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ABSTRACT

| Background

Medication-related osteonecrosis of the jaw (MRONJ) is a clinically important compli-
cation associated with antiresorptive therapy, particularly bisphosphonates. Tooth ex-
traction is a major local risk factor, while persistent odontogenic infection and apical

periodontitis may also contribute to local conditions associated with MRONJ.

Aims

This narrative review aimed to evaluate evidence on periapical healing after endodon-
tic treatment in patients receiving bisphosphonates and to clarify the potential rele-

vance of infection control and tooth preservation to MRONJ risk management.

Materials and Methods

A narrative literature review was performed. PubMed, Scopus, and Google Scholar
were searched for English-language publications published from 2003 to 14 July 2026
concerning bisphosphonates, MRONJ, apical periodontitis, periapical healing, and en-

dodontic treatment outcomes. Evidence was summarized thematically.

Results

Forty-one publications were included, but only a small number directly evaluated en-
dodontic outcomes in patients receiving bisphosphonates. Available evidence sug-
gests that satisfactory periapical healing and tooth retention can be achieved, partic-
ularly in patients treated for osteoporosis, whereas outcomes may be less predictable
during prolonged intravenous zoledronate therapy. Apical periodontitis and chronic
odontogenic infection may sustain local inflammation relevant to MRONJ, but their

causal role remains unproven.

Conclusions

Non-surgical root canal treatment may be a reasonable tooth-preserving option when
the tooth is restorable and predictable infection control can be achieved. However,
current evidence does not demonstrate that endodontic treatment prevents MRONJ.

Clinical decisions should distinguish patients with osteoporosis receiving oral bispho-



sphonates from oncology patients receiving prolonged intravenous therapy and

should be individualized according to the patient’s overall MRONJ risk.

Keywords: bisphosphonates; medication-related osteonecrosis of the jaw; MRONJ;
endodontic treatment; root canal treatment; apical periodontitis; periapical healing;

antiresorptive therapy; osteoporosis; tooth preservation

INTRODUCTION

Medication-related osteonecrosis of the jaw (MRONJ) is a potentially serious adverse
event associated with antiresorptive and antiangiogenic medications. The condition
became widely recognized after early reports of jaw necrosis related to pamidronate
and zoledronate, followed by broader descriptions of bisphosphonate-induced ex-
posed bone lesions and their clinical consequences [1-3]. Contemporary position pa-
pers and clinical guidelines define MRONJ using the presence of exposed bone, or
bone that can be probed through a fistula, persisting for more than eight weeks in pa-
tients exposed to relevant medications and without previous radiation therapy to the
jaws [1,4-7].

The pathogenesis of MRONJ remains incompletely understood and is generally consid-
ered multifactorial. Proposed mechanisms include suppression of bone remodeling, lo-
cal inflammation, infection, altered angiogenesis, immune dysregulation, and tissue
trauma [8-10]. These mechanisms are particularly relevant in the jaws, where bone is
exposed to the oral microbiome, frequent microtrauma, and high remodeling demands

associated with dental disease and treatment.

Bisphosphonates are widely used for osteoporosis, metastatic bone disease, multiple
myeloma, and other skeletal disorders. Risk differs substantially according to indica-
tion, route of administration, cumulative dose, treatment duration, and coexisting sys-
temic factors. Patients treated with oral bisphosphonates for osteoporosis generally
have a much lower MRONJ risk than oncology patients receiving high-dose intravenous
bisphosphonates or denosumab [1,5,11-13]. This distinction is important when inter-

preting endodontic outcomes and formulating clinical recommendations.

Tooth extraction remains one of the most consistently reported local triggering events
for MRONJ, particularly in cancer patients exposed to high-potency antiresorptive reg-
imens [114-16]. However, increasing evidence indicates that infection and inflamma-

tion may not simply be secondary findings. Periapical disease, periodontal inflamma-



tion, and other chronic odontogenic infections may create local biological conditions

that favor osteonecrosis, especially when bone turnover is suppressed [17-21].

