Journal of

%

Clinical Medicine

Article

Association between Hyperglycemia and Medication-Related
Osteonecrosis of the Jaw (MRON]J)

Gabor Kammerhofer "2**, Daniel Vegh 2-3*{, Dorottya Banyai 24, Adam Végh 2>, Arpad Joob-Fancsaly '2,
Peter Hermann %3, Zoltan Geczi >3, Tamas Hegedus %, Kata Sara Somogyi 23, Bulcsu Bencze 23, Zita Biczé /2,
Donat Huba Juhasz 2%, Péter Zaborszky >°, Marta Ujpal 12, Mihaly Tamas Vaszilké 12 and Zsolt Németh 12

check for
updates

Citation: Kammerhofer, G.; Vegh, D.;
Banyai, D.; Végh, A Joob-Fancsaly,
A.; Hermann, P; Geczi, Z.; Hegedus,
T.; Somogyi, K.S.; Bencze, B.; et al.
Association between Hyperglycemia
and Medication-Related
Osteonecrosis of the Jaw (MRONY]). J.
Clin. Med. 2023, 12, 2976.
https://doi.org/10.3390/
jem12082976

Academic Editors: Francisco Mesa

and Christian Bacci

Received: 2 March 2023
Revised: 12 April 2023
Accepted: 18 April 2023
Published: 19 April 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1,2

Department of Oromaxillofacial Surgery and Stomatology, Semmelweis University, 1088 Budapest, Hungary
Diabetes-Dental Working Group, Semmelweis University, 1088 Budapest, Hungary;
vegh.daniel@semmelweis.hu (D.V.); bencze bulcsu@dent.semmelweis-univ.hu (B.B.)

3 Department of Prosthodontics, Semmelweis University, 1088 Budapest, Hungary

4 Department of Paediatric Dentistry and Orthodontics, Semmelweis University, 1088 Budapest, Hungary
5 Department of Oral Diagnostics, Semmelweis University, 1088 Budapest, Hungary

6 Faculty of Dentistry, Semmelweis University, 1088 Budapest, Hungary

*  Correspondence: kammerhofer.gabor@semmelweis.hu; Tel.: +36-36305252697

1t These authors contributed equally to this work.

Abstract: Background: Medication-related osteonecrosis of the jaw (MRON]) is a type of jawbone
necrosis caused by the use of drugs for some types of cancer and osteoporosis. The current study
aimed to evaluate the associations between hyperglycemia and the development of medication-
related osteonecrosis of the jaw. Methods: Our research group investigated data collected between
1 January 2019 and 31 December 2020. A total of 260 patients were selected from the Inpatient Care
Unit, Department of Oromaxillofacial Surgery and Stomatology, Semmelweis University. Fasting
glucose data were used and included in the study. Results: Approximately 40% of the necrosis group
and 21% of the control group presented with hyperglycemia. There was a significant association
between hyperglycemia and MRONJ (p < 0.05, p = 0.003). Vascular anomaly and immune dysfunction
caused by hyperglycemia can lead to necrosis after tooth extraction. Necrosis is more common in the
mandible (75.0%) and in the case of parenteral antiresorptive treatment (intravenous Zoledronate and
subcutaneous Denosumab). Hyperglycemia is a more relevant risk factor than bad oral habits (26.7%).
Conclusions: Ischemia is a complication of abnormal glucose levels, a possible risk factor for necrosis
development. Hence, uncontrolled or poorly regulated plasma glucose levels can significantly
increase the risk of jawbone necrosis after invasive dental or oral surgical interventions.

Keywords: diabetes; hyperglycemia; osteonecrosis; bisphosphonates; oral surgery

1. Introduction

Medication-related osteonecrosis of the jaw (MRON]) is a chronic and multifactorial
inflammatory disease that occurs in patients with a history of either previous or current
antiresorptive therapy [1]. The first documented case was reported in 2003 by Marx and
his colleagues, which was attributed to Pamidronate and Zoledronate [2]. In the case of
MRON], one or more necrotic bone surfaces may be visible in the maxillofacial region, either
through visible inspection or intra- or extraoral fistulas, and persist for a minimum of eight
weeks without responding to appropriate therapy [3]. Furthermore, it is important to rule out
that the abnormality has arisen due to radiation or as a metastasis of a malignant process [1].

The two main elements of antiresorptive therapy are bisphosphonates and Deno-
sumab injection [3]. Bisphosphonates are pyrophosphate derivatives with a half-life of
several years that strongly bind to hydroxyapatite in the bone [4]. Currently used amino-
bisphosphonates can be released from bones degraded by osteoclasts and trigger cellular
apoptosis by inhibiting the farnesyl pyrophosphate synthase enzyme [5]. Denosumab,
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on the other hand, is a human monoclonal antibody that targets the receptor activator of
nuclear factor-«B ligand (RANKL), which plays a significant role in the formation and
survival of osteoclasts [5,6]. Bisphosphonates and denosumab are primarily used to treat
malignant oncological metastatic diseases and osteoporosis [5,7].

