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ABSTRACT 

Langerhans cell histiocytosis (LCH), formerly known as histiocytosis X, refers to a spectrum of diseases charac-
terized by idiopathic proliferation of histiocytes that produce either focal (localized LCH) or systemic manifesta-
tions (Hand–Schüller–Christian disease and Letterer–Siwe disease). Localized LCH accounts for approxi-
mately 60–70 % of all LCH cases. Osseous involvement is the most common manifestation and typically in-
volves the flat bones, along with lesions of the skull, pelvis, and ribs. Localized LCH in bone shows a wide 
spectrum of clinical manifestations and radiologic features that may mimic those of infections as well as benign 
and malignant tumors. The diagnostic imaging findings of localized LCH are also diverse and challenging. The 
penumbra sign is a common and characteristic magnetic resonance imaging (MRI) feature of Brodie’s abscess, 
but is rarely seen in localized LCH. In this report, we describe a case of localized LCH misdiagnosed as Brodie’s 
abscess in a 2-year-old child based on clinical symptoms, laboratory findings, and pre-diagnostic MRI findings 
(penumbra sign). Therefore, the penumbra sign is not sufficient to clearly establish the diagnosis of Brodie’s 
abscess, and the differential diagnosis of localized LCH should be considered when a child with an osteolytic 
lesion presents with a penumbra sign. 
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INTRODUCTION 

Localized Langerhans cell histiocytosis 
(LCH) of the bone is a relatively rare, prima-
ry disease of childhood characterized by 
clonal proliferation of histiocytic cells and 
variable biologic behavior (Hashmi et al., 

2012). The skull is the most frequently in-
volved bone in localized osteolytic LCH, fol-
lowed by the axial skeleton and long bones 
(Azouz et al., 2005). In LCH affecting the 
long bones, the femur, humerus, and tibia are 
most commonly involved. Brodie’s abscess, 
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on the other hand, is a common type of sub-
acute osteomyelitis. A characteristic feature 
of Brodie’s abscess is the penumbra sign, 
seen as a rim lining of an abscess cavity with 
higher signal intensity than that of the main 
abscess on T1-weighted images (Afshar and 
Mohammadi, 2011). However, a mass with 
peripheral rim enhancement and penumbra 
sign are usually considered features of Bro-
die’s abscess (Bohndorf, 2001). In this re-
port, we describe a case of localized LCH of 
the tibia in a 2-year-old child, whose clinical 
manifestations and magnetic resonance im-
aging (MRI) findings suggested Brodie’s ab-
scess and discuss the radiologic features and 
differences between these two diseases.  

 
CASE REPORT 

A 2-year-old girl was presented with 
progressive left-knee pain and swelling since 
1 month. She had no history of fever, chills, 
or recent trauma. The patient’s travel and 
family history were insignificant. Physical 
examination showed swelling, mild tender-
ness, and local redness in the anterior part of 
her left knee. Exophthalmos, skin rash, and 
mucosal ulcers were not observed. While the 
patient’s white blood cell count and eosino-
phil count was normal, her erythrocyte sedi-

mentation rate (ESR, 33 mm/h) and C-
reactive protein (CRP, 6 mg/L) level were 
elevated. 

Conventional radiography revealed a 2.5-
cm-diameter medullary lytic lesion located 
centrally in the proximal left tibial metaphy-
sis (Figure 1). The radiolucent process was 
partially ill defined, without a sclerotic mar-
gin. Cortical thinning and variation along 
with endosteal scalloping and mild laminated 
periosteal reaction were also seen. An MRI 
revealed a well-defined cystic lesion with a 
lobulated rim. This central part of the lesion 
was isointense compared to the surrounding 
muscle on non-enhanced T1-weighted imag-
es (Figure 2A), very hyperintense on fat-
suppressed T2-weighted images (Figure 2B), 
and not enhanced after gadolinium admin-
istration (Figure 2C). The rim lining of the 
cavity was mildly hyperintense on T1-
weighted images (Figure 2A, white arrow), 
hypointense on fat-suppressed T2-weighted 
images, and enhanced after gadolinium ad-
ministration. Prominent popliteal lymph 
nodes, extensive marrow edema, and jux-
tacortical deep soft-tissue patchy edema were 
observed surrounding the lobulated lesion 
margin. 

 

 

Figure 1: A 2-year-old girl 
with left knee pain and a me-
dullary lytic lesion in the prox-
imal tibial metaphysis. (A) An-
tero-posterior view, (B) Lateral 
view 
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Figure 2: Magnetic resonance imaging findings. (A) The T1-weighted image revealed the penumbra 
sign (white arrow). (B) The fat-suppressed T2-weighted image revealed very high signal intensity of 
the central part of the lesion. (C) The gadolinium-enhanced fat-suppressed T1-weighted image 
showed peripheral rim enhancement. 

