Manifestations of hyperparathyroidism in the jaws:
Concepts, mechanisms, and clinical aspects §
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Hyperparathyroidism is one of the most common endocrine disorders worldwide. In countries where routine biochemical screen-
ing is not common, symptomatic hyperparathyroidism predominates. Its manifestations include skeletal alterations, calcification
of soft tissues, kidney stones, and functional alterations in other systems. Notably, jaw alterations can be the first clinical sign of
hyperparathyroidism, including brown tumor, renal osteodystrophy, osteitis fibrosa, and leontiasis ossea, and knowing such con-
ditions is of core importance for the multidisciplinary diagnosis and management of hyperparathyroidism. We aimed to perform a
concise review, systematizing the concepts and mechanisms underlying hyperparathyroidism and associated gnathic alterations.
In addition, a detailed description of the clinical aspects of the jaw manifestations is presented. (Oral Surg Oral Med Oral Pathol

Oral Radiol 2022;133:547—555)

Hyperparathyroidism is characterized by increased
activity of the parathyroid glands leading to elevated
parathyroid hormone (PTH) levels. Primary hyperpara-
thyroidism is the third most common endocrine disor-
der, and it is associated with parathyroid adenoma in
>80% of cases." Secondary hyperparathyroidism
occurs owing to hypocalcemia, mainly related to
chronic kidney disease (CKD), an increasing global
health problem with an estimated 8%-16% prevalence
worldwide.” Tertiary hyperparathyroidism is uncom-
mon, and it is associated with autonomous secretion of
PTH due to hyperplastic parathyroid glands as a result
of long-standing secondary hyperparathyroidism.”

The tight control of calcium and phosphate levels is
crucial for many vital physiologic functions.” Along
with the active form of vitamin D, calcitonin, antiaging
hormone klotho, fibroblast growth factor member 23
(FGF23), and estrogen, PTH plays an essential role in
physiologic calcium and phosphate homeostasis, acting
mainly in bone and kidney and indirectly in the intes-
tine. PTH excessive secretion and consequent meta-
bolic derangements in hyperparathyroidism can alter
several tissues and organs. In this scenario, craniofacial
bones can be affected, including the jaws’™ in 4% of
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cases.” Considering cases with jaw manifestations, the
mandible is more often affected, accounting for 41%-
47% of cases, whereas 29% occur in the maxilla and
23%-30% affect both jaws.’"*

Different jaw manifestations can occur in individuals
with hyperparathyroidism, including brown tumors, osteitis
fibrosa/renal osteodystrophy, and leontiasis ossea, among
others.”™ A better understanding of these conditions may
lead to more appropriate clinical management. However,
the literature on the definition of these concepts as well as
on bone metabolism and bone metabolic diseases affecting
the jaws is scarce. Therefore, the aim of the present study
was to review the mechanisms underlying hyperparathy-
roidism and the jaw alterations it is more frequently associ-
ated with, including brown tumor, renal osteodystrophy,
osteitis fibrosa, and leontiasis ossea. In addition, we
described and discussed the clinical and microscopic
aspects of these jaw manifestations.

In the search strategy, the terms “hyperparathyroidism,”
“primary  hyperparathyroidism,” “secondary hyper-
parathyroidism,” “tertiary hyperparathyroidism,” “chronic
kidney disease,” “chronic kidney disease-mineral and

bone disorder,” “osteitis fibrosa cystica,” “renal
osteodystrophy,”  “osteitis  fibrosa,” “‘osteomalacia,”
“adynamic bone disease,” “brown tumour,” “brown
tumor,” “Jaws,” “jaw,” “mandible,” “‘mandibular,”
“maxilla,” “maxillary,” and ‘“gnathic” were used. They

were connected with Boolean operators “AND” and “OR”

Statement of Clinical Relevance

Reviewing the concepts and clinical aspects of
brown tumor, renal osteodystrophy, osteitis fibrosa,
and leontiasis ossea, in addition to understanding
the mechanisms underlying hyperparathyroidism
and associated jaw alterations, can help clinicians to
improve multidisciplinary diagnosis and disease
management.
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when appropriate. Other important references derived from
background knowledge or the list of references of studies
have been included.

PARATHYROIDS, PTH, AND THEIR EFFECTS
ON BONE CELLS

The parathyroid glands are located most often in the
posterior edge of the thyroid gland, close to the supe-
rior and inferior aspects of thyroid lobes, and can also
be ectopic.'’ The 4 parathyroid glands are responsible
for producing PTH and are regulated mainly by circu-
lating ionized calcium levels via the calcium-sensing
receptor located on the surface of the chief cells.
Figure 1 summarizes the mechanism of action of PTH
in normal conditions. This hormone acts on bones, kid-
neys, and indirectly on the intestine, ensuring calcium
and phosphorus homeostasis.”'' The indirect action on
the intestine is based on the activation of the enzyme
la-hydroxylase in the kidneys, which leads to conver-
sion from inactive vitamin D [25(OH)D] to its active
form [1.25(OH),D]. Thus, active vitamin D stimulates
calcium absorption in the intestine.”

