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Abstract

Bisphosphonate (BP) Related Osteonecrosis of the Jaw (BRONJ) is one 
of the frequently occurring adverse reaction of BP intake, which is indicated 
in management of osteoporosis, Paget disease, multiple myeloma, and 
hypercalcemia in malignancies. The risk of osteonecrosis of the jaw relates to 
dose and duration of the therapy and the route of administration (i.e. more often 
BRONJ occurs in patients undergoing intravenous BPs therapy). At present, 
the management of BRONJ is a dilemma. No effective treatment has yet 
been developed. There is currently no gold standard of treatment for BRONJ. 
However, nowadays new alternative methods appear to be a promising modality 
of BRONJ treatment in early stages of the disease, while being safe and well-
tolerated, i.e. hyperbaric therapy, ozone therapy, use of platelet rich fibrine and 
platelet rich plasma, photodynamic therapy, low level laser therapy. 

Keywords: Osteoporosis; Bisphosphonates; Osteonecrosis of the jaw; 
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Platelet Rich Plasma; LLLT: Low-Level Laser Therapy

Introduction
Bisphosphonates (BPs) are currently widely used; however, 

recently recognized relationship of BPs with an array of pathologic 
conditions of skeletal disorders has brought increased scrutiny to the 
current broad use of BPs therapy. BPs are recommended primarily 
for diseases of osteoclast-mediated bone excessive bone loss due 
to osteoporosis, Paget disease of the bone, multiple myeloma, and 
hypercalcemia in malignancies. The therapy brings many positive 
clinical effects, but it is not without risk of significant adverse effects. 
Long standing clinical observations have revealed the association of 
this group of drugs with the osteonecrosis of the jaw [1].

Characteristics of Bisphosphonates
Bisphosphonates are potent inhibitors of osteoclast-mediated 

bone resorption, their mechanism of action is based on inhibiting 
osteoclast differentiation and blocking their activity. BPs have been 
shown to increase Bone Mineral Density (BMD), reduce bone 
turnover markers, and reduce the risk of osteoporotic fractures [2].

The BPs are divided due to their chemical structure and potency. 
The first-generation bisphosphonates (etidronate, clodronate) are 
characterized by short alkyl-side chains, and are no longer of clinical 
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use. Second-generation BPs, such as alendronate and pamidronate, 
have amino-terminal groups and are known as aminobisphosphonates. 
Risedronate, a third-generation bisphosphonate, has a cyclic side 
chain. The antiresorptive properties increase approximately ten-fold 
between generations. Newer bisphosphonates, such as ibandronate, 
zoledronate, olpadronate and incandronate, are even more potent [3].

According to the American Society for Bone and Mineral 
Research, BPs are the most commonly used medications for 
prevention and treatment of postmenopausal osteoporosis in women 
and osteoporosis in men. They are also widely used in the treatment 
of inflammatory joint diseases and rheumatoid arthritis [4]. Between 
2005 and 2009, approximately 150 million prescriptions were 
dispensed in the United States for the oral BPs Alendronate (ALN), 
Risedronate (RIS), or Ibandronate (IBN), and 5.1 million patients 
over the age of 55 years received a prescription for these drugs in 
2008 [5].

The BPs are well tolerated in long-term treatment for over 3 
years. In the patients with rheumatoid diseases, the preferred route of 
administration is intravenous injection [6-8]. Almost all (~94%) cases 
of BRONJ occur in patients receiving intravenous bisphosphonate as 
compared to oral bisphosphonates [9].

Bisphosphonates are widely utilized in cancer treatment by 
lowering the risk of bone loss associated with cancer therapy and 
the risk of disease recurrence, by managing hypercalcemia and 
by minimizing the risk of bone incidents in conditions with bone 
metastases.

