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Medication-related osteonecrosis of the
jaws: a series of 22 cases highlighting
their histopathological features

Abstract:
characteristics of medication-related osteonecrosis of the jaw (MRON]),

This study aimed to assess the clinicopathological

addressing histopathological features and bone structure. Twenty-two
MRON] patients were retrospectively evaluated for osteonecrosis,
osteomyelitis, bacterial colonization, bone resorption, reactive bone,
osteon-like structure, lamellar bone, and basophilic lines. Specific
staining and fluorescence and polarized light microscopy assessments
were also performed. The mandible was significantly more affected
by MRON]J. There was a predominance of African-Brazilian women
aged sixty and older. Osteomyelitis was present in 82% of patients.
Actinomycosis was observed in 36.4% of MRON] patients. Osteoclasts
were absent in MRON] but bone resorption was often seen. Basophilic
lines were observed in more than 80% of the patients. The MRON]
patients exhibited lamellar bone with osteon-like structures. This
study provided important insight into MRON], demonstrating a
diverse histopathological spectrum and infection with Actinomyces and
fungi. The condition was characterized by a necrotized lamellar bone
structure and more frequently affected the mandible of older women.

Keywords: Osteonecrosis; Actinomycosis; Infections; Jaw.

Introduction

Osteonecrosis of the jaw has received much attention in recent
decades because of the increasing number of cases related to the
use of bisphosphonates, denosumab, and antiangiogenic drugs."?
Medication-related osteonecrosis of the jaw (MRONY]) is a process
characterized by the exposure of necrotic bone for more than 8 weeks.>*
Its frequency ranges from 0% to 6.9%.5

Bisphosphonates reduce the risk of fractures by inhibiting bone
resorption.® The mechanism of action of nitrogen-containing bisphosphonates
is based on the inhibition of the mevalonate pathway, which produces
farnesyl diphosphate and geranyl pyrophosphate. These substrates are
required for the transcriptional modification of GTPases, enzymes that
regulate osteoclast apoptosis.”® Denosumab is a human monoclonal
antibody that binds with high affinity and specificity to RANKL, preventing
the ligand from activating its single receptor, RANK, on the surface of
osteoclasts and their precursors. Denosumab inhibits osteoclasts’ formation,

Braz. Oral Res. 2025;39:e058 1


https://orcid.org/0000-0002-9060-2907
https://orcid.org/0000-0003-4774-7681
https://orcid.org/0000-0002-6662-0486
https://orcid.org/0009-0003-6083-4218
https://orcid.org/0000-0002-0199-6503
https://orcid.org/0000-0002-8591-3655
https://orcid.org/0000-0002-5146-2366
https://orcid.org/0000-0002-8249-4977
https://orcid.org/0000-0001-8907-0483
https://orcid.org/0000-0001-7225-5879

Medication-related osteonecrosis of the jaws: a series of 22 cases highlighting their histopathological features

activity, and survival, consequently reducing bone
resorption.””® On the other hand, antiangiogenic
agents are indicated for cancer treatment. These
drugs comprise monoclonal antibodies or inhibitors
of tyrosine kinase that directly or indirectly block
the action of VEGF.*

Radiographically, MRON] appears as osteosclerotic
to completely osteolytic areas or even as mixed
areas.”* Histologically, MRON] is characterized by
areduction in vascular canals, empty bone marrow
spaces, and areas of bone resorption where osteoclasts
are present and osteocytes are absent.'>’

To our knowledge, few studies have focused on
the clinicopathological characteristics of MRON]J."*-?
Despite its medication-related etiology, osteonecrosis
may be a common feature of other conditions that
affect the jawbones. However, MRON] has clinical
implications such as pain and can reduce the quality
of life, particularly in patients with cancer.* Therefore,
this study aimed to assess the clinicopathological
characteristics of MRON] cases, highlighting the
histopathological features and bone structure by
polarized light and fluorescence microscopy.

Methods

Population, sample and patient selection
After approval by the Ethics Committee (Approval
number 3.082.248), 36 patients diagnosed as MRON]J
were retrieved from the archives of the Oral and
Maxillofacial Surgical Pathology Service of the School
of Dentistry, Federal University of Bahia, Salvador,
Bahia, Brazil, and from the Head and Neck Clinical
Center, Guatemala City, Guatemala. This was a
retrospective, cross-sectional cohort study that was
conducted in accordance with the Declaration of
Helsinki. Data were collected between 2002 and 2019.
The inclusion criterion was having a description
of medications and/or previous reports of cancer
treatment. All data were obtained from clinical
charts. After revision of clinical and histopathological
features, 14 patients with MRON] were excluded (five
because of a history of radiotherapy, two because of
the lack of sufficient biological material, and seven
because of the lack of clinical data compatible with
the histopathological diagnosis). All hematoxylin/
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eosin-stained (Merck, Darmstadt, DE) histological
slides were evaluated by two examiners under a light
microscope. Clinical data such as patient age, gender,
location, color, symptoms, presence of infection, and
swelling were obtained from the biopsy request forms.
Radiographic data were also collected, if available.
Finally, 22 patients with MRON] were included in
the study.

