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Abstract 

Introduction: Bisphosphonates and other antiresorptive drugs are the basis of 

pharmacotherapy for osteoporosis and cancerous diseases affecting the bones. Despite their 

high clinical efficacy, a growing number of scientific reports indicate a risk of osteonecrosis of 

the jaw (ONJ), especially in patients receiving intravenous and long-term treatment. Due to the 

increasing frequency of dental implant use and the延长 ing average life expectancy of patients, 

the relationship between antiresorptive therapy and the success of implantation has become an 

important clinical issue. Understanding the mechanisms of ONJ development, risk factors, and 

current treatment guidelines is crucial to ensuring the safety of patients undergoing implant 

procedures. 

Purpose of work: The aim of this paper is to present the current state of knowledge on the 

relationship between bisphosphonate therapy for osteoporosis and the risk of osteonecrosis of 

the jaw in the context of implant procedures. The study aims to discuss the mechanisms of 
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action of bisphosphonates, factors predisposing to MRONJ, clinical course and treatment 

principles, as well as to review current recommendations for patient eligibility for implant 

procedures. 

Materials and methods: An analysis of research papers available on PubMed and Google 

Scholar was undertaken using the following keywords: bisphosphonates; osteoporosis; MRONJ; 

medication-related osteonecrosis of the jaw; osteonecrosis; jawbone necrosis; antiresorptive 

therapy; dental implants; implantology; osseointegration. 

Results: Analysis of current research confirms that the use of bisphosphonates, especially in 

intravenous form and in long-term therapy, significantly increases the risk of developing 

osteonecrosis of the jaw (ONJ), which may affect the success of dental implantation. In patients 

treated orally, this risk is lower, but not completely eliminated, especially after several years of 

therapy. The highest number of implant failures was reported in the lateral segments of the 

mandible and maxilla and in patients with existing inflammation, such as peri-implantitis, 

which may be a factor initiating MRONJ. Most studies indicate that implantation in patients 

taking oral bisphosphonates is possible but requires individual risk assessment and close 

monitoring. In patients treated with intravenous bisphosphonates, implantation is associated 

with a significantly higher risk of complications. 

Keywords: Bisphosphonates; MRONJ; osteoporosis; implantology; osteonecrosis of the jaw; 

antiresorptive drugs; peri-implantitis; osseointegration. 

 

OSTEOPOROSIS – INTRODUCTION 

 

Osteoporosis is a chronic, systemic disease of the skeletal system in which bone mineral density 

decreases and microarchitecture is disrupted. These changes lead to weakened skeletal strength 

and increased susceptibility to fractures. [1] Although the diagnosis of osteoporosis is based 

primarily on the measurement of bone mineral density – a key parameter determining bone 

strength – its clinical significance stems from the occurrence of fractures. It is worth noting that 

the likelihood of fractures is influenced by a wide range of factors, many of which are not 

directly related to the condition of the bone tissue itself. [2,3,4] Although the diagnosis of 

osteoporosis is based primarily on the measurement of bone mineral density (BMD), which is 

a key indicator of skeletal strength, the actual clinical significance of the disease stems from 

the occurrence of fractures. It should be emphasised that the likelihood of their occurrence is 

influenced by many factors not directly related to the condition of bone tissue. The most 

commonly observed locations of osteoporosis-related fractures include the spine, hip joint, 
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distal radius and proximal humerus. In postmenopausal women, the risk of fracture in one of 

these areas is higher than the likelihood of developing breast cancer (approximately 12%). In 

Western European countries, the total chance of fracture in any of these areas exceeds 40%, 

which is comparable to the risk of developing ischaemic heart disease. [5] Fractures in the 

proximal end of the femur are associated with sudden onset of severe pain and significant 

functional impairment and almost always require hospital treatment. The recovery process is 

lengthy and full function is often not possible, meaning that some patients require long-term 

institutional care. Vertebral fractures can also cause acute pain and functional impairment, but 

they are often asymptomatic or oligosymptomatic. They tend to recur, and the degree of 

disability increases with the number of fractures suffered. In turn, injuries to the distal radius 

are associated with significant pain and temporary limb dysfunction, but the prognosis for 

recovery is generally favourable. 