The presence of such metastases is associated with increased 
skeletal morbidity due to Skeletal-Related Events (SREs), including 
radiation therapy to alleviate pain or prevent fracture, surgery to 
bone, pathological fracture and spinal cord compression, and also 
bone pain and hypercalcemia [10]. BPs are used in cases of breast 
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cancer, prostate cancer, and multiple myeloma [11-13]. Less frequent 
indications are congenital osteogenesis imperfecta in children and 
Paget’s disease [2,5,9]. Bisphosphonate treatment does not completely 
effective in the treatment of SREs. Recently, a new antiresorptive 
drug was introduced on the market, denosumab. It is indicated in 
prevention of skeletal-related events in patients with bone metastases 
from solid tumors, for the treatment of postmenopausal osteoporosis 
and for treatment of cancer-induced bone loss in prostate or breast 
cancer patients, however, denosumab is not recommended for 
the prevention of SREs in patients with multiple myeloma [14]. 
Denosumab is a human monoclonal antibody that binds and 
inhibits the protein Receptor Activator for Nuclear factor κB Ligand 
(RANKL), an essential mediator in osteoclast formation, function 
and survival [10]. It exerts a strong antiresorptive effect, which is 
useful in cancer and osteoporosis patients in reducing skeletal related 
events. Due to the shorter half-life and lack of covalent bonding 
to the bone, it was expected that denosumab would have a similar 
therapeutic effect as BPs but with reduced profile of adverse effects, 
thus preventing cases of Osteonecrosis of the Jaw (ONJ). However, 
in 2010, several reports emerged describing the occurrence of ONJ in 
the patients being treated with denosumab [15-17].

The pathogenesis of BRONJ is not thoroughly understood and 
is undoubtedly multifactorial. Chronic pain and microtrauma of 
the jaws inhibit the healing process and as consequence prohibit 
bone resorption and its apposition. Some authors suggest that the 
microtraumas may not be fully recovered due to bisphosphonate 
inhibition of osteoclast-mediated bone resorption [2,9]. 
Osteoblasts develop brittle bones and the blood flow reduces due 
to the antiangiogenic effects of bisphosphonates, which all together 
contribute to necrosis or prevent bone healing.

In addition, bacteria-rich oral cavity environment facilitates 
infection, contributing to bone pain and inflammation.

Diagnosis of BRONJ
According to American Association of Oral and Maxillofacial 

Surgeons (AAOMS), the diagnosis of BRONJ is considered when all 
the following components are fulfilled [18,19]:

•	 Current or previous treatment with antiresorptive or 
antiangiogenic agents,

•	 Exposed bone or bone that can be probed through an 
intraoral or extraoral fistula in the maxillofacial region that has 
persisted for longer than 8 weeks,

•	 No history of radiotherapy to the jaws or metastatic disease 
to the jaws (Figure 1).

A revision of the nomenclature of bisphosphonate-related 
osteonecrosis of the jaw is recommended by AAOMS. The society 
favors the term Medication-Related Osteonecrosis of the Jaw 
(MRONJ). The change is justified to accommodate the growing 
number of osteonecrosis cases involving the maxilla and mandible 
associated with other antiresorptive (denosumab) and antiangiogenic 
therapies [18,19].

American Association of Oral and Maxillofacial Surgeons 
classified BRON into three stages and offered guidelines in the 
diagnosis and treatment of BRON (Table 1) [18,19]. It is estimated 

that BRONJ occurs in roughly 20% of patients receiving intravenous 
zoledronic acid for cancer therapy and in between 0-0.04% of patients 
taking orally administered bisphosphonates [18,19].

Prevention
Routine antibiotic prophylaxis is recommended in patients 

treated with bisphosphonates, especially if procedures involve tooth 
extraction, endodontic or periodontal therapies of the alveolar 
process. The Polish Dental Association and The National Antibiotic 
Awareness Program for using antibiotics in dentistry, advice usage 
of the antibiotics as follows: the first dose should be taken one the 
day before the procedure and then the course should continue for 
three consecutive days (so-called short-term prophylaxis). This 
recommendation suggests to prescribe amoxicillin with clavulanic 
acid: (at a dose 1000mg (875mg + 125mg) every 12 hours. In patients 
with allergy to penicillin, clindamycin (at a dose of 300mg every 8 
hours) should be administered instead. As dental treatment may result 
in osteonecrosis incidents, the procedures should be as atraumatic as 
possible. It has been proven that the primary closure of the extraction 
wound has a large impact on the possible occurrence of osteonecrosis, 
which is why more and more attention is paid to methods that may 
affect the blood supply of the alveolar bone to accelerate healing [20]. 

