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Abstract. — OBJECTIVE: Bisphosphonates,
the most common anti-resorptive medications,
are internalized by osteoclasts, where they in-
hibit the macrophage colony-stimulating factor
(M-CSF) pathway, preventing their differentia-
tion, inhibiting anchorage to the cell membrane,
and inducing apoptosis. In patients undergo-
ing oral bisphosphonate therapy, oral surgery
involves a high risk of developing drug-relat-
ed osteonecrosis of the jaws (BRONJ/MRONJ),
among the possible complications.
MATERIALS AND METHODS: A systematic
search was carried out on the PubMed, Scopus
and Cochrane Library search engines, using the
keywords “oral bisphosphonates AND tooth ex-
traction”, “third molar extraction AND oral bis-
phosphonates”. In addition, we manually eval-
uated the articles included in references from
other sources and an analysis of the Gray Liter-
ature was performed. A secondary outcome was
to evaluate the assessment of pharmacological
(antibiotics) use in the BRONJ/MRONJ manage-
ment. The revision protocol followed the indica-
tions of the Cochrane Handbook, and was regis-
tered in the INPLASY database, while the draft-
ing of the manuscript was based on PRISMA.
RESULTS: The results of the systematic re-
view, after the study identification and selec-
tion process, included a total of 7 studies: 4 ret-

rospective studies, 2 prospective studies and 1
case report. The main complication was repre-
sented by osteonecrosis of the jaws, which ap-
pears to be related to the duration of treatment
with bisphosphonates; in addition, data regard-
ing the anatomical location of post-extraction
sites, the sex and age of patients, comorbidities
and various systemic risk factors were extrapo-
lated. The most frequent post-extraction compli-
cation in patients treated with oral bisphospho-
nates is osteonecrosis of the jaws, with a signif-
icant prevalence in the posterior region of the
mandible. In some cases, delayed healing of the
surgical wound was also found; moreover, the
duration of exposure to oral bisphosphonates
influences the onset of complications.

CONCLUSIONS: Ongoing studies continue to
unravel the role of the oral environment response
in alveolar bone homeostasis and how it might
contribute to the induction of BRONJ/MRONJ.
Approaching the problem from this perspective
could provide new directions for the prevention
of BRONJ/MRONJ and expand our understand-
ing of the unique oral microenvironment.
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Introduction

Bisphosphonates (BPs) are synthetic ana-
logues of inorganic pyrophosphate with high af-
finity for Calcium (Ca2+)'. BPS strong affinity
for bone, and not for other tissues, makes them
potent inhibitors of bone resorption and bone
remodeling activity, with limited potential for
side effects in non-skeletal tissues?. All BPs com-
pounds, accumulate over long periods of time
in the mineralized bone matrix?, modifying in
this way bone metabolism, inhibiting osteoclastic
activity*, and promoting osteoclast apoptosis®’.

The new BPs generation contains a nitrog-
enous group constitute, a class of drugs with
greater pharmacological strength, varying in effi-
cacy, clinical use, and method of administration,
making direct comparison difficult'.

The Food and Drug Administration (FDA) has
approved®'? the use of Pamidronate and Zolendro-
nate for the treatment of malignant hypercalce-
mia, multiple myeloma, and for the treatment of
patients with bone metastases from solid tumors
(i.e., breast, prostate, and lung) along with cancer
therapy. Furthermore, the use of oral BPs for pa-
tients with Paget’s disease and postmenopausal os-
teoporosis, has proven to be an effective treatment,
becoming the first-line drug of medical therapy'-'2.
It is important to draw attention to a worrying
correlation that has emerged in the last years, be-
tween osteonecrosis of the jaw bones (ONJ) and
the systemic administration of amino BPs®. In a
2017 study, Jeong et al'*, citing previous data, from
the O’Ryan and Lo" study (2012), reported that the
overall bisphosphonate-related osteonecrosis of the
jaw (BRONJ) rate in patients under BPs therapy
was around 0.03-0.1%, taking into account that the
incidence rate increased following surgical proce-
dures, such as tooth extraction'>-'8,

In 2014, the American Association of Oral and
Maxillofacial Surgeons (AAOMS) ¥, suggested
a nomenclature change from BRONJ to Medica-
tion-related osteonecrosis of the jaw (MRONYJ),
to accommodate the growing number of oral
osteonecrosis cases associated with other antire-
sorptive (denosumab) and antiangiogenic thera-
pies. The exact etiopathology of BRONJ/MRONIJ
is not well known, but several factors affecting
its development have been reported'. Most cases
of BRONJ described in the literature are preced-
ed by “trigger events”, and dental extractions
and dentoalveolar surgical procedures have been
considered as risk factors for the occurrence of
BRONJ%.
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In the study by Chiu et al*, tooth extraction
was evaluated as a statistically significant factor
for the increased risk of developing ONJ, among
osteoporotic patients receiving alendronate, de-
spite the therapy period. Considering the latter
discriminating factor, the author found that the risk
of developing ONJ in osteoporotic patients under-
going therapy was significantly lower compared
to patients undergoing oral BPs therapy for more
than three years (24% vs. 92%), highlighting the
influence of the duration of the therapy as a risk?!.

