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Abstract

Objectives To compare long-term results of different treatment modalities in central giant cell granuloma of the maxillofacial-
skeleton. Primary resection may result in major defects. Alternative treatments include pharmacological agents. As yet there
has been no consensus on the use of the variety of treatment options, and few studies have reported clarifying long-term
results.

Materials and methods This retrospective study on 22 patients with 25 lesions evaluated clinical, radiological and histo-
logical features, treatment preformed and lesion recurrence. Success was defined as regression/calcification and failure as
recurrence, progression or un-responsiveness.

Results Of the presenting patients, 77% were under age 40. Lesion prevalence was higher in the anterior mandible and left
posterior maxilla. Most cases exhibited pain, tooth-mobility or mucosal-expansion. The appearance was predominantly
unilocular in the maxilla and multilocular in the mandible, which also exhibited higher prevalence of cortical perforation.
Up to 80% of lesions were classified as aggressive.

Intralesional steroids/calcitonin were used in 7 cases. Mean follow-up was 39.8 months. Two cases showed recurrence. In
71% of the cases treated pharmacologically, calcification/regression were observed.

Conclusions Our analysis indicates better outcomes using a combined approach, including both pharmacological and sur-
gical treatments in large aggressive lesions. Pharmacological treatment resulted in decreased size or well-defined lesions,
thus reducing the need for extensive bone resection. Dual treatment with corticosteroids and calcitonin showed no superior
outcomes, but a larger cohort should be assessed.

Clinical Relevance There are several protocols for treatment of central-giant-cell-granuloma lesions, but most are not fully
established. It is important to report results that contribute to the establishment of proven protocols. This report attempts to
establish the relevance of the combined approach: pharmacological treatment followed by surgical resection.
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Introduction

Central giant cell granuloma (CGCG) is a benign, aggres-
sive, destructive, osteolytic lesion of osteoclastic origin [1].
It is an intraosseous non-neoplastic lesion, consisting of
cellular fibrous tissue containing multiple foci of haemor-
04 Dekel Shilo rhage, aggregations of multinucleated giant cells and tra-

dekelshi@yahoo.com beculae of woven bone [2]. CGCG most commonly occurs
in patients under the age of 30, predominantly in females,
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following trauma (Jaffe). Another theory associated it with
inflammatory responses [3]. Clinically, the lesion is often
a painless, slow growing lesion causing expansion of the
cortical bone [4]. The lesions are most commonly identified
during routine radiologic imaging. Size is highly variable,
and resorption or displacement of tooth roots is a common
finding. Radiologic appearance may exhibit a unilocular or
a multilocular radiolucency [4, 5].

The accepted classification of CGCG is of debate. It
consists of an aggressive form and non-aggressive form.
Diagnosis is mostly based on clinical and radiological find-
ings. Non-aggressive lesions are painless and slow-growing,
whereas aggressive lesions are larger than Scm, rapid-grow-
ing, cause bone expansion, tooth displacement/root resorp-
tion, and higher recurrence rates [1, 4, 6, 7]. Aggressive
lesions are mostly treated using wider resections whereas
more conservative surgical approaches can be used in non-
aggressive forms [7-9]. Reconstruction options for the
aggressive type may include free bone grafts or vascular-
ized flaps in major resections [8, 9].

Alternative, non-surgical or pre-surgical treatments are
becoming more popular in the past two decades. These
included calcitonin [7, 10-14], corticosteroids [7, 15, 16],
interferon o-2a [7, 17, 18] and, most recently, denosumab
[19]. Intralesional corticosteroids were introduced in 1988
and were thought to reduce bone resorption by effecting
lysosomal proteases [20]. Later, the use of calcitonin was
described [21] and thought to influence lesion progression
by inhibiting osteoclast activity. Interferon o-2a was used
initially by Kaban et al., in 1999 [18]. The mechanism of
action proposed to effect CGCG progression was based on
anti-angiogenic properties [22].

These treatments are used to reduce the size of the lesions
and in some cases may eradicate them, thus avoiding large
resections that result in major functional and aesthetic
deformities.

