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Abstract: This study aimed to analyse the development of medication-related osteonecrosis of the jaw
(MRON]J) in patients who underwent surgical intervention to identify potential risk factors between
three different groups sorted by the type of oral surgery (single tooth extraction, multiple extraction,
osteotomy). Data from patients with this medical history between 2010 and 2017 were retrospectively
analysed. The following parameters were collected: sex, age, medical status, surgical intervention
location of dentoalveolar intervention and form of medication. A total of 115 patients fulfilled the
criteria and underwent 115 dental surgical interventions (female n = 90, male n = 25). In total, 73
(63.47%) of them had metastatic underlying diseases, and 42 (36.52%) had osteoporotic ones. MRON]
occurred in 10 patients (8.70%) (female 1 = 5, male n = 5). The occurrence of MRON] was significantly
correlated (p < 0.05) with the mandible site and male sex. Tooth removal at the mandible site remains
the main risk factor for the development of MRON]. The risk profile of developing MRON] after
dentoalveolar interventions could be expected as follows: tooth osteotomy > multiple extractions >
single tooth extraction.

Keywords: oral surgery; antiresorptive therapy; risk profile; MRON]

1. Introduction

Antiresorptive drugs are no longer indispensable in medical practice. They are used
in various benign and malignant diseases of the bone as adjuvant therapy. The main
indications include multiple myeloma, osseous metastasised mammary or prostate cancer
and primary or secondary osteoporosis. We need to distinguish between amino and
non-amino-bisphosphonates [1].

Although the mechanism is not fully understood yet, nitrogen-containing/ amino- bis-
phosphonates, e.g., zoledronate, are metabolised via the mevalonate pathway. In contrast,
non-nitrogen-containing /non-amino bisphosphonates, e.g., clodronate, are degraded in
osteoclasts to form methyl-containing analogues of adenosine triphosphates. The drugs
intercalate with bone metabolism, binding calcium ions and thereby preventing osteoclasts
and thus bone resorption of calcified bone [2]. Thus, both groups inhibit bone resorption
by suppressing osteoclasts, and the process of bone regeneration is postponed in favour of
degradation [3-6]. Since antiresorptive drugs (such as denosumab, a RANKL inhibitor), and
also antiangiogenetic, anti-VEGF monoclonal antibodies (such as Bevacizumab), tyrosine
kinase inhibitors (such as Sunitinib) and mTOR inhibitors (such as Sirolimus) have been
on the market, some of these drugs were observed to induce necrosis of the jaw, too [6-8];
therefore, in 2014, AAOMS created a new definition: medication-related osteonecrosis of
the jaw (MRON]) [3,9,10]. In 2017, the Japanese Allied Committee on Osteonecrosis of
the Jaw published a new position paper, an update of the 2010 published paper, which

Int. ]. Environ. Res. Public Health 2022, 19, 4339. https:/ /doi.org/10.3390/ijerph19074339

https:/ /www.mdpi.com/journal/ijerph


https://doi.org/10.3390/ijerph19074339
https://doi.org/10.3390/ijerph19074339
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com
https://orcid.org/0000-0001-8295-9714
https://doi.org/10.3390/ijerph19074339
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com/article/10.3390/ijerph19074339?type=check_update&version=1

Int. |. Environ. Res. Public Health 2022, 19, 4339 2 of 14

described a new definition called antiresorptive agent-related osteonecrosis of the jaw
(ARON]J) [11]. In the literature, both definitions, ARON]J and MRON]J, can be found equally.
In this report, however, MRON] is used as in the following [10-12].

In 2003, Marx et al. first described necrosis of the jaw under bisphosphonate [5]. Since
then, subsequent studies have shown that amino- bisphosphonates play a leading role in
jaw necrosis [5]. In the current literature and guidelines, the following conditions have
been formulated to clearly define bisphosphonate-related necrosis of the jaw (BRON]):
the jawbone is exposed for more than 8 weeks during or after bisphosphonate therapy,
and there is no radiation to the head and neck area [3,12]. The Association of Oral and
Maxillofacial Surgeons (AAOMS) divided the clinical appearance of necrosis into the
following four stages: Stage 0: no clinical signs of necrotic bone, but there are radiographic
signs; Stage 1: exposed bone or fistula; and Stages 2 and 3: in addition to exposed bone,
there is pain, redness, pus or even pathological fractures or extraoral fistulas [10].

In addition, patients can be assigned to three different risk profiles based on the form
or duration of drug application [9,13,14]. Low-risk patients with primary osteoporosis
(oral administration/intravenous (IV) every 12 months) are assessed at a prevalence of
0.1%. Patients with a median risk have secondary osteoporosis (IV every 6 months) with a
prevalence of 1%. Patients with bony metastasis or multiple myeloma (IV every 4 weeks)
are assigned a high-risk profile with a prevalence of 1-19% [13,14].

To prevent MRON]J, some caveats should be noted during surgery, such as perioper-
ative antibiotics until complete wound healing, primary wound closure without tension,
removal of sharp bone edges and minimal denudation of the periosteum [8,15-17]. The
positive effect of drug holidays on reducing the occurrence of MRON] is a controversy
discussed in the literature [16-18]. In an animal study, Otto et al. showed that a drug
holiday before and after tooth extraction combined with the caveats could reduce the
occurrence of MRON] after tooth extraction [16]. Ottesen et al. have not proved that a drug
holiday of high-dose antiresorptive medication prevents MRONJ after tooth extraction [19].

Various parameters such as dental infection or inflammation, reduced bone remod-
elling, the oral microbiome, inhibition of angiogenesis, soft tissue toxicity and changed
immunity, as well as some systemic diseases such as rheumatoid arthritis or diabetes
mellitus, are discussed in the literature as triggers for the occurrence of MRON] [6,9,20-23].
Bruises due to prostheses or periodontal therapies can cause MRON]J, and new studies
have shown that it is not the decayed tooth itself that causes MRON] but the actual surgical
procedure. In up to 61% of cases, tooth removal is the main cause of MRON]J [10,24].
However, it should be noted that Chang et al., among others, described a higher occurrence
of MRON] predominantly after the removal of periodontal or periapical damaged teeth
compared to the removal of healthy teeth. However, periapical lesions without subsequent
tooth removal seem to be crucial in the development of MRON] [6,23]. Whether further
risk factors for the development of MRON] can be considered remains unclear according to
the current data. Therefore, this retrospective study highlights the association of local and
systemic risk factors for the development of MRONJ.

2. Materials and Methods
2.1. Study Design and Setup

This study reports retrospective analyses of data. The ambulatory patient collective
under antiresorptive therapies in the Department of Oral and Maxillofacial Surgery, Univer-
sity of Erlangen-Nuremberg, Germany, between 2010 and 2017 was screened. Patients who
received antiresorptive therapy and needed tooth removal were included. The exclusion
criteria were radiation to the head and neck area, pregnancy and being a minor. The cohort
was divided into three groups based on the dentoalveolar intervention: single tooth extrac-
tion (extraction of one tooth within one quadrant), multiple extraction (all interventions
with extractions of >2 teeth within one quadrant) and tooth osteotomy (all interventions
with rotating surgical removal of the tooth). In addition, all patients with the following case
histories were included in the “risk group”: malignant underlying disease, intravenous or
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subcutaneous application of the antiresorptive agent, high frequency of application every
4-6 weeks and >15 months of ongoing antiresorptive therapy. The screening process for the
patients was performed with the help of patient charts according to the inclusion/exclusion
criteria. Ethical approval (No. 38_18Bc) was obtained from the ethics committee of the
medical faculties of the Friedrich-Alexander-Universitit Erlangen-Niirnberg, Germany. We
aimed to analyse the possible risk factors that influence the occurrence of MRONJ. Every pa-
tient who was included had a first-line surgical intervention (no revision) in the Department
of Oral and Maxillofacial Surgery. Every procedure was performed under local anaesthesia
(Ultracain® UDS; adrenaline 1:200.000; Sanofi-Aventis GmbH, Frankfurt, Germany) and
following the precautions to avoid MRON]. The patients received a perioperative antibiotic
agent (Augmentan® 875 mg/125 mg; Western Pharma GmbH, Quettingen, Germany or
clindamycin 600 mg, HEXAL AG, Holzkirchen, Germany) and primary local saliva-tight
wound closure after eliminating the sharp bone edges after tooth extraction [25].