Morphological analysis

Morphological features such as osteonecrosis,
osteomyelitis, bacterial colonization (Actinomyces
colonies), bone resorption, reactive bone,
osteon-like structures, lamellar bone, and basophilic
lines were evaluated in the slides of each case
following the criteria adopted by previous authors.”
The morphological analysis was performed by an
experienced pathologist (JNS).

Specific staining

The specific histochemical stains Grocott-Gomori
(Abcam, Cambridge, UK) were used to evaluate the
presence of pathogens such as bacteria and fungi.

Fluorescence and polarized light
microscopy analyses

The slides were analyzed under a microscope
(Leica DM 4000 B, Wetzlar, DE) coupled to a camera
(Leica DFC310 FX, Wetzlar, DE) at 400x magnification.
Eosin fluorescence was used for the analysis of the
histological sections at maximal absorption and
emission wavelengths of 527 and 550 nm, respectively.

Data analysis

The collected data were entered into a Microsoft
Excel® spreadsheet. Descriptive analysis was
performed by calculating the absolute and relative
frequency of categorical variables and the mean and
standard deviation (SD) of continuous variables.

Results

Clinical features

Among the 22 MRON] patients, 18 were women
(81.8%) and four were men (18.2%), with a female/
male ratio of 4.5:1 (Table 1). Most patients were
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Afro-Brazilians and age ranged from 25 to 88 years
[mean 68.3 years (SD +15.84)]. There was a higher
frequency of cases in the eighth decade of life.

The mandible was significantly more affected
than other sites (Table 1). Pain and swelling were

Table 1. Demographic data of the 22 patients with medication-
related osteonecrosis of the jaw.

MRONJ*
Variabe
Mean = SD, n (%)

Mean age 68.32 =15.84
Sex

Male 4(18.2)

Female 18 (81.8)
Ancestry

European 4 (25.0)

African-Brazilian 12 (75.0)
Location

Mandible 12 (46.1)

Maxilla 9 (34.6)
Symptoms

Painless 1(38.5)

Painful 6 (61.5)
Infection

Present 7 (87.5)

Absent 1(12.5)
Swelling

Present 2 (33.3)

Absent 4 (66.7)

*Medication-related osteonecrosis of the jaw. There are missing
cases in all variables.

found in 61.5% and 33.3% of patients, respectively
(Table 1). The presence of infection was observed in
87.5% patients.

Nineteen of the 22 MRON] patients were using
nitrogen-containing bisphosphonates, two were
using denosumab, and one was using antiangiogenic
agents. The name of the associated drug was
reported in only 10 patients. Zoledronic acid
was the most frequently reported drug (n = 5),
followed by risedronic acid (n = 3) and disodium
ibandronate (n = 2).

Radiographic features

Radiographically, MRON] patients had sclerotic
areas around mandibular and maxillary teeth,
including the toothless ridge, multiple radiolucencies,
and local or generalized enlarged radiopacities
with well-defined borders. Radiolucent images
suggestive of osteonecrosis with well-defined margins
were noted in some less extensive cases, while the
margins were poorly defined in more extensive
cases. Images suggestive of a bone sequestrum
were observed in the center of the radiolucencies
(Figure 1). The cortical bone was preserved. These
radiographic findings were found in only nine
MRON] patients.

Microscopic findings

MRON] mainly appeared as irregular, often
lamellar bone trabeculae or masses displaying
osteon-like structures with no stromal tissue. “Thick
and irregular” or “non-thick” basophilic lines were

Figure 1. Medication-related osteonecrosis: A) Presence of exposed bone in the right alveolar ridge of the mandible. B)
Panoramic radiograph showing alterations in bone density in the right posterior mandible. Note the bone sequestrum and vertical

pathological fracture.
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observed. These lines were parallel or non-parallel
and contained empty bone lacunae, which often
became larger in the absence of osteocytes.

The bone trabeculae observed in the MRON]J
patients exhibited necrotic characteristics, including
the presence of empty lacunae and empty medullary
canals. The latter were colonized with bacteria and
filled with inflammatory cells. Cup-shaped superficial
bone resorption was present in 100% of the patients
and involved more than 50% of the trabeculae in most
patients. However, we did not observe osteoclasts in
any of the cases.

