
Introduction

Eosinophil granuloma, Hand-Schüller-Christian disease
and Letterer-Siwe disease are characterised by idio-
pathic proliferation of histiocytes producing focal or
systemic manifestations. Collectively, they are called
Langerhans-cell histiocytosis (LCH) [1]. The localised
form of LCH is commonly referred to as eosinophil
granuloma; the term is reserved for cases in which the
disease is limited to bone or lung. Accounting for ap-
proximately 70 % of cases of LCH, this localised form is
the least aggressive expression of the diseases with the
best prognosis [1]. Eosinophil granuloma of the skull is
most frequently seen in children or adolescents, and its
imaging appearances have been described [1±5]. Arti-
cles on the MRI appearances of calvarial eosinophil
granuloma are sparse [6±11]. We assess the imaging
characteristics of eosinophil granuloma of the skull, re-
viewing four pathologically proven cases.

Materials and methods

We studied three boys and one girl ranging in age from 2 to
10 years (mean 6.7 years), using various imaging techniques. Each
patient had a 1 month history of a cranial lump with pain or ten-
derness. Skull films were obtained in all patients as the initial
imaging study. Subsequently CT and MRI were performed. Bone
scintigrams with 99mTc-methylene diphosphonate (MDP), and gal-
lium scintigrams were available for three patients. The diagnosis
was confirmed by open biopsy or excision.

MRI was obtained with a 1.5-T system. A dynamic study was
performed on two patients, and heavily diffusion-weighted echo-
planar images (b = 1200 or 1100 s/mm2) with a caudocephalad dif-
fusion gradient were also obtained in two cases.

Results

The clinical and radiological features are summarised in
Tables 1 and 2. The lesion was solitary and monostotic
in all patients: the frontal bone was involved in two, and
the parietal bone in the other two. The lesions ranged
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Abstract We reviewed the imaging
of four pathologically proven cal-
varial eosinophil granulomas. The
diameter of the lesions ranged from
13 to 40 mm; three were biconvex,
but the other had a collar-stud ap-
pearance. Two lesions were in the
frontal and two in the parietal bone.
On bone-window CT, a bevelled
edge was seen in three cases and
button sequestration in one, but no
sclerotic rim was shown. Although
one lesion had a low-density area,
the lesions were slightly denser than
grey matter. They were isointense
with grey or white matter on T1-

weighted MRI and gave hetero-
geneous high signal on proton-den-
sity and T2-weighted images. All
enhanced markedly, with a less
strongly enhancing portion within
them. A tail of dural enhancement
and reactive change in the overlying
galea or temporal muscle were seen
in all cases.
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Table 1 Clinical, radiographic and scintigraphic features

Case Age/sex
(years)

Length
of history
(months)

Chief
complaint

Side Craniogram Scintigram

Involved
bone

Size
(mm)

Configu-
ration

Sclerotic
rim

Button se-
questrum

Bone
(Tc-MDP)

Ga-67

1 2/M 1 A lump
with ten-
derness

Right Parietal 23±40 Geographic ± ± +
(circular)

±

2 6/M 1 A lump
with pain

Left Frontal 13±18 Oval ± ± not
available

not
available

3 9/F 1 A lump
with ten-
derness

Left Frontal 20±30 Lobulated ± ± +
(circular)

+
(nodular)

4 10/M 1 A lump
with pain

Left Parietal 20 Round ± ± +
(circular)

±

+, positive, ±, negative

a b

c d

e

Fig.1a±e Case 2. a Skull film,
lateral projection. A rounded
osteolytic lesion with an irre-
gular, nonsclerotic rim is seen in
the frontal bone (arrowheads).
b CT. The frontal bone eosino-
phil granuloma is demonstrated
as slightly denser lesion com-
pared to grey matter of the un-
derlying brain (*). c T1-weigh-
ted image. The lesion is bi-
convex and isointense with grey
matter (*). A small high-signal
area is seen (arrow). Signal
from the adjacent bone marrow
is decreased (arrowheads).
d T2-weighted image. The le-
sion gives heterogeneously
higher signal than brain, similar
to that of subcutaneous fat. A
small higher-signal portion,
corresponding to the small
high-signal area in c, is seen
(arrow). e Contrast-enhanced
T1-weighted image with fat-
suppression. The lesion en-
hances markedly, with a less
enhancing portion (arrow). A
dural tail of enhancement
(small arrowheads) and re-
active galeal enhancement
(large arrowheads) are also
seen



from 13 to 40 mm in diameter. They were rounded, lo-
bulated, or geographic in configuration (Figs.1 a, 2 a).
No sclerotic rim was seen on plain films or bone-window
CT. A bevelled edge was observed in three cases on
bone-window CT. The outer table was more extensively
destroyed than the inner in two cases, and the inner ta-
ble more destroyed in one. No button sequestrum was
seen on plain films. However, small residual bone frag-
ments were seen on bone-window CT in one case. The
lesions were sharply demarcated. Three were biconvex
(Fig. 1 b±e), and the other had a collar-stud appearance
(Fig. 2 b±e). Although the extracranial portion of one
granuloma had a low-density area (Fig. 2b), the lesions
were slightly denser than grey matter on CT (Figs. 1b,
2 b), and enhanced markedly with contrast medium.

