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ABSTRACT

Objectives: The objective of this systematic review is to evaluate the current knowledge on the effectiveness of conservative
and surgical treatment of medication-related osteonecrosis of the jaw.

Material and Methods: MEDLINE (PubMed), ScienceDirect and Cochrane Library search in combination with hand-search
of relevant journals was conducted including human studies published in English between January 2017 and February 2023.
Studies assessing treatment strategies for medication-related osteonecrosis of the jaw (MRONJ) were included. Quality and
risk-of-bias assessment were evaluated by Joanna Briggs Institute (JBI) Risk of Bias tool.

Results: A total of 4227 articles were screened from which 9 studies (7 cohort studies and 2 randomized controlled trials)
met the inclusion criteria and were included in the final data synthesis. Two studies evaluate effectiveness of conservative
approaches for treating MRONU, 5 studies evaluate surgical approaches effectiveness, and 2 studies compare between those
approaches. The follow-up period ranged from 6 months to 60 months. According to bias assessment, the mean JDI score of
the included studies was > 9 (“low risk of bias™). The stage of the disease, the procedure performed on the patient and the
results of the treatment were presented.

Conclusions: Surgical therapy seems to be superior to conservative therapy for the management of adverse stages medication-
related osteonecrosis of the jaws, while conservative treatment appears to yield good outcomes at asymptomatic patients with
early stages of the disease.

Keywords: bisphosphonate-associated osteonecrosis of the jaw; bisphosphonates; conservative treatment; denosumab; oral
surgery.
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INTRODUCTION

Medication-related osteonecrosis of the jaw (MRONJ)
is a severe complication that can develop following
any kind of surgical operation in the alveolar
ridge region. In some cases, it can also develop
spontaneously in patients who take antiresorptive or
antiangiogenic medications for metabolic disorders
[1]. This is most related to the use of bisphosphonates,
drugs used to treat a variety of bone diseases,
including osteoporosis, Paget’s disease of the bone,
multiple myeloma, and metastatic cancer [1-5].
Other medications, including denosumab and anti-
angiogenic agents, have also been linked to the
development of MRONJ [2].
The use of bisphosphonate drugs became popular
in the late 20" century for the treatment of many
medical conditions associated with abnormalities
of bone turnover. However, cases of osteonecrosis
associated with bisphosphonates were first described
in 2003 [1]. The pathogenesis and explanation of
why osteonecrosis primarily affects the jaw skeleton,
as well as the best way to treat this complex medical
condition, remain controversial [3,4]. Since their
discovery in the late 1960s, bisphosphonates have
become a very important drug in the treatment of
skeletal disorders accompanied by increased bone
resorption due to increased osteoclast numbers
or activity [6]. These substances have a high
affinity for calcium ions, so they are directed to the
hydroxyapatite mineral structure of bones, where
bisphosphonates are absorbed by active osteoclasts
and inhibit the latter’s function [7]. As a general
medical term, osteonecrosis defines a condition
in which bone tissue cells die due to variety of
reasons. Osteonecrosis of the jaws, as a specific
disease affecting the bone tissues of the jaws, can
be conventionally classified as MRONJ, traumatic,
nontraumatic, spontaneous  osteonecrosis, and
osteoradionecrosis [4].
The American Association of Oral and Maxillofacial
Surgeons (AAOMS) position paper on 2009 explored
the causal link between bisphosphonates and
osteonecrosis of the jaw [8]. Bisphosphonate related
osteonecrosis of the jaw (BRONJ) or in a terminology,
updated in 2014 by AAOMS, MRONIJ constitutes
a relatively rare but serious medical condition with
potentially severe complications. In 2014, AAOMS
position paper on MRONJ [9,10], formulated an
updated list of clinical criteria for the diagnosis of
MRONIJ as follows:
e Use of antiresorptive or
medications currently or in the past.

antiangiogenic
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* Exposed bone or bone that can be probed through
a maxillofacial intraoral or extraoral fistula that
has been present for at least 8 weeks.

* There was no history of jaw radiation therapy or
obvious metastatic disease to the jaws.

The AAOMS MRONJ staging system [9] includes 4

distinct clinical stages that are important in selecting

the appropriate treatment:

» At risk - there was no evidence of necrotic
bone in patients who had received either oral or
intravenous bisphosphonates.

« Stage 0 - there was no clinical indication of
necrotic bone, but there were other nonspecific
clinical findings, radiographic alterations and
symptoms.

» Stage 1 - there was exposed and necrotic bone,
or fistulac that probes to bone, in patients who
are asymptomatic and have no evidence of
infection. Treatment for stage 1 MRONJ involves
discontinuing the offending medication if possible
and implementing conservative measures such as
antibiotics, pain management and oral hygiene
instructions.

» Stage 2 - exposed and necrotic bone, or fistulae
that probe to bone, coupled with infection as
evidenced by pain and erythema in the exposed
bone region, with or without purulent drainage.
Treatment for stage 2 MRONJ involves the
removal of any loose bone fragments and
debridement of the affected area to promote
healing. Antibiotics and pain management may
also be used as needed.

» Stage 3 - exposed and necrotic bone or a fistula
probing to bone in patients suffering from pain,
infection, or pathologic fracture. Treatment
for stage 3 MRONIJ involves more aggressive
measures such as surgery to remove the affected
bone and reconstruction of the jaw using bone
grafts or other materials. Antibiotics and pain
management are also used as needed, and the
offending medication is usually discontinued.

There is currently no consensus on the optimal

treatment strategy for MRONJ. However, two main

methods of MRONJ treatment can be distinguished:
conservative and surgical. Conservative treatment
includes oral hygiene, chlorhexidine mouth rinses,
teriparatide medications, and systemic antibiotics to
control infection. In more advanced cases, surgical
intervention may be necessary, including resection
and debridement of necrotic bone, perforation of
residual healthy bone, application of soft and hard
tissue regeneration material as platelet-rich fibrin
(PRF), concentrated growth factor (CGF) and bone
morphogenetic protein-2 (BMP-2) [2].
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The objective of this systematic review is to evaluate
the current knowledge on the effectiveness of
conservative and surgical treatment of medication-
related osteonecrosis of the jaw.

MATERIAL AND METHODS
Protocol and registration

The present systematic review was conducted in
accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
statement for reporting systematic reviews [11].

Focus question

The focus question was developed by using the
population, intervention, comparison, and the outcome
(PICO) framework, which is presented in Table 1.

The focus question: does conservative therapy
alone provide an effective treatment outcome for
MRONJ?

Types of publication

The systematic literature review included randomized
controlled clinical trials, prospective and retrospective
cohort studies, in which authors evaluated the
effectiveness of various MRONIJ therapies or specific
techniques to resolve the condition, as defined in
“types of outcome measures” below.

Information sources

The systematic electronic literature search was
conducted on MEDLINE (PubMed), ScienceDirect
(Elsevier) and Cochrane Library (John Wiley & Sons)
databases in combination with hand-search of relevant
journals. Additional related publications were found
in the electronic “Journal of Oral & Maxillofacial
Research”, “Journal of Periodontology Search”,
“Journal of Bone and Mineral Research” and “Journal
of International Oral Health”.

Table 1. PICO guidelines

Types of studies

In this review were included randomized controlled
trials (RCTs), prospective or retrospective cohort
studies published from January 2017 to February 2023.

Population

Adult individuals diagnosed with MRONJ after taking
antiresorptive drugs.

Search strategy

The keywords used for the relevant articles search in
the selected databases were: #1 “medication related
osteonecrosis jaw” [All Fields] OR “MRONJ” [All
Fields] OR “bisphosphonate related osteonecrosis jaw”
[All Fields]; #2 “treatment” [All Fields] OR “therapy”;
#3 “conservative” [All Fields] OR “surgical” [All
Fields]. Search combination performed were #1
AND #2 AND #3. The search was limited to English
language. Articles published from January 2017 until
February 2023 were searched. The selected clinical
studies were initially chosen by the title that matched
the research question about treatment methods for
treat MRONIJ. Then the abstracts of each article
were reviewed, and the relevance was examined
according to the inclusion criteria. Studies that met
all the selection criteria were processed into data
expenditure.

Inclusion criteria for the selection

The following inclusion criteria were applied to

retrieved bibliographic sources for inclusion in this

systematic literature review:

*  Time: January 2017 to February 2023.

*  Human trial only.

» Language: English.

* Research type: Randomized clinical
retrospective and prospective cohort studies.

*  Clinical studies with minimum 20 individuals.

* Male and female individuals > 18 years old.

trials,

Patient and
population (P)

Adult individuals diagnosed with MRON]J after taking antiresorptive drugs

Intervention (I)

Conservative and surgical treatment for MRONJ

Comparison (C) | Comparison of different MRONJ treatment methods
Complete resolution (defined as an absence of symptoms and clinical signs of MRONJ), alterations in bony exposure
Outcome (O) and mucosal coverage, changes in radiographic lesion extent, recurrence of the condition, presence of pain and

quality of life

MRONIJ = medication-related osteonecrosis of the jaw.
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e Patients in treatment with antiresorptive drugs
and develop MRONJ, undergoing conservative or
surgical procedures for treatment of MRONU.

e Staging of MRONIJ was performed according to
the AAOMS.

