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Abstract 

 

The authors make a review of the current literature on the subject of bisphosphonate-

associated osteonecrosis of the jaw bones. The modern theories about the occurrence of this 

complication resulting from bisphosphonate treatment of diseases characterized with high 

bone resorption are discussed. Modern understandings about the causes, risk factors and 

triggers for the occurrence of this disease are described. Attention is paid to the modern 

concepts of medication therapy and surgical treatment. A case of bisphosphonate- associated 

osteonecrosis of the maxilla with involvement of the maxillary sinus is reported. Surgical 

intervention comprising sequestrectomy, radical maxillary sinus surgery and plastic closure of 

the formed oroantral communication is described. 

 

Keywords: Bisphosphonate-associated osteonecrosis, upper jaw, surgical treatment, maxillary 

sinus. 

 

Introduction 

 

Bisphosphonates are synthetic analogue of 

inorganic pyrophosphates, which exert an 

inhibitory effect on osteoclast activity. They 

are used to treat diseases characterized by 

high bone resorption such as: multiple 

myeloma, osteolytic bone metastases, 

Paget's disease of bone, fibrous dysplasia, 

McCune-Albright syndrome, hypercalcemia 

of tumour origin, treatment of 

osteoporosis. 

 

Definition 

  

One of the serious adverse effects of 

bisphosphonate therapy is 

bisphosphonate-associated osteonecrosis 

of the jaw. This is necrosis of the jaw bones 

persisting for more than 6 to 8 weeks, 
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refractory to conservative treatment, 

observed in patients having no history of 

prior radiotherapy in the affected area, but 

treated with bisphosphonates - 

intravenously for at least one year, or 

orally for a much longer period, in relation 

to a general disease characterized by bone 

resorption. (American Association of Oral 

and Maxillofacial Surgeons 2007, Pechalova 

P. et al. 2011). 

 

Theories of the Occurrence  

 

The theories of the occurrence of 

bisphosphonate-associated osteonecrosis 

of the jaw are many, but none of them fully 

explains the mechanism of the disease. 

Hansen et al. (2006) believe that the 

development of infection associated with 

Actinomyces spp. and increased osteoclast 

numbers leads to osteonecrosis of soft 

tissue and bone. Reid еt al. (2007) reported 

that the toxicity of bisphosphonates on 

gingival mucosal cells is the cause for 

occurrence of osteonecrosis of the jaw. 

According to Allen and Burr (2009), the 

cause for occurrence of the disease is bone 

suppression as a result of accumulation of 

bisphosphonates. Roelofs et al. (2009) 

developed the theory of 

immunomodulatory effect of 

bisphosphonates on immunocompetent 

cells. Otto et al. (2010) discussed the 

possibility of local infection and changes in 

pH associated with it. Yamaguchi et al. 

(2010) postulated that inflammation 

caused by infection and/or tooth extraction 

could result in marked accumulation of 

inflammatory cells (granulocytes and/or 

macrophages), with these cells then 

causing destruction of part of 

jawbone. Oizumi T (2010) et al. found out 

that etidronate reduced the anti-bone-

resorptive effects of alendronate. 

Etidronate also may inhibit the entry of 

nitrogen-containing bisphosphonates 

(NBPs) into cells related to inflammation 

and/or necrosis, and inhibit the binding of 

NBPs to bone hydroxyapatite, at least 

partly eliminate or substitute for NBPs that  

 

 

 

 

have already accumulated within bones, 

and thus if used as a substitution drug for 

NBPs, be effective at treating or preventing 

NBP-associated osteonecrosis of the jaw. 

 

Localization 

 

In most cases, bisphosphonate-associated 

osteonecrosis occurs in the mandible (Mast 

et al. 2012). There are several studies on 

the occurrence of the disease in the maxilla 

but no subgroup for examining the 

symptoms was defined (Carlson et al.2009, 

Estilo et al. 2008, Stockman et al. 2010). 

 

Triggering Factors 

 

It is assumed that the most common 

triggering factor for bisphosphonate-

associated osteonecrosis of the jaw is 

extraction of teeth, periodontal diseases 

and traumas caused by dentures. 

 

The risk is also related to bisphosphonate 

administration. By literature data, the 

potential of development of osteonecrosis 

as a result of administration of 

aminobisphosphonates (Zoledronate and 

Pamidronate) is greater than that of non-

aminobisphosphonates (Clodronate) 

(Bamias A. et al. 2005, Dannemann C. et al., 

2007). Perhaps the most important factor 

for the occurrence of bisphosphonate-

associated osteonecrosis of the jaw is the 

duration of treatment (Corso A.et al. 2007, 

Ruggiero SL et al.-2006, Ferlito S et al. 