 

TREATMENT OF OSTEOPOROSIS – PHARMACOLOGICAL AND NON-

PHARMACOLOGICAL 

 

Non-pharmacological treatment includes: 

• Regular physical activity – including weight-bearing exercises, resistance 

training and balance exercises; this has a beneficial effect on bone mineral 

density and reduces the risk of falls; 

• Avoiding immobilisation – prolonged inactivity accelerates bone loss; 

• Quitting smoking – nicotine disrupts bone metabolism and increases the risk of 

fractures; 

• Limiting alcohol consumption – excessive consumption has a negative effect on 

bones and promotes falls; 

• Calcium – the recommended intake is usually 1000-1200 mg/day (from diet or 

supplements); 

• Vitamin D – supplementation aimed at maintaining a 25(OH)D concentration 

above 30 ng/ml, which supports mineralisation and reduces the risk of falls; 

• Protein – adequate intake (1-1.2 g/kg body weight/day) improves muscle 

function and supports bone regeneration; 
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• Balance and proprioception training; 

• Correction of visual impairments; 

• Modification of the home environment (removal of barriers, improvement of 

lighting); 

• Appropriate treatment of neurological and cardiac conditions that contribute to 

falls. 

 

Pharmacological treatment of osteoporosis involves two main groups of drugs: 

antiresorptive drugs (inhibiting bone loss) and anabolic drugs (stimulating bone formation). 

The most commonly used antiresorptive drugs are: bisphosphonates – these are the first-

line treatment for most patients. This group is divided into three main generations. 

The first generation includes: etidronate and clodronate; 

The second generation includes: tiludronate, pamidronate and alendronate; 

The third generation includes: risendronate, ibandronate and zolendronate. 

Bisphosphonates remain a key group of drugs used in the treatment of osteoporosis. The 

anti-fracture effect of bisphosphonates results from their multifaceted action. Studies have 

shown that these drugs increase bone mineral density and reduce the risk of fractures both 

within and outside the spine. [6,7,8,9] Despite the emergence of new therapeutic strategies, 

these drugs remain the cornerstone of pharmacotherapy. Recent research has focused 

primarily on developing dosing regimens that allow for less frequent administration (e.g., 

weekly, monthly or every few months) to increase treatment comfort and improve 

compliance. [10,11,12,13] Bisphosphonates have a strong antiresorptive effect by inhibiting 

osteoclast function and inducing their apoptosis, and additionally have an indirect effect on 

reducing osteoblast activity. [14] Bisphosphonates also affect the process of bone formation, 

limiting the surface area of new bone by reducing the frequency of bone remodelling cycle 

activation. [15] The effect on bone formation is less than that on resorption inhibition, but 

ultimately leads to an increase in bone mineral density (BMD). The duration of the effect 

of bisphosphonates depends on their potency, the dose administered, the intervals between 

doses and the rate of bone remodelling. [16]  

 

Currently, bisphosphonates are primarily used in the prevention and treatment of bone 

metastases through [17]: 
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• Inhibition of bone resorption by limiting osteoclast activity and shortening their 

survival time; 

• Inhibition of cancer cell proliferation and acceleration of their apoptosis; 

• Slowing down the migration of cancer cells to the bone matrix; 

• Treating osteoporosis by reducing the rate of bone turnover and shifting the 

metabolic balance of bone in favour of bone formation, leading to a gradual increase 

in bone mass, especially in the spine and pelvis; 

• Diagnostic tests, such as bone scintigraphy, where bisphosphonates are used as 

markers to assess bone metabolism. 

 

      Adverse clinical symptoms associated with bisphosphonate treatment may include: 

 

• Osteonecrosis of the jaw – According to a literature review by Woo et al., most cases of 

this complication (94%) occurred in patients receiving high doses of intravenous 

bisphosphonates, mainly zoledronic acid and pamidronate. [18] When mandibular 

osteonecrosis is diagnosed, treatment is mainly based on conservative methods, 

including the use of antiseptic mouthwashes, antibacterial therapy and, if necessary, 

limited surgical debridement, which in most cases results in a cure. [19]. In addition, 

the strong antiangiogenic properties of antiresorptive drugs lead to a significant 

reduction in the vascularisation of the jawbones during periods of rapid metabolic 

growth, when the demand for blood supply is increased. [17] 

• Atrial fibrillation - In patients receiving intravenous zoledronic acid once a year, a 

statistically significant increase in the incidence of severe episodes of atrial fibrillation, 

defined as events resulting in hospitalisation, temporary incapacity for work or assessed 

as life-threatening, has been observed. [20] 

• Hypocalcaemia - Hypocalcaemia following bisphosphonate use occurs most commonly 

after intravenous administration and may affect patients with high osteoclastic bone 

resorption activity, such as those with Paget's disease. [21]  

• Acute inflammatory reaction - Acute inflammatory reactions occur in 10-30% of 

patients receiving their first infusion of nitrogen bisphosphonates. They usually 

manifest as transient fever, muscle, joint and head pain, and flu-like symptoms. It is 

believed that these acute phase symptoms result from the secretion of pro-inflammatory 

cytokines by peripheral Tγβ lymphocytes. [22] 
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• Excessive bone turnover - bisphosphonates suppress osteoclast activity, raising 

concerns that long-term therapy with these drugs may lead to so-called ‘bone freezing’, 

manifested by excessive inhibition of bone remodelling, impaired microfracture repair 

capacity and increased bone fragility. An increased incidence of microfractures has been 

reported in studies on dogs treated with high doses of bisphosphonates. [23] 