*  Follow-up period > 6 months.

Exclusion criteria

The following exclusion criteria were applied:
e Excluded designs: reviews, editorials.

e Animal studies, laboratory studies.

e Studies not reporting clinical outcome.

e Patients undergo radiotherapy.

e Pregnant/breastfeeding women.

Data extraction and data items

The data was extracted to previously defined templates

according to the aims of the current review. For

conservative and surgical treatment of MRONJ, the

following data items were extracted from the articles

included in this review:

e “Author” - the publication’s author was revealed.

*  “Year” - reveals the publication year.

e “Study design” - indicates the type of study.

e “Control group” - patients who received
nonspecific conservative/surgical treatment.

e “Test group” - patients who received specific
conservative/surgical treatment.

e “Mean age” - the average age of the participants
in each research group was reported.

e “Stages of MRONIJ” - describes patient’s status
while the study was conducted according to the
AAOMS.

*  “Recurrence rate” - describes the possibility of
recurrence (after treatment).

*  “Observation period” - reveals the time in months
in which the test and control group patients were
followed.

* “Results” - reveals clinical parameters and their
values at baseline and after the follow-up period:
complete resolution (defined as an absence
of symptoms and clinical signs of MRONJ),
alterations in bony exposure and mucosal
coverage, changes in radiographic lesion extent,
recurrence of the condition, presence of pain and
quality of life.

*  “Conclusions” - short description of each article’s
conclusions.

Selection process of articles

The selection process began with the identification of
articles based on the previously mentioned keywords,
followed by an analysis of the titles and abstracts. In
the second stage, full-text articles were selected for
evaluation. The titles and abstracts of the referred
reports were screened separately by two reviewers
(R.S. and M.S.). The senior researcher (E.J.) checked
for possible inconsistencies and made decisions
after consultation with the reviewers. Cohen’s kappa
coefficient (x) values for inter-rater reliability were
calculated for abstract and title evaluations, selecting
10% of the publications.

Risk of bias
The Joanna Briggs Institute (JBI) Critical Appraisal

Checklist for randomized controlled trials [12]
(Table 2) and JBI Critical Appraisal Checklist for

Table 2. The Joanna Briggs Institute Critical Appraisal Checklist for randomized controlled trials (RCT)

Question
number

Defined question

Q1 Was true randomization used for assignment of participants to treatment groups?

Q2 Was allocation to treatment groups concealed?

Q3 Were treatment groups similar at the baseline?

Q4 Were participants blind to treatment assignment?

Q5 Were those delivering treatment blind to treatment assignment?

Q6 Were outcomes assessors blind to treatment assignment?

Q7 Were treatment groups treated identically other than the intervention of interest?

Q8 Was follow-up complete and if not, were differences between groups in terms of their follow-up adequately described and analyzed?

Q9 Were participants analysed in the groups to which they were randomized?

Q10 | Were outcomes measured in the same way for treatment groups?

Q11 | Were outcomes measured in a reliable way?

Q12 | Was appropriate statistical analysis used?

013 Was the trial design appropriate, and any deviations from the standard RCT design (individual randomization, parallel groups)

accounted for in the conduct and analysis of the trial?
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Table 3. The Joanna Briggs Institute Critical Appraisal Checklist for cohort studies

%32::2;1 Defined question
Q1 Were the two groups similar and recruited from the same population?
Q2 Were the exposures measured similarly to assign people to both exposed and unexposed groups?
Q3 Was the exposure measured in a valid and reliable way?
Q4 Were confounding factors identified?
Q5 Were strategies to deal with confounding factors stated
Q6 Were the groups/participants free of the outcome at the start of the study (or at the moment of exposure)?
Q7 Were the outcomes measured in a valid and reliable way?
Q8 Was the follow-up time reported and sufficient to be long enough for outcomes to occur?
Q9 Was follow-up complete, and if not, were the reasons to loss to follow-up described and explored?
Q10 Were strategies to address incomplete follow-up utilized?
Q11 Was appropriate statistical analysis used?

cohort studies [13] (Table 3) were used to assess
the methodological quality of the studies that
met the inclusion criteria. “Yes”, “no‘“, “unclear®,
or “not applicable was given to each criterion.
Methodological quality was categorized as follows:
“high risk of bias”, when the study scored up to 49%
of positive answers; “moderate risk of bias”, when
study scored between 50 and 69% of positive answers;
“low risk of bias”, when study reached more than 70%
of favourable answers.

Synthesis of the results

Selected data were collected and tabulated into
the following fields: study; year of publication;
study design; population; gender; age; study group;
observation period; treatment outcome; results;
conclusions.

Statistical analysis

Mendeley® version 2.79 (Elsevier; London, UK)
reference manager software was used for article
management. The level of agreement between the
two raters in selecting abstracts and studies to be
read in full text were measured using x. Meta-
analysis was conducted if the included studies were
of similar comparison and reporting identical outcome
measures.

RESULTS
Study selection
The database search showed 4227 articles in

PubMed, ScienceDirect and Cochrane Library. After
limited the search to a post-2017 publication date,

http://www.ejomr.org/JOMR/archives/2023/4/e1/v14ndelht.htm

obtained 2339 articles. After removing 215 duplicate
articles there were 2124 articles left. A total of 2108
articles were excluded during the early stage of the
screening process due to their irrelevant titles and
abstracts; reviews and case studies were also removed
during this stage. Sixteen full text articles were
assessed for eligibility. Finally, 9 studies [14-22] were
included (Figure 1). The level of agreement between
the two authors (R.S. and M.S.) in selecting abstracts
were measured at k = 0.92.

Exclusion of studies

Seven studies [23-29] were eliminated because
they did not meet the inclusion criteria: MRONIJ not
classified according the AAMOS [25-27], less than 20
patients [23,24], animal studies [28,29].

Quality assessment of the included studies

The quality of the included studies is summarized in
the Table 4 and 5. All studies were characterized as
high quality: two randomized control trials [14,15]
were characterized by a JBI score of 11 and 7 cohort
studies [16-22] had a mean JBI score of > 9.

Study characteristics

The studies that were included in this review
evaluated the effectiveness of conservative and
surgical treatment methods in the treatment of
MRONIJ. Two studies evaluated the effectiveness of
conservative methods in the treatment of MRONJ, 5
evaluated the effectiveness of surgical methods, and
the remaining 2 studies compared both methods with
each other. A total of 472 patients were included in
this systematic literature review.
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MEDLINE (PubMed)
(n = 1290)

ScienceDirect
(n =2880)

Cochrane Library
(n=57)

!

! !

“conservative” OR “surgical”;

Identification

- Languages: English;
- Species: Humans.

MEDLINE (PubMed) (n = 825), ScienceDirect (n = 1474) and Cochrane
Library (n = 40) limited search to a post-2017 publication date:

- Search terms: “medication related osteonecrosis jaw” OR “mronj” OR
“bisphosphonate related osteonecrosis jaw” AND “treatment” OR “therapy” AND

- Publication dates: January 1, 2017 to February 1, 2023;

Search results (n = 2339)

\4

Duplicated articles removed
(n =215)

Screenina

(n = 2124)

Titles and abstracts were
selected according relevancy
and duplication removal

v

Irrelevant titles and abstract;
reviews and case report removed
(n=2108)

Full-text articles

(n=16)

Eliaibilitv

assessed for eligibility

Full-text articles excluded with

|

reasons (n =7):

-Clinical studies on patients with
less than 20 patients (n = 2);
-MRONUJ not classified according
the AAMOS (n = 3);

-Studies conducted on species

Included

the review
(n=9)

Studies included in

other than human (n = 2)

Figure 1. PRISMA flow diagram.

Table 4. Results of randomized controlled trials from The Joanna Briggs Institute Critical Appraisal Checklist

Stud Year of Study Checklist
y publication |  design [ Q1] Q2| Q3] Q4] Q5] Q6| Q7] @8] Q9] Q10] Q11| Q11| Q12] Q13
Sim et al. [14] 2020 | Ramdomized | p bbb e o e e | | o+ |
control trial
Yiice et al. [15] 2021 Randomlz.ed + | + | + - + | + | + | + + + + + +
control trial

? =unclear; + = yes; - = no.
Characteristics of conservative treatment

A randomized clinical trial by Sim et al. [14], included
34 patients diagnosed with MRONJ after treatment
with bisphosphonates or denosumab and treated
conservatively (Table 6). The study evaluated the
efficiency of teriparatide medication as a therapeutic

http://www.ejomr.org/JOMR/archives/2023/4/e1/v14ndelht.htm

agent for MRONJ. Patients were divided into two
groups according to treatment modalities, including
teriparatide subcutaneous injection or not. During
the follow-up period, bone density and volume were
analysed to evaluate the outcomes. Teriparatide
treatment resulted in significantly better resolution
of MRONI lesions compared with placebo injection
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Table 5. Results of cohort studies from The Joanna Briggs Institute Critical Appraisal Checklist

Year of Checklist
Study o Study design
publication Q1| Q2| Q3| Q4| Q51 Q6| Q7| Q8| Q9| Q10| Q11
. Retrospective
+ |+ |+ + |+ + | | + ]| + + +
Eguchi et al. [16] 2017 cohort study
Park et al. [17] 2017 Prospective | 1 f 1 L o | | 4+ | £ 2o | +
cohort study
Ristow ct al. [18] 2018 | Retrospective o Al |l | 2| o [ | | ] o+ |+
cohort study
Retrospective
- + | + | + - - + | + | + ] + + +
El-Rabbany et al. [19] 2019 cohort study
Retrospective
+ |+ | + - ? + |+ | + ] + + +
Guo and Guo [20] 2020 cohort study
. Retrospective
- + |+ |+ +| | +] + | + + +
Szentpeteri et al. [21] 2020 cohort study
Sahin et al. [22] 2021 Retrospective | \(afNal 4 | + | o | + | + | « | +| + | +
cohort study

? = unclear; + = yes; - = no; NA = not applicable.

