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Abstract

A systematic review was carried out to identify if periprocedural administration of systemic antibiotics
could decrease risk of medication-related osteonecrosis of the jaws (MRONIJ) in patients under
antiresorptive and/or biologic agents for teeth extraction. PubMed/MEDLINE and Scopus were
systematically searched for case-series with more than 10 patients, retrospective/prospective studies, and
trials concerning this issue. Manual searching of references from previous reviews was also pursued. Of
1,512 results, 17 studies were included, focusing on antibiotics for extraction in patients under
intravenous bisphosphonates (8), oral bisphosphonates (2), oral and intravenous bisphosphonates (6), and
denosumab (1), of which 12 performing dental extraction with surgical flap. With no trials found,
“quality in prognosis studies” (QUIPS) tool was deployed to evaluate risk of bias. First-line treatment
was 2-3 grams of oral amoxicillin in 76.4% of studies; 300-600 mg clindamycin was alternative
treatment in 23.5% of studies. Treatment ranged from 3 to 20 days, being of 6-7 days in 47% of studies.
No microbiologic insight was provided. A significantly higher risk of MRONIJ for patients unexposed to
antibiotics was provided in one retrospective study. QUIPS tool revealed moderate-high risk of bias.
With empirical data from bias-carrying, heterogeneous observational studies, validity of antibiotics is yet

to be established.
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Introduction

Medication-related osteonecrosis of the jaw (MRONJ) is defined as exposed bone, or bone that can be
probed through an intraoral or extra oral fistula(e) in the maxillofacial region, unable to heal within 8
weeks, occurring in a patient with medical history significant for assumption of a bone-modifying agent
(BMA), and unexposed to head and neck radiation [1]. Bisphosphonates (BP) were the first BMA linked
to MRONJ with the first report published in 2003 [2]. Since then, other categories of drugs have been
related to the onset of MRONJ, such as anti-angiogenic monoclonal antibody bevacizumab, firstly
reported in 2008 [3], anti-receptor activator of nuclear factor-kappa B ligand (anti-RANKL)-agent
denosumab, and tyrosine kinase receptor inhibitor sunitinib, described in 2010 and 2012, respectively
[4,5], together with an ever-growing list of various antiangiogenics and biologic immunomodulators [6].
Epidemiology of MRONUJ is still highly debated, with unknown incidence and prevalence within general
population, and studies portraying its occurrence as either under-estimated [7] or over-estimated [8]. The
most recent international consensus available in literature detailed the greatest incidence of MRONIJ
among oncology patients (1-15%), being instead estimated at 0.001-0-01% amid osteoporosis population
[9]. Risk of developing MRONJ, especially in patients taking BPs, depends upon a series of factors,
including route of administration, either per-os (PO) or intravenous (IV), potency, cumulative dose,
duration of treatment, concurrent intake of corticosteroids, systemic disorders such as diabetes, and
smoking [1,6,10]. As confirmed in a recent systematic review [11], the most commonly reported dental
risk factor is dental extraction: relative risk of developing MRONIJ after such procedure has been
reported to be 16 to 50 higher among IV BPs patients, if compared to the same category of individuals
not undergoing extraction, with a frequency of MRONIJ rising up to 0.09-3% among osteoporotic
patients [12]. Due to the increasing evidence on the key role of oral microbioma in promoting the
occurrence of MRONJ, rather than inhibition of bone turnover alone, with invasion by Actinomyces

playing a significant role [13], systemic antibiotics are often prescribed peri-operatively, both among I'V-



BP and in PO-BP patients, whenever dental extraction can no longer be procrastinated, or conservative
treatment is not pursuable. However, no proper consensus has been reached on which might be a reliable
standardized antibiotic protocol, able to consistently reduce the risk of MRONJ among patients in need
of tooth extractions.

Thus, aim of the present systematic review was to assess if periprocedural administration of systemic
antibiotics might decrease the risk of osteonecrosis of the jaws in patients receiving antiresorptive and/or
biologic agents when in need of teeth extraction, and ideally, which antibiotic treatment should be

considered as the most effective.



Materials and Methods

P.I.C.O. question

From February 2020 to May 2020, a systematic search on MEDLINE and SCOPUS electronic databases
was carried out, to ascertain publications eligible for inclusion in the study. The P.I.C.O. (patient,
intervention, control, outcome) question [based on the preferred reporting items for systematic review
and meta-analysis (PRISMA)] for this investigation was: “in populations of patients treated with
antiresorptive agents undergoing tooth extraction, which antibiotic is more effective in reducing risk of
MRONJ, compared to other antibiotics or placebo?”

