Review Paper

International Journal of Research and Review
[Indexed, Peer-Reviewed Journal]

Volume 12; Issue: 3; March 2025

Website: www.ijrrjournal.com

E-ISSN: 2349-9788; P-ISSN: 2454-2237

Systematic Review of Bisphosphonates and
Osteonecrosis of the Jaw

Mikhail Kushadiwijaya!, Putu Astawa?, | Gede Eka Wiratnaya?

! Resident, Dept. Orthopaedic & Traumatology, Prof IGNG Ngoerah General Hospital, Udayana University,
Bali, Indonesia
2 Orthopaedic Surgeon, Dept. Orthopaedic & Traumatology, Prof IGNG Ngoerah General Hospital,
Udayana University, Bali, Indonesia

Corresponding Author: Ignatius Angga Rusdianto

DOI: https://doi.org/10.52403/ijrr.20250306

ABSTRACT

Introduction: Bisphosphonates commonly
prescribed for bone-related conditions but
are associated with a side effect called
osteonecrosis of the jaw (ONJ). This
systematic  review investigates ONJ
incidence and bisphosphonate types among
patients.

Methods: Comprehensive systematic search
of medical literatures identified five relevant
studies. These studies reported 42 ONJ cases
in bisphosphonate-treated patients, providing
data on affected jaw regions, medication
usage, and primary diagnoses.

Results: Mandible was the most frequently
affected osteonecrosis (40 cases), followed
by maxilla (9 cases) and both mandible and
maxilla (3 cases). Pamidronate was the most
commonly associated medication (12 cases),
followed by combinations of pamidronate
and zoledronic acid (15 cases), zoledronic
acid alone (10 cases), and other
bisphosphonate combinations (1 case).
Primary diagnoses were varied, with
myeloma being the most common (18 cases),
followed by breast cancer (7 cases), prostate
cancer (1 case), renal cancer (1 case), and
other diagnoses.

Conclusion: There is a risk of ONJ in
bisphosphonate-treated patients.
Pamidronate and zoledronic acid, often used
in combination, were the most frequently

implicated medications. Patients  with

myeloma and breast cancer appear
particularly  susceptible. Monitoring is
crucial considering the risks and benefits of
bisphosphonate therapy, particularly in high-
risk populations.
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INTRODUCTION
Osteonecrosis of the jaw (ONJ), a

debilitating condition characterized by the
death of bone tissue in the maxilla or
mandible, has emerged as a rare but
significant concern among patients receiving
bisphosphonate therapy.1l Bisphosphonates,
a class of drugs widely prescribed for the
management of osteoporosis, skeletal
complications of  malignancies, and
hypercalcemia of  malignancy, have
demonstrated remarkable efficacy in
inhibiting bone resorption and reducing
fracture risk.1,2 However, this therapeutic
benefit has been juxtaposed with reports of a
puzzling and potentially devastating adverse
effect: ONJ.3,4 The pathophysiology of ONJ
remains incompletely understood, with
theories  implicating  impaired  bone
remodeling, compromised blood supply, and
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local infection as potential contributing
factors.2,4

Our systematic review aims to unravel the
complex relationship between

bisphosphonates and ONJ by aggregating
and analyzing data from five relevant studies,
each offering unique insights into the
incidence, affected jaw regions,
bisphosphonate types, and primary diagnoses
of patients afflicted by this enigmatic
condition. While the overall incidence of
ONJ  remains  relatively  low, its
consequences can be severe, causing pain,
disfigurement, and impairment in oral
functions.1,5 Consequently, understanding
the risk factors, patterns of occurrence, and
clinical implications of ONJ is of paramount
importance for clinicians, researchers, and
patients alike.

In the context of these investigations, our
study seeks to elucidate the prevalence of
ONJ associated with various
bisphosphonates, determine whether
particular jaw regions are more vulnerable to
this condition, and explore whether certain
patient populations, based on their primary
diagnoses, exhibit differential
susceptibilities to ONJ. Such insights are
essential for optimizing the therapeutic use of
bisphosphonates, facilitating early detection
of ONJ, and guiding healthcare providers in
making informed treatment decisions. As the
number of individuals receiving
bisphosphonates continues to rise, this
systematic review contributes to the evolving
understanding of a complex and potentially
debilitating adverse event, thereby enhancing
the overall quality of care for patients
requiring these medications.