Although various treatment options have been available
for some time now, there is no consensus regarding the man-
agement of CGCG, and only a few studies have reported
consistent long-term results.

The aim of this study was to review and compare long-
term results from a cohort of patients with CGCG treated in
our institute, surgically and/or pharmacologically.

Materials and methods

This retrospective study of patients diagnosed with CGCG
and treated in our institute between 2000 and 2018 examined
demographic details, clinical and radiological features of the
lesion and treatment preformed. We documented age, gen-
der, location of the lesion, treatment preformed, clinical and
radiological features prior to and following the treatment,
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and postoperative follow-up including associated morbidity
and recurrences. Radiologic features were obtained using
computed tomography or panoramic imaging performed
prior to and following treatment. These included size, locu-
larity, borders of the lesion, cortical changes/perforation
and root displacement/resorption prior to treatment. Clini-
cal signs such as mucosal expansion and pain/paresthesia
were also noted. Signs of recurrence as a negative response
or bone healing as a positive response were noted. Clas-
sification of the lesions as well as the treatment performed,
reconstruction, response, morbidity and follow-up duration
were recorded. Lesions were classified as aggressive, minor
aggressive or non-aggressive according to Chuong et al. and
Kaban et al. [6, 23]. Major criteria were size (more than 5
cm) and recurrence. Minor criteria included root resorption,
tooth displacement, cortical bone thinning, cortical bone
perforation, rapid growth and pain/paraesthesia.

Patients diagnosed with CGCG who were admitted to our
hospital and treated in our institute between 2000 and 2018
were evaluated for inclusion in the study. Patients lacking
proper documentation, radiographic images or adequate
follow-ups were excluded.

Treatment success was defined as bone healing, lesion
regression or calcification as response to pharmacological/
surgical treatment. Treatment failure was defined as recur-
rence, no response or progression of the lesion following
pharmacological/surgical treatment.

Results

Twenty-two patients met the inclusion criteria. Eleven
females and eleven males. The mean age was 30-years old,
ranging from 4 to 77. Eleven lesions were located in the
mandible and fourteen in the maxilla, these included recur-
rences or a second primary. Details of all the maxillary and
mandibular lesions can be observed in Figs. 1 and 2 accord-
ingly and include; age, gender, location, follow-up duration
and recurrences. Mean follow-up of the maxillary cases was
46 months. Mean follow-up of the mandibular cases was 31
months. Two recurrences were observed in the maxilla, both
in patients aged less than 18, and one second primary was
found in the mandible five years following treatment of the
maxillary lesion. One recurrence was observed in the man-
dible in a patient treated at a different hospital by enuclea-
tion two years post treatment. He was 6-years old when he
presented with the recurrence and is currently being treated
pharmacologically with denosumab. Mean age of the maxil-
lary cases was 26. Mean age of the mandibular cases was 39.

Distribution of the lesions in the jaws can be observed in
Fig. 3. In the mandible most were observed in the anterior
and left body of the mandible. In the maxilla most were
located on the anterior and left part of the maxilla.
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Fig. 1 Details of maxillary

f;if;fﬁﬂiﬁi{lijﬁgw uep llilfrl;ll;tr (}iiis) Side gender Region lz‘;ig;v:hlg Recurrence
and recurrence 1 32 L F Premolar-molar 7 No
2 12 R F  Canine-premolar 12 No
3 18 L F Premolar-molar 8 On same site
3* 19 L F Premolar-molar 42 No
4 34 L F Incisor-canine 10 No
5 66 R M  Premolar-molar 21 No
6 17 R/L M Incisor-canine 87 No
7 28 R F Incisor-canine 188 No
8 8 L M Premolar-molar 49 No
9 72 L M  Premolar-molar 60 On mandible
10 9 L F Incisor-canine 63 On same site
10* 15 L F Incisor-canine 14 No
11 4 R M Incisor-canine 14 No
12 11 R M  Premolar-molar Ongoing treatment