We evaluated the classification of MRON] stages based on the position paper issued by
the American Association of Oral and Maxillofacial Surgeons (AAOMS) in 2022. According
to this classification, there are five stages, each briefly described. The first one is “patients
at risk”. This stage includes patients with a history of antiresorptive therapy but no
symptoms [8]. Stage 0 is characterized by the absence of visible necrotic bone surface,
but the presence of some nonspecific symptoms (such as odontalgia, aching bone, and
numbness) and/or clinical (spontaneous tooth loss and mucosal swelling) or radiological
(alveolar bone loss, sclerotic bone transformation, and thickening of the periodontal space)
findings [8]. In stage one, dead bone or fistula in the oral cavity is already visible, but
there is no sign of inflammation. In stage 2, the evidence of infection/inflammation can
be observed next to the necrotic bone surface or fistula [8]. Moving on to stage 3, in
addition to the findings mentioned above, at least one of the following lesions will be
present: pathological bone fracture, extraoral fistula, oro-nasal/oro-antral communication,
bone necrosis extending to the mandibular base, maxillary sinus base, or zygomatic bone.
MRON]J can be confused with various other conditions (such as alveolar osteitis, sinusitis,
atypical neuralgia, chronic sclerosing osteomyelitis, fibro-osseous lesions, and sarcoma),
so a thorough history-taking, clinical examination, and other imaging procedures are
important for an accurate diagnosis [8].

Medication-related osteonecrosis of the jaw can be caused by various risk factors,
including the type of antiresorptive drugs used and the mode and duration of their ad-
ministration. The probability of developing MRON] is increased with intravenous (IV)
medication compared to oral dosing. The followings can act as a trigger in developing
MRON]. In addition, the presence of inflammatory diseases in the oral cavity, such as
periodontitis, peri-implantitis, or periapical inflammation, as well as dental procedures
such as extractions, implantation, and other periodontal interventions performed as a result
of inflammation, are also considered risk factors [8]. Increased occurrence has been detected
in patients with removable dentures, smokers, and also in the lower jaw. Women are also
more likely to develop MRON] attributed to gender-specific underlying diseases such
as breast cancer and postmenopausal osteoporosis. Other risk factors include malignant
diseases, systemic diseases, and medications such as antiangiogenic drugs [8-10]. They
have already described cases where unsuccessful or faulty endodontic treatment (over- or
under-filled root, root fracture, or root perforation) was the only reported triggering factor
in the development of MRONJ [11].

Hyperglycemia is a crucial healthcare and social issue that we face today. It has become
a widespread concern in developed industrial societies and can be classified as a folk disease.
As such, it is also recognized as a folk disease in Hungary, as evidenced by studies [12,13].
Given the gravity of this issue, it is imperative that dentists, as members of the medical
community, familiarize themselves with the dental characteristics of this civilization’s
disease. Specifically, the periodontium, alveolar process, and microcirculation are the most
vulnerable areas, as they are at risk of extensive damage due to hyperglycemia [14,15].
When it comes to MRON]J and diabetes mellitus (DM), wound healing becomes more
challenging and damaged. Despite some literature investigating the relationship between
hyperglycemia and MRON], there still needs to be a consensus. Therefore, this publication
aims to enhance our understanding of this association. Although the exact mechanism by
which DM may promote MRONJ has yet to be determined, it is well-known that DM is a risk
factor for this complication [16-18]. Ischemia, a complication of abnormal glucose levels, is
also a potential risk factor for MRON] development in DM patients. It is essential to note
that uncontrolled or poorly regulated plasma glucose levels can significantly increase the
risk of jawbone necrosis following invasive oral surgical interventions.
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One of the primary aims of our research is to broaden our understanding of knowledge
that can potentially aid in the prevention of MRON] and enhance the quality of life for
patients. Previous studies have shown that hyperglycemia plays a significant role in de-
veloping and treating oral lesions. Additionally, our previous examinations have revealed
an association between oral tumors and hyperglycemia [19]. Thus, further research on
MRON]J should be conducted based on the relationship between high plasma glucose levels
and malignant lesions.

The potential association between hyperglycemia and MRON] has important clinical
implications. Healthcare providers should be aware of this potential association when
treating patients with diabetes or other conditions associated with hyperglycemia who
are at risk for developing MRON]. These patients should be carefully monitored for the
development of MRON]J, and preventative measures, such as proper dental care and
avoiding unnecessary dental procedures, should be taken.

Additionally, healthcare providers should consider screening patients with MRON] for
hyperglycemia, as this condition may be an indicator of poor bone healing and increased
susceptibility to infections. Patients with MRON]J and hyperglycemia may benefit from
more aggressive treatment approaches, such as the use of antibiotics or surgical intervention,
to improve bone healing and prevent the development of infections

The clinical therapy of MRON] can be challenging due to the lack of a standardized
treatment protocol. However, several approaches have been proposed for the management
of this condition, which primarily focus on controlling pain, infection, and promoting bone
healing.

Conservative therapy:

Conservative therapy is the initial approach to manage MRON]J in most cases. This
includes the following:

a. Antibiotics: Antibiotics are usually prescribed to manage bacterial infections associ-
ated with MRON]J. Antibiotics such as penicillin, clindamycin, and metronidazole
are commonly used. The duration of antibiotic therapy is typically 7-14 days.

b.  Pain management: Pain management is an important aspect of MRON] therapy.
Nonsteroidal anti-inflammatory drugs (NSAIDs) and opioids are commonly used to
manage pain associated with MRON]. However, opioids are generally avoided due
to the risk of addiction.

C. Chlorhexidine mouthwash: Chlorhexidine mouthwash is used to manage oral infections
and prevent the progression of MRONJ.
d.  Local debridement: Local debridement is the removal of necrotic bone tissue in the

affected area. This procedure is performed under local anesthesia and may be
repeated several times until the area is free of necrotic tissue [8].

