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Abstract
Background  Primary lymphoma of bone is an uncommon non-Hodgkin lymphoma. Magnetic resonance imaging (MRI) 
features of primary lymphoma of bone in children are not well described.
Objective  To identify typical MRI characteristics of pediatric primary lymphoma of bone at diagnosis and following treatment.
Materials and methods  Two pediatric radiologists retrospectively reviewed all imaging studies of 10 patients with biopsy-
proven primary lymphoma of bone at presentation and after treatment. Anatomic location, number of sites, location within 
bone (epiphyseal, metaphyseal, diaphyseal), T1-weighted imaging margins, soft tissue mass, T2-weighted imaging appear-
ance and enhancement pattern (homogeneous, heterogeneous, infarct-like), soft tissue edema, cortical disruption, and regional 
lymph nodes as seen on MRI as well as radiographic and positron emission tomography (PET) findings were recorded. 
Pathologic results, treatment plans, and outcomes at follow-up as detailed in the medical record were tabulated.
Results  Of 10 patients, age at diagnosis 8–17 years, median 15 years, 4 (40%) had multifocal disease. MRI revealed 20 total 
lesions in the 10 patients with femoral lesions most common, being present in 7 (70%) of patients. Eight (80%) patients had 
at least one lesion around the knee. Eight (80%) patients had 1 or more lesions involving an epiphysis and 5 (50%) had at 
least 1 lesion confined to the epiphysis. Seven (70%) showed infarct-like appearance on T2-weighted imaging; 7 (88%) of the 
8 patients with post-contrast imaging had infarct-like enhancement. Six (60%) had sharp T1 margins, 3 (30%) had cortical 
disruption, 8 (80%) had at least mild soft tissue edema, and 1 (10%) had soft tissue mass. Three (30%) had at least 1 PET-
positive regional lymph node. At follow-up (range 1–108 months, median 4.3 months), all had residual osseous abnormality 
on MRI with 6 (60%) maintaining an infarct-like or combination of infarct-like and T2 hyperintense appearance.
Conclusion  Our results in this series of pediatric primary lymphoma of bone identified several frequent MR imaging features. 
Multifocality, epiphyseal involvement (especially about the knee), infarct-like enhancement pattern, sharp T1 margins, and 
surrounding soft tissue edema should raise suspicion for primary lymphoma of bone. Following treatment, residual osseous 
abnormality is expected on MRI.
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to those with non-lower extremity osseous sites, were on 
average younger and had even better prognosis regardless of 
disease stage. Many of the patients had nonspecific sclerotic 
changes radiographically, but no magnetic resonance imaging 
(MRI) findings were reported [12]. One study of six children 
described MRI as useful only when radiographs are nega-
tive and to help guide biopsy [17]. Post-treatment imaging 
descriptions are even sparser. That study reported persistent 
MRI signal abnormalities in a few of their patients. A study 
of 25 adult patients with primary lymphoma of bone, during 
and after treatment, identified persistent osseous abnormalities 
for multiple years post-treatment despite disease remission 
[18]. Since surgical resection is not part of the treatment for 
local control of primary lymphoma of bone, awareness of the 
residual osseous features can avoid erroneous interpretation 
of residual or recurrent disease.

The goal of our investigation was to elucidate common 
MRI characteristics of primary lymphoma of bone at presen-
tation and after treatment. These imaging features may allow 
the radiologist to suggest a diagnosis often not previously 
considered, and one that requires biopsy with appropriate 
specimen collection and urgent treatment to prevent spread.

Materials and methods

The electronic medical record search function (Citrix, Ora-
cle Cerner, Austin, TX) and radiology report data base 
(Montage, Nuance Communications, Burlington, MA) of 
Boston Children’s Hospital, Boston, MA, was searched 
over a 22-year period (2000- 2022) for patients with 
biopsy-proven primary lymphoma of bone and MRI prior 
to diagnosis. Institutional Review Board (IRB) approval 
for medical record and imaging review was obtained. 
Patients with solid organ or distant lymph node involve-
ment were excluded for potential osseous metastasis rather 
than primary lymphoma of bone. Twelve patients with 
biopsy-proven primary lymphoma of bone were identified, 
all of whom also had at least one post treatment MRI. All 
patients underwent bone marrow biopsies which excluded 
leukemia and widespread lymphoma. Two patients, 1 with 
non-diagnostic and 1 with minimally abnormal bone mar-
row biopsy results, were excluded from the study. All 
patients had PET (or gallium scintigraphy in one patient) 
to confirm disease localized to the bones and regional 
lymph nodes.