The P.I.C.O. question was framed as follows:

. human patients treated with bisphosphonates/antiangiogenics/antiresorptive agents undergoing
dental extraction (patients)

. any systemic antibiotic (intervention)

. no treatment, placebo or a different type of antibiotic (comparison)

o subsequent development of MRONJ (primary outcome).

The review was recorded under the PROSPERO registry (registration number CRD42020180061).

Search strategy

The following ten search strings were used for both MEDLINE and SCOPUS databases:

- "bisphosphonate osteonecrosis jaw AND and tooth extraction",

- "bisphosphonate osteonecrosis jaw AND and tooth extraction AND and antibiotics",
- "antiangiogenic AND and osteonecrosis AND and tooth extraction",

- "antiangiogenic AND and osteonecrosis AND and tooth extraction AND and antibiotics",



- "bevacizumab AND and osteonecrosis AND and tooth extraction",

- "bevacizumab AND and osteonecrosis AND and tooth extraction AND and antibiotics",
- "denosumab AND and osteonecrosis AND and tooth extraction",

- "denosumab AND and osteonecrosis AND and tooth extraction AND and antibiotics",

- "sunitinib AND and osteonecrosis AND and tooth extraction",

- "sunitinib AND and osteonecrosis AND and tooth extraction AND and antibiotics".

Selection of studies

Two reviewers (MC, and PGA) traced the titles and abstracts of the publications generated by this search
strategy. Inclusion criteria were the following: descriptive studies as case-series with more than 10
human patients, observational studies (i.e., retrospective, prospective studies), and trials (i.e., controlled
clinical trials, randomized controlled trials) assessing the efficacy of systemic antibiotic in reducing the
onset of MRONJ after tooth extraction. Full-text articles were examined in case of studies that seemed to
satisfy the aforementioned criteria, together with those providing insufficient information in the title and
abstract to establish their eligibility. After this first stage of scrutiny, the articles satisfying the
aforementioned criteria were included if information were also provided for the following elements: type
of antiresorptive agent, its administration route, the underlying disease for which such treatment was
required, and description of the systemic antibiotic preventive protocol (e.g., type of drug, daily dosage,
route of administration, duration of treatment and follow-up). Exclusion criteria were the following:
articles irrespective of the previously mentioned criteria, studies not conducted on human patients or
published in language other than English, case-reports, letters to the editor, and expert opinion. The
selection process was finished by manually searching through the bibliographic references of previous

literature reviews emerged through the aforesaid search criteria, which would share a similar scope of



research to the present work. Disagreements were solved through consultation with the three co-workers

(SS, AG, and RB).

Data extraction

The main characteristics extracted from each of the included article were the following: authors, date of
publication, sample of patients enrolled, type of BP/antiresorptive/antiangiogenic, dose and
administration route, site and number of dental extractions, type of antibiotic, dose, administration route
and duration of treatment, and onset of MRONJ. Dental extraction techniques were grouped either as
“dental extraction with soft tissue closure”, if a surgical flap approach was pursued, or as “dental

extractions with no soft tissue closure”, if no surgical flap was performed.
9

Quality assessment

Studies were evaluated for risk of bias using the quality in prognosis studies (QUIPS) tool [14], which
consists of 6 bias domains:
1.“study participation” domain, to assess the validity of patients’ selection, inclusive of their baseline
characteristics, and the eligibility criteria deployed by the Authors;
2.%“study attrition” domain, to address the coherence between size of sample at baseline and at the
end of the study, with a progressively higher risk of bias associated with a higher dropout rate;
3.“prognostic factor measurement” domain, to consider the appropriateness of definition and
measurement of the prognostic factor — in the present review, the prognostic factor was
represented by the antibiotic protocols, with a progressively higher risk of bias associated with
lack of information concerning the type of drug, dosage, administration route, and duration of

treatment;



4.“outcome measurement” domain, to evaluate the clarity and reliability of the outcome — in the
present review, the outcome was the MRONIJ event, with a progressively higher risk of bias in its
measurement associated with further detachment from the MRONIJ definition available in the
latest literature guidelines;

5. “study confounding” domain, to determine the role of confounding factors that might be of
disturbance between the prognostic factor and the outcome — in the present review, confounding
factors were evaluated as those preoperative/intraoperative/postoperative approaches carried out
together with antibiotic protocols to reduce risk of MRONJ, with a progressively higher risk of
bias associated with the amount of perioperative approaches deployed;

6. “statistical analysis and reporting” domain, to assess the appropriateness of each study’s statistical
analysis — in the present review, such domain was considered in light of a univariate or
multivariate analysis focusing on the statistical association between antibiotics and MRONJ
occurrence, with a progressively higher risk of bias associated with the absence of statistical
analysis to examine the simultaneous effect of these multiple variables against MRONJ
occurrence, and draw clear conclusions on the actual role of antibiotics alone against the onset of

MRONU.