Surgical therapy:

Surgical therapy may be necessary for patients with advanced MRON] or those
who have failed conservative therapy. The following surgical procedures are commonly
performed for MRON]:

a. Sequestrectomy: Sequestrectomy is the removal of necrotic bone tissue to promote
healing. This procedure is performed under general anesthesia and may require a
hospital stay.

b.  Segmental resection: Segmental resection involves the removal of a segment of the

jawbone affected by MRON]. This procedure is reserved for severe cases and may
require reconstruction of the jawbone using bone grafts.

c. Hyperbaric oxygen therapy: Hyperbaric oxygen therapy involves breathing pure oxy-
gen in a pressurized chamber to promote tissue healing. This therapy has been used
in combination with surgical therapy to improve healing outcomes [8].
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Prevention:

Prevention is an important aspect of MRON] therapy. The following preventive
measures are recommended for patients at risk of developing MRONJ:

a. Proper dental care: Patients taking antiresorptive medications should receive regular
dental checkups and maintain good oral hygiene to prevent infections.

b.  Avoiding dental extractions: Dental extractions should be avoided whenever possible
in patients taking antiresorptive medications.

C. Drug holidays: Drug holidays, or discontinuation of antiresorptive medications, may

be recommended in some cases to reduce the risk of MRON]J. However, this approach
is controversial and should be carefully considered on a case-by-case basis.

In conclusion, the clinical therapy of MRON]J can be challenging, and a multidisci-
plinary approach involving dentists, oral surgeons, and endocrinologists may be necessary.
The choice of therapy depends on the severity of the condition and the individual patient’s
response to treatment. Conservative therapy is usually the first approach, followed by
surgical therapy for advanced cases. Prevention is an important aspect of MRON] therapy
and should be emphasized in patients at risk of developing this condition [8].

The current study aimed to evaluate the associations between hyperglycemia and the
development of medication-related osteonecrosis of the jaw with retrospective analysis of
our patient data.

2. Materials and Methods

We evaluated data collected between 1 January 2019, and 31 December 2020. In total,
260 patients admitted to the Department of Oromaxillofacial Surgery and Stomatology,
Semmelweis University, were included in the study. Then, they were classified under the
necrosis group, which comprised patients with MRON], and the control group, which
included patients who required other medical care; planned maxillofacial trauma surgery,
wisdom tooth extraction, and benign tumor or cyst surgery. Within the indicated period,
we treated 200 control patients and 60 patients with MRON]J in our clinic. We registered
every patient in our study whom we treated in the University Department. The position
papers were developed by the American Association of Oral and Maxillofacial Surgeons
(AAOMS, 2014; 2020, 2022) [8,20,21], appointed by the board and composed of clinicians
with extensive experience in caring for these patients and basic science researchers. All pa-
tients with MRON]J who required surgical therapy in addition to conservative therapy were
included in the study. Due to differential diagnosis problems and ethical considerations,
some patients were excluded from the study. This provided more relevant information
on glucose status and the adverse effects of hyperglycemia. We excluded from the study
patients under 18 years of age who were unable to cooperate, pregnant women, people with
chronic immunodeficiency, patients receiving systemic steroid therapy, patients receiving
head and neck irradiation, and drug addicts.

In clinical practice, measuring fasting glucose levels from finger blood is still the most
commonly used. Glucose levels were measured on admission to the clinic. Before blood
sampling, patients fasted for 12 h, so the samples were taken on an empty stomach (fasting
glucose). This was facilitated by the fact that blood was taken in the morning and by
qualified medical staff. Normoglycemia was a plasma glucose level of <6.1 mmol/L. (Defi-
nition and diagnosis of diabetes mellitus and intermediate hyperglycemia: a WHO/IDF
consultation report. World Health Organization 2006).

Data analysis was performed using Prism version 8.4.2. (464, GraphPad Software, San
Diego, CA, USA). The Pearson’s chi-square test was used for statistical analysis. A p-value
of <0.05 was considered significant. All data were stored using Microsoft Excel.

Our study followed the ethical standards laid down in the 1964 Declaration of Helsinki
and its later amendments and was approved by the Institutional Ethics Committee of
Semmelweis University of Budapest (Semmelweis University Regional and Institutional
Committee of Science and Research Ethics, protocol code: SE-RKEB 204/2018).
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Only members of the research team had access to the human data. The data were
stored on a password-protected medium. The authors confirm that all methods were
performed in accordance with the relevant guidelines and regulations.

3. Results

The MRON] (necrosis) group included 60 patients (39 women [65%] and 21 men [35%]).
The average age of the patients was 65 years, and the standard deviation (SD) was 10.66.
Approximately 40% of the examined patients presented with hyperglycemia. Meanwhile,
the control group included 200 patients (72 women [36%] and 128 men [64%]). The average
age of the patients was 50 years and SD was 19.29. Approximately 21% of the control group
presented with hyperglycemia. There was a significant association between hyperglycemia
and MRON] (p < 0.05, p = 0.003). The necrosis group had a higher proportion of patients
with hyperglycemia than the control group. MRON] can more likely develop based on
metabolic differences, which are caused by hyperglycemia, after invasive interventions
involving the jawbone, surgeries, and tooth extractions. Table 1 depicts the blood glucose
levels and sex of the participants.

Table 1. Prevalence of hyperglycemia and normoglycemia both in the case and in the control groups.

Sex Glucose Status Case Group Control Group
Male Hyp 10 16.7% 27 13.5%
Male Norm 11 18.3% 101 50.5%

Female Hyp 14 23.3% 15 7.5%
Female Norm 25 41.7% 57 28.5%
60 100.0% 200 100.0%

Hyp: Hyperglycemia, Norm: Normoglycemia.

Regardless of glucose balance, 75% (n = 45) of patients in the necrosis group developed
necrosis in the lower jawbone. Painful bone necrosis developed only on the upper jawbone
in 18.4% of patients (n = 11), and on the upper and lower jawbones in 6.6% (n = 4). However,
the location difference was not significant in terms of glycemic levels (p > 0.05, p = 0.825).
Next, we depicted the location of necrosis and the patient’s blood glucose level. MRON]
occurred more frequently on the lower jawbone (Table 2).