(P = 0.013). In addition, teriparatide was associated
with greater bone volume and thus reduced bony
defect size to a greater extent in patients after 52
weeks (P=0.017).

In a retrospective study conducted by Ristow et
al. [18], investigated the efficiency of non-surgical
conservative treatment stage 1 MRONJ lesions
after bisphosphonates or denosumab therapy (Table
6). Seventy-five patients with 92 lesions were
treated with antimicrobial mouth rinse three times
a day with 0.2% chlorhexidine solution and daily
topical application of 1% chlorhexidine gel, no
antibiotics were used. In order to execute a controlled
manual cleansing of the affected region, follow-up
appointments were conducted at least every 4 weeks.
Mucosal integrity and absence of infection were
analysed to evaluate the outcomes during follow-up
period. Mucosal integrity was only obtained in 8 of 92
(8.7%) lesions without signs of residual infection over
the entire observational time, whereas 84 of 92 lesions
(91.3%) retained an exposed jawbone. Worsening
stage occurs in 79.8% of the lesion with no mucosal
integrity, indication for surgical procedures was set in
57 lesions.

Characteristics of surgical treatment

In a retrospective study conducted by Guo and
Guo [20], presented promising results concerning
cortical bone perforation as a therapy for patients
with MRONIJ after bisphosphonates therapy (Table
7). Twenty-eight patients diagnosed with stage 2 - 3
MRONJ were allocated into 2 groups according to the
treatment plan, which was surgical treatment with or

http://www.ejomr.org/JOMR/archives/2023/4/e1/v14ndelht.htm

without cortical bone perforation. The control group
treated with sequestrectomy and curettage while the
test group underwent in addition, cortical perforations
of the residual healthy bone to allow the infiltration
of the adjacent blood supply to the surgical site.
During the last 30 months of postoperative follow-
up, mucosal coverage and recurrence of exposed
bone or fistula at the operated site were analysed to
evaluate the outcomes. Mucosal healing was achieved
in 8 of 10 (80%) patients from test group, whereas
4 of 18 patients (22.22%) in control group over the
entire observational time. The treatment success was
significantly greater in the test group (P = 0.005).

Yiice et al. [15] studied 28 osteoporotic patients
who had a diagnosis of MRONIJ stage 2 or 3 after
bisphosphonate therapy (Table 7). The study evaluated
the impact of growth factors delivered by CGF on
the healing of MRONIJ. Patients were randomized
into 2 groups to receive surgical treatment with
or without CGF incorporation. All the patients
underwent dental and periodontal examinations to
ensure clinically acceptable oral hygiene and an
oral antibiotics 2 weeks before the surgery. The
CGF group was treated with topical application
of CGF at the surgical site after debridement of
necrotic bone, while the control group underwent
primary closure without flap mobilization after
sequestrectomy and bone curettage. During the
6-month follow-up period, mucosal coverage was
examined, with overall mucosal integrity in 11
of 14 (78.6%) patients in the CGF group and 8
of 14 (57.1%) patients in the control group. Data
on postoperative healing were not statistically
significantly different between groups (P > 0.05).
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Table 6. Characteristics of conservative treatment

Gender Age Observation
Study Population Study group period Treatment outcome Results Conclusions
Male/female Years Months
Control (n = 19): treated with subcutaneous Treatment idered ful if had let Control: 33.3% of lesions
. . . Control: 10/9 | Control: 64 ntrol (n = eatment was considered successful if had complete . . . .
Patients diagnosed with stage saline injections resolution of lesion which assessed by CBCT, 3D resolved by 52 weeks Teriparatide was assoc1gted with
Sim et al. [14] I'- 3 MRONJ underwent i 12 Slicer measure change in bone volumes, bone mineral a greater rate of resolution of
: subcutaneous teriparatide or Test (n = 15): treated with subcutaneous . e L Test: 45.4% of lesions MRON]J lesions compared with
lacebo iniecti Test: 8/7 Test: 64 teriparatide 20 mg injection. Total: 47 density and F-fluoride PET-CT imaging was performed laceb _
placebo injections. : . : . resolved by 52 weeks placebo (P=0.013)
MRONYJ lesions to measure osteoblastic responses to teriparatide
Patients diaenosed with stage 1 75 patients with 92 lesions were treated with Mucosal coverage: 8 Conservative therany in stage 1
. & ge Male: 67.5 | antimicrobial mouth rinse, 0.2% chlorhexidine Treatment was considered successful if had complete lesions (8.7%). py 1n stag
Ristow et al. [19] | MRONIJ underwent conservative 33/42 ) . . o 12 - 60 . . . . . . MRON! leads to a healing in rare
treatment of MRONJ female: 68.9 | solution used three times per day, and 1% mucosal coverage without signs of infection Exposed jaw bone: 84 cases
’ chlorhexidine gel applied topically every day lesions (91.3%)

MRONIJ = medication-related osteonecrosis of the jaw; CBCT = conical-beam computerized tomography; PET-CT = positron emission tomography/computed tomography.

Table 7. Characteristics of surgical treatment

Gender Age
Study Population £ Study group Observation period Treatment outcome Results Conclusion
Male/female Years
Control: Control (n = 14): treated with Control: 6 healed (42.9%),

Yiice et al. [15]

Female osteoporotic
patients with stage 2 or
3 MRONI underwent
surgical treatment of
MRONJ

Control: 0/14

73.64 (SD 5.49)

sequestrectomy and bone curettage
without application of CGF

Test: 0/14

Test:
73.57 (SD 5.1)

Test (n =14): treated with a local
application of CGF on the surgical site
after removing the necrotic bone

6 months

Treatment was considered successful
if had soft tissue coverage in the
surgical site without signs of infection
and/or necrotic bone.

8 unhealed (57.1%)

Test: 11 healed (78.6%),
3 unhealed (21.4%)

Local application of CGF appears

to be an effective approach to the
surgical treatment by improving tissue
regeneration (P = 0.232)

Park et al. [17]

Patients with stage 1 - 3
MRONJ and underwent
surgical treatment of
MRONJ.

Control (n = 25): surgical debridement of

Control: 3/22 75.24 MRON]J lesion followed by application of | Control: 6 - 26 months
L-PRF on bony defect
Test (n = 30): surgical debridement of
Test: 29/1 75.2 MRON!J lesion and application of L-PRF Test: 6 - 31 months

and thBMP-2 on bony defect

Treatment was considered successful
if had mucosal coverage with
absence of clinical or radiographical
evidence of MRONJ at 4 weeks
postoperatively.

- Complete resolution.

Control: 9 patients (36%); test:
18 patients (60%).

- Delayed resolution.

Control: 13 patients (52%); test:
11 patients (36.7%).

- No resolution.

Control: 3 patients (12%); test:
1 patient (3.3%).