 
A tentative diagnosis of Brodie’s abscess 

was made based on the imaging findings and 
clinical information; therefore, open biopsy 
with frozen section procedure was per-
formed, followed by intralesional curettage 
and bone grafting. Intraoperative findings 
showed an intraosseous cystic lesion con-
taining clear fluid. Gram staining and bacte-
rial culture yielded negative results. Histo-
logic examination of the specimen showed 
multinucleated giant cells and mononuclear 
histiocytes aggregated with eosinophils and 
neutrophils (Figure 3A). Immunohistologic 

labeling with antibody to CD1a and S100 
protein was positive for multinucleated giant 
cells and mononuclear histiocytes (Figure 
3B). Both histologic examination and im-
munohistologic labeling confirmed the diag-
nosis of LCH. The symptoms improved and 
completely resolved after surgical treatment. 
No evidence of recurrence was found at the 
1- and 3-month radiographical follow-up ex-
amination. Post-operative whole body bone 
scan also showed no scintigraphic evidence 
to suggest the presence of polyostotic le-
sions.

 
Figure 3: Histologic and immunohistological examination. (A) Histologic examination showed multinu-
cleated giant cells and mononuclear histiocytes aggregated with eosinophils and neutrophils (200×). 
(B) Immunohistologic stains for CD1a confirmed the presence of multinucleated giant cells and mono-
nuclear histiocytes (200×). 
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DISCUSSION 

Localized LCH is an uncommon dis-
ease, occurring in less than 1 % of patients 
with biopsied primary bone tumors (David 
et al., 1989) and typically during the first 2 
decades of life. Its peak incidence occurs 
between the ages of 5 and 15 years. While 
localized LCH can occur in region of the 
body, it most commonly affects the skull 
(approximately 50 %), pelvis, spine, man-
dible, and ribs (Azouz et al., 2005). About 
one-third of all single-bone lesions involve 
the long bones, most commonly the femur, 
followed by the humerus and tibia. Long-
bone involvement is more frequent in chil-
dren and most lesions arise in the diaphysis 
(58 %), metaphysis (28 %), metadiaphysis 
(12 %), or epiphysis (2 %) (Stull et al., 
1992). 

The plain radiographic appearance of 
localized LCH lesions depends on the 
phase of the disease and the site of in-
volvement. In the acute stage, bony lesions 
may have an aggressive pattern of osteoly-
sis and appear permeative with a wide 
zone of transition and a laminated perios-
teal reaction. In the chronic stage, lesions 
have a more benign appearance with well-
defined sclerotic margins, a narrow zone of 
transition, and a mature or absent perioste-
al reaction (Kilborn et al., 2003). The plain 
radiographic appearance of Brodie’s ab-
scess generally appears as a metaphyseal 
lytic lesion with a sclerotic rim but can 
have a markedly varied appearance as well 
(Dabov, 2012). Plain radiographs in our 
case showed a metaphyseal lytic lesion 
with a wide medullary cavity, cortical var-
iation, endosteal scalloping, and mild lam-
inated periosteal reaction but no well-
defined sclerotic rim. These radiographic 
features are suggestive of an aggressive 
pattern, and the differential diagnosis in-
cludes acute-stage localized LCH, osteo-
myelitis, leukemia, and Ewing sarcoma. 
Because of the clinical symptoms and 
signs of this patient, we could not com-
pletely exclude Brodie’s abscess from the 
diagnosis.  

Typically, compared to radiography, 
MRI is superior in depicting the extent of 
the lesion, evaluating marrow edema, and 
assessing soft tissue extent; however, in 
this case, the MRI findings of localized 
osseous LCH was non-specific. The most 
common MR appearance of skeletal LCH 
is a focal lesion, surrounded by an exten-
sive, ill-defined bone marrow and soft tis-
sue reaction with low signal intensity on 
T1-weighted imaging and high signal in-
tensity on T2-weighted imaging, consid-
ered to represent bone marrow and soft 
tissue edema, respectively (Moon et al., 
2009). While edema of adjacent bone mar-
row and soft tissue is particularly seen in 
the acute phase lesions, the chronic phase 
lesion is localized with decreased adjacent 
edema (Azouz et al., 2005; Monroc et al., 
1994). The typical MR appearance of Bro-
die’s abscess is a metaphyseal, well-
defined intraosseous lesion with peripheral 
enhancement. In our case, the central part 
of the lesion appeared as an intermediate 
signal intensity on T1-weighted imaging 
and very high signal intensity on T2-
weighted imaging as well as rim enhance-
ment after gadolinium administration, 
which is typical in Brodie’s abscess but 
uncommon for localized LCH. In addition, 
the lesion on unenhanced T1-weighted im-
aging appeared as a rim of relatively hy-
perintense signal intensity, which suggest-
ed the presence of a penumbra sign. The 
penumbra sign is not pathognomonic but a 
highly specific sign for Brodie’s abscess 
(McGuinness et al., 2007). While the pe-
numbra sign has been reported in cases of 
localized LCH, chondrosarcoma, benign 
cystic lesions of the bone, and intraosseous 
ganglion (Davies and Grimer, 2005), local-
ized LCH accompanying the penumbra 
sign has rarely been validated with images. 
Bone marrow edema may be identified ad-
jacent to a wide variety of intraosseous le-
sions including neoplastic, inflammatory, 
traumatic, degenerative, and ischemic con-
ditions. The most common benign bone 
lesions showing adjacent edema are chon-
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droblastoma, osteoid osteoma, osteoblas-
toma, and localized LCH. Malignant le-
sions frequently surrounded by bone mar-
row edema include metastasis, osteosar-
coma, chondrosarcoma, and Ewing sar-
coma. Benign bone lesions often show a 
greater amount of surrounding marrow 
edema than malignant lesions (James et al., 
2008). The diffuse surrounding marrow 
edema in our case may be suggestive of a 
benign process rather than a malignant le-
sion and both Brodie’s abscess and acute 
phase localized LCH can present it. Fur-
ther, the clinical symptoms and signs of 
this patient included progressive knee pain, 
local signs of inflammation, and elevated 
ESR levels. Therefore, we initially diag-
nosed Brodie’s abscess in our patient. 