Osteomyelitis was present in almost 82% of the
MRON] patients and was mainly acute (61.21%) and
of mild intensity (45.45%) (Table 2).

Variable numbers of bacterial colonies were
frequently observed amidst the bone trabeculae
in MRON]. These colonies were found around the
necrotic bone, trapped inside the bone, or occupied the
existing irregular medullary canals, which together
with the inflammatory infiltrate culminated in bone
sequestration. Bacterial colonization was present in
90.9% of the MRON] patients and was classified as
intense in most of them (77.27%). Actinomycosis was
detected as the simultaneous occurrence of single and /or
multiple colonies in the same specimen (Table 2).

A marked feature of these lesions was the presence
of basophilic lines. They were “thick and irregular” in
81.8% of MRON] patients (Table 2). Reactive bone was
observed in only one patient (4.5%), while lamellar
bone was present in almost 95% of patients. However,
osteon-like structures were detected in only 9.1% of
the MRON] patients (Table 2).

All histopathological features of MRON] are
shown in Figure 2.

Fluorescence and polarized light
microscopy analysis

Fluorescence and polarized light microscopy
analysis demonstrated lamellar bone with
osteon-like structures (Figure 3).

Discussion
This study described a series of 22 MRON] cases.

Although MRON] is still little known, the presence of
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Table 2. Histopathological features of the 22 patients with
medication-related osteonecrosis of the jaw.

Variable MRONUJ* n(%)
Bone resorption
Present 22 (100)
> 50% 17 (77.27)
< 50% 5(22.72)
Osteomyelitis
Present 14 (66.3)
Absent 8 (36.3)
Osteomyelitis intensity
Intensity 2 (9.09)
Moderate 6 (27.27)
Mild 10 (45.45)
Absent 4(18.18)
Osteomyelitis type
Acute 11 (61.11)
Chronic 5(27.77)
Mixed 2(11.171)

Bacterial colonization

Intensity

Intense 17 (77.27)

Moderate 3 (13.63)

Mild 0

Absent 2 (9.09%)
Actinomyces

Present 8 (36.36)

Absent 14 (63.63)
Basophilic lines

Thick and irregular 18 (81.81%)

Non-thick 4 (18.18%)
Thick and irregular basophilic lines

> 50% 7 (38.88%)

< 50% 11 (61.11%)
Reactive bone

Present 1 (4.54%)

Absent 21 (94.45%)
Osteon-like structures

Present 15 (%)

Absent 1 (4.45%)
Lamellar bone

Present 21 (94.45%)

Absent 1 (4.45%)

*Medication-related osteonecrosis of the jaw.
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this type of osteonecrosis does not seem to be a rare
finding since it has been reported over the past years.>*%
However, a description of the clinicopathological
features of MRON] is important since they can have
clinical implications such as infections'>**?° and
pathological fractures.?®® In addition, the reported

suspected cases generally did not state the criteria
adopted by the American Association of Oral and
Maxillofacial Surgeons for diagnosing MRON]J,* and
some were suspected cancer cases.

In the present series, MRON] was more frequent in
the mandible of women, in agreement with previous

A B C
D E F
G H I

Figure 2. Medication-related osteonecrosis [hematoxylin and eosin, H&E]: A) Interconnected bone trabeculae that are curved
and minimally cellular and interspersed with fibrous stroma. There are also basophilic lines arranged parallel to each other or
non-parallel. Obliterated blood vessels surrounded by marked chronic inflammation (acute osteomyelitis) [scale bar: 200 um]
can be seen. B) Different area of the previous case showing curved lamellar bone trabeculae in stromal tissue with many empty
lacunae, peritrabecular clefting, and no rimming of osteoblasts similar to fibrous dysplasia [scale bar: 200 um]. C) Curved and
interconnected bone trabeculae of variable thickness displaying peritrabecular clefting. Osteomyelitis, with fibrous stroma replaced
by marked chronic inflammation can be seen. There are bacterial colonies compatible with Actinomyces in the upper left corner
[scale bar: 200 um]. D) Necrotic lamellar bone with empty lacunae of variable diameters. Note the osteon-like structures [scale bar:
100 um]. I) Resorption [scale bar: 100 um]. E) Actinomyces colonies exhibiting varied sizes and necrotic bone in the upper corner
[scale bar: 200 um]. F) Bacterial colonies (actinomycosis) with radiating clubs [scale bar: 200 um]. G) Extensive accumulation
of confluent bacterial colonies (actinomycosis). Necrotic bone with large bone lacunae [scale bar: 200 um] is shown. H) Irregular
necrotic bone trabeculae exhibiting thick basophilic lines parallel to each other and interspersed with irregular bacterial colonies.
The bone surface with resorption is shown [scale bar: 200 um]. ) Irregular necrotic bone amidst fungi infection compatible with
Aspergillosis [scale bar: 50 um; Grocot-Gomori] .
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Figure 3. A) Polarized light microscopy of hematoxylin/
eosin-stained tissues highlighting the lamellar feature [scale
bar: 200 um]. B) Medication-related osteonecrosis of the jaw
showing lamellar bone and osteon-like structures with strong
red fluorescence [scale bar: 200um].