L-PRF with BMP-2 therapy led to
beneficial outcomes with complete
resolution of the lesions, which were
statistically significant when compared
to L-PRF therapy alone (P = 0.028)

Patients with stage 2 or 3
MRON]J and underwent

Control: 10/8

62.17 (SD 2.8)

Control (n = 18): treated with
conventional approach-sequestrectomy
and curettage

Treatment was considered successful
if had complete mucosal coverage

Control: 4 healed (22.22%),
14 relapse (77.78%)

The test group’s rate of treatment

Guo and Guo [20] . - 30 months . success was significantly greater
surgical treatment of Test (n = 10): treated with sequestrectomy without bone exposure, fistula and T healed (80° (P = 0.005)
MRONJ Test: 6/4 63.5 (SD 3.38) | and curettage with cortical perforations of relapse est: 8 healed (80%), .
. 2 relapse (20%)
the residual healthy bone.
Conirol: 63.97 Cont.rol (n=73): surgical open flap - Wound healing.
debridement of MRON]J lesion _ ) Control: 38 cases (58.46%); test: . .
T1 =1 week; 23 cases (82.14%) PRF membrane-assisted surgical
Patients with stage 2 or 3 T2 =2 weeks; Treatment was considered successful ek therapy greatly increased stage
MRON]J and underwent T3 =1 month; if had staging improvement according | Down-staging. improvement and healing rates
1 . > . () . .
Szentpeteri et al. [21] surgical treatment of 74727 Test (n=28): surgical open ‘ﬂap T4 = 3 months; to the AAOMS, no relapse. IC(())(r)lot/r ogflCSaiec:ises (77.14%); test: (P =0.022) and down staging
MRONJ Test: 68.42 debrldemen.t of MRONJ lesion and defect T5 = 6 months; Osteonecrosis assessed by X-ray ) Relg " : (P =0.005) as well as significantly
coverage with 2 PRF membranes. T6 = 1 year Con trgl: 5 5 cases (65.78%); test: decreased relapse rates (P < 0.001)
5 cases (21.73%)
Ultrasonic piezoelectric bone surgery
Patients with stage 2 or 3 was used to remove the necrotic bone. T1 =1 month; Treatment was considered successful | T1 =2 stage III patients had
Sahin et al. [22] MRON]J and underwent 714 68.04 (SD 9.82) Following debridement, the patient’s T2 =3 months; if had complete mucosal, bone delayed healing. T2, T3, T4 = all The surgical procedure shown yields
’ surgical treatment of ’ ' peripheral blood was centrifuged to obtain T3 = 6 months; covering and the absence of the patients had complete mucosal encouraging results.
MRONJ L-PRF, which was then administered to T4 = 12 months symptom healing

the necrotic site

MRONIJ = medication-related osteonecrosis of the jaw; T = follow-up time; CGF = concentrated growth factor; PRF = platelet-rich fibrin; L-PRF = leukocyte rich and platelet-rich fibrin, BMP-2 = bone morphogenetic protein-2; AAOMS = The American Association of Oral

and Maxillofacial Surgeons; SD = standard deviation.
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Another retrospective cohort study conducted by
Sahin et al. [22], evaluated the effectiveness of
some surgical techniques for treatment of MRONIJ
after bisphosphonates therapy (Table 7). Twenty-
one patients diagnosed with stage 2 or stage 3
MRONIJ underwent ultrasonic piezoelectric surgical
excision of the necrotic area. The patients’ peripheral
blood was centrifuged to obtain leukocyte and
PRF concentrate (L-PRF) and YAG laser for bio
stimulation. Evaluation of mucosal coverage without
signs of residual infection were assessed 1-month
(T1), 3-months (T2), 6-months (T3) and 1-year (T4)
after surgery. Amoxicillin/clavulanic acid 1000 mg,
metronidazole 500 mg, and 0.12% chlorhexidine
mouthwash were administered one week before and
two weeks after surgery. In 2 stage 3 patients, healing
was delayed 1 month after surgery, and all patients
had complete mucosal healing at three months.
The surgical method presented in this study yields
encouraging results for MRONJ surgical treatment.
Szentpeteri et al. [21] investigated the use of PRF
as a therapeutic measure for patient with MRONIJ
caused by bisphosphonates medication (Table 7). This
study included 101 patients diagnosed with stage 2 -
3 MRONJ were allocated into 2 groups according to
the treatment plan, including the use of PRF or not.
The 2 surgical protocols were evaluated and compared
patient recovery, stage improvement, and recurrence.
The minimal follow-up duration was one year. A
significant difference was observed in favour of the
PRF group: better healing of MRONIJ lesions (P =
0.022), more successful down-staging (P = 0.005),
and lower relapse rates (P < 0.001) compared to the
control group.

In a prospective study by Park et al. [17] investigated
the combination of bone morphogenetic protein-2
(BMP-2) and leukocyte- and PRF (L-PRF) in the
treatment of MRONJ due to previous antiresorptive
drug treatment (Table 7). Fifty-five patients were
randomized to receive either L-PRF alone or a
combination of L-PRF and rhBMP-2 in the bone
defect after surgical removal of the necrotic area.
Surgical sites were clinically and radiographically
examined at 4 and 16 weeks postoperatively for
each patient. Clinical examination was performed to
determine the existence of exposed bone, mucosal
swelling and erythema, purulent drainage, intraoral
or extraoral fistula, and/or any pain or discomfort
correlated with the surgical site. Eighteen of 30 (60%)
patients of test group and 9 of 25 (36%) patients of
control group showed complete resolution of the
lesion 4 weeks postoperative. L-PRF plus BMP-2
resulted in significantly better healing of MRONJ
lesions (P = 0.028).

http://www.ejomr.org/JOMR/archives/2023/4/e1/v14ndelht.htm

Characteristics of combined treatment

El-Rabbany et al. [19] investigated the effects of
surgical and non-surgical treatment of MRONJ after
comparing treatment with bisphosphonates and
denosumab (Table 8). This study included 78 patients
diagnosed with MRONJ who were divided into 2
groups according to the treatment plan. Conservative
treatment included 22 patients who received local and/
or systemic antibiotics, pentoxifylline, hyperbaric
oxygen, and teriparatide. Fifty-six patients classified
as surgical treatment group had received conservative
therapy in addition to surgical intervention such as
debridement, curettage, sequestrectomy, saucerization,
and resection. The 2 treatment protocols were
evaluated and compared with respect to the absence
of pain, open or potential bone during the follow-
up period. Overall disease resolution in the surgical
group was 39 (70%) compared with 8 (36%) in
the non-surgical group. Surgical treatment resulted
in significantly better healing of MRONIJ lesions
compared to non-surgical treatment.

Other retrospective study by Eguchi et al. [16]
examined whether surgical or non-surgical treatment
improves outcomes for stage 2 MRONIJ patients
after bisphosphonates and denosumab therapy (Table
8). Fifty-two patients first received non-surgical
treatment for at least one month, which included
antibacterial mouth rinse, local irrigation, antibiotics
and analgesics administration, and professional
oral hygiene. At the 1-month follow-up, 28 of 52
patients were treated surgically and 24 remained
non-surgically treated, as 18 patients had improved
symptoms and 6 patients refused surgical treatment.
Surgical treatment comprised necrotic bone removal
until bone tissue vascularization was accomplished.
Following surgery, antibiotics were given for at least
5 days, and strict follow-up was done at least every 2
weeks. At a 6-month follow-up, the outcomes of both
surgical and non-surgical treatments were examined,
‘success’ is defined as the total elimination of exposed
bone without clinical symptoms, and ‘failure’ is
defined as the presence of exposed bone or disease
progression. Surgical treatment was performed in 28
patients, of which 25 (89.3%) were successful, and
3 patients (10.7%) were unsuccessful. Conservative
treatment was performed on 24 patients and resulted
in success for 8 patients (33.3%) and failed in
16 patients (66.7%). Surgical treatment showed
statistically better result in compare with conservative
treatment (P < 0.01).

According to the studies 18,19,21,22
the most common indications for drug therapy
include patients with osteoporosis, breast cancer,
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Table 8. Characteristics of combined treatment

Gender | Age Observation
iod
Study Population Study group perto Treatment Results Conclusions
Male/ | Years outcome
female Months
Surgical (n = 28): —
. Surgical: | necrotic bone resection Surgical:
Surgical: . . , 25 .
Patients 13/15 72.3 (SD|until the bone tissue’s Success-complete SuCCess In comparison
: . 11.3) |vascularization was absence of exposed - | to non-surgical
diagnosed with . . 3 failure .
Eguchi et | stage 2 MRONJ established bone without any treatment, surgical
al. [16] and treated with Non-surgical (n = 6 clinical symptoms. treatment for
. non-surgical or | Non Non- |24): antibiotics and Failure- bone Non- |stage 2 MRONIJ
surgical therapy | surgical: surgical: | analgesics, as well exposure remaining| surgical: |improved efficacy
Y u9}771 5 "|74.8 (SD|as professional oral or disease progress (8 success, | (P <0.01)
10.3) |hygiene management 16 failure
by a dental hygienist
Surgical (n = 56): S,S ; ;il;fel d
. . debridement, curettage, .
Surgical: |Surgical: Surgical: (70%),
. sequestrectomy,
Patients 9/47 79 saucerization and 15.5 Treatment was 17 | Compared to non-
diagnosed with . . unhealed | surgical therapy,
resection considered o .
stage 1 -3 . (30%) |surgical therapy
El-Rabbany MRON!J and successful if had N was substantiall
etal. [19] . Non-surgical (n = absence of pain and on- . y
treated with 22): local and/or absence of exposed surgical: |related with
non-surgical or | Non- Non- s st.emic antimicrobial Non- or probable bone 8 healed |higher odds of
surgical therapy | surgical: | surgical: tli/era entoxifylline surgical: ’ (36%), |resolution
517 | 82 by, perrox |1 14
hyperbaric oxygen and unhealed
teriparatide (64%)
MRONIJ = medication-related osteonecrosis of the jaw; SD = standard deviation.
multiple myeloma, malignant bone disease and other
. . . . . 0
malignancies (Figure 2). Other cancer includes kidney 45%
cell carcinoma, lung carcinoma and bone metastasis | 40%
[14-16,18,19,21,22]. 35%
30%
0,
DISCUSSION 25%
20%
The goal of this systematic literature review was | 15%
to overview recent studies regarding conservative | 4q0,
and surgical treatment methods of MRONIJ after 59
antiresorptive therapy and determined if conservative ° .
therapy alone yields effective outcome in treatment 0% ' '
of MRONJ. The general review was conducted Osteoporsis Breast Multiple ~ Other  Prostate
. L . . cancer myeloma cancer cancer
by including recent retrospective, prospective and Y

randomized clinical studies. Of the nine studies
included in this systematic literature review, 2 studies
evaluated the efficacy of conservative methods in the
treatment of MRONYJ, 5 studies evaluated the efficacy
of surgical methods, and 2 studies compared these
methods.