• Severe musculoskeletal pain - most oral and intravenous bisphosphonate preparations 

indicate musculoskeletal pain as a possible side effect, and the US FDA recently issued 

a warning emphasising that severe and debilitating musculoskeletal pain can occur at 

any time during bisphosphonate therapy. [24]  

 

DRUG NECROSIS OF THE JAWBONE – MRONJ 

 

Antiresorptive drugs, by inhibiting the proliferation of squamous epithelial cells, slow down 

the healing of damage to the oral mucosa, which normally protects the jawbones. As a result, a 

gateway for infection in the bone is created, which can lead to the development of 

bisphosphonate-associated osteonecrosis of the jaw.  Bisphosphonate-associated osteonecrosis 

of the jaw is defined as the presence of an exposed, necrotic bone fragment in the maxillofacial 

region that does not heal for at least 8 weeks in a patient who is currently or has previously 

taken bisphosphonates, with no prior radiotherapy to the head and/or neck. There is complete 

agreement that the highest risk of this complication is in patients receiving intravenous 

antiresorptive drugs used long-term in cancer therapy, primarily pamidronate and zoledronate. 

Oral bisphosphonates, such as alendronate, risedronate and clodronate, used in both cancer and 

osteoporosis treatment, are associated with a lower risk of developing osteonecrosis of the jaw, 

but do not eliminate it completely. [17] The annual incidence of MRONJ is higher in patients 

receiving high doses of antiresorptive therapy (2,305.8 cases per 100,000 people) compared to 

those receiving low doses (132.5 cases per 100,000 people). Among people who do not use 

antiresorptive drugs, the incidence of osteonecrosis of the jaw is much lower, at only 5.1 cases 

per 100,000 people. [17] The annual incidence of MRONJ is higher in patients receiving high 

doses of antiresorptive therapy (2,305.8 cases per 100,000 people) compared to those receiving 

low doses (132.5 cases per 100,000 people). Among individuals who do not use antiresorptive 

drugs, the incidence of osteonecrosis of the jaw is significantly lower, at only 5.1 cases per 

100,000 individuals. [25] Numerous other studies have also demonstrated a relationship 

between the occurrence of MRONJ and bisphosphonate therapy. [26,27,28] 
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The diagnosis of MRONJ is made when three criteria are met [29]: 

1.  The presence of exposed bone in the maxillofacial region persisting for more than 8 

weeks. 

2.  No previous radiotherapy and no confirmed cancer metastases in the head and neck 

region. 

3. Current use or previous treatment with antiresorptive drugs or angiogenesis inhibitors. 

 

It is worth noting that MRONJ can develop as a result of soft tissue damage in the bone area 

and as a consequence of primary or secondary bacterial infection. The most commonly isolated 

microorganism in these infections is Actinomyces spp. The particular predisposition of the jaw 

bones to osteonecrosis results from the high level of bone remodelling – in the alveolar bone of 

the mandible, it is about ten times higher than in long bones, which increases susceptibility to 

the development of drug-induced necrosis. 

In addition, excessive pressure from dental prostheses can exacerbate bone remodelling, 

increasing the sensitivity of the bone to drugs. Bisphosphonates released from the bone have a 

direct cytotoxic effect on soft tissues, reducing their resistance to mechanical trauma and 

bacterial and fungal invasion. Inhibition of fibroblast and keratinocyte activity also contributes 

to mucosal integrity disorders, which promotes the development of necrotic changes. [29]  

 

Risk factors for MRONJ: 

• Use of stronger bisphosphonates (especially newer generation preparations). The 

route of administration is also important – intravenous treatment is associated with 

a significantly higher risk of developing osteonecrosis (0.8–1.2%) compared to oral 

therapy, where the percentage is only 0.01–0.04%. The risk of complications 

increases further with the use of high doses and prolonged treatment, especially 

exceeding three years. 

• Local conditions that increase the risk of MRONJ include any procedures that 

interfere with the alveolar bone, such as tooth extractions, implantations or 

endodontic and periodontal surgery that disrupt the continuity of the bone tissue. An 

additional aggravating factor is inflammation within the oral cavity and 

accompanying conditions, including periodontal abscesses and periapical lesions. 