Two radiologists, a fellow (P.D.) with 2 years of pedi-
atric radiology experience and a faculty radiologist (K.E.) 
with 25 years’ experience retrospectively reviewed the all 

Introduction

Primary lymphoma of bone is an uncommon non-Hodgkin 
lymphoma, usually diffuse large B-cell lymphoma, which 
accounts for approximately 5% of extranodal lymphomas 
and 3% of bone tumors in adults [1]. It is even less common 
in children [2], and has a strong male predominance [3]. 
This rarity combined with the nonspecific and often indo-
lent clinical presentation may lead to a delay in diagnosis 
and advancement of disease [4]. PLB must be distinguished 
from the more common osseous metastatic lymphoma which 
arises within lymph nodes or solid organs. Unlike the far 
more common pediatric primary bone tumors, osteosar-
coma and Ewing sarcoma, primary lymphoma of bone is 
not treated surgically but rather with chemotherapy often in 
combination with radiation therapy, similar to non-Hodgkin 
lymphoma at other sites, and is usually associated with a 
good outcome [5]. This distinction requires diagnostic per-
cutaneous biopsy, the accuracy of which is aided by prepro-
cedural suspicion of primary lymphoma of bone. At many 
institutions, flow cytometry and cytogenetics are performed 
only when the pathology department is alerted to the con-
cern for lymphoma.

The prognosis for children and adolescents with primary 
lymphoma of bone is excellent, greater than 90% 5-year 
overall survival, substantially better than approximately 
60% 5 year overall survival for osteosarcoma and Ewing 
sarcoma, and better than approximately 80% overall 5-year 
survival for non-osseous non-Hodgkin lymphoma [5]. Imag-
ing assessment for response to therapy and for off-treatment 
surveillance is controversial. Positron emission tomography 
computed tomography (PET CT) may help guide biopsy in 
some cases [6]. Some advocate for local follow-up with 
radiography or MRI and systemic surveillance with whole-
body PET/CT. Others recommend minimal post-treatment 
imaging because of the low risk of relapse and high rate of 
residual and incidental findings [7].

Imaging findings of primary lymphoma of bone at diagno-
sis described in adults typically include osseous destruction, 
soft tissue mass, metadiaphyseal location, and polyostotic 
disease in 20% [8, 9]. Reports of the imaging appearance of 
primary lymphoma of bone in children are few and primarily 
describe nonspecific bone marrow lesions that may be mul-
tifocal. Several studies report cases with lesions about the 
knee [10–12], but the distal radius [13, 14], maxilla [15], and 
cranial vault [16] have also been described. A large, primar-
ily adult pathologic series of more than 800 patients with 
“non-Hodgkin lymphoma in bone” identified 20 patients 
with lower extremity involvement. These patients, compared 
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pretreatment and posttreatment imaging independently. 
The following MRI characteristics were recorded: number 
of lesions; each lesion’s location within bone – epiphysis 
or epiphyseal equivalent exclusively , metaphysis/diaphysis, 
epiphysis, and metaphysis with transphyseal extension; T1 
margins – sharp, ill-defined, combination (Fig. 1); enhance-
ment pattern and appearance on fluid-sensitive images (T2 
weighted or inversion recovery); soft tissue mass; soft tissue 
edema; cortical breakthrough; regional lymphadenopathy 
(defined as nodes larger than 1 cm in short axis). Multifo-
cality was defined as 2 or more noncontiguous lesions within 
the same or separate bones. On fluid-sensitive sequences, 
lesions were classified as generally hyperintense to surround-
ing marrow and skeletal muscle, infarct-like with differential 
central and peripheral signal intensity (Fig. 1). The enhance-
ment pattern on post-contrast T1 fat-suppressed images was 
described as infarct-like when peripheral enhancement sur-
rounded central non-enhancing serpentine or geographic 

regions with or without a sequestrum (Fig. 2). Discrepancies 
between the two readers were resolved by consensus. The 
latest post-treatment MRI exam was reviewed for the same 
imaging features. Length of imaging follow-up was defined 
as time from the biopsy diagnosis to the last MRI. The MRI 
exams over the 22-year study period were performed on var-
ied scanners, all 1.5-T or 3-T field strength.