Figure 1: Bisphosphonate-Related Osteonecrosis of the Jaws (BRONJ) 
following tooth extractions in the patient with multiple myeloma.
a: A necrotic bone exposure in the region of the tooth 44.
b: A necrotic bone exposure in the region of  the teeth 11-22.
c: A necrotic bone exposure in the region of the teeth 33-35.



Austin J Dent 8(1): id1153 (2021)  - Page - 03

Bielecka-Kowalska N Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

The AAOMS has issued the following recommendations for patients 
taking oral bisphosphonates (Table 2) [21]. Similar prevention 
strategies appear to be appropriate in patients receiving other 
antiresorptive therapies.

Although the dental implant surgery-related BRONJ is rare, the 
possibility of occurrence is present. Lazarovici et al. described that out 
of 145 patients diagnosed with BRONJ, 27 patients received dental 
implants during BP therapy; 11 (41%) patients developed BRONJ 
being on oral BPs and 16 (59%) developed BRONJ associated with 
intravenous BPs [22]. The same authors suggest that the development 
of BRONJ associated with dental implants is a late complication, 
thus, patients treated with BPs who receive dental implants should be 
followed for a long period. 

In the patients receiving BPs, special prophylactic measures 
to avoid extraction should be taken, i.e. routine dental check-ups, 
regular scaling sessions, additional use of topical fluoride and low-
carbohydrate diet to prevent caries. In the patients treated with oral 
BPs for less than 3 years with a coexisting minimum one risk factor 
(i.e. including those with greater cumulative bisphosphonate exposure 
(>4 years), and those with comorbid risk factors such as rheumatoid 
arthritis, prior or current glucocorticoid exposure, diabetes and 
smoking until the site has healed [18], it is advisable to test plasma 
Terminal Telopeptide C (CTX) level [23]. The CTX level could help 
to determine the BRONJ risk [24]. Low risk of osteonecrosis occurs at 
CTX above 150pg/ml, whereas the risk is high when the level of CTX 
is below 100pg/ml. However, available literature provide conflicting 
information about diagnostic effectiveness of CTX marker [23,25,26].

Temporary suspension of BPs does not provide a short-term 
advantage, whereas long-term suspension (if systemic conditions 
allow it) may be effective in stabilizing BRONJ sites and the clinical 
symptoms [19]. When BP therapy is discontinued, it was suggested 
to check bone turnover markers CTX (C-Terminal Telopeptide), 
NTX (N-Terminal Telopeptide), parathyroid hormone, and 
1,25-dihydroxy vitamin D before surgical procedures [23-25]. The 
antiresorptive effect of denosumab can be dissipated within 6 months 
of discontinuation of the medication. There are, however, no studies 
to support or refute the strategy of discontinuation of denosumab 
therapy in MRONJ prevention or treatment [18].

Treatment
As a part of the treatment, antibacterial rinses, e.g. 0.12-0.2 

% chlorhexidine, should be included in addition to the systemic 
antibiotics. Superficial removal of necrotic bone or hyperbaric oxygen 
therapy is sometimes beneficial [27]. In Stage I: No surgical treatment 
is indicated. Patients benefit from oral antimicrobial rinses, such 
as chlorhexidine 0.12%, and do well with this type of conservative 
treatment. Patients should be followed up every 3-4 months [28].

The use of oral antimicrobial rinses in combination with oral 
systemic antibiotic therapy (penicillin, metronidazole, quinolones, 
clindamycin, doxycycline, and erythromycin) is indicated for Stages 
II and III of AAOMS Staging. Most of the isolated bacteria species 
have been sensitive to the penicillins. For those with a penicillin 
allergy, quinolones, metronidazole, clindamycin, doxycycline, and 
erythromycin can be dispensed. Microbial cultures should also be 
analyzed for the presence of Actinomyces spp. If the Actinomyces 
microbe is isolated, then the antibiotic regimen can be adjusted. In 
some refractory cases, patients may require combination antibiotic 
therapy, long-term antibiotic maintenance, or a course of intravenous 
antibiotic therapy. Pain control may also be indicated. In Stage III the 
therapy requires surgical debridement of necrotic bone, antimicrobial 
therapy (oral or intravenous), analgesia and routine oral antimicrobial 
rinses (0.12% chlorhexidine) (Figure 2).

