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Case Report

Introduction

Central giant cell granuloma (CGCG) is a rare disease char-
acterized by sporadic, non-neoplastic intraosseous lesions of 
unknown etiology. Histologically, lesions present with pro-
liferation of granulation tissue containing multinucleated 
giant cells embedded in a fibrous stroma.1,2 The CGCG 
accounts for approximately 10% of all benign tumors of the 
jaws affecting the mandible and maxilla in patients aged 10 
to 25 years.3,4 The CGCG has a heterogeneous presentation 
ranging from asymptomatic, slow-growing lesions to more 
aggressive, rapidly growing lesions with cortical expansion, 
thinning, and perforations requiring medical and surgical 
treatment depending on the lesion variation.5

The CGCG lesions radiographically and histologically 
are similar to brown tumors of primary hyperparathyroid-
ism, aneurysmal bone cysts, and cherubism, thereby occa-
sionally presenting a diagnostic challenge. The pathogenesis 
of CGCG remains unknown, though it has been proposed to 
occasionally be due to a reactive process occurring second-
ary to trauma, resulting in intraosseous hemorrhage and 
giant cells.6 Recent evidence has suggested that CGCGs are 
derived from osteoclastic origin, and the spindle-like stro-
mal cells recruit monocytes promoting their fusion into 
giant cells.7,8

In addition, CGCGs have been shown to be associated 
with several genetic syndromes. Noonan syndrome involv-
ing multiple genes such as PTPN11 and SOS1 that regulate 
the Ras/mitogen-activated protein kinase (RAS/MAPK) 
pathway,9-12 neurofibromatosis 1 caused by pathogenic vari-
ants in NF1, and cherubism due to variants in SH3BP2 have 
been described to present with CGCG,13-16 implying a poten-
tial genetic etiology.

Chromosome 16p13.11 microdeletion syndrome is a rare 
copy number variation syndrome with a wide spectrum of 

1123146 HICXXX10.1177/23247096221123146Journal of Investigative Medicine High Impact Case ReportsShum et al
case-report20222022

1Center for Endocrinology, Diabetes, and Metabolism, Children’s Hospital 
Los Angeles, CA, USA
2The Saban Research Institute at Children’s Hospital Los Angeles, CA, USA
3University of Southern California, Los Angeles, USA
4Division of Plastic and Maxillofacial Surgery, Children’s Hospital Los 
Angeles, CA, USA
5Department of Medical Genetics, Children’s Hospital Los Angeles, CA, 
USA

Received May 26, 2022. Revised August 1, 2022. Accepted August 6, 2022.

Corresponding Author:
Anna Ryabets-Lienhard, DO, Center for Endocrinology, Diabetes and 
Metabolism, Children’s Hospital Los Angeles, 4650 Sunset Boulevard #61, 
Los Angeles, CA 90027, USA. 
Email: aryabets@chla.usc.edu

A Unique Case of Aggressive Central 
Giant Cell Granuloma in a 10-Year-
Old Boy With 16p13.11 Microdeletion 
Syndrome

Betty J. Shum, MD1, Mimi S. Kim, MD, MSc1,2,3 ,  
Katelyn Kondra, MD4, Jeffrey A. Hammoudeh, MD, DDS, FACS4, 
Charles Strom, MD5, and Anna Ryabets-Lienhard, DO1,2,3

Abstract
Central giant cell granuloma (CGCG) is a rare disease characterized by sporadic, benign, intraosseous mandibular lesions 
of unknown etiology. Histologically, these lesions are indistinguishable from brown tumors of hyperparathyroidism and 
cherubism, and occasionally have been associated with different syndromes raising a question for genetic etiology. The 
CGCG has varied presentation ranging from nonaggressive and indolent to aggressive, destructive, and recurrent, often 
posing diagnostic and therapeutic challenges. Herein, we present the first case of a 10-year-old boy with CGCG and 16p13.11 
microdeletion syndrome, highlight the diagnostic challenges inherent to this heterogeneous disorder, and discuss the genetics 
and treatment approaches of these complex lesions.
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presentations. It has predominantly been associated with 
neurocognitive disorders, epilepsy, autism, schizophrenia, 
and behavioral abnormalities.17,18 To our knowledge, bone 
lesions have not been previously described with the syn-
drome. Herein, we present the first case of a pediatric patient 
with 16p13.11 microdeletion syndrome and bilateral aggres-
sive CGCG lesions of the mandible and discuss the treatment 
and surgical approach to these lesions.