As with many signs in imaging, the pe-
numbra sign is not pathognomonic for 
Brodie’s abscess and subacute osteomyeli-
tis (Davies and Grimer, 2005). Acute phase 
localized LCH is often confused clinically 
with infection, because patients may have 
low-grade fever, elevated ESR, mild leu-
kocytosis, and normochromic anemia, 
findings seen in cases of osteomyelitis and 
Brodie’s abscess (Stull et al., 1992; Schle-
singer et al., 1986). Even though the clini-
cal presentations, laboratory tests, and 
MRI findings (penumbra sign) may resem-
ble those in Brodie’s abscess, the differen-
tial diagnosis of acute phase localized LCH 
should also be considered when a cystic 
lesion without a sclerotic rim is found, es-
pecially among the pediatric population. 
 
Financial interests 

None declared. 
 
Conflicts of interest 

The authors declare that they have no 
conflict of interest. 

 
REFERENCES 

Afshar A, Mohammadi A. The "penumbra sign" on 
magnetic resonance images of Brodie's abscess: A 
case report. Iran J Radiol. 2011;8:245-8. 

Azouz EM, Saigal G, Rodriguez MM, Podda A. 
Langerhans' cell histiocytosis: Pathology, imaging 
and treatment of skeletal involvement. Pediatr Ra-
diol. 2005;35:103-15. 

Bohndorf K. Bone and soft-tissue infections. In: 
Bohndorf K, Imhof H, Pope TL (eds): Musculo-
skeletal imaging: a concise multimodality approach 
(pp 136-153). New York: Thieme, 2001. 

Dabov GD. Osteomyelitis. In: Canale ST, Beaty 
JH, Dabov GD (eds): Campbell's operative ortho-
paedics, Vol. I, 12th ed. (pp 725-48). St. Louis: 
Mosby, 2012. 

David R, Oria R, Kumar R, Singleton EB, Lindell 
MM, Shirkhoda A, et al. Radiologic features of 
eosinophilic granuloma of bone. Am J Roentgenol. 
1989;153:1021-6. 

Davies AM, Grimer R. The penumbra sign in sub-
acute osteomyelitis. Eur Radiol. 2005;15:1268-70. 

Hashmi M, Haque N, Chatterjee A, Guha S. Lang-
erhans cell histiocytosis of long bones: MR imaging 
and complete follow up study. J Cancer Res Ther. 
2012;8:286-8. 

James SL, Panicek DM, Davies AM. Bone marrow 
oedema associated with benign and malignant bone 
tumours. Eur J Radiol. 2008;67:11-21. 

Kilborn TN, Teh J, Goodman TR. Paediatric mani-
festations of Langerhans cell histiocytosis: A re-
view of the clinical and radiological findings. Clin 
Radiol. 2003;58:269-7. 

McGuinness B, Wilson N, Doyle A. The “penum-
bra sign” on T1-weighted MRI for differentiating 
musculoskeletal infection from tumour. Skeletal 
Radiol. 2007;36:417-21. 

Monroc M, Pointe HD, Haddad S, Josset P, Monta-
gne JP. Soft tissue signal abnormality associated 
with eosinophilic granuloma: correlation of MR 
imaging with pathologic findings. Pediatr Radiol. 
1994;24:328-32. 

Moon TY, Lee JM, Lee IS, Choi KU, Chae JM, 
Kim JI, et al. MRI and histopathologic classifica-
tion of langerhans cell histiocytosis. Curr Med 
Imag Rev. 2009;5:4-18. 

Schlesinger AE, Glass RB, Young S, Fernbach SK. 
Case report 342: Eosinophiic granuloma of the right 
iliac wing. Skeletal Radiol. 1986;15:57-9. 

Stull M, Kransdorf M, Devaney K. Langerhans cell 
histiocytosis of bone. RadioGraphics. 1992;12:801-
23. 