• Anatomical factors: lesions are more common in the maxilla than in the mandible 

(2:1). 
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• Demographic and systemic factors, including advanced age, Caucasian race, and 

general diseases such as diabetes or long-term glucocorticosteroid therapy. The 

general condition of the body, including postmenopausal status and reduced body 

weight, also plays an important role. [29] 

 

The symptoms of MRONJ include: 

• Exposed bone within the jaws; 

• Localised pain; 

• Soft tissue swelling; 

• Signs of gingivitis; 

• Increased mobility of previously stable teeth. [29] 

 

We distinguish between three stages of bone necrosis. 

Level of advancement Diagnosis Treatment 

Grade 0 No signs of osteonecrosis are 

found in clinical examinations, 

but the patient may experience 

non-specific symptoms or 

ambiguous changes visible in 

radiological examinations. 

Treatment includes local 

therapy along with the 

elimination of local risk factors, 

such as caries or periodontal 

disease. If necessary, pain relief 

and appropriately selected 

antibiotic therapy are 

implemented. 

Grade 1 Visible exposed necrotic bone, 

with the patient remaining 

asymptomatic and showing no 

clinical signs of infection. 

The use of oral rinses with 

antibacterial properties, such as 

a 0.12% chlorhexidine solution, 

is not recommended. Surgical 

treatment should also not be 

used in this case. 

Grade 2 A visible area of necrotic, 

exposed bone accompanied by 

pain and clear clinical 

symptoms of infection. 

Treatment includes 

antibacterial mouth rinses and 

appropriate antibiotic therapy. 

Most pathogens are penicillin-

sensitive, while alternatives 
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such as quinolones, 

metronidazole, clindamycin, 

doxycycline or erythromycin 

are used in penicillin-allergic 

patients. In resistant cases, 

prolonged intravenous 

combination antibiotic therapy 

may be required. 

Grade 3 An exposed, necrotic bone 

fragment accompanied by pain 

and infection. Necrosis may 

extend beyond the alveolar 

process, potentially leading to 

pathological fractures, fistulas, 

or communication with the 

sinus or nasal cavity.  

The procedure involves 

surgical debridement or 

resection combined with 

appropriately selected 

antibiotic therapy. Treatment of 

advanced forms of MRONJ or 

cases showing no improvement 

despite conservative therapy 

should be carried out in 

hospital. 

 

To support the healing process of the extraction socket in patients using bisphosphonates and 

suffering from MRONJ, the use of platelet-rich fibrin (PRF) may be beneficial. The numerous 

growth factors present in PRF stimulate angiogenesis and contribute to the acceleration of bone 

tissue regeneration. 

According to the guidelines developed by the Working Group of the Polish Dental Association 

and the National Antibiotic Protection Programme on the rational use of antibiotics in dentistry, 

routine antibiotic prophylaxis is recommended in patients taking bisphosphonates, denosumab 

or bevacizumab, if the planned procedure involves the bone structures of the jaws (including 

tooth extractions, alveolar surgery, endodontic procedures with surgical elements, or 

periodontal procedures). Prophylaxis begins the day before the procedure and continues for the 

next three days, which corresponds to a short-term treatment regimen. 

In the presence of additional factors increasing the risk of osteonecrosis of the jaw, such as 

zoledronic acid therapy, intravenous administration of bisphosphonates, long-term use of these 

drugs (≥3 years) or previous episodes of inflammation or osteonecrosis , it is recommended to 

consider extending antibiotic therapy for up to 14 days as part of long-term prophylaxis. 
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These recommendations indicate amoxicillin with clavulanic acid as the first-choice drug: in 

adults at a dose of 1000 mg (875 mg + 125 mg) every 12 hours, and in children at a dose of (45 

mg + 6.4 mg)/kg b.w. per day in two divided doses. In patients with hypersensitivity to β-lactam 

antibiotics, the recommended alternative is clindamycin administered to adults at a dose of 300 

mg every 8 hours and to children at a dose of 8–16 mg/kg b.w. per day in 3–4 divided doses. 

The treatment of MRONJ can be complicated and time-consuming, which emphasises the 

importance of determining the optimal timing for dental implant placement in patients planning 

to undergo antiresorptive therapy or who have a family history of osteoporosis. Proper planning 

of the procedure is crucial for improving implant outcomes and minimising the risk of 

complications. A significant challenge in dental care for patients taking antiresorptive drugs 

remains the insufficient awareness of doctors regarding the impact of these drugs on the 

development of jawbone necrosis. [30,31] Dental implants require a proper osseointegration 

process, but the use of antiresorptive drugs may limit bone turnover, potentially disrupting 

implant integration with the bone. 