Endodontic treatment is clinically relevant in this context because it may eliminate in-
tracanal infection, support periapical healing, and preserve restorable teeth without
direct surgical injury to alveolar bone. Earlier endodontic reviews proposed that non-
surgical root canal treatment may be preferable to extraction in selected patients at
risk of MRONJ, but they also emphasized the limited evidence base and the need for

careful procedural technique [22,23].

A recent scoping review by Zavalloni et al. mapped available evidence on endodontic
treatment and MRONJ risk in patients receiving antiresorptive therapy [24]. The
present narrative review differs from that work by focusing more specifically on peri-
apical healing after endodontic treatment, by distinguishing evidence from osteoporo-
sSis patients receiving oral bisphosphonates from evidence involving oncology patients
receiving intravenous therapy, and by integrating clinical outcome data with the bio-
logical role of apical periodontitis and persistent odontogenic infection. This focus is
intended to clarify what can and cannot be inferred from the current literature regard-

ing endodontic treatment, periapical healing, and MRONJ prevention.

AIM

The aim of this narrative review was to evaluate the available evidence on periapical
healing after non-surgical endodontic treatment in patients receiving

bisphosphonates.

RESEARCH OBJECTIVES

1. To summarize the clinical evidence on periapical healing and tooth survival after
endodontic treatment in patients receiving bisphosphonates.

2. To compare outcomes in patients receiving oral bisphosphonates for osteoporosis
with those in oncology patients receiving intravenous bisphosphonates.

3. To examine the relationship between apical periodontitis, odontogenic infection,
and factors associated with MRONJ.

4. To assess the clinical implications and limitations of endodontic tooth-preserving
strategies in patients at risk of MRONJ.



MATERIALS AND METHODS

This manuscript is a narrative review. The Scale for the Assessment of Narrative
Review Articles (SANRA) was used as a quality assessment and self-assessment tool
for the narrative review; it was not treated as a methodological guideline for conduct-

ing the review [29].

A literature search covering publications from 2003 to 14 July 2026 was performed in
PubMed, Scopus, and Google Scholar. The search strategy included combinations of
the following terms: “bisphosphonates’, “medication-related osteonecrosis of the jaw’,
“‘MRONJ’, “bisphosphonate-related osteonecrosis of the jaw’, “endodontic treatment’,
‘root canal treatment’, “apical periodontitis’, “periapical healing’, “odontogenic infec-

tion”, “osteoporosis’, “zoledronate’, “denosumab’; and “antiresorptive therapy”

English-language publications were considered eligible when they provided direct clin-
ical evidence on endodontic treatment, periapical healing, or periapical status in pa-
tients receiving bisphosphonates or other antiresorptive medications. Reviews, posi-
tion papers, consensus guidelines, case reports, case series, mechanistic studies, and
experimental studies were also included when they provided relevant evidence on
MRONJ pathogenesis, odontogenic infection, apical periodontitis, or the clinical man-
agement of patients at risk of MRONJ. Landmark publications from the early develop-
ment of the MRONJ literature were included when they provided essential historical or

conceptual context.

Publications were excluded when they were unrelated to antiresorptive therapy,
MRONJ, odontogenic infection, endodontic treatment, or periapical disease. Non-
English publications and reports that did not provide sufficient information for inter-

pretation were also excluded.

Search results were screened by title and abstract, and potentially relevant publica-
tions were assessed in full text. Reference lists of key articles were also reviewed to
identify additional relevant publications. Forty-one publications were included in the

narrative synthesis.

The evidence was organized into four domains: (1) MRONJ pathogenesis and local risk
factors, (2) apical periodontitis and chronic odontogenic infection, (3) periapical heal-
ing and tooth survival after endodontic treatment in patients receiving bisphospho-
nates, with separate consideration of osteoporosis patients receiving oral bisphos-

phonates and oncology patients receiving intravenous therapy, and (4) clinical impli-



cations and limitations of tooth-preserving strategies in patients at risk of MRONJ. The
synthesis focused on separating direct clinical outcome data from biological rationale

and expert-based clinical interpretation.