2.2. Data Extraction (Parameters/Examination)
We analysed the patients according to the following parameters:

Sex and age;

Underlying disease treated with antiresorptive drugs;

Co-factors (other diseases);

Tooth removal (single tooth extraction, multiple extraction and tooth osteotomy,
localisation, number of extracted teeth);

Application type, dosage, duration and frequency of the antiresorptive agent;
Duration and start of perioperative adjuvant antibiotics;

7. Treatment of the developed MRON]J and recurrence.

LN

SAIL

2.3. Outcomes

Our primary outcome was defined as the risk of developing MRON] after different
surgical interventions, meaning single tooth extraction, multiple extractions and tooth
osteotomy. As secondary outcome parameters, we evaluated the underlying antiresorptive
treated diseases, other diseases as potential risk factors, the application type, dosage and
frequency of the antiresorptive agent, the duration and start of perioperative adjuvant
antibiotics, the number of extracted teeth, the localisation of surgical intervention and the
treatment of the developed MRON] and recurrence.

2.4. Data and Statistical Analysis

Two-sided, adjusted p values < 0.05 were considered to be significant. The analyses
were performed using SPSS 22 for Mac OS (IBM Inc., New York, NY, USA). The association
of each variable with MRON] occurrence was analysed with the nonparametric Mann—
Whitney U test for ordinal variables and with the Fisher’s exact test or chi-square tests
for categorical variables. After reaching the significance level, logistic regression was
performed for a more precise determination.

3. Results
3.1. Patient Cohort

A total of 115 patients with n = 115 surgical interventions were included (Table 1). The
mean age of the treated patients was 68.09 £ 11.40 years. The median age was 70 years.
The youngest patient was 41 years old, and the oldest patient was 96 years old. There was
no statistically significant correlation between age and the occurrence of MRON] (p = 0.157,
Table 2), even though the older the patient was, the lower the probability of MRON]
occurrence was. The patient cohort consisted of 90 women and 25 men, with a significantly
higher likelihood of occurrence for men to develop MRONJ] after tooth extraction (p = 0.033,
Table 2). All of the patients were of Caucasian ethnicity.
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Table 1. Illustration of the patient cohort with n = 115 dentoalveolar interventions and relation to
MRONJ+ occurrence with n = 10 from the total cohort.

Groups MRONJ (-) n (%) MRONJ (+) n (%)
_ Total of 115 105 91.30% 10 8.70%
interventions
age 68.69 61.80
Gender female (1 = 90) 85 94.44% 5 5.56%
male (1 = 25) 20 80.00% 5 20.00%
Surgery Single tooth extraction 53 94.64% 3 5.36%
Multiple teeth extraction 34 89.47% 4 10.53%
Osteotomy 18 85.71% 3 14.29%
Localisation Maxilla 46 97.87% 1 2.13%
Mandible 50 84.75% 9 15.25%
Both (Mandible + Maxilla) 9 100.00% 0 0.00%
Anterior 19 90.48% 2 9.52%
Posterior 67 89.33% 8 10.67%
Both 19 100.00% 0 0.00%
Underlying disease Breast cancer 42 95.45% 2 4.55%
Prostate cancer 12 92.31% 1 7.69%
Osteoporosis 40 95.24% 2 4.76%
Multiple myeloma 6 75.00% 2 25.00%
Renal cell carcinoma 1 33.33% 2 66.67%
Tonsils carcinoma 0 0.00% 1 100.00%
Stromal tumour duodenum 1 100.00% 0 0.00%
Malignant melanoma 2 100.00% 0 0.00%
B-cell non-Hodgkin lymphoma 1 100.00% 0 0.00%
Other diseases Heart diseases 9 100.00% 0 0.00%
Arterial hypertension 35 83.33% 7 16.67%
Diabetes 15 78.95% 4 21.05%
Nicotine and alcohol abuse 2 50.00% 2 50.00%
Thyroid disease 29 87.88% 4 12.12%
Rheumatoid diseases 7 87.50% 1 12.50%
Antiresorptive Zoledronate 51 91.07% 5 8.93%
medication
Alendronate 31 100.00% 0 0.00%
Denosumab 7 70.00% 3 30.00%
Ibandronate 9 100.00% 0 0.00%
Pamidronate 5 71.43% 2 28.57%
Risedronate 2 100.00% 0 0.00%
Form of Intravenous 65 90.28% 7 9.72%
application
Oral 33 100.00% 0 0.00%
Subcutaneous 7 100.00% 3 42.86%
Duration of Mean (in months) 46.60 39.11
medication
<15 months 50 100.00% 0 0.00%
>15 months 56 86.15% 9 13.85%
Frequency of Every 12 months 1 50.00% 1 50.00%
application
every 6 months 12 100.00% 0 0.00%
Every 3 months 12 85.71% 2 14.29%
Every 4 to 6 weeks 36 85.71% 6 14.29%
Every week 30 100.00% 0 0.00%
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Table 2. Showing all statistical values among the patients with significance level p < 0.05). Fisher’s
exact test, chi-square test and Mann-Whitney U test were applied. After reaching a significance level,
a logistic regression (marked in bold) was performed for a more precise determination.

Parameter p-Value Test
age 0.157 i
gender 0.038 *
male vs. female 0.033 kR
Single tooth extraction 0.323 *
Multiple teeth extraction 0.728 *
Osteotomy 0.387 *
Preoperative antibiotic duration 0.497 **
Postoperative antibiotic duration 0.731 **
Total of extracted teeth 0.217 **
Localisation Maxilla/mandible 0.022 *
Mandible vs. Maxilla 0.047 e
Localisation Anterior/Posterior 0.849 ek
Underlying disease treated with antiresorptive e

<0.001

therapy
Renal cell carcinoma vs. breast carcinoma 0.009 ek
Arterial hypertension 0.035 *
Diabetes mellitus 0.059 *
Nicotine abuse 0.037 *
Antiresorptives 0.022 o
Denosumab vs. Zoledronate 0.077 i
Form of application 0.051 i
Subcutaneous vs. intravenous 0.098 i
Duration of application </> 15 month 0.608 *
Duration of application 0.859 hid
Application frequency 0.038 o
4-6 weeks vs. 12 months 0.226 i

* Fisher’s exact test ** Mann-Whitney U test *** chi-square test **** blod: logistic regression.

