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ABSTRACT  

 

Aim of the study Medication related osteonecrosis of the jaw (MRONJ) is a severe drug adverse effect, often 

being diagnosed in an advanced stage. The aim of this epidemiological study was to determine the frequency of 

MRONJ in cancer patients from Oltenia region, during 2012-2017. Material and methods Data retrieved from 

the clinical charts and used in this study were age, gender, residency, neoplasm type, location, and stage of 

MRONJ. Microsoft Excel and SPSS for Windows were used for analysis. Results The study included 57 

patients, 31 females and 26 males, mean age 63.8±9.8. MRONJ was found in older patients, females mostly 

under 65 years old, males mostly over 65 years old (p = 0.023). Age distribution was correlated with the 

neoplasm type, while median ages between the breast neoplasm (58.5 years old) and prostate neoplasm (70 

years old) groups were significantly different (p = 0.002). All patients with MRONJ have been previously 

treated with intravenous zoledronic acid for bone metastasis. Mandibular MRONJ was 2.35 times more frequent 

than maxillary MRONJ (p = 0.002) and stage II of MRONJ was commonly encountered. Conclusions MRONJ 

has been found mostly in patients with breast or prostate adenoma cancers with bone metastases who have been 

treated with intravenous. zoledronic acid and was present especially in the lower jaw, in advanced stages. 

 

Key words: Bisphosphonate-Associated Osteonecrosis of the Jaw, Diphosphonates, mandible, Osteonecrosis, 
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INTRODUCTION 

Bisphosphonate related osteonecrosis of 

the jaw (BRONJ) is a severe complication 

among patients with this type of medication 

administered to prevent or treat bone 

metastases from various forms of cancer. 

Frequently, BRONJ is diagnosed in an 

advanced stage, when clinical signs appear, 

represented by bone exposure area in the oral 

cavity.  

In cancer patients, the bone is the most 

affected tissue by cancer metastases, often 

associated with breast, prostate, or lung 

neoplasms. Bone cancer metastases can cause 

skeletal reactions such as pain, pathological 

bone fractures, hypercalcemia, bone marrow 

compression which requires surgical 

treatment and radiation therapy. To prevent 

them, antiresorptive and antiangiogenic drugs 

are used to act on osteoclasts, thus blocking 

bone resorption. In breast cancer patients who 

have had bone metastases, the treatment with 

Pamidronat [1], Zoledronat [2], and 

Ibandronat [3] has been proven to 

substantially reduce bone pain and skeletal 

complications. Due to their antiresorptive 

action, bisphosphonates are an important 

adjuvant in addition to primary anti-cancer 

therapy [4]. 

Bisphosphonates and denosumab (Prolia) 

are mainly used as adjuvants in the treatment 

of prostate cancer, to reduce bone loss due to 

hormonal imbalances [4,5]. Bisphosphonates 

are also used in malignant diseases such as: 

multiple myeloma, lung tumors, renal cell 

carcinoma [4]. Antiangiogenic medication 

(Nexavar, Avastin) is used in colon or rectal 

cancer, breast cancer, bronchopulmonary 

cancer, kidney cancer, etc. [6,7]. A more 

effective alternative to i.v.-administered 

bisphosphonates has been proven to be 

denosumab whose subcutaneous 

administration has shown higher overall 

survival rates in patients with bone metastases 

or in patients with lung cancer [8]. Since 

osteonecrosis of the jaws has been associated 

with denosumab as well as antiangiogenic 

drugs, starting with 2015 BRONJ has been 

called medication-related osteonecrosis of the 

jaw (MRONJ) [9,10]. MRONJ may develop 

in a chronic oral inflammation site like a 

periodontal disease, without a bone exposure 

through surgery. Therefore, it is required to 

carry out preventive dental procedures before 

commencing denosumab therapy to decrease 

MRONJ cases [11]. 

BRONJ was reported for the first time 

back in 2003, in oncological patients 

receiving intravenous bisphosphonates [12]. 