A conservative approach of MRONJ man-
agement, based on previous study outcomes!®?,
included systemic antibiotics as well as antiseptic
therapy with 0.2% chlorhexidine mouthwash and
1% chlorhexidine gel applied to exposed necrotic
bone. Furthermore, one aspect on which there is
no univocal protocol, is the use of a specific anti-
biotic therapy administered before the extraction,
or in the post-operative period, in patients at
MRONU risk.

It is clear that, in the treatment of MRONJ,
perioperative antibiotic therapy is used, as re-
ported by Zirk et al®, to prevent recurrence and
similarly in dentoalveolar surgery performed in
patients taking drugs at risk of osteonecrosis.
Moreover, there is no uniqueness of treatment as
reported and confirmed in a recent systematic re-
view conducted by Azher and Pate**. Preventively
administered antibiotic therapy has reduced post-
operative complications, but the data® are still
limited to antibiotic use for prophylactic reasons.

Therefore, the aim of the present study was
to correlate post-extraction complications in pa-
tients receiving oral BPs, with a secondary aim
to extract data concerning the use of antibiotics in
the preoperative and postoperative management
of BRONJ/MRONI.

Materials and Methods

Protocol and Registration

This systematic review was performed fol-
lowing the guidelines reported in the Cochrane
Handbook for Systematic Reviews of Interven-
tions, following the PRISMA Statement (Pre-
ferred Reporting Items for Systematic reviews
and Meta-Analysis)*?. Moreover, the review
protocol was registered on INPLASY (the In-
ternational Platform of Registered Systematic
Review and Meta-analysis Protocols), with reg-
istration number INPLASY2022110035 and DOI
number 10.37766/inplasy2022.11.0035.
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The PICOS questions (Patient, Intervention,
Comparison, Outcome and Study design) were:
what are the risk factors that influence the onset
of post-extraction complications in patients re-
ceiving oral BPs? How often do post-extraction
complications occur in these patients?

Search Strateqgy
Between 28 October 2022 and 6 November

2022, a systematic search was conducted in the

PubMed, Scopus and Cochrane library databases

to identify publications suitable for inclusion in

the study, using the following keywords: “oral
bisphosphonates AND tooth extraction”, “third
molar extraction AND oral bisphosphonates”.

Specifically, the search terms used on PubMed
are the following:

Search: (oral bisphosphonates AND tooth ex-
traction) OR (third molar extraction AND oral
bisphosphonates);

Sort by:

1) Most Recent: ((“mouth”’[MeSH Terms] OR
“mouth”[All Fields] OR “oral”[All Fields])
AND (“bisphosphonated”[All Fields] OR
“bisphosphonic”’[All Fields] OR “diphospho-
nates”[MeSH Terms] OR “diphosphonates”[All
Fields] OR “bisphosphonate”[All Fields] OR
“bisphosphonates”[All Fields]) AND (“tooth
extraction”[MeSH Terms] OR (“tooth”[All
Fields] AND “extraction”[All Fields]) OR
“tooth extraction”[All Fields])) OR ((“molar,
third”’[MeSH Terms] OR (“molar”’[All Fields]
AND “third”’[All Fields]) OR “third molar”[All
Fields] OR (“third”[All Fields] AND “mo-
lar”[All Fields])) AND (“extract”’[All Fields]
OR “extract s”[All Fields] OR “extractabili-
ties”[All Fields] OR “extractability”[All Fields]
OR “extractable”[All Fields] OR “extract-
ables”[All Fields] OR “extractant”[All Fields]
OR “extractants”[All Fields] OR “extract-
ed”’[All Fields] OR “extractibility”[All Fields]
OR “extractible”[All Fields] OR “extract-
ing”[All Fields] OR “extraction”[All Fields] OR
“extractions”[All Fields] OR “extractive”[All
Fields] OR “extractives”’[All Fields] OR “ex-
tracts”[All Fields]) AND ((“mouth”’[MeSH
Terms] OR “mouth”[All Fields] OR “oral”’[All
Fields]) AND (“bisphosphonated”[All Fields]
OR “bisphosphonic”’[All Fields] OR “diphos-
phonates”[MeSH Terms] OR “diphospho-
nates”[All Fields] OR “bisphosphonate”[All
Fields] OR “bisphosphonates”[All Fields])));

2) oral: “mouth’[MeSH Terms] OR
“mouth”[All Fields] OR “oral”’[All Fields] bi-

sphosphonates: “bisphosphonated”[All Fields]
OR “bisphosphonic”[All Fields] OR “diphos-
phonates”[MeSH Terms] OR “diphospho-
nates”[All Fields] OR “bisphosphonate”[All
Fields] OR “bisphosphonates”[All Fields];

