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ORIGINAL RESEARCH
HEAD & NECK

Imaging Features of Craniofacial Giant Cell Granulomas: A
Large Retrospective Analysis from a Tertiary Care Center

R. Chanda, S.S. Regi, M. Kandagaddala, A. Irodi, M. Thomas, and M. John

ABSTRACT

BACKGROUND AND PURPOSE: Craniofacial giant cell granulomas are rare lesions with varied appearances on imaging. We aimed to
describe the imaging features of giant cell granulomas of the craniofacial bones.

MATERIALS AND METHODS: A retrospective analysis of the clinical features and imaging findings of 20 histopathology-proved
cases of craniofacial giant cell granulomas, dating from 2006 to 2022, was performed.

RESULTS: Of the 20 cases, 10 each were seen in men and women. The epicenter of the lesions varied in location: in the maxilla in
8 patients, in the mandible in 5, in the temporal bone in 3, in the sphenoid/clivus in 3, and in the orbit in 1 patient. On the radio-
graphs, the lesions appeared well-circumscribed, expansile, and lytic. On CT, the lesions were predominantly multiloculated, with
thin septa, a soft-tissue component, and with expansion and remodeling of the underlying bone. On MR imaging, the solid compo-
nent of the lesions was isointense on T1WI and hypointense on T2WI, with heterogeneous enhancement of the solid component
and rim enhancement of the locules. Fluid-fluid levels were present in 3 patients.

CONCLUSIONS: Giant cell granulomas commonly present as locally aggressive, expansile, multiloculated lytic lesions, with solid as
well as cystic areas. The solid component is typically hypointense on T2WI. Certain key imaging features of giant cell granulomas
can aid the radiologist in narrowing the differential diagnosis.

ABBREVIATIONS: ABC ¼ aneurysmal bone cyst; GCG ¼ giant cell granuloma; GCRG ¼ giant cell reparative granuloma; GCT ¼ giant cell tumor

The term central giant cell reparative granuloma (GCRC) was
first used by Jaffe,1 in 1953, to describe a lesion that developed

in response to intraosseous hemorrhage. There has been much
debate about the presence of the reparative component in the
pathogenesis of these granulomas;2 hence, the term giant cell
granuloma (GCG) is preferred compared with GCRG. Endosteal
GCGs are classified as central, while those arising in the soft tissue
are peripheral GCGs. The World Health Organization 2017 classi-
fication (updated version) of head and neck tumors classifies
GCGs under giant cell lesions along with cherubism, aneurysmal
bone cyst (ABC), and simple bone cyst.3,4

The craniofacial bones are the usual sites of involvement, fol-
lowed by small bones of the hands and feet.5 GCGs of the head
and neck region are known to show a female predilection, with

some lesions showing accelerated growth during pregnancy, sug-
gesting a possible hormone-dependent nature of these lesions.6

Varied imaging appearances of GCGs pose a diagnostic chal-
lenge in differentiating them from other bone lesions such as
ABCs, brown tumors, fibrous dysplasia, various odontogenic and
nonodontogenic cysts, maxillofacial malignancies, and giant cell
tumors (GCTs).

On histopathology, GCGs consist of spindled fibroblasts, col-
lagenous stroma, areas of hemorrhage, and numerous multi-
nucleated, osteoclast-type giant cells arranged in small clusters
around areas of hemorrhage, usually containing #12 nuclei.
Secondary changes with hemosiderin deposits, aggregates of
foamy macrophages, cystic changes, and reactive bone formation
may be seen in GCGs, simulating an ABC.

Solid ABCs have slender and spindle-shaped mononuclear
cells and clustering of giant cells resembling GCGs. However, wo-
ven bone trabeculae are prominent in ABCs, while hemorrhagic
foci are less conspicuous.7,8 A USP6 gene rearrangement is seen
in ABCs.9

GCGs are indistinguishable from brown tumors of hyper-
parathyroidism on imaging as well as histopathology, with
brown tumors usually containing more fibrous septa that
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subcompartmentalize these lesions into multiple lobules.3,5 On
histology, GCGs are also indistinguishable from cherubism.

