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G R A P H I C A L A B S T R A C T
� Patient age at presentation was higher in
the SLG than that in the MLG.

� The SLG showed more extensive bone
marrow edema and enhancement than
the MLG.

� Clinical and MRI features may help
differentiate LCH manifestation types.
A R T I C L E I N F O
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A B S T R A C T

Purpose: To investigate the clinical and contrast-enhanced magnetic resonance imaging (MRI) features of
craniofacial bone Langerhans cell histiocytosis (LCH) and discuss the differences between a solitary lesion group
(SLG) and multiple lesions group (MLG).
Method: This study included 22 consecutive patients with pathologically proven LCH who underwent contrast-
enhanced MRI. The clinical data and MRI features were retrospectively assessed.
Results: The mean patient age was 5 years, and 15 patients were male. The frontal bone was the most frequently
affected bone. Ten and 12 patients were classified into the SLG and the MLG, respectively. The following MRI
features were observed in >50% cases: T1WI hyperintensity in 15 (68%) cases, T2WI hyperintensity in 16 (73%)
cases, bulging sign in 18 (82%) cases, concentric or eccentric soft tissue mass formation in 13 (59%) cases, soft
tissue edema in 16 (73%) cases, any grade of bone marrow edema in 16 (73%) cases, surrounding bone
enhancement in 17 (77%) cases, and surrounding soft tissue enhancement in 16 (73%) cases. Patient age was
significantly higher in the SLG than that in the MLG (P ¼ 0.0014). Perilesional bone marrow edema and
enhancement were significantly more prominent in the SLG than in the MLG (P ¼ 0.032, P ¼ 0.040).
Conclusions: Contrast-enhanced MRI showed additional significant findings of mainly the surrounding details.
Older age, extensive bone marrow edema, and enhancement may indicate solitary-type LCH rather than multiple-
type LCH. These differences may help distinguish between solitary- and multiple-type LCH, which have different
treatment strategies.
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Table 2. Comparison of the clinical and imaging findings between the SLG and
MLG.

All (n ¼
22)

SLG (n ¼
10)

MLG (n ¼
12)

P value

Age at presentation (mean) 1-17 (5) 5-17 (9) 1-10 (2) 0.0014

Sex (male:female) 15:7 8:2 7:5 0.38

Hyperintense/isointense/hypointense
on T1WI

15/7/0 8/2/0 7/5/0 0.38

Hyperintense/isointense/hypointense
on T2WI

16/3/3 6/3/1 10/0/2 0.17

Hypointense rim (absent/partial/
circumferential)

21/0/1 9/0/1 12/0/0 0.46

Necrotic or cystic part (yes/no) 11/11 6/4 5/7 0.67

FFL (yes/no) 5/17 4/6 1/11 0.14

Penumbra sign (yes/no) 5/17 4/6 1/11 0.14

Bulging (yes/no) 18/4 8/2 10/2 1

Budding (yes/no) 1/21 1/9 0/12 0.46

Soft tissue mass (absent/concentric/
eccentric)

9/7/6 4/3/3 5/4/3 1

Soft tissue edema (yes/no) 16/6 8/2 8/4 0.65

Marrow edema (absent/grade 1/grade
2/grade 3)

6/9/3/
4

1/4/1/4 5/5/2/0 0.032

Enhancement pattern (homogeneous/
heterogeneous/rim-like)

9/11/2 4/4/2 5/7/0 0.39

Enhancement of surrounding bone
(yes/no)

17/5 10/0 7/5 0.040

Enhancement of surrounding soft tissue
(yes/no)

16/6 6/4 10/2 0.35

Meningeal enhancement (yes/no) 8/14 5/5 3/9 0.38

SLG, solitary lesion group; MLG, multiple lesion group; FFL, fluid-fluid level; WI,
weighted imaging.
1. Introduction

Langerhans cell histiocytosis (LCH) is a multi-system disorder char-
acterized by abnormal proliferation of histiocytic cells. This disease may
affect any age group, but it mainly affects children aged <15 years [1].
There are several recognized manifestation types and categories based on
the extent of the disease—single-system single-site (SS-s), single-system
multifocal-site (SS-m, involvement of a single organ or system), and
multi-system (MS, involvement of two or more organs). Patients with
solitary (single)-type LCH have a good prognosis and usually require only
local therapy or observation, whereas patients with multiple (multifocal
and multi-system)-type LCH require chemotherapy [1].

