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ABSTRACT

Bisphosphonate-related osteonecrosis of the jaw (BRONJ) is a rare but severe complication
associated with the long-term use of bisphosphonates, particularly in the treatment of
osteoporosis and cancer-related bone metastases. The pathogenesis of BRONJ is
multifactorial, involving the inhibition of osteoclast activity, which impairs bone remodeling
and leads to the accumulation of dead bone tissue. The condition is further complicated by
the presence of microbial biofilms in the affected area, which play a critical role in the
persistence of infection and hinder bone regeneration. Risk factors for BRONJ include
prolonged bisphosphonate therapy, invasive dental procedures, pre-existing periodontal
disease, and certain patient characteristics, such as advanced age or comorbidities.

This article reviews current research on the mechanisms underlying BRONJ, with a
particular focus on microbial biofilm formation and its implications for treatment. Studies
suggest that addressing biofilm-related infection through novel antimicrobial strategies,
such as bone-targeted antibiotics or topical minocycline, can be a promising approach for
managing BRONJ. Additionally, advancements in pharmacokinetic modeling have enabled
clinicians to assess individual patient risk based on drug dosage and duration, thus
providing more personalized management strategies for bisphosphonate therapy. The
article also emphasizes the importance of early identification and intervention to prevent the
progression of BRONJ and reduce its impact on patients' quality of life.

While significant progress has been made in understanding the pathophysiology of BRONJ,
further research is needed to optimize therapeutic approaches, refine predictive models,
and explore innovative treatment options. The development of targeted antimicrobial
therapies, personalized treatment regimens, and improved clinical protocols will be
essential for reducing the incidence and severity of BRONJ, ultimately enhancing patient
outcomes and minimizing the long-term complications associated with bisphosphonate use.
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INTRODUCTION

Bisphosphonates are synthetic analogs of pyrophosphate that strongly bind to
hydroxyapatite in bone, inhibiting osteoclast-mediated bone resorption. Since their
introduction in the 1990s, these agents have become a cornerstone in the treatment of
several skeletal conditions, including osteoporosis, multiple myeloma, and bone metastases
secondary to solid tumors such as breast, prostate, and lung cancer. Their long-term use
has been shown to significantly reduce fracture risk, stabilize metastatic bone lesions, and
improve quality of life. However, as their use has become more widespread and prolonged,
a serious adverse effect has gained attention: bisphosphonate-related osteonecrosis of the
jaw (BRONJ), also known as medication-related osteonecrosis of the jaw (MRONJ) when

extended to other antiresorptive or antiangiogenic agents.

Figure 1: Schematic diagram of the potential pathogenesis of BRONJI
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BRONJ is defined by the American Association of Oral and Maxillofacial Surgeons
(AAOMS) as exposed bone or bone that can be probed through an intraoral or extraoral
fistula in the maxillofacial region that persists for more than eight weeks, in patients with a
history of current or previous treatment with antiresorptive or antiangiogenic agents, and no
history of radiation therapy to the jaws. The condition is most commonly observed in

individuals receiving high-potency intravenous bisphosphonates, such as zoledronate and
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pamidronate, used predominantly in oncology. Nonetheless, oral bisphosphonates like
alendronate and risedronate, prescribed for osteoporosis, have also been associated with
the development of BRONJ, albeit at a lower incidence.

Epidemiologically, BRONJ remains relatively rare, but its impact is significant.
Incidence rates vary widely depending on the population studied, drug potency,
administration route, and duration of treatment. In oncology patients receiving intravenous
bisphosphonates, the incidence has been reported to range from 1% to 10%, whereas in
osteoporotic patients taking oral bisphosphonates, it is considerably lower, estimated
between 0.001% and 0.01%. Nonetheless, due to the chronic nature of the disease and its
potential for serious morbidity, even a low incidence warrants clinical vigilance and
appropriate preventive strategies.

Pathophysiologically, BRONJ is believed to result from a multifactorial mechanism.
Inhibition of osteoclastic activity leads to impaired bone remodeling and microdamage
accumulation. Additionally, bisphosphonates exhibit antiangiogenic properties, which may
compromise vascular supply to the jawbone. The jawbones are particularly susceptible due
to their high remodeling rate and frequent exposure to trauma and microbial flora through
the oral cavity. Local factors such as dentoalveolar surgery, periodontal disease, ill-fitting
dentures, and poor oral hygiene, combined with systemic factors like immunosuppression,
corticosteroid use, diabetes, and smoking, can further increase the risk of BRONJ.

