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Abstract
Objective The objective of this study was to describe the
magnetic resonance imaging (MRI) features of tuberculosis
(TB) of the knee joint.
Materials and methods The MRI features in 15 patients
with TB of the knee, as confirmed by histology of the
biopsied joint synovium, were reviewed retrospectively.
The images were assessed for intra-articular and peri-
articular abnormalities.
Results All patients had florid synovial proliferation. The
proliferating synovium showed intermediate to low T2
signal intensity. In the patients who were administered
intravenous contrast, the hypertrophic synovium was
intensely enhancing. Marrow edema (n=9), osteomyelitis
(n=4), cortical erosions (n=5), myositis (n=6), cellulitis
(n=2), abscesses (n=3), and skin ulceration/sinus formation
(n=2) were seen in the adjacent bone and soft tissue.
Conclusion Synovial proliferation associated with tubercu-
lous arthritis is typically hypointense on T2-weighted
images. This appearance, in conjunction with other peri-
articular MRI features described, can help in distinguishing
TB arthritis from other proliferating synovial arthropathies.
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Introduction

Tuberculosis (TB) is a disease that has long been the scourge
of mankind, its first evidence, unearthed in Egyptian
mummies, dating back to 3400 B.C. [1]. In endemic regions
like India, TB forms a significant burden of disease [2]. With
the pandemic of the acquired immunodeficiency syndrome
and the rising immigrant population, a resurgence of TB has
been predicted in the developing world as well.

Musculoskeletal TB accounts for 1–3% [3] of all TB
cases, and the spine is involved in approximately 50% [4]
of these cases. In the appendicular skeleton, the knee and
hip are the most commonly affected joints [3].

Clinical diagnosis of tubercular arthritis of the knee is
fraught with difficulties because it presents with nonspecific
signs and symptoms; and a history of past pulmonary
tuberculosis is absent in most cases. Active intra-thoracic
disease is seen in less than half the cases with musculo-
skeletal TB [5]. Early diagnosis of TB of the knee is
challenging, and the average delay in diagnosis is 16 to
19 months [6]. If diagnosed and treated at an early stage,
about 90–95% of patients would achieve healing with near
normal function [7].

It is, therefore, necessary for radiologists to maintain a
high index of suspicion when assessing images of arthritis.
Early and accurate diagnosis is important because disabling
joint deformities can be averted by rapid and excellent
response to antitubercular therapy. Magnetic resonance
imaging (MRI) is superior to computed tomography, radio-
graphs, or ultrasound in detecting the early changes of TB
of a joint [8]. There are only four case reports [9–12] in
literature but no case series describing the specific MR
imaging features of tuberculosis of the knee joint. In this
study, we describe the MR imaging features of 15 patients
of TB of the knee joint.
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Methods and materials

The MRI features in 15 patients with TB of the knee, as
confirmed by histology of the biopsied joint synovium, were
reviewed retrospectively. These patients, seen at our institution
(a large tertiary-care hospital in Western India), were selected
based on pathology records of synovial biopsies of the knee
performed between 2002 and 2004. In 12 cases, a percutane-
ous synovial biopsy was performed, and three patients had an
arthroscopic synovectomy. Additionally, synovial fluid poly-
merase chain reaction was performed in three patients.

All MR imaging examinations were performed with a
1.5-T superconducting magnet (Sonata, Siemens Medical
Solutions) and a quadrature transmit-received, four-coil
phased array extremity coil. Patients were positioned with
their knees stabilized with foam pads in the neutral
position. Imaging was performed in the coronal, sagittal,
and axial planes. A standard MR imaging protocol was
used, which included: axial fast spin echo T2-weighted
(TR/TE range, 3,800–4,400/59–64 ms), sagittal proton
density with fat saturation (TR/TE range, 2,900–3,500/12–
18 ms), coronal spin echo T1-weighted (TR/TE range, 400–
800/12–17 ms), coronal short tau inversion recovery (STIR)
(TR/TE range, 3,400–5,500/20–30 ms; TI, 130 ms), and
axial dual echo steady state (DESS; TR/TE range, 18–24/4–
8 ms) sequences. Other imaging parameters included the
following: number of excitations, 1; matrix, 202×320 (axial
T2-weighted), 256×256 (sagittal proton density with fat
saturation), 224×256 (coronal T1-weighted), 256×256
(coronal STIR) and 192×256 (axial DESS); field of view,
16 cm. Sequences were obtained with 3–4 mm slice
thickness. In nine patients, intravenous gadopentetate
dimeglumine (Magnevist, Schering) was administered at a
dose of 0.1 mmol/kg, and early post-contrast fat-suppressed
T1 weighted images (400–800/12–17 ms) were obtained.