In the bones, PTH acts via the osteoprotegerin (OPG)—
receptor activator of nuclear factor-«B ligand (RANKL)—
receptor activator of nuclear factor-«B (RANK) system.
RANKL binds to its receptor RANK on hematopoietic
osteoclast precursors and osteoclast surface, leading to an
increase in differentiation and activity of such cells. OPG
inhibits bone resorption binding to RANKL and blocking
its interaction with RANK.'' Thus, the effect of PTH to
enhance bone resorption is indirect through its actions on
osteoblasts and osteocytes, stimulating RANKL, and
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suppressing OPG production.'’ Consequently, pathologic
alterations in PTH levels unbalance this control mechanism
and then can lead to skeletal manifestations."’

Several pathologic conditions can affect the parathyroid
glands, ranging from hyperplastic processes to malignant
neoplasms.'’ Such alterations cause an increase in PTH
production and secretion. Other pathologic conditions,
such as CKD and vitamin D deficiency, can also stimulate
a compensatory increase in PTH production by the para-
thyroid glands.'” All these conditions can result in hyper-
parathyroidism, which is classified as primary, secondary,
or tertiary based on the cause of the increase in PTH lev-
els'” (Figure 2). In addition, ectopic increased production
of PTH or PTH-related protein (PTHrP) in patients with
malignant diseases can also occur.'™'* PTHIP is closely
related to PTH and is involved in hypercalcemia in indi-
viduals with cancer."*

PRIMARY HYPERPARATHYROIDISM
Primary hyperparathyroidism is a common endocrine dis-
order that derives from a parathyroid adenoma in ~85% of
cases, followed by hyperplasia in ~15% and parathyroid
carcinoma in <1%."'>'® The presence of these lesions
causes an autonomous increased production of PTH.
Although asymptomatic hyperparathyroidism is
common in developed countries owing to routine
screening of calcium and PTH serum levels, in coun-
tries where such routine screening is not so common,
symptomatic hyperparathyroidism with skeletal mani-
festations still predominates.'” Moreover, in the sce-
nario of symptomatic primary hyperparathyroidism,
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Fig. 1. Physiological parathyroid hormone (PTH) mechanisms. The decrease in circulating ionized calcium levels stimulates the produc-
tion of PTH by the parathyroid glands. PTH acts on bones, kidneys, and indirectly on the intestine, activating mechanisms that raise
serum calcium levels. This increased level stimulates the reduction of PTH production through a feedback mechanism (straight dashed
line) and the production of calcitonin by the thyroid, which acts by reducing bone resorption (curved dashed line).
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Fig. 2. Primary, secondary, and tertiary hyperparathyroidism. In primary hyperparathyroidism (HPT), elevated production of
parathyroid hormone (PTH) due to parathyroid gland pathology leads to changes in bones, kidneys, and intestine, resulting in
hypophosphatemia and hypercalcemia. In chronic kidney disease, poor kidney function leads to hyperphosphatemia and hypocal-
cemia, resulting in a compensatory increase in PTH production, characterizing secondary HPT. In tertiary HPT, the persistence of
secondary HPT results in autonomous PTH production by parathyroid glands.

calcifications; kidney stones; and functional alterations
in the central nervous, neuromuscular, digestive, and
cardiac systems.'®

SECONDARY AND TERTIARY
HYPERPARATHYROIDISM

In secondary hyperparathyroidism, the increase in PTH
levels is stimulated by an extrinsic abnormal change
affecting calcium homeostasis.'> The most important
cause of hypocalcemia leading to secondary hyperpara-
thyroidism is CKD.'” Long-standing secondary hyper-
parathyroidism may lead to autonomous production of
PTH by hyperplastic parathyroid glands, resulting in
tertiary hyperparathyroidism.” Patients affected by
CKD and secondary hyperparathyroidism often present
with skeletal manifestations denominated renal osteo-
dystrophy, which can involve the jaws.® A brief review
of CKD and chronic kidney disease—mineral and bone
disorder (CKD-MBD) is presented next.

CKD and CKD-MBD

CKD is defined as abnormalities of kidney structure or
function with health implications that persist for >3
months, with glomerular filtration rates <60 mL/min/
1.73 m? or albuminuria.'” The progressive failure in
kidney function leads to alterations in mechanisms that
control the serum levels of calcium, phosphorus, PTH,
vitamin D, FGF23, and growth hormone.'® These
abnormalities mark a systemic condition of deranged
mineral and bone metabolism denominated CKD-
MBD, a complication of CKD.'””" In addition to

alterations in biochemical parameters, abnormalities in
bone turnover, mineralization, volume, linear growth,
or strength and vascular or other metastatic soft tissue
calcification are other possible manifestations of CKD-
MBD”"?! (Figure 3A).

