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INTRODUCTION

Brodie’s abscess, a localized type of subacute or chronic osteo-
myelitis, may be difficult to differentiate from benign or malig-
nant bone tumors (1). The “penumbra sign” on an unenhanced 
T1-weighted image is a well-known characteristic of Brodie’s ab-
scess. It is seen on T1-weighted MR images as a rim lining the 
abscess cavity with a higher signal intensity than that of the 
main abscess. It is considered to be extremely helpful for dis-
criminating subacute osteomyelitis from other bone lesions, al-
though it is not pathognomonic. 

We describe a case of histopathologically confirmed primary 
diffuse large B-cell lymphoma of the distal tibia with a positive 
penumbra sign on MRI. To our knowledge this is the first report 
of a primary bone lymphoma that shows the finding of a pen-
umbra sign on an MRI. 

CASE REPORT

A 50-year-old woman presented with a 3-month history of 

left ankle pain. As the pain worsened, she visited a local clinic 
and was treated with non-steroid anti-inflammatory drugs. But 
the pain did not improve. She was referred to our hospital for 
further investigation. Physical examination revealed tenderness 
and redness over the medial aspect of the left ankle with preser-
vation of the full range of motion. She had diabetes mellitus and 
had received oral hypoglycemic agents for 8 years. There was no 
fever or other systemic complaints. Laboratory evaluation 
showed a normal white blood count of 6.5 × 103/mm3 and a 
normal C-reactive protein level of less than 0.3 mg/dL. Radio-
graphs of the left ankle (Fig. 1A) showed an ill-defined intra-
medullary osteolytic lesion involving the distal metaphysis and 
epiphysis of the tibia. The overlying cortex was intact, and there 
was no visible periosteal reaction or matrix calcification. Further 
evaluation using MRI demonstrated a 2.9 × 2.4 × 3.2 cm sized 
lesion that had a center that was isointense to skeletal muscle on 
T1-weighted images (Fig. 1B, E) and that showed hyperintensity 
on T2-weighted spectral attenuated inversion recovery (SPAIR) 
images (Fig. 1C). There was a thin sclerotic rim around the cen-
ter and a dot of dark signal intensity on the T1 and T2-weighted 
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The “penumbra sign” on an unenhanced T1-weighted image is a well-known char-
acteristic of Brodie’s abscess, and this sign is extremely helpful for discriminating 
subacute osteomyelitis from other bone lesions. We present a case of primary bone 
lymphoma of the distal tibia mimicking subacute osteomyelitis with Brodie’s ab-
scess in a 50-year-old woman. Initial radiographs and MRI showed a lesion in the 
distal tibia consistent with Brodie’s abscess with the penumbra sign. Histopatholog-
ical examination of the surgical biopsy specimen confirmed the presence of a dif-
fuse large B-cell lymphoma involving the bone.
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scess. We considered giant cell in the differential diagnosis of the 
tumor because the lesion involved the epiphysis and metaphysis 
simultaneously. The possibility of a malignancy also could not 
be ruled out.

The patient underwent curettage of the lesion. The curetted 
materials were yellow-white tissue fragments without pus. His-
topathological examination of the curettage specimen showed 
extensive coagulative necrosis surrounded by a diffuse sheet of 
large lymphoid cells with round to slightly indented vesicular 
nuclei containing fine chromatin. There were two to four nuclear 
membrane-bound nucleoli, frequent mitotic figures and tingible 
body macrophages. The cytoplasm was not abundant and it was 
pale eosinophilic to amphophilic in appearance (Fig. 2A). Im-
munophenotypical analysis detected the expression of B-corre-
lated antigens: CD20 (Fig. 2B) and CD79A, Bcl-2, Bcl-6, and 
MUM1. EBER mRNA in situ hybridization was negative. The 
histopathological diagnosis was diffuse large B-cell lymphoma, a 