All patients underwent PET/CT at the time of diagnosis 
and at the end of treatment with the exception of the cohort’s 
first patient who had gallium scintigraphy. All images were 
reviewed for sites of disease and regional, distant nodal F-18 
fluorodeoxyglucose (FDG) avidity. Radiographs were assessed 
for sclerosis, lucency, permeative lesion, or combination.

The patients’ medical records were reviewed for treatment 
protocols, start and end dates, and for documented response 
to therapy or disease progression as determined by the treat-
ing oncologist with incorporation of subsequent PET/CT 
results if performed.

a b c d

e f

Fig. 1   A 15-year-old boy with left knee pain ultimately diagnosed 
as primary lymphoma of bone, pathology B cell lymphoblastic lym-
phoma. a Frontal radiograph of the left knee shows proximal tibial 
faint sclerosis and cortical thickening. b Coronal T1-weighted MR 
image demonstrates a lesion in the medial femoral condylar epiphysis 
and a second lesion in the proximal tibial epiphysis and metaphysis, 
crossing the physis. Both lesions have sharp margins with the adja-
cent normal fatty marrow. c Coronal T2 fat-suppressed MR image, 
the distal femoral epiphyseal lesion is fairly homogenously hyperin-
tense to the surrounding marrow while the proximal tibial lesion is 

more heterogeneous with serpentine lower signal intensity areas sur-
rounded by hyperintense areas, the infarct-like appearance. d Staging 
PET/CT coronal maximum intensity projection (MIP) image shows 
intense FDG avidity in the 2 left knee lesions as well as 2 additional 
lesions in the right distal femur. e Coronal T1 and (f) coronal T1 with 
fat suppression following intravenous gadolinium MR images of the 
contralateral right knee show noncontiguous distal femoral epiphyseal 
and metaphyseal lesions both with sharp T1 margins and homogene-
ous enhancement



2403Pediatric Radiology (2023) 53:2400–2410	

1 3

Results

The 10 patients with primary lymphoma of bone and no 
bone marrow or non-osseous involvement had an age range 
of 8- 17 years at time of first imaging, median 15 years, and 
8 (80%) were male. Biopsy results revealed diffuse large 
B-cell lymphoma (DLBCL) in 9 patients, anaplastic large 
cell lymphoma in 1 patient, and B-cell lymphoblastic lym-
phoma in 1 patient. Table 1 summarizes the clinical and 
imaging details for each of the 10 patients at diagnosis and 
at final imaging.

All 10 patients had radiographs of the symptomatic 
site prior to treatment. Three patients had no radiographic 
abnormality while the others showed sclerosis, lucency, 
cortical thickening, periosteal reaction, permeative change, 
and apparent bone infarct, usually with a combination of 
features. One patient with a proximal humeral lesion had 
a small lucency which was missed initially. She returned 6 
months later with a pathologic fracture through a permea-
tive lesion.

MRI protocols varied by anatomic location but all 
included long- and short-axis fluid-sensitive images. Pre-
treatment post-contrast T1-weighted imaging with fat sup-
pression was available in 8 of the 10 patients. MRI char-
acteristics at presentation and posttreatment features for 

each patient are detailed in Table 1. The cumulative MRI 
results for all 10 patients are listed in Table 2. At diagnosis, 
4/10 (40%) patients had multifocal osseous disease, 2 (20%) 
patients had 3 sites, 1 patient (10%) had 4 sites, and 1 patient 
(10%) had 5 sites of disease. MRI revealed 20 total lesions 
in the 10 patients (Fig. 3). At least one femoral lesion was 
present in 7/10 (70%) patients and 8/10 (80%) patients had 
at least one lesion around the knee (distal femur, proximal 
tibia, or patella). Eleven of the 20 lesions were located at 
the knee and only 1 lesion occurred in the upper extremity. 
Half of the 20 total lesions exclusively involved an epiphy-
sis or epiphyseal equivalent. Eight (80%) patients had 1 or 
more lesions involving an epiphysis and 5/10 (50%) had at 
least 1 lesion confined to the epiphysis. Six of the lesions 
demonstrated transphyseal extension between the epiphysis 
and metaphysis. Only 3 lesions were confined to the meta-
diaphysis without epiphyseal extension.