Except for a low-signal area in the portion which was
of lower density on CT (Fig. 2c), all lesions were iso-
intense with grey and/or white matter on T1-weighted
MRI (Figs. 1 c, 2 c). A punctate high-signal area, which
seemed to represent a small haemorrhagic portion, was
seen in one case (Fig. 1 c); it gave high signal on fat-sup-
pressed images. All the granulomas gave heterogeneous
high signal on both proton-density and T2-weighted
images. An area giving higher signal than fat was seen in
all cases (Figs. 1 d, 2 d). Dynamic MRI in two cases
showed rapid increase of signal intensity in the first
minute, and a gradual increase over the following 2 min.
Although all lesions enhanced markedly, a small less
enhancing portion was demonstrated within them
(Figs. 1 e, 2e). In one case, the signal intensity of the
adjacent bone marrow was decreased on T1-weighted
images (Fig. 1c).

A tail of dural enhancement was seen in all cases, and
there was reactive enhancement of the overlying galea
in three cases (Fig.1 e) and swelling of adjacent muscle
in one (Fig. 2 c, d). On heavily diffusion-weighted ima-
ges, the lesions were isointense with grey and/or white
matter.

Bone scintigraphy demonstrated a solitary calvarial
lesion showing peripheral uptake with a central defect
in all three cases. On gallium scintigraphy, the lesion
was hot in one case, but cold in the other two.

Discussion

About 90% of patients with eosinophil granuloma of
bone present between 5 and 15 years of age [1]; there is
a slight male predominance [1, 4]. Eosinophil granulo-
ma is uncommon, and represents less than 1 % of tu-
mour-like lesions of bone [2]. Any bone can be involved,
but there is a predilection for the flat bones, with more
than half of lesions occurring in the skull, pelvis, and ribs
[1, 4]. The skull is most frequently involved, the calvaria
more often than the base, especially the parietal region
[1±3].
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Radiographic appearances of osseous LCH depend
on the site of involvement and the phase of the disease.
In the skull, a rounded osteolytic lesion 1±4 cm in dia-
meter is seen. Lesions may enlarge, increase in number,
and coalesce to form a maplike appearance, referred to
as the geographic skull. They infrequently extend across
suture lines. The lesion tends to have sharp, nonsclerotic
borders, with a punched-out appearance. Uneven de-
struction of the outer and inner cranial tables results in a
bevelled edge or double contour. A ªbutton seques-
trumº or ªbull's-eyeº may be present within an osteoly-
tic lesion, representing residual bone, which may be
seen better on CT [1±5]. This finding was once thought
to be characteristic of skeletal LCH, but may be seen in
a wide variety of conditions [1, 8, 12]. Osseous perfora-
tion may result in an extradural or extracranial soft-tis-
sue mass, demonstrated more clearly on CT [1, 5].

All our patients had a combination of these appear-
ances. Although one had a low-density area in the ex-

tracranial portion of the lesion, the granulomas were
slightly denser than grey matter on CT, an aspect which
has not been emphasised in the literature. MRI is su-
perior to other imaging methods for demonstrating
bone-marrow involvement and any soft-tissue mass or
inflammation [8], but there are few reports of MRI of
calvarial eosinophil granuloma [6±11]. The signal in-
tensity of eosinophil granuloma has been reported to be
similar to or higher than that of muscle [8], or slightly
less than that of grey matter on T1-weighted images
[11], and similar to or higher than that of fat on T2-
weighted images [6±11]; some cases show heterogeneity
[7±9]. Marked contrast enhancement has been reported,
with reactive dural enhancement [8±10]. In our cases,
the lesions were isointense with grey or white matter on
T1-weighted images, and gave heterogeneously high
signal with a portion brighter than fat on T2-weighted
images. In one case, a tiny high-signal portion was ob-
served on all pulse sequences; this may be haemorrhage,
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a b

