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Abstract
Background: We determined whether serum levels of Receptor Activator for Nuclear Factor κ B Ligand (RANKL), 
Osteoprotegerin (OPG), and the RANKL/OPG ratio could be useful biomarkers for the severity of oral lesions in 
bisphosphonate-related osteonecrosis of the jaw (BRONJ).
Material and Methods: A case-control study in which Group 1 consisted of 41 patients with BRONJ due to bis-
phosphonates, and Group 2 consisted of 44 healthy control cases. The plasma levels of RANKL and OPG were 
analyzed by an ELISA assay. The OPG/RANKL ratio was also calculated. We determined if the mean serum 
values differed among the different stages of BRONJ.
Results: Serum levels of RANKL were lower in Group 1 than in Group 2 (p =0.01), and serum levels of OPG 
were higher in patients with BRONJ than in the controls (p =0.006). The ratio of RANKL/OPG was greater in the 
controls than in Group 1 (p >0.01). There were no significant differences in the serum levels of RANKL and OPG 
among the different stages of osteonecrosis (p >0.05). 
Conclusions: Serum levels of RANKL and OPG, and the RANKL/OPG ratio were not valuable biomarkers for 
determining the severity of oral lesions in patients with BRONJ. 
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Introduction
Medication osteonecrosis of the jaw (MRONJ) is a se-
vere complication that occurs after anti-resorptive treat-
ments for metastatic cancer, multiple myeloma, and os-
teoporosis. Several drugs have been implicated in this 
disorder since 2003 when the first series of cases were 
described (1), the most common of which is bispho-
sponate (BP) (2-5).
More recently, other drugs such as denosumab (6-8) 
and anti-angiogenic drugs (9) have been implicated in 
MRONJ, the latter of which is used for cancer treat-
ment. 
The exact mechanism of MRONJ remains unclear; how-
ever, many investigations have described and proposed 
an osteoclast impairment mechanism with a lack of nor-
mal resorption capacity. Other potential etiological fac-
tors include the role of local infections in the dental and 
periodontal areas; dental surgery is considered to be the 
primary precipitating factor for this oral complication 
related to anti-resorptive drugs (10).
For bisphosphonate-related osteonecrosis of the jaw 
(BRONJ), the number of doses and accumulation of 
BPs are important factors underlying the pathogenesis 
of this disease (10). BPs inhibit the differentiation of os-
teoclasts (11) and zoledronic suppresses the TNF-α- and 
RANKL-induced migration of precursors by inhibiting 
the mevalonic acid pathway (12).
It has been reported that BP decreases Receptor Acti-
vator for Nuclear Factor κ B Ligand (RANKL) and in-
creases Osteoprotegerin (OPG) in animal models (13). 
These phenomena also contribute to the onset and per-
sistence of BRONJ. 
Previous studies have attempted to identify a biomarker 
that could be useful for the management and prognosis 
of BRONJ (14).
To the best of our knowledge, no clinical studies have 
compared the stage classification of BRONJ patients 
with their serum levels of RANKL and OPG. The aim 
of this study was to analyze differences in serum levels 
of RANKL and OPG in the different stages of BRONJ 
as a potential biomarker for the severity of MRONJ.

Material and Methods
This case-control study was approved by the Ethical Com-
mittee of Valencia University (No. H1417371704425). 
The study was performed in the service of Stomatology 
and Maxilofacial Surgery, Valencia, and at the Univer-
sity of Valencia, Spain. The patients were divided two 
groups: Group 1 consisted of 41 patients with BRONJ 
due to BPs, and Group 2 included 44 healthy control 
cases. In Group 1, only patients presenting with at least 
one area of osteonecrosis within stages 1 to 3 were in-
cluded. In addition, only cases where there was an ex-
posed bone necrotic area or fistula in the bone with or 
without symptoms and infection were included, so stage 