The MRI studies were evaluated for intra-articular
abnormalities which included synovial thickening and fluid
collections. The signal intensity (SI) characteristics of the
abnormal proliferating synovium were assessed. Peri-
articular abnormalities of the adjacent bone and soft tissues
were studied, and these included subchondral marrow

Fig. 1 Synovial biopsy shows an epitheloid granuloma with a
centrally located Langhan’s giant cell (arrow; H & E, ×20)

Table 1 Intra-articular MRI features in 15 patients with tuberculosis of the knee joint

Patient Joint effusion Low signal foci in
synovial fluid

Synovial thickening Signal of the proliferating synovium on
T2-weighted images

Signal of the proliferating
synovium post gadolinium

1 Present – Present Low High
2 Present – Present Low High
3 Present – Present Low NA
4 Present – Present Intermediate NA
5 Present – Present Low High
6 Present – Present Low High
7 Present – Present Intermediate High
8 Present – Present Low High
9 Present – Present Intermediate High
10 Present – Present Low NA
11 Present Present Present Intermediate NA
12 Present – Present Low NA
13 Present – Present Intermediate High
14 Present – Present Intermediate High
15 Present – Present Low NA

NA gadolinium not administered
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edema, osteomyelitis, cortical erosions, cellulitis, myositis,
soft-tissue abscesses, and skin ulceration/sinus formation.

Results

The MRI examinations in 15 patients with TB of the knee,
as confirmed by histology of the biopsied joint synovium
(Fig. 1), showed both intra-articular and extra-articular
abnormalities.

The intra-articular features are detailed in Table 1. All
patients showed joint effusions (Fig. 2). In one patient,
small foci of low T2 SI were observed scattered within the
synovial fluid. Prominent synovial proliferation was seen in
the MRI studies of all patients. The proliferating synovium
showed low T2 signal (Fig. 3) in nine patients and
intermediate T2 signal (Fig. 4) in six patients. In the nine
patients who were administered intravenous gadolinium,
the proliferating synovium displayed intense post-contrast
enhancement (Fig. 5).

The MRI findings in the peri-articular bone and soft
tissue are described in Table 2. In the three patients with
osteomyelitis, there were diffuse heterogenous marrow
signal abnormalities, which extended from the subchondral
bone into the diaphyses of the distal femur and proximal
tibia (Fig. 6). The changes of osteomyelitis were identified
on both T1-weighted and T2-weighted/STIR images. In
nine patients, there was subchondral marrow edema without
changes of osteomyelitis. The marrow edema was localized
to the subchondral bone. It was identified on STIR images
and not appreciated on T1-weighted images (Fig. 7). Juxta-
articular bone erosions appeared as prominent, irregular
defects along the smooth low-signal cortex in five patients

(Fig. 8). Myositis with abnormal intramuscular SI and loss
of the normal muscle architecture was seen in six patients.
Cellulitis was seen in two patients as a reticulated pattern of
abnormal SI localized to the subcutaneous tissue on both
T1-weighted and fluid-sensitive sequences. Three patients
had large, thin-walled abscesses in the surrounding soft
tissue (Fig. 9a,b). Cutaneous ulceration (Fig. 10) was seen
in two patients.

Discussion

Tuberculosis of the knee occurs due to hematogenous
spread of bacilli to the highly vascularized synovium of the
joint. Since many named and unnamed synovial pouches

Fig. 4 Coronal STIR image of the knee joint shows extensive
synovial proliferation of intermediate signal intensity (arrow)

Fig. 2 Axial T2-weighted image of the knee joint shows hyperintense
fluid effusion with fluid in the suprapatellar bursa

Fig. 3 Axial T2-weighted image of the knee joint shows extensive
synovial proliferation. The thickened synovium shows low signal
intensity (arrow)
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and bursae are present around the knee joint, any disease
involving the synovium also extends to involve them [13].
Granulomatous inflammation begins in the area and results
in caseous necrosis, along with reactive proliferation of the
synovial membrane. An earlier animal radio-pathologic
correlation study [14] has shown that the caseous necrosis
has intermediate SI on T2-weighted images. In agreement,
in our study, all 15 patients of biopsy proved TB arthritis of
the knee joint had proliferating synovium which displayed
intermediate or low SI on T2 weighted images.