Renal osteodystrophy

Renal osteodystrophy is part of CKD-MBD. As recom-
mended by the Kidney Disease: Improving Global Out-
comes  organization, by  definition, “renal
osteodystrophy” refers specifically to the bone pathol-
ogy derived from patients with CKD.” Hence, the
term encompasses the bone morphologic alterations,
which are quantifiable by histomorphometry of bone
biopsy.’

The classification of renal osteodystrophy is mainly
based on bone turnover (bone remodeling), mineraliza-
tion, and volume. Osteitis fibrosa, osteomalacia, ady-
namic bone disease, and mixed uremic osteodystrophy
are some subtypes.”’ Figure 3B summarizes the main
features of high-turnover and low-turnover renal osteo-
dystrophy types.””*>*? The high-turnovers osteitis
fibrosa and mixed uremic osteodystrophy are the most
common forms in end-stage renal disease, resulting
mainly from secondary hyperparathyroidism and vita-
min D deficiency leading to mineralization defect,
respectively.” Osteomalacia is primarily caused by
aluminum exposure with bone deposition and low lev-
els of vitamin D.> Last, the adynamic bone disease is
often seen in patients managed with excessive calcium
and/or vitamin D therapy.’”
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Fig. 3. Manifestations of chronic kidney disease—mineral and bone disorder (CKD-MBD) and main features of renal osteodystro-
phy. (A) CKD-MBD manifests as 1 or more of the following 3 features: (1) biochemical alterations of calcium, phosphorus, para-
thyroid hormone, or vitamin D metabolism; (2) abnormalities in bone turnover, mineralization, volume, linear growth, or
strength; and (3) vascular or other soft tissue calcification (adapted from Moe et al.”"). (B) High-turnover and low-turnover bone
abnormalities (renal osteodystrophy) and their features regarding mineralization, bone volume, peritrabecular fibrosis, osteoid for-

mations, and osteoblast and osteoclast number and activity.zo’22

The changes in bone structure and function in patients
with CKD vary according to endogenous (e.g., age, sex,
genetic background, ethnicity) and exogenous factors (e.g.,
nutritional status, physical activity, drugs used for treat-
ment, dialysis modality).”* Such factors influence the
occurrence of high-turnover or low-turnover types of renal
osteodystrophy and the transition between them.”

Although bone biopsy is the gold standard for renal
osteodystrophy diagnosis and classification by

histomorphometry, in clinical practice, biochemical
and imaging diagnoses are often used. The serum lev-
els of PTH and alkaline phosphatase and imaging fea-
tures may help in the differential diagnosis of some
renal osteodystrophy subtypes.”* For instance, Looser-
Milkman zones (i.e., pseudofractures) on radiographic
examination are suggestive of osteomalacia, whereas
subperiosteal bone resorption, salt-and-pepper aspect
of the skull, rugger jersey features of the spine, and
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cyst-like lesions are observed in high-turnover condi-
tions.”* With regard to the jaws, in patients with CKD-
MBD and hyperparathyroidism, some jaw radiologic
findings, such as resorption of the cortices and lamina
dura and effacement of the bony trabecula with a
ground-glass appearance, reflect the microscopic
replacement of resorbed bone by fibrous connective tis-
sue, which is consistent with the high-turnover osteitis
fibrosa subtype.”

HYPERPARATHYROIDISM AND THE JAWS
Brown tumor of hyperparathyroidism
Brown tumors are bone lesions that occur late in hyper-
parathyroidism® and result from abnormal bone metab-
olism in primary, secondary, and tertiary types of the
disease. Owing to the early diagnosis of hyperparathy-
roidism, brown tumors have become rare in developed
countries.”®

Brown tumors can affect one or more bones. The
most commonly affected bones are the ribs, clavicles,
and pelvis. Craniofacial involvement occurs in ~4% of
cases, mainly affecting the mandibular posterior
regions.”” Microscopically, brown tumors are charac-
terized by osteoclast-type multinucleated giant cells
intermingled with ovoid and spindle-shaped mononu-
clear cells in a fibrovascular background with hemor-
rhage and hemosiderin deposits.”’ The histologic
features are similar to those of other giant cell—rich
lesions of the jaws,”® and therefore the diagnosis of
brown tumors requires the association of the clinicora-
diologic, histopathologic, and biochemical findings.
Table I summarizes the biochemical tests used and the
most common primary, secondary, and tertiary hyper-
parathyroidism findings, based on previously proposed
values.”’ Notably, brown tumors share the microscopic
features with other giant-cell rich lesions of the jaws,
and recently they also have been shown to harbor
KRAS missense mutations at codons 12, 13, and 146,
similar to sporadic central and peripheral giant cell
granulomas of the jaws, as well as implant-associated
peripheral giant cell granuloma.”’-*"*'