studies.'®1%223032 The highest frequency of MRON]
was found in patients older than 80 years, followed
by those in their seventies and nineties. Thus,
MRON] affects older patients, as reported by other
authors.”*3 According to Cremers and Papapoulos,®
the jaw bones are characterized by high turnover
rates and bisphosphonates seem to be attracted to
bone with this type of metabolism. However, other
authors reported that bisphosphonates are deposited
in bones with high mineral content, as is the case
of the jaw, which contains a significant amount
of hydroxyapatite.**

The radiographic signs of MRON] included
osteosclerosis, lysis, and bone sequestration,
as previously described by the authors.” Other
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conditions such as florid cemento-osseous dysplasia
(FCOD)-related osteonecrosis exhibit similar
radiograph features despite their distinct etiology
and can therefore show mixed density. It is important
to stress that the lack of radiographic images was a
limitation of the present study. However, panoramic
radiographs, as observed here, remain relatively
nonspecific, although more advanced imaging may
be useful.®

In addition to necrosis, other histopathological
features of MRON] must be highlighted, although
we were unable to distinguish them based on the
type of medication used since the drugs have
the same pharmacological action. These features
included irregular bone trabeculae with empty
lacunae that were larger than in the presence
of osteocytes, as well as the observation of bone
resorption, inflammation, and bacterial colonization.
It is important to note that MRON]J was rarely
referred to clinically as a bone sequestrum, which
was observed in some patients.

Resorbed bone surfaces were common findings
in MRON], detected in more than 50% of the biopsy
specimens. However, bone resorption was associated
with osteomyelitis. According to Hong et al.,*
long-term medication use is the main risk factor
for osteomyelitis.

We did not observe clearly visible osteoclasts in
MRON], as this cell population seems to be rare.’>"”
Bacterial colonization may be the cause of bone
without osteoclasts, since bacteria can resorb bone.*
Nevertheless, the pharmacological action might
interfere with the interaction between RANK-Fc and
OPG-Fc,” suppressing the activity or stimulating
apoptosis of osteoclasts. This mechanism is complex,
and studies on endocrine disorders and autophagy
that involve the main regulator of osteoclastogenesis
(nuclear factor of activated T-cells cytoplasmic 1,
NFATc1)*® may clarify this matter.

All patients exhibited osteomyelitis of variable
intensity, especially acute osteomyelitis, as was also
reported by Shuster et al.”® Acute osteomyelitis was
also observed in other case series of MRON]J.** We
believe that osteomyelitis is secondary to the process
of necrosis, which attracts inflammatory cells that
phagocytose the necrotic tissue. The host organism
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responds by expelling these cells, as indicated by the
formation of a bone sequestrum. There appears to be
an increased risk of MRON]J in the presence of root
amputation, single tooth extraction, bone loss, tooth
mobility, and open wounds,"*** with the consequent
development of osteomyelitis.

It is important to note that the jaws are the only
skeletal bones exposed to the exogenous environment
because the bone is lined only by the thin oral
mucosa. This fact facilitates infarction or infection
or both,” which can be related to the low immunity
of this process.

Previous authors have also reported bacterial
colonization in patients with MRON]J."” In contrast
to other authors,"**> we observed trapped bacteria or
bacteria occupying bone marrow spaces. Although
many MRON] cases were fragmented, it is possible
that the smaller trabecular thickness contributed
to reaching the deeper necrotic bone tissue. We
have observed that many bone trabeculae are
visibly smaller in MRONY] than in other types of
necrosis, such as FCOD-related osteonecrosis.?®
These features of MRON] specimens are compatible
with other authors who reported that loss of
connectivity among trabeculae negatively influences
bone strength.”

Actinomyces formed single or multiple colonies
that could sometimes be observed in the same
specimen. Actinomycotic grains have been frequently
associated with MRON]J.15774 Some authors have
reported colonization with Actinomyces as a secondary
cause of MRON]J,"® while others believe it to be an
opportunistic infection'®*! or a complication of jaw
osteonecrosis.** The presence of bacteria trapped
inside the bone tissue does not seem to support the
idea of an opportunistic infection. Although the
pathogenic role of Actinomyces in MRON]J remains
controversial,*® their presence could have clinical
significance and help in planning the treatment
as this infection has aggressive potential.***5
Further studies need to be performed to clarify
this matter.