Craniofacial bones are important regions not only because they are the
most commonly affected site in patients with LCH [2] but also because
they include central nervous system (CNS) risk bones such as the orbital,
temporal, sphenoid, ethmoid, and mastoid bones. Patients with CNS risk
bone lesions have a higher risk of developing diabetes insipidus and other
CNSmanifestations; therefore, chemotherapy is recommended even if the
lesion is localized in these bones, except in the case of solitary LCH [3].

Since there is no specific biological marker of disease activity in LCH,
whole-body examination is usually performed at initial diagnosis, and
skeletal radiography is the gold standard. The use of other modalities
such as whole-body bone scintigraphy, magnetic resonance imaging
(MRI), and fluorodeoxyglucose-positron emission tomography have been
discussed; however, there is currently no recommendation for them to be
used as alternative imaging surveys [4, 5]. This is due to the fact that
patients with LCH are mainly children, and sedation or general anes-
thesia is required for whole-body scans. In follow-up radiography, ex-
amination of the initially involved anatomic region should be limited to
minimize the patient's exposure to ionizing radiation [4]. Although these
initial and follow-up examinations cannot be waived, the difference in
imaging appearance between manifestation types may contribute to the
therapeutic strategy and interval employed in follow-up studies.
Table 1. Clinical characteristics of 22 cases of craniofacial LCH.

No. Age Sex Affected bone Manifestation
type

Treatment Details of manifestation

1 16 M Rt. parietal SS-s Excision

2 2 M Frontal SS-s Excision

3 10 M Frontal SS-s Excision

4 8 M Occipital SS-s Excision

5 17 M Occipital SS-s Excision

6 7 F Occipital SS-s Excision

7 5 M Frontal SS-s Excision

8 7 F Lt. zygomatic SS-s Chemotherapy

9 10 M Occipital SS-s Excision

10 15 M Lt. parietal SS-s Excision

11 3 M Bilateral parietal, rt.
temporal

SS-m Chemotherapy Co-exists with lt. femoral bone lesion

12 3 M Frontal SS-m Chemotherapy Post treatment recurrence (cervical vertebra and lt. femoral bone)

13 2 F Rt. Temporal SS-m Chemotherapy Post treatment recurrence (rt. rib)

14 2 M Diffuse cranium SS-m Chemotherapy Co-exists with rt. iliac bone lesion

15 10 M Frontal SS-m Chemotherapy Co-exists with lumbar vertebral lesion

16 1 F Frontal SS-m Chemotherapy Co-exists with rt. femoral bone lesion

17 3 M Frontal SS-m Chemotherapy Close recurrence in occipital bone after resection

18 4 M Rt. mandibular ramus SS-m Chemotherapy Co-exists with lt. rib and thoracic vertebral lesions

19 1 F Rt. temporal MS Chemotherapy Co-exists with rib, liver, and spleen lesions

20 2 F Sphenoid, lt. temporal and
frontal

MS Chemotherapy Co-exists with multiple bone lesions, lymph nodes, and central nervous system infiltration
(diabetes insipidus)

21 1 F Lt. temporal MS Chemotherapy Co-exists with thyroid gland lesion

22 1 M Bilateral temporal MS Chemotherapy Co-exists with multiple bone, thyroid gland, thymus, and liver lesions

SS-s, single-system single-site; SS-m, single-system multifocal site; MS, multi-system; lt., left; rt., right.
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Figure 1. Single-system single-site-type left zygo-
matic bone LCH of a 7-year-old girl (case 8). (A)
Axial T1WI demonstrates a slight hyperintense lesion
in the lateral wall of the left orbit with a bulging sign
making a concentric soft tissue mass. (B) Axial T2WI
demonstrates a hyperintense multilocular mass with
fluid-fluid levels (arrow). (C) and (D) Coronal and
axial short-tau inversion recovery imaging shows soft
tissue edema (C: arrow) with grade 1 bone marrow
edema (D: arrow). (E) and (F) Axial and coronal
contrast-enhanced T1WI with fat saturation demon-
strate several unenhanced areas and enhancement of
the surrounding bone and soft tissue (arrow). WI,
weighted imaging.
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To date, the largest radiographic and MRI review of pathologically
proven LCH of the shoulder girdle, pelvis, and extremities included 85
cases [6]. However, the authors did not review the radiographic and
MRI features of craniofacial LCH. Typical skeletal imaging features of
craniofacial LCH have been described as lytic lesions with or without
sequestrum on computed tomography, which show hyperintensity on
T2-weighted imaging (WI) and variable signal intensity on T1WI, with
variable enhancement after gadolinium-based contrast agent admin-
istration on MRI [7, 8]. D'Ambrosio et al. [7] documented a large
series of craniofacial and intracranial LCH; however, they did not
investigate the MRI findings of the internal and surrounding details,
and the precise imaging features of contrast-enhanced T1WI were
unclear because the number of patients was not reported. Further-
more, the differences in radiographic and MRI features between the
3