A recent study systematically reviewed 167 cases of
brown tumors of the oral cavity, and they were related
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in 44.3% (74 of 167), 51.5% (86 of 167), and 4.2% (7 of
167) of cases, respectively.” Brown tumors can affect
the maxilla and mandible as single®*** or multiple
lesions.** ™ The mandible is frequently affected,
accounting for 70% of brown tumors occurring in the
jaws.” Although often central, brown tumors can also be
peripheral.**” Brown tumors of the jaws are frequently
well-defined unilocular or multilocular radiolucent/
hypodense areas, but ill-defined lesions’>*™** and corti-
cal bone erosion™'**? might also occur. Although there
may be no or mild manifestations during the oral clinical
examination, some patients may present with bone
expansion, facial deformity, and exophytic red-brown,
occasionally ulcerated, lesions 533394143

Besides the brown tumors, loss of lamina dura, tooth
displacement, tooth mobility, root resorption, maloc-
clusion, limited mouth opening, pain, and periodontal
enlargement are other bone and dental manifestations
that may also be present.'®**"** Furthermore, the
involvement of other bones by osteolytic lesions and
areas with a salt-and-pepper appearance in the skull,
reported in some cases, characterize the systemic
impact of the endocrine condition.”>~**

Although often sporadic, primary hyperparathyroidism
rarely occurs in inherited syndromes, such as multiple
endocrine neoplasia syndromes and hyperparathyroi-
dism—jaw tumor syndrome. In hyperparathyroidism—jaw
tumor syndrome, the jaw tumors are ossifying fibromas,
which are distinguishable from brown tumors, and are
not a direct effect of hyperparathyroidism.*

Other gnathic manifestations of secondary and
tertiary hyperparathyroidism

Besides brown tumors, another possible manifestation
in secondary hyperparathyroidism consists of ill- or
well-defined mixed areas with poor corticomedullary
distinction  described as the  “ground-glass
appearance.”****" Pontes et al.*’ described these
lesions affecting either the maxilla or mandible, indi-
vidually or affecting both simultaneously, often dif-
fusely.”” In this context, the diagnosis is usually
described as osteitis fibrosa/renal osteodystrophy. Its

radiologic and microscopic features are similar to
48,49

to primary, secondary, and tertiary hyperparathyroidism fibrous dysplasia. However, although both
Table I. Biochemical tests and most common findings in hyperparathyroidism

Test Reference range* Primary HPT Secondary HPT Tertiary HPT
PTH 10-65 pg/mL Elevated Elevated Elevated
Calcium 8.4-10.2 mg/dL Elevated Decreased Variable
Phosphorous 2.7-4.5 mg/dL Decreased Elevated Variable
Alkaline phosphatase 39-177 IU/L Elevated Elevated Elevated

HPT, hyperparathyroidism; PTH, parathyroid hormone.

*There is variation. The reference ranges in the table are from Misiorowski et al.”’
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Fig. 4. Radiographic and microscopic features of a case showing the simultaneous presence of a brown tumor and osteitis fibrosa
in a patient with secondary hyperparathyroidism. (A) Panoramic radiograph of a 43-year-old female patient presenting mixed
radiolucent/radiopaque ill-defined lesions diffusely affecting mandible and maxilla, with areas of ground-glass appearance. In
addition, loss of lamina dura around teeth and basal cortical thinning are observed. (B) Area of brown tumor (asterisk) adjacent to
osteitis fibrosa (double asterisk) (hematoxylin and eosin [H&E] stain, original magnification 50x; scale bar 200 pm). (C) Brown
tumor and osteitis fibrosa intersection at greater magnification (H&E, original magnification 100x; scale bar 200 «m). (D) Brown
tumor area characterized by osteoclast-like multinucleated giant cells intermingled by ovoid or spindle-shaped mononuclear cells
in a fibrovascular background with hemorrhage foci (H&E, original magnification 200x; scale bar 100 xm). (E) Area depicting
trabeculae of osteoid surrounded by osteoblasts and osteoclasts, and peritrabecular fibrosis, consistent with osteitis fibrosa (H&E,
original magnification 200x; scale bar 100 ;wm). A high-resolution version of this slide for use with the Virtual Microscope is

available as eSlide: VMO06357.

conditions show a ground-glass appearance, unlike
osteitis fibrosa/renal osteodystrophy, fibrous dysplasia
exhibits clear corticomedullary distinction on
radiographs.*”" In addition, these conditions can be
microscopically distinguished by a relative absence of
osteoclasts in fibrous dysplasia, whereas trabeculae of
osteoid are surrounded by osteoblasts and osteoclasts
in osteitis fibrosa/renal osteodystrophy.”” Interestingly,
de Lacerda et al.”' described a case of simultaneous
presence of osteitis fibrosa and brown tumor in an indi-
vidual with secondary hyperparathyroidism. Radio-
graphic and microscopic features of a case of brown
tumor and osteitis fibrosa simultaneously occurring in
a patient are shown in Figure 4.