*Recurrence of CGCG in the same site

Patient Age Follow up

Number (years) Side Region gender (months) Recurrence

98 77 Symphysis M 3 No

13 13 LR Ramus M 63 No

14 32 Symphysis M 21 No

15 60 L Body F 24 No
16* 22 Symphysis + L body F 54 No

17 74 L Body F 34 No

18 27 Symphysis F 44 No

19 12 L Body M 78 No
20" 6 Symphysis M Ongoing treatment
21 67 R Angle M 6 No

22 36 R Ramus F 12 No

*Recurrence of CGCG in the same site
**Diagnosis of CGCL and FD
$Recurrence of CGCG in another site

Fig.2 Details of mandibular CGCG lesions. Details include age,
location, gender, follow-up and recurrence

Gender distribution was equal between all cases. Age dis-
tribution showed the highest number of cases between 11-20
years old, followed by 0—10 and 3140 years old (Fig. 4).

Figures 5 and 6 detail the clinical and radiological find-
ings of the lesions in the maxilla and mandible respec-
tively. Figure 7 summarizes these findings. In the mandible

most lesions were multilocular, whereas those in the max-
illa were mostly unilocular. It is evident that almost all
lesions affected the cortex, and perforation occurred at
higher rates in the mandible. In both jaws, lesions were
more likely to be well-defined.

Figures 8 and 9 detail the classification of the lesions,
treatment performed, reconstruction performed, response
to the treatment, morbidity and follow-up duration in cases
treated by surgical means alone or pharmacologically prior
to surgery.

Most lesions were of the aggressive type, both in the
mandible and the maxilla (Fig. 10).

For cases treated initially by pharmacological means,
71% exhibited calcification or regression of the lesion, one
case did not respond, and one showed progression. Intral-
esional steroid treatment with or without nasal calcitonin
showed good results in shrinking the lesions prior to the
surgical treatment.

Figures 11, 12 and 13 document the treatment of patient
number 19. The pre-operative radiographs show severe
progression of the lesion. Calcification of the lesion is
observed following pharmacological treatment. The bor-
ders of the lesion can be seen in the CT imaging. This
enabled a more conservative surgical approach. Finally, a
three-year follow-up indicated no sign of recurrence.
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Fig. 3 Distribution of Central
giant cell lesions in the maxil-
lomandibular complex
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Fig.4 Distribution of Central Gender
giant cell lesions according to
age and gender Age No. Males No. Females Total, n (%)
0-10 3 1 4 (18%) n Female
11-20 4 2 6 (27%) u Male
21-30 0 3 3 (14%)
31-40 1 3 4 (18%)
4150 0 0 0 (0%) Age
30%
51-60 0 1 1(5%) -
61-70 2 0 2 (9%) 20%
15%
> 71 1 1 2 (9%) .
Total 11 11 22 (100%) 5%
o 0-10 11-20 21-30 31-40 41-50 51-60 61-70 >70
Patient Size Border Cortical ~ Cortical Root Root Mucosal Pain/
Number Recurrence (cm) Locularity  definition thinning perforation displacement resorption expansion Paresthesia
1 No 6.5X4.5X3  Multilocular ~ Well-defined Yes Yes Yes Yes Yes No
2 No 3X3.5X2 Unilocolar Well-defined Yes No Yes No Yes No
3 Yes 3.5X3.5X2.5 Multilocular =~ Well-defined Yes Yes Yes Yes Yes Yes
3 No 3.5X2X1 Unilocolar Ill-defined Yes Yes No No Yes No
4 No 4X2X2 Unilocolar Il1-defined Yes Yes Yes Yes Yes Yes
5 No 3X5X1.5 Unilocolar 11l-defined Yes Yes Edentulous  Edentulous Yes No
6 No 10X5X4 Unilocolar Ill-defined Yes No Yes Yes Yes Yes
7 No 3X2X0.5 Unilocolar Well-defined Yes No Yes Yes Yes No
8 No 1X1X0.5 Unilocolar Well-defined No No No No Yes Yes
9 Yes 7X2.5X2 ND ND ND ND Edentulous  Edentulous Yes No
10 No 3X2.5X3 Unilocolar ‘Well-defined Yes No Yes No Yes Yes
10* Yes 2X2X2 Unilocolar Ill-defined No No No No Yes Yes
11 No 0.6X1.4X1 Unilocolar Well-defined No No No No Yes No
127 No 4X3.5X3 Unilocolar ‘Well-defined Yes Yes Yes Yes Yes Yes

