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Purpose: Tooth and root extractions represent trigger factors for medication-related osteonecrosis of

the jaw (MRONJ). The best healing modality for postextraction sockets is still debated. The aim of the

study was to estimate the incidence of MRONJ after extractions whose sockets were left to heal by sec-

ondary intention.

Methods: A retrospective case series study was performed at the Department of Odontostomatologi-

cal and Maxillofacial Sciences, Sapienza University of Rome. Only patients who underwent nonsurgical

extractions, healed by secondary intention, were included in the study. The following parameters

were considered: age, sex, pathologies for which bisphosphonates or other drugs related to MRONJ

were prescribed, any local or systemic risk factors, type of drug used, route of administration, number
of extractions performed, and number of sessions required to complete the extraction program. The

main outcome variable was the occurrence of MRONJ. Statistical analysis was performed with SPSS sta-

tistical software.

Results: Two hundred twenty-one patients were treated from 2007 to 2020 with 639 tooth/root

extractions. All patients were treated under antibiotic prophylaxis and with anesthesia without vaso-

constrictors. No cases of MRONJ occurred. The mean age of patients was 68.02 § 11.17. Most of the

study sample was represented by women (201 = 90.95%) undergoing treatment for osteometabolic

pathologies, most frequently postmenopausal osteoporosis. Alendronate was the most frequently pre-

scribed drug, taken mainly orally. Most patients had local and/or systemic risk factors. Each patient had

from 1 to 17 tooth/root extractions (mean = 2.87 § 2.59) during 1 to 4 sessions (mean = 1.41 § 0.64).
Extractions mainly involved single-rooted teeth/roots, equally distributed between the maxilla and

mandible.
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Conclusions: Secondary intention healing after nonsurgical tooth extraction does not seem to predis-

pose to MRONJ. It can be advisable to perform extractions under antibiotic prophylaxis using anesthetics

without vasoconstrictors and chlorhexidine mouth rinses in the 7 following days.

� 2021 The American Association of Oral and Maxillofacial Surgeons.

J Oral Maxillofac Surg 000:1−7, 2021
Introduction

Medication-related necrosis of the jaw (MRONJ) is

defined as an adverse reaction characterized by the

progressive destruction and necrosis of the bone in

subjects exposed to treatment with certain drugs for
which an increased risk of such a disease is ascer-

tained, in the absence of previous radiotherapies.

Such drugs include bisphosphonates (BPs), monoclo-

nal antibodies with antiresorptive activity (denosu-

mab), antiangiogenic drugs, mTOR inhibitors and

tyrosine kinase inhibitors. Since the biological proper-

ties of these drugs are numerous, as are the tissues on

which they act, the international literature is develop-
ing a unique and multifactorial model that involves

various factors in the etiopathogenesis of MRONJ: the

osteoclastic inhibition induced by both BPs and deno-

sumab, the presence of infectious-inflammatory foci

in the bone tissue, the inhibition of angiogenesis

induced by BPs and antiangiogenic drugs, the toxicity

of BPs on fibroblasts and keratinocytes, hypovitami-

nosis D, certain systemic pathologies and traumatic
factors on bone tissue.1-3

Tooth and root extractions represent trigger factors

for MRONJ due to their mechanical-traumatic action

on bone tissue altered by drugs and possibly by infec-

tious-inflammatory processes.4 In regard to this, the

best healing modality of postextraction sockets is still

debated. Some authors found that primary wound

healing, with the elevation of a mucoperiosteal flap to
cover all residual postextraction cavities, reduced the

incidence of MRONJ in patients on previous or cur-

rent therapy with at-risk drugs.5-8 Other authors, alter-

natively, suggested filling the sockets with platelet

concentrate after surgery.9-11 Since studies in the liter-

ature differ from one another in terms of proposed

protocols, sample sizes and patient risk categories, it

seems difficult to compare them.
The purposes of this study were to estimate the

incidence of post-operative MRONJ in a setting of

non-surgical extractions healed by secondary inten-

tion and to identify factors associated with the risk for

developing ONJ.