 

DENTAL IMPLANTATION 

 

With the growing importance of implantology, numerous studies have been conducted to 

analyse the impact of various factors, including osteoporosis, on implant survival rates. [32] 

This has prompted various dental associations to develop guidelines to support dentists in the 

care of patients taking antiresorptive drugs: 

• The European Federation of Periodontology (EFP) recommends avoiding implant 

placement in patients taking bisphosphonates or denosumab due to the increased risk of 

developing MRONJ. [33]  

• In turn, the American Dental Association (ADA) indicates that in patients with non-

malignant diseases undergoing antiresorptive therapy, it is possible to continue the 

treatment plan, provided that factors such as the drug administration schedule and 

duration of therapy are carefully analysed. However, in patients with malignant diseases, 

dental implant placement during antiresorptive therapy is contraindicated. [34] 

• The National Health Service (NHS) indicates that patients receiving intravenous 

bisphosphonates are generally not recommended candidates for implant treatment due 

to the increased risk of osteonecrosis. However, individuals taking oral bisphosphonates 

for a short period of time have a lower risk of this complication. The risk of MRONJ 
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and the management of patients who start anti-resorptive therapy after implantation and 

full osseointegration remains unclear. [35] 

 

Reports indicate that the presence or location of dental implants may provoke the development 

of MRONJ, especially in patients treated with intravenous bisphosphonates [36,37,38]. Studies 

documenting the occurrence of MRONJ in patients using oral bisphosphonates have also been 

published [39,40,41]. On the other hand, some authors [38,42,43] have not observed an 

increased risk of implant failure in patients taking oral bisphosphonates. Two studies (Goss [44] 

and Massaad [45]) presented data on the severity of MRONJ in a total of 15 dental implants. 

Of these, 12 failed implants were classified as stage 2 MRONJ, while 3 implants were classified 

as stage 3. The other studies did not report the degree of MRONJ for failed implants. Jacobsen 

[46] and Lazarovici [47] showed that dental implants placed in the posterior maxilla are 

associated with a higher risk of maxillary osteonecrosis. Studies by Seki et al. [48] indicate that 

peri-implantitis may act as a trigger for the development of MRONJ [49], even when the 

implant is already fully integrated with the bone. Inflammation and bone loss around the 

implant, characteristic of peri-implantitis, may create conditions conducive to the development 

of MRONJ. It should be emphasised that MRONJ occurs mainly within the dental implant and 

not in adjacent tissues, as confirmed by observations made by Pogrel and colleagues. [50] In 

most systematic reviews, dental implant failures occurred mainly in patients who had received 

intravenous bisphosphonates for more than 50 months. The most common site of implant failure 

was the posterior mandible, followed by the posterior maxilla. [51,52,53] In order to reduce the 

incidence of MRONJ, patients should be informed about potential risk factors. A study by 

Anitua et al. [53] showed that poorly fitting dentures, including implant-supported dentures, 

may also be a factor in the development of MRONJ in patients with dental implants. 

 

Conclusions: Bisphosphonate therapy, especially intravenous preparations used in oncology, 

significantly increases the risk of osteonecrosis of the jaw, which may affect the success of 

dental implantation. In patients using oral bisphosphonates, this risk is lower, but cannot be 

completely ruled out. The decision to implant should be made on an individual basis, taking 

into account the duration of therapy, the dose of the drug, and local and general factors. Patient 

education, careful treatment planning, and close monitoring of the condition of the tissues 

surrounding the implant are also crucial. Current evidence confirms the need for 
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interdisciplinary cooperation between dentists, implantologists, and physicians treating 

osteoporosis. 

 

Disclosure 

 

Author’s Contributions:  

Conceptualization: Natalia Tarczyńska, Szymon Górski, Joanna Okupniarek 

 

Formal analysis: Natalia Tarczyńska, Joanna Okupniarek 

Investigation: Joanna Okupniarek, Natalia Tarczyńska 

Writing  rough  preparation: Natalia Tarczyńska, Szymon Górski, Joanna Okupniarek, 

Writing review and editing: Natalia Tarczyńska, Szymon Górski, Joanna Okupniarek 

 

All authors have read and agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Avability Statement: Not applicable.................................................................................. 

Conflicts of Interest: The authors declare no conflict of interest. 

 

References 

1. Consensus Development Conference (1993) Diagnosis, prophylaxis, and treatment of 

osteoporosis. Am J Med 94:646–650. Doi: 10.1016/0002-9343(93)90218-e 

2. World Health Organization(1994)Assessment offracture risk and its application to screening 

for postmenopausal osteoporosis. Report of a WHO Study Group. World Health Organ Tech 

Rep Ser 843:1–129. Doi: 10.1007/BF01622200 

3. Kanis JA on behalf of the WHO Scientific Group (2008) Assessment of osteoporosis at the 

primary health-care level. WHO Collaborating Centre, University of Sheffield, Sheffield, UK, 