Inflammation of the synovial membrane leads to joint
effusion, which was also seen in all patients that we studied.
The effusion showed high SI on T2-weighted images which
helped to differentiate it from the dark, proliferating syno-
vium. Small, low-signal foci were seen scattered in the

synovial fluid on T2-weighted images in one case and may
have represented either caseous material, tissue debris and rice
bodies [15], or proliferating synovium.

In the nine patients who were administered intravenous
gadolinium, the proliferating synovium showed intense
enhancement on post-contrast T1-weighted images, where-
as the synovial fluid collection remained nonenhancing.
The intense synovial enhancement seen in our study can be
attributed to the inflamed synovium which is known to be
more vascular than normal synovium. Because injected
contrast diffuses faster across the inflamed synovial
membrane, it is important to perform imaging immediately
to prevent the misinterpretation of contrast within joint
effusion as enhancement of joint lining. Contrast was thus
useful in differentiating fluid collections from hypertro-
phied synovium. It was also useful in differentiating
osteomyelitis from reactive marrow edema as the former
was associated with significant post-contrast enhancement.
Our study retrospectively assessed the MRI features of TB
of the knee in patients with synovial biopsy-proven disease,
and hence, not all patients included in the study had
received contrast at the time of MRI study. However, as
noted above, contrast-enhanced images add value by
delineating the proliferating synovium and by distinguish-
ing bone marrow edema from osteomyelitis. Hence, we
suggest that when MR imaging is performed for suspected
TB of the knee, the imaging protocol must include early
post-contrast fat-suppressed T1-weighted sequences in
addition to axial fast spin echo T2-weighted, sagittal proton
density with fat-saturation, coronal spin echo T1-weighted,
coronal STIR, and axial DESS sequences.

As the disease advances, it crosses the epiphyseal plate
and involves adjacent bone and soft tissue. Occasionally,

Table 2 MRI features in the peri-articular bone and soft tissue in 15 patients with tuberculosis of the knee joint

Patient Marrow edema without
osteomyelitis

Osteomyelitis Bone erosions Myositis Cellulitis Periarticular abscess Sinus tract/ulceration

1 – Present Present – – – –
2 Present – – Present Present Present –
3 Present – Present – – – –
4 Present – – Present – – –
5 – – – – – – –
6 – – – – – – –
7 – Present – Present Present Present Present
8 Present – – – – – –
9 Present – Present Present – – –
10 Present – – – – – –
11 Present – Present Present – – –
12 – – – – – – –
13 Present – – Present – Present –
14 – Present Present – – – Present
15 Present – – – – – –

Fig. 5 Sagittal T1-weighted post-contrast fat-suppressed image of the
knee joint shows intense enhancement of the proliferating synovium
(black arrowhead). The fluid collection in the suprapatellar bursa
remains nonenhancing (white arrowhead)
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the initial focus of infection may be in the subchondral
bone of the distal femur, proximal tibia, or patella [13]. This
presents with marrow edema, osteomyelitis, and bone
erosions. Osteomyelitis was detected in only 20% of the
patients and was seen as extensive abnormal inhomoge-
neous SI of marrow in both the distal femoral epiphysis
and/or proximal tibia extending into the shaft of the bones.
Marrow edema confined to the subchondral bone was most

clearly seen on STIR images in nine patients. Thus, marrow
signal abnormality was seen in 80% of the cases, which is
higher than what is previously reported [16].

In five patients, the spreading granulation tissue led to
juxta-articular bone erosions. These erosions were seen at
the site of synovial reflections. The erosions appeared to be
irregular, large defects in the juxta-articular bone with loss
of the normal cortical low SI on all sequences.

Extension of articular disease into the soft tissue was
seen in nearly half our patients. Myositis was the com-
monest soft-tissue abnormality. Of the six patients with
myositis, three also had peri-articular abscesses which were
hyperintense on T2-weighted images with a hypointense
rim. The abscesses were seen best on post-contrast T1
weighted MR images, where the abscess cavity appeared
hypointense due to caseous necrotic debris, while the
abscess wall was highly enhancing. The abscess wall was
thin and regular, and this finding can be used to
differentiate tubercular infection from pyogenic knee
infections in which the abscesses have thick and irregular
walls [16]. In two patients, the peri-articular granulation
tissue ulcerated through the skin. TB of the knee being an
indolent infection, cellulitis was a rare finding, seen only in
two of our patients. Three patients did not show any extra-
articular bone or soft-tissue involvement, and it is in these
cases that the intra-articular MR imaging features of low
signal proliferating synovium can be most useful in early
diagnosis of the disease.

