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ABSTRACT

Purpose: The aim of this study was to characterize the cone-beam computed tomographic (CBCT) imaging features
of central giant cell granuloma (CGCG) of the jawbone.

Materials and Methods: This study retrospectively reviewed 26 CBCT studies of histologically proven cases of
CGCQG during a period of 20 years, from 1999 to 2019. Patients’ demographic data were recorded, and radiographic
features were assessed (location, border, cortication, appearance of the internal structure, locularity, septation,
expansion, cortical perforation, effects on surrounding tissue, whether the lesion crossed the midline, and lesion
volume).

Results: In this study, CGCGs were seen almost twice as often in the mandible than in the maxilla, and 64.7%
of mandibular lesions involved the anterior region. Only 26.9% of lesions crossed the midline, a feature that was
considered characteristic of CGCG. Furthermore, 65.4% of lesions were unilocular and 34.6% were multilocular.
The correlation between a lesion’s size and its locularity was statistically significant, and larger lesions showed a
multilocular appearance. The mean volume of multilocular lesions was greater than that of unilocular lesions.
Conclusion: CGCGs showed variable radiographic features on CBCT, and this imaging modality is highly effective
at demonstrating the radiographic spectrum and lesional extent of CGCGs in the jawbone. (Imaging Sci Dent 2022;

52:123-31)
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Introduction

Central giant cell granuloma (CGCG) was first described
by Jaffe in 1953." Its exact etiology is unknown, and there
is debate over whether CGCGs represent benign neoplasms
or are non-neoplastic and reactive in nature. CGCG is
characterized by varied biological behavior, ranging from
lesions that are relatively indolent to those that are locally
aggressive. Clinically, CGCG usually occurs in the second
and third decades of life, often showing a predilection for
women and affecting the mandible rather than the maxilla.”

In general, the diagnosis of gnathic bone pathoses is
made by a radiographic evaluation followed by a histo-
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pathological examination to obtain a definitive diagnosis.3
Conventional radiography, such as panoramic imaging,
is usually the first-line choice for the evaluation of jaw
lesions. However, the well-known limitations of this imag-
ing modality, such as distortion, magnification, and super-
imposition of structures, increase the degree of inaccuracy
in the diagnosis and make treatment planning for certain
pathologies more challenging. Cone-beam computed tomo-
graphy (CBCT) overcomes these limitations of 2D radio-
graphy. CBCT visualizes structures in multiplanar views
and reveals detailed radiographic features of lesions.>”
CGCG has a wide range of radiographic features, vary-
ing from well-defined expansile lesions to lesions that are
ill-defined and destructive, with or without expansion.
Studies have reported the radiographic features of CGCGs
utilizing conventional radiographs."6 However, to the
authors’ knowledge, no prior studies larger than indivi-
dual case reports have examined the imaging appearance
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Table 1. Description of radiographic features

Criteria

Description of radiographic appearance

Location Establishing the epicenter of the lesion

Anterior: canine to canine

Posterior: junction between the first premolar and canine to maxillary tuberosity/retromolar pad region
Anterior and posterior: lesion involving both regions

Ramus and condyle

Border
clearly distinguishable or only partially.

Lesion borders are considered well-defined or partially well-defined, depending on whether the whole boundary is

The lesion is considered ill-defined when no clear distinction between the lesion and surrounding bone can be made.

Cortication

Well-corticated: all borders present with a radiopaque line

Moderately corticated: some parts of the lesion border present with a radiopaque line
Non-corticated: borders are identified with no radiopaque line

Appearance of
internal structures

The content of the lesion is compared with the surrounding tissue and accordingly the lesion is categorized as:
Hypodense/low attenuation with no internal trabeculation

Mixed density with internal granular bone deposits/internal trabecula

Hyperdense/high attenuation

Locularity Unilocular: lesion with single compartment
Multilocular: lesion with multiple compartments separated by septations
Septations Wispy septa, regardless of whether they emanate at right angles to the edge of the lesion

Coarse curved septa

Sharp straight septa at right angles with each other/make geometric shapes

Combination of any two or more of the above

No septa

Lesion border Smooth border

Scalloping border: a series of contiguous arcs that may develop around the roots of teeth or within adjacent bone.