images resembling a bony sequestrum. A small enhancing focus 
was seen in the center, but most of the center showed no con-
trast enhancement (Fig. 1D, F). The center was surrounded by 
two layers of different MR signal features and an outermost halo 
of bone marrow edema. The inner layer demonstrated slightly 
higher signal intensity than the center on T1-weighted images 
(Fig. 1B, E) and high signal intensity on T2-weighted SPAIR im-
ages (Fig. 1C). It showed strong gadolinium enhancement on 
contrast enhanced T1-weighted images (Fig. 1D, F). The outer 
layer showed hypointensity on T1-weighted images (Fig. 1B), 
mixed high and low signal intensity on T2-weighted images 
(Fig. 1C), and mild enhancement following contrast medium 
administration (Fig. 1D, F), consistent with reactive sclerosis 
and edema. There was also evidence of cortical permeation and 
mild active periostitis on the MRI (Fig. 1F). 

A preliminary diagnosis of subacute osteomyelitis was made 
because the MRI findings were most consistent with Brodie’s ab-

Fig. 1. A 50-year-old female with primary bone lymphoma. 
A. Plain radiograph of left ankle showing a ill-defined intramedullary osteolytic lesion in the distal tibia (arrow). 
B-F. Sagittal T1-weighted (B), coronal T2 SPAIR (C), coronal fat-saturated contrast-enhanced T1-weighted (D), axial T1-weighted (E) and axial 
fat-saturated contrast-enhanced T1-weighted (F) images of the distal tibia demonstrating the intramedullary mass with the penumbra sign (ar-
rows). Note the hyperintense rim on T1-weighted image revealing the characteristic finding of the penumbra sign (arrowhead in B) and mild en-
hancement of the peri-osseous edema (arrowhead in F). 
G. MIP image from an PET/CT shows no evidence of other primary site or lymph node involvement.
Note.-MIP = maximum intensity projection, PET/CT = positron emission tomography/CT, SPAIR = spectral attenuated inversion recovery
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the abscess cavity. It is considered to be a characteristic MRI fea-
ture of Brodie’s abscess with a high degree of specificity (1). Grey 
et al. (6) reported the sensitivity, specificity, accuracy, positive 
predictive value and negative predictive value of the penumbra 
sign in diagnosing subacute osteomyelitis to be 75%, 99%, 99%, 
92% and 99%, respectively. However, this sign is not pathogno-
monic; it has also been reported in eosinophilic granuloma, be-
nign cystic bone lesions and bone tumors such as osteoid osteo-
ma (2) and chondrosarcoma (3). 

The “target” appearance of Brodie’s abscess on MRI is com-
prised of four separate layers: a center, an inner ring, an outer 
ring and a peripheral halo (7). The center represents the abscess 
cavity with a high protein content. The inner ring is composed 
of granulation tissue that appears isointense or mildly hyperin-
tense to muscle on T1-weighted and shows intense enhance-
ment after contrast administration due to its rich vascularity. 
The outer ring is composed of a zone of reactive sclerosis and 
the peripheral halo represents bone marrow edema. 

However, in the curettage specimen from our case, there was 
no evidence of abscess formation. There were several hemor-
rhagic fragments surrounded by fibroblasts and they may have 
composed the central non-enhancing portion of the lesion. The 
rest of the curetted fragments were mainly composed of lym-
phoma cells. Primary bone lymphoma is one of the rare prima-
ry bone malignancies, accounting for 5% of all primary bone tu-
mors (8, 9), and the majority of primary bone lymphomas is 
non-Hodgkin’s lymphoma, especially diffuse large B-cell type 

centroblastic variant, involving the bone marrow space. Nine 
days after the surgery, the patient underwent a positron emis-
sion tomography/CT (PET/CT) scan. There was no evidence of 
other primary sites or lymph node involvement (Fig. 1G). 

The patient was referred to oncology, and underwent chemo-
therapy. After completion of six courses of the R-CHOP regi-
men (rituximab, cyclophosphamide, doxorubicin, vincristine 
and prednisone), follow-up studies of the MRI and PET/CT 
demonstrated no evidence of recurrence.