Moreover, diffuse jaw enlargement in renal osteo-
dystrophy has been classified as uremic leontiasis ossea
or just leontiasis ossea. o However, because
“leontiasis ossea” is a nonspecific clinical term and is
also applied to other causes of facial bone enlargement,
such as fibrous dysplasia and Paget disease of bone,
some authors recommend the term “expansive renal
osteitis fibrosa” as a more appropriate term regarding
the CKD-MBD context.”’ Leontiasis ossea affecting
the jaws has also been reported in tertiary
hyperparathyroidism.””

In patients with CKD-MBD, the combination of cor-
tical bone thinning, coarsened medullary trabecula-
tions, osteolytic lesions, and a salt-and-pepper
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appearance of the skull are interpreted as cysts and
called “osteitis fibrosa cystica” by some authors. How-
ever, this term must be used with caution because the
radiolucent images are consequences of PTH-induced
bone loss instead of true cystic structures.*’

Another aggressive condition in the context of CKD-
MBD and hyperparathyroidism that has jaw manifesta-
tion is the Sagliker syndrome.*’* The prevalence of
this syndrome is estimated to be <1 in 1,000,000.°* In
addition to the radiographic features of the jaws
described above for osteitis fibrosa/renal osteodystro-
phy, other clinical characteristics are uglifying facial
appearance, maxillary and mandibular swellings, short
stature, skull and bone alterations, malocclusion, fin-
gertip changes, severe psychological problems, and
depression.”® The etiopathogenesis of Sagliker syn-
drome is still unclear,”” and GNASI and FGF23 muta-
tions have been reported in blood DNA.?>-*°

TREATMENT OF HYPERPARATHYROIDISM
AND ITS RELATED JAW ALTERATIONS

The classification of hyperparathyroidism is crucial to
guide the multidisciplinary approach of jaw alterations
because the normalization of PTH levels is the first
step. In classic primary hyperparathyroidism, the surgi-
cal removal of a single parathyroid adenoma or multi-
ple hyperplastic glands is indicated for the
regularization of hormone levels.” The treatment of
secondary hyperparathyroidism includes hemodialysis
or kidney transplant to reestablish renal function. In
addition, a low-phosphate diet, phosphate-binding
drugs, vitamin D analogs, and calcium mimetics are
also prescribed when necessary.” In cases of progres-
sive secondary hyperparathyroidism, subtotal parathy-
roidectomy (i.e., removal of 3-3.5 glands) or total
parathyroidectomy either with or without autotrans-
plantation are indicated, as it is for tertiary hyperpara-
thyroidism, with additional pre- or postoperative care
depending on individual conditions.” Hyperparathy-
roidism treatment details are beyond the scope of this
article, and there are excellent published papers focus-
ing on this subject.’

Management of the jaws’ alterations after the men-
tioned medical treatments will depend on the systemic
conditions of the patient and the location, size, and
clinical behavior of the lesions.” In regard to brown
tumors, they usually regress after PTH levels are
controlled, and the “wait and see” approach after the
endocrine regularization is prudently suggested. Occa-
sionally, the regression can take a long time, or the
lesions can even increase in size, and sometimes func-
tional or esthetic problems are present. In these cases,
systemic or intralesional corticosteroids and calcitonin
have been used to reduce the lesion size, and surgical
approaches such as excision, resection, curettage, and
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osteoplasty have also been described.”’ Osteitis
fibrosa/renal osteodystrophy in the jaws frequently
leads to expansion and facial asymmetry with unusual
total regression. Therefore, osteoplasty with bone
recontouring is a common practice, mainly when there
are functional or esthetic demands. "

CONCLUSIONS

Hyperparathyroidism management requires a multidisci-
plinary approach for both diagnosis and treatment, with
dentists and oral and maxillofacial surgeons playing an
important role. Because jaw lesions are often the first clini-
cal sign of hyperparathyroidism, clinicians must be able to
suspect a more complex systemic condition and investigate
it. The dosage of PTH, calcium, phosphorus, and alkaline
phosphatase are essential for the diagnosis of hyperpara-
thyroidism-related jaw lesions. There is a lack of clarity in
the definition of concepts of bone diseases occurring in the
hyperparathyroidism context. Such lack of uniformity in
definitions may be partially attributed to the fact that there
are 3 types of hyperparathyroidism with distinct pathogen-
esis, and they are often studied from different perspectives.
In addition, the scenario in renal patients may be more
complex than that in patients with nonrenal causes of
hyperparathyroidism. Therefore, the discussed and inte-
grated concepts in the present review can help investigators
and clinicians to improve their diagnostic approach, their
communication with the multidisciplinary team, and their
management of the lesions.

