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Introduction

Medication-related osteonecrosis of the jaw (MRONJ) is a 
serious complication of drug treatment of patients with cancer 
or with osteoporosis. Although the incidence of MRONJ is 
relatively low, it very negatively affects the quality of life of 
patients and its treatment is complicated.[1]

It is estimated that the overall risk of MRONJ among patients 
taking antiresorptive drugs for the treatment of osteoporosis 
ranges between 0.004% and 0.2% (4–200 cases per 100,000 
subjects), although most studies indicate that this risk is lower 
than 0.1% (<1 case per 1000 patients with osteoporosis treated 
with this medications). In the case of cancer patients treated 
with antiresorptive and/or antiangiogenic drugs, MRONJ 
risk is higher, between 1% and 3% (1–3 cases per 100 cancer 
patients).[2]

The development of an MRONJ depends on factors such as 
the type of drug, the route of administration, the total cumulative 
dose of the same, the duration of treatment, the association with 
other drugs (biological, antiangiogenic, corticosteroids, etc.), and 
systemic diseases such as diabetes mellitus, tobacco consumption, 
or genetic susceptibility through the expression of single-
nucleotide polymorphisms associated with MRONJ. Among 
the possible oral triggering factors are invasive dental procedures 
(tooth extraction, implant placement, periodontal treatment, 
removable denture wearers, etc.).[3] The aim of this study was to 
assess the possible predictive factors related to MRONJ.

Methodology

A search of studies on MRONJ in the PubMed database was made 
combining the following terms of the Medical Subject Headings 
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(MeSH terms) “jaw,” “osteonecrosis,” “bisphosphonate-
associated osteonecrosis of the jaw,” and “risk factors.” Two 
hundred and ten articles published between 2006 and 2018 were 
found. The inclusion criteria were as follows: (a) Type of studies: 
Clinical studies, clinical trials, comparative studies, evaluation 
studies, meta-analysis, multicenter studies, and observational 
studies (n = 98) and (b) studies with full-text availability 
(n = 94). The exclusion criteria were as follows: (a) Studies that 
did not include a control group without MRONJ treated with 
antiresorptive drugs (n = 46), (b) studies with irrelevant/non-
usable data (n = 21), and (c) studies carried out in experimental 
animals (n = 2). After applying the above criteria, 25 studies were 
analyzed in this meta-analysis [Figure 1].

Statistical analysis

The meta-analysis was performed using the RevMan 5.3 
program (The Cochrane Collaboration, Oxford, UK). The 
odds ratio (OR) with the Haenszel-Mantel Chi-square formula 
with 95% confidence intervals (95% CI) for the dichotomous 
variables was used. The inverse of the variance (IV) for the mean 
difference (MD), also with 95% CI for the continuous variables 
was applied. The level of statistical heterogeneity was established 
considering P values and the Higgins statistic (I2). The random 
effects model was used in cases of high heterogeneity. Minimum 
significance level was set at P < 0.05.

Results

Table 1 shows the prevalence of MRONJ according to the different 
diseases of patients being treated with antiresorptive drugs. The 
highest prevalence of MRONJ (14.7%) was observed in patients 
with multiple myeloma, followed in decreasing order by patients 
with metastases from renal cancer (12.7%), lung cancer (3.9%), 
prostate cancer (3.4%), and breast cancer (2.6%). The lowest 
prevalence was found in patients with osteoporosis (1.7%).

Distribution of MRONJ studies according to the 
administration route of antiresorptive drug: Intravenous-
intramuscular (IV-IM) or oral route and the drug administration 
time (in months) are shown in Table 2.

According to the studies on IV-IM administered drugs,[4-16] of 
1909 patients, 288 (15.1%) developed MRONJ. The drugs most 
related to the MRONJ were, in descending order, the following: 
Denosumab + zoledronic acid (50.0% of cases), pamidronate + 
zoledronic acid (30.9%), denosumab (28.6%), zoledronic acid 
(17.2%), and pamidronate (12.9%).