Pretreatment, 7/10 (70%) of patients had lesions with an 
infarct-like appearance on fluid-sensitive images, while 7 of 
the 8 (87%) who received contrast had an infarct-like appear-
ance in at least one lesion on post-contrast imaging. Six of 
ten (60%) had sharp T1 margins, 3/10 (30%) had cortical dis-
ruption, and 8/10 (80%) had at least mild soft tissue edema 
adjacent to the osseous disease. Only 1/10 (10%) had soft 
tissue mass; 3/10 (30%) had regional adenopathy.

Fig. 2   A 15-year-old girl with 
left knee pain due to dif-
fuse large B cell lymphoma 
(DLBCL). a Frontal radiograph 
of the knee shows a permeative 
distal femoral lesion with mixed 
lucent and sclerotic compo-
nents. b Coronal T1 MR image 
confirms a large lesion centered 
on the closed physis with sharp 
margins. c Sagittal T2-weighted 
image shows that the lesion is 
heterogeneous on the with an 
enlarged lymph node in the 
popliteal fossa (arrow). d Post-
contrast T1 fat-saturated image 
reveals the infarct-like enhance-
ment pattern. e The PET/CT 
sagittal maximum intensity 
projection (MIP) image shows 
intense FDG avidity in the distal 
femoral lesion and the popliteal 
lymph node (arrow). The posi-
tive lymph node upstaged the 
patient and resulted in a more 
aggressive treatment plan

a b c

d e
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PET/CT staging was performed pretreatment in 9/10 
patients. All FDG avid osseous lesions were visible with 
MRI before or after the PET/CT. There were no FDG avid 
extra-osseous sites of disease other than in 3 patients with 
FDG avid regional popliteal lymph nodes, also present at 
MRI (Fig. 2). The earliest patient in the study had staging 
with gallium scintigraphy rather than PET/CT and also had 
no non-osseous disease.

All patients with single-site disease and no FDG avid 
regional lymph nodes were treated with 3 cycles of CHOP 
chemotherapy which included cyclophosphamide, doxo-
rubicin, vincristine, and prednisone. Those with higher 
stage multifocal disease or single-site disease with regional 
FDG avid lymph nodes were treated with more aggres-
sive regimens which included rituximab immunotherapy 
and intrathecal methotrexate in addition to systemic 
chemotherapy.

Post-treatment MRI follow-up ranged from 3 to 98 
months (median 5.4 months). All lesions demonstrated 
residual osseous abnormality with 8 (67%) maintain-
ing an infarct-like appearance on either fluid-sensitive or 
post-contrast images. No lesions showed increased size or 
increased soft tissue component, and no new lesions were 

identified. PET/CT was performed at the end of therapy in 
all 9 patients with pretreatment PET. All lesions had sub-
stantially decreased but not resolved FDG avidity and no 
new lesions developed. All patients remained disease free 
at clinical follow-up ranging from 2 to 9 years. No recur-
rence was seen regardless of unifocal or mutifocal disease.

Discussion

The rarity and nonspecific clinical presentation of primary 
lymphoma of bone may lead to delay in diagnosis. Our results 
in this series of MR imaging in children with primary lym-
phoma of bone reveal several frequently encountered features 
that may suggest the diagnosis. In a smaller study, Milks 
[17] described multifocality in up to half of patients, and our 
data concur. One of our patients had five osseous lesions at 
presentation. The location of these lesions also seems to be 
helpful. Metaphyseal and diaphyseal locations are considered 
more common and epiphyseal involvement is reportedly rare 
in primary lymphoma of bone [19]. The disease is generally 
not included in the pediatric epiphyseal lesion differential 
diagnosis list with chondroblastoma, infection, histiocytosis, 

Table 2   Cumulative MRI 
Features of the 10 Patients with 
Primary Lymphoma of Bone

Epiphysis Only Metadiaphysis Only Epiphysis + Metaphysis, 
transphyseal

20 lesions total 10 6 4

10 patients Epiphysis Only Both Epiphysis and  
Metadiaphysis

Metadiaphysis  
(no epiphysis)