Results

Study selection

The results of the literature search are presented in the PRISMA flow diagram (Fig. 1). Electronic search
strategy yielded 1,512 records. After removal of 785 duplicates, 727 records remained. After title and
abstract screening, 654 were excluded, since not-inherent with the purposes of the present work, whereas
47 were excluded, since published in language other than English. Finally, 26 articles were identified for
full-text retrieval and analysis. Of these, 15 articles met all the aforementioned criteria, whilst 5,
although inherent with the scope of this review, did not provide enough data to be considered eligible
and had to be excluded.

The remaining six articles were previous systematic review of literature which seemed to share similar
scope of interest to the present work, being focused on the role of dental extraction as risk factor for
MRONIJ [15], the broader spectrum of prevention strategies available to reduce risk of MRONJ [16,17],
role of antibiotics to prevent MRONJ regardless of teeth extraction [18] or providing an insight on the
various prevention strategies of MRONJ secondary to tooth extraction [19,20]. After consultation of the
references detailed in each of these reviews, 4 more studies were attained, of which 2 were excluded and
2 were added to the eligible articles. Finally, 17 articles were considered eligible. No RCT was detected.
In total, 9 prospective studies, 4 retrospective studies, 3 case-series with more than 10 patients, and 1
cohort study were collected. Of these, 8 focused on role of systemic antibiotics for teeth extraction in
patients undergoing IV BPs [21-28], of which 6 where dental extraction was performed with soft tissue
closure [22-26,28], and 2 with no soft tissue closure [21,27]; 2 on patients under treatment with PO BPs
[29,30], of which 1 where dental extraction was performed with soft tissue closure [29], and 1 with no
soft tissue closure [30]; 6 on a mixed sample consisting of patients administered with both IV and PO

BPs [12,31-35], of which 4 where dental extraction was performed with soft tissue closure [12,31,34,35],



and 2 with no soft tissue closure [32,33]; and 1 article aimed to analyse patients treated with denosumab
performing dental extraction with soft tissue closure [36].
Table 1 and Table 2 summarize the main characteristics of each of the 17 articles included in the present

review, grouped both for type of BP/antiresorptive treatment and type of dental extraction technique.

Definition of MRONJ

As detailed for each study in Table 1, MRONJ was clearly or indirectly defined in accordance either to
Association of Oral and Maxillofacial Surgeons (AAOMS) Position Paper of 2009 [37], or that of 2014
[1]in 12 (70.6%) studies [22-26,28-32,35,36].

Concerning the remaining 5 studies, one could be still considered in accordance to 2009 American
AAOMS Position Paper, with regards to timing and bone exposure, despite lack of explicit mention to
radiotherapy of head and neck as exclusion criterion [33], whereas in another article, the diagnosis of
MRONJ was made despite patients being also exposed to radiotherapy of head and neck, either after
extraction or after first MRONIJ diagnosis [12]. Finally, in three articles, timing was different from the
usual 8 weeks, being unspecified in one study [21], prolonged to 12 weeks in another [34], up to four

months in one case [27].

Systemic antibiotic for teeth extraction in patients under IV BPs

Dental extraction with soft tissue closure

Ten studies assessed risk of MRONJ among patients treated with IV BPs and exposed to antibiotic

prophylaxis for teeth extraction with soft tissue closure in the last eleven years. Of these, five prospective

studies [23,24,26,34,35], three case-series [22,25,28], one retrospective study [12], and one cohort study
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[31] were found. Table 2 and Table 3 show a summary of the perioperative antibiotic regimen,
concurrent preventive protocols, and main characteristics of surgical protocol applied in each study.

Data from 466 patients are reported, with size of sample ranging widely from 23 [23] to 65 patients [24].
The most commonly prescribed antibiotic drug was amoxicillin, either alone [23,35] or combined with
clavulanate potassium (CP) [22,24-26,34], as reported in 7 (70%) of 10 articles, being administered in a
comprehensive sample of 307 patients with an overall consistent daily dosage of 2-3 grams daily among
all studies.