The incidence of BRONJ/MRONJ in 

oncological patients treated with zoledronic 

acid ranged from 0.4% to 1.6% after 1 year of 

exposure, 0.8% to 2.1% after 2 years and 

1.0% to at 2.3% after 3 years of exposure 

[13,14]. 

Compared to the group of oral 

bisphosphonates, high doses of intravenous 

bisphosphonates in oncological patients were 

correlated with 94% of MRONJ cases [15]. 

The duration of treatment is a risk factor in 

the development of MRONJ [16,17]. Since 

the use of bisphosphonates is becoming more 

prevalent and the duration of such treatment 

is increasing, the incidence of osteonecrosis 

of the jaw associated with this treatment is 

also increasing [18]. 

The aim of this retrospective pilot study 

was to determine the frequency of 

bisphosphonate related osteonecrosis of the 

jaw cases in oncological treated patients in 

Oltenia region during 2012-2017.  

 

MATERIAL AND METHODS 

This pilot study was performed analyzing 

the charts of patients admitted within the Oro-

Maxillo-Facial Clinic of the University of 

Medicine and Pharmacy of Craiova, between 

2012 and 2017. The inclusion criteria were 
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represented by the diagnosis of 

bisphosphonates-related osteonecrosis in 

patients with cancer under treatment with acid 

zoledronic for cancer bone metastasis. The 

exclusion criteria were represented by 

patients with bone disease treated with 

bisphosphonates other than zoledronic acid, 

patients with bone metastases who received 

treatment with drugs other than 

bisphosphonates and developed MRONJ, and 

patients with history of radiation therapy in 

the craniofacial region. 

For all patients included in the group, the 

following data were retrieved from their 

clinical charts: age, gender (female/male), 

residency (urban/rural), diagnosis of the 

underlying disease (type of neoplasm), 

location of the osteonecrosis lesion 

(mandible/maxillary), and stage of MRONJ. 

Data recorded in the charts included clinical 

data and radiological data (usually 

ortopantomography). 

Data extracted from all analyzed medical 

records were initially grouped using 

Microsoft Excel (San Francisco, USA). 

Continuous variables were expressed as mean 

± STDEV (standard deviation). Statistical 

Package for Social Sciences (SPSS), version 

20 (IBM Corp., Armonk, NY, USA) was used 

to test correlations based on Chi-square test, 

while group distributions were analyzed 

based on Mann–Whitney U or Kruskal-Wallis 

H tests, according to the results of the 

Shapiro-Wilk normality test. 

Post hoc analysis was performed 

according to Dunn’s (1964) procedure with a 

Bonferroni correction for multiple 

comparisons, and the value p < 0.05 was 

chosen as statistically significance threshold. 

This study was approved by the Ethics 

Committee of the University of Medicine and 

Pharmacy of Craiova, Romania (no 

59/22.03.2019). Thus, the authors obtained 

permission to review all existing medical 

records in the database at that time, without 

extracting personally identifiable data. 

 

RESULTS AND DISCUSSIONS 

The studied lot comprised 57 patients, 31 

females and 26 males, aged between 42 and 

82 years old (mean age 63.8±9.8). For the 

subsequent analysis, three age groups were 

defined: 20-49 years old, 50-64 years old, and 

≥ 65 years old. 

Within the first two sub-groups, females’ 

distribution accounted for more than 50%, 

however in the third one, male patients were 

predominant (55%). Also, the age group 

which was most affected by MRONJ 

comprised patients older than 65 years old, 

with a frequency of 54.39%, while the group 

50-64 years old accounted for 35.09% of the 

entire study lot. A Mann-Whitney U test was 

run to determine if there were differences in 

age between males and females. Distributions 

of ages for males and females were similar, as 

assessed by visual inspection. Median age 

was statistically significantly higher in males 

(70 years old) than in females (60 years old), 

U = 544.5, z = 2.272, p = 0.023. 

 

 

Figure 1. Distribution of patients according 

to gender, age groups and residency. 