Technical Report 

4. Nguyen T, Sambrook P, Kelly P, Jones G, Lord S, Freund J, Eisman J (1993) Prediction of 

osteoporotic fractures by postural instability and bone density. BMJ 307:1111–1115. Doi: 

10.1136/bmj.307.6912.1111 



13 

5. Kanis JA, Johnell O, Odén A, Sembo I, Redlund-Johnell I, Dawson A, De Laet C, Jonsson 

B (2000) Long-term risk of oste oporotic fracture in Malmo. Osteoporos Int 11:669–674. Doi: 

10.1007/s001980070064 

6. Liberman UA, Weiss SR, Broll J, et al. Effect of oral alendronate on bone mineral density 

and the incidence of fractures in postmenopausal osteoporosis. N Engl J Med 1995; 333: 1437-

43. Doi: 10.1056/NEJM199511303332201 

7. Pols HA, Felsenberg D, Hanley, et al. Multinational, placebo-controlled, randomized trial of 

the effects of alendronate on bone density and fracture risk in postmenopausal women with low 

bone mass: results of the FOSIT study. Osteoporos Int 1999; 9: 461-8. Doi: 

10.1007/pl00004171 

8. Black DM, Tompson DE, Bauer DC, et al. For FIT Research Group. Fracture risk reduction 

with alendronate in women with osteoporosis: the Fracture Intervention Trial. J Clin Endocrinol 

Metab 2000; 85: 4118-24. Doi: 10.1210/jcem.85.11.6953 

9. Cranney A, Wells G, Wilian A, et al. Meta-analysis of alendronate for the treatment of 

postmenopausal women. Endocrine Res 2002; 23: 508-16. Doi: 10.1210/er.2001-2002 

10. Bone HG, Adami SA, Rizzoli R, et al. Weekly administration of alendronate: rationale and 

plan for clinical assessment. Clin Ther 2000; 22: 15-28. Doi: 10.1016/s0149-2918(00)87974-6 

11. Cramer JA, Amonkar MM, Hebborn A, et al. Compliance and persistence with 

bisphosphonate dosing regimens among women with postmenopausal osteoporosis. Curr Med 

Res Opin 2005; 21: 1453-60. Doi: 10.1185/030079905X61875 

12. Chesnut III CH, Skag A, Christiansen C, et al. Effects of oral ibandronate administered 

daily or intermittently on fracture risk in postmenopausal osteoporosis. J Bone Miner Res 2004; 

19: 1241-9. Doi: 10.1359/JBMR.040325 

13. Miller PD, Shergy WJ, Body JJ, et al. Long-term reduction of back pain in women with 

osteoporosis treated with teriparatide compared with alendronate. J Rheumatol 2005; 32: 1556-

62 

14. Fleisch H. Bisphosphonates: mechanisms of action. Endocr Rev 1998; 19: 80-100. Doi: 

10.1210/edrv.19.1.0325 

15. Ott SM. Clinical effects of bisphosphonates in involutional osteoporosis. J Bone Miner Res 

1993; 8 Suppl. 2: S597-S606. Doi: 10.1002/jbmr.5650081329 

16. Bauss F, Russell RG. Ibandronate in osteoporosis: preclinical data and rationale for 

intermittent dosing. Osteoporos Int 2004; 15: 423-33. Doi: 10.1007/s00198-004-1612-7 

17. Chirurgia Stomatologiczna i Szczękowo-Twarzowa, red. Rahnama M, Tom 1,  PZWL, 

Warszawa 2024. 



14 

18. Woo SB, Hellstein JW, Kalmar JR. Narrative [corrected] review: bisphosphonates and 

osteonecrosis of the jaws [published correction appears in Ann Intern Med. 2006; 145(3):235]. 

Ann Intern Med. 2006;144(10):753-761. Doi: 10.7326/0003-4819-144-10-200605160-00009 

19. Bilezikian JP. Osteonecrosis of the jaw—do bisphosphonates pose a risk? N Engl J Med. 

2006;355(22):2278-2281. Doi: 10.1056/NEJMp068157 

20. Black DM, Delmas PD, Eastell R, et al, HORIZON Pivotal Fracture Trial. Once-yearly 

zoledronic acid for treatment of postmenopausal osteoporosis. N Engl J Med. 