3) tooth extraction: “tooth extraction”[MeSH
Terms] OR (“tooth”[All Fields] AND “ex-
traction”[All Fields]) OR “tooth extraction”[All
Fields]; third molar: “molar, third”’[MeSH
Terms] OR (“molar’[All Fields] AND
“third”’[All Fields]) OR “third molar”’[All
Fields] OR (“third”[All Fields] AND “mo-
lar”[All Fields));

4) extraction: “extract”[All Fields] OR “ex-
tract’s”[All Fields] OR “extractabilities”[All
Fields] OR “extractability”[All Fields] OR “ex-
tractable”[All Fields] OR “extractables”[All
Fields] OR “extractant”[All Fields] OR “ex-
tractants”[All Fields] OR “extracted”[All
Fields] OR “extractibility”[All Fields] OR
“extractible”[All Fields] OR “extracting”[All
Fields] OR “extraction”[All Fields] OR “ex-
tractions”[All Fields] OR “extractive”[All
Fields] OR “extractives”’[All Fields] OR “ex-
tracts”[All Fields];

5) Dbisphosphonates: “bisphosphonated”’[All
Fields] OR “bisphosphonic”[All Fields] OR “di-
phosphonates”[MeSH Terms] OR “diphospho-
nates”[All Fields] OR “bisphosphonate”[All
Fields] OR “bisphosphonates”[All Fields].

The search for publications related to the ex-
traction complications in specific teeth (as in the
case of the 3" molar), did not provide enough
data; therefore, to complete this research, we
manually evaluated the articles included in the
bibliographic references of other sources, select-
ing the citations considered relevant. In addition,
a search was conducted in the Gray Literature
sources, specifically on Google Scholar, Science
Direct, and OPENGREY.EU - Gray Literature
Database (DANS EASY Archive), in order to
reduce and minimize Publication Bias. The latest
update of the literature was conducted on Novem-
ber 7, 2022.

Eligibility Criteria

The investigation, such as the selection of
the studies to be included, was performed in-
dependently by 2 reviewers (M.D. and M.D.C.),
while 3 reviewers (C.C., S.C., and A.B.) resolved
the conflicts or doubts between the 2 reviewers.
To assess the suitability of the studies, all pub-
lications, titles, and abstracts generated by the
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search strategy were consulted. The full text of
the articles was retrieved in studies that appeared
to meet the screening criteria and in studies in
which the title and abstract needed to give more
information to decide whether to include the
study.

The inclusion and exclusion criteria were de-
cided before the research and selection phase.
All studies evaluating complications from oral
BPs in patients undergoing tooth extraction were
included.

The selected studies were retrospective, pro-
spective, and case reports evaluating ONJ in
patients treated with oral BPs, duration of ther-
apy, indication for prescribing BPs, sex and age
of patients, co-morbidities and possible thera-
pies, associated pharmacological risk factors, and
prevalence of complications.

All articles concerning studies on animal mod-
els, articles that do not consider oral BPs, and
those that do not provide sufficient data relating
to the clinical cases selected were excluded from
the search.

Data Charting Process
Data items

For each study, the data relating to the 1%
author, the year of publication, the study design,
the sex and age of the patients, the number of

post-extraction sites, and the anatomical site of
the extraction, the name of the oral BPs used,
the period of therapy, any other drugs taken by
the patient, the presence of comorbidities and
any systemic risk factors, the category of anti-
biotic administered, the route of administration
and the duration of the antibiotic treatment were
selected.

The data were extracted and reported in Tables
independently by the two reviewers and subse-
quently compared to reduce the risk of error in
reporting the data. The extraction of these data
shows the frequency of complications about the
variables’ distribution.

Results

The studies included were: 7 articles, of which
four retrospectives (Yarom et al®’, Jeong et al',
Lain and Ajwani’’, Hasegawa et al’'), two pro-
spective studies (Shudo et al*?, Hasegawa et al**),
and a case report (Pan et al**).

The entire procedure of identification, selec-
tion and inclusion of the studies is shown in Fig-
ure 1 flowchart.

The data extracted from the articles exam-
ined were labeled in a descriptive manner in
Tables I-VIII. Information about the author,

[ Identification of studies via databases and registers ] [ Identification of studies via other methods J

—

= Records identified from:

8 Records identified from: Records removed before Google Scholar, Science Direct and OPENGREY.EU (n = 2,903)

E Databases: PubMed, Scopus > scre;nl?g. rd d

& d Cochrane library (n = > uplicate records removed (n

£ an = 284)

8 1027)

(

l

Records screened » | Records excluded

(n = 330)

(n=743)
:

Records excluded 2,903: (studies
already excluded or included in
research on other sources:

Reports sought for retrieval Reports not retrieved

PubMed, Scopus e Cochrane)

2 (n=413) "l (n=391)
c
; !
»n
Reports assessed for eligibility
(n=22) »| Reports excluded: (n = 15)
v
° o . .
@ Studies included in review
°
= (n=7)
o
=
)

Figure 1. Entire selection and screening procedures are described in the PRISMA flowchart.
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Table I. Anatomical region of the extraction sites and frequency of complications in relation to the anatomical region.