ACKNOWLEDGMENTS

We thank the Coordination for the Improvement of
Higher-Level Education Personnel (CAPES)/Brazil,
Fundagao de Amparo a Pesquisa do Estado de Minas
Gerais (FAPEMIG)/Brazil, and the National Council
of Scientific and Technological Development (CNPq)/
Brazil. L.M.G. is a research fellow at CAPES. A.T.V.,
R.S.G., and C.C.G. are research fellows at CNPq. We
thank the Image Acquisition and Processing Center
(CAPI-ICB/UEMGQ) for the slide scanning service.

REFERENCES

1. Ruda JM, Hollenbeak CS, Stack BC Jr. A systematic review of
the diagnosis and treatment of primary hyperparathyroidism
from 1995 to 2003. Otolaryngol Head Neck Surg.
2005;132:359-372.

2. Jha V, Garcia-Garcia G, Iseki K, et al. Chronic kidney disease:
global dimension and perspectives. Lancet. 2013;382:260-272.

3. Shindo M, Lee JA, Lubitz CC, et al. The changing landscape of
primary, secondary, and tertiary hyperparathyroidism: highlights
from the American College of Surgeons panel, “What’s New for
the Surgeon Caring for Patients with Hyperparathyroidism. J Am
Coll Surg. 2016;222:1240-1250.

4. Renkema KY, Alexander RT, Bindels RJ, Hoenderop JG. Cal-
cium and phosphate homeostasis: concerted interplay of new
regulators. Ann Med. 2008;40:82-91.



ORAL AND MAXILLOFACIAL PATHOLOGY

0000

554  Guimaraes et al.

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Raubenheimer EJ, Noffke CE, Hendrik HD. Recent develop-
ments in metabolic bone diseases: a gnathic perspective. Head
Neck Pathol. 2014;8:475-481.

. Baracaldo RM, Bao D, Iampornpipopchai P, Fogel J, Rubinstein

S. Facial disfigurement due to osteitis fibrosa cystica or brown
tumor from secondary hyperparathyroidism in patients on dialy-
sis: a systematic review and an illustrative case report. Hemodial
Int. 2015;19:583-592.

. Palla B, Burian E, Fliefel R, Otto S. Systematic review of oral

manifestations related to hyperparathyroidism. Clin. Oral Inves-
tig. 2018;22:1-27.

. Lajolo C, Patini R, Limongelli L, et al. Brown tumors of the oral

cavity: presentation of 4 new cases and a systematic literature
review. Oral Surg Oral Med Oral Pathol Oral Radiol.
2020;129:575-584.

. Cecchetti DFA, Paula SA, Cruz AAV, et al. Orbital involvement

in craniofacial brown tumors. Ophthalmic Plast Reconstr Surg.
2010;26:106-111.

Guilmette J, Sadow PM. Parathyroid pathology. Surg Pathol
Clin. 2019:12:1007-1019.

Silva BC, Bilezikian JP. Parathyroid hormone: anabolic and catabolic
actions on the skeleton. Curr Opin Pharmacol. 2015;22:41-50.
Hyperparathyroidism Fraser WD. Lancet. 2009;374:145-158.
Smith AC, Bradley JC. Non-surgical management of hyperparathy-
roidism of the jaws. J Oral Maxillofac Surg. 1987:45:176-181.
Zagzag J, Hu MI, Fisher SB, Perrier ND. Hypercalcemia and
cancer: differential diagnosis and treatment. CA Cancer J Clin.
2018;68:377-386.

Salti GI, Fedorak I, Yashiro T, et al. Continuing evolution in the
operative management of primary hyperparathyroidism. Arch
Surg. 1992;127:831-837.

Marcocci C, Cetani F, Rubin MR, Silverberg SJ, Pinchera A,
carcinoma Bilezikian JPParathyroid. J Bone Miner Res.
2008;23:1869-1880.

Bilezikian JP, Bandeira L, Khan A, Hyperparathyroidism
Cusano NE. Lancet. 2018;391:168-178.