In the studies on orally administered drugs,[5-7,16-19] of the 
15,174 patients treated with these drugs, only 111 (0.7%) had 
MRONJ. Oral medications related to MRONJ, in decreasing 
order, were as follows: Risedronate (30.0% of cases), etidronate 
(17.6%), ibandronate (5.0%), and alendronate (0.6%).

Table 3 shows the main predictive risk factors associated with 
MRONJ.

Figure 1: Study flow diagram
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Twenty studies[6-10,12-27] considered age as a possible risk 
factor for MRONJ, observing a higher mean age (1.87 years 

more on average) in MRONJ patients compared to controls 
with a statistically very significant relationship (MD=1.87, 95% 
CI: 0.50–3.24, P < 0.01).

Regarding gender, 19 studies[7,8,10-13,15-24,26-28] analyzed this 
parameter as a potential risk factor, finding 1.23 times more 
probability of MRONJ in women than in men, with a statistically 
significant association (OR=1.23, 95% CI: 1.04–1.45, P = 0.01).

Drug administration by IV-IM route increased 4.03-fold the 
MRONJ risk with statistically significant differences (OR=4.03, 
95% CI: 1.10–14.72, P = 0.04).

Regarding the drug administration time, MRONJ patients 
received the antiresorptive drug for longer (8.77 months more on 
average) than those who did not have MRONJ. After statistical 
analysis, a very significant association was found (MD=8.77, 
95% CI: 3.14–14.41, P < 0.01).

Twelve studies[4,8,10,11,13,17-19,21,23,26,27] assessed the possible 
influence of corticosteroid intake on the MRONJ risk without 
finding any statistically significant effect (OR=0.84; 95% CI: 
0.42–1.66, P = 0.61). On the other hand, five studies[4,8,21,13,17] 
also analyzed the role of the antiangiogenic agents intake on 
the MRONJ risk with no statistically significant relationship 
(OR=0.83, 95% CI: 0.40–1.81, P = 0.67).

Eight studies[8,9,12,13,16,18,22,27] considered the tooth extractions, 
finding an important increase of 6.85 times in the MRONJ risk. 
After the statistical analysis, highly significant differences were 
observed (OR=6.85, CI: 4.21–11.16, P < 0.001). Two studies[8,16] 
investigated the dental implant placement as a possible triggering 
factor of MRONJ without a statistically significant relationship 
(OR=0.88, 95% CI: 0.29–2.74, P = 0.83). Five studies[4,8,11,16,22] 
analyzed the periodontal treatments although no statistically 
significant association was found (OR=0.97, 95% CI: 0.51–1.84, 
P = 0.92). Finally, other five studies[8,9,11,16,25] assessed whether 
being a removable denture wearer could be an MRONJ risk. 
There was no significant influence after statistical analysis 
(OR=0.96, 95% CI: 0.57–1.64, P = 0.89).

Table 1: Prevalence of MRONJ considering the different diseases
Disease n Study references n/N  (%)
Breast cancer metastasis 12 [4‑12,20‑22] 130/5091 (2.6)

Multiple myeloma 11 [4,6,10,13‑17,21‑23] 134/914 (14.7)

Prostate cancer metastasis 9 [4,6‑8,10‑12,20,21] 70/2053 (3.4)

Osteoporosis 7 [7,16,18,22,26‑28] 334/19352 (1.7)

Lung cancer metastasis 6 [6,7,10,12,20,22] 9/230 (3.9)

Kidney cancer metastasis 4 [6,10,11,12] 25/206 (12.1)
n: Number of studies; n/N: Number of MRONJ cases/total number of 
individuals taking antiresorptive drugs; %: Percentage of MRONJ patients. 
MRONJ: Medication‑related osteonecrosis of the jaw

Table 2: Data about MRONJ according to the antiresorptive drug 
administration
IV‑IM route drugs n Study references n/N  (%)
Zoledronic acid 13 [4‑16] 194/1126 (17.2)

Pamidronate 7 [4‑6,10,13,15,16] 43/333 (12.9)

Pamidronate+zoledronic acid 6 [4‑7,10,13] 46/149 (30.9)

Denosumab 2 [7,12] 2/7 (28.6)

Denosumab+zoledronic acid 2 [7,12] 3/6 (50.0)