3.2. Primary Outcome—CQOccurrence of Medication-Related Osteonecrosis of the Jaw (MRON])
after Surgical Intervention

From 115 surgical interventions, 10 cases of MRON]J (8.7%) were recorded after tooth
extraction (illustrated in Table 1). Six of the patients with MRON] were diagnosed with an
exposed jawbone, and four of the patients were diagnosed with non-healed extraction sites.
Moreover, there was a patient who developed MRON]J because of a pressure ulcer from the
prosthesis and another patient because of a fracture, but neither was included because the
aim of this study was to analyse the occurrence of MRON] after dentoalveolar interventions.
The exact percentage of single tooth extractions (Group 1), multiple extractions (Group
2), tooth osteotomies (Group 3) and the occurrence of MRON]J with its significance levels
among the groups and 115 interventions are shown in Table 1 and Figure 1. Comparing
Group 1 with Group 2, Group 3 with Group 1 and Group 3 with Group 2, no significant
occurrence of MRON]J could be registered. As illustrated in Figures 2 and 3, no significant
correlations could be detected among patients with malignancies (p = 0.165) or osteoporosis
(p = 0.297) who developed MRON] after surgical intervention. The risk of developing
MRON] among those with malignant diseases was higher after multiple extractions (1 = 4)
than after single tooth extractions (1 = 3)), but the difference was not statistically significant
(p = 0.165, Figure 2. Looking at the surgical intervention in the osteoporosis group, there
was no significant difference either (p = 0.297, Figure 3). Within the tooth osteotomy
group, the risk was the same between malignant (n = 2) and osteoporotic (1 = 1) diseases,
with p = 1.000. The surgical interventions after the occurrence of MRON]J and patient-
related details are illustrated in Table 3. In another eight patients, wound healing disorders
after tooth extraction were recorded, which healed by secondary intention without the
occurrence of MRON].
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Surgical intervention

® MRONJ (-) ®MRONJ (+)

60
50

40

30
20
0 _— | [

Group 1 Group 2 Group 3

Figure 1. MRON]J among the three different types of surgical interventions (single tooth extraction
(5.36%) (p = 0.323); multiple extraction 10.53% (p = 0.728); osteotomy 14.29% (p = 0.387).

Malignant underlying disease

= MRONJ (-) ® MRONJ (+)

Group 1 Group 2 Group 3

Figure 2. Occurrence of MRON]J among patients with malignant underlying disease depending on
the surgical intervention. (p = 0.165).

Osteoporosis
B MRONJ (-) = MRONIJ (+)
20
15
10
5
0
Group 1 Group 2 Group 3

Figure 3. Occurrence of MRON] among osteoporosis patients depending on surgical intervention.
(p = 0.297).
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Table 3. Illustration of MRON]J patients n = 10 and details (age, sex, underlying disease, medication, form of application, duration of medication, co-factors,

localisation, surgery before MRONY], surgery after MRON]).

MRQNJ 1 2 3 4 5 6 7 8 9 10
Patient
Age 73 49 49 79 74 47 75 68 55 49
Gender Male Female Female Male Female Female Female Male Male male
Underlying Prostate Multiple Renal cell Secondary Primary Multiple Renal cell Tonsils
. Breast cancer Breast cancer . . . . .
disease cancer myeloma carcinoma osteoporosis osteoporosis myeloma carcinoma carcinoma
Medication Zoledronate Denosumab Denosumab Pamidronate Zoledronate Zoledronate Pamidronate Zoledronate Denosumab Zoledronate
a;:ﬁrcr; tOi f_)n intravenous subcutaneous subcutaneous Zoledronate intravenous intravenous intravenous intravenous subcutaneous intravenous
Dura.tlor} of 70 months 24 months 30 months 72 months 16 months 48 months 40 months n.a 19 months 31 months
medication
Arterial Arterial Arterial .
hypertension hypertension hypertension, Arterial
Arterial ype ’ ype ’ Diabetes, ype * hypertension, Thyroid Arterial Arterial
Co-Factors . Diabetes Diabetes ; none Diabetes . . . .
hypertension . . Renal disease . Rheumatoid disease hypertension ~ hypertension
Thyroid Thyroid Thyroid .
. . . disease
disease disease disease
. Mandible Mandible Mandible Mandible Mandible . Mandible Mandible Mandible Mandible
Localisation Mandible post
post. post. post. post. post. post. post. post. post.
Surgery before  Single tooth Multiple teeth  Multiple teeth Single tooth Multiple teeth Single tooth Multiple teeth
MRON]J extraction Osteotomy extraction extraction Osteotomy Osteotomy extraction extraction extraction extraction
conservative
Surgery after 1-fold se- 1-fold se- 1-fold se- therapy 2-fold Se- 1-fold se- 3-fold Se- 3-fold Se- 1-fold se- 1-fold Se-
MRON] questrectomy questrectomy questrectomy  (antibiotics, no  questrectomy questrectomy questrectomy questrectomy questrectomy questrectomy

surgery)
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3.3. Secondary Outcomes
3.3.1. Antiresorptive Treated Underlying Disease

In the total cohort (n = 115), 73 (63.47%) patients had malignancies, and 42 (36.52%) had
osteoporosis (within this group, 2 had secondary osteoporosis). Of the ten recorded patients
with MRON]J, eight had a malignant underlying disease (Table 3). Among them, two were
patients with breast cancer, one with prostate carcinoma, three with other malignant
carcinoma and two with multiple myeloma (Table 3). Two of the ten patients with MRON]
had osteoporosis, as shown in Table 3. There were statistically significant correlations
between the underlying disease and the manifestation of MRONJ (p < 0.001, Table 2). In
comparison to breast cancer, only renal cell carcinoma showed a significant correlation
with MRONJ (p = 0.009) in the logistic regression (Table 2). Of the 115 patients, 56 (48.69%)
received zoledronate, 31 (26.95%) received alendronate, 10 (8.69%) received denosumab,
9 (7.82%) received ibandronate, 7 (6.08%) received pamidronate and 2 (1.73%) received
risedronate. This corresponds to the distribution of underlying diseases (Tables 1 and 3).
No statistically significant correlation was recorded for the occurrence of MRON] under
denosumab therapy (p = 0.077) compared to zoledronate therapy (Table 2). With the chi-
square test shown in Table 2, there was no statistically significant correlation between the
occurrence of MRON]J and the form of application (p = 0.051, Table 2). The mean duration
of medication use was 46.60 months and varied from 2 months to 156 months with no
statistical significance (p= 0.859, Table 2). The frequency of application had a statistically
significant correlation with the occurrence of MRON]J (p = 0.038, Table 2). However, the
application every four to six weeks had no statistical significance compared to a yearly
application (p = 0.226).

3.3.2. Co-factors (Other Diseases)

The comorbidities of the patients were documented, as shown in Table 1. Seven of
the ten patients with MRON] had arterial hypertension with statistical significance for
MRON]J (p = 0.035, Table 2). There were two MRON] patients with nicotine abuse, which
was significant for the occurrence of MRON] (p = 0.037). No other correlation between
MRONT] and co-diseases was shown.

3.3.3. Duration and Start of Perioperative Adjuvant Antibiotics

All patients received adjuvant antibiotic therapy during the surgical intervention. Only
one patient denied antibiotic therapy. The mean preoperative antibiotic therapy duration
was 2.92 £ 2 days. The postoperative therapy varied between four and 18 days, with no
statistically significant correlations between the occurrence of MRON]J and preoperative
antibiotic duration (p = 0.497) or postoperative antibiotic duration (p = 0.731, Table 2).