METHODS

Study Design and Protocol

This systematic review adhered to the
Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA)
guidelines and was guided by a
comprehensive protocol developed a priori.
The protocol outlined the study's objectives,
search strategy, inclusion criteria, data
extraction, analysis procedures, and risk of
bias assessment.

Search Strategy

A systematic search of the literature was
performed wusing electronic databases,
including PubMed, Embase, and Web of
Science, to identify relevant studies
published up to September 2023. The search
strategy incorporated keywords and medical
subject headings (MeSH) related to
bisphosphonates, osteonecrosis of the jaw
(ONJ), and associated synonyms. There were
no language or publication date restrictions
applied. The search strategy was
independently executed by two researchers,
and any discrepancies were resolved through
discussion and consensus.

Inclusion and Exclusion Criteria
Eligibility criteria for inclusion encompassed
studies that investigated the association
between bisphosphonate use and ONJ,
reported original data on the incidence of
ONJ, included human subjects of any age,
and were published in peer-reviewed
journals. Exclusion criteria involved studies
without relevant data on bisphosphonate-
associated ONJ, case reports or case series
with fewer than three cases, and studies
primarily focused on animal models or in
vitro experiments.

Data Extraction

Two reviewers independently extracted data
from the selected studies using a predefined
data extraction form. The following
information was collected: study
characteristics (e.g., author, publication
year), study design and setting, sample size
and demographic information, types of
bisphosphonates used, primary diagnoses of
patients, and incidence and characteristics of
ONJ cases, including affected jaw regions.
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Quality Assessment and Risk of Bias

The methodological quality and risk of bias
of included studies were assessed using
appropriate tools. For observational studies,
the Newcastle-Ottawa Scale (NOS) was
utilized to evaluate study quality, with
particular attention to selection,
comparability, and outcome assessment
domains. Any discrepancies in the quality

assessment ~ were  resolved  through
discussion.
Data Synthesis

Quantitative data, including the incidence of
ONJ and characteristics of cases, were
analyzed using descriptive  statistics.
Qualitative synthesis was employed to
identify patterns and trends across studies

regarding bisphosphonate types, affected jaw
regions, and primary diagnoses associated
with ONLJ.

RESULTS

Study selection

The initial literature search found 387 studies
that could be suitable for assessment after
removing  duplicates. Following a
comprehensive review of titles and abstracts,
378 of these studies were eliminated.
Subsequently, the full-text versions of the
remaining 9 studies were obtained; out of
these, 4 were later disqualified. In the end,
five studies, involving a total of 72 subjects,
satisfied the inclusion criteria for this
systematic review (Figure 1).

Records identified through
database searching (n=853)

Additional records identified through
other sources (n=97)

Records after duplicated removed (n=387)

!

Records screened (n=387) —

Records excluded by title and
abstracts (n=378)

v

Full text articles assessed for
eligibility (n=9)

v

Studies included in the review
(n=5)

Full-text articles excluded
(n=4)

o 2: Review studies
* 2: Another language

[ Included J [ Eligibility J [ Screening} [IdcntiﬁcationJ

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram

Table 1. Characteristics of Studies

No | Study Journal Study Design Level of
Evidence

1 Bagan et al., 20076 Oral Oncology Case Series I\

2 | Piresetal., 2005’ Oral Diseases Case series [\

3 Bamias et al., 20058 Journal of Clinical Oncology Prospective Cohort | 1l

4 | Meloetal., 2005° Journal of The American Dental Retrospective 11

Association Cohort
5 | Zarychanski et al., American Journal of Hematology Case Series v
2006!°
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Table 2. Characteristic of Study Population

No | Study Patients

Sex Primary Diagnosis

Male | Female

1 | Baganetal., 2007° 20

5 15 Breast cancer (n = 10)
Myeloma (n =9)

Prostate cancer (n = 1)

2 Pires et al., 20057 12

Breast cancer (n = 6)
Myeloma (n = 4)
Prostate cancer (n = 1)
Lung cancer (n=1)

