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Abstract: Purpose: To assess the computed tomography (CT) and magnetic resonance imaging (MRI) features of
Langerhans cell histiocytosis (LCH) in calvaria. Methods: The CT and MRI manifestations of 12 pathologically proven
cases of solitary LCH involving the cranial bone were retrospectively analyzed. Assessed image features included:
Location, size (soft-tissue mass and bone destruction), shape (soft-tissue mass and bone destruction), margins, at-
tenuation and changes in adjacent bone on CT, and signal intensity and enhancement pattern on MRI. Results: The
lesions were solitary, lytic, punched out, round to oval or geographic (size larger than 3 cm); With the appearance of
bone destruction with a gourd-shape (n=12); And a soft-tissue mass extending from the subcutaneous to the intra-
cranial space. On CT, a beveled edge was seen in all cases and button sequestration in two cases, but sclerotic rim
was not evident. The hypoattenuated soft-tissue mass was mostly with patches of slight hypoattenuation spot (6/9
cases). On MRI, all cases showed long or iso-T1 and heterogeneous high T2 signal intensity relative to the brain.
Diffusion-weighted images displayed mild hyperintensity (5/7 cases) or a low hypointensity (n=2). Postcontrast MR
images demonstrated heterogeneous marked enhancement (n=7). A tail of dural and galea enhancement was
seen in all cases. The adjacent bone marrow (4/10 cases) exhibited low intensity on T1-weighted images without
gadolinium enhancement. Conclusion: Although the diagnosis of a calvarial LCH mainly depends on pathology, the
imaging findings have value as well. CT and MRI have their own advantages in the diagnosis of LCH. Combined ap-
plication of CT and MR examinations is recommended for patients with suspected LCH.
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Introduction cysts for single lesions, and with leukemia, lym-

phoma, multiple myeloma, and metastases for

Langerhans cell histiocytosis (LCH) is one of
the histiocytoses originating from dendritic
cells, in which there is abnormal accumulation
of Langerhans cells in one or multiple organ
systems. Because of the finding of cancer-
associated gene mutations of the ERK pathway
in this disease [1, 2], LCH has recently been
classified as a myeloid neoplasm. The cancer
cells can accumulate in virtually any organ,
including bone, liver, lungs, spleen, and lymph
nodes. LCH is a rare disease that predominant-
ly affects the bone. So far, the calvaria are the
most frequent site of involvement, usually
affecting 45% of LCH patients [3]. However, in
cranial bone, solitary LCH features have not
been well specified. LCH may show similar
imaging features with dermoid and epidermoid

multiple lesions. Osteomyelitis must also be
considered [4, 5]. At initial presentation of the
disease, there have been few studies describ-
ing the imaging features of calvarial bone LCH
[6-12]. The purpose of this retrospective study
was to comprehensively assess the character-
istic computed tomography (CT) and magnetic
resonance imaging (MRI) findings regarding
LCH in the cranial bone.

Materials and methods
Patients

This study was approved by our institutional
ethics committee. Between July 2003 and
January 2015, CT (9/12) and MRI (10/12) scans
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Figure 1. (A-G) A 15-year-old male patient with a known case of Langerhans cell histiocytosis. Non-enhanced com-
puted tomography (CT) images of the head. (A) Volume-rendered image and (B) Axial view; Bone-window images
show solitary, punched-out, oval, and lytic lesions in the left-side frontal bone. The bone destruction lesions demon-
strate a beveled edge with no sclerotic rim. (C-F) Magnetic resonance images of the brain; Axial T1- and T2-weighted,
diffusion-weighted images and contrast-enhanced images display a gourd-shaped soft-tissue mass (asterisk) ex-
tending from the subcutaneous to the intracranial space. The soft-tissue lesion shows heterogeneous long T1 and
heterogeneous long T2 signal intensity relative to the brain. The diffusion-weighted image displays mild hyperinten-
sity. Postcontrast magnetic resonance imaging scan shows heterogeneous marked enhancement with a tail of dural
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(small arrowheads) and galeal (large arrowhead) enhancement. The adjacent bone marrow shows low intensity on
T1-weighted images (arrow) without gadolinium enhancement. Photomicrograph (G) shows that the lesion consists
of diffusely infiltration of numerous Langerhans cells with scattered histiocyte-like cells, the hyperplasia of bone and

Collagen fiber. (H&E, 100).