The mononuclear cells in GCGs are spindle-shaped and not
oval or round as in GCT of the bones, with fewer mitotic fig-
ures.7,8 GCTs histologically have numerous large, osteoclast-type
giant cells, evenly distributed throughout the tumor with.12
nuclei. The mononuclear cells are arranged in a syncytial pattern
in GCTs. On immunohistochemistry, both GCTs and GCGs can
show an expression of p63 in mononuclear cells. Mutations in
theH3f3a gene are seen in GCTs, but not in GCGs.10-12

A summary of the key histopathologic features of GCGs,
GCTs, ABCs, and brown tumors is provided in Table 1.

It is important to differentiate GCTs and GCGs because the
former is associated with a higher recurrence rate, malignant trans-
formation, and metastatic potential compared with the latter.13

In this study, we report our experiences and observations
from a large case series to highlight the key imaging features of
GCGs that could aid in narrowing the differential diagnosis.

MATERIALS AND METHODS
In this institutional review board–approved study, all cases of cra-
niofacial GCGs diagnosed on imaging at our tertiary care center
and confirmed by histopathology during 15 years, between 2006
to 2022, were included in this study. A retrospective analysis of
their imaging findings was conducted.

The study began with a PACS search using the keywords
“GCRG,” “GCG,” and “giant” in CT and MR imaging modalities.
This yielded a list of 33 craniofacial lesions in which GCG was
provided as the radiologic/differential diagnosis. Of these cases,
24 patients underwent biopsy and 20 cases were confirmed as
GCGs, which were then included in this study. Of the remaining
9 cases, 8 patients did not undergo biopsy and 1 lesion was diag-
nosed as pyogenic granuloma on histopathology. Thus, these
cases were excluded from the study.

Of the 20 patients included in the study, local radiographs were
available for 9 patients, of which 8 were orthopantomograms and 1
was a paranasal sinus radiograph. Both CT and MR imaging were
performed in 8 patients, and only CT was performed in 12 patients.
CT scans were performed using Somatom Emotion 16-section
(Siemens) or Discovery 750 HD 128-section (GE Healthcare) scan-
ners with a section thickness of 2mm, FOV of 230 � 230, and a
bolus injection of iohexol in soft-tissue and bone algorithms.

The MR imaging studies were performed on either 1.5T
(Avanto; Siemens) or 3T (Achieva; Philips Healthcare) scanners
with similar imaging protocols and acquisition parameters:
Achieva, 3T T1-weighted spin-echo sequence (TE/TR ¼ 20/630
ms; echo-train length ¼ 6; flip angle = 90°; section thickness ¼
5mm; section gap ¼ 0.5); T2-weighted spin-echo sequence (TE/
TR ¼ 90/3500 ms; echo-train length ¼ 13; flip angle ¼ 90°; sec-
tion thickness¼ 5mm; section gap¼ 0.5); and STIR T2-weighted
spin-echo sequence (TE/TR ¼ 60/4000 ms; echo-train length ¼
11; flip angle ¼ 160°); Avanto, 1.5T T1-weighted spin-echo
sequence (TE/TR ¼ 17/460 ms; echo-train length ¼ 3; flip
angle ¼ 90°; number of averages ¼ 2; section gap ¼ 0.5); T2-
weighted spin-echo sequence (TE/TR ¼ 80/3000 ms; echo-train
length ¼ 13; flip angle ¼ 90°; section gap ¼ 0.5); and STIR T2-
weighted spin-echo sequence (TE/TR ¼ 70/3000 ms; echo-train
length¼ 11; flip angle¼ 160°). Postcontrast T1-weighted sequen-
ces were obtained after a bolus injection of 0.1mmol/kg of gado-
teric acid. SWI and DWI (b-value ¼ 800) with ADC mapping
were available for 4 patients.

The 20 confirmed lesions were assessed for location, size, num-
ber, extension, margins, matrix, septations, and loculations on all
imaging modalities. Additionally, on CT, bony remodeling, tooth
resorption, matrix mineralization, enhancement, and extraosseous
extension were assessed. OnMR imaging, intralesional signal char-
acteristics were assessed on T1WI, T2WI, STIR, SWI, DWI, and
postcontrast sequences. Intracranial extension was also assessed on
both CT and MRI. Lesions with radiologic features, such as tooth
resorption, the presence of extraosseous soft-tissue components,
and loss of plane with surrounding structures were classified as
aggressive. On the other hand, lesions that were confined to the
bone and showed scalloping, rather than erosion of the bone, dis-
placing rather than infiltrating the surrounding structures, were
classified as nonaggressive types.