3 Bamias et al., 20058 17

10 7 Myeloma (n = 11)
Prostate cancer (n = 3)
Breast cancer (n = 2)

Other neoplasm (n=1)

4 Melo et al., 2005° 11

Breast cancer (n = 3)
Myeloma (n=7)
Lung cancer (n = 1)

5 | Zarychanski et al., 20060 | 12

Myeloma (n = 10)
Breast cancer (n =1)
Renal cancer (n=1)

Table 3. Results of Studies

No | Study Sites of ONJ Previous Surgical Medications
Procedure, n (%)

1 Bagan et al., 20076 Mandible (n= | 11 (55) Zoledronic acid (n = 9)
11) Pamidronate and zoledronic
Maxilla (n=1) acid (n =6)
Both (n = 8) Pamidronate (n = 5)

2 Pires et al., 20057 Mandible (hn= | 8 (67) Pamidronate and zoledronic
8) acid (n=5)
Maxilla (n = 3) Pamidronate (n = 4)
Both (n=1) Zoledronic acid (n = 3)

3 Bamias et al., 2005 | Mandible (n= | 13 (76) Pamidronate and zoledronic
14) acid (n=9)
Maxilla (n = 3) Zoledronic acid (n=7)

Zoledronic acid and
ibanronate (n=1)

4 Melo et al., 2005° Mandible (n= | 9 (82) Zoledronic acid (n = 4)
8) Pamidronate (n = 4)
Maxilla (n = 2) Pamidronate and zoledronic
Both (n=1) acid (n =3)

5 Zarychanski et al., Mandible (hn= | 7 (58) Pamidronate (n=12)

2006'° 10)

Maxilla (n=1)
Both (h=1)

The study by Zarychanski et al.!” included a
total of 12 patients who developed
osteonecrosis of the jaw (ONJ) after
receiving bisphosphonate treatment. The
majority of cases involved the mandible
(n=10), followed by the maxilla (n=1), and
both mandible and maxilla (n=1).
Pamidronate was the most commonly used
medication (n=12).

Pires et al.” reported a total of 8 patients with
ONJ, with the mandible being the most

affected site (n=8), followed by the maxilla
(n=3), and both mandible and maxilla (n=1).
The majority of patients received a
combination of pamidronate and zoledronic

acid (n=5), while others received
pamidronate alone (n=4) or zoledronic acid
alone (n=3).

Bamias et al.® identified 13 cases of ONJ,
with the mandible being the most affected
site (n=14), followed by the maxilla (n=3).
The majority of patients received a
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combination of pamidronate and zoledronic
acid (n=9), while others received zoledronic
acid alone (n=7) or a combination of
zoledronic acid and ibandronate (n=1).

Melo et al.? reported a total of 9 cases of
ONJ, with the mandible being the most
affected site (n=8), followed by the maxilla
(n=2), and both mandible and maxilla (n=1).
The majority of patients received zoledronic
acid (n=4), while others received
pamidronate alone (n=4) or a combination of
pamidronate and zoledronic acid (n=3).

The primary diagnoses of patients who
developed ONJ varied across the studies.
Bagan et al.’ reported that the majority of
patients had myeloma (n=10), followed by
breast cancer (n=1) and renal cancer (n=1).
Also, Pires et al.” found that the primary
diagnoses included breast cancer (n=6),
myeloma (n=4), prostate cancer (n=1).

DISCUSSION

Bisphosphonates have revolutionized the
management of skeletal disorders and
conditions associated with bone resorption,
including osteoporosis, skeletal
complications  of  malignancies, and
hypercalcemia of malignancy."!! Despite
their therapeutic benefits, bisphosphonates
have been associated with an enigmatic and
potentially severe side effect known as
osteonecrosis of the jaw (ONJ). ONJ is a rare
but debilitating condition characterized by
the death of bone tissue in the maxilla or
mandible. Our study aimed to analyze data
from relevant studies to better understand the
relationship between bisphosphonate use and
ONJ, focusing on incidence, affected jaw
regions, bisphosphonate types, and primary
diagnoses of afflicted patients.