An interesting finding was that bacterial colonies
generally did not mix with the inflammatory process,
which may indicate competition for bone resorption
found in these specimens, as reported by Bastos et al.,

2022.% This may be a common finding in osteonecrosis.
Another morphological finding was the rare presence
of aspergillosis. Other authors did not describe this
unusual finding. It is, therefore, always important to
investigate fungi and actinomycosis in this lesion.
Thus, these infections require additional therapy
in MRONJ.

Basophilic reversal lines are an important feature
of the bone remodeling process.*** This study found
“thick and irregular” lines, as also demonstrated
by Kim et al.*® Although some histological features
such as lamellae and osteon-like structures can be
found in MRON]J similar to normal bone, other
methods such as fluorescence and polarized light
microscopy performed in this study also revealed a
more lamellar appearance of MRON] tissues. These
features are compatible with the macrolamellar pattern
of the collagen fibers of bone-like structures found
in MRONJ?#¢ and are different from those seen in
FCOD-related osteonecrosis.?

Reactive bone has been found sometimes. Some
authors observed the neoformation of bone as
large masse®, but we did not find this feature or
bone remodeling in any of the patients studied.
We hypothesize that the presence of viable bone
represents a bone product removed during surgical
resection, which was not affected by the necrotic
process. In contrast to the present study, other authors
observed features such as thick trabeculae and
medullar spaces.® However, larger diameter osteocytes
were frequent.

In conclusion, this study provided important
insight into MRON]. It demonstrated a diverse
histopathological spectrum, including Actinomyces
and fungal infections, which can have important
clinical implications. In addition, MRON] was
characterized by a necrotized lamellar bone structure
and more frequently affected the mandible of
older women.

Acknowledgements

This study was supported by “Conselho Nacional
de Desenvolvimento Cientifico e Tecnol6gico” (CNPq),
Coordenagao de Aperfeicoamento de Ensino Superior
(Capes) and Fundagdo de Apoio a Pesquisa no Estado
da Bahia (Fapesb).

Braz. Oral Res. 2025;39:e058 7



Medication-related osteonecrosis of the jaws: a series of 22 cases highlighting their histopathological features

References

20.

21

. Gross C, Weber M, Creutzburg K, Mébius P, Preidl R, Amann K, et al. Osteoclast profile of medication-related osteonecrosis of the

jaw secondary to bisphosphonate therapy: a comparison with osteoradionecrosis and osteomyelitis. J Transl Med. 2017 Jun;15(1):128.
https://doi.org/10.1186/512967-017-1230-8

. Nicolatou-Galitis O, Schiedt M, Mendes RA, Ripamonti C, Hope S, Drudge-Coates L, et al. Medication-related osteonecrosis of

the jaw: definition and best practice for prevention, diagnosis, and treatment. Oral Surg Oral Med Oral Pathol Oral Radiol.
2019 Feb;127(2):117-35. https://doi.org/10.1016/j.0000.2018.09.008

. Beth-Tasdogan NH, Mayer B, Hussein H, Zolk O, Peter JU. Interventions for managing medication-related osteonecrosis of the jaw.

Cochrane Database Syst Rev. 2022 Jul;7(7):CD012432. https://doi.org/10.1002/14651858.CD012432.pub3

. The page range was updated but differs from the author’s original: 1-83. (Ref. 3 “Beth-Tasdogan, Mayer, Hussein, Zolk, Peter, 2022")
. Mamilos A, Spérl S, Spanier G, Ettl T, Brochhausen C, Klingelhéffer C. The first quantitative histomorphological analyses of bone vitality

and inflammation in surgical specimens of patients with medication-related osteonecrosis of the jaw. J Oral Pathol Med.
2021 Jan;50(1):76-84. https://doi.org/10.1111/jop.13112

. Ruggiero SL, Dodson TB, Aghaloo T, Carlson ER, Ward BB, Kademani D. American Association of Oral and Maxillofacial Surgeons’

position paper on medication-related osteonecrosis of the jaws-2022 update. J Oral Maxillofac Surg. 2022 May;80(5):920-43.
https://doi.org/10.1016/j.joms.2022.02.008

. King R, Tanna N, Patel V. Medication-related osteonecrosis of the jaw unrelated to bisphosphonates and denosumab-a review. Oral Surg

Oral Med Oral Pathol Oral Radiol. 2019 Apr;127(4):289-99. https://doi.org/10.1016/j.0000.2018.11.012