SS-s, SS-m, and MS types of craniofacial LCH have not been investi-
gated in previous studies.

The aim of this study was to investigate the clinical and MRI features,
along with the internal and surrounding details, of craniofacial bone LCH
using contrast-enhanced examination and discuss the differences be-
tween the solitary and multiple type of craniofacial bone LCH in a series
of pathologically proven cases.

2. Materials and methods

2.1. Subjects

This retrospective study was approved by the institutional review
board of our institution, and the requirement for obtaining written



Figure 2. Single-system single-site-type occipital
bone LCH of a 10-year-old boy (case 9). (A) Axial
T1WI demonstrates a hyperintense mass with a
bulging sign forming an eccentric portion outside the
cranium. The periphery shows a hyperintense rim
suggesting a penumbra sign (white arrows). Sur-
rounding bone marrow shows hypointensity sug-
gesting grade 2 bone marrow edema (black arrow).
(B) and (C) Axial and sagittal T2WI demonstrate a
heterogeneous hyperintense mass. (D) and (E) Axial
and sagittal contrast-enhanced T1WI demonstrate a
rim-like enhancement of the mass and enhancement
of the surrounding bone and soft tissue (D: arrows).
Meningeal enhancement is also seen (E: arrow). WI,
weighted imaging.
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informed patient consent was waived due to the retrospective nature of
this study. Patient anonymity was maintained.

Forty-eight consecutive patients with a newly confirmed histo-
pathological diagnosis of LCH anywhere in the body, based on either
surgical or biopsy specimens, were retrospectively identified from
the pathology database between April 2003 and May 2021. Among
them, patients were included if any lesion was formed in a cranio-
facial bone during the disease course and if data from any contrast-
enhanced MRI study were available prior to treatment. In total, 22
patients were enrolled in this study. We collected clinical data on
age at presentation of the craniofacial bone lesion, sex, craniofacial
bone lesion distribution, manifestation type, treatment methods, and
other clinical details, including the presence of extra-craniofacial
bone lesions and recurrences. Manifestation type was classified as
SS-s, SS-m, or MS. We then regrouped patients with the SS-s type
into the solitary lesion group (SLG) and those with the SS-m and MS
types into the multiple lesions group (MLG) depending on the
requirement of chemotherapy.
4

2.2. MRI protocol

All patients underwent MRI examinations before biopsy or surgery.
Various imaging methods were used owing to the updates and changes to
MR scanners and imaging protocols that occurred during the long study
period of almost 18 years. All MRI examinations were performed in the
axial plane for T2WI and unenhanced T1WI. Sagittal T2WI and unen-
hanced T1WI were performed in five and seven patients, respectively.
Coronal T2WI and unenhanced T1WI were performed in two and five
patients.

Fast spin echo T2WI was performed with the following parameters:
repetition time (TR)/echo time (TE) range, 3283–6800/66–120 ms; field
of view (FOV), 18–26 cm; slice thickness, 3.0–7.0 mm; interslice gap,
0–1.5 mm; and matrix, 198� 288 to 420� 512. Fast spin echo T1WI was
performed using the following parameters: TR/TE range 380–2962/
8.0–15 ms; FOV, 18–26 cm; slice thickness, 0.9–7.0 mm; interslice gap,
0–1.75 mm; and matrix, 192 � 240 to 392 � 512.