Effects on
surrounding tissues

Teeth displacement, root resorption, extension into the mandibular canal, maxillary sinus, and nasal cavity

of CGCGs with the use of advanced imaging like CBCT;
accordingly, knowledge of the imaging features of this
lesion in the literature is limited. The main objective of this
study was to demonstrate and present the CBCT findings
of CGCG in the maxillofacial region. In addition, various
treatment modalities of the lesion were reviewed.

Materials and Methods

CBCT imaging data of patients with histopathologically
proven CGCG from January 1999 through January 2019
were retrospectively evaluated. The study protocol was
approved by the institutional review board of the authors’
affiliated institution. All procedures conformed to the
tenets of the Declaration of Helsinki.

The inclusion criteria were the availability of CBCT
scans of patients who had a histopathological diagnosis of
CGCQG. The exclusion criteria were poor-quality images
and postoperative CBCT images without initial radio-
graphs.

Patients’ demographic data, including age and sex, were

recorded. The CBCT studies were reviewed in consensus
by 3 board-certified oral and maxillofacial radiologists.
All CBCT images were analyzed using the InVivo6 Dental
software (Anatomage, Inc., San Jose, CA, USA). The medi-
cal imaging software Mimics Research (20.0 version; Leu-
ven, Belgium) was used to calculate the lesion volume.

The following radiographic features were assessed: loca-
tion, borders, cortication, appearance of internal structures,
locularity, septation, expansion, cortical perforation, effects
on surrounding structures, and involvement past the mid-
line. The radiographic features are described in Table 1.
Descriptive statistics were calculated using Microsoft Excel
version 2102 (Microsoft, Redmond, WA, USA), includ-
ing the total number of cases based on the above factors.
Point-biserial correlations and the chi-square test were used
for statistical analysis, with a P-value of <0.05 considered
significant. The normality of the data for lesion volume
was tested using the Kolmogorov-Smirnov test, which
yielded a test statistic (D) of 0.25097. The data were ana-
lyzed using Stata/SE 16.1 (StataCorp, College Station, TX,
USA).
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Results

The CBCT studies of 57 cases were reviewed, but 31
patients who did not meet the inclusion criteria were
excluded. Data regarding age and sex are shown in Table
2. At the time of diagnosis, the age range was from 8 to 86
years (mean age: 31 years, median age: 24.5 years), with
the largest proportion of patients (34.6%) being diagnosed
in the second decade of life. Among the 26 CBCT scans in-
cluded, 35% were from male patients and 65% were from
female patients.

Data regarding radiographic features are shown in Table
3. Out of 26 cases, the mandible was more frequently affec-
ted (65.4%; n=17) than the maxilla (34.6%; n=9). In

Table 3. Radiographic features of central giant cell granuloma
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Table 2. Distribution of central giant cell granuloma according to
age and sex

Age (years) Female Male Total
0-10 1 1 2
11-20 6 3 9
21-30 3 2 5
31-40 4 0 4
41-50 1 1 2
51-60 0 0 0
61-70 0 1 1
71-80 2 0 2
81-90 0 1 1
Total 17 9 26

Mandible,n (%) Maxilla,n(%) Total, n (%)

Features (Total: 17) (Total: 9) (Total: 26)

Border definition with marginal morphology:

Well-defined with a smooth margin 4(23.5) 3(33.3) 7(26.9)

Well-defined with a scalloped margin 9(52.9) 444 4) 13 (50)

Partly well-defined with a smooth margin 1(5.9) 0 1(3.8)

Partly well-defined with a scalloped margin 2(11.8) 2(22.2) 4(154)

Il-defined 1(59) 0 1(3.8)
Cortication

Well-corticated 6(35.3) 3(33.3) 9(34.6)

Moderately corticated 9(52.9) 6(66.7) 15(57.7)

Non-corticated 2(11.8) 0 2(7.7)
Appearance of the internal structures (density)

Hypodense 11(64.7) 6(66.7) 17(65.4)

Mixed with internal granular bone deposits/internal trabecula 6(35.3) 3(33.3) 9(34.6)