First author, Type of Number of Anatomical Frequency of
year study teeth extractions localization complications
Yarom et al® Retrospective 6 teeth 1 implant | Posterior mandible (3) ONIJ in all cases
2007 Posterior maxilla (2) Delayed healing in all
Anterior maxilla (1) observed groups
Shudo et al* Prospective 274 teeth Anterior mandible (33)
2018 Mandible region premolar
and molar (76)
Anterior maxilla (64)
Maxillary premolar and
molar region (101)
Pan et al** Case report 1 tooth Mandible molar region Osteonecrosis following the
2017 extraction of the 3" lower
left molar
Jeong et al'* Retrospective 651 teeth Anterior mandible (74) BRON!I: 2 maxillary premolar
2017 Mandible premolar region (67) | region; 1 maxillary molar region;
Mandible molar region (145) 5 anterior mandible; 2 mandible
Anterior maxilla (94) premolar region; 8§ mandible
Maxillary premolar region (84) | mola region r
Maxillary molar region (187)
Lain and Retrospective 266 teeth Maxillary (136) Complications such as delayed
Ajwani® Mandible (130) healing, bone exposure,
2016 (Anterior region (93) infection, pain/swelling, wound
Posterior region (173) breakage, are localized:
13 maxillary, 13 mandible,
5 anterior region,
21 posterior region.
Hasegawa et al’' | Retrospective 2,458 teeth Mandible (1,218) MRONT: 14 maxillary,
2017 Maxillary (1,240) 27 mandible, 36 in the
Molar region (1,591) molar region, 5 in the
Anterior region (1,231) anterior region
Hasegawa et al**| Prospective 434 teeth Anterior region (155) Delayed healing in 2 cases:
2013 Premolar region (104) 2™ maxillary right premolar,
Molar region (175) 1% left mandibular molar;
BRONUJ stage 1 in one case:
2™ premolar right mandibular

date and publication of the article was report-
ed; all the articles included have a publication
date ranging from 2007 to 2018. In addition,
different outcomes of particular interest were
examined.

Table I shows the data regarding the frequency
of complications showed by patients, expressed
for each single study, compared to the complica-
tion’s occurrence site.

On the basis of the available data, it was pos-
sible to differentiate the ONJ onset and any other
complications between the upper and lower jaw
(Table 1I), as well between the anterior and pos-
terior sites (Table I1I).

In addition, Table IV was drawn up to compare
the incidence of BRONIJ and other collateral oral
BPs manifestations in patients who have devel-
oped post-extraction complications.

Based on the records shown in Table 1V, the
following data were calculated:

- incidence of complications in the upper and
lower jaws;

- incidence of complications in the anterior and
posterior regions of the jaws;

- incidence of BRONJ compared to other mani-
festations in patients who have developed com-
plications.
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Table II. Incidence of maxillary and mandibular complications.

Number of Incidence of | Number of Incidence of
First mandibular | Manifestations | mandibular maxillary | Manifestations maxillary
author, tooth of mandibular | complications tooth of maxillary |complications
year extractions | complications (%) extractions | complications (%)
Shudo et al* 109 109 delays 100 165 165 delays 100
2018 in healing in healing
Jeong et al'*2017 289 15 BRONJ 5.24 365 3 BRONJ 0.8
Lain and
Ajwani* 2016 130 13 other 10 136 13 other 9.55
complications complications
Hasegawa et al®! 1,218 27 MRONJ 217 1,240 14 MRONJ 1.15
2017
Hasegawa et al* \ \ \ \ \ \
2013

The data were represented as follow: Patients
undergoing extraction (N), patients who develop
BRONIJ (n), patients who develop other complica-
tions (nl) (Table IV).

From the articles examined, it emerges that
out of a total of 2,095 patients (N), with 47 (n)
presenting osteonecrosis, and 29 patient (nl)
presenting other types of complications follow-
ing tooth extraction, as shown in Table I'V.

The incidence rate (n * 100 / N) of BRONJ in
patients taking oral bisphosphonate therapy found

in our review is 2.24%. Assuming that in the exam-
ined studies, further complications were also taken
into account, in the examined patient’s sample size,
their incidence (n1*100/N) reaches a rate of 1.38%.

The drug used, and the duration of therapy
in each study were assessed with respect to the
manifestations of complications (Table V).

Data on BPs administration have been extrap-
olated: Alendronate was administered in 9 cas-
es on 12 patients who developed complications,
whose therapy was precisely known.

Table Ill. Incidence of complications in the anterior and posterior region of both jaws.