Marx et al. [1] was the first to describe clinical cases
of osteonecrosis associated with bisphosphonate
medication in 2003 but, to date, the treatment strategy
is still controversial, with no consensus regarding
a conservative versus a surgical approach [30].

http://www.ejomr.org/JOMR/archives/2023/4/e1/v14ndelht.htm

Figure 2. The most common indications for drug therapy
[14-16,18,19,21,22].

The decision between conservative treatment or
surgery is difficult, and it should be taken on an
individual basis. According to the AAOMS, the
therapeutic goals for patients with MRONIJ are to
eliminate pain, control soft tissue infection, and
minimize the progression or occurrence of bone
necrosis. AAOMS also state that conservative
treatment is recommended for stages 0 - 2 MRONJ,
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although, they recommend that mobile bony
sequestrum should be removed to allow for soft tissue
recovery. Only stage 3 MRONJ indicated surgical
debridement or resection [9]. Conversely, other
authors reported improved MRONJ healing rates
following surgical interventions. Carlson and Basile
[31] reported a 90% success rate in MRONJ patients
treated with surgical intervention, with stable mucosal
closure maintenance.

Majority of the studies in this systematic literature
review revealed that in patients with advance stages
of MRONJ, surgical treatment is more effective than
non-surgical conservative treatment. The studies of
Eguchi et al. [16] and El-Rabbany et al. [19] showed
a significant different outcome between conservative
and surgical treatment for patients with MRONJ in
favour of the surgical approach. In these studies,
patients treated with surgery had a significantly
higher rate of complete healing compared to patients
treated conservatively. Patients defined as surgical in
both studies were those who had conservative non-
surgical treatment in addition to surgical treatments.
The findings of these studies are consistent with
those reported in the literature. A recent study [32]
found that surgical therapy compared to traditional
conservative therapy may be superior in the treatment
of MRONJ. This conclusion is corroborated
further by recently published retrospective studies
demonstrating the efficacy of surgical therapy [33-
35]. Incidentally, the study by Ruggiero and Kohn
in 2015 [35], assessing predictors of favourable
outcomes in patients with MRONIJ comes to identical
results as this systemic review. Other 5 studies in this
systematic literature review concerning diversified
surgical approaches treatment for MRONJ expressed
relatively positive outcomes. Yiice et al. [15], Park
et al. [17], and Szentpeteri et al. [21] investigated the
impact of bone and soft tissue regeneration material
on bony defect. The application of growth factors
is also considered a treatment option because of
improving the soft and hard tissue healing. Acting
like chemotactic agents, they promote angiogenesis,
migration, proliferation, and the differentiation of
stem cells from the surrounding mesenchymal tissues
into bone forming cells in necrotic bone area [36].
PRF and CGF are autologous preparations derived
from the patient’s blood through phlebotomy. They
release high quantities of growth factors that can help
to accelerate and stimulate bone regeneration and
tissue healing [37-39]. The use of autologous platelet
concentrates (APCs) as an alternative method for the
prevention and treatment of MRONJ was developed
by Choukroun et al. [40] reported good -clinical
results [41,42]. PRF application on necrotic bone area

http://www.ejomr.org/JOMR/archives/2023/4/e1/v14ndelht.htm

showed significant improvement of mucosal healing,
down staging, and low relapse rate in the study of
Szentpeteri et al. [21], while the results of the study of
Yiice et al. [15] showed that the effect of CGF was not
significant. In the study made by Park et al. [17], the
results showed significance in the use of thBMP-2 as
an adjunctive therapy. rhBMP-2 used as a bone graft
which stimulate bone regeneration and widely used in
dentistry. Additional study by Kim et al. [43] showed
promising result concerning rhBMP-2 application
on bony defect by stimulate bone formation. Guo
and Guo [20] presented different surgical approach
for treating MRONJ by cortical bone perforation to
allow infiltration of blood supply to the necrotic site.
In patients treated with the cortical bone perforation
technique, mucosal coverage and reduction in relapse
rates were significantly higher. Danesh-Sani et al. [44]
demonstrated that cortical perforation may improve
the amount of newly formed bone and accelerate
angiogenesis which promote healing in case of bone
necrosis. Another surgical technique studied by
Sahin et al. [22], who revealed that surgical treatment
is more effective than conservative treatment in
advanced stages of MRONUJ. Surgical treatment with
additional surgical tools has been reported. Ultrasonic
bone surgery, also known as piezoelectric surgery, has
the advantage of enabling less invasive bone cutting
without damaging soft tissues. Complete mucosal
healing was observed within 3 months postoperatively
and no recurrence throughout follow-up period.
Surgical treatment is more appropriate in this patient
group since conservative treatment has a success
record of less than 50% in advanced stages.

By guidelines of AAMOS, conservative non-surgical
treatment is recommended, particularly for early stage
1 disease, and for stage 2 disease [9]. Conservative
treatment includes maintaining good oral hygiene,
visiting the dentist on a regular basis, using
chlorhexidine mouthwash, and taking antibiotics.
This can assist in the stabilization or improvement of
the disease. According to several studies, combining
conservative treatment with adjuvant treatments such
as hyperbaric oxygen, ozone therapy, or low-intensity
laser therapy can result in a higher success rate with
positive results [45-47].

There have been many publications in the recent
years which have focused on the therapeutic effect
of teriparatide in MRONJ cases. Teriparatide is a
recombinant human parathyroid hormone which
promotes bone turnover by stimulating bone formation
with positive balancing in bone metabolism. The use
of teriparatide on refractory MRONJ lesions was first
described by Harper et al. [48] who observed soft
tissue recovery in a patient administered teriparatide
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for 3 months. Authors reported that MRONJ lesions
resolved after 10 months of daily injections of
teriparatide and recommended limiting treatment to 2
years. Similar results have been reported in study made
by Sim et al. [14], subcutaneous teriparatide injection
seems to yield better result compared to placebo
group in patients’ stages 1 - 3 MRONJ. However, in
patients with advanced stages of MRONJ, there was no
appreciable improvement in clinical stage. In contrast,
the study conducted by Ristow et al. [18] revealed
that conservative treatment for stage 1 MRONJ
patients leads to a healing in rare cases. According to
the authors, conservative treatment is an appropriate
approach for preserving symptoms in patients who
are either averse to surgery or whose overall state
precludes surgery.

This systematic literature review found that in
most studies, conservative therapy alone yields
no improvement in patient condition and did not
aggravate the condition either. Conservative treatment
can be useful for preventing disease progression in
patients that are not eligible for surgery and may
provide temporary comfort by reducing symptoms and
infections, but effective resolution of osteonecrosis
should not be expected. Complete surgical removal
of the necrotic bone with pre-operative antibiotic
therapy, infection management, and softening of
the sharp bone edges before mucosal closure is
widely regarded as the most appropriate strategy
for effective recovery in adverse stages of MRONIJ
treatment.

This systematic literature review has faced numerous
limitations that have a significant impact on its
liability. One of the first aims of this study was to
analyse the effects of bisphosphonates and other
antiresorptive drugs on the periodontium, but due
to limited resources, the systematic review of the
literature was linked to the aspect of treatment
strategies for MRONUJ. Furthermore, a small number
of studies in the database reported on conservative
treatment of MRONIJ, whereas a larger database
would provide more robust conclusions. Secondary,
majority of the included studies have small

sample size. A larger sample size of patients would
help to improve the study’s significance.

CONCLUSIONS

Conservative treatment appears to yield better
outcomes at asymptomatic patients with early stages
of medication-related osteonecrosis of the jaw,
further research is needed to determine the optimal
conservative procedures for managing advanced
stages.

Most of the included studies revealed that surgical
treatment in patients with advanced stages
medication-related osteonecrosis of the jaw lead to
positive outcome, mainly after surgical removal of
necrotic area and application of bone and soft tissues
regeneration material.

Surgical treatment is superior to conservative treatment
in patients with advance stages of medication-
related osteonecrosis of the jaw. In the presented
study, patients with advanced medication-related
osteonecrosis of the jaw had a positive outcome
to surgical therapy combined with conservative
treatment, while conservative treatment alone had
a positive outcome in patients with early stages of
medication-related osteonecrosis of the jaw.

