fluid. US
can also guide percutaneous biopsy or aspiration.*’

MRI is the most sensitive modality for assessing the extent
of tenosynovitis and bursitis. The affected tendon sheath or
bursal wall along with the synovial lining appears thickened
and shows T2 hypointensity and enhancement on postcon-
trast images. Rice bodies appear as T2 hypointense linear foci
within the hyperintense synovial fluid (=Fig. 23) and do not
show contrast enhancement. MRI can also detect adjacent
bone and joint involvement.®’

The differential diagnosis of tuberculous tenosynovitis and
bursitis includes pyogenic infection, RA, and pigmented villo-
nodular synovitis. Pyogenic infection usually has a more acute
onset and may show more pronounced peritendinous edema
and fluid collections. RA typically involves multiple tendon
sheaths and bursae and may show erosions and tenosynovial
cysts. Pigmented villonodular synovitis demonstrates charac-
teristic blooming artifacts on gradient-echo sequences due to
hemosiderin deposition, it is characteristically located in rela-
tionship to the flexor and extensor tendon sheaths of hand.>’

Tuberculous Myositis
Tuberculous myositis and collection formation are
rare and usually result from contiguous spread of adjacent
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osteoarticular or lymph node TB. The psoas and gluteal
muscles are most frequently involved. These collections pres-
ent as painless, fluctuant masses that may eventually drain to
the skin surface, forming sinus tracts.®?

CT demonstrates a focal or diffuse enlargement of the
affected muscle, with hypodense areas suggesting necrosis
or collection formation. CT can also detect adjacent bone or
joint involvement.

MRI is the most sensitive modality for assessing the extent
of myositis and collection formation and ruling out underly-
ing bone involvement. The affected muscle appears enlarged
and shows intrasubstance T2 hyperintensity and heteroge-
neous enhancement on postcontrast images. Collection
shows peripheral rim enhancement. MRI can also detect
adjacent bone, joint, or lymph node involvement.”

The differential diagnosis of tuberculous myositis and
collection includes pyogenic infection, sarcoidosis, and soft
tissue tumors. Pyogenic myositis and collection usually
have a more acute onset and may show more pronounced
inflammatory changes on imaging. Sarcoidosis may present
with multiple, noncaseating granulomas in the muscles and
other organs. Soft tissue tumors, such as sarcomas and
lymphomas, may mimic tuberculous myositis, especially
in the early stages.”®



Treatment Principles

1. Sampling: All patients with radiological findings suggestive
of TB usually undergo image-guided sampling (CT- or US-
guided) for microbiological/histopathological confirmation
and susceptibility testing except in cases where the site of
sampling is not accessible. Whenever possible, both affected
bone and soft tissue collection should be sampled. Obtained
sample must be sent for AFB staining, NAAT, mycobacterial
and bacterial culture, and histopathological examination.

2. Drug therapy: The cornerstone of treatment for musculo-
skeletal TB is antituberculous chemotherapy (ATT). The
standard regimen consists of a four-drug combination of
isoniazid, rifampicin, pyrazinamide, and ethambutol.

For drug-susceptible spinal and extraspinal skeletal TB, the
following ATT regimen is suggested by the INDEX-TB (Indian
Extra-Pulmonary TB) guidelines®®:

2HRZE (intensive phase) plus 10HRE (continuation phase)
for a total of 12 months (extendable to 18 months on a case-
to-case basis). Immobilization of the affected joint or limb is

important to prevent further joint damage and promote

Imaging in Musculoskeletal Tuberculosis  Spalkit et al.

healing. Physical therapy and rehabilitation are essential to
maintain joint mobility, prevent contractures, and restore
function. Indications for surgery in spine TB include: severe
neurological deficits, rapid onset or painful paraplegia, me-
chanical instability of the spine, and spinal deformity.'®

In cases of extraspinal TB, surgical interventions such as
synovectomy and joint debridement may be warranted in
early-stage disease with poor response to nonoperative
treatments. Joint debridement and collection drainage can
help to reduce the bacterial load and prevent further joint
damage. Advanced arthritis may necessitate procedures such
as arthrolysis, excision arthroplasty, arthrodesis, or total
joint replacement. Additionally, corrective surgeries for de-
formities resulting from healed disease and drainage of large
collections may also be required.

Posttreatment Changes
On radiographs (=Figs. 24 and 25):

1. Sharpening of the earlier irregular endplate margins or
articular cortex lining

Fig. 24 Signs of healing—sclerosis. Pretreatment radiograph, sagittal T1 non-fat-suppressed (FS) and coronal short tau inversion recovery (STIR)
(A-C). Radiograph reveals decreased overall bone density, wedge collapse of D12 vertebral body, irreqular upper endplate with decreased
D11/12 intervertebral (IV) disc space (arrows). Magnetic resonance imaging (MRI) shows T1 hypointense and T2 subtle hyperintense signal
within the partially collapsed D12 vertebral body and the anteroinferior sub-endplate portion of the D11 vertebral body with endplate
irregularity, the intervening disc height is reduced. Small prevertebral as well as bilateral paravertebral collection (R > L) (yellow arrows).
Posttreatment radiograph (D), sagittal T1 non-FS (E), and coronal postcontrast T1 FS (F). Radiograph reveals restored bone density, complete
collapse of D12 causing mild focal kyphosis, and sclerosis of D11 and D12 (white arrows) with complete loss of D11/12 intervening IV disc space
(black arrow). The corresponding changes on MRI are seen as a hypointense signal in D11 and D12 vertebrae (white arrows), markedly
hypointense signal suggesting increased sclerosis along the superior margin of collapsed D12 (red arrow), absent contrast enhancement, and