c d

e

Fig.2a±e Case 4. a Skull film,
lateral projection. A round os-
teolytic lesion of the parietal
bone is demonstrated (arrow-
heads). b Contrast-enhanced
CT. The eosinophil granuloma
in the left parietal bone is de-
monstrated (*). Although an
extracranial portion is of low
density (arrow), the lesion is
slightly denser than the under-
lying brain. The inner table is
more destroyed than the outer,
which has a bevelled appear-
ance. Swelling of the left tem-
poral muscle is seen (arrow-
heads). c T1-weighted image.
The lesion shows a collar-stud
appearance. Although the ex-
tracranial portion gives low sig-
nal (arrow), the lesion is iso-
intense with grey or white mat-
ter (*). The bevelled edge is
demonstrated and the overlying
temporal muscle is thickened
(arrowheads). d T2-weighted
image. The extracranial portion
gives markedly (arrow), and the
lesion heterogeneously high
signal (*). Swelling of the over-
lying left temporal muscle is
seen (arrowheads). e Contrast-
enhanced T1-weighted image.
The lesion enhances markedly
and a tail of dural enhancement
is also seen (arrowheads). A
small less-enhancing area is
seen (arrow). The low-signal
extracranial portion is smaller
than in c



which is observed histologically in the early phase of
eosinophil granuloma [7]. Another case showed low
signal in the adjacent bone marrow on T1-weighted
images. Although similar changes have been demon-
strated in other sites of involvement by eosinophil
granuloma in the early phases like the ªflareº phenom-
enon of osteoblastomas, they have not been described in
calvarial eosinophil granuloma [7, 8]. Although all our
lesions enhanced markedly, there was a small less-en-
hancing portion. A nonenhancing portion in the extra-
cranial part of one lesion was proved to be gelatinous
tissue at surgery, and pathognomonic Langerhans cells
were seen in this portion. Reactive dural and galeal en-
hancement and adjacent muscle swelling were also de-
monstrated. One of our cases showed a relatively large
extraosseous soft-tissue mass on both sides of the skull,
with collar-stud appearance [8, 9].

The differential diagnosis of a solitary lytic skull le-
sion in a child or young adult includes epidermoid or
dermoid cysts, and other benign or malignant skull tu-
mours, such as osteoblastoma, haemangioma, or osteo-
genic sarcoma [12±19]. Epidermoids and osteo-
blastomas usually have a sclerotic rim [12±16], haem-
angiomas a characteristic honycomb or sunburst pattern
of bony spicules radiating from the centre of a radio-
lucent round or oval defect; their margins are usually
not sclerotic or bevelled on plain films or CT [18]. Os-
teosarcomas have irregular, dense borders, or a poorly
defined sclerotic area [19]. Although our observations
are compatible with previously described cases of eosi-
nophil granuloma [1±11], no single finding is specific to
the disease [12±20]. However, the constellation of these
findings seems to be suggestive of eosinophil granulo-
ma. The dynamic MRI pattern might indicate its hy-
pervascular nature.

Solitary eosinophil granulomas are more than three
times as common as multiple lesions [4]. The lesions in
our cases were all monostotic and solitary, and no other
site of involvement was demonstrated on a skeletal
survey or scintigraphy. Most bony lesions can be de-
tected on plain radiographs. However, scintigraphy may
reveal additional lesions, especially in complex bones
such as the skull, mandible, and pelvis [21]. It has been
suggested that a skeletal survey and radionuclide
imaging should be done routinely in patients with eosi-
nophil granuloma [21]. Although diffuse pulmonary
uptake of Ga-67 citrate is documented [22], focally in-
creased uptake has rarely been reported in osseous le-
sions [23]. We found a single reported case of eosino-
phil granuloma showing an area of markedly increased
uptake of Ga-67 citrate in a lesion of the body of the
sternum. Tomography demonstrated a lytic lesion with
a pronounced sclerotic reaction at the periphery, and
circular accumulation of Tc-99m-MDP, with a central
area of markedly reduced concentration [23]. Our pa-
tient demonstrating intense accumulation of Ga-67 ci-
trate showed no sclerotic rim on radiography or CT. In
the other two cases, no uptake of Ga-67 citrate was
seen. The mechanism of concentration of Ga-67 citrate
in infective and neoplastic lesions is poorly understood
[22]. There is a report of radiologically typical epi-
dermoid tumours, which showed intense concentration
of Tc-99m-MDP, and faint accumulation of Ga-67 ci-
trate [24].

Intracranial epidermoid cysts give markedly high
signal on diffusion-weighted images [25]. Our two cases
did not do so, except in a small haemorrhagic portion.
Diffusion-weighted imaging could readily differentiate
eosinophil granuloma from epidermoid of the skull.
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