Azzi L, Cimetti L, Annoni M, Anselmi D, Tettamanti L, Taglia-
bue A. A giant-cell lesion with cellular cannibalism in the man-
dible: case report and review of brown tumors in
hyperparathyroidism. Case Rep Dent. 2017;2017:9604570.
Disease Kidney. Improving Global Outcomes (KDIGO) CKD
Work Group. KDIGO 2012 Clinical Practice Guideline for the
Evaluation and Management of Chronic Kidney Disease. Kidney
Int Suppl. 2013;3:1-150.

Moe SM, Driieke T, Cunningham J, et al. Kidney Disease:
Improving Global Outcomes (KDIGO). Definition, evaluation,
and classification of renal osteodystrophy: a position statement
from Kidney Disease: Improving Global Outcomes (KDIGO).
Kidney Int. 2006;69:1945-1953.

Moe SM, Driieke T, Lameire N, Eknoyan G. Chronic kidney dis-
ease-mineral-bone disorder: a new paradigm. Adv Chronic Kid-
ney Dis. 2007;14:3-12.

Sherrard DJ, Hercz G, Pei Y, et al. The spectrum of bone disease
in end-stage renal failure—an evolving disorder. Kidney Int.
1993;43:436-442.

Ferreira A. Development of renal bone disease. Eur J Clin
Invest. 2006;36(2):2-12. Suppl.

Driieke TB, Massy ZA. Changing bone patterns with progression
of chronic kidney disease. Kidney Int. 2016;89:289-302.
Raubenheimer EJ, Noffke CE, Hendrik HD. Chronic kidney dis-
ease-mineral bone disorder: an update on the pathology and cra-
nial manifestations. J Oral Pathol Med. 2015;44:239-243.

De Crea C, Traini E, Oragano L, Bellantone C, Raffaelli M,
Lombardi CP. Are brown tumours a forgotten disease in devel-
oped countries? Acta Otorhinolaryngol Ital. 2012;32:410-415.

217.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

May 2022

Guimaraes LM, Gomes IP, Pereira TSF, et al. KRAS mutations
in brown tumor of the jaws in hyperparathyroidism. J Oral
Pathol Med. 2020;49:796-802.

Gomes CC, Diniz MG, Bastos VC, Bernardes VF, Gomez RS.
Making sense of giant cell lesions of the jaws (GCLJ): lessons
learned from next-generation sequencing. J Pathol. 2020;250:126-
133.

Misiorowski W, Czajka-Oraniec I, Kochman M, Zgliczynski W,
Bilezikian JP. Osteitis fibrosa cystica—a forgotten radiological fea-
ture of primary hyperparathyroidism. Endocrine. 2017;58:380-385.
Gomes CC, Gayden T, Bajic A, et al. TRPV4 and KRAS and
FGFR1 gain-of-function mutations drive giant cell lesions of the
jaw. Nat Commun. 2018;9:4572.

Martins-Chaves RR, Guimaraes LM, Pereira TSF, et al. KRAS
mutations in implant-associated peripheral giant cell granuloma.
Oral Dis. 2020;26:334-340.

Olsen J, Sealey C. Brown tumour of the mandible in primary hyper-
parathyroidism; a case report. N Z Dent J. 2015;111:116-118.

Qaisi M, Loeb M, Montague L, Caloss R. Mandibular brown
tumor of secondary hyperparathyroidism requiring extensive
resection: a forgotten entity in the developed world? Case Rep
Med. 2015;2015:567543.

Gulati D, Bansal V, Dubey P, Pandey S, Agrawal A. Central giant
cell granuloma of posterior maxilla: First expression of primary
hyperparathyroidism. Case Rep Endocrinol. 2015;2015:170412.
Nunes TB, Bologna SB, Witzel AL, Nico MMS, Lourengo SV.
A rare case of concomitant maxilla and mandible brown
tumours, papillary thyroid carcinoma, parathyroid adenoma, and
osteitis fibrosa cystica. Case Rep Dent. 2016;2016:5320298.
Brabyn P, Capote A, Belloti M, Zylberberg I. Hyperparathyroid-
ism diagnosed due to brown tumors of the jaw: a case report and
literature review. J Oral Maxillofac Surg. 2017;75:2162-2169.
Zou H, Song L, Jia M, Wang L, Sun Y. Brown tumor of multiple
facial bones associated with primary hyperparathyroidism: a
clinical case report. Medicine (Baltimore). 2018;97:e11877.
Manjunatha BS, Purohit S, Harsh A, Vangala N. A complex case of
brown tumors as initial manifestation of primary hyperparathyroid-
ism in a young female. J Oral Maxillofac Pathol. 2019;23:477.
Gosavi S, Kaur H, Gandhi P. Multifocal osteolytic lesions of jaw
as a road map to diagnosis of brown tumor of hyperparathyroid-
ism: a rare case report with review of literature. J Oral Maxillo-
fac Pathol. 2020;24(1):S59-S66. Suppl.