2007;356(18):1809-1822. Doi: 10.1056/NEJMoa067312 

21. Whitson HE, Lobaugh B, Lyles KW. Severe hypocalcemia following bisphosphonate 

treatment in a patient with Paget’s disease of bone. Bone. 2006 Oct;39(4):954-958. Epub 2006 

Jun 12. Doi: 10.1016/j.bone.2006.04.032 

22. Hewitt RE, Lissina A, Green AE, et al. The bisphosphonate acute phase response: rapid and 

copious production of proinflammatory cytokines by peripheral blood gd T cells in response to 

aminobisphosphonates is inhibited by statins. Clin Exp Immunol. 2005; 139(1):101-111. Doi: 

10.1111/j.1365-2249.2005.02665.x 

23. Burr DB, Miller L, Grynpas M, et al. Tissue mineralization is increased following 1-year 

treatment with high doses of bisphosphonates in dogs. Bone. 2003;33(6):960-969. Doi: 

10.1016/j.bone.2003.08.004 

24. US Food and Drug Administration. Information on bisphosphonates (marketed as Actonel, 

Actonel+Ca, Aredia, Boniva, Didronel, Fosamax, Fosamax+D, Reclast, Skelid, and Zometa). 

January 7, 2008. 

http://ovha.vermont.gov/forproviders/i3a_fda_gov_cder_drug_infopage_bisphosphonates_def

ault.pdf. Accessed September 18, 2025. 

25. Kunihara T, Tohmori H, Tsukamoto M, Kobayashi, M, Okumura T, Teramoto H,  Hamasaki 

T, Yamasaki T, Nakagawa T, Okimoto N, et al. Incidence and trend of antiresorptive agent-

related osteonecrosis of the jaw from 2016 to 2020 in Kure, Japan. Osteoporos. Int. 2023, 34, 

1101–1109. Doi: 10.1007/s00198-023-06732-8 

26. Migliorati CA. Bisphosphanates and oral cavity avascular bone necrosis. J. Clin. Oncol. 

2003, 21, 4253–4254. Doi: 10.1200/JCO.2003.99.132 

27. Ruggiero SL, Mehrotra B, Rosenberg TJ, Engroff SL. Osteonecrosis of the jaws associated 

with the use of bisphosphonates: A review of 63 cases. J. Oral Maxillofac. Surg. 2004, 62, 527–

534. Doi: 10.1016/j.joms.2004.02.004 



15 

28. Marx .E. Pamidronate (Aredia) and zoledronate (Zometa) induced avascular necrosis of the 

jaws: A growing epidemic. J. Oral Maxillofac. Surg. 2003, 61, 1115–1117. Doi: 

10.1016/s0278-2391(03)00720-1 

29. Podstawy Chirurgii Stomatologicznej, Dominiak M,Gedrange T, Rahnama M, wyd. 3, Edra 

Urban & Partner, Wrocław 2022 

30. Miranda-Silva W, Montezuma MA, Benites BM, Bruno JS, Fonseca FP, Fregnani ER. 

Current knowledge regarding medication-related osteonecrosis of the jaw among different 

health professionals. Support Care Cancer 2020, 28, 5397–5404. Doi: 10.1007/s00520-020-

05374-4 

31. Al-Mohaya MA, Al-Khashan HI, Mishriky AM, Al-Otaibi LM. Physicians’ awareness of 

bisphosphonates-related osteonecrosis of the jaw. Saudi Med. J. 2011, 32, 830–835. 

32. Veitz-Keenan A, Keenan JR. Implant outcomes poorer in patients with history of 

periodontal disease. Evid.-Based Dent. 2017, 18,5. Doi: 10.1038/sj.ebd.6401214 

33. European Federation of Periodontology Home Page. Available online: 

https://www.efp.org/faqs/#:~:text=Implants%20are%20 

also%20not%20suitable,tissue)%20develops%20suddenly%20and%20quickly (accessed on 

24 September 2025). 

34. Ruggiero SL, Dodson TB, Aghaloo T, Carlson ER, Ward BB, Kademani D. American 

Association of Oral and Maxillofacial Surgeons’ Position Paper on Medication-Related 

Osteonecrosis of the Jaws—2022 Update. J. Oral Maxillofac. Surg. 2022, 80, 920–943. Doi: 

10.1016/j.joms.2022.02.008 

35. Guidance on the Standards of Care for NHS-Funded Dental Implant Treatment 2019; Royal 

College of Surgeons of England Faculty of Dentistry: London, UK, 2019. 

36. 43. Nisi M, La Ferla F, Karapetsa D, et al. Risk factors influencing BRONJ staging in 

patients receiving intravenous bisphosphonates: a multivariate analysis. Int J Oral Maxillofac 

Surg 2015;44:586–91. Doi: 10.1016/j.ijom.2015.01.014 

37. Giovannacci I, Meleti M, Manfredi M, et al. Medication-related osteonecrosis of the jaw 

around dental implants: implant surgerytriggered or implant presence-triggered osteonecrosis? 