0 patients were excluded. The diagnosis of osteonecro-
sis was performed following the Ruggiero criteria (10).
All of the patients agreed to participate in the study. 
Of the 41 cases, 32 (78.05%) received intravenous zole-
dronic acid (Zometa® Novartis Pharma SpA, Basel, 
Switzerland) every 4 weeks for the treatment of meta-
static cancer, and 9 (21.95%) were treated with oral BPs 
for osteoporosis. Group 2 did not have any systemic dis-
ease or oral lesions, and did not receive any treatment 
that could interfere with bone metabolism. In each case, 
a blood sample was obtained from a peripheral arm 
vein before starting any treatment after a diagnosis was 
made. Blood was immediately centrifuged at 3000 rpm 
for 10 min, and the samples were filtered and stored at 
-80°C until final analysis. Plasma levels of RANKL and 
OPG were analyzed using an ELISA assay. 
The RANKL and OPG concentrations in the samples 
were assayed using a commercial enzyme-linked im-
munosorbent assay (ELISA; Quantikine RANKL and 
OPG, R&D Systems, Minneapolis, MN, USA). Brief-
ly, plasma samples were loaded onto microplates pre-
coated with specific monoclonal RANKL and OPG 
antibodies. Standards and samples were bound by the 
immobilized antibody. After washing to remove un-
bound material, an enzyme-linked polyclonal antibody 
specific for RANKL and OPG was added to the wells. 
After a second wash with buffer, the substrate solution 
was added and incubated for 30 min while being pro-
tected from light. The reactions were stopped with the 
appropriate substrate. The optical density of the color in 
each well was measured at 450 nm. RANKL and OPG 
levels were reported as means ± SDs, expressed in pg/
mL. The OPG/RANKL ratio was also calculated. For 
statistical analysis, we used the x2 test to analyze the 
association between qualitative variables. To determine 
whether there were differences in the mean of the two 
different groups, we used the Mann–Whitney test if 
the values did not follow a normal distribution. If there 
were more than two groups, we applied the Kruskal–
Willis test for non-parametric values. P values less than 
0.05 were considered statistically significant.

Results
The clinical data of our patients are summarized in Ta-
ble 1. Regarding the plasma RANKL levels, the highest 
values were found in the controls, whereas the lowest 
were detected in Group 1, representing patients with 
osteonecrosis (p = 0.01). When considering plasma lev-
els of OPG, the highest levels were found in the group 
with osteonecrosis (Group 1) (p = 0.006). The ratio of 
RANKL/OPG was greater in the controls than in Group 
1 (p < 0.01) (Table 2). Based on the comparison of se-
rum levels of RANKL and OPG, and the RANKL/OPG 
ratio among the different stages of osteonecrosis, no 
significant differences were observed (p > 0.05). We 
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Mean age 72.20±13,87 
(mean± SD)

Gender
Females 25 (61%)

Males 16 (39%)
Diseases

Multiple myeloma 12 (29.3%)
Breast cancer 9 (22%) 

Multiple myeloma and breast cancer 1 (2.4%)
Prostate cancer 6 (14.6%)

Renal cancer 2 (4.9%)
Lung cancer 1 (2.4%)

Colon cancer 1 (2.4%)
Lymphoma 1 (2.4%)

Osteoporosis 8 (19.5%)
Drugs

Zoledronic acid 32 (78.04%)

Alendronate 1 (2.4%)
Ibandronic acid 5 (12.2%)

Risedronate 3 (7.3%)
Local factors

Extraction 32 (78.04%)
Unknown 4 (9.7%)

Implant 2 (4.9%)
Prosthesis 3 (7.3%)

Location
Mandible 32 (78 %)

Upper jaw 8 (19.5%)
Mandible and upper jaw 1 (2.4%)

Symthoms
Pain 17 (41.5%)

Infection 17 (41.5%)
Stage

1 16 (39%)
2 19 (46.3%)
3 6 (14.6%)

Table 1: Description of clinical data in Group 1.

also did not find differences in OPG and RANKL/OPG 
based on the comparison of the BP administration route 
(intravenous or oral) or location of the lesion on the 
mandible or upper jaw (p > 0.05) (Table 3).