Table 2. The location of MRONJ] and the glucose levels were expressed as percentages in the necrosis
group. The association between dysglycemia and the location of MRON] is shown.

Location Glucose Status Patients

Maxilla Hyp 4 6.7%
Maxilla Norm 7 11.7%
Mandible Hyp 18 30.0%
Mandible Norm 27 45.0%

Both Hyp 2 3.3%

Both Norm 2 3.3%
60 100.0%

Hyp: Hyperglycemia, Norm: Normoglycemia.

Approximately 38.3% (n = 23) of patients who were examined received anti-resorptive
medical treatment due to breast carcinoma (CC.), 23.3% (n = 14) received anti-resorptive
medical treatment due to prostate cc., 15% (n = 9) received anti-resorptive medical treatment
due to osteoporosis, 10% (n = 6) received anti-resorptive medical treatment due to multiple
myeloma, 8.3% (n = 5) received anti-resorptive medical treatment due to lung cc. and
5% (n = 3) received anti-resorptive medical treatment due to other malignant diseases
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(non-Hodgkin’s lymphoma, urothelial cc., and colorectal cc.). The number of patients who
received bisphosphonate therapy due to breast and prostate cc. was the highest.

Antiresorptive medications such as parenteral bisphosphonates and Denosumab are
the most common risk factors for developing MRON]. Approximately 39.9% (n = 24) of
participants in this study received this treatment. Furthermore, 21.7% (n = 13) of patients
who were examined received subcutaneous (SC.) Denosumab. Approximately 11.8%
(n = 7) of patients received both iv. Zoledronate and sc. Denosumab and 8.3% (n = 5) of
the MRON]J group was treated with per os (P.O.) Ibandronate; 8.3% (n = 5), combined iv.
Zoledronate, sc. Denosumab, and p.o. Ibandronate; 5% (n = 3), combined iv. Zoledronate,
sc. Denosumab, and p.o. Clodronate; 3.3% (n = 2), p.o. Alendronate; and 1.7% (n = 1), p.o.
Risedronate. We evaluated data on the primary disease and its corresponding medication,
glucose balance, and necrosis location. We expressed the type of medicine used for each
disease as a percentage. All patients with multiple myeloma and lung tumor received iv.
Zoledronate therapy. Patients with osteoporosis were commonly treated with p.o. dosage.
Overall, parenteral administration was dominant among the data (Table 3).

Table 3. Different parameters (primary disease and its associated medications, glucose balance, and
location of necrosis in patients with MRONJ).

Primary Disease Agent Hyp Norm  Mandible Maxilla Both Patients Total% Illness%
Others Zoledronate iv. 1 1 2 0 0 2 3.3% 66.7%
Others Zoledronate iv. + Denosumab inj. 1 0 1 0 0 1 1.7% 33.3%

Breast cc. wbm. Denosumab inj. 3 1 4 0 0 4 6.7% 17.4%

Breast cc. wbm. Ibandronate p.o. 2 1 2 0 1 3 5.0% 13.0%

Breast cc. whm. Zoledronate iv. 3 5 7 1 0 8 13.3% 34.8%

Breast cc. wbm. Zoledronate iv. + Denosumab inj. 1 0 1 0 0 1 1.7% 4.3%

Breastce. whm. ri‘l’jl‘?mdjr."factleoic‘l"mmte o, O 2 2 0 0 2 33%  87%

Breastcc. wbm. Denosumzaglfg.ri“;‘g;gmm epo. 1 4 4 1 0 5 83%  21.7%

Multiple myeloma Zoledronate iv. 3 3 4 1 1 6 10.0%  100.0%
Osteoporosis Alendronate p.o. 1 1 2 0 0 2 3.3% 22.2%
Osteoporosis Denosumab inj. 0 2 1 1 0 2 3.3% 22.2%
Osteoporosis Ibandronate p.o. 0 2 2 0 0 2 3.3% 22.2%
Osteoporosis Risendronate p.o. 0 1 0 1 0 1 1.7% 11.1%
Osteoporosis Zoledronate iv. + Denosumab inj. 0 1 0 1 0 1 1.7% 11.1%
Osteoporosis o mza‘i)leiijr_ofactleoic‘l"mnate o, 0 1 1 0 0 1 17%  111%

Prostate cc. wbm. Denosumab inj. 3 4 4 1 2 7 11.7% 50.0%

Prostate cc. wbm. Zoledronate iv. 1 2 2 1 0 3 5.0% 21.4%

Prostate cc. wbm. Zoledronate iv. + Denosumab inj. 3 1 3 1 0 4 6.7% 28.6%

Lung cc. wbm. Zoledronate iv. 1 4 3 2 0 5 8.3% 100.0%
24 36 45 11 4 60 100.0%

Hyp: hyperglycemia, Norm: normoglycemia, cc. wbm.: carcinoma with bone metastasis.

Based on recall data, hyperglycemia is among the three most significant risk factors,
followed by smoking and alcohol consumption. Hyperglycemia was among the most
relevant risk factor in 26.7% (n = 16) of patients with MRON]J (Table 4).
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Table 4. Characteristics (bad oral habits and glucose status) of the necrosis group.
Alcohol Smoking Glucose Status Patients

No No Norm 26 43.3%

No No Hyp 16 26.7%

No Yes Norm 5 8.3%

No Yes Hyp 4 6.7%

Yes No Norm 2 3.3%

Yes No Hyp 3 5.0%

Yes Yes Norm 3 5.0%

Yes Yes Hyp 1 1.7%
60 100.0%

Hyp: Hyperglycemia, Norm: Normoglycemia.