Table 1. The common or differences feature of calvarial LCH com- cal findings; They indepen-

pared in CT and MRI

dently reviewed the location,

Image feature Examination CT

MRI size (soft-tissue mass and

Patients number

Change of bone Beveled edge 9

Button sequestration 2
Change of adjacent bone marrow 0
Dural/galea enhancement 0

9 (enhanced 0) 10 (enhanced 7)

bone destruction), shape (soft-
tissue mass and bone destruc-

10 tion), margins (well-defined
1 or ill-defined), attenuation on
4 precontrast CT, changes in the
7 adjacent bone on bone-win-

obtained from 12 patients (nine males and
three females) with a median age of 14 (range,
1-42) years with pathologically proven LCH
were retrospectively analyzed. The main clinical
manifestations included soft-tissue swelling in
the scalp (n=10), focal pain (n=7), fever (n=2),
and exophthalmos (n=1). The duration of symp-
toms prior to diagnosis ranged from 2 months
to 3 years (median, 1 year). All 12 patients had
undergone surgery for their disease. Among the
12 patients, nine were referred for CT scanning
and 10 for MRI (diffusion-weighted imaging
[n=7]). Seven patients underwent postcontrast
T1-weighted imaging.

CT scans were obtained using a standard CT
protocol for the head. Nine patients underwent
5-mm-thick axial CT scanning using a soft-tis-
sue algorithm, and all images were reformatted
using a soft-tissue algorithm without the use of
contrast media. Reformatted coronal, sagittal
and volume-rendered images were also ob-
tained (n=5). MRl examinations were per-
formed using a 1.5 T MR scanner (n=4) (Signe
Advantage Horizon: GE Medical Systems,
Milwaukee, WI, USA) or a 3.0 T MRI scanner
(n=6) (signal HDx: GE Medical Systems) with an
8-channel head coil. In these patients, precon-
trast T1-weighted spin-echo images and T2-
weighted fast spin-echo images (n=10), diffu-
sion-weighted imaging (b=0; 1000 s/mm?
n=7), were obtained, followed by contrast-
enhanced T1-weighted spin-echo images with
fat saturation after the intravenous injection of
0.1 mmol/kg of gadolinium dimeglumine in
seven patients.

Imaging analysis

Two neuroradiologists who have worked for >10
years were blinded to the clinical and pathologi-
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dow CT, signal intensity on pre-

contrast MRI and enhance-
ment pattern on contrast-enhanced MRI. The
attenuation or signal intensity of the lesion was
compared with that of the brain parenchyma.
For location, the particular bone with lesion
involvement was recorded (frontal bone, pari-
etal bone or occipital bone). The size of each
lesion was measured at its greatest single
dimension.

Results

Patient symptoms were a soft-tissue mass in
83.3% (10/12), focal pain in 58.3% (7/12),
fever in 16.7% (2/12), and exophthalmos in
8.3% (1/12). Five lesions were located in the
parietal bone, three in the frontal bone, one in
the frontal and orbit bone, and three in the
occipital bone. Histopathological examination
(Figure 1G) revealed that the skull lesion con-
sisted of diffuse infiltration of Langerhans cells
and histiocyte-like cells with a distinct cell mar-
gin, nuclear grooves, eosinophilic cytoplasm,
and intranuclear inclusions. In addition, various
inflammatory cells such as eosinophils, neutro-
phils, lymphocytes, and macrophages had also
infiltrated. Furthermore, the histiocyte-like cells
were immunohistochemically positive for
S-100, CD1a, and CD68. The final histological
diagnosis was LCH. The dura and galea showed
no infiltration of Langerhans cells but mild infil-
tration of lymphocytes. The adjacent bone mar-
row (4/10) was infiltrated by Langerhans cells,
and they were also positive for CD1a and CDG8.
The Ki-67 index ranged from 10% to 50%.
During the follow-up period, which ranged from
6 months to 8 years, no patients experienced
recurrence.

The CT and MRI features of the 12 patients
with cranial LCH are summarized in Table 1.
The lesions were solitary, lytic, and punched

Int J Clin Exp Med 2017:10(2):3139-3146



Imaging features of LCH in calvaria

Figure 2. (A) and (B) A male patient aged 14 years with a known case of Langerhans cell histiocytosis. Non-enhanced
computed tomography images of the head. (A) Volume-rendered image and (B) Axial view; Soft-tissue window im-
ages show solitary, punched-out, geographic, and lytic lesions in the left parietal bone. Bone destruction lesions
showing a beveled edge with small residual bone fragments were seen in the soft-tissue mass representing button
sequestration (arrow). The computed tomography image displays a hyperattenuated gourd-shaped soft-tissue mass
extending from the subcutaneous to the intracranial space (asterisk).

out. The diameter of the soft-tissue mass
ranged from 13.4 to 38.1 mm with a mean of
23.2 mm. All of the lesions had the appearance
of a gourd-shaped soft-tissue mass extending
from the subcutaneous to the intracranial
space. The diameter of the bone destruction
areas ranged from 1.2 to 2.9 cm; They were
round to oval in shape (Figure 1A), but the other
two with a size larger than3 cm had a geograph-
ic (Figure 2A) appearance. Nine of the 10
lesions were examined using CT. On bone-win-
dow CT, the skull lesion appeared to have an
unequal involvement of the inner and outer
tables resulting in a beveled edge (Figures 1B,
2B and 3A), and was seen in all cases; Button
sequestration (Figure 2B) was seen in two
cases. A sclerotic rim was not observed in any
of the lesions. The soft-tissue mass (6/9) was
mostly hypoattenuated with patches of slight
hypoattenuation.