Hyperdense 0 0 0
Locularity

Unilocular 11(64.7) 6(66.7) 17(65.4)

Multilocular 6(35.3) 3(33.3) 9(34.6)
Septations

Wispy septa, regardless of whether they emanate at right angles to the edge of the lesion 6(35.3) 6(66.7) 12(46.2)

Coarse curved septa 1(5.9) 0 1(3.8)

Sharp straight septa at right angles with each other 1(59) 0 1(3.8)

Combination of any two or more of the above 1(5.9) 1(11.1) 2(7.7)

No septa 8(47.1) 2(22.2) 10 (38.5)
Effect on adjacent teeth

Displacement/root divergence 3(17.6) 2(22.2) 5(19.2)

Root resorption 0 0 0

Both displacement and resorption 7(41.2) 6(66.7) 13(50)

No displacement, no resorption/edentulous area 7(41.2) 1(11.1) 8(30.8)
Cortical bone expansion with or without perforation 13(76.5) 8(88.9) 21(80.8)
Cortical bone perforation with or without expansion 11(64.7) 8(88.9) 19(73.1)
Crossing the midline 5(94) 2(22.2) 7(26.9)
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Table 4. Distribution of central giant cell granuloma according to location

Location Mandible, n (%) Maxilla, n (%) Total, n (%)
Only anterior 2(11.8) 1(11.1) 3(11.5)
Only posterior 6(35.3) 2(22.2) 8(30.8)
Both anterior and posterior 9(52.9) 6(66.7) 15(57.7)
Ramus and condyle 0 0 0
Total 17(654) 9(34.6) 26 (100)

Fig. 1. Axial (A), coronal (B), and sagittal (C) CBCT images indicate an example of an expansile multilocular low-density lesion involving
the anterior region of the mandible. Considerable bone expansion is evident buccally. Note the wispy/granular septations within the lesion

(arrows). CBCT: cone-beam computed tomography.

Fig. 2. Axial (A), coronal (B), and sagittal (C) CBCT images indicate an example of an expansile multilocular low-density lesion involving
the posterior region of the mandible. Wispy/granular septations that emanate at right angles from the periphery of the lesion are evident
(arrows). CBCT: cone-beam computed tomography.

69.2% of cases, the lesions involved the anterior region of
the jaws (with or without posterior extension). Localized
posterior involvement was more common in the mandi-
ble (35.3%) than in the maxilla (22.2%), whereas localized
anterior jaw involvement showed a more equal distribution
(Table 4). Out of 26 cases, 29.4% of mandibular lesions
and 22.2% of maxillary lesions crossed the midline.

Of the 26 cases, 65.4% of lesions were unilocular and
34.6% were multilocular (P >0.05). In the mandible, 35.3%
of lesions were multilocular, while this was the case for
33.3% of lesions in the maxilla. In 26 cases (65.4%), the

lesions were hypodense with no evidence of internal struc-
tures, whereas 34.6% of cases showed internal granular
trabeculae. Out of 26 cases, 61.5% of lesions showed cor-
tical bone expansion with perforation and 11.5% of cases
showed cortical bone perforation without expansion. The
lesions caused root displacement in 19.2% of cases and
root displacement with resorption in 50%. The borders
of the lesions were well-defined in 76.9% of cases, partly
well-defined in 19.2%, and ill-defined in 3.8% of cases
(Figs. 1-4). Lesion volume varied considerably (Fig. 5).
The mean lesion volume was 7,651.8 mm3, whereas the
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Fig. 3. Axial (A), coronal (B), and sagittal (C) CBCT images indicate a unilocular low-density lesion without apparent expansion involving
the anterior region of the mandible. CBCT: cone-beam computed tomography.

Fig. 4. Axial (A), and coronal (B)
CBCT images indicate an ill-defined
low-density lesion without expansion
involving the posterior right side of
the mandible. CBCT: cone-beam
computed tomography.