Regardless of the stage of the disease, mobile segments of bony 
sequestrum should be removed without exposing the uninvolved 
bone. The extraction of symptomatic teeth within exposed, necrotic 
bone should be considered because it is unlikely that the extraction 
will worsen the necrotic process.

Surgical treatment, in accordance to the AAOMS Position 
Paper, is reserved to patients affected by Stage III of BRONJ even 
if in the last version (2009) a superficial debridement is indicated 
to relieve soft tissue irritation also in the stage II (lesions being 
unresponsive to antibiotic treatment) [21]. Aggressive surgical 
treatment may occasionally results in even larger areas of exposed 
and painful infected bone. Surgical debridement or resection in 
combination with antibiotic therapy may offer long-term palliation 
with resolution of acute infection and pain. Mobile segments of bony 
sequestrum should be removed without exposing unaffected bone. 

 Classification Treatment

Stage 1 Exposed bone, but no pain or sign of infection 
is visible.

No surgical treatment is required.
Oral antimicrobial rinses, such as chlorhexidine 0.12% is indicated.
Pain control may also be advisable.
Patients should be followed up every 3-4 months.

Stage 2 Symptoms of pain are reported, or signs of 
infection.

Pain control may also be indicated.
The use of oral antimicrobial rinses in combination with oral systemic antibiotic therapy (penicillin, 
metronidazole, quinolones, clindamycin, doxycycline and erythromycin) is advised.

Stage 3 Presence of pain or infection; fracture, fistula, 
or osteolysis can also be noted.

The therapy requires surgical debridement of necrotic bone, antimicrobial therapy (oral or intravenous), 
and analgesia and routine oral antimicrobial rinses (0.12% chlorhexidine).

Table 1: Classification and treatment of BRONJ according to the American Association of Oral and Maxillofacial Surgeons.

Patients with no clinical risk factors on BPs treatment for less 
than 3 years

Patients exposed to less than 3 years of BPs with 
concomitant corticosteroids

Patients exposed to BPs for more than 3 years 
without any steroid or prednisone use

No alteration or delay in the planned surgery is necessary 
consent for dental implant surgery should be obtained 
relating to possible future implant failure and possible ONJ 
regular recall schedule.
 

Physician should be contacted discontinuation 
of the oral bisphosphonate for 3 months before 
surgery bisphosphonates may be resumed after 
osseous healing.

Physician should be contacted discontinuation 
of the oral bisphosphonate for 3 months before 
surgery bisphosphonates may be resumed after 
osseous healing.

Table 2: Recommendations for patients taking oral bisphosphonates issued by AAOMS.
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If pathological fractures or complete mandibular involvement are 
observed, the affected bone portion may be respected and primary 
bone reconstruction or revascularization graft may be carried out 
[18,19,28].

Patients who develop BRONJ associated with dental implants 
should undergo long-term treatment with doxycycline 100 to 200 
mg/d, and their dental implants should be removed only if the 
antibiotic treatment fails to alleviate the signs and symptoms of 
BRONJ [22].

The role of hyperbaric oxygen therapy is still unclear but some 
benefits of this treatment have recently been described in association 
with discontinuation of BPs and conventional therapy (medical or/
and surgical) [27]. The new regimens for hyperbaric therapy are 
still being sought. In the study in rats, the hyperbaric oxygen used 
immediately after tooth extraction resulted in reduced development 
of bone necrosis associated with ingestion of zoledronate [29]. Ozone 
therapy is another option in the management of bone necrosis or 
in extraction sites during and after oral surgery in patients treated 
with BPs. Ozone application was demonstrated to stimulate cell 
proliferation and soft tissue healing [6].