RESULTS

| Evidence base and characteristics of directly relevant studies

The number of clinical studies directly evaluating periapical healing or endodontic out-
comes in bisphosphonate-exposed patients was small. The most directly relevant evi-
dence consisted of retrospective clinical studies, one prospective study with long-
term follow-up, and observational studies evaluating periapical status in osteoporosis
cohorts [24-28,30,31]. Table 1 summarizes the main clinical studies and review-level
evidence directly relevant to endodontic treatment outcomes or periapical status in

patients receiving antiresorptive therapy.



Table 1. Key studies and reviews addressing endodontic treatment outcomes or periapical
status in patients receiving antiresorptive therapy

STUDY

Hsiao et al. 2009 [25]

Zamparini et al. 2021
[26]

Dereci et al. 2016 [27]

Cadoni et al. 2022 [28]

Zavalloni et al. 2025
[24]

DESIGN AND POPULATION MEDICATION

Retrospective study; 34
teeth with preoperative
radiolucencies in pa-
tients taking oral bis-
phosphonates; 38 con-
trol teeth

Prospective clinical
study; 65 patients with
109 treated teeth at
baseline; 57 patients
and 96 root canal treat-
ments analyzed at 60
months; control group
46 patients and 102 root
canal treatments

Retrospective study; 24
patients and 37 teeth
with apical periodontitis
in patients receiving in-
travenous zoledronate

Retrospective clinical
study; 76 patients with
osteoporosis and 76
controls

Scoping review; 15 arti-
cles and 133 patients

Oral bisphosphonates

Bisphosphonates, pre-
dominantly for non-on-
cologic indications

Intravenous zoledronate

Antiresorptive therapy
including bisphospho-
nates and denosumab

Oral and intravenous
bisphosphonates

FOLLOW-UP AND
ASSESSMENT

Mean follow-up 14
months; clinical and ra-
diographic healing of
periradicular lesions

60 months; survival,
clinical signs, and radi-
ographic success

12 months; clinical and
radiographic healing
categories

Cross-sectional periapi-
cal status assessment

Variable; evidence map-
ping of root canal treat-
ment and MRONJ risk

PRINCIPAL NUMERICAL
FINDINGS

Healing in 73.5% of bis-
phosphonate-exposed
teeth and 81.6% of con-
trols; difference not sta-
tistically significant

Survival 85% in bisphos-
phonate group and 88%
in controls; success
76% and 73%, respec-
tively; no significant
difference

More non-healed or in-
completely healed le-
sions in patients ex-
posed to zoledronate for
more than one year; as-
sociation significant at p
<0.05

Apical periodontitis
prevalence 42.1% in 0s-
teoporosis group and
47.4% in controls; apical
periodontitis more fre-
quent inroot canal-
treated teeth in osteo-
porosis patients

Seven MRONJ cases af-
ter or around endodon-
tic treatment, corre-
sponding to 5.3% of pa-
tients in the collected
literature; cases oc-
curred in oncologic
patients

Abbreviations: MRONJ, medication-related osteonecrosis of the jaw.

The table shows that the most favorable data come from patients receiving oral bis-
phosphonates or mixed non-oncologic antiresorptive therapy, whereas less favorable
healing was observed in patients exposed to prolonged intravenous zoledronate. It
also shows that available studies used different outcome definitions, different follow-
up durations, and different populations, which limits direct comparison [24-28].

Medication-related osteonecrosis of the jaw and odontogenic infection

The general MRONJ literature supports a multifactorial model in which medication-re-

lated suppression of bone remodeling interacts with systemic risk factors, oral trauma,



and infection [1,4-10]. In this model, tooth extraction remains a major local event, but
pre-existing infection may contribute to the local tissue environment before and after
extraction [14-19].

Experimental and clinical studies support the relevance of local inflammatory condi-
tions. Increased bisphosphonate uptake has been described in areas of tooth extrac-
tion or periapical disease, and removal of pre-existing periodontal inflammation re-
duced MRONJ-like lesions in an animal model [17,18]. A national cohort-based study
also reported that pulp and periapical disease may be associated with increased risk of
osteonecrosis of the jaw [19].