Fig. 5. Volumetric analysis of the largest (A, B) and smallest (C, D) CGCG lesions in this study. Coronal (A) and axial (C) CBCT images of
CGCG demarcated and filled to reconstruct the 3-dimesional structure (B: 31,347.0mm?, D: 33.5mm?). CGCG: central giant cell granuloma,
CBCT: cone-beam computed tomography.

median was 2,821.7 mm’ (Range: 33.5 mm’-31,347 mm°, of unknown etiology. Initially, it was thought to be a repara-
interquartile range (IQR): 12,316 mm®). tive reaction of bone to trauma, inflammation, or intra-

Two hybrid lesions comprising CGCG and central ossi- medullary hemorrhage. However, because the lesion does
fying fibroma (COF) and one hybrid lesion comprising occasionally present with aggressive behavior and it con-
CGCaQG, and central odontogenic fibroma (CODF) were sists of osteoclast-like cells similar to giant cell tumors of
identified (Figs. 6 and 7). long bone, CGCG is best considered a benign neoplasm.””

Demographics and clinical features
The clinical and biological behavior of CGCG can range
Central giant cell granuloma is a locally aggressive lesion from a slowly growing asymptomatic lesion with a rela-

Discussion
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A

Fig. 6. Axial (A), coronal (B), and sagittal (C) CBCT images of a hybrid CGCG with COF lesion in the left premolar region of the mandi-
ble with a well-defined, mixed-density appearance. CBCT: cone-beam computed tomography, CGCG: central giant cell granuloma, COF:

central ossifying fibroma.

Fig. 7. Axial (A), coronal (B), and sagittal (C) CBCT images of a hybrid CGCG with CODF lesion showing a well-defined, corticated, uni-
locular, low-density lesion in the posterior right side of the mandible. CBCT: cone-beam computed tomography, CGCG: central giant cell
granuloma, CODF, central odontogenic fibroma.

tively indolent course and low recurrence rate, to an aggres-
sive rapidly growing lesion that presents with pain, local
bone destruction, root resorption, and tooth displacement,
showing a high recurrence rate ¥ CGCG affects mostly adole-
scents and young adults and is predominantly seen in the
mandible.” While this series did demonstrate a wider age
range, most cases were observed within the first 3 decades
of life (61.5%). Studies have demonstrated a slight female
predominance for CGCG, which is consistent with the
findings of the current series. There is speculation that this
may be the result of hormonal influences and secretion on
the development and growth of CGCG."

Previous studies have shown that the mandible, particul-
arly the anterior portion, is the most common location of
CGCG lesions.'®? This study showed similar findings,
with CGCGs being observed almost twice as often in the
mandible than in the maxilla. Moreover, 64.7% of mandi-
bular lesions involved the anterior region (with or without
posterior extension). Studies have also reported the tendency
of CGCGs to cross the midline.'” However, in the present
series of 26 patients, only 26.9% of lesions crossed the

midline. Of the 26 cases, 30.8% of the lesions were located
in the posterior region of the jaws. Lesions in non-tooth-
bearing regions (e.g., the ramus or condyle) were not found.
The present results differ from those reported by Kaffe et
a.l.,21 who found that half of their cases were located in the
posterior regions of the jaws.

Histological features

The histological features of CGCG have been defined by
the World Health Organization as “a localized, benign but
sometimes aggressive, osteolytic proliferation consisting
of fibrous tissue with hemorrhage and hemosiderin depo-
sits and presence of osteoclast-like giant cells with reactive
bone formation”."” Since CGCG is histologically and radio-
graphically identical to brown tumors of hyperparathy-
roidism, serum levels of parathyroid hormone and calcium
should be tested in patients with histologically confirmed
CGCQG. Furthermore, giant cell granuloma-like lesions can
occur in other bone diseases or in association with syn-
dromes, including aneurysmal bone cysts (ABCs), cheru-
bism, Ramon syndrome, Jaffe-Campanacci syndrome,
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Noonan-like/multiple giant cell lesion syndrome, and neu-
rofibromatosis type 1.7

Giant cell tumors of bone are rare benign neoplasms that
most often affect the long bones and are histologically indist-
inguishable from CGCGs. It is important to distinguish betw-
een these 2 lesions since giant cell tumors have been repor-
ted to show high rates of recurrence, metastasis, and malig-
nant transformation. Genetically, mutations in H3F3A and
IDH? have been observed in true giant cell tumors of bone,
but these mutations have not been observed in CGCG.”***

Radiographic features

This study evaluated the radiological features of 26 cases
of CGCG. A wide range of radiographic features was seen,
ranging from small innocuous lesions to large destructive
multilocular lesions involving the mandible or maxilla.