Discussion
BPs have been used for many years (15), Zoledronic 
acid is a potent antiresorptive BP used to manage os-
teolysis or hypercalcemia due to malignant diseases 
such as metastatic cancer and multiple myeloma. BPs 

are also commonly used for the treatment of metabolic 
bone diseases such as osteoporosis, in which there are 
bone resorption processes (16). In addition to diminish-
ing the bone resorption process, BPs promote the apop-
tosis of osteoclasts (17).
In summary, BPs can inhibit the progression of bone me-
tastasis as well as other skeletal tumor burdens through 
their ability to inhibit osteoclast function (18).
When BPs are within the bone, ion exchange and a phe-
nomenon of chemisorption occurs between the phos-
phonate groups of BPs and the inorganic phase of the 
extracellular matrix, as described by Sandhöfer et al. 
(19).
Non-amino-BPs are metabolized by osteoclasts, gen-
erating an adenosine triphosphate (ATP) analogue that 
leads to decreased functional ATPs, which promotes 
osteoclast apoptosis (20).
For amino-BPs, osteoclast apoptosis is caused by inhi-
bition of the mevalonate pathway and protein prenyla-
tion. Inhibition of farnesyl pyrophosphate synthase 
results in the suppression of geranylgeranylation and 
farensylation of small G-proteins. As a consequence, 
the inhibition of Rab, Ras, and RhoA has a strong effect 
on cancer patients through various mechanisms such 
as inducing apoptosis, cell cycle arrest, anti-migration, 
anti-invasive, and antiangiogenic effects (21).
More recently, other drugs that inhibit the bone resorp-
tion process have been prescribed to these patients 
such as denosumab, which is a selective antagonist of 
RANKL (22) that also causes osteonecrosis of the jaw, 
not only when used for oncology but also for the treat-
ment of osteoporosis (6,23).
Its mechanism of action differs from the primary mech-
anism of BP. There is a continuous attempt to identify 
biomarkers that can be used to predict the evolution of 
MRONJ or to identify more severe clinical cases of os-
teonecrosis. 
McGowan et al. (14) summarized the possible biomark-
ers of osteonecrosis in the jaw. Current biomarkers in-
clude nadir WBC <1000/mL, the Treg/Th17 ratio, GCF 
IL-1B, serum antibody levels against Porphyromonas 
gingivalis, and serum levels of VEGF, ESR, CRP, and 
CTX. (14).
However, Ruggiero et al. (10) stated that the use of sys-
temic markers has not been validated. Many studies 
have explored various biomarkers, but without clinical 
utility.
For the C-terminal cross-linking telopeptide of type I 
collagen, previous reports (10,24,25) have noted that se-
rum CTX is a biological marker of ONJ, whereas other 
studies have not reported this finding (26).
Friedlander et al. (27) concluded that only a limited 
number of studies have evaluated the prevalence of de-
pressed CTX levels of less than 150 pg/mL among OBP 
recipients and that only a very small minority of such 
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RANKL 
pmol/l

OPG 
pmol/l

RANKL/OPG

Group 1 (41 cases) osteonecrosis)
(mean±SD)

0.07±0.02 0.45±0.35 0.27±0.21

Group 2 (44 cases control)
(mean±SD)

0.10±0.04 0.27±0.21 0.61±0.65

U Mann-Whitney test= 
618  p=0.012

U Mann-Whitney test= 
588.5 p=0.006

U Mann-Whitney test= 
503  p=0.000

Table 2: Comparison of serum RANKL, OPG, and the RANKL/OPG ratio between groups.