Number of Number of Incidence Number of Number of Incidence
extractions | complications rate of extractions | complications rate of
in the jaw in the jaw complications | in the jaw in the jaw complications
(mandibular, | (mandibular, in the (mandibular, | (mandibular, in the
First maxillary) maxillary) anterior maxillary), maxillary) posterior
author, anterior anterior regions posterior posterior regions
data regions regions (%) regions regions (%)
Shudo et al* 97 97 100 177 177 100
2018
Jeong et al™* 168 5 297 483 13 2.69
2017
Lain and 93 5 5.37 173 21 12.13
Ajwani* 2016
Hasegawa et al’! 1,231 5 0.4 1,591 36 2.26
2017
Hasegawa et al® 155 0 0 279 3 1.07
2013
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Table IV. Incidence of BRONJ and other manifestations among patients who have developed complications.

Patients Patients Patients
First author, undergoing who develop who develop other
year extraction (N) BRONJ (n) complications (n1)

Shudo et a*? 2018 132 0 0
Jeong et al* 2017 320 11 /
Lain and Ajwani* 2016 266 0 26
Hasegawa et al*' 2017 1,175 35 /
Pan et al** 2017 1 0 1
Hasegawa et al** 2013 201 1 2
Incidence of BRONJ in patients who have developed 2.24%
post-extraction complications (n* 100/N)
Incidence of other manifestations in patients who 1.38%
developed post-extraction complications (n1* 100/N)

Studies about the specific drug taken by each
patient with complications are lacking, not allow-
ing calculation of the drug most often associated
with complications.

The data relating to the sex and age of the
patients enrolled in the studies are described in
detail in Table VI; in the included studies, a sam-
ple around 65 years of average age was common.

For each study, data on comorbidities or sys-
temic risk factors (osteoporosis, cardiovascular
disease, diabetes, asthma, arrhythmia, rheuma-
toid arthritis, hypercholesterolemia, glucocorti-
coid administration, steroid, and immunosup-
pressive therapy, cancer, smoking) were extracted
as shown in Table VII.

Most risk factors affect the inflammatory re-
sponse and represent an incentive for compli-
cations, such as delayed healing, fistulas, and
exposed bone, up to the BRONJ diagnosis.

In addition, data were extracted regarding the
use of antibiotics to prevent osteonecrosis in pa-
tients taking drugs such as BPs, or at risk of ONJ.
Table VIII shows the data about only six included
studies'+?**3; all studies reported using antibiot-
ics pre-operatively and/or after surgery, and only
3 studies'**** clearly indicated post-operative
therapy.

Discussion

From the analysis of the data extrapolated from
the articles selected for this systematic review, it
emerges that osteonecrosis of the jaws is the main
post-extraction complication in patients being

treated with oral BPs; this medical condition is
reported in various studies®!® with different acro-
nyms (ONJ, MRONJ, BRONJ); however, in other
cases, a lengthening of the post-extraction site
healing times, was found.

In accordance with the examined data, it
emerged that in a total of 2,095 patients, 47 os-
teonecrosis are presented as an event following a
dental element extraction. The incidence rate of
BRONI in patients taking therapy with oral BPS
is 2.24%, while the incidence of complications
other than BRONJ is 1.38%. This amount was es-
timated by evaluating the ratio between the num-
ber of patients (n = 47) who developed BRONJ,
and the total number of patients assuming BPs,
undergoing tooth extraction (n = 2,095).

The retrospective study of Yarom et al®, was
excluded from the study design, not for the nature
of the study, but because the sample of patients
enrolled was evaluated based on the positivity for
ONJ manifestation and not for other outcomes,
i.e., patients who were positive for BPs therapy or
for other risk factors, such as age or the diagnosis
of osteoporosis. Unlike other retrospective stud-
ies, in which patients were enrolled based on age
(i.e., > or < 60 years), or underwent BPs therapy,
the patients risk factors were not excluded?.

The data obtained are quite distant from other
data recorded in the literature. In other studies®,
the incidence of ONIJ after tooth extraction in pa-
tients assuming oral BPs is relatively low, around
0.09-0.5%.

Therefore, it is challenging to correctly assess
the risk factors for osteonecrosis in patients re-
ceiving oral BPs.
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Table V. Duration of oral bisphosphonate therapy and frequency

of complications in relation to the exposure period.