The specific aim of the study was to evaluate the

relationship between MRONJ and each study vari-

able, including those related to patients, medica-
tions, local and systemic risk factors, and extracted

teeth.
Materials andmethods

STUDY DESIGN/SAMPLE

To address the research purpose, a retrospective

case series study was specifically designed and imple-

mented.

The study population was extracted from the data-

base of the “Coordination of Research on Osteonecro-

sis of the Jaws” (CROMa)12 which started its activity

in January 2007 at the Department of Odontostomato-

logical and Maxillofacial Sciences, Sapienza University
of Rome, and which, at the time of the survey, had

examined and/or treated approximately 1,530

patients who took medications at risk for ONJ. Only

patients who underwent non-surgical extractions

whose sockets were left to heal by secondary inten-

tion and whose wounds were examined in the follow-

ing weeks until complete healing were included.

All patients who underwent treatments other than
nonsurgical extraction of teeth and roots and whose

sockets healed by primary intention were excluded

from the study.

All study patients were treated at the Operative

Units of Oral Surgery and Odontostomatology, from

January 2007 to December 2019, according to the

CROMa protocols9 which included antibiotic prophy-

laxis, anesthesia without vasoconstrictors and 0.2%
chlorhexidine gluconate mouth rinses. No drug holi-

day was considered for any patients and all patients

were followed clinically on a weekly basis until

extraction sites healed completely.

The study was approved by the local Ethical Com-

mittee with protocol number 5479.
VARIABLES

The primary outcome of the study was the occur-
rence of osteonecrosis at the level of the extraction

sites.

The descriptive analysis of the sample took the dis-

tribution of patients into consideration in relation to

the following variables age, sex, pathology for which

bisphosphonates or other drugs related to MRONJ

were prescribed, any local or systemic risk factors,

type of drug used, route of administration, number of
extractions performed, number of sessions required

to complete the extraction program, and type of

CROMa protocol used for each risk category (Table 1).



Table 1. MANAGEMENT PROTOCOLS FORMRONJ RISK PATIENTS

Protocol Inclusion criteria Management and Prophylaxis for Surgeries

Protocol n˚ 1 Patients willing to be treated with BPs and/or

other drugs

Preoperative hygiene and calculus removal

Protocol n˚ 2 Patients treated with BPs and/or other drugs

Administration: im/sc < 3 years.

Risk factors: no

Preoperative hygiene and calculus removal

Amoxicillin: 1gr every 12 hours, from 3 days

before to 6 days after surgery

Mouth rinsing with 0.2% ChG (7 days following

surgery)

Protocol n˚ 3 Patients treated with BPs and/or other drugs

Administration route: os, im/sc > 3 years

Risk factors: no

Patients treated with BPs and/or other drugs

Administration route: os, im/sc < 3 years

Risk factors: yes

Patients treated with Bps and/or other drugs

Administration route: iv

Preoperative hygiene and calculus removal

Amoxicillin:1gr + Metronidazole 500 mg every

12 hours from 3 days before to 6 days after

surgery

Mouth rinsing with 0.2% ChG (7 days following

surgery)

Protocol n˚ 4 Patients with spontaneous ONJ Preoperative hygiene and calculus removal

Amoxicillin: 1gr every 8 hours + Metronidazole

500 mg every 12 hours from 3 days before to

6 days after surgery

Mouth rinsing with 0.2% ChG (7 days following

surgery)

Abbreviations: BPs, bisphosphonates; ChG, Chlorhexidine Gluconate; MRONJ, medical-related osteonecrosis of the jaws; ONJ,
osteonecrosis of the jaws.
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DATA COLLECTIONMETHOD

All data, previously recorded on a shared Access

file, were transferred to an Excel file, from which a

specific worksheet was filtered exclusively for
patients included in the sample. Clinical data relating

to the extractions, not recorded in the clinical diary

section of the Access file, were analyzed individually

for each patient on a data transfer paper sheet, to be

then transferred directly to the Excel file.
DATA ANALYSIS

Statistical analysis was performed with the Excel

program and with the SPSS statistical software (Statis-

tical Package for the Social Sciences, version 20.0,
IBM Corporation, Armonk, NY, USA).
Results

All study sample data are reported in Table 2. Two

hundred twenty-one patients were treated from 2007

to 2020 with 639 tooth/root extractions. No cases of

MRONJ occurred. The mean age of patients was
68.02 § 11.17. Most of the study sample was repre-

sented by women (201 = 90.95%) undergoing
treatment for osteometabolic pathologies, most fre-

quently postmenopausal osteoporosis. Alendronate

was the most prescribed drug, taken mainly orally.