Articular TB must be differentiated from other conditions
which present with intermediate to low intensity synovial
thickening on MRI. Both the clinical presentation as well as
MRI, with its excellent contrast resolution, can aid in
differentiation of TB from other conditions with synovial
proliferation like pigmented villo-nodular synovitis (PVNS),

Fig. 8 Sagittal proton density image of the knee joint shows synovial
proliferation eroding into the adjacent bone (arrow)

Fig. 7 Coronal STIR image of the knee joint shows patchy,
hyperintense subchondral marrow edema in the distal femur and
proximal tibia (arrowheads)

Fig. 6 Sagittal T1-weighted post-contrast fat-suppressed image of the
knee joint shows changes of osteomyelitis in the femur and tibia with
intense inhomogeneous enhancement. In the tibia, the changes extend
from subchondral bone into the tibial shaft
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hemophilic arthritis, synovial chondromatosis, gout, inflam-
matory arthritis, and soft-tissue sarcoma. Long-standing
rheumatoid arthritis and chronic tophaceous gout present with
multiple-joint involvement, unlike tuberculous arthritis which
is monoarticular. PVNS and hemophilic arthropathy are other
monoarticular conditions which present with profoundly dark
T2 signal of the proliferating synovium. However, in these
conditions, the thickened synovium shows susceptibility on
gradient-recalled echo sequences due to the paramagnetic
effect of hemosiderin [17], a feature not seen in tuberculous
arthritis. Primary synovial chondromatosis is a metaplastic
condition in which hypertrophied synovium undergoes
chondrification and forms innumerable intra-articular nod-
ules [18]. Like in TB arthritis, MR imaging shows nodular
post-contrast enhancement throughout the hypertrophic
synovium; however, this condition is further characterized
by the presence of multiple, round, similarly sized soft-tissue

nodules of low SI within the high-SI synovial fluid. Synovial
sarcoma is more mass-like as compared to the diffuse
proliferating synovium of TB arthritis. It typically appears
as a heterogenous septated mass which often has focal cystic
components containing fluid–fluid level [19]. In concordance
with the acute presentation and pathogenesis of pyogenic
arthritis, the MR images show dramatic and extensive peri-
articular soft-tissue abnormalities, with fascitis and cellulitis
being a constant feature. In contrast, TB arthritis is known to
have a more indolent clinical course, and therefore, cellulitis
and fascitis are less common. A previous study has shown
that the imaging appearances of the extra-articular abscesses,
such as the appearance of the abscess wall, may aid in
differentiating the two conditions [16].

A drawback of our study is that we did not compare MR
imaging features of tuberculous arthritis with those of pyogenic
arthiritis of the knee. Further retrospective and prospective
studies with larger cohorts would be needed to differentiate
these entities. Another drawback of our study was that we did
not have the clinical or radiological follow-up of the patients
during and after completion of anti-tubercular chemotherapy.

The findings in our study indicate that tuberculosis must be
considered when hypointense synovial proliferation is seen on
T2-weighted MR images of the knee joint. Other findings,
such as joint fluid collection, post-contrast enhancement of
synovium, presence of marrow signal abnormalities, and soft-
tissue abscess with ulcerations and sinus formation, support
the diagnosis of TB. When assessed together with histopath-
ological examination of the synovium and mycobacterial
cultures, the typical imaging appearance forms a powerful tool
in diagnosing the disease. Similar findings on MRI of other
joints in the appendicular skeleton have been reported earlier
[15, 20–23]. These similarities may be used in the future to
define common guidelines for MRI diagnosis of tuberculous
arthritis. It is hoped that, in patients who present with typical
clinical features of TB arthritis, these characteristic MRI

Fig. 10 Axial T2-weighted image of the knee joint shows cutaneous
ulceration (arrow) of the peri-articular granulation tissue

Fig. 9 Axial T2-weighted image of the knee joint (a) shows peri-
articular abscesses (arrows). On the post-contrast coronal T1-weighted
image (b), the walls of the abscesses (arrows) are thin, regular, and

show post-contrast enhancement, whereas the central caseous necrosis
is nonenhancing
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appearances may aid in arriving at a confident diagnosis of
TB and help to initiate early antitubercular chemotherapy.
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