3.3.4. Number of Extracted Teeth and Localisation of Tooth Removal

In total, 255 teeth were extracted. No statistically significant correlation was found
(p = 0.217) between the occurrence of MRON]J and the number of extracted teeth. The
extraction site was the mandible in n = 59, 51.30% of the 115 patients, the maxilla in n = 47,
40.86% of the patients, and at both sites (maxilla and mandible) in n = 9, 7.82% of the
patients. Nine of the ten cases of MRON] occurred in the mandible, and one case occurred
in the maxilla, which corresponded to a significant occurrence of MRON] in the mandible
with p = 0.047 and p = 0.022 (Table 2). However, there were no statistically significant
correlations between the anterior and posterior extraction sites and the occurrence of
MRON] (p = 0.849) (Table 2).

3.3.5. Treatment of the Developed MRON]J and Recurrence

The surgical treatment consisted of modelling osteotomy (removing sharp edges of
the bone) and primary saliva-tight wound closure in nine of the 10 patients. In three of
them, complications and recurrences led to a second (n = 1) and a third (n = 2) surgical
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intervention, as shown in Table 3. The 10th patient diagnosed with MRON] was only
treated with oral antibiotics and local bone-edge smoothing without recurrence.

4. Discussion

The number of drug-associated osteonecrosis cases has increased steadily since the
first cases were reported in 2003 [5,26,27]. However, an exact prevalence in the literature is
lacking, and the reported prevalence rates vary between 0.3% and 6.7% depending on the
dosage and form of medication administration [14,28,29].

Moreover, the reasons behind the development of MRONJ] are often discussed in
the literature. Therefore, this retrospective study was set up to identify potential risk
factors. In most cases, MRON] occurs after invasive surgical measures but can also occur
spontaneously, as in a large number of cases [25,30,31]. With regard to tooth extraction
as a surgical intervention, it has recently been discussed that it is not the tooth extraction
itself but the apical or periodontal inflammation of the tooth that is causally valid for
MRON] [11,29,32]. This theory was explored by a recent study from 2018 that assessed
periodontal status by panoramic images and showed a correlation between the risk of
MRON] and advanced periodontal loss (30% and more) [33].

Other studies showed that tooth extraction is the main risk factor for MRON], with a
described 16-fold and up to a 33-fold increase in the risk for MRON]J [3,8,34]. In a meta-
analysis, tooth extraction was indicated as a risk factor in 67% of cases [35]. Approaches
such as tooth extractions, low bone turnover influenced by drugs, and previous infections
or impairment of soft tissue healing are controversial causes of MRON] [36].

We considered different trigger factors, such as extraction of teeth, other surgical
interventions or underlying diseases, in our retrospective study. The variety in factors
and the study design made it difficult to evaluate periodontal status. In our patient
population, the main risk factor was the extraction of teeth. Without significant results
regarding the local factors of a surgical intervention, but considering the current literature,
the risk of developing MRON] after tooth removal should be seen as follows: osteotomy
(14.29%) > multiple extractions (10.53%) > single tooth extraction (5.36%). Furthermore,
our data analysis showed, although without statistical significance, that the risk of MRON]
in malignancies is higher after multiple extractions than after single tooth extraction,
regardless the exact number of teeth or location in the jaw (anterior vs. posterior). However,
the frequency of application had a statistically significant correlation to the occurrence or
MRONJ.

There are a variety of assumptions that could justify this.

On the one hand, we know from the literature that due to malignancies, the medication
is usually administered intravenously or subcutaneously and the frequency is also higher. In
particular, patients who received nitrogen-containing bisphosphonates intravenously due
to a malignant underlying disease show an incidence rate of 18% for MRON] [33,37—41].
In contrast, the incidence of MRON] in patients with osteoporosis who received oral
drug administration is much lower, between 0-0.4% [10]. We know that intravenous
bisphosphonates accumulate 142.8 times faster than oral bisphosphonates, which explains
the high incidence of MRON] [42].

On the other hand, the wound surface increases with the number of teeth removed and
the risk of wound dehiscence or wound healing disorders increases as a result. Moreover,
osteonecrosis after tooth extraction occurred significantly more often in the lower jaw than
in the upper jaw, which is in line with the figures in the literature [3,4,43]. Whereas in the
past, it was assumed that the upper jaw was more susceptible to necrosis due to its anatomy,
we now know that due to the increased bone remodelling in the lower jaw (2-fold higher
than in the upper jaw), necrosis is suppressed more strongly by antiresorptive medication
in the lower jaw and favours MRON] [10,24,31,43]. Moreover, a significant correlation in
the retrospective analysis was detected in favour of the male sex, which is not according to
current data [44]. However, due to the study design and unequal group distribution, no
evidence can be derived.
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In our study, no drug holiday was carried out due to the controversial discussion in
the literature about the success of interrupting antiresorptive (AR) therapy. In addition,
the exact and meaningful timing of a drug holiday has not been fully clarified yet. With
denosumab, interruptions in drug therapy during extensive surgery seem to reduce the
risk of MRONJ, but the data are still deficient [6,16,45,46]. Otto et al. published an animal
study in 2020 where 36 minipigs were divided into four different groups with regard to the
success of a drug holiday under zolendronate therapy. Group 1 was the negative control
(tooth extractions without zolendronate therapy), and group 2 was the positive control
(tooth extractions under zolendronate without the recommended wound management). In
group 3, tooth extractions were performed under the generally recommended conditions
(smoothing of sharp bone edges, saliva-proof wound closure, antibiotic therapy) without
AR interruption, whereas in group 4, the same surgical management was performed but
with AR interruption 6 weeks preoperatively and 8 weeks postoperatively. In group 3, 83%
of the pigs developed MRON], while in group 4, it occurred in 40% of the pigs [16]. This is
an interesting finding that should be further investigated in other studies, including clinical
studies, in order to generate more precise guidelines on the timing, duration and purpose
of AR interruption.

The preservation of the bone after tooth extraction, respectively the healing of the
socket, is still of utmost importance. In addition to many other techniques, the use of
autologous platelet concentrates (APCs) has been available for more than two decades.
A systematic review included 43 studies to determine whether the use of APCs can be
used effectively to prevent MRON]. In 1219 extractions, APCs were used in 786 cases, and
only 12 MRON] cases were described. All patients had experienced high-dose admin-
istration. The results were not statistically significant, but this is an area where further
controlled studies can investigate the potentially positive effect of APCs in preventing
MRON] [47]. In our study, no use of APCs was performed because of the actual low
database of controlled studies.

However, we could not report significance in the development of MRON] between
malignant primary disease and osteoporosis nor a significant correlation between the
manifestation of MRON]J and form of application (oral, subcutaneous, intravenous) or
subcutaneous compared to intravenous application.

The risk varies between each patient, between malignant or benign groups and with
the type of medication, but also depends on the drug itself [28,29]. Due to the binding of
bisphosphonates to calcium ions, the associated intracellular increase leads to the inter-
ruption of the flow of cellular metabolites. This is caused by the closure of the so-called
gap junctions (responsible for cell adhesion, among other things) and leads to epithelial
collapse [2].