. Rogers MJ, Ménkkénen J, Munoz MA. Molecular mechanisms of action of bisphosphonates and new insights into their effects outside the

skeleton. Bone. 2020 Oct;139(June):115493. https://doi.org/10.1016/j.bone.2020.115493

. Wehrhan F, Moebius P, Amann K, Ries J, Preidl R, Neukam FW, et al. Macrophage and osteoclast polarization in

bisphosphonate associated necrosis and osteoradionecrosis. J Craniomaxillofac Surg. 2017 Jun;45(6):944-53.
https://doi.org/10.1016/j.jcms.2017.02.023

. Buranaphatthana W, Yavirach A, Leaf EM, Scatena M, Zhang H, An JY, et al. Engineered osteoclasts resorb necrotic alveolar bone in

anti-RANKL antibody-treated mice. Bone. 2021 Dec;153(August):116144. https://doi.org/10.1016/j.bone.2021.116144

. Shibahara T. Antiresorptive Agent-Related Osteonecrosis of the Jaw (ARONJ): A Twist of Fate in the Bone. Tohoku J Exp Med.

2019 Feb;247(2):75-86. https://doi.org/10.1620/tjem.247.75

. Caminha RD, Chicrala GM, Soares Junior LA, Santos PS. Risk profile for antiangiogenic agent-related osteonecrosis of the jaws. Einstein

(Sao Paulo). 2019 Jul;17(3):eRW4628. https://doi.org/10.31744/einstein_journal/2019RW4628

. Chang J, Hakam AE, McCauley LK. Current understanding of the pathophysiology of osteonecrosis of the jaw. Curr Osteoporos Rep.

2018 Oct;16(5):584-95. https://doi.org/10.1007/s11914-018-0474-4

. Cardoso CL, Barros CA, Curra C, Fernandes LM, Franzolin SO, Junior JS, et al. Radiographic findings in patients with medication-related

osteonecrosis of the jaw. Int J Dent. 2017;2017:3190301. https://doi.org/10.1155/2017/3190301

. Devlin H, Greenwall-Cohen J, Benton J, Goodwin TL, Littlewood A, Horner K. Detecting the earliest radiological signs of

bisphosphonate-related osteonecrosis. Br Dent J. 2018 Jan;224(1):26-31. https://doi.org/10.1038/sj.bd}.2017.1001

. Shuster A, Reiser V, Trejo L, lanculovici C, Kleinman S, Kaplan |. Comparison of the histopathological characteristics of osteomyelitis,

medication-related osteonecrosis of the jaw, and osteoradionecrosis. Int J Oral Maxillofac Implants. 2019 Jan;48(1):17-22.
https://doi.org/10.1016/.ijom.2018.07.002

. Marx RE, Tursun R. Suppurative osteomyelitis, bisphosphonate induced osteonecrosis, osteoradionecrosis: a blinded histopathologic

comparison and its implications for the mechanism of each disease. Int J Oral Maxillofac Implants. 2012 Mar;41(3):283-9.
https://doi.org/10.1016/j.ijom.2011.12.016

. Ogura |, Minami Y, Ono J, Kanri Y, Okada Y, Igarashi K, et al. CBCT imaging and histopathological characteristics of osteoradionecrosis

and medication-related osteonecrosis of the jaw. Imaging Sci Dent. 2021 Mar;51(1):73-80. https://doi.org/10.5624/isd.20200230

. Sammut S, Malden N, Lopes V, Ralston S. Epidemiological study of alendronate-related osteonecrosis of the jaw in the southeast of

Scotland. Br J Oral Maxillofac Surg. 2016 Jun;54(5):501-5. https://doi.org/10.1016/j.bjoms.2015.10.036

Schoenhof R, Munz A, Yuan A, ElAyouti A, Boesmueller H, Blumenstock G, et al. Microarchitecture of medication-related osteonecrosis
of the jaw (MRONJ); a retrospective micro-CT and morphometric analysis. J Craniomaxillofac Surg. 2021 Jun;49(6):508-17.
https://doi.org/10.1016/j.jcms.2021.02.018

. Anavi-Lev K, Anavi Y, Chaushu G, Alon DM, Gal G, Kaplan I. Bisphosphonate related osteonecrosis of the jaws:

clinico-pathological investigation and histomorphometric analysis. Oral Surg Oral Med Oral Pathol Oral Radiol.
2013 May;115(5):660-6. https://doi.org/10.1016/{.0000.2013.03.001

8 Braz. Oral Res. 2025;39:e058



22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

Santana DA, Bastos YVP, Oliveira PT, Xavier FCA, Leitdo ACGH, Couto LA et al.