From a clinical perspective, BRONJ presents a spectrum of manifestations ranging
from asymptomatic bone exposure to severe pain, soft tissue infection, pathological
fractures, and even extraoral fistulation. These symptoms often lead to significant functional
and psychological distress, negatively affecting nutritional intake, speech, social interaction,
and overall quality of life. Early diagnosis remains challenging due to the insidious onset
and overlapping features with other maxillofacial pathologies. Imaging modalities such as
panoramic radiography, cone-beam computed tomography (CBCT), and magnetic
resonance imaging (MRI) may aid in evaluation, but diagnosis remains primarily clinical.

Management of BRONJ is complex and often unsatisfactory. There is currently no
universally accepted treatment protocol, and therapeutic approaches are typically
individualized based on disease stage and patient condition. Conservative treatments aim
to control infection and limit progression, including the use of chlorhexidine rinses,
antibiotics, and analgesics. Surgical interventions, including sequestrectomy and resection,

may be considered in advanced cases. Preventive measures such as dental evaluation
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before initiating bisphosphonate therapy, patient education, and strict oral hygiene practices
are critical components in minimizing risk.

Socially and ethically, BRONJ presents a dilemma for clinicians and patients alike:
balancing the proven benefits of bisphosphonates in preventing life-threatening skeletal
complications against the potential development of a painful and debilitating jaw condition.
Furthermore, disparities in access to dental care and lack of interdisciplinary coordination
between medical and dental professionals may delay diagnosis and worsen outcomes.

The obijective of this article is to provide a comprehensive and critical review of
recent scientific literature on bisphosphonate-related osteonecrosis of the jaw (BRONJ),
exploring its pathophysiological mechanisms, risk factors, diagnostic criteria, and current
management strategies. Additionally, the article aims to identify existing challenges and
future directions to enhance prevention, diagnosis, and treatment of this increasingly
relevant condition in clinical practice.

Bisphosphonate-related osteonecrosis of the jaws (BRONJ) is a rare but serious
condition associated with prolonged use of bisphosphonates, drugs widely used in the
treatment of bone diseases. The literature on the pathogenesis of BRONJ is extensive and
points to multiple factors involved in its development, including the formation of microbial
biofilms that play a crucial role in infection persistence and bone healing difficulty. In a study
published by Sedghizadeh et al. (2020), microbial biofilms were identified in BRONJ
lesions, and these biofilms were found to hinder immune response and bone regeneration,
creating a favorable environment for disease progression. The study also suggests that
innovative antimicrobial therapies, such as the use of cold plasma, could be effective in
treating BRONJ by directly disrupting bacterial biofilms and promoting bone healing.

In another study, Sedghizadeh et al. (2021) developed population pharmacokinetic
and pharmacodynamic models to assess the risk of developing BRONJ in patients treated
with bisphosphonates. These models, based on drug dosage and treatment duration, allow
for more accurate risk analysis, considering specific patient characteristics such as age,
pre-existing conditions, and the type of bisphosphonate used. The research provides
valuable insights for personalized treatment and early identification of patients at risk for
developing BRONJ. The study emphasizes the need for more detailed and personalized
monitoring strategies during bisphosphonate treatment to prevent severe complications
such as BRONJ.

The presence of alendronate in affected areas of necrotic bone was also studied by

Schaudinn et al. (2019), who used X-ray energy dispersive spectroscopy to quantify the
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concentration of alendronate in necrotic bone samples from patients with BRONJ. The
results indicated a significant accumulation of the drug in affected areas, suggesting that
the local concentration of bisphosphonates is directly correlated with the occurrence and
severity of osteonecrosis. This study highlighted the importance of monitoring
bisphosphonate levels in bone areas during treatment, as well as the need for adjustments
in dosage and treatment duration, especially in patients predisposed to BRONJ.

Karasneh et al. (2021) proposed a modified treatment protocol for BRONJ in which
the topical application of minocycline in orabase showed promising results in treating the
condition. The study demonstrated that topical minocycline could reduce necrosis
progression and promote bone regeneration while minimizing systemic side effects
commonly associated with oral antibiotic use. The proposed protocol offers a less invasive
therapeutic alternative with a superior safety profile, which could represent an important
strategy in managing patients with early or moderate BRONJ.