Table 2 summarizes the conceptual relationship between apical periodontitis, en-
dodontic treatment, and factors associated with MRONJ. This table should be inter-

preted as a biological framework rather than evidence of causality.

Table 2. Conceptual relationship between apical periodontitis, endodontic treatment, and
factors associated with MRONJ

CLINICALOR BIOLOGICALFACTOR POTENTIAL RELEVANCE STRENGTH OF SUPPORT

Apical periodontitis Persistent local inflammation and periapi- Supported by general endodontic and
cal bone changes MRONJ biological literature

Chronic odontogenic infection Continuous microbial and inflammatory ~ Supported by mechanistic and observa-
stimulation tional evidence

Tooth extraction Surgical trauma and bone exposure in Strongly supported as a local risk factor

susceptible patients

Non-surgical endodontic treatment Infection control while avoiding direct Supported by limited clinical studies and
surgical bone trauma expert interpretation
Periapical healing Reduction of inflammatory burden after ~ Supported by endodontic outcome stud-
infection control ies, but limited in antiresorptive-exposed
populations
Tooth preservation Possible reduction in need for extraction  Biologically plausible, but not proven to
prevent MRONJ

Note: This table presents a conceptual model derived from the reviewed literature and
does not imply causality [1,8,17-22].

Periapical healing following endodontic treatment in patients receiving
bisphosphonates

Hsiao et al. retrospectively evaluated 34 teeth with preoperative periradicular radiolu-
cencies in patients taking oral bisphosphonates and compared them with 38 teeth in
non-exposed controls. Healing was reported in 73.5% of bisphosphonate-exposed
teeth and 81.6% of control teeth, with no statistically significant difference. Although

limited by sample size and retrospective design, this study suggested that oral bis-



phosphonate therapy does not necessarily prevent satisfactory healing after non-sur-

gical root canal treatment [25].

Zamparini et al. provided the strongest prospective clinical evidence. The study includ-
ed 65 patients with 109 root canal-treated teeth at baseline, and 57 patients with 96
root canal treatments were analyzed after 60 months. A control group of 46 patients
with 102 root canal treatments was also evaluated. Tooth survival was 85% in bisphos-
phonate-exposed patients and 88% in controls, while success rates were 76% and
73%, respectively. These findings indicate that long-term retention and radiographic
success can be achieved in many bisphosphonate-exposed patients when non-surgi-

cal treatment and restorative management are performed predictably [26].

Dereci et al. evaluated a higher-risk group of 24 patients with 37 teeth and apical peri-
odontitis who were receiving intravenous zoledronate. After 12 months, patients ex-
posed to zoledronate for more than one year showed more non-healed or incompletely
healed lesions than patients treated for shorter periods. The difference was statisti-
cally significant, suggesting that medication potency, intravenous administration, du-
ration of exposure, and systemic disease context may influence periapical healing
[27].

Cadoni et al. evaluated 76 patients affected by osteoporosis and 76 control subjects.
Overall apical periodontitis prevalence was similar between groups, but apical peri-
odontitis was more frequent in root canal-treated teeth among patients with osteo-
porosis. More recent cross-sectional and systematic review evidence has also sug-
gested that osteoporosis and antiresorptive exposure may be associated with altered
periapical status, although causality and the independent effect of medication remain
uncertain [28,30,31].

Overall, direct clinical evidence suggests that many patients receiving oral bisphos-
phonates for osteoporosis can achieve satisfactory periapical healing after non-surgi-
cal root canal treatment. In contrast, evidence involving oncology patients receiving
high-dose intravenous bisphosphonates is limited and less reassuring. These two pop-

ulations should not be interpreted as clinically equivalent [24-28].