A new alternative treatment of osteonecrosis after tooth extraction 
is the use of adipose stem cells to graft the alveolus. In the mouse 
model, a great bone regenerative potential has been demonstrated [8]. 
The research on rabbits also confirmed the regenerative potential of 
adipose derived stem cells, primarily by accelerating the healing of 
gingival epithelium [30]. Another method of treatment enhancing 
bone healing is the use of growth factors in the form of Platelet Rich 
Fibrin (PRF) and/or Platelet Rich Plasma (PRP). Several studies 
showed the advantages of PRF application compared to PRP [7,31,32].

An in vitro study suggested that calcium phosphate had a 
protective effect on the cytotoxicity of zoledronic acid. It may be used 
locally for surgical wound care and may potentially reduce the risk of 

BRONJ in patients undergoing bisphosphonate therapy [33].

Due to its antimicrobial and anti-inflammatory effects, 
Photobiomodulation Therapy (PBMT) is another alternative method 
used in BRONJ care. Low-Level Laser Therapy (LLLT) will been 
employed as an adjunctive therapy. Photobiomodulation effect of 
LLLT involves an increase in inorganic matrix of bone and osteoblast 
mitotic index, and stimulation of lymphatic and blood capillary growth 
[34]. Some studies revealed a beneficial outcome of combining LLLT 
and PRF in the treatment of BLONJ [19,35,36]. Er:YAG laser may 
be used for minimally invasive surgery, vaporizing the necrotic bone 
before healthy bone is reached. In addition, Er:YAG laser possesses 
bactericidal and photobiomodulatory effect, accelerating soft and 
bone tissue healing in comparison to conventional treatments [35].

Some studies have demonstrated that vitamin D deficiency has 
been linked with the incidence of osteoporosis [37,38]. In addition, 
vitamin D deficiency has been reported as responsible for 18-35 
per cent of bisphosphonate-treated cases, which have resulted in 
ineffective treatment of osteoporosis [39]. A number of authors 
have indicated that adequate levels of vitamin D can decrease bone 
resorption, counteract increased levels of parathyroid hormones, 
and have a positive effect on neuromuscular performance and risk of 
falling and bone strength. Therefore promotes the use of vitamin D 
supplies in conjunction with bisphosphonate therapy for prophylactic 
or medicinal reasons [37,40].

The use of bisphosphonate and the combination of bisphosphonate 
+ vitamin D have been shown to histologically enhance the healing 
of fractures compared to vitamin D supplementation alone and in 
the control group. Consequently, it has been found that the initiation 
of bisphosphonate therapy following injury has a favorable impact 
on fracture healing. Without adverse effects on fracture repair, 
bisphosphonate treatment combined with vitamin D can also easily 
be used [37].

In conclusion physicians should continue to prescribe adequate 
supplies of vitamin D within the treatment target; for example, more 
than 50nmol/l during bisphosphate therapy [40].

Conclusions
Since ONJ may occur in patients receiving BPs and denosumab, 

dental consultation is advisable before introducing pharmacological 
therapy. Moreover, patients should avoid invasive dental procedures 
during treatment with antiresorptive drugs. At present, the 
management of BRONJ is a dilemma. No effective treatment has 
yet been developed, and it does not seem beneficial to discontinue 
treatment with BPs. Long-term, prospective studies are required 
to establish the efficacy of drug holidays in reducing the risk 
of BRONJ for patients receiving oral BPs. However, it must be 
recognized that interindividual variability, gender, age, physical 
activity, and seasonal and circadian variation exist that can result in 
difficulty in interpreting the results and more research is needed. A 
multidisciplinary approach to BRONJ prevention is recommended in 
the treatment of patients needing bisphosphonate therapy, with both 
patient and health professional training on the risks of developing 
BRONJ. The education of dentists, pharmacists, medical practitioners 
and patients on BRONJ should put strong emphasis on providing 
more preventative measures and advice on oral hygiene.

Figure 2: Typical images of bone sequestration and periosteal reaction in the 
patient with BRONJ Grade 3.
a: Orthopanoramic radiograph.
b: Fan-beam computed tomography scans.
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