Among the 12 patients, 10 were referred for
MRI scanning. All cases showed long or iso-T1
(Figures 1C and 3B) and heterogeneous long
T2 (Figures 1D and 3C) signal intensity rela-
tive to the brain. Diffusion-weighted imaging
showed mild hyperintensity (5/7) (Figure 1E)
or low hypointensity (n=2) (Figure 3D). Po-
stcontrast MRI scanning revealed heteroge-
neous marked enhancement (n=7). A tail of
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dural and galea enhancement was seen in all
cases (Figure 1F). In four cases the soft-tissue
mass adjacent to the bone marrow demon-
strated low intensity on Tl-weighted images
without gadolinium enhancement (Figure 1C).

Discussion

LCH is a rare group of disorders with a wide
range of clinical presentations that range from
a solitary lesion to more severe multifocal or
disseminated lesions [13, 14]. The solitary
lesions were seen in approximately 70% of LCH
cases [6]. LCH is a rare disease in the general
population, with an estimated incidence of 1-2
adult cases per 1,000,000 annually, and 3-5
pediatric cases per 1,000,000 annually [15].
Most patients range in age from 1 to 15 years
[1], and the disease occurs more commonly in
males [16]. The findings of our study were basi-
cally similar to these findings. Patient age
ranged from 1 to 42 years, with nine of 12
patients presenting at an age <15 years (medi-
an, 14 years). We could identify only three
patients who were >18 years old who had this
rare disease. In our study, the male to female
ratio was 3:1, in agreement with previous stud-
ies [12, 17]. The clinical presentation of
patients with LCH varies depending on the sites
and extent of involvement. Skull lesions can be
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Figure 3. A-D. A female patient aged 42 years with a known case of Langerhans cell histiocytosis. Non-enhanced
computed tomography images of the head. A. Axial view; Bone-window images show solitary, punched-out, and oval
lytic lesions in the left-side frontal bone. The bone destruction lesions demonstrate a beveled edge with no sclerotic
rim. B-D. Magnetic resonance imaging of the brain, axial T1- and T2-weighted, diffusion-weighted images display a
gourd-shaped soft-tissue mass extending from the subcutaneous to the intracranial space; The lesion also involves
the orbital cavity. The soft-tissue lesions show high T1 and heterogeneously high T2 signal intensity relative to the
brain. The diffusion-weighted image displays limited hypointensity.

asymptomatic but may manifest with soft-tis-
sue swelling in the scalp, focal pain, fever and
exophthalmos.

In patients with calvarial LCH involvement, the
parietal and frontal bones are the most com-
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monly affected [4]. In the present study, the
parietal (n=5) and frontal (n=4) bones were
involved. The radiographic appearance of osse-
ous LCH depended on the site and extent of
involvement, and the phase of the disease. The
calvarial LCH lesion has characteristic features
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on CT images. According to the literature and
the present study, the typical imaging appear-
ance of calvarial LCH on CT images is as fol-
lows: () Punched-out or identified centrally
destructive lesions with non-sclerotic margins
[12, 18]; () The skull lesion had an unequal
involvement in the inner and outer tables,
resulting in a characteristic beveled edge; (lll)
Bone destruction with a round to oval appear-
ance or geographic (>3 cm) in shape [9, 12,
18J; (IV) A small bony fragment known as but-
ton sequestration seen near the skull defect;
(V) A heterogeneous hyperattenuated soft-tis-
sue mass; And (vi) soft tissue with marked CT
contrast enhancement [12]. Remarkably, the
presence of a beveled border was detected,
which is a typical feature in the diagnosis of
LCH [11, 12]. In addition, the presence of a but-
ton sequestrum which is less commonly seen,
as reported by Vikas et al. [4], also provided
clues for the diagnosis of LCH [11, 12].

The CT images of calvarial LCH also demon-
strated a characteristic appearance with a
gourd-shaped heterogeneous hyperattenuated
soft-tissue mass extending from the subcuta-
neous to the intracranial space, an aspect that
has not been emphasized in previous studies.
LCH in flat bones and lytic lesions usually aris-
es in the medullary space and extends to pro-
duce a periosteal reaction [9]; However, in our
study none of the cases had a periosteal reac-
tion. CT had the advantage of displaying the
extent of lesions, and was better suited to dem-
onstrating bone detail [19]; However, it was dif-
ficult to accurately display the extent of intra-
cranial involvement, and reactive changes in
the dura and galea. In addition, CT scans can-
not reveal adjacent bone marrow invasion.