More than half of all patients lived in 

urban areas (35 patients, mostly females, 

representing 61.40% of all study lot), while 

22 patients, (representing 38.60% of the 

entire study lot), with more than half being 

males, lived in rural areas (Figure 1). There 

was no statistically significant association 

between residency and gender in patients with 

MRONJ, (χ2(1) = 1.152, df = 1, p = 0.283), 
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nor residency and age (U = 390.5, z = 0.090, 

p = 0.928).  

 

 

Figure 2. Distribution of patients according 

to gender, age groups and smoking status. 

Smoker patients accounted for 38.60% of 

the entire study lot, respectively 22 patients, 

more than 75% being males, so there is a 

statistically significant association between 

gender and preference for smoking, χ2(1) = 

14.475, df = 1, p < 0.005. For all age groups, 

male smokers were predominant, especially 

for older patients (Figure 2), but there is no 

statistically significant difference between 

smokers and non-smokers related to age (U = 

339, z = -0.846, p = 0.398) or residency (χ2(1) 

= 0.711, df = 1, p = 0.399). 

Mandibular MRONJ was diagnosed for 40 

patients (70.18%), and maxillary MRONJ 

was diagnosed for 17 patients (29.82%). The 

incidence of MRONJ in females was 

predominant in people aged over 50 years 

old, while for males, the higher incidence was 

in the third age group, over 65 years old 

(Table 1). 

Table 1. Patients’ distribution according to MRONJ localization, age group and gender 

Age group 
MRONJ 

localization 

Patients 
Total 

Overall    

percentage Females Males 

20-49 years old 
mandible 4 1 5 8.77% 

maxillary 1 0 1 1.75% 

50-64 years old 
mandible 6 8 14 24.56% 

maxillary 6 0 6 10.53% 

>= 65 years old 
mandible 10 11 21 36.84% 

maxillary 4 6 10 17.54% 

Total    31 26 57 100.00% 

 

A Chi-square goodness-of-fit test was 

conducted on MRONJ localization. There 

were statistically significant differences in the 

number of patients with maxillary and 

mandibular localization (χ2(2) = 9.281, df = 2, 

p = 0.002), with mandibular MRONJ being 

2.35 times more frequent than maxillary 

MRONJ. On the other hand, there are no 

other statistically significant associations 

between osteonecrosis localization and 

gender (χ2(1) = 1.040, df = 1, p = 0.308), 

residency (χ2(1) = 0.862, df = 1, p = 0.353), 

or smoking status (χ2(1) = 0.111, df = 1, p = 

0.738). Osteonecrosis’ stage analysis revealed 

that 80.70% of the study lot (representing 46 

patients) had stage 2 MRONJ, while 19.30% 

(11 patients) had stage 3 MRONJ. There were 

no statistically significant differences in 

MRONJ stage for patients distributed by 

gender (U = 459.5, z = 1.324, p = 0.185), 

residency (U = 406.5, z = 0.516, p = 0.606), 

osteonecrosis localization (U = 348, z = 

0.204, p = 0.838) or smoking status (U = 378, 

z = -0.168, p = 0.867). Age analysis revealed 

statistically significant differences between 

the two different stages (U = 339, z = -0.846, 

p = 0.001), as all patients with stage 3 were 

older than 65 years old.  

The primary tumor which generated 

metastases treated with bisphosphonate was 

diverse and included mostly breast neoplasm 

for females (88.89% of all female patients) 

and prostate neoplasm for males (56.76% of 

all male patients) (Table 2). Given the 

neoplasm various distribution, primary tumor 

location was regrouped in three categories: 

breast neoplasm (42.11% of the entire study 

lot), prostate neoplasm (29.82%), other 
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neoplasms (28.07%). These groups were uses for the subsequent statistical analysis. 