The imaging findings were reviewed by 2 radiologists (R.C.
and S.S.R.) with 5 and 6 years of experience, respectively.

RESULTS
Patient Demographics
The 20 patients comprised 10 male and 10 female cases. The
mean age of the patients was 28 years (range, 7–65 years); there
were 8 pediatric and 12 adult patients. A sex-based distribution of
the location of GCGs is provided in Table 2.

Table 1: Key histopathologic features of common differentials of GCGs

GCG GCT ABC Brown Tumor
Epithelioid stroma Spindled stroma, oval-to-

elongated nuclei
Plump epithelioid with

oval nuclei
Spindled stroma, oval-to-

elongated nuclei
Spindled stroma, oval-to-

elongated nuclei with
fibrous stroma dividing

it into lobules
Giant cells 12 Nuclei in clusters

around hemorrhagic
foci

.12 Uniformly
distributed nuclei

Smaller giant cells, in
clusters, woven bone

present, less
hemorrhage

Few giant cells

Immunohistochemistry
(p63 positivity)

Yes Yes No No

Gene mutation
H3f3a mutation No Yes No No
USP6 rearrangement No No Yes No
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Clinical Presentation
The most common presenting symptom was painless, progressive
swelling (n ¼ 13). Four patients presented with recurrent episodes of
bleeding (n¼ 2 with oral bleed, n¼ 1 with epistaxis, n¼ 1 ear bleed).

Region-specific symptoms, such as otorrhea, ear pain for tem-
poral lesions, diplopia and visual disturbance in lesions involving
the orbit, nasal obstruction, and discharge in lesions with nasal
extension were also seen. GCG was incidentally identified in 1
patient who underwent a CT of the neck for a soft-tissue lesion in
the right parapharyngeal space. Most patients (n ¼ 16) presented
within 1 year of onset of symptoms. There was no reported history
of malignancy, hyperparathyroidism, radiation therapy, or regional
trauma in any patient. Among the female patients, there was no
reported history of occurrence of a new lesion or change in the size
of an existing lesion during pregnancy.

Histopathology Features
Histopathologic diagnosis of GCG was confirmed by the presence
of an ill-circumscribed cellular lesion, composed of sheets of oval-
to spindle-shaped cells with vesicular nuclei, visible nucleoli, and
moderate amounts of eosinophilic cytoplasm, with adjacent areas of
stromal fibrosis, hemorrhage, and congested blood vessels (Fig 1).
Interspersed with this stroma were many multinucleated giant cells,
the nuclei of which resembled the stromal cells. Mitotic activity was
inconspicuous. Three lesions with multiple fluid-fluid levels on MR
imaging showed features of GCG with secondary ABC on histo-
pathological examination.

Tumor Location and Extension
All 20 lesions in this study were central GCGs, originating in the
craniofacial and/or skull base bones; we did not encounter any soft-

tissue/peripheral GCGs. The epicenter of 8 lesions was in the max-
illa, 5 involved the mandible, 3 were in the temporal bone, another
3 were in the sphenoid sinus with clival involvement, and 1 lesion
was in the orbit (Table 2). The most common location of lesions in
females was in the maxilla (n¼ 5). In males, the highest number of
lesions was in the maxilla and mandible (n ¼ 3 each). Of the 5
mandibular lesions, a multifocal mandibular involvement was seen

in 1 patient, while the remaining 4 were
solitary lesions, 2 of which were in the
midline and 2 were peripherally located.

Nine of the 20 lesions had infiltrated
into the surrounding bone and/or soft tis-
sue. The orbital lesion extended into the
fronto-ethmoid sinuses and into the nasal
cavity. Parotid gland infiltration was pres-
ent in 1 patient with GCG in the temporal
bone. Intracranial extension was seen
with 1 orbital, 2 sphenoidal, and 2 tempo-
ral bone GCGs, with extradural (n ¼ 1),
dural (n ¼ 4), and cavernous sinus (n ¼
2) infiltration; brain parenchymal infiltra-
tion was not observed in any of these.