*Recurrence of CGCG in the same site
~Patient is currently on pharmacological treatment

Fig.5 Radiological and clinical characterization of CGCG in the maxilla. Parameters documented included recurrence, size, locularity, border
definition, cortical thinning, cortical perforation, root displacement, root resorption, mucosal expansion and pain/paresthesia
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Patient Size Border Cortical Cortical Root Root Mucosal Pain/
Number Recurrence (cm) Locularity  definition thinning perforation displacement resorption expansion Paresthesia
9% No 3.3*2.5X2  Multilocular ~ Well-defined Yes Yes Edentulous  Edentulous Yes No
3.2X2.5X3  Multifocal &
13 No 2.8X1.5.X2  Multilocular =~ Well-defined Yes No No No No No
14 No 2.3X6X2.5  Multilocular Tll-defined Yes Yes Yes Yes Yes Yes
15 No 6X1.5X6 Multilocular ~ Well-defined Yes Yes Edentulous  Edentulous Yes No
16™ No 8X4X2.5 Multilocular T11-defined Yes Yes Yes Yes Yes Yes
17 No 5X2X2 Multilocular I1l-defined Yes Yes Yes Yes Yes Yes
18 No 8X3.5X3 Multilocular ~ Well-defined Yes Yes No No Yes Yes
19 No 5x4x1.5 Unilocolar Well-defined Yes Yes No No Yes No
20" 0 2X3X3 Unilocolar Well-defined Yes Yes Yes Yes Yes Yes
21 No 2X2.5X3 Unilocolar ~ Well-defined Yes No No No Yes No
22 No 1X1X0.3 Unilocolar Well-defined No No No No No Yes

*Recurrence of CGCG in the same site

**Diagnosis of CGCL and FD

$Recurrence of CGCG in another site

Patient is currently on pharmacological treatment

Fig.6 Radiological and clinical characterization of CGCG in the mandible. Parameters documented included recurrence, size, locularity, border
definition, cortical thinning, cortical perforation, root displacement, root resorption, mucosal expansion and pain/paresthesia
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Fig. 7 Characteristics of the lesions and their effect on surrounding tissues. Locularity, borders, cortical perforation, pain/paresthesia and root

displacement as distributed in the different jaws

Discussion

CGCQG is a benign, often aggressive lesion. Its progres-
sion leads to destruction of the original anatomy and loss
of bony tissue, as well as resorption and displacement of
dental roots. These lesions are most commonly identified

through routine radiographs and thus tend to be large and
in need of extensive surgical treatment. Because these
lesions are most common in patients under the age of 30,
and many times are found in children during their growth
period and prior to dento-alvelar maturation, the resulting
surgical treatment is associated with high morbidity.