Oral route drugs n Study references n/N (%)

Alendronate 5 [7,16‑19] 98/15,107 (0.6)

Risedronate 3 [7,16,19] 9/30 (30.0)

Ibandronate 3 [5,6,16] 1/20 (5.0)

Etidronate 1 [19] 3/17 (17.6)
IV‑IM route: Intravenous‑intramuscular route; n: Number of studies; 
n/N: Number of MRONJ cases/total number of individuals taking 
antiresorptive drugs; %: Percentage of MRONJ patients. MRONJ: 
Medication‑related osteonecrosis of the jaw

Table 3: Main predictive risk factors for MRONJ
Predictive risk factor n Reference value Statistic 95% CI I2  (%) P value
Age 20 ↑ age (years) MD: 1.87 0.50–3.24 70 <0.01*

Gender 19 Female OR: 1.23 1.04–1.45 37 0.01*

Drug administration route 17 IV‑IM OR: 4.03 1.10–14.72 64 0.04*

Drug administration time 10 ↑ time (months) MD: 8.77 3.14–14.41 53 <0.01*

Corticosteroids 12 Yes OR: 0.84 0.42–1.66 88 0.61

Antiangiogenic agents 5 Yes OR: 0.85 0.40–1.81 61 0.67

Tooth extraction 8 Yes OR: 6.85 4.21–11.16 65 <0.001*

Dental implant placement 2 Yes OR: 0.88 0.29–2.74 0 0.83

Periodontal treatments 5 Yes OR: 0.97 0.51–1.84 83 0.92

Removable denture wearers 5 Yes OR: 0.96 0.57–1.64 0 0.89

Tobacco consumption 7 Yes OR: 1.76 1.13–2.75 0 0.01*

Diabetes mellitus 12 Yes OR: 1.78 0.93–3.41 90 0.08

n: Number of studies; MD: Mean differences; OR: Odds ratio; 95% CI: 95% confidence interval; I2 (%): Higgins statistic for heterogeneity; ↑: Higher; 
IV‑IM: Intravenous‑intramuscular route; *Statistically significant. MRONJ: Medication‑related osteonecrosis of the jaw
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Regarding tobacco consumption, seven studies[8-11,16,20,27] 
reviewed its role as a possible MRONJ risk. Smoking increased 
1.76-fold the MRONJ risk with a statistically significant 
relationship (OR=1.76, 95% CI: 1.13–2.75, P = 0.01).

Twelve studies[9-11,15,18-21,23,26-28] analyzed the influence of 
diabetes mellitus as a possible MRONJ risk factor. Diabetes 
mellitus did not have a significant influence on the MRONJ risk 
(OR=1.78, 95% CI: 0.93–3.41, P = 0.08).

Discussion

In the present meta-analysis on the possible risk factors associated 
with MRONJ, data from 28 studies have been included.

Antiresorptive drugs are fundamentally used for the 
treatment of tumors or metastatic bone lesions and for the 
treatment of osteoporosis. Patients with multiple myeloma 
were the most frequent group with MRONJ (14.7%), followed 
by patients with metastases from different tumors: Kidney 
cancer (12.1%), lung cancer (3.9%), prostate cancer (3.4%), 
and breast cancer (2.6%). In patients with osteoporosis, this 
frequency was the lowest (1.7%). The 22 studies[4-18,20-23,26-28] that 
reviewed the epidemiological data coincide in pointing out that 
the MRONJ appears mainly in oncology patients and in a much 
lower percentage in osteoporosis patients. Probably, this higher 
prevalence in multiple myeloma is due to the existence of multiple 
bone lesions in this disease where the myeloid plasma cells 
infiltrate the bone marrow, inhibiting the normal mechanisms 
of bone repair, and activating its destruction.[16] In the MRONJ, 
colonies of Actinomyces and other bacteria are frequently 
isolated, especially in the areas of bone resorption and necrotic 
bone. Bacterial metabolism liberates lipopolysaccharides that 
induce the production of multiple pro-inflammatory cytokines 
and biological mediators involved in bone resorption and in the 
inhibition of the expression of osteoprotegerin, a bone protective 
factor.[14]