DISCUSSION

Bone tumors can be misdiagnosed as other non-neoplastic 
conditions including infections on clinical and radiologic exam-
ination (2). And there may be considerable difficulty in distin-
guishing subacute osteomyelitis from other benign and malig-
nant bone lesions, resulting in delayed diagnosis and treatment. 
For example, there are some case reports of bone tumors such as 
osteoid osteoma and chondrosarcoma mimicking Brodie’s ab-
scess (2, 3). Similarly, malignant lymphomas of the bone mim-
icking osteomyelitis or abscess have been documented as case re-
ports (4, 5). However, to our knowledge, there is no previously 
reported case with the characteristic MR appearance of the “pen-
umbra sign” mimicking Brodie’s abscess.  

The “penumbra sign” means the inner ring of the “target” that 
is characteristically seen on T1-weighted MR images as a dis-
crete peripheral zone of marginally higher signal intensity than 

Fig. 2. Histology of the curettage specimen.
A. The marrow space is replaced by diffuse sheet of large lymphoid cells with round to slightly indented, vesicular nuclei containing fine chroma-
tin. The neoplastic lymphocytes have two to four nuclear membrane-bound nucleoli, pale eosinophilic to amphophilic cytoplasm. There are fre-
quent mitotic figures and tingible body macrophages (H&E stain, × 400). 
B. Immunophenotypical analysis detected the expression of the B-correlated antigens; CD20 (× 400).
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(9). Common anatomical sites for primary bone lymphomas are 
the long bones such as the femur (25%), the tibia and the hu-
merus, in decreasing order of incidence (8, 10). Less commonly, 
they involve the flat bones or the axial skeleton such as the pel-
vic bone and the vertebral column. Common symptoms are 
pain, local swelling and a palpable mass (9). 

Patterns of radiographic findings in primary bone lympho-
mas have varied from a near-normal lesion to a focal geographic 
lytic lesion to a mixed sclerotic-lytic lesion to a highly aggressive 
permeative lesion (10). 

Reported MRI findings of primary bone lymphomas are vari-
able and nonspecific, depending on the pathologic process of 
the lesion (10). It typically shows focal marrow replacement, 
which demonstrates low signal intensity on T1-weighted images 
and bright signal intensity on T2-weighted images. It may show 
decreased signal intensity on T2-weighted images in the case 
when extensive fibrosis is present in the lesion. Soft tissue in-
volvement is frequent. One of the characteristic findings of lym-
phoma is a solitary mass located in the metadiaphysis of the 
long bone with a soft tissue mass and marrow signal change but 
cortical destruction is typically lacking. 

We have described the case of a 50-year-old female with a sol-
itary lytic bone lesion with the penumbra sign involving the dis-
tal tibia. Because of the good response to a combination of radi-
ation therapy and chemotherapy regimens with an overall 
response rate of up to 94% (8), detection of radiologic features 
suggestive of primary bone lymphoma is important. Although 
the penumbra sign is commonly seen in osteomyelitis, primary 
bone lymphoma should be considered in the differential diag-
nosis of bone lesions with the penumbra sign.
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Penumbra sign은 아급성 골수염과 다른 골병변을 구별하는 데에 유용한 Brodie 농양의 특징적인 소견으로, 조영전 T1 강

조영상에서 농양과 경화된 해면골 사이에서 상대적으로 고신호 강도를 보이는 이행부를 말한다. 저자들은 50세 여성에서 

Brodie 농양을 동반한 아급성 골수염으로 오인된 원위부 경골의 원발성 골림프종의 증례를 경험하였기에 이를 보고하고

자 한다. 병변은 MRI에서 Brodie 농양을 시사하는 penumbra sign을 보였다. 수술 검체에 대한 병리 조직 검사상 미만성 

대세포 B 림프종으로 진단되었다.
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