Table 2. Patients’ distribution according to primary tumor location and gender 

Primary tumor 

location 

Patients 
Total 

Overall    

percentage Females Males 

Digestive tract 1 3.70% 0 0.00% 1 1.75% 

Colon 1 3.70% 1 3.33% 2 3.51% 

Genital organs 1 3.70% 5 16.67% 6 10.53% 

Prostate 0 0.00% 17 56.67% 17 29.82% 

Lungs 0 0.00% 4 13.33% 4 7.02% 

Kidney 0 0.00% 3 10.00% 3 5.26% 

Breast 24 88.89% 0 0.00% 24 42.11% 

Total 31 100.00% 26 100.00% 57 100.00% 

 

A Kruskal-Wallis test was conducted to 

determine if there were differences in age 

between groups that differed in their 

neoplasm origin. Median ages were 

statistically significantly different between 

the different neoplasm groups, χ2(3) = 11.227, 

p = 0.004. Subsequently, pairwise 

comparisons were performed using Dunn's 

(1964) procedure with a Bonferroni 

correction for multiple comparisons. Adjusted 

p-values are presented. This post hoc analysis 

revealed statistically significant differences in 

median ages between the breast neoplasm 

(58.5 years old) and prostate (70 years old) 

groups (p = 0.002), but not between other 

group combinations. 

Also, a Chi-square test of independence 

was conducted between neoplasm groups and 

smoking status. All expected cell frequencies 

were greater than five. There was a 

statistically significant association between 

primary tumor groups and preference for 

smoking, χ2(2) = 6.309, df = 2, p = 0.042. 

Similarly, patients with prostate neoplasms 

mostly present stage 3 MRONJ, while 

patients with breast neoplasms mostly present 

stage 2 MRONJ (p = 0.014). 

 

Bisphosphonates act on osteoclasts, active 

in the osteolysis stage of bone remodeling, by 

inhibiting the enzyme farnesyl-

pyrophosphate-synthase (SPF), leading to a 

reduction in cellular activity and cell 

differentiation, with increasing cellular 

apoptosis as a function of drug concentration 

[19]. The fact that they are active in oral 

administration and inhibit osteoclasts, 

reducing the occurrence of adverse effects of 

skeletal metastases, has been a decisive factor 

in their use in humans, thus improving the 

quality of life of many patients [20]. 

Osteonecrosis of the jaw is the main side 

effect of treatment with these drugs, 

especially in oncological patients where the 

incidence has proved to be quite high. This 

may be related to decreased immunological 

capacity and ability to heal tissues in 

oncological patients [21,22]. 

MRONJ has been found in patients with 

breast, ovarian or prostate cancer, with bone 

cancer metastases, in whom zoledronic acid 

has been administered intravenously, and is 

present especially in the lower jaw, in 

advanced stages. 

The unweighted prevalence of MRONJ by 

type of malignancy showed a share of 8% 

among patients with multiple myeloma; 3.3% 

in the breast cancer group; 2.9% in the 

prostate cancer group and 0.7% for all other 

malignancies combined [23]. 

In the present study, the underlying 

condition was breast or ovarian cancer in 

women (88.89% of all female patients) and 

prostate cancer (56.67% of all male patients) 

in men. The higher prevalence of this 

complication in the female population is 
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probably a reflection of the high prevalence 

in the population of the underlying disease for 

which drugs are prescribed (breast cancer), 

which in the Oltenia region is more common 

than in other areas. Thus, according to the 

National Population Health Report 2019, 

published by INSP, in the period 2010-2019, 

the incidence values for cancer fluctuated 

slightly between the lowest value recorded in 

2011 (57,117 cases and the incidence rate of 

283.5 ‰oo inhabitants), and the highest value 

of the rate and number of cases recorded in 

2014 (65,793 cases and the incidence rate 

330.3 ‰oo inhabitants). Most new cases of 

cancer in the country in 2019 were in macro-

region four (South-West Oltenia region and 

West region). According to the reports of the 

oncology offices, in 2019 there were high 

rates of cancer in Dolj (4314.1 ‰oo 

inhabitants), almost twice than national rate 

(2528,7‰oo) [24]. 

The study also found that the incidence of 

MRONJ in females was predominant in 

people aged over 50 years old (83.87%), 

while for males, the higher incidence was in 

the age group over 65 years old (65.38%). In 

other studies that aimed to highlight the 

relation between bisphosphonates treatment 

and osteonecrosis of the jaws, women in their 

post-menopause period had a higher 

prevalence of osteonecrosis, mostly after 

concluding bisphosphonate therapy [25]. 