Unifocal disease (6) 2 3 1
Multifocal disease (4) 2 2 0

T1 Margins Sharp Ill-defined Combined
Pre Treatment 6 1 3
Post Treatment 8 2 0
Soft Tissue Mass Present Absent
Pre Treatment 1 9
Post Treatment 0 10
Soft Tissue Edema Present Absent
Pre Treatment 9 1
Post Treatment 1 9
Cortical Disruption Present Absent
Pre Treatment 3 7
Post Treatment 1 9
T2/IR appearance Hyperintense Infarct-like
Pre Treatment 3 7
Post Treatment 4 6
Enhancement Pattern Homogenous Infarct-like Combination
Pre Treatment (n=8) 1 5 2
Post Treatment (n=10) 2 4 4
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and avascular necrosis being most common. A recent review 
of 49 pediatric long bone epiphyseal lesions included 2 
patients with lymphoma, although it was not stated whether 
these patients had primary lymphoma of bone or osseous 
metastasis from systemic lymphoma [20]. In total, 80% 

of our patients had at least one epiphyseal or epiphyseal 
equivalent lesion (Fig. 4). These were more often sharply 
marginated without surrounding marrow edema typically 
seen with chondroblastoma, the most common pediatric 
epiphyseal tumor.

Fig. 3   Diagram depicting the 
anatomic locations of 20 total 
lesions in the 10 patients

Distal femur (6)

Talus (2)

Proximal �bia (4)

Patella (1)

Pelvis: triradiate 
car�lage (2)

Humerus (1)

Proximal femur (1)

a b c d

Fig. 4   A 12-year-old boy with left ankle pain due to diffuse large B 
cell lymphoma (DLBCL). a Sagittal T1 MR image shows the left 
talar lesion with sharp posterior margins. b Staging PET/CT coronal 
maximum intensity projection identified additional FDG-avid disease 
in the contralateral right ankle and left knee. c Subsequent coronal 

proton density fat-suppressed MR image of the left knee and (d) 
sagittal T2 fat-saturated of the right ankle confirm the lateral femo-
ral condylar and contralateral talar lesions. This patient has multifo-
cal disease with epiphyseal (distal femur) and epiphyseal equivalent 
(talus) involvement
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In addition to epiphyseal location, our results show a 
predilection for sites about the knee. More than half of the 
patients in this study had a lesion within the distal femur, 
proximal tibia, or patella (an epiphyseal equivalent). This 
is in contrast to primary lymphoma of bone in adults which 
involves the skull and spine in 50% of patients and the long 
bones, especially the femur, in the remaining 50% [9]. Adult 
long bone disease is reported to occur in the metaphysis and 
diaphysis, rarely extending to the epiphysis [9]. This distinc-
tion may relate to the increased vascularity in the epiphyses 
and metaphyses of the knee, the most rapidly growing region 
of the young skeleton.

The patients in our series had no consistent radiographic 
appearance of their osseous disease at the time of diagno-
sis. Three patients had no radiographic abnormality. The 
remaining patients had a combination of lucent, sclerotic, 
and permeative radiographic changes. While these findings 
often prompted further evaluation with MRI, they did not 
offer a specific diagnosis.

The majority of our patients’ lesions showed sharp 
(7/12) or combined sharp and indistinct margins (3/12) on 
T1-weighted images. In contrast to the reassuring appearance 
of sharp margins on radiographs of primary bone lesions, 
well-defined margins on T1-weighted MRI are ominous [21]. 
They indicate rapidly growing lesions with little surrounding 

inflammation. Indistinct T1 margins are typically seen with 
highly inflammatory, benign lesions such as chondroblastoma, 
osteoid osteoma, histiocytosis, and infection. Diffusely indis-
tinct margins without any sharp T1 margins with adjacent 
normal marrow occurred in only 1 of our primary lymphoma 
of bone patients who also had cortical fracture.

The infarct-like or osteomyelitis-like appearance on post-
contrast imaging seen in more than 80% of our patients is par-
ticularly interesting and not previously emphasized. In Men-
giardi’s study of 25 adults with primary lymphoma of bone, 
only 7 patients underwent MRI and one was noted to have an 
infarct-like appearance following chemotherapy [18]. The pat-
tern of peripheral enhancement surrounding serpiginous non-
enhancing regions seen in our patients with untreated primary 
lymphoma of bone is more akin to the appearance seen in 
marrow infarction or infection than it is to the non-enhancing 
central necrosis often seen with primary bone tumors such as 
osteosarcoma or Ewing sarcoma. The reason for this appear-
ance is unclear but may relate to ischemia of compressed mar-
row sinusoids rather than tumor necrosis.