Among other drugs, only bevacizumab and denosu-

mab were noted. Most patients had local and/or sys-

temic risk factors and therefore belonged to a
medium-high risk category.

Each patient underwent from 1 to 17 tooth/root

extractions (mean = 2.87 § 2.59) during 1 to 4 ses-

sions (mean = 1.41 § 0.64). Extractions mainly

involved single-rooted teeth/roots, equally distributed

between the maxilla and the mandible.

As many as 206 patients were treated with CROMa

Protocol n. 3 (93.21%), 13 patients with Protocol n. 2,
and 2 with Protocol n. 4.

Complete socket closure took place within 2 weeks

(1 to 3 weeks) on average, and no patient had prob-

lems or late complications.
Discussion

The study purpose was to retrospectively estimate

the incidence of MRONJ after nonsurgical extractions
with sockets left to heal by secondary intention, in

relation to all sample variables, including those



Table 2. OVERALL DATA OF THE STUDY SAMPLE

VARIABLES N (%)

Gender Male 20 (9.05%)

Female 201 (90.95%)

Route of

administration

Oral 159 (71.94%)

Intramuscular/

subcutaneous

17 (7.7%)

Intravenous 28 (12.66%)

Association 17 (7.7%)

Timing Current 130 (58.82%)

Past 91 (41.18%)

1 month before 26 (11.75%)

3 months before 20 (9.05%)

6 months before 13 (5.87%)

1 year before 8 (3.66%)

> 1 year before 24 (10.85%)

Underlying

diseases

Metabolic diseases 199 (90.04%)

Post-menopausal

osteoporosis

163 (73.75%)

Secondary/

induced

osteoporosis

8 (3.62 %)

Arthritis/arthrosis 8 (3.62 %)

Other 20 (9.05%)

Oncologic disease 22 (9.95%)

Multiple myeloma 2 (0.9%)

Pulmonary/

prostate/

mammary

cancer, bone

metastasis

16 (7.24%)

Other 4 (1.81%)

Local risk factors Periodontal

disease

50 (22.62%)

Odontogenic

infections

52 (23.53%)

Periodontal

disease and

odontogenic

infections

43 (19.46%)

Other 71 (32.17%)

Systemic risk

factors

Diabetes 11 (4.98%)

Corticosteroids/

chemotherapy

18 (8.14%)

Other (anemia,

hyperlipidemia,

hypothyroidism,

smoking,

coagulopathy)

182 (82.35%)

Drug Alendronate 105 (47.51%)

Risedronate

sodium

35 (15.84%)

Zoledronic Acid 13 (5.88%)

(Continued)

Table 2. Cont’d

VARIABLES N (%)

Denosumab 12 (5.43%)

Other (association,

other principles)

54 (24.43%)

Bevacizumab 2 (0.9%)

Extractions (n

=716)

Site

Maxilla 318 (47.76%)

Mandible 321 (52.24%)

Type

Single-rooted 258 (40.37%)

Multi-rooted 381 (59.63 %)

Treatment

protocol use

Protocol n˚ 2 13 (5.88%)

Protocol n˚ 3 206 (93.21%)

Protocol n˚4 2 (0.90%)

Pippi et al. What is the Risk of Developing Medication-related

Osteonecrosis in Patients with. J Oral Maxillofac Surg 2021.

ARTICLE IN PRESS
4 SECONDARY HEALING AFTER EXTRACTION AND THE RISK OF DEVELOPING MRONJ
related to patients, medications, local and systemic

risk factors, and extracted teeth.
No cases of MRONJ were found after 639 extrac-

tions performed on 221 patients under antibiotic pro-

phylaxis, without the use vasoconstrictors in the

anesthetics, with sockets left to heal by secondary

intention, and 0.2% chlorhexidine gluconate mouth

rinses.

