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ABSTRACT

Endodontic flare-up remains one of the most clinically challenging and unpredictable complications of root canal
therapy, turning a relatively routine procedure into an acute emergency with sudden onset of pain and/or swelling
within hours to days of an appointment. Although it has been studied for decades, the multifactorial etiology with
microbial, mechanical, chemical and immunological factors still challenge clinicians in terms of its predictable
prevention and management. This review aims to collate current evidence on the definition, epidemiology,
classification, etiopathogenesis and risk factors of endodontic flare-ups, with particular emphasis on the roles of
microbial persistence (especially Enterococcus faecalis), host inflammatory mediators and iatrogenic factors such
as apical extrusion of debris and irrigants. Evidence-based preventive and management strategies ranging from
occlusal reduction, intracanal medicaments, pharmacological control of pain and inflammation to judicious use of
antibiotics are discussed along with contemporary diagnostic aids such as cone beam computed tomography and
emerging artificial intelligence assisted radiographic analysis. We propose a clinical decision-making algorithm to
assist the practitioner from diagnosis to resolution. The overall incidence of severe flare-up is low (2-9% in
contemporary series), but its unpredictable nature and impact on patient trust mean that there is a need for

continued research into individualized risk stratification and minimally invasive prevention.
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INTRODUCTION

For the vast majority of patients’ root canal treatment
is a routine procedure to relieve pain rather than
cause it. However, a small but clinically relevant
percentage of patients experience an unanticipated
exacerbation of pain, swelling or both between or
after endodontic appointments; an event that is
universally recognized in the specialty as a “flare-up”
(Alves, 2010; AAE, 2017). The phrase “when silence
turns to pain” captures the essential unpredictability
of this phenomenon: a tooth that was quiescent, or a
treatment that proceeded uneventfully at the chair,
can within hours evolve into a genuine dental
emergency requiring an unscheduled visit (Ohshima
et al., 2026; Alves, 2010). Flare-ups are much more

important than the immediate discomfort they cause.

They erode patient trust in the clinician and in
endodontic therapy more generally, they consume
unplanned chair time, they may generate medicolegal
concern where communication has been inadequate,
and in rare instances they may presage a spreading
odontogenic infection with systemic consequences
(AAE, 2017). In particular, an unexpected flare-up
can be professionally unsettling for the postgraduate
trainee and the early-career clinician, leading to
unnecessary self-doubt about technique, when in the
majority of cases the event reflects the underlying
biology of the case rather than a procedural error
(Ohshima et al., 2026; Onay et al., 2015). Knowing
why flare-ups happen, who is at highest risk and how
they can be prevented and managed is therefore
central to safe, evidence-based endodontic practice
and to the maintenance of the clinician-patient
relationship upon which long-term treatment success
ultimately depends.

This review reviews the definition, history,
epidemiology, classification, pathophysiology, risk
factors, microbiology, diagnosis, prevention, and
management of endodontic flare-ups, and
summarizes the role of modern imaging and artificial-
intelligence-supported tools in this changing
landscape, concluding with a practical clinical

decision-making algorithm for chairside use.

WHAT IS AN ENDODONTIC FLARE-UP?

An endodontic flare-up is most commonly defined as
the occurrence of severe pain and/or swelling
following root canal treatment requiring an
unscheduled emergency visit as opposed to the mild-
to-moderate, self-limiting discomfort which is a
common and expected sequela of instrumentation
(Alves, 2010). Similarly, the glossary of the American
Association of Endodontists defines flare-up as an
acute exacerbation of peri radicular pathosis
following the initiation or continuation of root canal
treatment. The key diagnostic threshold is not simply
the presence of pain, which is almost universal in the
first 24—48 hours after treatment, but its severity, its
association with objective swelling and most
operationally, whether it drives the patient to seek

unplanned care (Alves, 2010).