Amoxicillin and CP was still the first-line treatment, although in combination with 1-1.5 gr
metronidazole per day, in a cohort study of 44 patients [31].

Finally, B-lactam antibiotics other than amoxicillin were prescribed in the form of 1.5 gr of ampicillin-
sulbactam, 3 times daily, in a hospital-based case series of 61 patients [28], and as daily dosage of 10
million UI of penicillin in the most recent retrospective study on 54 patients [12].

The most common route of prescription was by far oral, as reported in 8 (80%) of 10 studies [23-
26,28,31,34,35] with amoxicillin + CP being prescribed intramuscularly in only one case-series of 34
patients [22] and penicillin being necessarily prescribed intravenously in the only study deploying such
formulation [12]. Duration of antibiotic treatment was mostly within 7 days, as reported in 8 (80%) of 10
studies [12,22,24-26,28,31,34], starting 1-3 days before extraction and ending 3-5 days after extraction.
Conversely, antibiotics were administered for more than 2 weeks in 2 (20%) of 10 articles, of which one
as a 17-days protocol from 3 days before to 14 days after extraction [35], while another reported a 20-
days antibiotic regimen, from 3 days before to 17 days after extraction [23]. Alternative antibiotic
treatment was reported in 5 (50%) of 10 studies [12,24,26,28,31], mainly due to the possibility of an
allergy to B-lactam family, with same route of administration and duration as the first-line treatment.

In detail, 300-600 mg clindamycin was proposed in two studies [12,28], just as erythromycin 600 mg

[24,26], while lincomycin 500 mg was proposed in one study [31].
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It is worth noticing that systemic antibiotics were never the only prophylactic protocol carried out to
reduce the bacterial load: pre-operative and/or post-operative rinses or gauze impregnated with
antimicrobial solutions, such as 0.12%-0.20% chlorhexidine (CHX), 1% peroxide, and 10% povidone-
iodine were prescribed in the vast majority of patients, being reported in 9 (90 %) of 10 studies [12,22-
26,28,34,35]. Complementary approaches included professional oral hygiene session, in the form of
scaling, carried out one week before extraction in one study [24]. In addition, one study added
photobiomodulation-laser sessions with Nd:YAG laser, carried out intra-operatively, and post-
operatively as weekly session for at least 6 weeks until achievement of mucosal healing [35].

All studies agreed on the necessity to carry out a surgical protocol of teeth extraction as much
atraumatic as possible, avoiding excessive manipulation of the soft tissues surrounding the surgical site,
with meticulous debridement and curettage of extraction socket, and copious rinse of the alveolar socket,
either with saline solution [12] or with povidone-iodine [35]. Smoothening of bone edges was commonly
deployed with either piezosurgery alone [24,26], piezosurgery and rongeurs [22,25], or with surgical
burs [12,34] (Table 3). Follow-up ranged vastly between the studies, from 12 weeks in an hospital-based
case-series [28], up to an average of 41 months in the most recent retrospective study available [12].
Most of the studies reported an average follow-up of one year [22-26,31,34].

Similarly, frequency of MRONJ led to a broad range of 0-13.1%, with no cases were reported in 3 (30%)
of 10 studies out of a comprehensive sample of 100 patients [22,23,25], whereas the 13.1% frequency of

MRONJ was detected in the only study deploying ampicillin as first-line antibiotic treatment [28].

Dental extraction with no soft tissue closure

Four studies assessed risk of MRONJ among patients treated with IV BPs and exposed to antibiotic
prophylaxis for teeth extraction with no soft tissue closure in the last twelve years. Of these, two were

retrospective studies [21,32] one prospective study [27], and one case-series [33]. Table 2 and Table 3

12



show a summary of the perioperative antibiotic regimen, concurrent preventive protocols, and main
characteristics of surgical protocol applied in each study.

Data from 176 patients are reported, with size of sample ranging widely from 23 [32] to 95 patients [33].
The most commonly prescribed antibiotic drug was amoxicillin, either alone [33] or combined with
clavulanate potassium (CP) [21,27], as reported in 3 (75%) of 4 papers, being administered in a
comprehensive sample of 153 patients, with an overall consistent daily dosage of 2-3 grams daily among
all studies. Conversely, metronidazole was administered in 23 patients of a retrospective study, as first-
line treatment [32]. In each study antibiotics were administered orally, with a duration of 7 days in two
papers [21,32], and of 17 days in the two remaining studies, either administered from 2 days before to 15
days after extraction [27] or from 3 days before to 14 days after extraction [33]. Alternative antibiotic
treatment was reported in 3 (75%) of 4 studies [21,27,32], mainly due to the possibility of an allergy to
B-lactam family, with same route of administration and duration as the first-line treatment. In detail,
levofloxacin 500 mg daily [21] and clindamycin 900 mg daily [27], were proposed as second-line
treatment in cases of intolerance to amoxicillin, whereas in the retrospective study where metronidazole
was the first line of treatment, 1.5 gr of amoxicillin represented the second-line approach [32].