Since the expansion of the term into medication-related necrosis, the monoclonal
antibody denosumab has played an important role. As known from the latest literature,
the incidence of MRON] among cancer patients receiving denosumab was 0.5-2.1% after
one year, 1.1-3.0% after two years and 1.3% up to 3.2% after three years [30]. The half-
life of denosumab, a human monoclonal antibody that binds to the receptor activator of
nuclear factor-«B ligand (RANK-L) and affects osteoclast-guided bone resorption, is approx-
imately 25-32 days [8,48]. Meta-analyses in the current literature describe a significantly
higher risk of developing MRON]J under denosumab therapy than under zoledronate ther-
apy [30]. Multiple myeloma (MM) patients have the highest risk of suffering from MRON]
(3.8-9.9%) [40] and intravenously applied zoledronate is most common and recommended
in MM therapy [33,49]. In our patient population, however, we did not find a significant
correlation between denosumab compared to zoledronate and MRON]. Furthermore, al-
though we found a significant difference between the underlying diseases and an MRON],
especially when comparing breast carcinoma to renal cell carcinoma, this result should be
interpreted cautiously due to the small group size and cannot be considered as evidence.

Since the pathological mechanisms for the development of MRON] have not yet
been fully clarified, it is assumed that the cause is multifactorial. Factors such as age,
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sex, diabetes or additional immunosuppressive therapy (e.g., steroids or antimetabolites,
such as methotrexate (MTX) may play a role [6,8]. To date, it is only known that MTX or
steroids that act as disease-modifying anti-rheumatic drugs (DMARDs) are possible indirect
additional co-factors. Immunosuppression additionally favours infection, but invasive
surgical interventions on the jaw must precede immunosuppressive therapy [34,43,50]. A
study by Roman K. Rahimi-Nedjat et al. showed that diabetes could not be seen as an
independent risk factor for the occurrence of MRON]J [51]. In our patient population, we
were unable to show significant evidence of an association between MRON]J and diabetes
or other co-factors but did show the significance of arterial hypertension being associated
with MRON]. However, this result needs to be substantiated by further studies and should
be interpreted critically due to the retrospective nature of this study.

Another co-influencing factor might be nicotine abuse, which might favour the occur-
rence of MRON]J because of the additional decrease in oral TNF-« levels [52]. We were able
to show significance in this regard in this study, but this observation should be viewed
critically due to its retrospective character.

Regarding the treatment of MRON] after it has occurred, a surgical approach is
preferable to a conservative approach. In our population, no recurrences after MRON]
treatment occurred in seven of ten cases, whereas one received conservative therapy.
However, preventive measures prior to the start of antiresorptive therapy were able to
reduce the incidence of MRONT] after tooth extraction from 7.8% to 1.7% and are therefore
recommended [53]. The interdisciplinary relationship between dentists and oncologists or
orthopaedists should be promoted in every case. A detailed dental evaluation and diagnosis
should be carried out in advance. A necessary tooth extraction should be performed by
experienced surgeons or specialists under known special conditions, such as smoothening
of the sharp bone edges, administration of perioperative antibiotics and primary wound
closure without tension. In our study;, all of the included patients did receive antibiotics (one
patient denied it), and all of them underwent a standardised surgical procedure protocol.

There are shortcomings of this study that need to be discussed. First, due to the
retrospective study design, there are discrepancies between the groups in terms of group
size and composition, and therefore, statistical evidence is lacking. The interpretation of
the observation of correlating co-factors, such as nicotine abuse and arterial hypertension,
must be considered critical in this design of heterogenous groups. This also applies to the
correlation of MRONJ and underlying diseases or gender, as the groups were only formed
retrospective and not further subdivided. In particular, the significance levels from the
statistical logistic regression should be viewed with caution overall because a larger sample
size is required from the outset. Moreover, the extent and type of the surgical procedure
varied between the groups, and since operations were performed by different surgeons,
the surgical techniques varied to a certain extent. Furthermore, prospective studies are
necessary to find further possible triggers or to verify other theories for the development
of MRONJ.

5. Conclusions

Within this patient population, we were able to identify that the main risk factor
for developing MRON]J was tooth extraction, especially in the lower jaw, without any
correlation to the number of teeth or position (anterior vs. posterior) in the jaw. We were
also able to show that the frequency of application of antiresorptive medication might be
decisive for the development of MRON]J and should be kept in mind before extracting teeth.
Even if there was no significant correlation between the different surgical procedures, the
risk profile of developing MRON] after dentoalveolar interventions can be expected as
follows: tooth osteotomy > multiple extractions > single tooth extraction. However, further
studies in terms of prospective study designs are needed to verify this profile.



Int. |. Environ. Res. Public Health 2022, 19, 4339 12 of 14

Author Contributions: Conceptualisation, M.B. and C.M.S.; Methodology, M.B. and S.P.; Software
S.P.; Validation, M.B., C.M.S. and S.P,; Formal Analysis, S.P.; Investigation, S.P.; Resources M.R.K.;
Data curation, M.R.K.; Writing—Original Draft Preparation, M.B. and C.M.S.; Writing—Review
and Editing, C.B.; Visualisation, S.P.; Supervision, C.M.S.; Project Administration, M.R K.; Funding
Acquisition, M.R K. All authors have read and agreed to the published version of the manuscript.

Funding: No external funding sources.

Institutional Review Board Statement: Ethical approval was obtained (No. 38_18Bc) from the
ethics committee of the medical faculties of the Friedrich-Alexander-Universitdt Erlangen-Niirnberg,
Germany.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: S.P. contributed to obtaining the doctoral degree at the Friedrich-Alexander-
Universittdt Erlangen-Niirnberg.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

Diel, L].; Fogelman, I.; Al-Nawas, B.; Hoffmeister, B.; Migliorati, C.; Gligorov, J.; Vaananen, K.; Pylkkanen, L.; Pecherstorfer, M.;
Aapro, M.S. Pathophysiology, risk factors and management of bisphosphonate-associated osteonecrosis of the jaw: Is there a
diverse relationship of amino- and non-aminobisphosphonates? Crit. Rev. Oncol. Hematol. 2007, 64, 198-207. [CrossRef] [PubMed]
Touyz, L.Z.G.; Afrashtehfar, K.I. Implications of bisphosphonate calcium ion depletion interfering with desmosome epithelial
seal in osseointegrated implants and pressure ulcers. Med. Hypotheses 2017, 107, 22-25. [CrossRef] [PubMed]

Singh, M.; Gonegandla, G.S. Bisphosphonate-Induced Osteonecrosis of the Jaws (BION]). J. Maxillofac. Oral Surg. 2020, 19,
162-167. [CrossRef] [PubMed]

Kim, J.; Lee, D.H.; Dziak, R.; Ciancio, S. Bisphosphonate-related osteonecrosis of the jaw: Current clinical significance and
treatment strategy review. Am. J. Dent. 2020, 33, 115-128.