RANKL/OPG RANKL
(mean±SD)

OPG
(mean±SD)

Administration 
Intravenous 0.32±0.28 0.07±0.03 pmol/l 0.42±0.33 pmol/l

Oral 0.24±0.17 0.07±0.02 pmol/l 0.52±0.48 pmol/l
U Mann-Whitney test= 123.0  

p>0.05
U Mann-Whitney test= 143.5  

p<0.01
U Mann-Whitney test= 126.5  

p>0.05

Location
Mandible 0.29±0.23 0.07±0.29

pmol/l
0.45±0.39 pmol/l

Upper jaw 0.34±0.36 0.08±0.03
pmol/l

0.40±0.19 pmol/l

U Mann-Whitney test= 129  
p>0.05

U Mann-Whitney test= 116  
p>0.05

U Mann-Whitney test= 117   
p>0.05

Stage
1 0.29±0.21 0.07±0.03 pmol/l 0.33±0.16 pmol/l
2 0.34±0.30 0.08±0.03 pmol/l 0.43±0.35 pmol/l
3 0.21±0.22 0.08±0.02 pmol/l 0.76±0.60 pmol/l

Kruskal-Wallis test= 0.78
P >0.05

Kruskal-Wallis test= 1.90
P >0.05

Kruskal-Wallis test= 2.58
P >0.05

Table 3: Differences in serum RANKL, OPG, and the RANKL/OPG ratio depending upon the type of administration, location, and stage of 
osteonecrosis in a group of 41 cases with BRONJ. 

patients subsequently developed MRONJ after dental 
extraction. We do, however, believe that the CTX test 
is potentially a valuable aid in the clinical decision-
making process, but not an absolute determination of an 
individual’s risk of developing MRONJ.
We found that plasma and saliva IL-6 values were high-
er in patients with BRONJ than in the controls, suggest-
ing that IL-6 may be a useful tool for monitoring the 
severity of BRONJ (28).
Another common finding in osteonecrosis is bacterial 
infection of the exposed bone, mainly with the presence 
of Actinomyces (29).
Anav- Lev et al. (30) confirmed that Actinomyces in-
fection is a etiological factor in BRONJ. We found that 
plasma and saliva oxidative stress levels were higher in 

patients with BRONJ than in controls, and may be use-
ful for monitoring. Reactive oxygen species are com-
mon in inflammatory processes, and the oxygen radical 
products are important for killing microorganisms (31).
Circulating sRANKL levels may also be modulated 
by BPs (32). However, previous studies that analyzed 
changes in RANKL after BP treatment were performed 
in animals.
Çankaya  et al. (13) treated a group of rats with zole-
dronate and compared the results with two control 
groups: one injected with saline solution and another 
with no injection of any substance or drug. The authors 
found that RANKL values in the mandible were de-
creased in the zoledronic group. By contrast, they ob-
served increased OPG levels in the zoledronic group. 
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Another previous report described changes in RANKL/
OPG gene expression after BP treatment. 
Koch et al. (33) observed enhanced RANKL/OPG 
gene expression after stimulation by BPs in an in vitro 
study. 
Di Nisio et al. (34) proposed that bacteria in the necrotic 
area could trigger the RANK/RANKL/OPG signaling 
pathway. We explored whether serum levels of RANKL 
and OPG, or the RANKL/OPG ratio had any relation-
ship with the different stages of MRONJ. This observa-
tion has never been described in patients with osteone-
crosis. 
We only selected cases with necrotic bone exposure to 
account for any possible confusion with stage 0 diag-
noses.
Some authors (35) have commented on the non-specific 
findings of stage 0, which could complicate the final 
stage classification of MRONJ. 
Mawardi and Woo (36) suggested that it may be useful 
to remove Stage 0 entirely and only maintain stages 1, 2, 
and 3. For the abovementioned reasons, we selected cases 
with clear bone exposure, represented as stages 1–3. 
According to Çankayaet al. (13) the mean values of se-
rum RANKL in our group with osteonecrosis were sig-
nificantly lower than the corresponding control group 
(p=0.01). On the other hand, the mean values of serum 
OPG were higher in the osteonecrosis group than in the 
controls (p>0.01). These findings support the fact that 
BP treatment affects both osteoclasts and the RANKL/
RANK/OPG signaling pathway. The RANKL/OPG ra-
tio was lower in the group with osteonecrosis compared 
to the controls, suggesting that there were even more 
changes in OPG than in RANKL levels. Based on the 
abovementioned differences between the group with 
ONM and the controls, and considering the serum lev-
els of RANKL and OPG, we explored whether the more 
advanced stages of osteonecrosis showed significant 
differences in the serum levels of RANKL and OPG 
compared to the early stages. Therefore, we explored 
whether serum levels of RANKL and OPG, and the 
RANKL/OPG ratio could be useful biomarkers for the 
severity of oral lesions. We did not observe significant 
differences among the three stages of osteonecrosis. 
Furthermore, serum levels of OPG did not show differ-
ences between patients with osteonecrosis treated in-
travenously for cancer compared to those treated orally 
for osteoporosis. Overall, serum levels of RANKL and 
OPG, and the RANKL/OPG RATIO were not valuable 
biomarkers for determining the severity of oral lesions 
in patients with osteonecrosis of the jaw. 