4. Discussion

Regarding the jawbone anatomy, the mandible has an end arterial blood supply.
Thus, the collateral circulation is minimal [22], which indicates that tissue death caused
by vascular anomaly develops more easily. Numerous studies have shown that several
patients develop MRON] after dental care because the lumen of the small vessels of
the jaw is obliterated, thereby impeding the end arterial blood supply of the mandible.
Consequently, ischemia and necrosis may occur. Due to the increased involvement of the
lower jawbone and the lower stability of the lower plate prosthesis, a more frequent dental
check-up of the lower prosthesis is recommended for patients. Regularly relining of the
lower prosthesis is also recommended [23-29].

Disease control and patient education are essential due to prevention. We can prevent
trauma to the mucosa bone foundation, the development of decubitus, and painful tissue
injury by preventing these problems. Over one-third of patients who were examined
presented with breast tumors, and almost one-third had prostate tumors. One-quarter
of patients were diagnosed with osteoporosis or multiple myeloma. We did not identify
patients with renal cc. who are receiving anti-resorptive treatment in our examination. Hence,
it may arise as an opportunity for further research. One of the possible reasons for this is
that patients treated with renal cell cc. commonly receive biological, targeted antiangiogenic
therapy in recent years via the dynamic development of molecular oncology [30-32]. Hence,
referring patients to a dentist or a mouth surgeon is important before starting oncological,
anti-resorptive therapy.

Therefore, for sanitation, the dentist must take a general medical history. In addition,
the attending physician should emphasize that the potential inconvenience of oral surgery
rehabilitation and the degree of pain occurring at this time are lesser than the incidence
of bone necrosis. Notably, mandibular involvement is a factor for both dysglycemia and
normal blood glucose levels. Like normal plasma glucose levels, breast and prostate
tumors should be an underlying disease in dysglycemia. Several female patients in the
necrosis group presented with osteoporosis and breast tumor, commonly treated with
bisphosphonate or other anti-resorptive drugs. The incidence of these diseases is more
frequent in women than in men. In our study, all patients who presented with multiple
myeloma were women. Findings on whether the use of iv. Zoledronate or sc. Denosumab is
associated with a greater risk of MRON] but remains inconsistent. However, most authors
agree that using these active substances increase the risk of jawbone necrosis [33-35]. Our
domestic research had a similar result. Among the factors mentioned above, abnormal
glucose levels are the most significant risk factor for the development of MRON]. Moreover,
smoking and alcohol consumption can be risk factors for necrosis [16,17,36-38].

Vascular anomaly and immune dysfunction due to hyperglycemia can be a predisposing
factor for the development of necrosis after tooth extraction. The risk of developing jawbone
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necrosis can be reduced by professional premedication, careful planning and execution of
minimally invasive tooth removal and oral surgery, and appropriate postoperative care [36—44].

This review has some limitations. Our study design did not investigate oral health
statuses, such as periodontal disease, dental prostheses, dental implants, and periodontal
surgeries. In our study, we examined 60 patients with MRON]J and 200 controls. The
difference is large, the reason being that we wanted to include as many patients as possible.
Despite these limitations, this real-world observational study demonstrated that the risk of
developing MRON] was significantly higher in patients with dysglycemia. After examining
60 patients, it cannot be stated absolutely that hyperglycemia is one of the most relevant
causes of MRON]J. However, it is an important predisposing factor.

The number of patients with both dysglycemia and anti-resorptive therapy is increas-
ing. Therefore, patients with these conditions need medical care more frequently in dental
offices. However, MRON] can be treated, and the likelihood of developing this condition
can be reduced through preventative dental care and the maintenance of good oral hygiene.
As part of a multi-professional team, dentists have a critical role in preventing MRON].
Oral health practitioners need to work closely with the patient’s medical oncology team
to advocate for premedication evaluation to prevent MRON] and identify potential risks
of MRON]J and if the disease does develop despite the careful planning, it should be diag-
nosed as early as possible in order to avoid more significant damage. Taken together, these
patients require close monitoring in a clinical setting.

Our other purpose is to continue and improve our work. In addition to the work of
healthcare professionals, social cohesion is also necessary for successful treatment and care.
Our team has set the fundamental purpose of the most comprehensive possible mapping
of issues that arise during the dental care of patients with DM. Furthermore, our future
studies must examine MRON] relapse in the future. We believe that the study topic and
knowledge of dental issues are increasingly important due to the increasing incidence of
DM and MRON]J. Hence, further studies should be conducted. Further studies are planned
using hemoglobin A1C (HbA1C.) measurements, although we have already measured
HbAI1C, the results of which have been published by our research team, so we have shown
a method to follow [45].

5. Conclusions

In conclusion, the results of this study suggest that in patients with dysglycemia,
the risk of developing MRON] is statistically significantly higher than in patients with
normoglycemia. This study evaluates the properties (e.g., age, sex, type of cancer, presence
of osteoporosis) and habits (like smoking and drinking alcohol) of patients and the possible
combined effects of dysglycemia and anti-resorptive therapy that could lead to ischemia.
Based on the abovementioned findings, ischemia can be a potential risk factor for develop-
ing jawbone necrosis after invasive dental or oral surgical interventions, especially in the
lower jaw.

Author Contributions: Conceptualization: P.Z. and B.B.; Methodology: D.B. and T.H.; Software:
K.S.S.; Validation: A.V. and A].-E; Formal analysis: Z.B. and D.H.].; Resources: PH. and M.T.V,; Data
curation: Z.G.; Writing-original draft: G K. and D.V.; Writing—review and editing: D.V,, M.U. and Z.N.;
Project administration: M.U. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Our study is in accordance with the ethical standards laid
down in the 1964 Declaration of Helsinki and its later amendments and was approved by the
Institutional Ethics Committee of Semmelweis University of Budapest (Semmelweis University
Regional and Institutional Committee of Science and Research Ethics, protocol code: SE-RKEB
204/2018). Only members of the research team had access to the human data. The data were
stored on a password-protected medium. The authors confirm that all methods were performed in
accordance with the relevant guidelines and regulations.