Marx, R.E. Pamidronate (Aredia) and zoledronate (Zometa) induced avascular necrosis of the jaws: A growing epidemic. J. Oral
Maxillofac. Surg. Off. J. Am. Assoc. Oral Maxillofac. Surg. 2003, 61, 1115-1117. [CrossRef]

Chang, J.; Hakam, A.E.; McCauley, LK. Current Understanding of the Pathophysiology of Osteonecrosis of the Jaw. Curr.
Osteoporos. Rep. 2018, 16, 584-595. [CrossRef]

Caminha, R.D.A.G,; Chicrala, G.M.; Soares Jtnior, L.A.V.; Santos, P.S.d.S. Risk profile for antiangiogenic agent-related osteonecro-
sis of the jaws. Einstein (Sao Paulo) 2019, 17, eRW4628. [CrossRef]

Campisi, G.; Mauceri, R.; Bertoldo, F.; Bettini, G.; Biasotto, M.; Colella, G.; Consolo, U.; Di Fede, O.; Favia, G.; Fusco, V.; et al.
Medication-Related Osteonecrosis of Jaws (MRON]) Prevention and Diagnosis: Italian Consensus Update 2020. Int. ]. Environ.
Res. Public Health 2020, 17, 5998. [CrossRef]

Walter, C.; Al-Nawas, B.; Frickhofen, N.; Gamm, H.; Beck, J.; Reinsch, L.; Blum, C.; Grotz, K.A.; Wagner, W. Prevalence of
bisphosphonate associated osteonecrosis of the jaws in multiple myeloma patients. Head Face Med. 2010, 6, 11. [CrossRef]
Ruggiero, S.L.; Dodson, T.B.; Fantasia, J.; Goodday, R.; Aghaloo, T.; Mehrotra, B.; O'Ryan, F.; American Association of Oral
and Maxillofacial Surgeons; Maxillofacial, S. American Association of Oral and Maxillofacial Surgeons position paper on
medication-related osteonecrosis of the jaw—2014 update. J. Oral Maxillofac. Surg. 2014, 72, 1938-1956. [CrossRef]

Japanese Allied Committee on Osteonecrosis of the Jaw; Yoneda, T.; Hagino, H.; Sugimoto, T.; Ohta, H.; Takahashi, S.; Soen,
S.; Taguchi, A.; Nagata, T.; Urade, M.; et al. Antiresorptive agent-related osteonecrosis of the jaw: Position Paper 2017 of the
Japanese Allied Committee on Osteonecrosis of the Jaw. J. Bone Miner. Metab. 2017, 35, 6-19. [CrossRef] [PubMed]

Ruggiero, S.L.; Dodson, T.B.; Assael, L.A.; Landesberg, R.; Marx, R.E.; Mehrotra, B.; Task Force on Bisphosphonate-Related
Osteonecrosis of the Jaws, American Association of Oral and Maxillofacial Surgeons; Maxillofacial, S. American Association of
Oral and Maxillofacial Surgeons position paper on bisphosphonate-related osteonecrosis of the jaw-2009 update. Aust. Endod. J.
2009, 35, 119-130. [CrossRef] [PubMed]

Lo, Y.T.; Wang, J.].; Liu, L.F; Wang, C.N. Prevalence and related factors of do-not-resuscitate directives among nursing home
residents in Taiwan. J. Am. Med. Dir. Assoc. 2010, 11, 436—442. [CrossRef] [PubMed]

Vahtsevanos, K.; Kyrgidis, A.; Verrou, E.; Katodritou, E.; Triaridis, S.; Andreadis, C.G.; Boukovinas, I.; Koloutsos, G.E.; Teleioudis,
Z.; Kitikidou, K.; et al. Longitudinal cohort study of risk factors in cancer patients of bisphosphonate-related osteonecrosis of the
jaw. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2009, 27, 5356-5362. [CrossRef]

Nicolatou-Galitis, O.; Schiodt, M.; Mendes, R.A.; Ripamonti, C.; Hope, S.; Drudge-Coates, L.; Niepel, D.; Van den Wyngaert, T.
Medication-related osteonecrosis of the jaw: Definition and best practice for prevention, diagnosis, and treatment. Oral Surg. Oral
Med. Oral Pathol. Oral Radiol. 2019, 127, 117-135. [CrossRef]


http://doi.org/10.1016/j.critrevonc.2007.07.005
http://www.ncbi.nlm.nih.gov/pubmed/17855108
http://doi.org/10.1016/j.mehy.2017.07.013
http://www.ncbi.nlm.nih.gov/pubmed/28915955
http://doi.org/10.1007/s12663-019-01211-2
http://www.ncbi.nlm.nih.gov/pubmed/32346224
http://doi.org/10.1016/S0278-2391(03)00720-1
http://doi.org/10.1007/s11914-018-0474-4
http://doi.org/10.31744/einstein_journal/2019RW4628
http://doi.org/10.3390/ijerph17165998
http://doi.org/10.1186/1746-160X-6-11
http://doi.org/10.1016/j.joms.2014.04.031
http://doi.org/10.1007/s00774-016-0810-7
http://www.ncbi.nlm.nih.gov/pubmed/28035494
http://doi.org/10.1111/j.1747-4477.2009.00213.x
http://www.ncbi.nlm.nih.gov/pubmed/19961450
http://doi.org/10.1016/j.jamda.2009.10.006
http://www.ncbi.nlm.nih.gov/pubmed/20627185
http://doi.org/10.1200/JCO.2009.21.9584
http://doi.org/10.1016/j.oooo.2018.09.008

Int. |. Environ. Res. Public Health 2022, 19, 4339 13 0of 14

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Otto, S.; Pautke, C.; Arens, D.; Poxleitner, P; Eberli, U.; Nehrbass, D.; Zeiter, S.; Stoddart, M.]. A Drug Holiday Reduces the
Frequency and Severity of Medication-Related Osteonecrosis of the Jaw in a Minipig Model. ]. Bone Miner. Res. 2020, 35, 2179-2192.
[CrossRef]

Hasegawa, T.; Kawakita, A.; Ueda, N.; Funahara, R.; Tachibana, A.; Kobayashi, M.; Kondou, E.; Takeda, D.; Kojima, Y.; Sato, S.;
et al. A multicenter retrospective study of the risk factors associated with medication-related osteonecrosis of the jaw after tooth
extraction in patients receiving oral bisphosphonate therapy: Can primary wound closure and a drug holiday really prevent
MRON]J? Osteoporos. Int. A J. Establ. Result Coop. Between Eur. Found. Osteoporos. Natl. Osteoporos. Found. USA 2017, 28, 2465-2473.
[CrossRef]

Ottesen, C.; Schiodt, M.; Gotfredsen, K. Efficacy of a high-dose antiresorptive drug holiday to reduce the risk of medication-related
osteonecrosis of the jaw (MRON]): A systematic review. Heliyon 2020, 6, €03795. [CrossRef]

Ottesen, C.; Schiodt, M.,; Jensen, S.S.; Kofod, T.; Gotfredsen, K. Tooth extractions in patients with cancer receiving high-dose
antiresorptive medication: A randomized clinical feasibility trial of drug holiday versus drug continuation. Oral Surg. Oral Med.
Oral Pathol. Oral Radiol. 2022, 133, 165-173. [CrossRef]

Mucke, T.; Deppe, H.; Hein, J.; Wolff, K.D.; Mitchell, D.A ; Kesting, M.R.; Retz, M.; Gschwend, J.E.; Thalgott, M. Prevention of
bisphosphonate-related osteonecrosis of the jaws in patients with prostate cancer treated with zoledronic acid-A prospective
study over 6 years. ]. Craniomaxillofac. Surg. 2016, 44, 1689-1693. [CrossRef]

Walter, C.; Al-Nawas, B.; Du Bois, A.; Buch, L.; Harter, P.; Grotz, K.A. Incidence of bisphosphonate-associated osteonecrosis of the
jaws in breast cancer patients. Cancer 2009, 115, 1631-1637. [CrossRef] [PubMed]

Woo, S.B.; Hellstein, ].W.; Kalmar, J.R. Narrative [corrected] review: Bisphosphonates and osteonecrosis of the jaws. Ann. Intern.
Med. 2006, 144, 753-761. [CrossRef] [PubMed]

Schiodt, M.; Otto, S.; Fedele, S.; Bedogni, A.; Nicolatou-Galitis, O.; Guggenberger, R.; Herlofson, B.B.; Ristow, O.; Kofod, T.
Workshop of European task force on medication-related osteonecrosis of the jaw-Current challenges. Oral Dis. 2019, 25, 1815-1821.
[CrossRef] [PubMed]

Saad, F.; Brown, ].E.; Van Poznak, C.; Ibrahim, T.; Stemmer, S.M.; Stopeck, A.T.; Diel, 1.].; Takahashi, S.; Shore, N.; Henry, D.H.;
et al. Incidence, risk factors, and outcomes of osteonecrosis of the jaw: Integrated analysis from three blinded active-controlled
phase III trials in cancer patients with bone metastases. Ann. Oncol. 2012, 23, 1341-1347. [CrossRef]

Sebastian, P. Eine retrospektive Datenanalyse zur Risikoevaluation der Entstehung Einer Medikamenten-Assoziierten Kiefer-
nekrose Durch Dentoalveoldre Eingriffe. 2021.