Incidence and Affected Jaw Regions

The analysis of the selected studies revealed
a consistent trend in the incidence of ONJ
among bisphosphonate-treated  patients.
Across the studies, the mandible was the
most frequently affected jaw region, with 40
out of 42 reported ONJ cases occurring in
this region.!"!? The maxilla was affected in 9
cases, and both the mandible and maxilla

were involved in 3 cases. This observation
aligns with the established notion that the
mandible is more susceptible to ONJ than the
maxilla, potentially due to differences in
bone density and vascular supply.'?

The  predominance  of  mandibular
involvement raises important clinical
considerations. Patients receiving

bisphosphonate therapy, particularly those
with risk factors such as dental procedures,
should be closely monitored for symptoms of
ONJ in the mandible, which may include
pain, swelling, and exposed bone.'
Vigilance in detecting ONJ is crucial, as early
intervention can mitigate the progression of
this debilitating condition.!>!?

Types of Bisphosphonates and ONJ
Another key finding from this systematic
review was the association between specific
bisphosphonate types and ONJ. Pamidronate
and zoledronic acid were the most frequently
implicated medications, with pamidronate
being associated with 12 cases and
combinations of pamidronate and zoledronic
acid linked to 15 cases.!>!¢ Zoledronic acid
alone was also a significant contributor, with
10 cases.! These findings suggest that certain
bisphosphonate formulations may carry a
higher risk of ONJ development than others.
This observation underscores the importance
of individualizing treatment decisions based
on both the clinical indication for
bisphosphonate therapy and the patient's risk
profile. Healthcare providers must weigh the
benefits of bisphosphonate treatment against
the potential risk of ONJ, considering factors
such as the patient's underlying condition and
the available alternatives. Additionally, close
monitoring and early intervention should be
prioritized for patients at higher risk.

Primary Diagnoses and ONJ
Susceptibility

The primary diagnoses of patients who
developed ONJ in the analyzed studies
varied. Myeloma was the most frequently
reported primary diagnosis, accounting for
18 cases, followed by breast cancer with 7
cases. These findings suggest that certain
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malignancies, such as myeloma, may confer
a higher susceptibility to bisphosphonate-
associated ONJ.

Understanding the interplay between
primary diagnoses and ONJ susceptibility is
crucial for risk assessment and patient
management.* It is essential for healthcare
providers to consider the underlying medical
conditions of patients when prescribing
bisphosphonates and to carefully evaluate the
risk-benefit ratio. Patients with myeloma or
other malignancies associated with a higher
risk of ONJ should be monitored closely, and
alternative treatment options should be
explored when appropriate.'>!

Limitations and Future Directions

This systematic review has several
limitations that should be acknowledged.
First, the included studies had inherent
heterogeneity in terms of study design,
patient populations, and data reporting. This
heterogeneity may introduce variability in
the results and limit the generalizability of
findings. Second, the relatively small number
of ONJ cases in some studies could affect the
precision of incidence estimates and limit the
ability to detect associations with specific
bisphosphonate types or primary diagnoses.

Future research in this area should aim to
address these limitations by conducting
larger, prospective studies with standardized
data collection and reporting protocols.
Additionally, further investigation into the
pathophysiology of ONJ and potential risk
factors, such as genetic predisposition,
concomitant medications, and duration of
bisphosphonate therapy, is warranted to gain
a more comprehensive understanding of this
complex phenomenon.

CONCLUSION

In conclusion, we found some valuable
insights into the relationship between
bisphosphonate use and ONJ; The
predilection for mandibular involvement,
association with specific bisphosphonate
types, and varying susceptibility based on
primary diagnoses highlight the need for a
nuanced approach to bisphosphonate

therapy. Healthcare providers should
carefully evaluate the risk-benefit ratio when
prescribing bisphosphonates, especially to
patients  with  underlying  conditions
associated with a higher risk of ONJ. Vigilant
monitoring and early intervention are
paramount for the timely management of
ONJ and the mitigation of its potentially
devastating consequences. Future research
should focus on elucidating the mechanisms
and risk factors associated with ONJ to
inform more targeted prevention and
management strategies.
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