Case Presentation

A 10-year-old boy with a history of autism, pulmonary stenosis, 
and dental caries was admitted to the hospital for biopsy of lytic 
lesions of the jaw with a history of progressive painless facial 
swelling more than 10 months. As part of routine evaluation, he 
was found to have an elevated parathyroid hormone level 
(iPTH); endocrinology was consulted for concerns for brown 
tumor of hyperparathyroidism. On examination, he had facial 
dysmorphism with microcephaly, hypertelorism, down-slanting 
palpebral fissures, and low-set protuberant ears. He had poor 
dentition with bilateral swelling of mandibular regions without 
any rashes, thyromegaly, or palpable thyroid nodules. Family 
history was negative for thyroid or parathyroid diseases.

Computed tomographic (CT) imaging of the head revealed 
large lesions in the right ramus body, and multiple radiolu-
cencies and cystic-like lesions in the left ramus (Figure 1). 
Initial biochemical testing showed elevated iPTH of 113 pg/
mL reference range (7.5-53.5), normal total calcium level 9.4 
mg/dL (8.8-10.8), and slightly low phosphorus 4 mg/dL (4.5-
5.5), normal albumin 5.2 g/dL (3.8-5.4), vitamin 25-OH 
level 30 ng/mL (30-100), vitamin 1,25-OH level 44 pg/mL 
(30-83), and alkaline phosphatase 280 U/L (184-415).

He underwent an enucleation with peripheral ostectomy of 
the right mandibular intrabony tumor (6.5 cm × 4.3 cm × 1.7 
cm) with inferior alveolar nerve decompression, cryoprecipi-
tate application on the resection bed, and right buccal fat flap 
by craniofacial surgeons. An impending subcondylar patho-
logic fracture was identified intra-operatively; thus, the deci-
sion was made to address the contralateral side at a later date 
to avoid further weakening the mandible while awaiting final 
diagnosis. Histopathology revealed benign spindle cells and 
giant cell proliferation of the bone consistent with brown 
tumor of hyperparathyroidism, CGCG, or cherubism (Figure 
2). A skeletal survey was performed to evaluate for 

Figure 1.  Initial computed tomographic (CT) imaging of the head in a 10-year-old boy. Multiple cystic lytic lesions were noted in the 
right and left ramus (yellow arrows).

Figure 2.  Histological pathology of the resected lesions 
in a 10-year-old boy. Histopathology of tissue from surgical 
enucleation shows several multinucleated giant cells with 
proliferation of benign spindle cells (black arrows).
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other possible lesions revealing only an expansile lucent 
appearance of the mandible, and no other lesions. Repeat 
laboratory testing showed normalized iPTH of 20 pg/mL and 
normal total calcium 10.5 mg/dL and phosphorus 4.6 mg/dL, 
ruling out hyperparathyroidism. Four months later, the patient 
underwent enucleation with peripheral ostectomy of the left 
mandibular intraosseous tumors (4.5 cm × 4.1 cm × 1.0 cm 
and 3.6 cm × 2.8 cm × 0.9 cm, fresh and frozen segments, 
based on pathology) with inferior alveolar nerve decompres-
sion, 3 branch decompression of the left mental nerve, cryo-
precipitate application, and left buccal fat flap. Similarly, a 
left-sided impending subcondylar pathologic fracture was 
identified intra-operatively, extending from the sigmoid notch 
to the mental nerve branches. Given concern for mandibular 
integrity in the setting of a large defect, closed reduction of 
the mandible with intermaxillary fixation wiring was per-
formed. The patient tolerated the procedure well, and deep 
hardware removal of the maxilla and mandible was performed 
on postoperative day 17. Histopathology again revealed 
benign spindle cells and giant cell proliferation of the bone, 
and with hyperparathyroidism ruled out, these lesions were 
consistent with CGCGs.