References
1. Marx RE. Pamidronate (Aredia) and zoledronate (Zometa) induced 
avascular necrosis of the jaws: a growing epidemic J Oral Maxillofac 
Surg. 2003;61:1115-7.
2. Ruggiero SL, Fantasia J, Carlson E. Bisphosphonate-related os-

teonecrosis of the jaw: background and guidelines for diagnosis, 
staging and management. Oral Surg Oral Med Oral Pathol Oral Ra-
diol Endod. 2006;102:433-41.
3. Ruggiero SL, Dodson TB, Assael LA, Landesberg R, Marx RE, 
Mehrotra B, et al. American Association of Oral and Maxillofacial 
Surgeons position paper on bisphosphonate-related osteonecrosis of 
the jaws--2009 update. J Oral Maxillofac Surg. 2009;67:2-12.
4. Allen MR, Ruggiero SL. Higher bone matrix density exists in only 
a subset of patients with bisphosphonate-related osteonecrosis of the 
jaw. J Oral Maxillofac Surg. 2009;67:1373-7.
5. Bagan JV, Hens-Aumente E, Leopoldo-Rodado M, Poveda-Roda 
R, Bagan L. Bisphosphonate-related osteonecrosis of the jaws: study 
of the staging system in a series of clinical cases. 19. Oral Oncol. 
2012;48:753-7.
6. Manzaneque A, Chaguaceda C, Mensa M, Bastida C, Creus-Baró 
N. Use and safety of denosumab in cancer patients. Int J Clin Pharm. 
2017;39:522-6.
7. Hoefert S, Yuan A, Munz A, Grimm M, Elayouti A, Reinert S. 
Clinical course and therapeutic outcomes of operatively and non-
operatively managed patients with denosumab-related osteonecrosis 
of the jaw (DRONJ). J Craniomaxillofac Surg. 2017;45:570-8.
8. Vyas S, Hameed S, Murugaraj V. Denosumab-associated osteone-
crosis of the jaw--a case report. 13. Dent Update. 2014;41:449-50.
9. Fusco V, Santini D, Armento G, Tonini G, Campisi G. Osteone-
crosis of jaw beyond antiresorptive (bone-targeted) agents: new hori-
zons in oncology. Expert Opin Drug Saf. 2016;15:925-35.
10. Ruggiero SL, Dodson TB, Fantasia J, Goodday R, Aghaloo T, 
Mehrotra B, et al. American Association of Oral and Maxillofacial 
Surgeons position paper on medication-related osteonecrosis of the 
jaw--2014 update. J Oral Maxillofac Surg. 2014;72:1938-56.
11. Yuan H, Niu LN, Jiao K, Pei DD, Pramanik C, Li JY, Messer R, 
Kumar S, Pashley DH, Tay FR. Revival of nitrogen-containing bis-
phosphonate-induced inhibition of osteoclastogenesis and osteoclast 