As in the previous subset of studies, these studies deployed techniques other than antibiotics
administration to reduce the bacterial load, such as post-operative CHX mouth rinse, reported in 3 of the
4 studies [27,32,33]; one case-series also pursued this aim with a pre-operative professional oral hygiene
session, in the form of scaling, carried out one week before extraction in one study, together with intra-
operative photobiomodulation-laser sessions with Nd:YAG laser, also carried out post-operatively as
weekly sessions for at least 6 weeks, until achievement of mucosal healing [33].

Despite the absence of a flap approach, in these studies the surgical protocol of teeth extraction was
commonly combined with copious rinse of the alveolar socket, either with saline solution [32] or with
antimicrobial solutions, such as CHX [27], or povidone-iodine [33]. In one paper, meticulous

debridement and curettage of extraction socket was also performed [27] (Table 3). Follow-up ranged
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vastly between the studies, from 4 months in one study [27], up to an average of 35 (range 20-61)
months in the oldest retrospective study available [21]. The remaining two studies reached at least one
year of follow-up [32,33].

Similarly, frequency of MRONIJ lead to a broad range of 5.26-34.8%, with the widest range of outcome
emerging within the same sample of 24 patients retrospectively studied [21], where none (0%) of 10
patients were affected by MRON]J after teeth extraction while under antibiotic coverage, against 8 (57%)
of 14 patients who experienced MRONJ after extraction performed under no antibiotic coverage. It is
worth reporting that this was the only study capable of providing a differential analysis with a “case-

control” concerning the role of antibiotic treatment.

Systemic antibiotic for teeth extraction in patients under PO BPs

Dental extraction with soft tissue closure

Five studies assessed risk of MRONJ among patients treated with PO BPs and exposed to antibiotic
prophylaxis undergoing teeth extraction with soft tissue closure in the last ten years. Of these, three
prospective studies [29,34,35], one retrospective study [12], and one cohort study [31] were found. Table
2 and Table 3 show a summary of the perioperative antibiotic regimes, concurrent preventive protocols,
and main characteristics of surgical protocol deployed in each study.

Data from 771 patients were reported, with size of sample ranging widely from 7 [35] to 700 [29]
patients. Just as in IV-BP patients, the most commonly prescribed antibiotic drug remained amoxicillin,
either alone [35], or combined with CP [29,34] as reported in 3 (60%) of 5 articles, being administered in
a comprehensive sample of 725 patients. Amoxicillin + CP in combination with metronidazole were
provided in the smaller counterpart of 16 out of 60 PO-BP patients [31]; similarly, penicillin was

administered in 30 PO-BP patients out of an original sample of 84 subjects [12].
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As described for [V-BP patients, the most common route of antibiotic prescription was by far the oral
route, being reported in 4 (80%) of 5 studies [29,31,34,35], with the only exception represented, once
again, by IV penicillin [12]. Duration of antibiotic treatment was mostly within 7 days, as reported in 4
(80%) of 5 studies [12,29,31,34], starting 1-3 days before extraction and ending 2-5 days after extraction.
Conversely, antibiotics were administered for more than 2 weeks in only one paper, as the previously
described 17-days protocol on 7 of 36 BP patients by the same Author [35]. Alternative antibiotic
treatment was reported in 3 (60%) of 5 studies [12,29,31]. Apart from those already described in the
previous section [12,31], erythromycin was also administered on PO-BP patients [29]. As detailed for
IV-BP patients, concurrent protocols were deployed together with antibiotics to reduce microbial
aggression, with antimicrobial solutions, such as 0.12%-0.20% CHX, 1% peroxide, and 10% povidone-
iodine used in three studies [12,34,35], pre-operative oral hygiene session in one study [29] and
photobiomodulation-laser in one article, with the same specifics reported above for [V-BP counterparts
[35]. The same surgical procedure described among IV-BP patients, consisting of an atraumatic,
microbiologically secured teeth extraction, with the very same specifics detailed above (Table 3).
Follow-up ranged vastly between the studies, from a minimum of 12 months in two studies [31,34], up to
72 months in the largest study available [29]. Differently from what reported amidst IV-BP users,
MRONJ affected just 1 out of 771 PO-BP patients enrolled in these studies, with this very single
MRONJ case emerging out of the 30 patients of a retrospective study [12], whereas no cases of MRONJ
were reported in the remaining 4 articles [29,31,34,35], leading to a raw estimated MRONI frequency of

0.1% (1/771).