Figure 3. Single-system multifocal-site-type LCH of
a 1-year-old girl (case 16). (A) Axial T1WI demon-
strates a hyperintense mass in the frontal bone with a
bulging sign forming a concentric soft tissue mass.
(B) Axial T2WI demonstrates a hyperintense mass
with grade 1 bone marrow edema (arrow). (C) and
(D) Axial and sagittal contrast-enhanced T1WI with
fat saturation demonstrate heterogeneous enhance-
ment with a central unenhanced area in the mass
lesion, and enhancement of the surrounding bone
and soft tissue are also seen (arrows). (E) Axial short-
tau inversion recovery imaging shows an infiltrative
mass in the right femoral bone (arrow). WI, weighted
imaging.
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In all 22 patients, axial contrast-enhanced T1WI scans were obtained
3 min after intravenous injection of 0.1 mmol/kg of gadolinium-based
contrast agents. Fat saturation was observed in 16 patients. Addition-
ally, more than one plane (sagittal, coronal, or both) was obtained in all
patients. Contrast-enhanced T1WI was performed using the following
parameters: TR/TE range, 16–2962/6.4–20 ms; FOV, 18–26 cm; slice
thickness, 0.5–7.0 mm; interslice gap, 0–1.75 mm; andmatrix, 192� 192
to 392 � 512.

2.3. Image analyses

MRI scans were retrospectively evaluated by two radiologists (with 4
and 21 years of experience, respectively) who were blinded to clinical
data other than the fact that all patients had been diagnosed with LCH.
Each observer individually reviewed all images with internal and sur-
rounding details of the lesions. They evaluated signal intensity on
unenhanced T1WI and T2WI scans compared to that in facial muscle, the
presence and extent (partial or circumferential) of T1WI and T2WI
hypointense rims, presence of a necrotic or cystic part (defined as fluid-
like hyperintensity on T2WI without enhancement), fluid-fluid level
(FFL, defined as different intensities being contained within a cystic or
compartmentalized structure on either T1WI or T2WI), penumbra sign
(rim of higher T1WI signal intensity around the lesion than in the internal
part of the lesion itself), “budding” (focally invading the cortex producing
a bud-like appearance) and “‘bulging” (invading the adjacent two
cortices) signs [9, 10], presence and distribution of extra-osseous soft
5

tissue mass (concentric or eccentric), soft tissue edema, and bone marrow
edema graded as 0–3 using the classification by James et al. (grade 0: no
edema; grade 1: edema present, smaller than the lesion size; grade 2:
edema present, equivalent to the lesion size; grade 3: edema present,
greater than the lesion size) [11]. The enhancement pattern (homoge-
neous, heterogeneous, or rim-like, indicating central necrosis as
described byMoon et al. [12]) and the presence of surrounding bone, soft
tissue, and meningeal enhancement were evaluated on
contrast-enhanced T1WI. When two or more craniofacial lesions were
detected in one patient, the largest lesion was selected for evaluation of
these features because some lesions were too small for precise visual
assessment.

In cases of discrepancy between the observers regarding each evalu-
ation point, the observers discussed their decisions and reached a final
decision by consensus.

2.4. Statistical analyses

Statistical analyses were performed using EZR version 1.54 statistical
software (Jichi Medical University, Saitama, Japan) [13]. Differences
between the SLG and MLG were analyzed using Fisher's exact test for
categorical variables and the Mann–Whitney U test for continuous vari-
ables. Statistical significance was set at P < 0.05.

Kappa analysis was used to determine the extent of agreement be-
tween the two radiologists regarding MRI evaluations. Kappa values of
<0.40, 0.41–0.60, and 0.61–1.0 were considered to indicate poor, good



Figure 4. Multi-system-type LCH of a 2-year-old girl
(case 20). (A) Axial T1WI demonstrates multiple
isointense lesions in both sphenoid wings and the left
temporal bone. The left temporal mass is the largest
one (arrow in A, B, C, and D) and shows a bulging
sign with a concentric soft tissue mass. (B) and (C)
Axial T2WI with and without fat saturation demon-
strate hypointense left temporal mass with slight soft
tissue edema and without bone marrow edema. (D)
Axial contrast-enhanced T1WI with fat saturation
demonstrates heterogeneous enhancement of the
mass and slight enhancement of the surrounding
bone and soft tissue. (E) and (F) Axial computed to-
mography shows an expansile well-defined osteolytic
mandibular mass lesion (E: arrow) and bilateral cer-
vical lymph node swelling. WI, weighted imaging.
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agreement, and excellent agreement, respectively, as suggested by Landis
and Koch [14].