Informed Consent Statement: Not applicable.



J. Clin. Med. 2023, 12, 2976 9of11

Data Availability Statement: The datasets used and analyzed during the current study available
from the corresponding author on reasonable request.

Acknowledgments: We are deeply grateful to all participants in this study. Also, we would like to
express our sincere thanks to the Hungarian Diabetes Association and the International Diabetes
Federation for the support of our project.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the study
design; collection, analyses, or interpretation of data; writing of the manuscript; or in the decision to
publish the results.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Yarom, N.; Shapiro, C.L.; Peterson, D.E.; Van Poznak, C.H.; Bohlke, K.; Ruggiero, S.L.; Migliorati, C.A.; Khan, A.; Morrison, A;
Anderson, H.; et al. Medication-Related Osteonecrosis of the Jaw: MASCC/ISOO/ASCO Clinical Practice Guideline. J. Clin.
Oncol. 2019, 37, 2270-2290. [CrossRef]

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

Anastasilakis, A.D.; Pepe, ].; Napoli, N.; Palermo, A.; Magopoulos, C.; Khan, A.A; Zillikens, M.C.; Body, J.-J. Osteonecrosis of the
Jaw and Antiresorptive Agents in Benign and Malignant Diseases: A Critical Review Organized by the ECTS. J. Clin. Endocrinol.
Metab. 2022, 107, 1441-1460. [CrossRef] [PubMed]

Cremers, S.; Drake, M.T.; Ebetino, EH.; Bilezikian, J.P; Russell, R.G.G. Pharmacology of bisphosphonates. Br. J. Clin. Pharmacol.
2019, 85, 1052-1062. [CrossRef]

Nicolatou-Galitis, O.; Schiedt, 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]

Park, J.; Pandya, V.R.; Ezekiel, S.J.; Berghuis, A.M. Phosphonate and Bisphosphonate Inhibitors of Farnesyl Pyrophosphate
Synthases: A Structure-Guided Perspective. Front. Chem. 2021, 8, 612728. [CrossRef]

Aguirre, ].I; Castillo, E.J.; Kimmel, D.B. Preclinical models of medication-related osteonecrosis of the jaw (MRON]). Bone 2021,
153, 116184. [CrossRef]

Ruggiero, S.L.; Dodson, T.B.; Aghaloo, T.; Carlson, E.R.; Ward, B.B.; Kademani, D. American Association of Oral and Maxillofacial
Surgeons’ Position Paper on Medication-Related Osteonecrosis of the Jaws—2022 Update. |. Oral Maxillofac. Surg. 2022, 80,
920-943. [CrossRef]

AlRowis, R.; Aldawood, A.; AlOtaibi, M.; Alnasser, E.; AlSaif, I.; Aljaber, A.; Natto, Z. Medication-Related Osteonecrosis of the
Jaw (MRON]): A Review of Pathophysiology, Risk Factors, Preventive Measures and Treatment Strategies. Saudi Dent. J. 2022, 34,
202-210. [CrossRef]

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]

Tempesta, A.; Capodiferro, S.; Di Nanna, S.; D’Agostino, S.; Dolci, M.; Scarano, A.; Gambarini, G.; Maiorano, E.; Favia, G,;
Limongelli, L. Medication-related osteonecrosis of the jaw triggered by endodontic failure in oncologic patients. Oral Dis. 2022.
[CrossRef] [PubMed]

Federation ID Prevalence of Diabetes in Adults 2022. Available online: https://idf.org/our-network/regions-members/europe/
members/138-hungary.html (accessed on 12 December 2022).

Kékes, E.; Székacs, B.; Nagy, J.; Kovacs, T. Hypertonia és COVID-19—I. rész Az életkor, az alapbetegségek és az ACEI/ARB
kezelés jelent&sége hypertoniaban és tarsbetegségeiben a SARS-CoV-2-fertdzés soran. Hypertonia Es Nephrol. 2020, 24, 115-120.
[CrossRef]

Preshaw, PM.; Alba, A.L.; Herrera, D.; Jepsen, S.; Konstantinidis, A.; Makrilakis, K.; Taylor, R. Periodontitis and diabetes: A
two-way relationship. Diabetologia 2012, 55, 21-31. [CrossRef] [PubMed]

Jiang, Z.-L.; Cui, Y.-Q.; Gao, R;; Li, Y,; Fu, Z.-C.; Zhang, B.; Guan, C.-C. Study of TNF-«, IL-13 and LPS levels in the gingival
crevicular fluid of a rat model of diabetes mellitus and periodontitis. Dis. Markers 2013, 34, 295-304. [CrossRef] [PubMed]

Peer, A.; Khamaisi, M. Diabetes as a Risk Factor for Medication-Related Osteonecrosis of the Jaw. J. Dent. Res. 2015, 94, 252-260.
[CrossRef] [PubMed]

Park, S.-M.; Lee, ].-H. Effects of Type 2 Diabetes Mellitus on Osteoclast Differentiation, Activity, and Cortical Bone Formation in
POSTmenopausal MRON] Patients. J. Clin. Med. 2022, 11, 2377. [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]