However, in 2019 another study concluded 

that there was not enough scientific data to 

prove an increased risk of developing 

MRONJ in elderly patients [26]. 

To date, the etiology of MRONJ has not 

been fully elucidated, and may involve the 

skeletal, nervous, and immune systems 

associated with the microbial flora of each 

individual. The onset of the condition has 

been shown to be influenced by several 

factors, including oral hygiene, periodontal 

and periapical conditions, and local trauma 

[27].  

Initially, bisphosphonates were considered 

the cause of MRONJ, and later a number of 

other antiresorptive and antiangiogenic drugs 

used to treat osteoporosis and malignant 

tumors in the field of hematology were found 

to be involved. However, the incidence of 

maxillary osteonecrosis in patients receiving 

treatment with such drugs alone is quite low 

(0.2%). Studies have shown that only when 

antiangiogenic drugs are combined with 

bisphosphonates that the incidence increase to 

0.9% [28-30]. The type of medication, its 

dose, frequency, and method of 

administration proved to be of great 

importance. Thus, in oncological patients 

receiving high doses of intravenous 

bisphosphonates, an exposure of about 36 

months induces an estimated incidence of 

MRONJ between 1-12% [17,31]. 

In this study, the bisphosphonate involved 

in MRONJ was zoledronic acid i.v. 

administered (Zometa - NOVARTIS, 

Zoledronic Acid - ACCORD / ACTAVIS). 

This is also supported by the literature where 

it has been mentioned that zoledronic acid is 

the most potent compound of 

bisphosphonates as it is related to the 

occurrence of over 40% of MRONJ cases 

[13,32]. 

To measure the risk of developing 

osteonecrosis in patients exposed to a drug, 

the risk of developing osteonecrosis in 

patients who have not been treated with 

antiresorptive therapy has to be known. The 

risk of developing osteonecrosis among 

oncological patients who had not been treated 

with antiresorptive agents varied from 0% to 

0.019% (0-1.9 cases per 10,000 cancer 

patients) [31-34]. According to statistical 

data, the risk of developing osteonecrosis in 

subjects exposed to Zoledronate was 1% (100 

cases per 10,000 patients). Thus, the risk of 

maxillary osteonecrosis in oncological 
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patients exposed to Zoledronate is 50-100 

times higher than in oncological patients who 

are not treated with antiresorptive medication 

[10,33-35]. 

The specific effects of bisphosphonates on 

skeletal bone remodeling may differ even 

within the same individual, depending on the 

area involved [36]. The study group consisted 

of 57 cancer patients, of whom 40 (70.18%) 

had MRONJ in the lower jaw, which proves 

that at this level the risk of developing 

MRONJ is higher. In addition to a 2-fold 

higher incidence of MRONJ in lower jaw 

compared to maxilla, there are certain areas 

within the same jaw that are prone to 

osteonecrosis, and this may be due to the 

accumulation of toxic concentrations of the 

drug in those areas. Thus, it was found that 

the posterior area of the mandible was more 

prone to osteonecrosis compared to the 

anterior area [37]. 

This may be due to a greater reshaping 

capacity of osteoclasts in areas where high 

pressure and tension forces developed in the 

masticatory or occlusion functions occur or 

due to the use of dentures [10]. Hokugo and 

colleagues concluded that the likelihood of 

developing MRONJ in the alveolar bone, 

where the greatest active process of bone 

remodeling was implicated, could be reduced 

by choosing different BP administration 

protocols [38]. 

Lesions in the oral cavity involve the 

interaction of several types of soft and hard 

tissues. In addition to interfering with the 

healing of bone damage, bisphosphonates can 

compromise the proliferation, differentiation, 

and migration of vascular endothelial cells, 

thereby delaying vascular remodeling and 

soft tissue repair in the oral mucosa [39-41]. 

Aberrant oral immune barriers can 

significantly influence the healing of 

bisphosphonate-induced lesions, which may 

underlie the pathological mechanisms of 

MRONJ. Macrophages are a category of cells 

affected by the presence of zoledronic acid. 