3. Results

3.1. Clinical findings

The clinical characteristics of all 22 patients are summarized in
Table 1. The mean age at presentation was 5 years (range, 1–17 years),
and there were 15 male patients and 7 female patients (ratio: 2.1:1). The
frontal bone was the most commonly involved bone (n ¼ 9), followed by
the temporal (n ¼ 7), occipital (n ¼ 5), and parietal (n ¼ 4) bones. Two
cases involved the sphenoid and mandibular bones, and one case
involved the zygomatic bone. Ten (45%) cases showed SS-s-type mani-
festation, eight (36%) cases showed SS-m-type manifestation, and four
cases (18%) showed MS-type manifestation. Among the 22 patients, 10
(45%) were categorized into the SLG and 12 (55%) into the MLG. All
patients with MS- and SS-m-type manifestations were treated with
chemotherapy. Most patients with SS-s-type manifestation were closely
6

monitored after excision, except for one case involving the lateral wall of
the orbit, a CNS risk bone, that underwent chemotherapy.

3.2. MRI findings

Unenhanced T1WI showed hyperintensity in 15 (68%) cases and
isointensity in seven (32%) cases, while T2WI showed hyperintensity in
16 (73%) cases, isointensity in three (14%) cases, and hypointensity in
three (14%) cases. One (5%) case showed a circumferential hypo-
intense rim, while the others did not show any hypointense rim. Eleven
(50%) cases had necrotic or cystic parts, and five (23%) cases had FFL.
Five (23%) cases showed a penumbra sign, 18 (82%) cases showed a
bulging sign, and one (5%) case showed a budding sign. Seven (32%)
patients had extra-osseous concentric soft tissue components, and six
(27%) patients had eccentric components. Sixteen (73%) patients
showed perilesional soft tissue edema. Grades 1, 2, and 3 bone marrow
edema was observed in nine (41%), three (14%), and four (18%) cases,
respectively.
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Contrast-enhanced T1WI revealed a homogeneous enhancement
pattern in nine (41%) cases, a heterogeneous pattern in 11 (50%) cases,
and a rim-like pattern in two (9%) cases. Enhancement of the sur-
rounding bone and soft tissue was identified in 17 (77%) and 16 (73%)
cases, respectively. Meningeal enhancement was detected in eight (36%)
cases.
3.3. Comparison of clinical and MRI findings between the SLG and the
MLG

A comparison of the clinical and imaging findings between the SLG
and the MLG is shown in Table 2. Among the 22 patients, 10 (45%) were
categorized into the SLG and 12 (55%) into the MLG. The mean age at
presentation in the SLG was significantly higher than that in the MLG (9
years vs. 2 years; P ¼ 0.0014). There were eight boys and two girls in the
SLG, and seven boys and five girls in the MLG, showing no significant
difference between sexes.

In the SLG, unenhanced T1WI showed hyperintensity in eight (80%)
cases (Figures 1A, 2A) and isointensity in two (20%) cases, while T2WI
showed hyperintensity in six (60%) cases (Figures 1B, 2B, and 2C), iso-
intensity in three (30%) cases, and hypointensity in one (10%) case. One
(10%) case showed a circumferential hypointense rim, while the others
did not show any hypointense rim. Six (60%) cases had necrotic or cystic
parts, and four (40%) cases had FFL (Figure 1B). Four (40%) cases
showed a penumbra sign (Figure 2A), eight (80%) cases showed a
bulging sign (Figures 1 and 2), and one (10%) case showed a budding
sign. Three (30%) cases had an extra-osseous concentric soft tissue
component (Figure 1), and three (30%) cases had an eccentric compo-
nent (Figure 2). Eight (80%) cases showed perilesional soft tissue edema
(Figure 1C). Grades 1, 2, and 3 bone marrow edema was observed in four
(40%), one (10%) and four (40%) cases, respectively (Figures 1D, 2A).
Contrast-enhanced T1WI in the SLG revealed four (40%) cases with a
homogeneous enhancement pattern, four (40%) cases with a heteroge-
neous pattern (Figures 1E, 1F), and two (20%) cases with a rim-like
pattern (Figures 2D, 2E). Enhancement of the surrounding bone and
soft tissue was identified in all (100%) and six (60%) cases, respectively
(Figures 1E, 1F, and 2D). Meningeal enhancement was detected in five
(50%) cases (Figure 2E).