2012). Badros et al. (2006) suggest that 

with each year after diagnosing multiple 

myeloma and starting its treatment, the 

risk of developing bisphosphonate-

associated necrosis of the jaw is increasing 

by 57%. Bamias A et al. (2005) suggest 

there is a strong correlation between the 

duration of treatment with 

bisphosphonates and manifestation of jaw 

osteonecrosis. They found that the risk of 

developing the condition varies from 1% 

12 months after the start of treatment to 

11% in the fourth year.  
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The authors reported that these figures 

vary depending on the type of 

bisphosphonate administered - in patients 

treated with Zoledronic acid only – from 

1% in the first year to 21% in the third year 

since the beginning of the treatment, while 

in patients treated with Pamidronate with 

or without Zoledronic acid – from 0% in 

the first two years of treatment up to 7% 

after four years of treatment.  

 

Stages of Disease 

 

According to the American Association of 

Oral and Maxillofacial Surgery, 

development of bisphosphonate-associated 

osteonecrosis of the jaw occurs in four 

stages: 

 

Stage zero (0) - vague symptoms that may 

obscure the clinical picture, leading to 

delayed diagnosis. 

 

In stage 1, bone exposure without any pain 

syndrome and signs of inflammation is 

observed. 

 

In stage 2, bone exposure with pain 

syndrome and signs of inflammation is 

observed. 

 

In stage 3, manifestation is characterized 

by bone exposure, pain and inflammation, 

and complications such as pathologic 

fracture, extraoral fistula, extension of the 

lesion to the base of the mandible and the 

floor of the maxillary sinus (AAOMS 2007, 

Ruggiero et al., 2009).  

 

To the third stage, we add also sequester 

formation in the impaired area. 

 

Recent studies assume that stabbing pain 

along the alveolar nerve is an early 

symptom significant for development of 

bisphosphonate-associated osteonecrosis 

of the mandible (Otto et al. 2009) , and 

occurrence of pain spreading to the 

maxillary sinus – for the maxilla (Mawardi 

et al. 2009), but we believe that in case of 

manifestation of such symptoms, a good 

understanding of the status of the patient is 

necessary, no previous radiotherapy in the 

maxillofacial area, and data on 

bisphosphonate administration for more 

than 6 months. 

 

The study of Ferlito S et al. (2012) on 94 

patients showed that formation of 

sequesters occurs an average of 8 months 

(5 months for males and 9 months for 

females) after initiation of treatment with 

bisphosphonates. 

 

Treatment 

 

Treatment of bisphosphonate-associated 

osteonecrosis of the jaw is combined: 

conservative and surgical. Principles of 

conservative treatment have been clarified 

and it involves administration of 

antibiotics, antifungal and antiviral drugs 

to fight infection. Attention is also paid to 

the local oral hygiene maintained primarily 

with preparations containing 

chlorhexidine. Regarding surgical 

treatment, there is still controversy about 

the type of intervention and the time for 

performing the intervention. One group of 

authors (Ruggiero et al., 2004) 

recommends superficial curettage and 

prolonged conservative treatment. Another 

group (Agrillo et al., 2006) recommend 

hyperbaric oxygenation, surface 

debridement, laser, and in advanced cases - 

aggressive resection of the diseased bone 

and soft tissues. Hoff et al. (2008) reported 

healing process in 23% of patients treated 

with conservative therapy only. 

 

Lazarovici et al. reported healing process 

after surface curettage in 82% of cases. 

Some authors perform complete removal of 

the diseased bone, cover it with adjacent 

mucosa and report good results in 85% - 

100% of patients (Carlson E et al., 2009, 

Stockman P et al., 2010). Similar approach 

is used by another author (Otto S., 2012), 

who defined the boundaries of the diseased 

bone using fluorescent light. Ferlito S et al. 

(2012) observed 94 patients, in three of 

whom debridement was performed, and in 

91 - sequestrectomy. 

 

The analysis of numerous publications 

shows that in the early stages (AAOMS 1 

and 2) more authors administers 

medication therapy and superficial 
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curettage of the diseased bone, and in stage 

3 medication therapy and sequestrectomy 

are administered. The method suggested 

by Otto S., et al (2012), which uses 

fluorescent light for visualization of vital 

bone, non-vital bone and microorganisms 

in the diseased bone is of interest. The 

authors argue that using this method it is 

possible to define the boundaries of non-

vital bone and to remove it by resection in 

objectively evidenced boundaries.  

 

Case Report 

 

Female patient, aged 39, was referred for 

consultation with maxillofacial surgeon for 

lesions of the mucosa of the upper jaw with 

exposed bone structure in the area of left 

maxillary molars. The patient had 

complaints of pain in the left half of the 

maxilla and the maxillary sinus. Three 

years ago, treatment with bisphosphonate 

(Zoledronate) was initiated for bone 

metastases in the pelvis after surgery of 

breast carcinoma. Two years after the first 

administration of Zoledronate, tooth 28 

was extracted because of severe pain. 

Extraction wound did not heal, pain in 

teeth 26 and 27 appeared, and those teeth 

were also extracted. Antibiotic treatment 

was administered with no success. This 

process lasted for 1 year. Objective status 

revealed a gingival lesion with dimensions 

2/2.5 cm, with oedematous edges. The 

exposed bone in the area of teeth 26, 27 

and 28 was yellowish and covered with 

purulent matter (Fig. 1). The 

bisphosphonate treatment was continued.  