Tissue molecular testing of the lesions was negative for 
clinically established somatic mutations in oncogenes. 
However, genetic testing of the blood with single-nucleotide 
polymorphism microarray revealed a pathogenic 1.5 Mb 
heterozygous deletion in 16p13.11, as well as a duplication 
of Xq21.1, a variant of unknown significance. Deletions in 
the region of chromosome 16p13.11 have been associated 
with autism, epilepsy, developmental delay, microcephaly, 
facial dysmorphism, behavioral problems, and cleft lip and 
have been termed 16p13.11 microdeletion syndrome.17,19 
There are 11 genes in the deleted region of 16p13.11 in our 
patient (NOMO1, NPIPA1, PDXDC1, NTAN1, RRN3, 
KIAA0430, NDE1, ABCC1, ABCC6, MYH1, and MARF1), 
none of which have yet to be implicated in CGCG. NDE1 
and NTAN1 have been proposed as candidate genes related 
to the syndrome’s neurological and behavioral features.19,20

Repeat CT imaging of the head 2 months postoperatively 
revealed postresection changes with expansile multifocal 
lytic lesions within the bilateral mandible and maxilla. The 
patient was referred to oncology for consideration of deno-
sumab treatment of the remaining CGCG lesions that were 
unresectable by surgery. However, his parents opted for 
monitoring at that time. Repeat CT scan 5 months postopera-
tively showed stable, expansile multifocal lytic lesions, at 
which time the patient had remained asymptomatic.

Discussion

The CGCG lesions were first described in 1953 by Jaffe6 as 
giant cell reparative granuloma, and later defined by the 
World Health Organization as an intraosseous lesion consist-
ing of fibrous tissue with hemorrhage and osteoclastic-like 
giant cells and reactive bone formation.21 Its clinical 

presentation can occasionally be a diagnostic conundrum as 
CGCG is histopathologically indistinguishable from brown 
tumor of hyperparathyroidism and cherubism. However, lab-
oratory findings of hyperparathyroidism and location of 
osteolytic lesions can help to differentiate between brown 
tumors and CGCG. Significant elevations in PTH level (200-
3000 pg/mL) have been reported in patients with hyperpara-
thyroidism presenting with brown tumors, with 
high-circulating PTH leading to increased osteoclastic bone 
resorption and the development of osteopenia and multiple 
circumscribed lytic lesions.22 Osteolytic lesions of hyperpara-
thyroidism are usually found in the clavicle, ribs, pelvis and 
facial bones.23 This is in contrast to CGCG lesions which are 
found in the mandible and maxilla, with normal PTH levels. 
Our patient had a mild transient elevation in PTH to 113 pg/
mL, and a normal Ca level, possibly secondary to intra-oper-
ative stress with catecholamine surge leading to a transiently 
elevated iPTH.24

The CGCG lesions have been described in patients with 
various syndromes including Noonan, cardio-facio-cutaneous 
(CFCS), LEOPARD, neurofibromatosis type 1, and cherub
ism.9-11,13-16 Noonan and CFCS syndromes are genetically het-
erogeneous disorders involving PTPN11, SOS1, RAF1, KRAS 
and BRAF, MEK1, MEK2, KRAS genes, respectively.11 
Neurofibromatosis type 1 is caused by pathogenic variants in 
NF1, which encodes for neurofibromin, a tumor suppressor 
protein.11,25,26 These genes are involved in the RAS/MAPK 
pathway.9-12 Dysregulation and activation of RAS/MAPK 
pathway have been postulated to be a common mechanism 
contributing to the development of CGCG in these syn-
dromes.11 It has also been proposed that pathogenic variants in 
NF1 may cause a decrease in type 1 collagen expression, 
which alters bone formation leading to intraosseous defects.26,27 
Cherubism is caused by pathogenic variants of SH3BP2 gene 
on chromosome 4p16.3, which, along with the activation of 
the receptor activator of nuclear factor kappa B (RANK), has 
been shown to contribute to increased osteoclastogenesis 
potentially leading to the development of CGCG.16,28

The CGCGs have not been previously described in associa-
tion with 16p13.11 microdeletion syndrome. There are at least 
11 genes within the deleted region, of which 6 (NDE1, MARF1, 
ABCC1, ABCC6, MYH11, NTAN1) have known function, and 
some have been associated with neurological findings includ-
ing epilepsy and intellectual disability.20,29 16p13.11 microde-
letion syndrome presents with a significant phenotypic 
variability and incomplete penetrance,19,20 thus, it is plausible 
that some unidentified genes within the region may play a role 
in the pathogenesis of giant cell granulomas. The RAS/MAPK 
signaling pathway has been identified as an important under-
lying mechanism in the development of CGCG; as such, it is 
attractive to speculate of a potential gene in the microdeletion 
region involved in the pathway and pathogenesis of CGCG. 
Further genetic studies are necessary to determine whether the 
genes in 16p13.11 microdeletion syndrome may interact with 
this pathway or potentially express yet unidentified tumor 
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suppressor genes allowing for the development of CGCG. It is 
important to expand our genetic understanding to further elu-
cidate the pathogenesis of syndromic and sporadic CGCG.