Migliorati, C.A. Bisphosphanates and oral cavity avascular bone necrosis. J. Clin. Oncol. Off. ]. Am. Soc. Clin. Oncol. 2003, 21,
4253-4254. [CrossRef]

Wang, J.; Goodger, N.M.; Pogrel, M.A. Osteonecrosis of the jaws associated with cancer chemotherapy. J. Oral Maxillofac. Surg.
Off. ]. Am. Assoc. Oral Maxillofac. Surg. 2003, 61, 1104-1107. [CrossRef]

Srivastava, A.; Nogueras Gonzalez, G.M.; Geng, Y.; Won, A.M.; Cabanillas, M.E.; Naing, A.; Myers, ].N.; Li, Y.; Chambers, M.S.
Prevalence of medication related osteonecrosis of the jaw in patients treated with sequential antiresorptive drugs: Systematic
review and meta-analysis. Support Care Cancer 2021, 29, 2305-2317. [CrossRef]

Bacci, C.; Cerrato, A.; Dotto, V.; Zambello, R.; Barila, G.; Lico, A.; Semenzato, G.; Stellini, E.; Zanette, G. The Importance of
Alliance between Hematologists and Dentists: A Retrospective Study on the Development of Bisphosphonates Osteonecrosis of
the Jaws (Bronj) in Multiple Myeloma Patients. Dent. J. 2021, 9, 11. [CrossRef]

Limones, A.; Saez-Alcaide, L.M.; Diaz-Parreno, S.A.; Helm, A.; Bornstein, M.M.; Molinero-Mourelle, P. Medication-related
osteonecrosis of the jaws (MRON]) in cancer patients treated with denosumab VS. zoledronic acid: A systematic review and
meta-analysis. Med. Oral Patol. Oral Cir. Bucal. 2020, 25, e326—e336. [CrossRef]

Bodem, ].P; Kargus, S.; Eckstein, S.; Saure, D.; Engel, M.; Hoffmann, J.; Freudlsperger, C. Incidence of bisphosphonate-related
osteonecrosis of the jaw in high-risk patients undergoing surgical tooth extraction. J. Cranio-Maxillo-Facial Surg. Off. Publ. Eur.
Assoc. Cranio-Maxillo-Facial Surg. 2015, 43, 510-514. [CrossRef]

Kyrgidis, A.; Vahtsevanos, K.; Koloutsos, G.; Andreadis, C.; Boukovinas, I.; Teleioudis, Z.; Patrikidou, A.; Triaridis, S.
Bisphosphonate-related osteonecrosis of the jaws: A case-control study of risk factors in breast cancer patients. J. Clin. Oncol. Off.
J. Am. Soc. Clin. Oncol. 2008, 26, 4634—4638. [CrossRef] [PubMed]

Wazzan, T.; Kashtwari, D.; Almaden, W.E; Gong, Y.; Chen, Y.; Moreb, ].; Katz, ]. Radiographic bone loss and the risk of medication-
related osteonecrosis of the jaw (MRON]) in multiple myeloma patients-A retrospective case control study. Spec. Care Dent. Off.
Publ. Am. Assoc. Hosp. Dent. Acad. Dent. Handicap. Am. Soc. Geriatr. Dent. 2018, 38, 356-361. [CrossRef] [PubMed]

Henien, M.; Carey, B.; Hullah, E.; Sproat, C.; Patel, V. Methotrexate-associated osteonecrosis of the jaw: A report of two cases.
Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2017, 124, e283-€287. [CrossRef] [PubMed]

Filleul, O.; Crompot, E.; Saussez, S. Bisphosphonate-induced osteonecrosis of the jaw: A review of 2,400 patient cases. J. Cancer
Res. Clin. Oncol. 2010, 136, 1117-1124. [CrossRef] [PubMed]

Katsarelis, H.; Shah, N.P,; Dhariwal, D.K.; Pazianas, M. Infection and medication-related osteonecrosis of the jaw. J. Dent. Res.
2015, 94, 534-539. [CrossRef]

Badros, A.; Terpos, E.; Katodritou, E.; Goloubeva, O.; Kastritis, E.; Verrou, E.; Zervas, K.; Baer, M.R.; Meiller, T.; Dimopoulos, M.A.
Natural history of osteonecrosis of the jaw in patients with multiple myeloma. J. Clin. Oncol. Off. ]. Am. Soc. Clin. Oncol. 2008, 26,
5904-5909. [CrossRef]


http://doi.org/10.1002/jbmr.4119
http://doi.org/10.1007/s00198-017-4063-7
http://doi.org/10.1016/j.heliyon.2020.e03795
http://doi.org/10.1016/j.oooo.2021.06.003
http://doi.org/10.1016/j.jcms.2016.07.026
http://doi.org/10.1002/cncr.24119
http://www.ncbi.nlm.nih.gov/pubmed/19156913
http://doi.org/10.7326/0003-4819-144-10-200605160-00009
http://www.ncbi.nlm.nih.gov/pubmed/16702591
http://doi.org/10.1111/odi.13160
http://www.ncbi.nlm.nih.gov/pubmed/31325201
http://doi.org/10.1093/annonc/mdr435
http://doi.org/10.1200/JCO.2003.99.132
http://doi.org/10.1016/S0278-2391(03)00328-8
http://doi.org/10.1007/s00520-020-05882-3
http://doi.org/10.3390/dj9020011
http://doi.org/10.4317/medoral.23324
http://doi.org/10.1016/j.jcms.2015.02.018
http://doi.org/10.1200/JCO.2008.16.2768
http://www.ncbi.nlm.nih.gov/pubmed/18574158
http://doi.org/10.1111/scd.12318
http://www.ncbi.nlm.nih.gov/pubmed/30194738
http://doi.org/10.1016/j.oooo.2017.09.005
http://www.ncbi.nlm.nih.gov/pubmed/29056286
http://doi.org/10.1007/s00432-010-0907-7
http://www.ncbi.nlm.nih.gov/pubmed/20508948
http://doi.org/10.1177/0022034515572021
http://doi.org/10.1200/JCO.2008.16.9300

Int. |. Environ. Res. Public Health 2022, 19, 4339 14 of 14

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Bamias, A.; Kastritis, E.; Bamia, C.; Moulopoulos, L.A.; Melakopoulos, I.; Bozas, G.; Koutsoukou, V.; Gika, D.; Anagnostopoulos,
A.; Papadimitriou, C.; et al. Osteonecrosis of the jaw in cancer after treatment with bisphosphonates: Incidence and risk factors. J.
Clin. Oncol. Off. ]. Am. Soc. Clin. Oncol. 2005, 23, 8580-8587. [CrossRef]