Guimaraes ALS, Marques-Silva L, Gomes CC, Castro WH, Mes-
quita RA, Gomez RS. Peripheral brown tumour of hyperparathyroid-
ism in the oral cavity. Oral Oncol Extra. 2006;42:91-93.

De Avila ED, de Molon RS, Gabrielli MAC, et al. Unusually
rapid growth of brown tumour in the mandible after parathyroid-
ectomy associated with the presence of a supernumerary para-
thyroid gland. J Craniomaxillofac Surg. 2012;40:¢19-e23.
Bransky N, Iyer NR, Cannon SM, et al. Three rare concurrent
complications of tertiary hyperparathyroidism: maxillary brown
tumor, uremic leontiasis ossea, and hungry bone syndrome. J
Bone Metab. 2020;27:217-226.

Pontes FSC, Lopes MA, de Souza LL, et al. Oral and maxillofa-
cial manifestations of chronic kidney disease-mineral and bone
disorder: a multicenter retrospective study. Oral Sug Oral Med
Oral Pathol Oral Radiol. 2018;125:31-43.

Thankappan P, Chundru NS, Amudala R, Kuppusamy A. Maxil-
lary tumour as first sign of endocrine abnormality: a report of a
rare case. Niger Med J. 2015;56:77-79.

Parfitt J, Harris M, Wright JM, Kalamchi S. Tumor suppressor
gene mutation in a patient with a history of hyperparathyroi-
dism—jaw tumor syndrome and healed generalized osteitis
fibrosa cystica: a case report and genetic pathophysiology
review. J Oral Maxillofac Surg. 2015;73. 194.e1-194.€9.



0000

REVIEW ARTICLE

Volume 133, Number 5

46.

47.

48.

49.

50.

S1.

52.

Lopes MLDS, Albuquerque AFM, Germano AR, Queiroz LMG,
Miguel MCC, da Silveira EJD. Severe maxillofacial renal osteo-
dystrophy in two patients with chronic kidney disease. Oral
Maxillofac Surg. 2015;19:321-327.

Andrade GS, Carvalho ACGS, Magalhaes TG, Cetira Filho EL,
Cavalcante RB, Nogueira RLM. Expansive renal osteitis fibrosa:
a case report. Oral Maxillofac Surg. 2018;22:323-327.

Eversole R, Su L, EIMofty S. Benign fibro-osseous lesions of the cra-
niofacial complex. A review. Head Neck Pathol. 2008;2:177-202.
Raubenheimer EJ, Noffke CE, Mohamed A. Expansive jaw
lesions in chronic kidney disease: review of the literature and a
report of two cases. Oral Surg Oral Med Oral Pathol Oral Radiol.
2015;119:340-345.

Chang JI, Som PM, Lawson W. Unique imaging findings in the
facial bones of renal osteodystrophy. AJNR Am J Neuroradiol.
2007;28:608-609.

De Lacerda JCT, Gomes CC, da Silveira Oliveira C, Gomez RS.
Osteodystrophy and brown tumour causing localised jaw
enlargement. Oral Surg. 2008;1:149-152.

Hamrahian M, Pitman KT, Csongradi E Bain JH, Kanyicska B,
Fiilop T. Symmetrical craniofacial hypertrophy in patients with
tertiary hyperparathyroidism and high-dose cinacalcet exposure.
Hemodial Int. 2012;16:571-576.

53.

54.

55.

56.

57.

555

Guimaraes et al.

Sagliker Y, Balal M, Ozkaynak PS, et al. Sagliker syndrome:
uglifying human face appearance in late and severe secondary
hyperparathyroidism in chronic renal failure. Semin Nephrol.
2004;24:449-455.

Orphanet. The portal for rare diseases and orphan drugs. Available at:
https://www.orpha.net/consor/cgi-bin/index.php. Accessed 5 July
2021.

Yildiz I, Sagliker Y, Demirhan O, et al. International evaluation
of unrecognizably uglifying human faces in late and severe sec-
ondary hyperparathyroidism in chronic kidney disease. Sagliker
syndrome. A unique catastrophic entity, cytogenetic studies for
chromosomal abnormalities, calcium-sensing receptor gene and
GNAS! mutations. Striking and promising missense mutations
on the GNASI gene exons 1, 4, 10, 4. J Ren Nutr. 2012;22:157-
161.

Demirhan O, Arslan A, Sagliker Y, et al. Gene mutations in
chronic kidney disease patients with secondary hyperparathy-
roidism and Sagliker syndrome. J Ren Nutr. 2015;25:176-186.
Dos Santos B, Koth VS, Figueiredo MA, Salum FG, Cherubini
K. Brown tumor of the jaws as a manifestation of tertiary hyper-
parathyroidism: a literature review and case report. Spec Care
Dentist. 2018;38:163-171.