Reported complications, case reports, and procedural considerations

In addition to clinical outcome studies, the literature includes case reports and reviews
describing MRONJ diagnosed after endodontic failure, rubber dam clamp trauma, per-
sistent periapical infection, or endodontic treatment in medically complex patients



[24,32-38]. These reports do not prove that root canal treatment causes MRONJ.
Rather, they suggest that MRONJ-like lesions may occur in high-risk patients when en-

dodontic disease persists, local trauma occurs, or infection is not fully controlled.

The scoping review by Zavalloni et al. identified seven MRONJ cases among 133 pa-
tients described in the available endodontic literature, corresponding to 5.3% of col-
lected cases; importantly, these cases occurred in oncologic patients and were largely
derived from case reports or case series, which are prone to publication bias [24].
Therefore, these data should not be interpreted as an incidence rate applicable to all

bisphosphonate-exposed patients.

General endodontic considerations remain relevant in this setting. Adequate infection
control, avoidance of unnecessary soft tissue trauma, careful working length control,
and limitation of apical extrusion are prudent, particularly in patients receiving high-
dose antiresorptive therapy [22-24,32-38]. However, the current evidence base does

not support a universal rule that endodontic treatment prevents MRONJ.

DISCUSSION

This narrative review evaluated evidence on periapical healing after endodontic treat-
ment in patients receiving bisphosphonates. The main finding is that favorable out-
comes are achievable in many patients, especially those receiving oral bisphospho-
nates for osteoporosis, but the evidence base remains small and heterogeneous [24-
28]. The review also confirms that direct evidence demonstrating prevention of MRONJ

by endodontic treatment is absent.

A key issue is the distinction between patient populations. Patients receiving oral bis-
phosphonates for osteoporosis generally represent a lower-risk group, and the studies
by Hsiao et al. and Zamparini et al. suggest that periapical healing and long-term tooth
retention may be similar to outcomes in non-exposed controls [25,26]. In contrast, on-
cology patients receiving high-dose intravenous zoledronate or other potent antire-
sorptive regimens represent a substantially higher-risk group. The findings of Dereci et
al. and the cases summarized by Zavalloni et al. indicate that outcomes in this group

require more cautious interpretation [24,27].

The biological rationale for conservative dental treatment remains plausible.
Persistent apical periodontitis may maintain local inflammatory burden, and local in-

fection has been increasingly discussed as a factor in MRONJ pathogenesis [17-22].



Successful non-surgical root canal treatment may remove intracanal infection and re-
duce the need for extraction. Nevertheless, this is a biologically plausible clinical strat-

egy rather than a proven MRONJ-preventive intervention.

The present review differs from the 2025 scoping review by Zavalloni et al. in emphasis
and presentation. Zavalloni et al. mapped the literature on endodontic treatment and
MRONJ risk across patients receiving antiresorptive therapy [24]. The present review
focuses specifically on periapical healing, numerical outcomes from the main clinical
studies, and the distinction between osteoporosis-related oral bisphosphonate expo-
sure and oncology-related intravenous exposure. This distinction is important be-
cause broad conclusions about endodontic safety can be misleading when risk groups

are combined.

Clinical recommendations should therefore be cautious. Non-surgical root canal treat-
ment may be considered for restorable teeth when predictable infection control and
restoration are achievable, especially in lower-risk patients treated for osteoporosis. In
high-risk oncology patients receiving intravenous bisphosphonates, treatment plan-
ning should be individualized and preferably discussed with oral surgery and the med-
ical team. Extraction, endodontic treatment, and observation may each be appropriate
in different circumstances depending on restorability, symptoms, infection severity,
systemic risk, and patient preference [1,5-7,24,39-41].

Table 3 summarizes cautious clinical implications derived from the reviewed literature.
The statements are intentionally formulated as considerations rather than universal
recommendations because the current evidence does not permit definitive treatment

algorithms.