  

 
 

Fig. 1. Bisphosphonate-Associated Osteonecrosis of the Maxilla in the Area of Teeth 26, 

27, 28 

 

Radiographic studies 

(orthopantomography and CT) showed 

bone lesion in the area of left maxillary 

molars and complete opacification of the 

left maxillary sinus (Fig. 2, 3). The evidence 

of pain and unhealing lesions of the maxilla, 

the necrosis of the alveolar bone of the 

maxilla and the data on the use of 

bisphosphonates for metastatic breast 

cancers gave us grounds to diagnose 

bisphosphonate-associated necrosis of the 

maxilla – AAOMS stage 3. 
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Fig. 2. Preoperative Ortopanthomogram 

 

 
 

Fig. 3. Preoperative CT Scan 

 

The following treatment was administered: 

 

Medications in empiric order were 

prescribed 3 days prior to surgery: Unasyn, 

Metronidazole, Diflucan and Eludril for oral 

care.  Sequestrectomy was performed 

under general anesthesia (Fig. 4).  

 

 
 

Fig. 4. Bone Sequester Consisting of the Alveolar Ridge and the Floor of the Maxillary 

Sinus 
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The surgical margins were defined 

macroscopically without usage of 

fluorescent light. The removal of the 

sequester revealed maxillary sinus filled 

with hypertrophied inflamed mucosa (Fig. 

5). Radical removal of the altered mucosa 

was performed. The oroantral 

communication formed was closed with 

mucosal flap taken from the buccal mucosa 

(Fig. 6).  Antimicrobial therapy was 

administered for 5 days after surgery. 

Sutures were removed on day 10. Surgical 

wound healed primarily. 

 

 
 

Fig. 5. Maxillary Sinus is Filled with Hypertrophied Mucosa 

 

 
 

Fig. 6. Plastic Closure of Oroantral Defect with Buccal Mucosa 

 

Histological examination of the bone 

sequester (after two-day decalcification) 

showed the existence of actinomycete 

druses (fig. 7), sinus mucosa with polyp 

growth, hypertrophy, severe inflammation 

(Fig. 8), gingival mucosa with pronounced 

inflammation, hyperplastic changes, in 

some places to the extent of 

pseudoepitheliomatosis and 

hyperkeratosis (Fig. 9). 

 

Follow-up examination one month later 

found healed surgical wound without any 

subjective complaints. 
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Fig. 7. Histological Examination of the Bone Sequester - Actinomycotic Osteomyelitis 

 

 

 
 

Fig. 8. Histological Examination of the Sinus Mucosa - Polyp Growth, Hypertrophy and 

Severe Inflammation 

 

 
 

Fig. 9. Histological Examination of the Gingival Mucosa – Pronounced Inflammatory 

Process with Hyperplastic Changes 
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Discussion 

  

Bisphosphonate-associated osteonecrosis 

of the jaw is a serious complication after 

bisphosphonate therapy for diseases 

characterized by high bone resorption. 

Treatment of this complication is a major 

challenge for oncologists and oral and 

maxillofacial surgeons. Principles of 

conservative treatment have been clarified 

- it involves administration of antibiotics, 

antifungal and antiviral drugs to fight 

infection. In our opinion inflammation in 

soft tissues precedes osteonecrosis. That’s 

why administration of antimicrobial 

therapy was appropriate in every case of 

bisphosphonate-associated osteonecrosis 

of the jaws. Surgical treatment is still 

controversial among surgeons in the part 

concerning the volume of surgery and the 

time of its performance. The literature 

review shows that in AAOMS stages 1 and 

2, most of the authors administer 

medication therapy and superficial 

curettage of the diseased bone, while 

extended resection of the diseased bone 

until reaching healthy tissue is indicated in 

stage 3, and in case of sequester - 

sequestrectomy is obligatory. The case 

described shows that the involvement of 

the maxilla and the maxillary sinus 

requires sequestrectomy or resection of 

the necrotic bone, radical maxillary sinus 

surgery and plastic closure of the formed 

oroantral communication. We believe that 

surgical treatment was necessary in 

described case because there was no other 

way to create condition for healing process 

in surrounded soft tissues.   

 

The result of histological examination of 

the bone sequester indicates that 

actinomycetes play an important role in the 

development of bisphosphonate-associated 

necrosis of the jaw, and the changes in 

sinus mucosa and gingiva correspond to 

severe inflammation process. The induced 

necrosis of the bone is likely to create 

favorable conditions for worsened 

trophism of the periosteum and adjacent 

soft tissues, thus being a prerequisite for 

the occurrence of soft tissue lesion.  

 

The described case of successful surgical 

treatment of bisphosphonate-associated 

osteonecrosis of the maxilla (AAOMS stage 

3) with maxillary sinusitis illustrates the 

widening range of prospects for treatment 

of the condition. Further observations to 

specify the indications and parameters for 

surgical treatment in a larger population of 

patients with bisphosphonate-associated 

osteonecrosis of the jaw are necessary.  
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