The CGCG lesions regardless of the cause are often subcat-
egorized into brown tumors, nonaggressive giant cell lesions, 
and aggressive giant cell lesions to reflect graded treatment 
approaches and recurrence rates. Aggressive lesions may be 
characterized by (1) rapid growth, (2) size greater than 5 cm, 
(3) tooth displacement or loosening, (4) radiographic evidence 
of tooth displacement or root resorption, (5) radiographic evi-
dence of cortical bone perforation or thinning, and (6) recur-
rence. The CGCG lesion is considered aggressive if it has 3 of 
the 6 aforementioned findings, is greater than 5 cm, or is recur-
rent.30 Brown tumors of hyperparathyroidism tend to regress 
upon treatment of the endocrine derangement. Nonaggressive 
lesions are treated with enucleation or curettage given low 
recurrence rate.30,31 Aggressive lesions carry a high recurrence 
rate, reported in 15% to 49% of cases, and thus, typically 
require a complex, multistep approach involving en bloc 
resection with 1-cm margins followed by adjunct cryotherapy, 
peripheral ostectomy, use of Carnoy’s solution, intralesional 
steroid injections, calcitonin, or embolization, and are often 
supplemented with adjuvant denosumab or bisphosphonate 
treatments postoperatively.30,32-34 Denosumab has recently 
emerged as a potential adjuvant therapy to treat CGCG through 
inhibiting the activation of osteoclasts.29,35 RANK is expressed 
in the giant cells of CGCG and mononuclear stromal cells 
express RANK ligand which leads to osteoclast activation.36 
Denosumab is a monoclonal antibody against RANKL which 
acts to block osteolytic activation. One longitudinal study of 5 
patients with large giant cell tumor of the jaw, treated with 
denosumab for 25 to 49 months, showed curative treatment 
response.27 A second case series of 4 pediatric patients also 
showed improvement both clinically and radiographically 
with denosumab treatment.36 However, close monitoring is 
needed for hypocalcemia during treatment and rebound hyper-
calcemia post discontinuation.36

Our patient underwent staged bilateral enucleations with 
peripheral osteotomy to mitigate impending subcondylar 
pathologic fractures, deter nerve damage, and provide a histo-
pathologic diagnosis. Enucleation, rather than en bloc resec-
tion, was performed to avoid the morbidity of a large resection 
requiring complex reconstruction; preserve critical structures, 
such as the inferior alveolar nerve, teeth, and inferior border of 
the mandible; allow time for final diagnosis before more 
aggressive intervention; and allow for initiation of adjuvant 
therapy with denosumab or bisphosphonate. Six-week postop-
erative head CT revealed remaining expansile lytic lesions, 
reinforcing the role for adjuvant medical therapy. The family 
has chosen to monitor and deferred initiation of denosumab or 
bisphosphonate therapy. The patient remained asymptomatic 
with stable lesions on recent imaging.

The diagnosis and management of CGCG requires an inter-
disciplinary team including genetics, oral surgery, endocrinol-
ogy, and oncology. Early recognition is important to prevent 

complications of aggressive lesions including disfigurement, 
perforations, nerve impingement, teeth displacement, and root 
resorption. Genetic testing can help distinguish between dif-
ferent causes of CGCG including potential syndromic cases. 
Surgical resection has been the mainstay of therapy, with a 
high recurrence rate, which further highlights the need for 
necessity to investigate pathogenesis of these lesions, and the 
safety and efficacy of nonsurgical therapies.

Conclusions

To our knowledge, this is the first pediatric case of 16p13.11 
microdeletion syndrome presenting with CGCG lesions. Our 
case highlights the diagnostic and surgical challenges inherent 
in this heterogeneous disorder, potentially adding to the phe-
notypic variability of the syndrome, and raises the questions of 
the potential mechanistic role of the affected genes. The main-
stay treatment of CGCG is surgical intervention, although 
emerging medical therapy is a consideration in cases where 
lesions are aggressive, recurrent, or inoperable. Treatment of 
CGCG requires an interdisciplinary team and early recogni-
tion helps prevent complications from aggressive lesions.

Acknowledgments

We would like to thank our patient and family for providing an 
opportunity to share their case presentation and also acknowledge 
Dr Bruce Pawell from Clinical Pathology at CHLA for histopatho-
logical imaging studies.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

Ethics Approval

Our institution does not require ethical approval for reporting indi-
vidual cases or case series.