Table 3. Cautious clinical implications for endodontic management of patients receiving
bisphosphonate therapy

CLINICAL SCENARIO POSSIBLE MANAGEMENT CONSIDERATION  IMPORTANT CAUTION
Restorable tooth with pulpitis Non-surgical root canal treatment may be Decision should consider individual
considered when long-termrestorationis  MRONJ risk profile
predictable
Restorable tooth with apical Root canal treatment may be considered  Healing should be monitored clinically and
periodontitis to control infection and avoid extraction  radiographically

when feasible

Persistent periapical lesion after Follow-up, retreatment, or referral may be Persistent infection should not be ignored
treatment considered according to symptomsand  in high-risk patients
risk

Oncology patient receiving intravenous  Individualized interdisciplinary planningis Evidence is limited and risk is higher than

bisphosphonates advisable in osteoporosis patients

Consideration of endodontic surgery Non-surgical options may be preferable  Surgical procedures require careful risk
when technically feasible assessment

Non-restorable tooth Extraction may be unavoidable in select-  Risk mitigation and specialist involvement
ed cases may be needed

Active odontogenic infection Prompt diagnosis and infection control Choice of intervention should be
are important individualized

Note: These statements are not intended as universal recommendations.
Management should be individualized according to medication type, indication for
therapy, duration of exposure, dental restorability, infection severity, and
interdisciplinary clinical judgment [1,5-7,22-24,39-41].

The evidence base is therefore clinically useful but not definitive. It supports the feasi-
bility of endodontic treatment in selected bisphosphonate-exposed patients, particu-
larly those treated orally for osteoporosis, and it supports infection control as an im-
portant clinical objective. It does not support the claim that root canal treatment pre-
vents MRONJ, nor does it justify a universal recommendation to prefer endodontic

treatment over extraction in all patients.

LIMITATIONS OF THE REVIEW

This review has several limitations. First, only a small number of directly relevant clinical
studies have evaluated periapical healing or endodontic outcomes in patients receiv-
ing bisphosphonates. Most available evidence comes from retrospective studies, ob-

servational cohorts, reviews, and case reports [24-28,32-38].

Second, the included studies differ substantially in patient characteristics, medication
indication, route of administration, duration of exposure, follow-up time, diagnostic
criteria, and outcome assessment methods. These differences limit direct comparison

across studies and prevent quantitative synthesis.



Third, only English-language publications were included. Relevant data published in
other languages may therefore have been missed. Fourth, although the search strate-
gy and selection principles were described, this was not a systematic review. The
source selection process was not registered, a PRISMA flow diagram was not prepared,

and formal risk-of-bias assessment was not performed.

Fifth, most favorable clinical evidence relates to oral bisphosphonate therapy in osteo-
porosis patients, whereas evidence in oncology patients receiving high-dose intra-
venous bisphosphonates remains limited. Finally, direct evidence demonstrating that
endodontic treatment reduces the incidence of MRONJ is absent. Any relationship be-
tween infection control, periapical healing, tooth preservation, and reduced MRONJ

risk should therefore be regarded as plausible but unproven.

CONCLUSIONS

Available clinical evidence indicates that satisfactory periapical healing and long-term
tooth retention after non-surgical endodontic treatment can be achieved in selected
patients receiving bisphosphonates. The most favorable outcomes have been report-
ed in patients with osteoporosis receiving oral bisphosphonates. Evidence concerning
oncology patients receiving prolonged intravenous bisphosphonate therapy remains

limited and suggests less predictable healing.

Apical periodontitis and chronic odontogenic infection may sustain local inflammation
and create conditions potentially associated with MRONJ. However, the causal role of
these factors, as well as the effect of infection control on the risk of developing
MRONJ, has not been established.

Non-surgical endodontic treatment may be considered a tooth-preserving option
when the tooth is restorable and reliable infection control can be achieved. However,
the available evidence does not confirm that endodontic treatment prevents MRONJ

or that it should be preferred to tooth extractionin all cases.

Treatment decisions should be individualized and should take into account the indica-
tion for bisphosphonate therapy, route of administration, duration of treatment, the
patient’s general condition, the level of MRONJ risk, tooth restorability, and the severity
of odontogenic infection. In high-risk patients, particularly those receiving intravenous
bisphosphonates for oncologic indications, treatment decisions should preferably be

made in consultation with an oral surgeon and the treating physician.
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