Mortensen M, Lawson W, Montazem A. Osteonecrosis of the jaw associated with bisphosphonate use: presentation of seven cases and
literature review. Laryngoscope. 2007 Jan;117(1):30-4. https://doi.org/10.1097/01.mlg.0000240885.64568.9¢

Favia G, Pilolli GP, Maiorano E. Histologic and histomorphometric features of bisphosphonate-related osteonecrosis

of the jaws: an analysis of 31 cases with confocal laser scanning microscopy. Bone. 2009 Sep;45(3):406-13.
https://doi.org/10.1016/j.bone.2009.05.008

De Antoni CC, Matsumoto MA, Silva AA, Curi MM, Santiago Junior JF, Sassi LM, et al. Medication-related osteonecrosis

of the jaw, osteoradionecrosis, and osteomyelitis: a comparative histopathological study. Braz Oral Res. 2018;32(0):e23.
https://doi.org/10.1590/1807-3107bor-2018.v0l32.0023

Yarom N, Shapiro CL, Peterson DE, Van Poznak CH, Bohlke K, Ruggiero SL, et al. Medication-related osteonecrosis of the jaw:
MASCC/ISOO/ASCO clinical practice guideline. J Clin Oncol. 2019 Sep;37(25):2270-%0.
https://doi.org/10.1200/JC0O.19.01186

Bastos YV, Carlos R, Oliveira PT, Pires BC, Cangussu MC, Xavier FC, et al. Florid cemento-osseous dysplasia-related osteonecrosis:
a series of cases. Ann Diagn Pathol. 2022 Oct;60(July):152009. https://doi.org/10.1016/j.anndiagpath.2022.152009

Bagan J, Peydré A, Calvo J, Leopoldo M, Jiménez Y, Bagan L. Medication-related osteonecrosis of the jaw associated with
bisphosphonates and denosumab in osteoporosis. Oral Dis. 2016 May;22(4):324-9. https://doi.org/10.1111/0di.12447

Petrovic M, Jelovac DB, Antic S, Antunovic M, Lukic N, Sabani M, et al. Medication-related osteonecrosis of the jaws: two center
refrospective cohort studies. BioMed Res Int. 2019 Mar;2019:8345309. https://doi.org/10.1155/2019/8345309

Conte Neto N, Spolidorio LC, Andrade CR, Esteves JC, Marcantonio E Jr. Experimental osteonecrosis: development of a model in
rodents administered alendronate. Braz Oral Res. 2016;30(1):1-10. https://doi.org/10.1590/1807-3107BOR-2016.v0l30.0099
Otto S, Aljohani S, Fliefel R, et al. Infection as an important factor in medication-related osteonecrosis of the jaw (Mronj). Medicina
(Lithuania). 2021;57(5):1-12. https://doi.org/10.3390/medicina57050463

. De Antoni CC, Matsumoto MA, Silva AA, Curi MM, Santiago Junior JF, Sassi LM, et al. Medication-related osteonecrosis

of the jaw, osteoradionecrosis, and osteomyelitis: a comparative histopathological study. Braz Oral Res. 2018;32(0):e23.
https://doi.org/10.1590/1807-3107bor-2018.v0l32.0023

Hong SO, Lee CY, Jung J, Kim DY, Walter C, Kwon YD. A retrospective study of osteomyelitis and osteonecrosis

of the jaws and its etiologic implication of bisphosphonate in Asians. Clin Oral Investig. 2017 Jun;21(5):1905-11.
https://doi.org/10.1007/s00784-016-1973-2

Sahin O, Odabasi O, Aliyev T, Tatar B. Risk factors of medication-related osteonecrosis of the jaw: a retrospective study in a Turkish
subpopulation. J Korean Assoc Oral Maxillofac Surg. 2019 Apr;45(2):108-15. https://doi.org/10.5125/jkaoms.2019.45.2.108
Cremers S, Papapoulos S. Pharmacology of bisphosphonates. Bone. 2011 Jul;49(1):42-9. https://doi.org/10.1016/j.bone.2011.01.014
Wen D, Qing L, Harrison G, Golub E, Akintoye SO. Anatomic site variability in rat skeletal uptake and desorption of fluorescently labeled
bisphosphonate. Oral Dis. 2011 May;17(4):427-32. https://doi.org/10.1111/j.1601-0825.2010.01772.x

Khan AA, Morrison A, Hanley DA, Felsenberg D, McCauley LK, O’Ryan F, et al. Diagnosis and management of osteonecrosis of the jaw:
a systematic review and international consensus. J Bone Miner Res. 2015 Jan;30(1):3-23. https://doi.org/10.1002/jbmr.2405