function by water-soluble microfibrous borate glass. Acta Biomater. 
2016;31:312-25.
12. Kimachi K, Kajiya H, Nakayama S, Ikebe T, Okabe K. Zole-
dronic acid inhibits RANK expression and migration of osteoclast 
precursors during osteoclastogenesis. Naunyn Schmiedebergs Arch 
Pharmacol. 2011;383:297-308.
13. Çankaya M, Cizmeci Şenel F, Kadioglu Duman M, Muci E, 
Dayisoylu EH, Balaban F. The effects of chronic zoledronate usage 
on the jaw and long bones evaluated using RANKL and osteopro-
tegerin levels in an animal model. 17. Int J Oral Maxillofac Surg. 
2013;42:1134-9.
14. McGowan K, McGowan T, Ivanovski S. Risk factors for medica-
tion-related osteonecrosis of the jaws:A systematic review. Oral Dis. 
2017 Jun 28. doi: 10.1111/odi.12708. [Epub ahead of print]
15. Russell RG, Croucher PI, Rogers MJ. Bisphosphonates: phar-
macology, mechanisms of action and clinical uses. Osteoporos Int. 
1999;9 Suppl 2:S66-80.
16. Drake MT, Clarke BL, Khosla S. Bisphosphonates: mechanism of 
action and role in clinical practice. Mayo Clin Proc. 2008;83:1032-45.
17. Parfitt AM, Mundy GR, Roodman GD, Hughes DE, Boyce BF. 
A new model for the regulation of bone resorption, with particu-
lar reference to the effects of bisphosphonates. J Bone Miner Res. 
1996;11:150-9.
18. Nadar RA, Margiotta N, Iafisco M, van den Beucken JJJP, Boer-
man OC, Leeuwenburgh SCG. Bisphosphonate-Functionalized Im-
aging Agents, Anti-Tumor Agents and Nanocarriers for Treatment of 
Bone Cancer. Adv Healthc Mater. 2017;6.
19. Sandhöfer B1, Meckel M1, Delgado-López JM2, Patrício T3, 
Tampieri A3, Rösch F1, Iafisco M3. Synthesis and preliminary in 
vivo evaluation of well-dispersed biomimetic nanocrystalline apa-
tites labeled with positron emission tomographic imaging agents. 
ACS Appl Mater Interfaces. 2015;7:10623-33. 
20. Coxon FP, Thompson K, Rogers MJ. Recent advances in under-
standing the mechanism of action of bisphosphonates. Curr Opin 
Pharmacol. 2006;6:307-12.
21. Caraglia M, Santini D, Marra M, Vincenzi B, Tonini G, Budillon 



Med Oral Patol Oral Cir Bucal. 2017 Sep 1;22 (5):e542-7.                                                          The ratio of RANKL/OPG in bisphosphonate related osteonecrosis of the jaws