Dental extraction with no soft tissue closure

Three studies assessed risk of MRONJ among patients treated with PO BPs and exposed to antibiotic

prophylaxis for teeth extraction in the last seven years. Of these, one prospective study [30], one
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retrospective study [32], and one case-series [33] were found. Table 2 and Table 3 show a summary of
the perioperative antibiotic regimes, concurrent preventive protocols, and main characteristics of surgical
protocol detailed in each study.

Data from 456 patients were reported, with an overall homogeneous size of sample ranging from 122
[33] to 202 [32] patients. Oral amoxicillin alone was prescribed in two studies [30,33] with a short
protocol consisting of a 3-days treatment, at a dosage of 250 mg 60 minutes before extraction, followed
by 1 gram daily for 2 days after surgery in one paper [30] and a 17-days protocol on 122 of 217 BP
patients in another paper [33] Conversely, oral metronidazole was administered in 202 PO-BP patients,
which was by far the biggest subset out of an original sample of 225 of individuals [32]. Alternative
antibiotic treatment was reported in two papers, either as 1.5 gr amoxicillin daily [32], or as
clarithromycin 200 mg 60 minutes before the extraction [30].

To reduce the antimicrobial load, one study detailed use of 10% povidone-iodine solution for
intraoperative irrigation, together with pre-operative oral hygiene session and photobiomodulation-laser,
with the same specifics reported above for IV-PB counterparts [33]. Follow-up ranged from a minimum
of 3 months [30], to an average of 12-15 months [32,33]. Regarding MRONJ occurrence, only 5 of the
202 cases reported in one paper experienced MRONIJ [32], with the remaining two papers detailing no

MRONIJ in their samples [30,33], leading to a raw estimated MRONI frequency of 1% (5/456).

Systemic antibiotic for teeth extraction in patients under denosumab

Only one retrospective study examined an appropriate tooth extraction method comprehensive of a peri-
operative prophylaxis with systemic antibiotics, with the aim to assess frequency of MRONJ among
patients undergoing treatment with denosumab [36]. Table 1-3 summarize its main characteristics.
Briefly, 19 patients were exposed to a 2-days antibiotic regimen consisting of a first administration of

10,000,000 IU of IV penicillin before surgery, and a second one after teeth extraction. IV 600 mg
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clindamycin thrice daily was designed as second-line treatment in case of allergy. Concurrent risk-
reducing protocols consisted in providing instructions for a soft diet, and limitation in wearing dentures
during healing time. With a surgical protocol of atraumatic extraction, smoothening of bone edges and
wound closure with tension-free mucoperiostal flap (Table 3), only 1 out of 19 cases of MRONIJ was

detected, with a raw MRONJ frequency of 2.5%.

Risk of bias of the included studies

QUIPS Tool revealed an overall moderate/high risk of bias within each study. Table 4 provides the
detailed analysis for each study. In detail, the “study participation” domain was overall properly
reported, leading to a low-moderate risk of bias, as it was similarly described among the various studies
[12,21-36], with information provided on the baseline characteristics, such as age/sex distribution, type
of BP/biologic agent administered, underlying disease [12, 21-28,30,32-36]. A worthy exception must be
pointed out in two studies, in which no precise distribution of patients was given with regards to either
the type of cancer [29] or the bone metabolic disorder [31]. Timing of enrolment was mostly provided
[12,21-27,29-34,36], whereas a thorough list of eligibility criteria was reported only in some papers
[12,22,24-26,29-31].

The “attrition bias” domain was mostly deemed uncertain, with no clear information provided on the
dropout rates of patients in most of the included studies [12,24,25,27,28,30,31,33-36].