Nair SP, Meghii S, Wilson M, Reddi K, White P, Henderson B. Bacterially induced bone destruction: mechanisms and misconceptions.
Infect Immun. 1996 Jul;64(7):2371-80. https://doi.org/10.1128/iai.64.7.2371-2380.1996

Aghaloo TL, Cheong S, Bezouglaia O, Kostenuik P, Atti E, Dry SM, et al. RANKL inhibitors induce osteonecrosis of the jaw in mice with
periapical disease. J Bone Miner Res. 2014 Apr;29(4):843-54. https://doi.org/10.1002/jbmr.2097

Wehrhan F, Gross C, Creutzburg K, Amann K, Ries J, Kesting M, et al. Osteoclastic expression of higher-level regulators NFATc1 and
BCL6 in medication-related osteonecrosis of the jaw secondary to bisphosphonate therapy: a comparison with osteoradionecrosis and
osteomyelitis. J Transl Med. 2019 Mar;17(1):69. https://doi.org/10.1186/5s12967-019-1819-1

Baltensperger M, Gratz K, Bruder E, Lebeda R, Makek M, Eyrich G. Is primary chronic osteomyelitis a uniform disease? Proposal of a
classification based on a retrospective analysis of patients treated in the past 30 years. J Craniomaxillofac Surg. 2004 Feb;32(1):43-50.
https://doi.org/10.1016/j.jcms.2003.07.008

Hasegawa T, Kawakita A, Ueda N, Funahara R, Tachibana A, Kobayashi M, et al. A multicenter retrospective study of the risk

factors associated with medication-related osteonecrosis of the jaw after tooth extraction in patients receiving oral bisphosphonate
therapy: can primary wound closure and a drug holiday really prevent MRONJ2 Osteoporos Int. 2017 Aug;28(8):2465-73.
https://doi.org/10.1007/s00198-017-4063-7

Franco-Pretto E, Pacheco M, Moreno A, Messa O, Gnecco J. Bisphosphonate-induced osteonecrosis of the jaws:

clinical, imaging, and histopathology findings. Oral Surg Oral Med Oral Pathol Oral Radiol. 2014 Oct;118(4):408-17.
https://doi.org/10.1016/j.0000.2014.04.017

Hansen T, Kunkel M, Springer E, Walter C, Weber A, Siegel E, et al. Actinomycosis of the jaws: histopathological study of 45 patients
shows significant involvement in bisphosphonate-associated osteonecrosis and infected osteoradionecrosis. Virchows Arch.

2007 Dec;451(6):1009-17. https://doi.org/10.1007/s00428-007-0516-2

Braz. Oral Res. 2025;39:e058 9



44,

45.

46.

47.

48.

49.

Medication-related osteonecrosis of the jaws: a series of 22 cases highlighting their histopathological features

Migliorati CA, Brennan MT, Peterson DE. Medication-Related Osteonecrosis of the Jaws. J Natl Cancer Inst Monogr.

2019 Aug;2019(53):1gz009. https://doi.org/10.1093/jncimonographs/Igz009

Kaplan I, Anavi K, Anavi Y, Calderon S, Schwartz-Arad D, Teicher S, et al. The clinical spectrum of Actinomyces-associated lesions of the
oral mucosa and jawbones: correlations with histomorphometric analysis. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.

2009 Nov;108(5):738-46. https://doi.org/10.1016/j.triplec.2009.06.019

Brody A, Scheich B, Dobo-Nagy C. Targeted histological evaluation shows high incidence of actinomyces infection in medication-related
osteonecrosis of the jaws. Sci Rep. 2022 Mar;12(1):3406. https://doi.org/10.1038/541598-022-07375-1

Eversole R, Su L, EIMofty S. Benign fibro-osseous lesions of the craniofacial complex: a review. Head Neck Pathol.

2008 Sep;2(3):177-202. https://doi.org/10.1007/s12105-008-0057-2

Goldblatt LI, Adams WR, Spolnik KJ, Deardorf KA, Parks ET. Chronic fibrosing osteomyelitis of the jaws: an important cause of
recalcitrant facial pain: a clinicopathologic study of 331 cases in 227 patients. Oral Surg Oral Med Oral Pathol Oral Radiol.

2017 Oct;124(4):403-412.e3. https://doi.org/10.1016/j.0000.2017.05.512

Kim SM, Eo MY, Kim YS, Lee SK. Histochemical observation of bony reversal lines in bisphosphonate-related osteonecrosis of the jaw.
Oral Surg Oral Med Oral Pathol Oral Radiol. 2017 Feb;123(2):220-8. https://doi.org/10.1016/{.0000.2016.09.225

10 Braz. Oral Res. 2025;39:e058