e547

A. Emerging anti-cancer molecular mechanisms of aminobisphos-
phonates. Endocr Relat Cancer. 2006;13:7-26.
22. Cummings SR, San Martin J, McClung MR, Siris ES, Eastell R, 
Reid IR, Delmas P, Zoog HB, Austin M, Wang A, Kutilek S, Adami 
S, Zanchetta J, Libanati C, Siddhanti S, Christiansen C; FREEDOM 
Trial. Denosumab for prevention of fractures in postmenopausal 
women with osteoporosis. N Engl J Med. 2009;361:756-65.
23. Bagan J, Peydró A, Calvo J, Leopoldo M, Jiménez Y, Bagan L. 
Medication-related osteonecrosis of the jaw associated with bisphos-
phonates and denosumab in osteoporosis. Oral Dis. 2016;22:324-9.
24. Marx RE, Cillo JE Jr, Ulloa JJ. Oral bisphosphonate-induced os-
teonecrosis: risk factors, prediction of risk using serum CTX testing, 
prevention, and treatment. J Oral Maxillofac Surg. 2007;65:2397-
410.
25. Kwon YD, Kim DY, Ohe JY, Yoo JY, Walter C. Correlation be-
tween serum C-terminal cross-linking telopeptide of type I collagen 
and staging of oral bisphosphonate-related osteonecrosis of the jaws 
J Oral Maxillofac Surg. 2009;67:2644-8
26. Bagan JV, Jiménez Y, Gómez D, Sirera R, Poveda R, Scully C. 
Collagen telopeptide (serum CTX) and its relationship with the size 
and number of lesions in osteonecrosis of the jaws in cancer patients 
on intravenous bisphosphonates. Oral Oncol. 2008;44:1088-9.
27. Friedlander AH, Chang TI, Hazboun RC, Garrett NR. High C-
Terminal Cross-Linking Telopeptide Levels Are Associated With a 
Minimal Risk of Osteonecrosis of the Jaws in Patients Taking Oral 
Bisphosphonates and Having Exodontia. J Oral Maxillofac Surg. 
2015;73:1735-40.
28. Bagan J, Sáez GT, Tormos MC, Hens E, Terol MJ, Bagan L, et al. 
Interleukin-6 concentration changes in plasma and saliva in bisphos-
phonate-related osteonecrosis of the jaws. Oral Dis. 2014;20:446-52.
29. Lee CY, Pien FD, Suzuki JB. Identification and treatment of bis-
phosphonate-associated actinomycotic osteonecrosis of the jaws. 2. 
Implant Dent. 2011;20:331-6.
30. Anavi-Lev K, Anavi Y, Chaushu G, Alon DM, Gal G, Kaplan I. 
Bisphosphonate related osteonecrosis of the jaws: clinico-pathologi-
cal investigation and histomorphometric analysis. 1. Oral Surg Oral 
Med Oral Pathol Oral Radiol. 2013;115:660-6.
31. Bagan J, Sáez GT, Tormos MC, Gavalda-Esteve C, Bagan L, 
Leopoldo-Rodado M, Calvo J, Camps C. Oxidative stress in bis-
phosphonate-related osteonecrosis of the jaws. 6. J Oral Pathol Med. 
2014;43:371-7.
32. Abe T, Sato T, Kokabu S, Hori N, Shimamura Y, Sato T, et al. 
Zoledronic acid increases the circulating soluble RANKL level in 
mice, with a further increase in lymphocyte-derived soluble RANKL 
in zoledronic acid- and glucocorticoid-treated mice stimulated with 
bacterial lipopolysaccharide. Cytokine. 2016;83:1-7.
33. Koch FP, Merkel C, Ziebart T, Smeets R, Walter C, Al-Nawas B. 
Influence of bisphosphonates on the osteoblast RANKL and OPG 
gene expression in vitro. 18. Clin Oral Investig. 2012 Feb;16(1):79-
86. 
34. Di Nisio C, Zizzari VL, Zara S, Falconi M, Teti G, Tetè G, et al. 
RANK/RANKL/OPG signaling pathways in necrotic jaw bone from 
bisphosphonate-treated subjects. Eur J Histochem. 2015;59:2455.
35. Schiodt M, Reibel J, Oturai P, Kofod T. Comparison of nonex-
posed and exposed bisphosphonate-induced osteonecrosis of the 
jaws: a retrospective analysis from the Copenhagen cohort and a pro-
posal for an updated classification system. Oral Surg Oral Med Oral 
Pathol Oral Radiol. 2014;117:204-13.
36. Mawardi H, Woo SB. Medication-related osteonecrosis of the 
jaws, stage 0--do we need stage 0 any more? J Oral Maxillofac Surg. 
2015;73:797-7.

Conflict of Interest
Non-conflict of interest to declare.