@ Springer



200 Page60of10 Clinical Oral Investigations (2024) 28:200

Patient Age Long-term Postoperative  Follow up
Number Sex (years)  Site Size Type Primary Treatment and Reconstruction response morbidity (months)
Complete
1 F 32 Maxilla 6.5X4.5X3 A Yes Enucleation & Peripheral ostectomy - remodeling Teeth loss (n=1) 7
Complete
2 F 12 Maxilla 3X3.5X2 Non-A Yes Resection Tliac crest remodeling Teeth loss (n=3) 12
5 M 66 Maxilla 3X5X1.5 A Yes Enucleation & Peripheral ostectomy Limited remodeling non 21
I- Tliac crest Complete
7 F 28 Maxilla 3X2X0.5 A (mA) Yes Enucleation & Peripheral ostectomy II- DO remodeling Teeth loss (n=3) 188
Complete
8 M 8 Maxilla 1X1X0.5 Non-A Yes Enucleation & Peripheral ostectomy - Remodeling Hypoesthesia 49
9 M 72 Maxilla 7X2.5X2 A Yes Resection Local flap Limited remodeling - 62
98 M 77 Mandible  3.6%2.4X2 A No Resection Rib Limited remodeling - 3
10 M 9 Maxilla 3X25X3 A (mA) No Curettage - Limited remodeling - 63
Complete
107 M 15 Maxilla 2X2X2 A Yes Resection Calvaria remodeling - 14
Complete
11 M 4 Maxilla 0.6X1.4X1  Non-A Yes Enucleation & Peripheral ostectomy - remodeling - 14
3.2X2.5X3 Complete
13 M 13 Mandible ~ 2.8X1.5.X2 Non-A Yes Enucleation & Peripheral ostectomy - remodeling - 63
15 M 60 Mandible 6X1.5X6 A Yes Resection Allograft + Recon plate Limited remodeling - 24
Xenograft + TGF-b + Complete
16** F 22 Mandible 8X4X2.5 A Yes Curettage Bio-guide remodeling - 54
17 F 74 Mandible 5X2X2 A Yes Resection Tliac crest + Recon plate Limited remodeling Osteomyelitis 34
Complete
21 M 67 Mandible 2X2.5X3  Non-A Yes Curettage - remodeling - 6
Complete
22 F 36 Mandible 1X1X0.3  Non-A Yes Curettage - remodeling - 12

*Recurrence of CGCG in the same site

**Diagnosis of CGCL and FD

$Recurrence of CGCG in another site

Patient which is currently on pharmacological treatment

A - aggressive, A (mA) - minor aggressive, Non-A - non-aggressive

Fig. 8 Details regarding the patients treated by surgery alone: location of the lesion, treatment performed, reconstruction if performed, response
of the bone to the treatment, morbidity and duration of follow-up

Patient Age Long-term Followup Postoperative
Number Sex (years) Site Size Type Primary Treatment Duration  Response Surgery and Reconstruction response (months) morbidity
Intralesional steroids ~ 11w Regression & Enucleation & Limited 8 Oroantral fistula
3 F 18 Maxilla 3.5X3.5X2.5 A (mA) Yes & nasal calcitonin “3mon Calcification Peripheral ostectomy Obturator remodeling Teeth loss (n=2)
Regression & Obturator with Limited
3* F 19 Maxilla  3.5X2X1 A No Intralesional steroids 8w Calcification Resection implants remodeling 42 Teeth loss (n=1)
Intralesional steroids 7w Obturator with Limited Oroantral fistula
4 F 34 Maxilla 4X2X2 A (mA) Yes & nasal calcitonin “3mon No response& Resection implants remodeling 10 Teeth loss (n=8)
Enucleation & Complete
6 M 17 Maxilla 10X5X4 A Yes  Intralesional steroids Iw No response Peripheral ostectomy Tliac crest Remodeling 87 Teeth loss (n=3)
127 M 11 Maxilla ~ 4X3.5X3 A (mA) No Denosumab Ongoing
Limited
14 M 32 Mandible 2.3X6X25 A Yes Intralesional steroids 6w Calcification Resection Tliac crest & PSI remodeling 21 Fistula
Intralesional steroids 6w Regression & Enucleation & Complete
18 F 27  Mandible 8X3.5X3 A Yes & nasal calcitonin 3mon  Calcification Peripheral ostectomy Tliac crest Remodeling 44 -
Intralesional steroids 11w Enucleation & Xenograft & Complete
19 M 12 Mandible 5x4x1.5 A Yes & nasal calcitonin -~ "3mon  Calcification Peripheral ostectomy Bioguide Remodeling 78 Teeth loss (n=1)
20n M 6  Mandible 2X3X3 A No Denosumab Ongoing

*Recurrence of CGCG in the same site
~Patient which is currently on pharmacological treatment
A - aggressive, A (mA) - minor aggressive, Non-A - non-aggressive

Fig.9 Details regarding the patients treated by pharmacological therapy followed by surgery: location of the lesion, treatment performed, recon-
struction if performed, response of the bone to the treatment, morbidity and duration of follow-up