First author, year User drug and duration of therapy Frequency of complications

Yarom et al* 2007 Alendronate
1 patient: 4 years
1 patient: 3.5 years
2 patients: 5 years
1 patient: 2 years
1 patient: 1.5 years

In all cases

Shudo et al** 2018 Alendronate (59)
Risedronate (37)
Minodronate (31)
Ibandronato (5)
average period: 40.4 months

Patients were divided into 4 groups
based on the duration of therapy:
Group 1: <2 years (51)

Group 2: 2-5 years (41)

Group 3: 5-10 years (28)

Group 4: > 10 years (12)

Delayed healing increases with
increasing duration of therapy

140 cases for a period < 3 years
113 cases for a period > 3 years

Pan et al** 2017 Alendronate > 3 years \

Jeong et al'* 2017 Alendronate (161) 2 cases of BRONJ with duration of
Ibandronate (20) therapy < 3 years
Risedronate (73) 9 cases of BRONJ with duration of

therapy > 3 years

Lain and Ajwani*® 2016 Alendronate (203)
Risedronate (55)
Ethidronate (1)

The duration of therapy is not known

Hasegawa et al’! 2017 Alendronate (695)
Risedronate (304)
Minodronate (106)
Others (8)
Alendronate/risedronate (27)
Alendronate/Minodronate (19)
Alendronate/others 1
Risedronate/Minodronate 3
Minodronate/others (1)
Not specified (11)

Average period: 38.5 £ 37.7 (months)

12 cases: more than 4 years of exposure
18 cases: less than 4 years of exposure
11 cases: not known

Hasegawa et al® 2013 Alendronate (123)
Risedronate (77)
Minodronate (1)
Alendronate/risedronate (7)
Not known (4)
Group with discontinuation of

Group that did not discontinue
the drug: 32.6 months
(Average period of exposure)

the drug 3 months earlier extraction:
23.6 months (average period of exposure)

2 cases of delayed healing (drug
withdrawal group);

1 case of BRONJ stage 1 (group that
did not discontinue the drug)

The most interesting procedural factors to in-
vestigate, regarding tooth extraction in osteo-
porotic patients assuming oral BPs, were the
need for drug holiday, as well as the most useful
surgical management for wound closure; there
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are not enough studies that analyze these factors,
therefore, in this systematic review, these points
were not been primarily analyzed.

However, it was possible to make some consid-
erations regarding these aspects, to pay attention
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Table VI. Gender and age of patients undergoing dental extraction and complications related to sex and age.

First author, year

Gender and age

Frequency of complications

73.3 £6.9 years

Yarom et al?*®* 2007 6 females (63, 79, 74, 67, 76, 66 years) In all cases
Shudo et al*> 2018 20 males In all cases
112 females
71.9 + 11.4 years (range 40-94 years)
Pan et al** 2017 Female 83 years /
Jeong et al'* 2017 298 females 11 cases in female aged > 65 years
22 males
111 aged < 65 years
209 aged > 65 years
Lain and Ajwani* 2016 58 males 5 males
208 females 21 females

8 (60-69 years)
10 (70-79 years)

8 (> 80 years)
Hasegawa et al®' 2017 161 males 5 males
1,014 females 36 females

70.7 + 11.7 years (range 23-102 years)

Average age: 74.8 = 8.9 (range 51-93)

18 males
183 females

Hasegawa et al® 2013

71.5 £ 9.6 years (range 35-94 years)

2 males (51 and 62 years): delayed healing
1 female (81 years old): BRONJ stage 1

during the extraction procedure. Indeed, some
studies"!® have shown that, due to the risk of ONJ
in patients undergoing long-term BPs therapy, it
is preferable to avoid unnecessary invasive dental
procedures. However, dentoalveolar surgery is
not contraindicated in osteoporotic patients tak-
ing oral BPs.

Moreover, in patients assuming oral BPs ther-
apy for less than four years, and who do not pres-
ent concomitant risk factors, there is no need to
delay oral surgery procedures'.

In general, a limited periosteal detachment is
recommended, especially in high-risk patients".

The most innovative approaches to dental tis-
sues and recent BRONJ treatments show a reduc-
tion in the incidence and severity of osteonecro-
sis, but BRONJ can still affect the quality of life
and produce substantial comorbidities*.

In fact, several studies’®*” have reported that
existing infectious conditions, such as periodonti-
tis / periapical lesions and basal bone osteomyeli-
tis, were greater risk factors for the development
of BRONI than for tooth extraction. Additionally,
avoiding extraction and maintaining a chronic
inflammatory state, can cause BRONJ, so tooth
extraction may be required to remove the cause
of the inflammation*.

Considering the sex and age of the patients, the
studies included in the review show that the pop-
ulation that has major post-extraction complica-
tions from oral BPs is mainly composed of wom-
en with an average age over 65 years old; this
finding is related to the indication for oral BPs
for osteoporosis and osteopenia, and underlines
the fact that ONJ induced by oral BPs is mainly a
concern for the health of post-menopause women.
Steroid-induced osteoporosis, which is one of the
systemic risk factors considered, is also prevalent
in women because the most common autoim-
mune diseases, such as rheumatoid arthritis and
systemic lupus erythematosus, have a strong cor-
relation with the female sex™.

Therefore, as claimed by Jeong et al, special
attention must be paid to osteoporotic patients
treated with oral BPs, aged over 65, who have
been in therapy for more than three years, and
a follow-up period, with very short intervals of
time, is required in case of BRONJ manifesta-
tion™.