Vegh, A.; Banyai, D.; Ujpal, M.; Somogyi, K.S.; Biczo, Z.; Kammerhofer, G.; Nemeth, Z.; Hermann, P.; Payer, M.; Vegh, D.
Prevalence of Diabetes and Impaired Fasting Glycemia in Patients with Oral Cancer: A Retrospective Study in Hungary.
Anticancer Res. 2022, 42, 109-113. [CrossRef]


https://doi.org/10.1200/JCO.19.01186
https://doi.org/10.1016/S0278-2391(03)00720-1
https://www.ncbi.nlm.nih.gov/pubmed/12966493
https://doi.org/10.1210/clinem/dgab888
https://www.ncbi.nlm.nih.gov/pubmed/34922381
https://doi.org/10.1111/bcp.13867
https://doi.org/10.1016/j.oooo.2018.09.008
https://doi.org/10.3389/fchem.2020.612728
https://doi.org/10.1016/j.bone.2021.116184
https://doi.org/10.1016/j.joms.2022.02.008
https://doi.org/10.1016/j.sdentj.2022.01.003
https://doi.org/10.1038/s41598-021-96480-8
https://doi.org/10.1111/odi.14449
https://www.ncbi.nlm.nih.gov/pubmed/36403223
https://idf.org/our-network/regions-members/europe/members/138-hungary.html
https://idf.org/our-network/regions-members/europe/members/138-hungary.html
https://doi.org/10.33668/HN.24.011
https://doi.org/10.1007/s00125-011-2342-y
https://www.ncbi.nlm.nih.gov/pubmed/22057194
https://doi.org/10.1155/2013/156798
https://www.ncbi.nlm.nih.gov/pubmed/23478270
https://doi.org/10.1177/0022034514560768
https://www.ncbi.nlm.nih.gov/pubmed/25477311
https://doi.org/10.3390/jcm11092377
https://doi.org/10.3390/dj4020017
https://doi.org/10.21873/anticanres.15464

J. Clin. Med. 2023, 12,2976 10 of 11

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Ruggiero, S.L.; Dodson, T.B.; Fantasia, ].; Goodday, R.; Aghaloo, T.; Mehrotra, B.; O’'Ryan, F. 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]

Frazer-Cox, C. New MRON]J guidance. Br. Dent. ]. 2020, 229, 151. [CrossRef]

Roush, ].K.; Howard, PE.; Wilson, J.W. Normal blood supply to the canine mandible and mandibular teeth. Am. J. Vet. Res. 1989,
50,904-907. [PubMed]

Bacci, C.; Cerrato, A.; Bardhi, E.; Frigo, A.C.; Djaballah, S.A.; Sivolella, S. A retrospective study on the incidence of medication-
related osteonecrosis of the jaws (MRON]) associated with different preventive dental care modalities. Support. Care Cancer 2022,
30, 1723-1729. [CrossRef] [PubMed]

Beth-Tasdogan, N.H.; Mayer, B.; Hussein, H.; Zolk, O. Interventions for managing medication-related osteonecrosis of the jaw.
Cochrane Database Syst. Rev. 2017, 10, CD012432. [CrossRef]

Vaszilko, M.; Kovacs, E.; Restar, L.; Balla, B.; Cseplo, K.; Kosa, J.; Lakatos, P. Potential significance of antiestrogen therapy in
the development of bisphosphonate related osteonecrosis of the jaw. J. Cranio-Maxillofac. Surg. 2014, 42, 1932-1936. [CrossRef]
[PubMed]

Gaudin, E.; Seidel, L.; Bacevi¢, M.; Rompen, E.; Lambert, F. Occurrence and risk indicators of medication-related osteonecrosis of
the jaw after dental extraction: A systematic review and meta-analysis. J. Clin. Periodontol. 2015, 42, 922-932. [CrossRef]
Tripathi, A.; Pandey, S.; Singh, S.V.; Kumar Sharma, N.; Singh, R. Bisphosphonate Therapy for Skeletal Malignancies and
Metastases: Impact on Jaw Bones and Prosthodontic Concerns. J. Prosthodont. 2011, 20, 601-603. [CrossRef]

Gollner, M.; Holst, S.; Fenner, M.; Schmitt, J. Prosthodontic treatment of a patient with bisphosphonate-induced osteonecrosis of
the jaw using a removable dental prosthesis with a heat-polymerized resilient liner: A clinical report. J. Prosthet. Dent. 2010, 103,
196-201. [CrossRef]

Ali, LE.; Sumita, Y. Medication-related osteonecrosis of the jaw: Prosthodontic considerations. Jpn. Dent. Sci. Rev. 2022, 58, 9-12.
[CrossRef]

Cohen, R.B.; Oudard, S. Antiangiogenic therapy for advanced renal cell carcinoma: Management of treatment-related toxicities.
Investig. New Drugs 2012, 30, 2066—2079. [CrossRef]

Comandone, A.; Vana, F.; Comandone, T.; Tucci, M. Antiangiogenic Therapy in Clear Cell Renal Carcinoma (CCRC): Pharmaco-
logical Basis and Clinical Results. Cancers 2021, 13, 5896. [CrossRef]

Yang, J.C.; Childs, R. Immunotherapy for Renal Cell Cancer. . Clin. Oncol. 2006, 24, 5576-5583. [CrossRef] [PubMed]

Limones, A.; Saez-Alcaide, L.; Diaz-Parrefio, S.; Helm, A.; Bornstein, 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 2020, 25, €326-€336. [CrossRef] [PubMed]

King, R.; Tanna, N.; Patel, V. Medication-related osteonecrosis of the jaw unrelated to bisphosphonates and denosumab—A
review. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2019, 127, 289-299. [CrossRef] [PubMed]

Van den Wyngaert, T.; Wouters, K.; Huizing, M.T.; Vermorken, ].B. RANK ligand inhibition in bone metastatic cancer and risk of
osteonecrosis of the jaw (ON]): Non bis in idem? Support. Care Cancer 2011, 19, 2035-2040. [CrossRef] [PubMed]