These features and the resulting morbidity led to a search  although helpful in some cases, led to major side effects that
that identified intralesional corticosteroids, calcitonin and  frequently became intolerable by the patients [26].
Interferon a-2a as pharmacological treatment options for The literature does not describe numerous cases that were
CGCQG. Steroids and calcitonin showed some promise, and  treated pharmacologically: by 2018, 80 or fewer reliable
although not always successful, most patients benefited  cases had been treated with calcitonin and a similar number
from the treatment [24, 25]. Interferon, on the other hand, with corticosteroids [27].
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90%

Fig. 10 Distribution of aggres-
sive and non-aggressive lesions 80%
in the lower and upper jaws %
60%
50%
40%
30%
20%

10%

0%
Agressive Non-Aggressive

B Mandible B Maxilla

Fig. 11 Treatment and follow-
up of patient 19. A Panoramic
radiograph demonstrating a
1.3X2.4 cm lesion located in
the mandible of a 12-year-old
male. B Panoramic radiograph
3-months following diagnosis:
lesion enlargement is observed
due to delay in treatment. C
Following pharmacological
treatment using intralesional
steroids for 11 weeks and nasal
calcitonin spray daily.

Fig. 12 CT imaging follow-

ing the treatment course of the
patient described in Fig. 11. (A)
Axial (B) Sagittal (C) Coronal
and (D) 3D reconstruction,
demonstrating the aggressive
lesion post pharmacologi-

cal therapy with intralesional
injection and nasal calcitonin as
detailed previously

Couch:
10%
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Fig. 13 Panoramic radiographs of the treatment and follow-up course
of the patient described in Fig. 11. A Immediate post-surgical treat-
ment comprised of a partial ostectomy and excision of the aggressive

The distribution of our cases was almost equal in the
mandible and maxilla in contrast to the literature report-
ing 70% in the mandible. Our sample did not show the
predominant occurrence in females observed in the lit-
erature. Consistent with the literature, the most prevalent
age group in our study was 10-20. Unilocular maxillary
lesions were seen more frequently in our study than the
literature (84% compared to 62%), as were multilocular
mandibular lesions (64% compared to 38%). All minor
criteria for the aggressive type were more prevalent in our
cohort than reported in the literature: cortical perforation
with high incidence in the mandible (73%), pain/paresthe-
sia and root displacement. This explains why the aggres-
sive subtype was dominant in our sample (70-80% of the
lesions), both in the mandible and the maxilla. This may
be because our institute serves a large rural population in
which many patients do not have routine check-ups and
thus when diagnosed their lesions are larger.

Some studies in the literature reported that treatment
with steroids or calcitonin resulted in complete resolution
[24, 28]. Schreuder et al., used calcitonin with or without
Interferon a-2a and showed ~50% of the lesions did not
require further surgical treatment on a large cohort of 33
cases [29]. Most studies reporting the use of pharmaco-
logical treatment show improvement in up to 80% of cases,
this is in accordance to our results [27]. In our cohort,
all cases had to be treated surgically, but 71% responded
to the pharmacological treatment, which resulted in
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lesion, follow by augmentation with xenograft and a bio-guide mem-
brane. B-D 1-year, 2-year, and 3-year follow-ups

smaller lesions that enabled a more conservative surgical
approach.

The cases that did not respond to the pharmacological
treatment included a patient treated with intralesional ster-
oids and one treated with both intralesional steroids and
calcitonin. Although dual therapy does not appear advan-
tageous, the sample size is not large enough for definitive
conclusions regarding the difference between treatment
modalities.

It is important to mention that the use of monoclonal
antibodies for the treatment of CGCG is becoming more
prevalent. Following several indications for the efficiency of
denosumab as a treatment modality for CGCG more centers
began using it as a single [30] or combined [31] method of
treatment.

This method was also tested in our institute with strong
positive results. Yet they are not free of complications,
and serious conditions such as hypercalcemia have been
observed [32]. Recent studies suggest higher recurrence
rates following cessation of treatment, possibly due to
latency of neoplastic cell population or partial curettage
secondary to the ossified bone [33].