Imaging Features
Plain Radiography. Among the 9
patients who had plain radiographs

obtained, the lesions were expansile, lytic, and well-circumscribed.
There was no matrix mineralization in 8 of these 9 lesions; 1
patient had a sclerotic lesion with a ground-glass matrix.

CT Features of GCGs. On CT, 6 lesions had predominantly soft-
tissue attenuation, 8 had fluid attenuation, 5 had mixed solid-
cystic components, and 1 was sclerotic. Expansion and bony
remodeling of the involved bone was observed in 15 lesions.
Multiple loculations with thin septa were present in 10 lesions.
Septal thickening with calcification was seen in 3 lesions. Tooth
resorption was seen in 6 lesions involving the maxilla/mandible.
There was heterogeneous enhancement of the soft-tissue compo-
nent. None of the lesions had discrete foci of calcification. There
was no encasement or hypertrophy of the adjacent blood vessels.

MR Imaging Features of GCGs. OnMR imaging, the solid compo-
nent was of intermediate-to-low signal intensity on T1WI and pre-
dominantly hypointense on T2WI, with interspersed heterogeneous
areas of intermediate-to-high signal intensity. There was heterogene-
ous postcontrast enhancement of the solid areas. On visual assess-
ment, there was an absence of diffusion restriction in the T2-
hypointense areas. The ADC values in the areas of iso- to high signal
intensity on the T2WI ranged between 8.45 and 1.06� 10�3 mm2/s.
The fluid component in the GCGs was hypointense on T1WI and
hyperintense on T2W1. Multiple fluid-fluid levels of differential sig-
nal intensity on T1WI and T2WI were present in 3 cases, indicative
of hemorrhage.

Management and Follow-up
Preoperative embolization was performed in 1 patient. Six patients
underwent complete surgical resection, and another 6 patients
underwent partial or subtotal resection. Two patients underwent

FIG 1. A, H&E, original magnification �200. Cellular lesion composed of sheets of oval- to spin-
dle-shaped cells admixed with many multinucleated giant cells (short arrow), the nuclei of which
resemble stromal cells (long arrow). Mitotic activity is inconspicuous. B, H&E original magnifica-
tion �100. Hemorrhagic foci (curved arrow) and mild lymphocytic infiltrates in the surrounding
stroma.

Table 2: Sex-wise distribution of craniofacial GCGs

Male Female Total
Orbit 1 0 1
Mandible 3 2 5
Maxilla 3 5 8
Temporal 1 2 3
Sphenoid/clivus 2 1 3

1192 Chanda Aug 2022 www.ajnr.org



postoperative radiation therapy. Postoperative follow-up imaging
was available in 9 patients, with the follow-up period ranging from
4months to 5 years. No intervention was performed in 7 patients
who were lost to follow-up after diagnosis.

Of the 6 patients who underwent complete surgical resection
of the lesions, postoperative follow-up imaging, which was avail-
able in 3 maxillary GCGs, showed disease recurrence in all 3 at an
average interval of 39months postsurgery. Clinicoradiologic pro-
gression occurred in 3 of the 5 patients who underwent subtotal
or near-complete resection.

No features of malignant transformation were found in any of
the lesions, either at primary imaging or in any of the follow-up
imaging.

DISCUSSION
GCGs are rare tumors of the head and neck, with a high propen-
sity for recurrence. The rarity of the lesions, along with overlap-
ping imaging features with certain benign as well as malignant
lesions, make the preoperative diagnosis of GCGs challenging.

This study presents the observations of craniofacial GCGs in
the single largest case series of imaging findings reported in the lit-
erature thus far. No age- or sex-specific predilection was observed
in any site of involvement. We did not find any association of the
lesions with trauma, pregnancy, or a previous malignancy.