In the MLG, unenhanced T1WI showed hyperintensity in seven (58%)
cases (Figure 3A) and isointensity in five (42%) cases (Figure 4A), while
T2WI showed hyperintensity in 10 (83%) cases (Figure 3B) and hypo-
intensity in two (17%) cases (Figure 4B). None of the cases exhibited a
hypointense rim. Five (42%) cases had necrotic or cystic parts, and one
(8%) case had FFL. One (8%) case showed a penumbra sign, and 10
(83%) cases showed a bulging sign (Figures 3A–D, 4A–D). Four (33%)
cases had an extra-osseous concentric soft tissue component
(Figures 3A–D, 4A–D) and three (25%) cases had an eccentric compo-
nent. Eight (67%) cases showed perilesional soft tissue edema
(Figures 3B, 4B, and 4C). Grades 1 and 2 bone marrow edema was
observed in five (42%) and two (17%) patients, respectively (Figure 3B).
None of the patients showed grade 3 bone marrow edema. Contrast-
enhanced T1WI in the MLG revealed five (42%) cases with a diffuse
enhancement pattern and seven (58%) cases with a heterogeneous
pattern (Figures 3C, 3D, and 4D). Enhancement of the surrounding bone
and soft tissue was identified in seven (58%) and 10 (83%) cases,
respectively (Figures 3C, 3D, and 4D). Meningeal enhancement was
detected in three (25%) cases.

There were no differences in the MRI findings between the groups,
except for the grade of bone marrow edema, which was significantly
higher in the SLG than in the MLG (P ¼ 0.032) and enhancement of the
surrounding bone, which was significantly more frequent in the SLG than
in the MLG (P ¼ 0.040).

The kappa coefficient between the two radiologists was 0.645–1.000,
indicating excellent agreement.
7

4. Discussion

To the best of our knowledge, this is the largest study on craniofacial
bone LCH among those that have reported the number of patients who
underwent contrast-enhanced MRI. In our study, the following contrast-
enhanced MRI features were observed in >50% of patients: surrounding
bone enhancement, surrounding soft tissue enhancement, and no
meningeal enhancement. Thus, contrast-enhanced MRI revealed addi-
tional findings, mainly the surrounding details, which were clinically
significant. We also compared the clinical and MRI features between the
SLG and MLG based on therapeutic strategies. Among the 22 patients, 10
(45%) were classified into the SLG and 12 (55%) were classified into the
MLG. In terms of clinical features, the age at presentation in the MLG (2
years) was lower than that in the SLG (9 years) (P ¼ 0.0014). On MRI,
perilesional bone marrow edema and enhancement were more promi-
nent in the SLG than in the MLG (P¼ 0.032 and P¼ 0.040, respectively).

Craniofacial bone involvement in LCH is frequent, with reported
frequencies varying from 54% to 73% [2, 7, 15]. The age distribution
(mean age, 5 years; range, 1–17 years) in our study was similar to that in
a previous study [7]. Among calvarial bones, the parietal bone is the most
commonly affected bone [7]; however, the frontal bone was the most
frequent site in our study. Most of the MRI findings in our study were
consistent with those reported by Singh et al. [6]; however, the frequency
of budding signs, bulging signs, and soft tissue mass formation were
different. This may be attributed to differences between the flat and long
bones. Craniofacial bones consist of flat bones that can easily form
bulging signs rather than budding signs because most LCH lesions show
erosion of both the inner and outer plates.