We do believe these results are sufficient to recommend
using pharmacological treatments prior to surgery, but it
is important to monitor the response and, if progression is
observed, surgical intervention should be performed without
any further delay. Determining whether dual therapy is pref-
erable to monotherapy awaits additional evidence.



Clinical Oral Investigations (2024) 28:200

Page90of10 200

Author contribution D.S.: Conceptualization, Initial draft. T.C.: Meth-
odology and Statistics. A.K.: Data curation and Visualization. O.E. and
R.A.: Writing—review and editing. D.N., J.G.: Treatment administra-
tion and Data collection. R.A.: Supervision. All authors reviewed the
manuscript.

Funding Open access funding provided by Technion - Israel Institute
of Technology. No funding was obtained for this study.

Declarations
Competing interests The authors declare no competing interests.

Ethics approval and consent to participate This study followed
the Declaration of Helsinki on medical protocol and ethics and the
Institutional Ethical Review Board approved the study. Approval ref.
0322-20-RMB.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Neville B, Damm D, Allen C, Bouquot J (1995) Oral and Maxil-
lofacial Pathology. Saunders, Philadelphia

2. Kramer IRHPJ, Shear M (1992) Histological typing of odonto-
genic tumours. Springer, Berlin

3. Murphey MD, Nomikos GC, Flemming DJ, Gannon FH, Temple
HT, Kransdorf MJ (2001) Imaging of giant cell tumor and giant
cell reparative granuloma of bone: radiologic-pathologic cor-
relation. Radiographics 21:1283-1309

4. Whitaker SB, Waldron CA (1993) Central giant cell lesions of
the jaws: a clinical, radiologic, and histopathologic study. Oral
Surg Oral Med Oral Pathol 75:199-208

5. Kaffe I, Ardekian L, Taicher S, Littner MM, Buchner A (1996)
Radiologic features of central giant cell granuloma of the jaws.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod 81:720-726

6. Chuong R, Kaban LB, Kozakewich H, Perez-Atayde A (1986)
Central giant cell lesions of the jaws: a clinicopathologic study.
J Oral Maxillofac Surg 44:708-713

7. de Lange J, van den Akker HP, van den Berg H (2007) 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 104:603-615

8. Gonzalez-Garcia R, Naval-Gias L, Rodriguez-Campo FJ,
Martinez-Chacén JL, Usandizaga JLG-D (2008) Vascularized
fibular flap for reconstruction of the condyle after mandibular
ablation. J Oral Maxillofac Surg 66:1133-1137

9. Tosco P, Tanteri G, Iaquinta C, Fasolis M, Roccia F, Berrone S,
Garzino-Demo P (2009) Surgical treatment and reconstruction

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

for central giant cell granuloma of the jaws: a review of 18
cases. J Cranio-Maxillofac Surg 37:380-387

De Lange J, Van den Akker H, Van Zanten GV, Engelshove H,
Van den Berg H, Klip H (2006) Calcitonin therapy in central
giant cell granuloma of the jaw: a randomized double-blind pla-
cebo-controlled study. Int J Oral Maxillofac Surg 35:791-795
Kaban LB, Dodson TB (2003) Clinical articles-discussion-calci-
tonin therapy for central giant cell granuloma. J Oral Maxillofac
Surg 61:653-654

Pogrel M (2003) Calcitonin therapy for central giant cell granu-
loma. J Oral Maxillofac Surg 61:649-653

Pogrel MA, Regezi JA, Harris ST, Goldring SR (1999) Calci-
tonin treatment for central giant cell granulomas of the mandi-
ble: report of two cases. J Oral Maxillofac Surg 57:848-853
Vered M, Shohat I, Buchner A, Dayan D, Taicher S (2007) Cal-
citonin nasal spray for treatment of central giant cell granuloma:
clinical, radiological, and histological findings and immuno-
histochemical expression of calcitonin and glucocorticoid
receptors. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
104:226-239