The comorbidities of patients with osteone-
crosis are generally variable, and some of them
cannot be quantified; data from this review show
that concomitant malignant diseases, as well as
any exposure to chemotherapy, radiotherapy and
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Table VII. Comorbidities and risk factors in patients undergoing tooth extraction and complications related to these comor-

bidities and systemic risk factors.

First author, year Comorbidities and systemic risk factors Frequency of complications
Yarom et al* 2007 1 patient: hypertension, osteoporosis; Hyperthyroidism (1)
1 patient: diabetes mellitus, asthma, Osteoporosis (5)
hypertension, hypothyroidism, osteoporosis; Diabetes mellitus (1)
1 patient: hypertension, arrhythmia, Asthma (2)
hypercholesterolemia, rheumatoid arthritis; Hypertension (4)
1 patient: hypertension, asthma, osteoporosis; Arrhythmia (1)
2 other patients with osteoporosis. Hypercholesterolemia (1)
Shudo et al** 2018 Administration of glucocorticoids (55); The cases in which there are systemic
Diabetes mellitus (28); risk factors and comorbidities are:
Rheumatoid Arthritis (23); Group 1: 31
Systemic Lupus Erythematosus (4); Group 2: 22
Renal dialysis (3); Group 3: 16
Osteoporosis (77). Group 4: 10
Pan et al’*2017 Osteoporosis \
Jeong et al'* 2017 Osteoporosis (320) Osteoporosis (11)
Lain and Ajwani® Hypertension (139) In the 26 cases of complications, one or
2016 Diabetes (56) more comorbidities/risk factors are present:
Cardiovascular disease (63) Hypertension (15)
Asthma (35) Diabetes (6)
Osteoporosis (259) Cardiovascular Disease (7)
Cancer (14) Cancer (2)
Smoke (27) Osteoporosis (24)
Smoking (4)
Hasegawa et al®! Osteoporosis (943) In the 41 cases of complications, one or
2017 Rheumatism (110) more comorbidities/risk factors are
Diabetes mellitus (102) present: osteoporosis in 33 cases,
Cancer (61) cancer in 3 cases, rheumatism in 3 cases,
Kidney failure including dialysis (6) diabetes mellitus in 9 cases;
Steroid therapy (910) Other factors:
Immunosuppressive therapy (197) 17 cases of steroid therapy, 3 cases of
Smoking (103) immunosuppressive therapy; smoke in
at least one case
Hasegawa et al® Osteoporosis (148) Cases of delayed healing:
2013 Hypertension (56) Pemphigus, steroid and immunosuppressive
Rheumatism (28) therapy (in one patient);
Diabetes mellitus (23) Pemphigus, diabetes mellitus, steroid
Cancer (20) therapy (another patient);
Angina pectoris (12) in the case of BRONIJ stage 1: osteoporosis.
Cerebral infarction (11)
Myocardial infarction (4)
Kidney failure including dialysis (1)
Immunosuppressive therapy (16)
Steroid therapy (59)
Anticancer therapy (20)

steroids, have a relevant effect on the complica-
tion’s prevalence.

In the works of Lain and Ajwani*’in 2016 and
Hasegawa et al*' in 2017, cases of post-extractive
complications in smoking patients were present-
ed; it is known that cigarette smoking negatively
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affects wound healing in the oral cavity and
could compromise the outcome of different oral
surgical procedures®**°. Besides, in combination
with long-term BPs therapy, cigarette smoking
can develop complications even with simple oral
interventions.



Oral bisphosphonate-induced osteonecrosis complications in patients undergoing tooth extraction

Table VIII. The data relating to the administration of antibiotics in patients taking drugs at risk of osteonecrosis are reported;

OR (oral), IV (intravenous).

First author, year Patients Pre-operative Post operative
Shudo et al** 2018 132 OR: 250 mg amoxicillin or OR: 1,000 mg
200 mg clarithromycin; 1 hour before Amoxicillin or 400 mg
clarithromycin; for up to 2 days
Jeong et al'* 2017 320 Antibiotics 1 hour before Antibiotics for up to 3 days
Hasegawa et al** 2013 201 IV: viccillin, ampicilline-sulbactam, Antibiotics for up to

cefmetazole, clindamycin

OR: amoxicillin, cefditoren pivoxil,
cefcapene pivoxil, azithromycin,
clarithromycin, roxithromycin

12 weeks after extraction
(2 patient)

Lain and Ajwani*® 2016 266

Antibiotic use showed wide variation, with some pre-operative, some post
operative and many with no use of antibiotics

Hasegawa et al®! 2017 1,175

Preoperative antibiotics administration

Yarom et al* 2007 11

MRONU: therapy consisting of daily doses of amoxicillin (1.5-3 g) or
doxycycline (100-200 mg).

According to the anatomical sites, cases of
osteonecrosis mainly occur in the posterior max-
illae; in general, the preference for the molar
area, and specifically the mandibular molar area
is common for all types of BPs, considering their
basic mechanism of action*-*4.