Thus, they modify their polarization, leading 

to the activation and production of 

inflammatory cytokines and contributing to 

the pathogenesis of MRONJ [42]. The risk of 

developing MRONJ is multifactorial, but in 

most cases involve trauma to the jaw bones, 

particularly dentoalveolar surgery (0.5% risk 

of MRONJ in patients with oral 

bisphosphonates compared to 1.6-14.8% in 

patients with bisphosphonates i.v.) work 

verified by Dental Practicebased Research 

Networks (PBRNs) studies [43]. 

The MRONJ stage in which patients 

presented to the hospital was an advanced 

stage, 2 or 3 MRONJ, proving that patients 

only see a doctor when the condition is 

symptomatic. An issue of great importance 

and urgency is that primary prevention should 

be performed not only before the 

administration of MRONJ-associated drugs, 

but also during and after treatment with 

antiresorptive agents, to eliminate any 

outbreaks of MRONJ infection. Secondary 

prevention or early diagnosis is the second 

pillar in the strategy against MRONJ, as it is 

known that MRONJ diagnosed at an early 

stage can be successfully treated, as opposed 

to the advanced stages [44]. If patients follow 

the advice of a specialist, the risk of 

developing MRONJ may be reduced by 

preventive dental procedures [45]. Care 

should be taken if orthodontic treatment is 

needed in postmenopausal women, since this 

could be a trigger factor for MRONJ. If 

bisphosphonates’ administration cannot be 

discontinued during orthodontic treatment, 

then orthodontic forces should be very light 

[46]. According to a retrospective cohort 

study targeted at pointing out MRONJ 

associated factors and investigating variables 

related to favorable response, the following 

factors were associated with a beneficial 
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clinical result and a better response to 

therapy: oral bisphosphonates, shorter period 

of administration of bisphosphonate therapy, 

female patients, early stage of the disease, 

osteoporosis as the primary disease and 

specific anatomical location (frontal and 

premolar maxilla) [47]. 

The conclusions of another retrospective 

study focused on the evolution and prediction 

of MRONJ treated in a conservative manner 

in the beginning and the outcome of 

individual aspects affecting the result of 

therapy implied that primary disease and 

detachment of bone sequestrum were 

associated with positive results in MRONJ 

patients treated initially according to a 

conservative manner. When treated 

conventionally, considering the stage of the 

disease, MRONJ had a poor prognosis, a fact 

that was distinguished mainly when 

conservative therapy was used in mild cases 

[48]. 

Our study has the following limitations: 

data about patients were obtained from 

clinical charts only. Patients presented to the 

oral surgeon after a certain period of time 

after the advent of the trigger factor, so in 

many cases the trigger factor was not 

specified in the chart. Patients with cancer 

were treated usually with bisphosphonates 

and dexamethasone. The most common doze 

is 4 mg / month, but charts did not clearly 

reflect the treatment duration also, therefore 

we did not include this parameter in our 

study. 

 

CONCLUSIONS 

MRONJ has been found in patients with 

breast, ovarian or prostate adenoma cancers 

with bone metastases, who have been treated 

with zoledronic acid I.V., and was present 

especially in the lower jaw, mandibular 

MRONJ being 2.35 times more frequent than 

maxillary MRONJ. 

The age group which was most affected by 

MRONJ comprised patients older than 65 

years old, with a frequency of 54.39%, while 

the group 50-64 years old accounted for 

35.09% of the entire study lot. There was a 

statistically significant association between 

male gender and smoking and MRONJ. 

MRONJ was diagnosed in advanced stages, 

patients with prostate neoplasms mostly 

presented stage 3 MRONJ, while patients 

with breast neoplasms mostly presented stage 

2 MRONJ. 

It is necessary to consult the latest 

recommendations on a complete list of 

systemic and local risk factors for MRONJ in 

order to reduce the risk of onset of this 

disease as well as to continue research aimed 

at investigating the clinical-epidemiological 

aspects of MRONJ associated with 

antiresorptive and antiangiogenic therapy. 
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