Boonyapakorn, T.; Schirmer, I.; Reichart, P.A.; Sturm, I.; Massenkeil, G. Bisphosphonate-induced osteonecrosis of the jaws:
Prospective study of 80 patients with multiple myeloma and other malignancies. Oral Oncol. 2008, 44, 857-869. [CrossRef]
Wang, E.P; Kaban, L.B.; Strewler, G.J.; Raje, N.; Troulis, M.J. Incidence of osteonecrosis of the jaw in patients with multiple
myeloma and breast or prostate cancer on intravenous bisphosphonate therapy. J. Oral Maxillofac. Surg. Off. ]. Am. Assoc. Oral
Maxillofac. Surg. 2007, 65, 1328-1331. [CrossRef]

Walter, C.; Al-Nawas, B.; Grotz, K.A.; Thomas, C.; Thuroff, ] W.; Zinser, V.; Gamm, H.; Beck, ].; Wagner, W. Prevalence and risk
factors of bisphosphonate-associated osteonecrosis of the jaw in prostate cancer patients with advanced disease treated with
zoledronate. Eur. Urol. 2008, 54, 1066—-1072. [CrossRef]

Marx, R.E. A decade of bisphosphonate bone complications: What it has taught us about bone physiology. Int. J. Oral Maxillofac.
Implant. 2014, 29, e247-e258. [CrossRef] [PubMed]

Hasegawa, T.; Hayashida, S.; Kondo, E.; Takeda, Y.; Miyamoto, H.; Kawaoka, Y.; Ueda, N.; Iwata, E.; Nakahara, H.; Kobayashi,
M.; et al. Medication-related osteonecrosis of the jaw after tooth extraction in cancer patients: A multicenter retrospective study.
Osteoporos. Int. 2019, 30, 231-239. [CrossRef] [PubMed]

Soutome, S.; Otsuru, M.; Hayashida, S.; Murata, M.; Yanamoto, S.; Sawada, S.; Kojima, Y.; Funahara, M.; Iwai, H.; Umeda, M.;
et al. Relationship between tooth extraction and development of medication-related osteonecrosis of the jaw in cancer patients.
Sci. Rep. 2021, 11, 17226. [CrossRef] [PubMed]

Ramaglia, L.; Guida, A.; Iorio-Siciliano, V.; Cuozzo, A.; Blasi, A.; Sculean, A. Stage-specific therapeutic strategies of medication-
related osteonecrosis of the jaws: A systematic review and meta-analysis of the drug suspension protocol. Clin. Oral Investig.
2018, 22, 597-615. [CrossRef]

Jung, S.Y,; Suh, H.S,; Park, ].W.; Kwon, ].W. Drug holiday patterns and bisphosphonate-related osteonecrosis of the jaw. Oral Dis.
2019, 25, 471-480. [CrossRef]

Fortunato, L.; Bennardo, F.; Buffone, C.; Giudice, A. Is the application of platelet concentrates effective in the prevention and
treatment of medication-related osteonecrosis of the jaw? A systematic review. ]J. Craniomaxillofac. Surg. 2020, 48, 268-285.
[CrossRef]

Fung, P; Bedogni, G.; Bedogni, A.; Petrie, A.; Porter, S.; Campisi, G.; Bagan, ].; Fusco, V.; Saia, G.; Acham, S.; et al. Time to
onset of bisphosphonate-related osteonecrosis of the jaws: A multicentre retrospective cohort study. Oral Dis. 2017, 23, 477-483.
[CrossRef]

Terpos, E.; Morgan, G.; Dimopoulos, M.A.; Drake, M.T.; Lentzsch, S.; Raje, N.; Sezer, O.; Garcia-Sanz, R.; Shimizu, K.; Turesson, L;
et al. International Myeloma Working Group recommendations for the treatment of multiple myeloma-related bone disease. J.
Clin. Oncol. 2013, 31, 2347-2357. [CrossRef]

Marks, D.J.; Rahman, EZ.; Sewell, G.W,; Segal, A.W. Crohn’s disease: An immune deficiency state. Clin. Rev. Allergy Immunol.
2010, 38, 20-31. [CrossRef]

Rahimi-Nedjat, R.K.; Sagheb, K.; Pabst, A.; Olk, L.; Walter, C. Diabetes Mellitus and Its Association to the Occurrence of
Medication-Related Osteonecrosis of the Jaw. Dent. J. 2016, 4, 17. [CrossRef]

Bunaes, D.F,; Mustafa, M.; Mohamed, H.G; Lie, S.A.; Leknes, K.N. The effect of smoking on inflammatory and bone remodeling
markers in gingival crevicular fluid and subgingival microbiota following periodontal therapy. J. Periodontal. Res. 2017, 52,
713-724. [CrossRef] [PubMed]

Dimopoulos, M.A.; Kastritis, E.; Bamia, C.; Melakopoulos, I.; Gika, D.; Roussou, M.; Migkou, M.; Eleftherakis-Papaiakovou,
E.; Christoulas, D.; Terpos, E.; et al. Reduction of osteonecrosis of the jaw (ON]J) after implementation of preventive measures
in patients with multiple myeloma treated with zoledronic acid. Ann. Oncol. Off. ]. Eur. Soc. Med. Oncol. 2009, 20, 117-120.
[CrossRef] [PubMed]


http://doi.org/10.1200/JCO.2005.02.8670
http://doi.org/10.1016/j.oraloncology.2007.11.012
http://doi.org/10.1016/j.joms.2007.03.006
http://doi.org/10.1016/j.eururo.2008.06.070
http://doi.org/10.11607/jomi.te61
http://www.ncbi.nlm.nih.gov/pubmed/24683588
http://doi.org/10.1007/s00198-018-4746-8
http://www.ncbi.nlm.nih.gov/pubmed/30406309
http://doi.org/10.1038/s41598-021-96480-8
http://www.ncbi.nlm.nih.gov/pubmed/34446755
http://doi.org/10.1007/s00784-017-2325-6
http://doi.org/10.1111/odi.12966
http://doi.org/10.1016/j.jcms.2020.01.014
http://doi.org/10.1111/odi.12632
http://doi.org/10.1200/JCO.2012.47.7901
http://doi.org/10.1007/s12016-009-8133-2
http://doi.org/10.3390/dj4020017
http://doi.org/10.1111/jre.12438
http://www.ncbi.nlm.nih.gov/pubmed/28306142
http://doi.org/10.1093/annonc/mdn554
http://www.ncbi.nlm.nih.gov/pubmed/18689864

	Introduction 
	Materials and Methods 
	Study Design and Setup 
	Data Extraction (Parameters/Examination) 
	Outcomes 
	Data and Statistical Analysis 

	Results 
	Patient Cohort 
	Primary Outcome—Occurrence of Medication-Related Osteonecrosis of the Jaw (MRONJ) after Surgical Intervention 
	Secondary Outcomes 
	Antiresorptive Treated Underlying Disease 
	Co-factors (Other Diseases) 
	Duration and Start of Perioperative Adjuvant Antibiotics 
	Number of Extracted Teeth and Localisation of Tooth Removal 
	Treatment of the Developed MRONJ and Recurrence 


	Discussion 
	Conclusions 
	References