In this study, patients with MRONJ had a higher mean 
age (1.87 years more on average) than subjects without 
MRONJ with statistically significant differences (P < 0.01). 
Fourteen[6-10,12-16,21,24,26,27] of the 20 studies that analyzed this 
parameter coincide in pointing out that patients with MRONJ 
were older. However, this higher average age is not due to 
the MRONJ itself but to the underlying disease (cancer and 
osteoporosis) of the patients who develop it.[16]

With regard to gender, women were 1.23 times more likely 
to had MRONJ, with a statistically significant association 
(P = 0.01). Eight[8,11,18-20,25-27] of the 19 studies that considered 
this variable found a greater number of women than men with 
MRONJ. As with age, this predilection for female gender may not 
be directly related to MRONJ, but rather to certain pathologies 
such as osteoporosis or breast cancer that is especially prevalent 
in women. For example, in the case of osteoporosis, treatment 
with bisphosphonates to prevent osteoporotic fractures has 
replaced hormone replacement therapy due to the relationship 
between estrogens and breast cancer.[19]

Antiresorptive drug administration route (IV-IM or oral) 
as well as the drug administration time were also considered. 
Among drugs administered by IV-IM route, the drug most linked 
to MRONJ was the combination of denosumab plus zoledronic 
acid with 50% of cases, followed by pamidronate + zoledronic 
acid (30.9% of cases), denosumab (28.6%), zoledronic acid 
(17.2%), and pamidronate (12.9%). The greater frequency of 
MRONJ in patients with joint administration of denosumab and 
zoledronic acid and could be explained by the possible synergism 
of its adverse effects that increase the risk of developing 
it. The main adverse effects of denosumab and zoledronic 
acid administration are anemia, back pain, anorexia, nausea, 
fatigue, constipation, bone pain, asthenia, arthralgia, vomiting, 
hypocalcemia, renal toxicity, and new primary malignancies. 
Denosumab presents less risk of anemia, anorexia, and renal 
toxicity, while zoledronic acid is associated with a lower risk of 
hypocalcemia and new primary malignancies.[29] Antiresorptive 
drug administered orally that presented the highest number of 
cases of MRONJ was risedronate (30% of cases), followed in 
decreasing order, etidronate (17.6%), ibandronate (5%), and 
alendronate (0.6%).

IV-IM-administered antiresorptive drugs increased 4.03-
fold the MRONJ risk with statistically significant differences 
(P = 0.04). Several studies have confirmed this increased 
MRONJ risk with IV-IM-administered antiresorptive drugs.
[5,15,26] These patients tend to receive high-potency drugs at high 
cumulative doses for the treatment of life-threatening diseases 
such as multiple myeloma and several types of cancer with bone 
metastases,[15] which lead to an increased MRONJ risk.[16]

With regard to the drug administration time, MRONJ patients 
were treated for a longer time (8.77 months more on average), 
with a statistically significant association (P < 0.01). MRONJ 
risk increased as the drug administration time raised.[5,13]

Other drugs (corticosteroids and antiangiogenic agents) were 
studied as possible MRONJ risk factors. These drugs were not an 
MRONJ risk factor without a statistically significant relationship 
both in the case of corticosteroids (P = 0.61) as in that of 
antiangiogenic drugs (P = 0.67). The possible role of steroid 
drugs in the pathogenesis of this disease is not clear. Although 
corticosteroids are commonly used in the cancer treatment,[4] its 
immunosuppressive activity could have several effects on tissues, 
delaying healing, and disturbing oral microbiota composition 
with the subsequent risks of superinfection and MRONJ.[21]

In the case of antiangiogenic agents, these could inhibit the 
mechanisms of vascular repair in the maxillary bones, contributing 
in this way to the potential development of MRONJ.[21] MRONJ 
has been associated with various triggering factors including 
different dental treatments. In the present study, tooth extraction 
was the most risk dental treatment since it raised 6.85 times 
the MRONJ risk with highly significant statistically differences 
(P < 0.001). Eight studies[8,9,12,13,16,18,22,27] evidenced this increased 
risk related to dental extractions. Antiresorptive drug treatment 
interferes with the post-extraction healing process, with the 
absence of bone resorption, deficient vascularity, and a low 
number of osteoclasts that alter bone maturation and favor 