Regarding bone infection associated with bisphosphonate use, Sedghizadeh et al.
(2022) explored the potential use of bone-targeted antibiotic conjugates, such as a
bisphosphonate-ciprofloxacin conjugate, to combat microbial biofilms that often colonize
BRONUJ lesions. The study published in the Journal of Medicinal Chemistry revealed that
these conjugates showed significant antimicrobial activity against pathogenic bacteria
associated with biofilms, offering a new approach to treating bisphosphonate-induced
osteomyelitis. Moreover, the bone-targeted conjugates demonstrated lower toxicity and
higher selectivity, crucial characteristics in treating bone infections in patients with
comorbidities.

Finally, Sedghizadeh et al. (2023) conducted an observational clinical analysis
identifying several risk factors associated with the development of BRONJ. The study
observed that prolonged bisphosphonate use, particularly in patients undergoing invasive
dental procedures, such as tooth extractions and implants, significantly increased the risk of
developing the condition. The presence of periodontal diseases and lack of proper dental
evaluation were also identified as important risk factors. These findings reinforce the need
for rigorous dental follow-up in patients undergoing bisphosphonate treatment to prevent
severe complications such as BRONJ.

The pathogenesis of bisphosphonate-related osteonecrosis of the jaw (BRONJ)
remains multifactorial and complex. As discussed in the studies reviewed, microbial biofilms
appear to play a significant role in the persistence of infections and the failure of bone

healing in BRONJ lesions. This highlights the critical need for innovative antimicrobial
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therapies to address these biofilms and improve the management of BRONJ. The use of
treatments such as topical minocycline and bone-targeted antibiotics presents a promising
alternative to systemic antibiotic regimens, offering localized treatment with fewer side
effects.

Additionally, the development of population pharmacokinetic models has allowed for
more personalized treatment regimens, helping to predict the likelihood of BRONJ based on
patient characteristics. These models serve as a valuable tool for clinicians to make
informed decisions about the initiation and duration of bisphosphonate therapy, especially in
patients with other risk factors such as periodontal disease or those requiring invasive
dental procedures. Furthermore, the research on the accumulation of bisphosphonates in
necrotic bone emphasizes the importance of adjusting treatment regimens based on the
local concentration of the drug in affected areas, potentially reducing the risk of
osteonecrosis.

While much progress has been made in understanding the pathophysiology and
treatment of BRONJ, further research is necessary to establish more definitive therapeutic
strategies. Future studies should focus on improving the specificity and efficiency of
antimicrobial treatments, exploring alternative bone-targeting strategies, and validating the
clinical use of pharmacokinetic models in predicting BRONJ risk across diverse patient
populations.

Bisphosphonate-related osteonecrosis of the jaw (BRONJ) represents a serious
complication associated with the prolonged use of bisphosphonates, primarily in the
treatment of osteoporosis and cancer-related bone diseases. As the reviewed studies
indicate, the development of BRONJ is not solely due to the use of bisphosphonates, but is
influenced by various factors, including microbial biofilm formation, drug accumulation in
bone, and patient-specific risk factors such as prior dental procedures or underlying
periodontal disease. Understanding these factors is critical for minimizing the incidence of
BRONJ and improving the quality of life for patients affected by this condition.

The findings presented in this article highlight several promising approaches in the
management and treatment of BRONJ. First, the identification of microbial biofilms in
BRONUJ lesions underscores the need for novel antimicrobial therapies that can effectively
target these biofilms. Topical treatments, such as the use of minocycline, provide a localized
and less invasive therapeutic alternative that could be particularly useful in early-stage

BRONJ. Furthermore, advancements in pharmacokinetic modeling allow for more
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personalized treatment, providing clinicians with tools to predict the risk of BRONJ in
individual patients based on their specific characteristics and treatment regimens.

In conclusion, while significant advancements have been made in understanding the
mechanisms and treatments for BRONJ, there remains much to be explored. Future
research should focus on refining and testing the novel therapeutic strategies discussed,
further investigating the role of microbial biofilms, and expanding the clinical application of
pharmacokinetic models. Ultimately, these efforts will contribute to the development of more
effective and tailored treatment options for patients undergoing bisphosphonate therapy,
reducing the prevalence and impact of BRONJ and improving patient outcomes in the long

term.
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