In current reports on calvarial LCH it has been
clarified that MRI can detect isointense to
hypointense regions on T1-weighted images
and hyperintense regions on T2-weighted imag-
es (some cases show heterogeneity [18]);
Variable contrast enhancement has been re-
ported for reactive dural and/or galeal tissue
enhancement [8, 12, 18, 20, 21]. In some
reports involving the comparison of MRI and
histological data, the finding of the meningioma
‘dural tail sign’ similar to skull LCH is one of the
nontumoral enhancements seen on MRI;
Gadolinium-enhanced dura mater and galeal
tissue inflammatory cells have been reported
to be present, but tumor cells were not seen
[8]. The findings of the present study are in
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accordance with the MRI signal characteristics
previously mentioned.

The MRI signal characteristics lacked specifici-
ty for calvarial LCH identification. MRI revealed
the extent of intracranial involvement and reac-
tive changes in the dura and galea more clearly
and precisely than CT [18, 19]. MRI also dis-
played a characteristic appearance, with the
gourd-shaped soft-tissue mass extending from
the subcutaneous to the intracranial space.
Diffusion-weighted imaging displayed mild hy-
perintensity (5/7) or low hypointensity (n=2). All
postcontrast MR images demonstrated a tail of
dural enhancement and galeal enhancement.
The adjacent bone marrow (4/10) shows low
intensity on T1-weighted images without gado-
linium enhancement, and proved to have
Langerhans cell invasion at surgery; Path-
ognomonic Langerhans cells were seen in this
portion as reported by Shinya et al. [8]. Bone
marrow involvement is usually associated with
poor prognosis [22, 23]. However, all our cases
(n=4) had no recurrence in the follow-up period,
and probably need additional observation time.
Remarkably, the presence of these signs has
not been emphasized in the past literature.
Although no single finding is specific to the dis-
ease, the constellation of these findings seems
to be suggestive of calvarial LCH and is helpful
concerning the differential diagnosis.

Based on previous experience, the appearance
of solitary lytic skull LCH on CT and MRI may
cause the radiologist to misdiagnose the mass
as dermoid cysts, epidermoid and hemangio-
ma for single lesions [4, 5, 12]. Epidermoid and
dermoid cysts are most commonly seen in mid-
line locations, and are sometimes associated
with a sinus tract; Because the content of the
cyst varies (fat in dermoid cysts and fluid in epi-
dermoid cysts); The CT attenuation and MRI sig-
nal intensity vary [24]. Intracranial epidermoid
cysts [25, 26] have markedly high signal inten-
sities on diffusion-weighted images, and may
make a noteworthy contribution to differential
diagnosis. Margins that are not sclerotic or bev-
eled that can also occur in other benign skull
lesions may be a noteworthy contribution to dif-
ferential diagnosis, such as hemangiomas;
However, they have been reported to have a
characteristic honeycomb or sunburst pattern
of bony spicules radiating from the center of
a radiolucent round or oval defect [27].
Additionally, the signs of adjacent bone marrow
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invasion can also exclude all of these benign
lesions.

Conclusions

In conclusion, although the diagnosis of a cal-
varial LCH mainly depends on pathology, the
imaging findings have value as well. MRl is the
most valuable imaging technique for diagnos-
ing calvarial LCH. The lesions seen in this study
appeared as gourd-shaped soft-tissue mass
extending from the subcutaneous to the intra-
cranial space, with the lesions’ adjacent dural
and galea enhancement. The lesions show-
ed isointense to hypointense signaling on
T1-weighted images and hyperintense signaling
on T2-weighted images and variable contrast
enhancement on postcontrast MR images.
Sometimes the adjacent bone marrow exhibit-
ed low intensity on T1l-weighted images with-
out gadolinium enhancement indicative Lang-
erhans cell invasion. CT displayed hypoattenu-
ated soft-tissue mass with a beveled edge and/
or button sequestration. Such imaging findings
are highly suggestive of a calvarial LCH.

CT and MRI have different advantages in the
diagnosis of calvarial LCH. Preoperative CT
images that display the characteristic appear-
ance of the lesion can provide clues regarding
the diagnosis of LCH. Preoperative T1-weighted
images can detect Langerhans cell invasion in
the skull bone marrow. Postcontrast MR imag-
es more precisely delineate the extracranial
and intracranial soft-tissue components affect-
ed by the calvarial lesions, and can provide an
accurate basis for the determination of the sur-
gical scope. Therefore, combined application of
CT and MR examinations is necessary for
patients with suspected LCH.
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