Concerning the “prognostic factor measurement”, as the antibiotic treatment, the main characteristics in
terms of type of drug, duration of treatment and dosage were commonly reported, as previously
mentioned, [12,21,22,24-36], with the sole exception of one study, where no detailed information was
given concerning the antibiotic administered as second-line treatment [23]. However, it is worth noticing
that no data regarding the exact ratio of first-line vs second-line antibiotic administration was provided in

any of the included studies.
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Likewise, the “outcome measurement”, as MRONIJ definition, was overall properly detailed, with the
sole exception of the most recent study [12], as detailed in the previous paragraphs.

Finally, a predominant moderate-high risk was detected concerning the two most important domains,
“study confounding” and “statistical analysis and reporting”, which are vital to assess the strength of
association between the prognostic factor (i.e., antibiotics) - and the outcome (i.e., MRONJ).

With many preoperative, intraoperative and postoperative approaches conducted together with
antibiotics in the vast majority of the included studies, as detailed in the previous paragraphs and
reported in Table 2-Table 3, a proper statistical evaluation was not pursued in any of the included studies
[12,22-29,36], with the sole exception of one paper focusing its effort precisely on the role of antibiotic

prophylaxis as a protecting factor against MRONJ, through a “case-control” approach [21].
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Discussion

The present review described the main characteristics of the most detailed antibiotic protocols provided
in literature among patients in need of dental extractions at risk of developing MRONIJ. Due to
heterogeneity in study design, size of samples, combinations of differential concurrent protocols,
duration and dose of antibiotic treatments, and with no RCT available, a meta-analysis could not be
provided. Concerning the type of antibiotic, it can be concluded that the protocols empirically described
in literature revolved around a penicillin-based antibiotic, either alone or accompanied by a -lactamase
inhibitor or metronidazole. In this sense, oral amoxicillin can be regarded as the most commonly
deployed drug, being provided as first-line treatment in 76.4% of the 17 studies included in the present
review [21-27,29,31,33-35]. With regard to the length of antibiotic treatment before and after tooth
extraction, no uniform approach can be deduced among patients receiving treatment with PO and/or IV-
BP, ranging from 3 days [30] to 20 days [23], with an average of 6.5 as the most recurrent timespan
ensured, despite being provided in slightly less than half (47%) of the studies [22,24-26,28,29,31,34].
Furthermore, it cannot be determined which long-term or short-term duration of postoperative antibiotics
has the most positive effect on surgical outcomes in MRONJ patients. Such limitations are intertwined
with the empirical nature of these protocols, applied against a clinical entity, such as MRONIJ, whose
etiopathogenesis has not been completely elucidated [38], especially when it comes to the role of
infection, whose role is still debated as either major, or secondary to the increased malfunction of
osteoclast and the reduced bone turnover [39]. Despite the predominance of Actinomyces species within
MRONIJ lesions from various reports over the last decade, with frequency ranging from 39 to 100%,
usually followed by Streptococcus, Prevotella and Klebsiella species, the most recent evidence suggested
that the interaction between the different members of the microflora, of which very little is known, might
be more important than the actual predominance of individual phylotypes [39,40]. It has been speculated

that a complex biofilm capable of an ever-changing combination of Gram+/Gram-, and aerobe-anaerobe
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ratio might carve its way through from the first phases of mucosal infection, down to the in-depth bone
colonization, culminating with onset of MRONIJ [39,40].

In support of this hypothesis, a recent report on 71 samples of MRONJ patients showed significant
differences in the composition of microbial organisms responsible of soft tissue infection when
compared to their own bony counterpart, with Actinomyces species being found in significantly higher
concentration in the former (19.2%) than in latter (9.9%), and Streptococcus, Prevotella and Veillonella
spp. detectable in abundance in both districts [41]. With regards to these aspects, it is worth pointing out
that in none of the studies the empiric antibiotic regimen was tailored based on differential microbiologic
findings between patients, nor was it changed accordingly, in those cases in which MRONIJ occurred
after teeth extraction, despite the ongoing prophylaxis. Main strength of this review relies in the detailed
and extensive focus on the antibiotic protocols so far deployed to reduce risk of MRONJ on patients in
need of teeth extraction while undergoing treatment with BP or antiresorptive agents, differently from
previous reviews, where this aspect was conveyed far more broadly [18-20]. However, some limitations
must be highlighted. Apart from the empirical nature of evidence described, this study aimed to survey
the important studies limiting its scope of research to PubMed/MEDLINE and SCOPUS databases.
Thus, it is possible that some potentially pertinent studies may not have been identified. However, a
concurrent research of inherent studies from the references of previous similar reviews of literature was
introduced in our methodology, to compensate for this limit. Secondly, a great variability of surgical
protocols pursued within the included studies emerged. To compensate this aspect and provide a more
homogeneous design to the present review, the various extraction protocols were grouped in two major
categories - soft tissue closure vs no soft tissue closure - both for PO BF and IV BF patients.
Interestingly, such approach led to the quantification of a raw discrepancy in frequency of MRONJ
between a flap-reliant dental extraction technique and flapless approach, both across IV BP patients (0-
13% vs 5-57%, respectively) and amid PO BP patients (0.1% vs 1%, respectively), suggesting a potential

higher safety of the former technique against the latter.