On imaging, craniofacial GCGs have a variable appearance.
On radiographs, the lesions are commonly solitary, expansile,
and lytic (Fig 2). On CT, the lesions are commonly heterogene-
ous and multiloculated, with remodeling of the involved bone.
Interrupted segments of focal cortical breach occur frequently,
and this is a reliable indicator of these lesions being locally
aggressive (Fig 3B). A soft-tissue component, when present,
shows heterogeneous postcontrast enhancement (Fig 3A). Tooth
resorption is a notable feature in GCGs of the mandible.

In the study by Nackos et al5 in 7 patients, matrix mineralization
was reported in all except 1 case, whereas this was an uncommon
feature in our study.

OnMR imaging in our study, the intralesional soft-tissue com-
ponent was iso- to hypointense on T1WI sequences (Fig 4A). The
lesions were heterogeneous on T2WI, with hypointense signal
being the predominant finding (Fig 4B). This feature of hypoin-
tensity on T2WI is in keeping with the limited existing literature
available on MR imaging features of GCGs and can be attributed
to the presence of fibrous tissue and repetitive hemorrhage seen
on histopathology.5,14,15 Hemorrhage within the lesions appears
as multiple fluid-fluid levels of differential signal intensity on
T1WI and T2WI sequences (Fig 5). Layered SWI hypointensity
can also be observed in multiloculated GCGs, indicating the hem-
orrhagic nature of the content (Fig 6). Three lesions with multiple
fluid-fluid levels on MR imaging (1 in the orbit and 2 in the tem-
poral bone) were reported as GCGs with secondary ABC changes
on HPE.

The solid component of GCGs shows heterogeneous enhance-
ment postcontrast (Fig 7A). Enhancement of the walls of the
locules and septa is also a common feature (Fig 7B).

FIG 2. GCG of the mandible. Orthopantomogram shows an expan-
sile, lytic central mandibular lesion with lobulated margins (asterisk).
Note the resorption of the roots of the central incisors (arrow).

FIG 3. GCG of the sphenoid bone. A, Contrast-enhanced CT of the
skull base shows a lobulated, enhancing mass in the sphenoid sinus
(short arrow). B, On the bone window, the mass expands the sphe-
noid bone and there are multiple foci of a cortical breach (long
arrow) Note the absence of matrix mineralization in the lesion.

FIG 4. MR imaging features of GCG. A, Heterogeneous intermediate-
to-high signal intensity (short arrow) on the T1-weighted sagittal
image. B, Mixed intermediate-to-hyperintense (white asterisk) and
hypointense (long arrow) solid components on T2-weighted axial
image in the sphenoid bone and clival GCG.

FIG 5. GCG of the orbit with secondary ABC changes appearing as a
multiloculated lesion with multiple fluid-fluid levels (arrow) of differen-
tial signal intensity on T1-weighted (A) and T2-weighted (B) axial images.
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Features of GCG on DWI and ADC maps and on SWI have
not been described in literature so far. Rao et al16 found that an
ADC value of 1.3 had the highest sensitivity and specificity in dif-
ferentiating benign (high ADC) from malignant (low ADC) bone
tumors. In the study by Nouh et al,17 the mean ADC value of
#1.1 � 10�3 mm2/s had a sensitivity of 86.1% for malignant

bone lesions. DWI and ADC sequences available for 4 patients in
our study did not show any diffusion restriction in the T2WI
hypointense solid areas. Furthermore, the ADC values in the inter-
mediate-to-high signal intensity areas were .1.0 � 10�3 mm2/s
(Fig 8). However, Ashikyan et al18 found that GCTs also have a
mean ADC of 1.1� 10�3 mm2.. A larger sample size is required to
arrive at a reliable conclusion on the ADC values of GCGs.

In our study, we observed that 12 patients had a combination
of .1 aggressive feature. Additionally, 4 lesions demonstrated
focal loss of a fat plane as a solitary aggressive feature. Thus, 80%
(n¼ 16/20) were locally aggressive.

Recurrence or progression of residual tumor or both were
observed in 6 of the 8 patients in whom postoperative follow-up
imaging was available. Although the data available are scant, they
imply that these lesions are locally aggressive and have an
extremely high rate of recurrence, irrespective of the type of opera-
tion performed (total-versus-partial excision).