Unilocular lesions were more frequent (65.4%), and larg-
er lesions tended to be multilocular. Point-biserial correla-
tion analysis demonstrated a positive correlation between
increased size and an increased likelihood of a lesion being
multilocular (P <0.05); however, this was only statistically
significant when calculated for lesions regardless of the
duration (time) that lesions were present. The mean volume
of multilocular lesions was 15,939 .45 mm3, whereas the
mean volume of unilocular lesions was only 3,264.207
mm’. These results supported the findings of Stavropoulos
et al.,17 Kaffe et al.,21 and Wood et al.*° that multilocular le-
sions tended to be larger.

Previous studies have suggested that these lesions often
displace teeth rather than resorb them.'*?’ However, in the
present study, tooth displacement without resorption was
found in 19.2% of the cases compared to 50% of cases with
both tooth displacement and resorption. Both tooth dis-
placement and resorption occurred predominantly in larger
lesions.

The internal structure of CGCG was variable, ranging
from lesions that appeared completely hypodense to a more
mixed-density internal appearance, showing the presence of
internal granular bone deposits. In the present study, most
of the lesions (65.4%) were hypodense, with no evidence
of internal structures, and 34.6% of lesions were mixed,
with internal granular bone deposits. No completely hyper-
dense lesions were found. These results are consistent with
the findings of previous literature.'’*'

Wispy or granular septations that emanate at right angles
from the periphery of the lesion are some of the charac-
teristic radiographic features of CGCG.* In this study, the
septa of lesions were more granular/wispy, with some of
them at right angles to the cortex. Thus, the presence of
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granular septations that emanate at right angles from the
edge of the lesion can potentially be a diagnostic clue for
CGCG. The pattern of septations was not evaluated in prior
studies.

Non-aggressive CGCGs are slow-growing lesions and,
therefore, they usually have well-defined borders 2'In pre-
vious studies, most lesions had well-defined borders.'”?!
The result of this study are in agreement, as 76.9% of the
cases had well-defined borders and 19.2% of cases showed
partially well-defined borders.'”*'*

Six of the 9 maxillary lesions (66.7%) showed encroach-
ment of the maxillary sinus, and 4 of those lesions affected
the nasal cavity as well. Of the maxillary lesions, 4 cases
(44.4%) involved the nasopalatine canal. Six of the mandi-
bular lesions (35.3%) showed inferior alveolar canal involve-
ment with or without displacement. No correlation was
found between sex and the location of the lesions (P >0.05).

Hybrid lesions are rare and are composed of histopa-
thological features of different distinct entities in a single
lesion.”® Previous studies reported hybrid lesions such as
CGCG and ameloblastoma, CGCG and aneurysmal bone
cyst, CGCG with odontogenic keratocyst, CGCG in associa-
tion with CODF, and CGCG with fibro-osseous lesions such
as COF. The histological features contribute to the diag-
nosis of these lesions.”

In this study, 2 hybrid lesions comprising CGCG and cen-
tral ossifying fibroma (CGCG-COF) and 1 hybrid lesion
comprising CGCG, and central odontogenic fibroma (CGCG-
CODF) were identified. Hybrid lesions of CGCG and COF
are rare. There is a predominance in women, with a mean
age of 35.8 years. It has predilection for mandibular poste-
rior regions. Clinically, this hybrid lesion presents as a slow-
growing, firm, painless swelling. The radiographic features
of CGCG-COF range from a radiolucent to mixed-density
lesion with the presence of varying degrees of radiopacity.
According to prior studies, a mixed-density appearance and
expansion of the cortical plate are predominant features
of this hybrid lesion.”'”* In this study, both CGCG-COF
lesions presented as expansile, well-defined, corticated,
mixed-density lesions with tooth displacement. The man-
agement of CGCG-COF ranges from curettage or enucle-
ation for small, well-defined lesions to radical surgery for
large lesions with more aggressive patterns 3