The turnover of the mandibular alveolar bone
has a frequency equal to 10 times that of long
bones such as the tibia**¢; this explains why
bone exposure from BPs begins from the alveolar
bone, and perhaps in the molar region, where
the chewing loads are greater and create a more
active bone turnover with consequent greater
vulnerability to drugs that affect the function of
osteoclasts for a prolonged period**+.

BPs bind to hydroxyapatite crystals with high
affinity, inhibiting bone resorption and promoting
osteoclast apoptosis®*. The drugs administered
to the patients enrolled in the selected studies,
belong to the group of new generation bisphos-
phonates, containing a nitrogenous group.

The accumulation of BPs in the bone matrix
occurs from the beginning of therapy; these
drugs remain in the matrix for an extended time,
given their very long half-life; in the studies ex-
amined, the BPs administered are mainly Alen-
dronate, Risendronate, Minodronate, Ibadronate
and Etidronate. On the other hand, intravenous
BPs drug therapy represented the criteria for ex-
cluding patients from the study.

In any case, Alendronate is the first-choice bi-
sphosphonate: this is sometimes employed alone,

in other cases, in association with Risedronate
and Minedronate®.

Interestingly, in the study conducted by Hase-
gawa et al* in 2013, the suspension of therapy
is evaluated before oral surgery. The goal of the
drug holiday, prior to the oral surgery procedure,
was to achieve an improvement in bone remod-
eling conditions®. The BPs accumulated in the
bone tissue present a half-life of a few years,
therefore, the interruption of the bisphosphonate
therapy for a few months has a reduced effect on
the BPs already deposited in the bone matrix.
However, other drug side effects, such as antian-
giogenic activity and inhibition of proliferation
and migration of epithelial cells, could be sig-
nificantly reduced, facilitating the healing of the
mucosa overlying the post-extraction socket®.

In the American Association of Oral and Max-
illofacial Surgeons’ (AAOMS) Position Paper’,
updated in 2014, it is recommended that oral
medications are discontinued at least 2 months
prior to an invasive oral procedure in osteoporotic
patients undergoing oral BPs therapy, except for
individuals who are under therapy for less than 3
years, without other associated risk factors, due
to the very low risk of developing ONJ associated
with this patients subgroup?..

Also, according to Farrugia et al*, discontin-
uation of bisphosphonate therapy should only be
considered in special cases, especially if surgery
has already been planned, although the benefits of
this drug holiday have not been fully evaluated*.
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The included studies report, with a certain
degree of agreement, the use of antibiotic therapy
administered pre-operatively in patients taking
BPs; the drugs mainly recommended seem to be
amoxicillin and claritomycin, administered per
os, one hour before the oral/maxillofacial surgery
(250 mg amoxicillin or 200 mg clarithromycin).
In addition, the antibiotic treatment is continued
in the postoperative period from 2 to 3 days via
oral administration®? (Table VIII).

As reported by Lain and Ajwani*® in 2016, the
use of antibiotics has presented a considerable
diversification; in many studies®, there has not
been a precise and clear protocol in the category of
antibiotic, its route of administration, and the treat-
ment duration (pre or postoperative). However, it is
clear that most of the authors agree that, in the case
of post-operative BRONJ/MRONIJ complications,
the antibiotic therapy should be prolonged up to 3
months until the patient reaches full oral surgery
management (bone curettage, sequestrectomies,
marginal or segmental resective surgery), in case
of exposed bone and osteonecrosis.

An initial pharmacological phase based on an-
tibiotic and antiseptic agents is useful to gradually
isolate bone sequestration in BRONJ/MRONI pa-
tients and facilitate a subsequent surgical phase.

The diagnostic and therapeutic aspects are
always in constant evolution and updating, as
emerges from the AAOMS Position Paper” in
2022 in the field of osteonecrosis of the jaws, and
it is important to disseminate this information
to all health professionals. This topic should be
evaluated in further studies with different de-
signs, according to the evidence-based-dentistry/
medicine®.

Conclusions

Based on the data investigated in this sys-
tematic review, it emerges that osteonecrosis is
the most frequent post-extraction complication
affecting the jaw bones in patients treated with
oral BPs, with a significant prevalence in the
mandible posterior region. The most affected sub-
jects” were women over the age of 65 years old,
related to the fact that BPs are indicated for the
treatment of osteoporosis and osteopenia, mainly
in postmenopausal women.

Comorbidities are variable and significant, and
together with any exposure to chemotherapy, ra-
diotherapy, and steroids, have a relevant effect on
the prevalence of complications.
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This summary review was limited to BRONJ/
MRONIJ and did not involve other forms of osteo-
necrosis. Ongoing studies continue to unravel the
role of the oral immune response in alveolar bone
homeostasis and how it might contribute to the
induction of BRONJ/MRONJ.
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