Regular communication and collaboration between
dental and medical professionals are crucial in the
comprehensive care of patients with medication-
related osteonecrosis of the jaw with the goal of
providing optimal care for medication-related
osteonecrosis of the jaw patients, tailoring the
approach to the severity of their condition, and
ensuring the best possible clinical outcomes while
minimizing the potential for complications.

ACKNOWLEDGMENTS AND DISCLOSURE
STATEMENTS

The authors report no conflict of interest related to this
study.

REFERENCES

1. Marx RE. Pamidronate (Aredia) and zoledronate (Zometa) induced avascular necrosis of the jaws: a growing epidemic.
J Oral Maxillofac Surg. 2003 Sep;61(9):1115-7. [Medline: 12966493] [doi: 10.1016/S0278-2391(03)00720-1]

2. Khan AA, Morrison A, Hanley DA, Felsenberg D, McCauley LK, O’Ryan F, Reid IR, Ruggiero SL, Taguchi A, Tetradis S,
Watts NB, Brandi ML, Peters E, Guise T, Eastell R, Cheung AM, Morin SN, Masri B, Cooper C, Morgan SL, Obermayer-
Pietsch B, Langdahl BL, Al Dabagh R, Davison KS, Kendler DL, Sandor GK, Josse RG, Bhandari M, El Rabbany M,
Pierroz DD, Sulimani R, Saunders DP, Brown JP, Compston J; International Task Force on Osteonecrosis of the Jaw.
Diagnosis and management of osteonecrosis of the jaw: a systematic review and international consensus. J Bone Miner
Res. 2015 Jan;30(1):3-23. [Medline: 25414052] [doi: 10.1002/jbmr.2405]

http://www.ejomr.org/JOMR/archives/2023/4/e1/v14ndelht.htm

J Oral Maxillofac Res 2023 (Oct-Dec) | vol. 14 | No 4 | el | p.12
(page number not for citation purposes)


http://www.ejomr.org/JOMR/archives/2023/4/e1/v14n4e1ht.htm
http://www.ncbi.nlm.nih.gov/pubmed/12966493
https://doi.org/10.1016/S0278-2391(03)00720-1
http://www.ncbi.nlm.nih.gov/pubmed/25414052
https://doi.org/10.1002/jbmr.2405

JOURNAL OF ORAL & MAXILLOFACIAL RESEARCH Seluki et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

McLeod NM, Brennan PA, Ruggiero SL. Bisphosphonate osteonecrosis of the jaw: a historical and contemporary review.
Surgeon. 2012 Feb;10(1):36-42. [Medline: 22233554] [doi: 10.1016/j.surge.2011.09.002]

Loncar Brzak B, Horvat Aleksijevi¢ L, Vindi§ E, Kordi¢ I, Grani¢ M, Vidovi¢ Juras D, Andabak Rogulj A.
Osteonecrosis of the Jaw. Dent J (Basel). 2023 Jan 9;11(1):23. [Medline: 36661560] [PMC free article: 9858620]
[doi: 10.3390/dj11010023]

Cremers S, Drake MT, Ebetino FH, Bilezikian JP, Russell RGG. Pharmacology of bisphosphonates. Br J Clin Pharmacol.
2019 Jun;85(6):1052-1062. [Medline: 30650219] [PMC free article: 6533426] [doi: 10.1111/bep.13867]

Roelofs AJ, Thompson K, Gordon S, Rogers MJ. Molecular mechanisms of action of bisphosphonates: current status.
Clin Cancer Res. 2006 Oct 15;12(20 Pt 2):6222s-6230s. [Medline: 17062705] [doi: 10.1158/1078-0432]

Hughes DE, Wright KR, Uy HL, Sasaki A, Yoneda T, Roodman GD, Mundy GR, Boyce BF. Bisphosphonates promote
apoptosis in murine osteoclasts in vitro and in vivo. J Bone Miner Res. 1995 Oct;10(10):1478-87. [Medline: 8686503]
[doi: 10.1002/jbmr.5650101008]

Ruggiero SL, Dodson TB, Assacl LA, Landesberg R, Marx RE, Mehrotra B; American Association of Oral and
Maxillofacial Surgeons. American Association of Oral and Maxillofacial Surgeons position paper on bisphosphonate-
related osteonecrosis of the jaws--2009 update. J Oral Maxillofac Surg. 2009 May;67(5 Suppl):2-12. [Medline: 19371809]
[doi: 10.1016/j.joms.2009.01.009]

Ruggiero SL, Dodson TB, Fantasia J, Goodday R, Aghaloo T, Mehrotra B, O’Ryan F; American Association of Oral
and Maxillofacial Surgeons. American Association of Oral and Maxillofacial Surgeons position paper on medication-
related osteonecrosis of the jaw--2014 update. J Oral Maxillofac Surg. 2014 Oct;72(10):1938-56. [Medline: 25234529]
[doi: 10.1016/j.joms.2014.04.031]

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):920-943. [Medline: 35300956] [doi: 10.1016/j.joms.2022.02.008]

Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. PLoS Med. 2009 Jul 21;6(7):e1000097. [Medline: 19621072]
[PMC free article: 2707599] [doi: 10.1371/journal.pmed.1000097]

Barker TH, Stone JC, Sears K, Klugar M, Tufanaru C, Leonardi-Bee J, Aromataris E, Munn Z. The revised JBI critical
appraisal tool for the assessment of risk of bias for randomized controlled trials. JBI Evid Synth. 2023 Mar 1;21(3):
494-506. [Medline: 36727247] [doi: 10.11124/JBIES-22-00430]

Moola S, Munn Z, Tufanaru C, Aromataris E, Sears K, Sfetcu R, Currie M, Qureshi R, Mattis P, Lisy K, Mu P-F. Chapter
7: Systematic reviews of etiology and risk. In: Aromataris E, Munn Z (Editors). JBI Manual for Evidence Synthesis.
JBI, 2020. [doi: 10.46658/IJBIMES-20-01]

Sim IW, Borromeo GL, Tsao C, Hardiman R, Hofman MS, Papatziamos Hjelle C, Siddique M, Cook GJR, Seymour JF,
Ebeling PR. Teriparatide Promotes Bone Healing in Medication-Related Osteonecrosis of the Jaw: A Placebo-Controlled,
Randomized Trial. J Clin Oncol. 2020 Sep 10;38(26):2971-2980. [Medline: 32614699] [doi: 10.1200/JC0O.19.02192]
Yiice MO, Adali E, Isik G. The effect of concentrated growth factor (CGF) in the surgical treatment of medication-
related osteonecrosis of the jaw (MRONYJ) in osteoporosis patients: a randomized controlled study. Clin Oral Investig.
2021 Jul;25(7):4529-4541. [Medline: 33392802] [doi: 10.1007/s00784-020-03766-8]

Eguchi T, Kanai I, Basugi A, Miyata Y, Inoue M, Hamada Y. The assessment of surgical and non-surgical treatment
of stage II medication-related osteonecrosis of the jaw. Med Oral Patol Oral Cir Bucal. 2017 Nov 1;22(6):¢788-795.
[Medline: 29053660] [PMC free article: 5813999] [doi: 10.4317/medoral.22013]

Park JH, Kim JW, Kim SJ. Does the Addition of Bone Morphogenetic Protein 2 to Platelet-Rich Fibrin Improve Healing
After Treatment for Medication-Related Osteonecrosis of the Jaw? J Oral Maxillofac Surg. 2017 Jun;75(6):1176-1184.
[Medline: 28042979] [doi: 10.1016/j.joms.2016.12.005]

Ristow O, RiickschloB T, Miiller M, Berger M, Kargus S, Pautke C, Engel M, Hoffmann J, Freudlsperger C. Is the
conservative non-surgical management of medication-related osteonecrosis of the jaw an appropriate treatment
option for early stages? A long-term single-center cohort study. J Craniomaxillofac Surg. 2019 Mar;47(3):491-499.
[Medline: 30642734] [doi: 10.1016/j.jcms.2018.12.014]

El-Rabbany M, Lam DK, Shah PS, Azarpazhooh A. Surgical Management of Medication-Related Osteonecrosis
of the Jaw Is Associated With Improved Disease Resolution: A Retrospective Cohort Study. J Oral Maxillofac Surg.
2019 Sep;77(9):1816-1822. [Medline: 31054989] [doi: 10.1016/j.joms.2019.03.040]

Guo Y, Guo C. Enhancement of bone perfusion through cortical perforations to improve healing of medication-related
osteonecrosis of the jaw: a retrospective study. Int J Oral Maxillofac Surg. 2021 Jun;50(6):740-745. [Medline: 33023802]
[doi: 10.1016/].ijom.2020.07.036]

Szentpeteri S, Schmidt L, Restar L, Csaki G, Szabo G, Vaszilko M. The Effect of Platelet-Rich Fibrin Membrane in
Surgical Therapy of Medication-Related Osteonecrosis of the Jaw. J Oral Maxillofac Surg. 2020 May;78(5):738-748.
[Medline: 31945309] [doi: 10.1016/j.joms.2019.12.008]