Medication-related osteonecrosis of the jaw� Rodriguez-Archilla and Rodriguez-Soriano

International Dental & Medical Journal of Advanced Research ●  Vol. 5  ●  2019� 5

the development of osteonecrosis.[8] In addition, the MRONJ 
risk increased as the time of the use of these drugs raised, 
especially when it was longer than 2 years. Therefore, the 
health professional must always keep this possibility in mind, 
establishing appropriate preventive measures and carrying out 
the early diagnosis of this complication in case of presenting 
itself.[16]

In this study, neither dental implant placement (P = 0.83), 
nor periodontal treatment (P = 0.92), nor the treatment with 
removable dentures (P = 0.89) had a significant influence on 
MRONJ risk. Both periodontitis and the antiresorptive drug 
intake could interfere with bone resorption in the maxillary 
bones. In periodontal disease, the bone is exposed to bacterial 
toxins, inflammatory cytokines, and an environment of oxidative 
stress that would favor osteonecrosis.[8] The tissues of removable 
denture wearers suffer more frequently from traumatic events 
and alterations in the bone apposition-resorption pattern 
due to local pressure areas. These facts could act as possible 
precipitating factors of MRONJ.[25]

With respect to tobacco consumption, smokers had a 
1.76-fold higher risk of MRONJ with a statistically significant 
relationship (P = 0.01). The seven studies[8-11,16,20,27] that 
considered this harmful habit proved its influence. Tobacco 
consumption alters bone metabolism, creating adequate 
conditions for the development of osteonecrosis in conjunction 
with other factors.[16]

Finally, in the present study, some systemic diseases such as 
diabetes mellitus had no significant influence on MRONJ risk 
(P = 0.08). However, some hypoglycemic drugs may induce 
changes in the oral microbiota composition favoring gingival 
infections, in addition to affecting bone turnover.[26] On the 
other hand, microangiopathy of diabetes mellitus patients might 
be an event that favors the development of MRONJ.[15]

The preventive measures of the MRONJ should be 
implemented before starting treatment with the antiresorptive 
agents. A complete and exhaustive dental examination (clinical 
and radiological) should be performed. Teeth that cannot 
be restored or that have a poor prognosis should be removed. 
Any infection in the oral cavity must be adequately treated. 
Removable denture wearers are susceptible to local trauma and 
dentures should be periodically checked to ensure a good fit and 
stability of the denture to avoid mucosal lesions. Dental surgery 
must be performed before antiresorptive therapy is initiated. 
Tooth extractions must be very careful to achieve good wound 
closure and restitution of the oral mucosal integrity.[30]

This study has some limitations. When searching in PubMed 
database, almost exclusively English language studies were 
considered, assuming a language restriction and the chance of 
language and publication bias. Another potential limitation lies 
in the large differences in the sample sizes existing in the studies 
included in this meta-analysis. Studies with small sample sizes 
tend to have low statistical power and may induce erroneous 
inferences. Moreover, other interesting variables such as type, site 
or complexity of tooth extractions, or the amounts and form of 
tobacco and/or alcohol consumption could not be contemplated.

The results of this meta-analysis should be interpreted with 
caution due to the high heterogeneity of some of the studies 
included in it. The differences between different studies would 
be conditioned by several factors that could be sources of bias.

Conclusions

In this meta-analysis, 15.1% of patients who received IV-IM 
antiresorptive drugs and 0.7% of those who received orally 
antiresorptive drugs had MRONJ. The risk factors related to 
MRONJ were as follows: the IV-IM drug administration (OR: 
4.03), an older age (MD: 1.87 years), female gender (OR: 1.23), 
tobacco consumption (OR: 1.76), and tooth extraction as a 
dental background (OR: 6.85). Corticosteroids or antiangiogenic 
agents intake, dental implant placement, periodontal treatment, 
be a removable denture wearer or be diabetic, had no significant 
influence.
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