Differential Diagnosis of Craniofacial GCGs
Differentials for lytic, expansile lesions in the craniofacial and
skull base bones include aneurysmal bone cyst, brown tumor of
hyperparathyroidism, fibrous dysplasia, giant-cell tumors, giant-
cell granulomas, and the whole gamut of odontogenic and nono-
dontogenic jaw lesions.5,14,19-21

ABCs are expansile, lytic lesions that are uncommon in the
craniofacial bones. They are multiloculated with multiple fluid-
fluid levels. Primary ABCs do not have a soft-tissue component.
Secondary ABCs can occur with GCGs.15 Failure to obtain
adequate representative biopsy samples from different areas in a
GCG can lead to sampling error and under-reporting of second-
ary ABC changes within the lesions.

A ground-glass matrix and bony remodeling are classic fea-
tures of fibrous dysplasias; however, a hypointense soft-tissue
component on T2WI is not.

Unilocular, cystic central GCGs
could be indistinguishable from other
cystic jaw and maxillary lesions on imag-
ing, such as dentigerous cysts, odonto-
genic keratocysts, radicular cysts, and so
forth. Cortical breach, however, is not
seen in these lesions and they can also be
readily differentiated from GCGs on
histopathology.

Brown tumors of hyperparathyroid-
ism and GCGs have a similar imaging
and pathologic appearance.3-5,14 While
we conducted the present study, 1
patient with a lytic mandibular lesion on
imaging and histopathologic features
showing osteoclastic granulomas was
found to have an elevated serum para-

thyroid hormone and a functioning parathyroid adenoma. This
case was diagnosed as a brown tumor and excluded from the study.

The soft-tissue component in ameloblastoma is usually hyper-
intense on T2WI. Also in maxillary and mandibular carcinomas,
the soft tissue is T2 hyperintense, along with extensive bony
destruction and peritumoral fat stranding.

FIG 6. Multiloculated GCG of the left temporal bone with fluid-fluid
levels (short arrow, A) on axial T2-weighted and layers of hypointense
signal (long arrow, B) on a susceptibility-weighted imaging.

FIG 7. Patterns of enhancement in GCG (on postgadolinium T1WI). A,
Solid, sphenoidal GCG shows heterogeneous enhancement (short
arrow). B, Multiloculated right-orbital GCG with enhancing walls (long
arrow).

FIG 8. GCG of the right petrous bone. The lesion (arrow) is heterogeneous with peripheral, inter-
mediate-signal-intensity soft tissue and central cystic area on (A) T2-weighted. DWI (B) and ADC
map (C) of the lesion.
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The soft-tissue component in both GCGs and GCTs is of in-
termediate-to-low signal intensity on T2WI. However, GCTs in
the head and neck are extremely uncommon.5,15,22 GCTs also
have a potential to metastasize to other organs such as the lungs, a
finding we did not observe with GCGs in our study. Given the
considerable overlap in the imaging findings of GCGs and GCTs,
it is imperative for the radiologist to be aware of these 2 entities
and include both in the differential diagnosis of craniofacial
lesions with a hypointense solid component on T2WI.

Limitations
Due to the rarity of craniofacial GCGs, only a limited sample size
could be obtained for analysis. Because our study was retrospec-
tive in nature, imaging modalities, protocols, and MR imaging
sequences were not uniform across all patients.

CONCLUSIONS
GCGs are rare, slow-growing, often painless tumor mimics of osse-
ous lesions of the head and neck. As opposed to findings in the
existing literature, no sex predilection or any association with
trauma or pregnancy was noted in our study. Key imaging features
of GCGs include solitary, expansile, lytic lesions with focal areas of
cortical breach, and associated bony remodeling, often with mixed
cystic and solid components. The solid component, when present,
is hypointense on T2WI and enhances on postcontrast imaging
but does not show diffusion restriction. Multiple fluid-fluid levels,
when present, are indicative of secondary ABC changes within
GCGs. Owing to a high rate of postoperative recurrence, it is im-
perative to assess, on imaging, all GCGs for aggressive features like
tooth resorption, the presence of an extraosseous soft-tissue com-
ponent, and the loss of plane with the surrounding structures.
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