Sahin O, Akan E, Tatar B, Ekmekcioglu C, Unal N, Odabas1 O. Combined approach to treatment of advanced stages
of medication-related osteonecrosis of the jaw patients. Braz J Otorhinolaryngol. 2022 Jul-Aug;88(4):613-620.
[Medline: 34023243 [PMC free article: 9422660] [doi: 10.1016/j.bjorl.2021.04.004]

http://www.ejomr.org/JOMR/archives/2023/4/e1/v14ndelht.htm J Oral Maxillofac Res 2023 (Oct-Dec) | vol. 14 | No 4 | el | p.13

(page number not for citation purposes)


http://www.ejomr.org/JOMR/archives/2023/4/e1/v14n4e1ht.htm
http://www.ncbi.nlm.nih.gov/pubmed/22233554
https://doi.org/10.1016/j.surge.2011.09.002
http://www.ncbi.nlm.nih.gov/pubmed/36661560
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9858620
https://doi.org/10.3390/dj11010023
http://www.ncbi.nlm.nih.gov/pubmed/30650219
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6533426
https://doi.org/10.1111/bcp.13867
http://www.ncbi.nlm.nih.gov/pubmed/17062705
https://doi.org/10.1158/1078-0432
http://www.ncbi.nlm.nih.gov/pubmed/8686503
https://doi.org/10.1002/jbmr.5650101008
http://www.ncbi.nlm.nih.gov/pubmed/19371809
https://doi.org/10.1016/j.joms.2009.01.009
http://www.ncbi.nlm.nih.gov/pubmed/25234529
https://doi.org/10.1016/j.joms.2014.04.031
http://www.ncbi.nlm.nih.gov/pubmed/35300956
https://doi.org/10.1016/j.joms.2022.02.008
http://www.ncbi.nlm.nih.gov/pubmed/19621072
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2707599
https://doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/pubmed/36727247
https://doi.org/10.11124/JBIES-22-00430
https://doi.org/10.46658/JBIMES-20-01
http://www.ncbi.nlm.nih.gov/pubmed/32614699
https://doi.org/10.1200/JCO.19.02192
http://www.ncbi.nlm.nih.gov/pubmed/33392802
https://doi.org/10.1007/s00784-020-03766-8
http://www.ncbi.nlm.nih.gov/pubmed/29053660
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5813999
https://doi.org/10.4317/medoral.22013
http://www.ncbi.nlm.nih.gov/pubmed/28042979
https://doi.org/10.1016/j.joms.2016.12.005
http://www.ncbi.nlm.nih.gov/pubmed/30642734
https://doi.org/10.1016/j.jcms.2018.12.014
http://www.ncbi.nlm.nih.gov/pubmed/31054989
https://doi.org/10.1016/j.joms.2019.03.040
http://www.ncbi.nlm.nih.gov/pubmed/33023802
https://doi.org/10.1016/j.ijom.2020.07.036
https://doi.org/10.1016/j.joms.2019.12.008
http://www.ncbi.nlm.nih.gov/pubmed/34023243
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9422660
https://doi.org/10.1016/j.bjorl.2021.04.004

JOURNAL OF ORAL & MAXILLOFACIAL RESEARCH Seluki et al.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Ohbayashi Y, Iwasaki A, Nakai F, Mashiba T, Miyake M. A comparative effectiveness pilot study of teriparatide for
medication-related osteonecrosis of the jaw: daily versus weekly administration. Osteoporos Int. 2020 Mar;31(3):
577-585. [Medline: 31768589] [doi: 10.1007/s00198-019-05199-w]

Albanese M, Zotti F, Capocasale G, Bonetti S, Lonardi F, Nocini PF. Conservative non-surgical management in medication
related osteonecrosis of the jaw: A retrospective study. Clin Exp Dent Res. 2020 Oct;6(5):512-518. [Medline: 32614524]
[PMC free article: 7545224 [doi: 10.1002/cre2.303]

Marciano A, Rubino E, Peditto M, Mauceri R, Oteri G. Oral Surgical Management of Bone and Soft Tissues in MRONJ
Treatment: A Decisional Tree. Life (Basel). 2020 Jun 29;10(7):99. [Medline: 32610675] [PMC free article: 7399969]
[doi: 10.3390/1ife10070099]

Monteiro CGJ, Vieira EM, Emerick C, Azevedo RS, Pascoal VAB, Homsi N, Lins RX. Ozonated oil effect for prevention
of medication-related osteonecrosis of the jaw (MRONYJ) in rats undergoing zoledronic acid therapy. Clin Oral Investig.
2021 Dec;25(12):6653-6659. [Medline: 33895916] [doi: 10.1007/s00784-021-03951-3]

Ragazzo M, Val M, Montagner G, Trojan D, Fusetti S, Guarda Nardini L. Human amniotic membrane: an improvement
in the treatment of Medication-related osteonecrosis of the jaw (MRONIJ)? A case-control study. Cell Tissue Bank.
2022 Mar;23(1):129-141. [Medline: 33856589] [PMC free article: 8854299] [doi: 10.1007/s10561-021-09922-y]
Castillo EJ, Jiron JM, Croft CS, Freehill DG, Castillo CM, Kura J, Yarrow JF, Bhattacharyya I, Kimmel DB, Aguirre
JI. Intermittent parathyroid hormone enhances the healing of medication-related osteonecrosis of the jaw lesions
in rice rats. Front Med (Lausanne). 2023 Jun 19;10:1179350. [Medline: 37404809] [PMC free article: 10315582]
[doi: 10.3389/fmed.2023.1179350]

Zhu WY, Yang WE, Wang L, Lan X, Tao ZY, Guo J, Xu J, Qin L, Su YX. The effect of drug holiday on preventing
medication-related osteonecrosis of the jaw in osteoporotic rat model. J Orthop Translat. 2023 Jan 10;39:55-62.
[Medline: 36721766] [PMC free article: 9860383] [doi: 10.1016/].j0t.2022.12.006]

Hayashida S, Soutome S, Yanamoto S, Fujita S, Hasegawa T, Komori T, Kojima Y, Miyamoto H, Shibuya Y, Ueda
N, Kirita T, Nakahara H, Shinohara M, Umeda M. Evaluation of the Treatment Strategies for Medication-Related
Osteonecrosis of the Jaws (MRONJ) and the Factors Affecting Treatment Outcome: A Multicenter Retrospective Study
with Propensity Score Matching Analysis. J Bone Miner Res. 2017 Oct;32(10):2022-2029. [Medline: 28585700]
[doi: 10.1002/jbmr.3191]

Carlson ER, Basile JD. The role of surgical resection in the management of bisphosphonate-related osteonecrosis of the
jaws. J Oral Maxillofac Surg. 2009 May;67(5 Suppl):85-95. [Medline: 19371819] [doi: 10.1016/1.joms.2009.01.006]
Elad S, Yarom N, Hamed W, Ayalon S, Yahalom R, Regev E. Osteomylelitis and necrosis of the jaw in patients treated
with bisphosphonates: a comparative study focused on multiple myeloma. Clin Lab Haematol. 2006 Dec;28(6):393-8.
[Medline: 17105493] [doi: 10.1111/1.1365-2257.2006.00841.x]

Favia G, Tempesta A, Limongelli L, Crincoli V, Maiorano E. Medication-Related Osteonecrosis of the Jaws:
Considerations on a New Antiresorptive Therapy (Denosumab) and Treatment Outcome after a 13-Year Experience.
Int J Dent. 2016;2016:1801676. [Medline: 27843453 [PMC free article: 5098082] [doi: 10.1155/2016/1801676]

Favia G, Tempesta A, Limongelli L, Crincoli V, Maiorano E. Medication-related osteonecrosis of the jaw: Surgical or
non-surgical treatment? Oral Dis. 2018 Mar;24(1-2):238-242. [Medline: 29480596] [doi: 10.1111/0di.12764]

Ruggiero SL, Kohn N. Disease Stage and Mode of Therapy Are Important Determinants of Treatment Outcomes
for Medication-Related Osteonecrosis of the Jaw. J Oral Maxillofac Surg. 2015 Dec;73(12 Suppl):S94-S100.
[Medline: 26608159] [doi: 10.1016/j.joms.2015.09.024]

Badros A, Weikel D, Salama A, Goloubeva O, Schneider A, Rapoport A, Fenton R, Gahres N, Sausville E, Ord R,
Meiller T. Osteonecrosis of the jaw in multiple myeloma patients: clinical features and risk factors. J Clin Oncol.
2006 Feb 20;24(6):945-52. [Medline: 16484704] [doi: 10.1200/JC0O.2005.04.2465]

Sarkarat F, Kalantar Motamedi MH, Jahanbani J, Sepehri D, Kahali R, Nematollahi Z. Platelet-Rich Plasma in Treatment
of Zoledronic Acid-Induced Bisphosphonate-related Osteonecrosis of the Jaws. Trauma Mon. 2014 Apr;19(2):e17196.
[Medline: 25032151] [PMC free article: 4080617] [doi: 10.5812/traumamon.17196]

Tsai LL, Huang YF, Chang YC. Treatment of bisphosphonate-related osteonecrosis of the jaw with platelet-rich fibrin.
J Formos Med Assoc. 2016 Jul;115(7):585-6. [Medline: 26596688] [doi: 10.1016/1.jfma.2015.10.005]

Mauceri R, Panzarella V, Maniscalco L, Bedogni A, Licata ME, Albanese A, Toia F, Cumbo EMG, Mazzola G, Di Fede
0O, Campisi G. Conservative Surgical Treatment of Bisphosphonate-Related Osteonecrosis of the Jaw with Er,Cr:YSGG
Laser and Platelet-Rich Plasma: A Longitudinal Study. Biomed Res Int. 2018 Aug 19;2018:3982540. [Medline: 30211221]
[PMC free article: 6120338] [doi: 10.1155/2018/3982540]

Choukroun J, Adda F, Schoeffler C, Vervelle A. [Une opportunité en paro-implantologie: le PRF]. Implantodontie.
2001 Jan;42:55-62.