complete resolution of the paravertebral collection.
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Fig. 25 Signs of healing—fatty marrow infiltration. Baseline sagittal T1 non-fat-suppressed (FS) (A), postcontrast T1 FS (B) dorsal spine
magnetic resonance imaging (MRI) images showing paradiscal involvement of two contiguous vertebral bodies (D9 and D10) and the intervening
disc with mild vertebral collapse and small epidural component causing mild focal kyphotic deformity (yellow arrows). The patient received
antitubercular therapy (ATT), however, showed clinical worsening and progression on imaging with persistent active disease at D9/10 with new
involvement of D8 vertebral body and paravertebral collection. The collection was sampled which showed multidrug-resistant (MDR)
tuberculosis (TB). Post-modified MDR TB regimen completion: sagittal T1 non-FS (C) and postcontrast T1 FS (D) dorsal spine of the same patient
showing T1 hyperintense signal within the D9 and D10 vertebrae (yellow arrow) as well as in D8 vertebral body (white arrow) suggestive of fatty
replacement and absent contrast enhancement suggestive of complete resolution. The mild kyphotic deformity is persistent. No pre-/paravertebral

collection seen.

2. Increase in density/sclerosis of the affected bone suggest-
ing remineralization of the resorbed trabeculae
3. Reduction of IVD space or joint space with ankylosis?®

On MRI:

1. A decrease in the size of the paraspinal soft issue is the
earliest sign of healing.
The other features of healing include:

2. Fat infiltration (T1 hyperintense signal) at the rim of the
osseous lesion

3. Reduction in T2/STIR hyperintensity and enhancement
within the bone and IVD space/joint space.

4. Resolution of the intra0O/extraosseous collections

Mildly altered signal intensity may persist even after
successful treatment. Similarly, thin peripheral contrast
enhancement may persist and denote sterile collection.?®

Response Assessment
Close monitoring of patients during treatment is crucial to
assess response to therapy, detect drug toxicity, and identify
complications early. Assessing treatment response is best
achieved with contrast-enhanced MRI of the spine per-
formed upon completion of ATT, typically at the 12-month
mark before termination of therapy. Comparison with prior
baseline imaging is essential. Earlier imaging may be war-
ranted if there is suspicion of poor treatment response.®*
Drug resistance is suspected in patients on ATT for
5 months or more showing poor clinical and radiological
response, the appearance of new lesions, worsening of spinal
deformity, or wound dehiscence of previously operated scar.
It is imperative to verify drug compliance before assigning a
drug-resistant label.
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In cases with partial response with persistent active
disease, ATT is prolonged for an additional 6 months, with
a follow-up contrast-enhanced MRI of the spine at
18 months. Sometimes, sampling of new lesions may be
necessary to detect the emergence of resistant strains in a
previously drug-sensitive TB particularly in patients that
were initially started on ATT on a clinicoradiological basis
without microbiological confirmation.

The final decision of termination of ATT is taken consid-
ering both radiological as well as clinical response. The
clinical response encompasses symptom resolution, normal-
ization of laboratory parameters (erythrocyte sedimentation
rate/C-reactive protein), and clinical signs.®>

Conclusion

Imaging assumes a pivotal role in the evaluation of muscu-
loskeletal TB. Despite adequate sampling, histopathological
or microbiological testing may fail to yield the organism
owing to the paucibacillary nature of the disease. Hence,
patients displaying classical findings on imaging are often
started empirically on ATT. Furthermore, imaging not only
aids in diagnosis but also guides sampling, assesses treat-
ment response, detects complications, and helps make deci-
sions regarding therapy termination. Thus, it serves as a
comprehensive tool throughout the management of muscu-
loskeletal TB.

Learning Points

1. Contrast-enhanced MRI is the preferred imaging mo-
dality for diagnosing and assessing response in both
spinal and extraspinal TB.



2. TB-related synovial proliferation typically appears T2
hypointense.

3. US plays a significant role in assessing superficial joints
and soft tissues and guides sampling for diagnosis.

4. Calcification within paraspinal or periarticular soft
tissue collections strongly suggests TB.

5. Early posttreatment imaging is discouraged unless
there is clinical nonresponse, as it may falsely suggest
progression and lead to unnecessary interventions.
Response assessment imaging should be conducted
near treatment completion.

6. Mild residual osteoarticular enhancement and stable
paraspinal or periarticular collections (with thin rim
enhancement) may persist and do not indicate treat-
ment failure. In an appropriate clinical context, it may
be prudent to stop therapy even when mild residual
enhancement persists and repeat the imaging after a
few months to document healed disease.
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