Qi, W.-X,; Tang, L.-N.; He, A.-N.; Yao, Y.; Shen, Z. Risk of osteonecrosis of the jaw in cancer patients receiving denosumab: A
meta-analysis of seven randomized controlled trials. Int. ]. Clin. Oncol. 2014, 19, 403—410. [CrossRef]

Wick, A.; Bankosegger, P; Otto, S.; Hohlweg-Majert, B.; Steiner, T.; Probst, F.; Ristow, O.; Pautke, C. Risk factors associated with
onset of medication-related osteonecrosis of the jaw in patients treated with denosumab. Clin. Oral Investig. 2022, 26, 2839-2852.
[CrossRef]

Drudge-Coates, L.; Van den Wyngaert, T.; Schiedt, M.; Van Muilekom, H.A.M.; Demonty, G.; Otto, S. Preventing, identifying, and
managing medication-related osteonecrosis of the jaw: A practical guide for nurses and other allied healthcare professionals.
Support. Care Cancer 2020, 28, 4019-4029. [CrossRef]

Sanchez-Gallego Albertos, C.; Del Castillo Pardo de Vera, J.L.; Viejo Llorente, A.; Cebrian Carretero, J.L. Medication related
osteonecrosis of the jaws (MRONY]): Factors related to recurrence after treatment with surgery and platelet rich plasma (PRP)
placement. Med. Oral. Patol. Oral Cir. Bucal. 2021, 26, e684—-e690. [CrossRef]

Jia, W.; Weng, ].; Zhu, D.; Ji, L.; Lu, J.; Zhou, Z.; Zou, D.; Guo, L.; Ji, Q.; Chen, L.; et al. Chinese Diabetes Society Standards of
medical care for type 2 diabetes in China 2019. Diabetes/Metab. Res. Rev. 2019, 35, e3158. [CrossRef]

Byakodi, S.; Gurjar, V.; Soni, S. Glucose Levels and Hemodynamic Changes in Patients submitted to Routine Dental Extraction
under Local Anesthesia with and without Adrenaline. J. Contermp. Dent. Pract. 2017, 18, 57-59. [CrossRef]

Zehani, A.; Smichi, I.; Marrakchi, J.; Besbes, G.; Haouet, S.; Kchir, N. Agressive infection following a dental extraction in a diabetic
patient: Rhinocerebral mucormycosis. Tunis. Med. 2017, 95, 378-380. [PubMed]

De Bedout, T.; Kramer, K.; Blanchard, S.; Hamada, Y.; Eckert, G.J.; Maupomé, G.; John, V. Assessing the Medical Emergency
Preparedness of Dental Faculty, Residents, and Practicing Periodontists: An Exploratory Study. J. Dent. Educ. 2018, 82, 492-500.
[CrossRef] [PubMed]


https://doi.org/10.1016/j.joms.2014.04.031
https://doi.org/10.1038/s41415-020-2013-9
https://www.ncbi.nlm.nih.gov/pubmed/2764341
https://doi.org/10.1007/s00520-021-06587-x
https://www.ncbi.nlm.nih.gov/pubmed/34580783
https://doi.org/10.1002/14651858.CD012432.pub2
https://doi.org/10.1016/j.jcms.2014.08.002
https://www.ncbi.nlm.nih.gov/pubmed/25316650
https://doi.org/10.1111/jcpe.12455
https://doi.org/10.1111/j.1532-849X.2011.00738.x
https://doi.org/10.1016/S0022-3913(10)00052-1
https://doi.org/10.1016/j.jdsr.2021.11.005
https://doi.org/10.1007/s10637-012-9796-8
https://doi.org/10.3390/cancers13235896
https://doi.org/10.1200/JCO.2006.08.3774
https://www.ncbi.nlm.nih.gov/pubmed/17158543
https://doi.org/10.4317/medoral.23324
https://www.ncbi.nlm.nih.gov/pubmed/32271321
https://doi.org/10.1016/j.oooo.2018.11.012
https://www.ncbi.nlm.nih.gov/pubmed/30713092
https://doi.org/10.1007/s00520-010-1061-0
https://www.ncbi.nlm.nih.gov/pubmed/21203781
https://doi.org/10.1007/s10147-013-0561-6
https://doi.org/10.1007/s00784-021-04261-4
https://doi.org/10.1007/s00520-020-05440-x
https://doi.org/10.4317/medoral.24007
https://doi.org/10.1002/dmrr.3158
https://doi.org/10.5005/jp-journals-10024-1989
https://www.ncbi.nlm.nih.gov/pubmed/29509222
https://doi.org/10.21815/JDE.018.058
https://www.ncbi.nlm.nih.gov/pubmed/29717073

J. Clin. Med. 2023, 12, 2976 11 of 11

44. Gazal, G. Management of an emergency tooth extraction in diabetic patients on the dental chair. Saudi Dent. |. 2020, 32, 1-6.

[CrossRef] [PubMed]

45. Vegh, A.; Vegh, D,; Banyai, D.; Kammerhofer, G.; Biczo, Z.; Voros, B.; Ujpal, M.; Pefia-Cardelles, ].F,; Yonel, Z.; Joob-Fancsaly, A.;
et al. Point-of-care HbA1C Measurements in Oral Cancer and Control Patients in Hungary. In Vivo 2022, 36, 2248-2254. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.sdentj.2019.07.004
https://www.ncbi.nlm.nih.gov/pubmed/31920272
https://doi.org/10.21873/invivo.12952
https://www.ncbi.nlm.nih.gov/pubmed/36099143

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