Asaka T, Ohga N, Yamazaki Y, Sato J, Satoh C, Kitagawa Y. Platelet-rich fibrin may reduce the risk of delayed recovery
in tooth-extracted patients undergoing oral bisphosphonate therapy: a trial study. Clin Oral Investig. 2017 Sep;21(7):
2165-2172. [Medline: 27837344] [doi: 10.1007/s00784-016-2004-z]

Lopez-Jornet P, Sanchez Perez A, Amaral Mendes R, Tobias A. Medication-related osteonecrosis of the jaw: Is autologous
platelet concentrate application effective for prevention and treatment? A systematic review. J Craniomaxillofac Surg.
2016 Aug;44(8):1067-72. [Medline: 27318752] [doi: 10.1016/j.jcms.2016.05.004]

http://www.ejomr.org/JOMR/archives/2023/4/e1/v14ndelht.htm J Oral Maxillofac Res 2023 (Oct-Dec) | vol. 14 | No 4 | el | p.14

(page number not for citation purposes)


http://www.ejomr.org/JOMR/archives/2023/4/e1/v14n4e1ht.htm
http://www.ncbi.nlm.nih.gov/pubmed/31768589
https://doi.org/10.1007/s00198-019-05199-w
http://www.ncbi.nlm.nih.gov/pubmed/32614524
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7545224
https://doi.org/10.1002/cre2.303
http://www.ncbi.nlm.nih.gov/pubmed/32610675
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7399969
https://doi.org/10.3390/life10070099
http://www.ncbi.nlm.nih.gov/pubmed/33895916
https://doi.org/10.1007/s00784-021-03951-3
http://www.ncbi.nlm.nih.gov/pubmed/33856589
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8854299
https://doi.org/10.1007/s10561-021-09922-y
http://www.ncbi.nlm.nih.gov/pubmed/37404809
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10315582
https://doi.org/10.3389/fmed.2023.1179350
http://www.ncbi.nlm.nih.gov/pubmed/36721766
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9860383
https://doi.org/10.1016/j.jot.2022.12.006
http://www.ncbi.nlm.nih.gov/pubmed/28585700
https://doi.org/10.1002/jbmr.3191
http://www.ncbi.nlm.nih.gov/pubmed/19371819
https://doi.org/10.1016/j.joms.2009.01.006
http://www.ncbi.nlm.nih.gov/pubmed/17105493
https://doi.org/10.1111/j.1365-2257.2006.00841.x
http://www.ncbi.nlm.nih.gov/pubmed/27843453
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5098082
https://doi.org/10.1155/2016/1801676
http://www.ncbi.nlm.nih.gov/pubmed/29480596
https://doi.org/10.1111/odi.12764
http://www.ncbi.nlm.nih.gov/pubmed/26608159
https://doi.org/10.1016/j.joms.2015.09.024
http://www.ncbi.nlm.nih.gov/pubmed/16484704
https://doi.org/10.1200/JCO.2005.04.2465
http://www.ncbi.nlm.nih.gov/pubmed/25032151
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4080617
https://doi.org/10.5812/traumamon.17196
http://www.ncbi.nlm.nih.gov/pubmed/26596688
https://doi.org/10.1016/j.jfma.2015.10.005
http://www.ncbi.nlm.nih.gov/pubmed/30211221
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6120338
https://doi.org/10.1155/2018/3982540
http://www.ncbi.nlm.nih.gov/pubmed/27837344
https://doi.org/10.1007/s00784-016-2004-z
http://www.ncbi.nlm.nih.gov/pubmed/27318752
https://doi.org/10.1016/j.jcms.2016.05.004

JOURNAL OF ORAL & MAXILLOFACIAL RESEARCH Seluki et al.

43. Kim MS, Kim KJ, Kim BJ, Kim CH, Kim JH. Immediate reconstruction of mandibular defect after treatment of
medication-related osteonecrosis of the jaw (MRONJ) with thBMP-2/ACS and miniplate: Review of 3 cases.
Int J Surg Case Rep. 2020;66:25-29. [Medline: 31790947] [PMC free article: 6909046] [doi: 10.1016/].ijscr.2019.11.038]

44. Danesh-Sani SA, Tarnow D, Yip JK, Mojaver R. The influence of cortical bone perforation on guided bone regeneration
in humans. Int J Oral Maxillofac Surg. 2017 Feb;46(2):261-266. [Medline: 27865631] [doi: 10.1016/1.ijom.2016.10.017]

45. Agrillo A, Filiaci F, Ramieri V, Riccardi E, Quarato D, Rinna C, Gennaro P, Cascino F, Mitro V, Ungari C. Bisphosphonate-
related osteonecrosis of the jaw (BRONJ): 5 year experience in the treatment of 131 cases with ozone therapy.
Eur Rev Med Pharmacol Sci. 2012 Nov;16(12):1741-7. [Medline: 23161050]

46. KimJW, Kim SJ, Kim MR. Leucocyte-rich and platelet-rich fibrin for the treatment of bisphosphonate-related osteonecrosis
of the jaw: a prospective feasibility study. Br J Oral Maxillofac Surg. 2014 Nov;52(9):854-9. [Medline: 25138613]
[doi: 10.1016/j.bjoms.2014.07.256]

47. Rodriguez-Lozano FJ, Onate-Sanchez RE. Treatment of osteonecrosis of the jaw related to bisphosphonates and
other antiresorptive agents. Med Oral Patol Oral Cir Bucal. 2016 Sep 1;21(5):e595-600. [Medline: 27475683]
[PMC free article: 5005097] [doi: 10.4317/medoral.20980]

48. Harper RP, Fung E. Resolution of bisphosphonate-associated osteonecrosis of the mandible: possible application
for intermittent low-dose parathyroid hormone [rthPTH(1-34)]. J Oral Maxillofac Surg. 2007 Mar;65(3):573-80.
[Medline: 17307613] [doi: 10.1016/j.joms.2006.10.076]

To cite this article:

Seluki R, Seluki M, Vaitkeviciene I, Jagelaviciene E.

Comparison of the Effectiveness of Conservative and Surgical Treatment of Medication-Related Osteonecrosis of the Jaw:
a Systematic Review

J Oral Maxillofac Res 2023;14(4):el

URL: http://www.ejomr.org/JOMR/archives/2023/4/e1/v14ndel.pdf

doi: 10.5037/jomr.2023.14401

Copyright © Seluki R, Seluki M, Vaitkeviciene I, Jagelaviciene E. Published in the JOURNAL OF ORAL
& MAXILLOFACIAL RESEARCH (http://www.ejomr.org), 31 December 2023.

This is an open-access article, first published in the JOURNAL OF ORAL & MAXILLOFACIAL RESEARCH, distributed
under the terms of the Creative Commons Attribution-Noncommercial-No Derivative Works 3.0 Unported License, which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work and is
properly cited. The copyright, license information and link to the original publication on (http://www.ejomr.org) must be
included.

http://www.ejomr.org/JOMR/archives/2023/4/e1/v14ndelht.htm J Oral Maxillofac Res 2023 (Oct-Dec) | vol. 14 | No 4 | el | p.15
(page number not for citation purposes)



http://www.ejomr.org/JOMR/archives/2023/4/e1/v14n4e1ht.htm
http://www.ejomr.org/JOMR/archives/2023/4/e1/v14n4e1.pdf
http://dx.doi.org/10.5037/jomr.2023.14401
http://www.ejomr.org
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://www.ejomr.org
http://www.ncbi.nlm.nih.gov/pubmed/31790947
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6909046
https://doi.org/10.1016/j.ijscr.2019.11.038
http://www.ncbi.nlm.nih.gov/pubmed/27865631
https://doi.org/10.1016/j.ijom.2016.10.017
http://www.ncbi.nlm.nih.gov/pubmed/23161050
http://www.ncbi.nlm.nih.gov/pubmed/25138613
https://doi.org/10.1016/j.bjoms.2014.07.256
http://www.ncbi.nlm.nih.gov/pubmed/27475683
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5005097
https://doi.org/10.4317/medoral.20980
http://www.ncbi.nlm.nih.gov/pubmed/17307613
https://doi.org/10.1016/j.joms.2006.10.076