The differential diagnoses of pediatric craniofacial bone lesions
include neuroblastoma metastasis, intradiploic epidermoid cyst, and
fibrous dysplasia [16]. Most patients with neuroblastoma metastasis are
less than 2 years old, and computed tomography typically demonstrates
soft-tissue masses with lytic destruction and spiculated periosteal reac-
tion [17]. Epidermoid cysts usually show intradiploic bone remodeling
and reactive sclerotic margins, and MRI demonstrates hyperintensity on
diffusion-weighted image and a low apparent diffusion coefficient value
[16]. Fibrous dysplasia typically demonstrates expansile osseous
remodeling with ground-glass appearance on computed tomography.
The imaging findings of these differential diagnoses are considerably
different from those of LCH; thus, it is easy to differentiate between LCH
and these diseases. In addition, in our LCH cases, five (23%) patients
showed FFL or penumbra signs, although these are not common char-
acteristic findings compared to the imaging findings described previ-
ously. Singh et al. [6] noted that FFL and penumbra signs are rarely
observed in skeletal LCH lesions. The penumbra sign is a highly specific
sign of Brodie's abscess [18]. However, the penumbra sign has also been
reported in cases of localized LCH, chondrosarcoma, benign cystic lesions
of the bone, and intraosseous ganglion [19]. FFL in craniofacial bone LCH
has been described in several studies [20, 21, 22], and Nabavizadeh et al.
[22] reported LCH as the most frequent cystic bone lesions with FFL in
children. Although this finding occasionally makes it difficult to differ-
entiate LCH from aneurysmal bone cysts and cephalohematomas, per-
ilesional bone marrow edema and enhancement can serve as clues for
differentiating LCH from these differential diagnoses. Additionally, LCH
lesions with FFLs are mainly reported in the craniofacial bones rather
than in the appendicular bones [23, 24]. These FFLs represent hemor-
rhage, which can be caused by trauma or can develop spontaneously.
Some LCH cases have shown pathological secondary aneurysmal bone
cyst formation [25, 26]. Our study revealed that these MRI findings were
not as rare as previously described; therefore, LCH should be included in
differential diagnoses when craniofacial bone destructive lesions with
FFL or the penumbra sign are found.

In our study, four (18%) cases showed MS-type manifestations. The
prevalence of MS-type manifestation in our study was lower than that
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reported in a previous large cohort study [27]. This tendency was also
seen in other studies focused on bone LCH [28, 29], although the prev-
alence of MS-type manifestation has not been investigated among pa-
tients with craniofacial bone LCH. Kim et al. [30] reported that the bone
was the most frequently affected site in their study population, although
it was the second most common site in patients under 1 year of age,
implicating less frequent manifestation of bone lesions in patients with
MS-type manifestation.

MLG patients had a younger predominance than SLG patients.
Although the classification of manifestation type differs, it is consistent
with previous studies [31, 32]. Younger children have a greater risk of
multi-system disease and an unfavorable clinical course. However, bone
involvement is considered a favorable prognostic factor among patients
with MS-type LCH, reflecting a relatively slow development of the dis-
ease [33].

In our study, 73% patients showed bone marrow edema around
craniofacial bone LCH lesions. Moreover, perilesional bone marrow
edema and enhancement were more extensive in the SLG than in the
MLG. Based on the frequent detection of BRAF or other members of the
RAS/RAF/MEK pathwaymutation, LCH is thought to be an inflammatory
neoplastic disorder [34]. Bone marrow edema is a frequent finding in
early-stage LCH, reported in >90% of cases on MRI [9, 35]. The fre-
quency of perilesional bonemarrow enhancement has not been described
in the literature; however, several previous studies have reported this
feature [6, 36]. Galluzzo et al. [37] reported that pathological myelofi-
brosis was present in 94% patients with MS-type LCH before treatment.
This may contribute to heterogeneous signal intensity on T2WI and less
bone marrow edema in MS-type LCH. In our MS-type LCH cases, how-
ever, we could not confirm concomitant myelofibrosis. Thus, the reason
for perilesional bone marrow edema and enhancement differences be-
tween the SLG and MLG is unclear.

Our study has several limitations. First, MRI equipment and scanning
protocols varied, as the study was retrospectively performed over a
prolonged period of approximately 18 years. Second, we chose the
largest lesion to analyze imaging features when the patient had several
lesions, which may not reflect representative imaging features.

5. Conclusions

To the best of our knowledge, this study included the largest number
of patients with craniofacial bone LCH who underwent contrast-
enhanced MRI and highlighted their clinical and MRI findings.
Contrast-enhanced MRI showed additional significant findings of mainly
the surrounding details. The solitary type of craniofacial bone LCH ten-
ded to occur in older patients and showed more extensive bone marrow
edema and enhancement compared with multiple type of craniofacial
bone LCH. When a craniofacial bone LCH lesion is found, these differ-
ences may help distinguish between solitary- and multiple-type LCH,
which have different treatment strategies.
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