J Craniofac Surg 2016;27:697–701. Doi: 10.1097/SCS.0000000000002564 

38. Tallarico M, Canullo L, Xhanari E, et al. Dental implants treatment outcomesin patient 

under active therapy with alendronate: 3-year followup results of a multicenter prospective 

observational study. Clin Oral Implants Res 2016;27:943–9. Doi: 10.1111/clr.12662 



16 

39. Holzinger D, Seemann R, Matoni N, et al. Effect of dental implants on bisphosphonate-

related osteonecrosis of the jaws. J Oral Maxillofac Surg 2014;72, 1937 e1-8. Doi: 

10.1016/j.joms.2014.04.037 

40. Kwon TG, Lee CO, Park JW, et al. Osteonecrosis associated with dental implants in patients 

undergoing bisphosphonate treatment. Clin Oral Implants Res 2014;25:632–40. Doi: 

10.1111/clr.12088 

41. Troeltzsch M, Cagna D, Stahler P, et al. Clinical features of peri-implant medication-related 

osteonecrosis of the jaw: is there an association to peri-implantitis? J Craniomaxillofac Surg 

2016;44:1945–51. Doi: 10.1016/j.jcms.2016.09.018 

42. Ata-Ali J, Ata-Ali F, Penarrocha-Oltra D, et al. What is the impact of bisphosphonate 

therapy upon dental implant survival? A systematic review and meta-analysis. Clin Oral 

Implants Res 2016;27:e38–46. Doi: 10.1111/clr.12526 

43. Fugazzotto PA, Lightfoot WS, Jaffin R, et al. Implant placement with or without 

simultaneous tooth extraction in patients taking oral bisphosphonates: postoperative healing, 

early follow-up, and the incidence of complications in two private practices. J Periodontol 

2007;78:1664–9. Doi: 10.1902/jop.2007.060514 

44. Goss ADF, Bartold MDF, Sambrook PMBBSF, Hawker PBDSMS. The Nature and 

Frequency of Bisphosphonate-Associated Osteonecrosis of the Jaws in Dental Implant Patients: 

A South Australian Case Series. J. Oral Maxillofac. Surg. 2010, 68, 337–343. Doi: 

10.1016/j.joms.2009.09.037 

45. Massaad J, Magremanne M. Is medication related osteonecrosis of the jaw around implants 

a rare entity? A case series with a focus on etiopathophysiology. J. Stomatol. Oral Maxillofac. 

Surg. 2022, 123, e743–e748. Doi: 10.1016/j.jormas.2021.12.002 

46. Jacobsen C, Metzler P, Rössle M, Obwegeser J, Zemann W, Grätz KW. Osteopathology 

induced by bisphosphonates and dental implants: Clinical observations. Clin. Oral Investig. 

2013, 17, 167–175. Doi: 10.1007/s00784-012-0708-2 

47. Lazarovici TS, Yahalom R, Taicher S, Schwartz-Arad D, Peleg O, Yarom N. 

Bisphosphonate-Related Osteonecrosis of the Jaw Associated With Dental Implants. J. Oral 

Maxillofac. Surg. 2010, 68, 790–796. Doi: 10.1016/j.joms.2009.09.017 

48. Seki K, Namaki S, Kamimoto A, Hagiwara Y. Medication-Related Osteonecrosis of the 

Jaw Subsequent to Peri-Implantitis: A Case Report and Literature Review. J. Oral Implantol. 

2021, 47, 502–510. Doi: 10.1563/aaid-joi-D-19-00385 

49. Tempesta A, Capodiferro S, Mauceri R, Lauritano D, Maiorano E, Favia G, Limongelli L. 

Peri-implantitis-like medicationrelated osteonecrosis of the jaw: Clinical considerations and 



17 

histological evaluation with confocal laser scanning microscope. Oral Dis. 2022, 28, 1603–

1609. Doi: 10.1111/odi.13873 

50. Pogrel MA, Ruggiero SL. Previously successful dental implants can fail when patients 

commence anti-resorptive therapy—A case series. Int. J. Oral Maxillofac. Surg. 2018, 47, 220–

222. Doi: 10.1016/j.ijom.2017.07.012 

51. Kün-Darbois JD, Fauvel F: Medication-related osteonecrosis and osteoradionecrosis of the 

jaws: update and current management. Morphologie. 2021, 105:170-87. Doi: 

10.1016/j.morpho.2020.11.008 

52. Rebelo CG, Fernandes JC, Bernardo N, Couto P, Fernandes GV: Bisphosphonates and their 

influence on the implant failure: a systematic review. Appl Sci. 2023, 13:3496. Doi: 

10.3390/app13063496 

53. Anitua E, Alkhraisat M, Eguia A: Clinical performance of implant-supported prostheses in 

the rehabilitation of patients previously treated for medication-related osteonecrosis of the jaws 

(MRONJ): a systematic review. Cureus. 2024, 16:e61658. Doi: 10.7759/cureus.61658 