Abdo EN, Alves LCF, Rodrigues AS, Mesquita RA, Gomez RS
(2005) Treatment of a central giant cell granuloma with intral-
esional corticosteroid. Br J Oral Maxillofac Surg 43:74-76
Carlos R, Sedano HO (2002) Intralesional corticosteroids as an
alternative treatment for central giant cell granuloma. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod 93:161-166

de Lange J, van Rijn RR, van den Berg H, van den Akker HP
(2009) Regression of central giant cell granuloma by a combina-
tion of imatinib and interferon: a case report. Br J Oral Maxil-
lofac Surg 47:59-61

Kaban LB, Mulliken JB, Ezekowitz RA, Phil D, Ebb D, Smith
PS, Folkman J (1999) Antiangiogenic therapy of a recurrent
giant cell tumor of the mandible with interferon alfa-2a. Pedi-
atrics 103:1145-1149

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

Jacoway J (1988) Central giant cell granuloma-an alternative to
surgical therapy. Oral Surg Oral Med Oral Pathol 66:572
Harris M (1993) Central giant cell granulomas of the jaws
regress with calcitonin therapy. Br J Oral Maxillofac Surg
31:89-94

Kaban LB, Troulis MJ, Wilkinson MJ, Ebb D, Dodson TB
(2007) Adjuvant antiangiogenic therapy for giant cell tumors
of the jaws. J Oral Maxillofac Surg 65:2018-2024

Kaban LB, Troulis MJ, Ebb D, August M, Hornicek FJ, Dodson
TB (2002) Antiangiogenic therapy with interferon alpha for giant
cell lesions of the jaws. J Oral Maxillofac Surg 60:1103-1111
Allon DM, Anavi Y, Calderon S (2009) Central giant cell
lesion of the jaw: nonsurgical treatment with calcitonin nasal
spray. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
107:811-818

Marx RE, Stern D (2012) Oral and maxillofacial pathology: a
rationale for diagnosis and treatment. Quintessence Pub. Co.,
Hanover Park (IL)

Goldman KE, Marshall MK, Alessandrini E, Bernstein ML
(2005) Complications of alpha-interferon therapy for aggres-
sive central giant cell lesion of the maxilla. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 100:285-291

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

@ Springer


http://creativecommons.org/licenses/by/4.0/

200 Page100f10

Clinical Oral Investigations (2024) 28:200

28.

29.

30.

31.

Terry B, Jacoway J (1994) Management of central giant cell
lesions: an alternative to surgical therapy. Oral Maxillofac Surg
Clin North Am 6:579-600

Schreuder WH, van den Berg H, Westermann AM, Peacock ZS,
de Lange J (2017) Pharmacological and surgical therapy for the
central giant cell granuloma: a long-term retrospective cohort
study. J Cranio-Maxillofac Surg 45:232-243

Lipplaa A, Schreuder WH, Pichardo SE, Gelderblom H (2023)
Denosumab in giant cell rich tumors of bone: an open-label
multicenter phase II study. Oncologist 28:1005-e1104
Klienkoff P, Weingertner N, Geyer L, Gros C-1, Kurtz J-E, Bornert
F (2023) Management of a rare mandibular giant cell tumor of

@ Springer

32.

33.

bone by neoadjuvant denosumab therapy and surgery: a 4-year
follow-up case report. Int J Surg Case Rep 112:108980

Liu X, Xie Y, Tang J, Zhong J, Lan D (2023) Hypercalcemia in
children following a discontinuation of denosumab therapy: a
case report and literature review. Clin Pediatr 0(0)

Errani C, Tsukamoto S, Mavrogenis AF (2017) How safe and
effective is denosumab for bone giant cell tumour? Int Orthop
41:2397-2400. https://doi.org/10.1007/s00264-017-3536-9

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1007/s00264-017-3536-9

	Central giant cell granuloma of the jaws—long-term clinical and radiological outcomes of surgical and pharmacological management
	Abstract
	Objectives 
	Materials and methods 
	Results 
	Conclusions 
	Clinical Relevance 

	Introduction
	Materials and methods
	Results
	Discussion
	References