20



A third limitation lies in the great variability of methods and the absence of experimental trials prevented
from acquisition of meta-analytic data, despite the absence of controlled clinical trials or randomized-
controlled trials on the administration of antibiotics among patients under treatment with BP, which
would have required an arm of patients under no antibiotic coverage whatsoever, is completely
understandable due to ethical reasons, particularly with regards to cancer patients. In line with what
acquired from the 17 clinical studies included, and the microbiologic evidence of high susceptibility to
beta-lactam antibiotics by Actinomyces and other species most commonly associated to MRONIJ [42],
especially when combined with beta-lactamase inhibitors, such combination should still be regarded as
first line of treatment for patients undergoing extraction when exposed to BMAs agents. However, use of
antibiogram should be recommended more often, especially in cases of extensive involvement of
infection on the soft tissues, where antibiotics ought to be unable to provide symptom relief and/or
downsize of the infective clinical pattern associated with the unhealed alveolar socket [9]. Such attention
for microbiologic aspects is of primary importance when it comes to dental extraction, since it is one of
the most significant risk factors for the development of MRONIJ, and by far the most common
association experienced by oral surgeons and general dental practitioner. In fact, as reported in a recent
international consensus [9], extraction has been classified as the fourth most common risk factor among
oncology population, after IV BP, denosumab, and radiation therapy, landing at third place after
suppuration, and type of BP, amid osteoporotic patients.

As detailed in the Results section, risk of MRONI after teeth extraction seems to be, on average, at least
ten times higher among IV BP patients (0-34.8%), rather than in PO BP population (0% - 3.3%), when
under antibiotic coverage, with an isolated and worrisome percentage of 57% in the only study available
where no antibiotic coverage was provided [21]. However, difference in potency and duration of BP
treatment, surgical procedures, and technique of wound closure are known to play a parallel role in
defining the overall risk of MRONIJ. As suggested in a recent systematic review [43], alveolectomy and

placement of biological membrane enriched with growth factors can significantly diminish MRONJ risk
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in IV BP patients, from 4.45 to 0.91%, and from 4.4% to 0.91%, respectively, being instead not
significant in PO BP patients. On the contrary, primary wound closure did not seem to be as significant,
providing a slight reduction of MRONIJ risk amid IV BP patients. In summary, despite antibiotic
coverage has been empirically considered as undeniable in reducing risk of MRONJ on patients
subjected to tooth extraction while treated with antiresorptive or antiangiogenic drug, no conclusive
scientific evidence is available to ponder the role of antibiotics in decreasing this possibility, due to the
absence of papers providing experience of patients unexposed to antibiotics before/after teeth
extractions. As a consequence, no scientific evidence is available to determine which antibiotic protocol,
among those described so far in literature, and detailed for the first time in the present review, can be
more reliable in providing the most consistent risk reduction of MRONIJ onset, whenever tooth
extraction is needed. Further clinical studies combining clinical outcomes to microbiologic findings of
patients experiencing MRONJ in sites of extraction are warranted, as a first step towards a standardized,
evidence-based driven, protocol of perioperative antibiotic prophylaxis for BP and BMA-patients in need
of dental extraction.

In conclusion, empirical data acquired from case-series, prospective and retrospective studies suffering
of moderate/high risk of bias suggest that 2-3 gr of amoxicillin daily, either alone or in combination with
CP, for 6-7 days is the most-commonly deployed antibiotic treatment to minimize risk of MRONJ in
patients under oral and intravenous bisphosphonates in need of dental extraction, with soft tissue closure
techniques potentially providing further reduction of MRONJ risk. With only a small case-series of 19
patients under denosumab found, there is insufficient data to understand if the aforesaid antibiotic
protocol can be applied to patients exposed to the new generation of antiresorptive, bone-modifying
agents. Combination of clinical and microbiologic data is needed to establish the main characteristics of
a reliable perioperative antibiotic regimen for patients necessitating dentoalveolar surgical procedures

like tooth extractions.
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