Medullary ischemia may contribute to the persistent 
abnormalities seen at follow-up MRI in all our patients, 
even years after treatment. All of our long-term follow-up 
patients had no recurrence after therapy but showed residual 
MRI findings (Fig. 5). This is consistent with results of Borst 

Fig. 5   A 16-year-old boy with 
primary lymphoma of bone 
of the right distal femoral 
epiphysis at diagnosis and at 
long-term follow-up. a Coronal 
T1 MR image at diagnosis 
shows sharp margins and small 
focus of medial transphyseal 
extension into the metaphysis. b 
Post-contrast T1 fat-suppressed 
coronal and (c) axial MR 
images show the infarct-like 
enhancement pattern. Eight 
years after treatment, MR 
imaging was performed for 
increased knee pain and concern 
for recurrence. d Sagittal proton 
density and (e) coronal T2 fat-
suppressed MR images show 
postoperative change from the 
remote open biopsy, the medial 
femoral condyle deformity with 
chronic infarct-like appearance, 
and an overlying full thickness 
chondral defect (arrow), likely 
the cause of pain

a b c

d e



2409Pediatric Radiology (2023) 53:2400–2410	

1 3

[7] who reported persistent imaging findings in their pedi-
atric patients with primary lymphoma of bone who were 
followed for months to years with a variety of imaging pro-
tocols including radiography, CT, MRI, and bone scintigra-
phy. They concluded that frequent imaging follow-up did not 
improve outcomes and, in fact, led to additional imaging for 
work-up of incidental findings. PET-CT may be more sen-
sitive for assessment of response to therapy although FDG 
avidity may persist for months due to osseous remodeling 
[22]. PET-CT remains essential at diagnosis for the detec-
tion of asymptomatic multifocal disease and to exclude the 
more common nodal-origin non-Hodgkin’s lymphoma with 
osseous metastases. The more recent patients in our study 
underwent follow-up MRI and PET/CT at the termination 
of therapy with additional imaging only if symptoms arose.

At diagnosis, fewer of our patients demonstrated soft tis-
sue mass (10%) and cortical disruption (30%) than reported 
in studies of adults with primary lymphoma of bone [23]. 
Surrounding soft tissue edema was also infrequent in our 
group. Cortical disruption, soft tissue mass, and soft tissue 
edema all resolved with treatment.

Imaging findings at the time of diagnosis impacted treat-
ment in our patients. Those with one osseous site of disease 
received standard CHOP chemotherapy. Those with multi-
ple osseous sites or regional lymph node involvement were 
upstaged and intrathecal chemotherapy as well as rituximab 
immunotherapy were added to their treatment plan.

Our study is limited by a small number of patients, 
necessitated by the low incidence of the disease, but 
remains the largest assessment of MRI features in children 
with primary lymphoma of bone. Additionally, follow-up 
imaging frequency and modality varied due to the lack of 
consensus about response to treatment assessment. Given 
the long time period considered, clinical follow-up var-
ied. This limits ability to assess for long-term remission 
and/or cure, but it is reassuring that none had definitively 
failed treatment, consistent with the published high rate 
of response to therapy in pediatric primary lymphoma of 
bone. Lastly, the radiologists retrospectively reviewing the 
MR images could not be blinded to the diagnosis in this 
study exclusively focused on primary lymphoma of bone. 
Review of the images, rather than reliance upon the orig-
inal MR report, was necessary to insure assessment and 
categorization of all recorded imaging features. Multiple 
MRI scanners of varied generations are a limitation for our 
study, as all studies with a lengthy time course. The 22-year 
study period was necessary to obtain a sufficient number of 
patients with this fairly rare subset of lymphoma. As we did 
not perform any quantitative MR imaging assessments in 
our study, scanner variation likely has minimal impact upon 
the qualitative MR appearance of the lesions.

Conclusions

Primary bone lymphoma is an uncommon but highly treatable 
malignancy in children. The diagnosis should be considered 
when children and adolescents, especially boys, present with 
painful intra-osseous lesions which by MR imaging are mul-
tifocal, epiphyseal, involve the lower extremity, especially the 
knee, or demonstrate an infarct-like appearance. Bone marrow 
abnormalities persist on long-term follow-up imaging. Conse-
quently, follow-up MRI off treatment may be of limited utility.
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