Informed Consent

Verbal informed consent was obtained from a legally authorized 
representative(s) for anonymized patient information to be pub-
lished in this article.

ORCID iD

Mimi S. Kim  https://orcid.org/0000-0002-6266-3569

References

	 1.	 de Lange J, van den Akker HP, van den Berg H. Central giant cell 
granuloma of the jaw: a review of the literature with emphasis on 
therapy options. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod. 2007;104(5):603-615.

https://orcid.org/0000-0002-6266-3569


Shum et al	 5

	 2.	 Melo-Muniz VRV, Nunes FD, Cangussu MCT, et al. Central giant 
cell granuloma: a clinicopathological and immunohistochemistry 
study of macrophages, blood vessels, lymphatic vessels, and regu-
latory proteins. Ann Diagn Pathol. 2020;46:151526.

	 3.	 Hosur MB, Puranik RS, Vanaki SS, Puranik SR, Ingaleshwar 
PS. Clinicopathological profile of central giant cell granulomas: 
an institutional experience and study of immunohistochem-
istry expression of p63 in central giant cell granuloma. J Oral 
Maxillofac Pathol. 2018;22(2):173-179.

	 4.	 Wang Y, Le A, El Demellawy D, et al. An aggressive cen-
tral giant cell granuloma in a pediatric patient: case report 
and review of literature. J Otolaryngol Head Neck Surg. 
2019;48:32.

	 5.	 Jeyaraj P. Management of central giant cell granulomas of the 
jaws: an unusual case report with critical appraisal of existing 
literature. Ann Maxillofac Surg. 2019;9(1):37-47.

	 6.	 Jaffe HL. Giant-cell reparative granuloma, traumatic bone cyst, 
and fibrous (fibro-oseous) dysplasia of the jawbones. Oral 
Surg Oral Med Oral Pathol. 1953;6(1):159-175.

	 7.	 Cowan RW, Singh G. Giant cell tumor of bone: a basic science 
perspective. Bone. 2013;52(1):238-246.

	 8.	 Miyamoto N, Higuchi Y, Tajima M, et al. Spindle-shaped cells 
derived from giant-cell tumor of bone support differentiation 
of blood monocytes to osteoclast-like cells. J Orthop Res. 
2000;18(4):647-654.

	 9.	 Lee JS, Tartaglia M, Gelb BD, et al. Phenotypic and genotypic 
characterization of Noonan-like/multiple giant cell lesion syn-
drome. J Med Genet. 2005;42(2):e11.

	10.	 Bufalino A, Carrera M, Carlos R, et  al. Giant cell lesions in 
Noonan syndrome: case report and review of the literature. 
Head Neck Pathol. 2010;4(2):174-177.

	11.	 Neumann TE, Allanson J, Kavamura I, et al. Multiple giant cell 
lesions in patients with Noonan syndrome and cardio-facio-
cutaneous syndrome. Eur J Hum Genet. 2009;17(4):420-425.

	12.	 Jorge AA, Malaquias AC, Arnhold IJ, Mendonca BB. Noonan 
syndrome and related disorders: a review of clinical features 
and mutations in genes of the RAS/MAPK pathway. Horm 
Res. 2009;71(4):185-193.

	13.	 Opitz H, Petersen D, Heiss E, Duffner F, Meyermann R. Giant 
cell tumor of the occipital bone in a case of von Recklinghausen 
neurofibromatosis. Clin Neuropathol. 1996;15(4):226-230.

	14.	 Ruggieri M, Pavone V, Polizzi A, et al. Unusual form of recur-
rent giant cell granuloma of the mandible and lower extremities 
in a patient with neurofibromatosis type 1. Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod. 1999;87(1):67-72.

	15.	 Chrcanovic BR, Gomez RS, Freire-Maia B. Neurofibromatosis 
type 1 associated with bilateral central giant cell granuloma of 
the mandible. J Craniomaxillofac Surg. 2011;39(7):538-543.

	16.	 Reichenberger EJ, Levine MA, Olsen BR, et  al. The role of 
SH3BP2 in the pathophysiology of cherubism. Orphanet J 
Rare Dis. 2012;7(suppl 1):S5.

	17.	 Heinzen EL, Radtke RA, Urban TJ, et  al. Rare deletions at 
16p13.11 predispose to a diverse spectrum of sporadic epilepsy 
syndrome. Am J Hum Genet. 2010;86(5):707-718.