CGCG in association with CODF is fairly uncommon,
occurring predominantly in women with an age range from
5 to 75 years (average age: 33.3+20.4 years). The lesion
usually occurs in the posterior region of the mandible. Cor-
tical bone expansion is a significant feature of this lesion.
Swelling and tooth displacement are noted with this entity
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as well. Radiographically, CGCG-CODF presents as well-
defined unilocular or multilocular radiolucencies.”*** In
this study, the CGCG-CODF presented as a well-defined,
corticated, unilocular, low-attenuation lesion with no bone
expansion. Tooth displacement was noted. Treatment typi-
cally consists of curettage and surgical excision. >+
Since recurrence of these lesions is common, surgical exci-
sion is the treatment of choice.”*

The top differential diagnoses of CGCG include ABC,
brown tumors of hyperparathyroidism, ameloblastoma, and
odontogenic myxoma. ABCs show similar radiographic
characteristics to those of CGCG. However, ABCs enlarge
rapidly with ballooning expansion and occur mostly in the
posterior region of the mandible. Fluid-fluid level is a char-
acteristic, but not unique, feature of ABCs on T2-weighted
magnetic resonance imaging (MRI).***" Ameloblastomas
occur predominantly in older age groups (third to fifth deca-
des) than CGCGs and are more common in the posterior
region of the mandible.*

Odontogenic myxomas occur in older individuals, are less
expansile than CGCGs, and are more common in the poste-
rior region of the mandible. Myxomas show high signal
intensity on T2-weighted MRI, which is a characteristic
of this tumor.” The radiographic appearance of CGCG is
often identical to that of brown tumor of hyperparathyroi-
dism. Hence, patients with histologically confirmed giant-
cell lesions should be screened for elevated levels of serum
calcium, parathyroid hormone, and alkaline phosphatase.6

The appearance of the internal septa can help differen-
tiate lesions. Ameloblastomas usually contain coarse and
curved septa whereas odontogenic myxomas may contain
thin, sharp, straight/geometric septa. Septa at right angles to
the periphery may be present in CGCGs.”"708%

There are some limitations of this study, including the
relatively small sample size and lack of clinical signs and
symptoms of cases. Additionally, because of the retrospec-
tive nature of this study, follow-up information on the cases
was limited. Therefore, further studies with advanced ima-
ging and long-term follow-up, including detailed clinical
information, are required for a more thorough understand-
ing of this entity.

Treatment

The management of CGCG is currently based on its clin-
ical and radiographic parameters, which vary consider-
ably; therefore, management decisions are usually made
on a case-by-case basis. Small non-aggressive lesions are
usually treated with curettage, followed by periodic eval-
uation. However, approximately 20% of cases do show a

tendency to recur. Surgical treatment ranging from curet-
tage to en bloc resection has been suggested for more
aggressive lesions. Alternative nonsurgical approaches
such as intralesional corticosteroid injection, subcutane-
ous calcitonin injection, or subcutaneous interferon-alpha
injection have been suggested, in addition to the use of
newer systemic therapies such as RANKL inhibitors. How-
ever, the success rate of these therapies is variable. Res-
earch indicates that nonsurgical therapies are not capable of
eliminating CGCG in every patient, although good results
were noted in some cases >*"*!

In conclusion, CGCGs show a spectrum of radiographic
appearances that vary from well-defined expansile lesions
to ill-defined destructive lesions with no obvious expan-
sion. CGCGs are mostly hypodense, with internal granular
bone deposits and wispy septations often observed. CBCT
imaging is highly effective in demonstrating the radio-
graphic range and extent of CGCGs in the maxillofacial re-
gion. CGCG should be considered in the differential diag-
nosis of lesions with similar radiographic features, such
as ABC and brown tumor of hyperparathyroidism. Radio-
logists should be aware of the variability in the presenta-
tion of CGCGs to obtain an accurate diagnosis and, most
importantly, to facilitate proper management.
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