Few studies have been published with a sample

size equal to or greater than the present one,8,13

whereas many others had smaller samples.5-7,9,10,14

The patient sample corresponds to 14.8% of the

total number of at-risk patients in the entire database

since 54.1% of them did not undergo surgical proce-

dures and the remaining patients underwent surgical

extractions, extractions with primary intention heal-

ing and other kinds of surgeries.

The study sample mainly involved (93.21%)
patients who took BPs and/or other drugs for over

3 years (orally, subcutaneously, or intramuscularly),

without risk factors, or for less than 3 years, with risk

factors or who took those drugs intravenously

(Table 1).

The present sample consisted mainly of women

(90.95%), mostly suffering from postmenopausal oste-

oporosis (73.75%) and with a mean age of 68.02 §
11.17. These factors support those of many previous

all-inclusive13,15 or semi-inclusive14 studies, which

reflect the normal distribution of diseases for which

the treatment with drugs related to ONJ is commonly

required. However, in more selective samples, both

for the underlying disease or the drug used, the distri-

bution of patient gender is strongly influenced by the

diseases8,16 and by the drugs.7
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Current data is not sufficient to correlate patient

age and gender with the prevalence of MRONJ

since osteoporosis is typically postmenopausal and

because some cancers occur only in a specific gen-

der, affecting organs characteristic of each gender.
In some studies, age has been correlated with the

incidence of MRONJ,17-19 but it is still necessary to

consider, generally in the more advanced age

groups, the distribution of certain categories of

patients such as women with postmenopausal oste-

oporosis and metastatic cancer patients.20

Comparative analysis cannot be performed with

other published studies since inclusion criteria differ
from 1 study to another and from the present study.

Actually, to reduce the risk of MRONJ, during the

years many protocols have been proposed for tooth/

root extractions in which antibiotic prophylaxis, anes-

thesia with or without vasoconstrictors, and complete

coverage of the surgical area with a muco-periosteal

flap have been variously combined.

The effectiveness of antibiotic prophylaxis in
reducing the risk of MRONJ has been shown.21

Despite protocols proposed in clinical studies having

been quite different from each other,8,10,21,22 amoxi-

cillin (with or without clavulanic acid), associated or

not with other drugs such as metronidazole and sul-

bactam, has been the first-choice drug in most studies,

including the present one, and was more frequently

administered orally.
In the present sample, infection control also

involved careful preoperative professional oral

hygiene and postextraction wound disinfection

by topical application of chlorhexidine gluconate in

the form of mouthwash or spray for 7 days after each

procedure. Chlorhexidine gluconate was used post-

operatively in almost all published studies for its anti-

bacterial properties. However, since it was found to
inhibit fibroblast, myoblast, and osteoblast prolifera-

tion through a block of collagen and noncollagen

intracellular proteins, it should be used carefully.23,24

The use of anesthetics with vasoconstrictors during

surgery in patients at risk for MRONJ has not specifi-

cally been dealt with in the past. In some studies, vas-

oconstrictors were not mentioned at all5,7,14,22,25 thus

suggesting their circumstantial use. In others they
were used for all patients,8-10 whereas a more recent

review recommended avoiding vasoconstrictors dur-

ing extractions.1 Adrenaline is commonly used to

reduce intraoperative bleeding and to prolong the

anesthetic effect, but it was found to have side effects

on bone and soft tissues which may predispose to

MRONJ. Actually, adrenaline was found to cause a

strong vessel constriction of periodontal ligament and
mucosa,26 and bone resorption, indirectly through

the production of prostaglandin E, and directly

through the overexpression of mRNA encoding the
ODF/RANKL factor in osteoblastic cells, with conse-

quent osteoclast activation,27 and also by stimulating

osteoclast maturation.28 Since bone metabolism is

already compromised in patients on bisphospho-

nate and antiresorptive treatments, in the light of
all these published data, from its beginning the

CROMa project has allowed extractions without

the use of vasoconstrictors.