	18.	 Paciorkowski AR, Keppler-Noreuil K, Robinson L, et  al. 
Deletion 16p13.11 uncovers NDE1 mutations on the non-
deleted homolog and extends the spectrum of severe microen-
cephaly to include fetal brain disruption. Am J Med Genet A. 
2013;161A(7):1523-1530.

	19.	 Nagamani SC, Erez A, Bader P, et al. Phenotypic manifesta-
tions of copy number variation in chromosome 16p13.11. Eur 
J Hum Genet. 2011;19(3):280-286.

	20.	 Tropeano M, Ahn JW, Dobson RJ, et al. Male-biased autoso-
mal effect of 16p13.11 copy number variation in neurodevel-
opmental disorders. PLoS One. 2013;8(4):e61365.

	21.	 Barnes L, Eveson JW, Reichart P, Sidransky D. Pathology and 
genetics of head and neck tumours. In: Kleihues P, Sobin LH, 
eds. World Health Organization Classification of Tumours. 
Lyon, France: IARC Press; 2005.

	22.	 Can O, Boynuegri B, Gokce AM, et al. Brown tumors: a case 
report and review of the literature. Case Rep Nephrol Dial. 
2016;6(1):46-52.

	23.	 Shetty AD, Namitha J, James L. Brown tumor of mandible in 
association with primary hyperparathyroidism: a case report. J 
Int Oral Health. 2015;7(2):50-52.

	24.	 Mayer GP, Hurst JG, Barto JA, Keaton JA, Moore MP. Effect 
of epinephrine on parathyroid hormone secretion in calves. 
Endocrinology. 1979;104(4):1181-1187.

	25.	 Yu X, Chen S, Potter OL, et al. Neurofibromin and its inactiva-
tion of Ras are prerequisites for osteoblast functioning. Bone. 
2005;36(5):793-802.

	26.	 Edwards PC, Fantasia JE, Saini T, Rosenberg TJ, Sachs SA, 
Ruggiero S. Clinically aggressive central giant cell granulomas 
in two patients with neurofibromatosis 1. Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod. 2006;102(6):765-772.

	27.	 Slack JL, Parker MI, Robinson VR, et al. Regulation of collagen 
I gene expression by ras. Mol Cell Biol. 1992;12(10):4714-4723.

	28.	 Valentine JC, Nelson BL. Central giant cell lesion. Head Neck 
Pathol. 2011;5(4):385-388.

	29.	 Heinzen EL, Radtke RA, Urban TJ, et  al. Rare deletions at 
1613.11 predispose to a diverse spectrum of sporadic epilepsy 
syndromes. Am J Hum Genet. 2010;86(5):707-718.

	30.	 Kaban LB, Troulis MJ. Chapter 15: jaw tumors in children. In: 
Troulis MJ, Williams WB, Kaban LB, eds. Pediatric Oral and 
Maxillofacial Surgery. Philadelphia, PA: Elsevier Saunders; 
2004:212-246.

	31.	 Tosco P, Tanteri G, Iaquinta C, et al. Surgical treatment and recon-
struction for central giant cell granuloma of the jaws: a review of 
18 cases. J Craniomaxillofac Surg. 2009;37(7):380-387.

	32.	 De Lange J, van den Akker HP, Klip H. Incidence and disease-
free survival after surgical therpay of central giant cell granu-
lomas of the jaw in The Netherlands: 1990-1995. Head Neck. 
2004;26(9):792-795.

	33.	 Chrcanovic BR, Gomes CC, Gomez RS. Central giant cell 
lesion of the jaws: an updated analysis of 2270 cases reported 
in the literature. J Oral Pathol Med. 2018;47(8):731-739.

	34.	 De Lange J, Van den Akker HP. Clinical and radiological 
features of central giant-cell lesions of the jaw. Oral Surg 
Oral Med Oral Pathol Oral Radiol Endod. 2005;99(4):464-
470.

	35.	 Bredell M, Rordorf T, Kroiss S, Rücker M, Zweifel DF, 
Rostetter C. Denosumab as a treatment alternative for central 
giant cell granuloma: a long-term retrospective cohort study. J 
Oral Maxillofac Surg. 2018;76(4):775-784.

	36.	 Ferriero K, Shah B, Yan Y, et al. Case report: safety and effi-
cacy of denosumab in four children with Noonan syndrome 
with multiple giant cell lesions of the jaw. Front Pediatr. 
2020;8:515.