The complete coverage of residual extraction sock-

ets with a soft tissue flap has been proposed in

MRONJ prevention by several authors during the

years in order to protect exposed bone from superin-

fection during healing and to maintain the clot.9,10

However, flap creation involves a reduction of the

blood supply to the underlying bone tissue due to the

incision of soft tissue vessels and detachment of the

periosteal blood supply from the underlying bone.29

Since all processes involved in postextraction socket

healing do not depend only on the functional activity

of the osteoblasts, but also on the blood perfusion,

the maintenance of the overlying soft tissue vasculari-
zation appears essential.30 Moreover, an additional

risk factor may also be the surgical trauma resulting

from the routine regularization of the alveolar bone

edges by means of rotary or manual instruments,

which is proposed as a prophylactic method aimed at

eliminating the high-turnover bone component in

which the osteonecrosis process possibly begins after

extraction trauma.5 For all these reasons, from its
beginning the CROMa project12 has provided for sec-

ondary intention healing of all nonsurgical extractions

to be performed. Only when particularly sharp bone

edges could represent a risk factor for difficult heal-

ing, their regularization with a rasp, without flap inci-

sion, but only with a gentle soft tissue detachment

and subsequent suture to stabilize the detached

soft tissue to the underlying bone plane, were car-
ried out. To support these reasons, no difference

in the incidence of MRONJ between first and sec-

ond intention postextraction healing was found in

several studies.8,13,25

The co-presence of local and/or systemic risk fac-

tors represents an important trigger for MRONJ, and

most patients included in literature studies have at

least 1 local or systemic risk factor. In the 2019 study
by Hasegawa et al,25 11% of patients had diabetes,

61% had undergone or were undergoing chemother-

apy and 41% had a dental or periodontal inflammatory

condition. In the same study,259.3% of patients had

rheumatoid arthritis, 9.4% had diabetes, and 27.3%

had other unspecified systemic problems. In the 2013

study by Mozzati et al,8 15% of patients had diabetes

and 34.5% were smokers, but there is no available
data on local risk conditions.

In the present sample all local and systemic factors

were carefully investigated and recorded. Only 14%
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of patients did not have risk factors and most patients

had local risk factors including periodontal disease,

odontogenic infections, and others such as poor oral

hygiene, tori and exostoses, incongruous prostheses,

and pronounced mylohyoid lines (Table 2). This dif-
ference can be explained by the fact that studies did

not likely include the full range of predisposing condi-

tions for MRONJ.

Finally, it should be mentioned that although

healing always occurred, there was a slight delay

in the re-epithelialization process which some-

times took as long as 3 weeks. Actually, the toxic-

ity on soft tissues and the interference on wound
healing of zoledronic acid, pamidronate, and

alendronate have already been demonstrated in in-

vitro studies31-33 and have also been found to be

statistically significant and not related to the route

of drug administration in the 2013 human pro-

spective study by Migliorati et al.34 However, a

complete re-epithelialization of the alveolus does

not indicate complete healing of the postextraction
site and it has not been related to the likelihood of

osteonecrosis, but it can only suggest that bone

healing is occurring regularly and is protected

from the risk of superinfection. This is the main

reason for which some authors1 have suggested

a period of drug therapy discontinuation, the

so-called drug holiday, before oral surgical proce-

dures.
The main strength of the present study is that

wounds of all the 639 extracted teeth normally healed

by second intention healing and no cases of MRONJ

occurred.

Nevertheless, some limitations are also present.

The first is that the study is retrospective in nature.

Secondarily, the sample size was not so wide as a so

rare complication would have needed. Lastly, the per-
centage of oncologic patients, which are worldwide

considered at highest risk for MRONJ, was relatively

low (9.95%).

In conclusion, nonsurgical tooth extraction with

socket left to heal by secondary intention under anti-

biotic prophylaxis, without the addition of vasocon-

strictors in local anesthetics, and 0.2% chlorhexidine

gluconate mouth rinses is a low-risk procedure for
MRONJ.
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