VIEWPOINT OF HISTORY

The clinical interest in unpredictable post-treatment
flare-ups dates back to the earliest era of modern
endodontics, when practitioners such as Seltzer and
Morse documented “flare-ups” during the course of
multi-visit treatment of necrotic, peri apically involved
teeth. Instrumentation and the use of antibiotics were
also pointed out by early researchers as possible
etiologies, along with psychosomatic and stress-related
factors. This is reflective of the still evolving
understanding of pulpal and periapical immunology at
the time. In subsequent decades the emphasis
increasingly focused on microbiologic persistence,
especially resistant facultative anaerobes that survive
canal disinfection, and iatrogenic mechanical and
chemical injury from instrumentation and irrigation.
Nickel-titanium rotary instrumentation, standardized
irrigation protocols, cone-beam computed tomography
and, more recently, artificial-intelligence-assisted
diagnostics have all slowly improved not only the
understanding but also the prevention of flare-up,

although complete elimination remains elusive.

EPIDEMIOLOGY AND INCIDENCE
The reported incidence of flare up in the literature
varies widely, reflecting the differences in definition,

study design, population and operator experience. A
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large systematic review and meta-analysis pooling
fifteen eligible studies and 24,320 treated cases
reported a total incidence of severe flare-up of 2.83%
(Ohshima et al, 2026). Reported retrospective
cohorts have ranged from 2% (1,725-patient series)
(Nair et al., 2017) to 3.2% (1,819-tooth cohort) (Onay
et al., 2015), 8.5% (prospective multi-visit series)
(Gbadebo et al., 2016), and 9.4% (1,000-patient
retrospective cohort) (Magar et al., 2022). In general,
recent estimates suggest that the incidence of
clinically significant flare-up in normal circumstances
varies between about 2-9%, but rates up to 50% have
been reported in high-risk situations such as
retreatment of teeth with existing periapical lesions
(Alves, 2010). This wide range emphasizes that flare-
up risk is not an inherent feature of root canal
treatment per se but is heavily modulated by case
selection, pulpal and periapical status and operator

technique.

CLASSIFICATION OF ENDODONTIC FLARE
UPS

Flare-ups are traditionally categorized along several
overlapping axes (Alves, 2010). They may be
classified by dominant symptom as painful (minimal
or no swelling), swelling-predominant, or mixed pain
and swelling. Interappointment flare-up is seen
between visits in multi-visit treatment by timing,
whereas post obturation flare-up occurs after
completion of treatment. Mild cases are managed
with reassurance and analgesics, moderate cases may
need an unscheduled visit for occlusal adjustment or
change of medicament, severe cases have marked
swelling, spreading infection or systemic signs
requiring incision and drainage and/or systemic
antibiotics (AAE, 2017). Another useful distinction is
between flare-ups arising in vital, previously
untreated teeth and those arising in necrotic,
previously infected or retreatment cases, as etiology
and management differ meaningfully between these

groups (Ohshima et al., 2026; Nair et al., 2017).

ETIOPATHOGENESIS

The cause of endodontic flare-up is truly

multifactorial involving microbial, mechanical,

chemical and immunological factors working together
rather than independently (Ohshima et al., 2026;
Alves, 2010).

Microbial factors

The most frequent reason for flare-up is thought to be
the persistence or re-introduction of microorganisms
in the root canal system or their forced extrusion into
the periapical tissues during instrumentation.
Facultative anaerobes that can withstand the harsh,
nutrient-limited, high-pH environment created by
canal disinfection, particularly Enterococcus faecalis,
are consistently over-represented in secondary and
persistent endodontic infections, with rates of
detection reported as high as 77-89.6% in retreatment
cases compared with substantially lower rates in
primary infections (Ardila et al., 2026; Elashiry et al.,
2023). Such persistence is accomplished by E.
faecalis through dentinal tubule invasion, resistance
to alkaline pH and nutrient deprivation, and
formation of resilient biofilms that protect the
organism from host defenses and antimicrobial
irrigants and medicaments (Elashiry et al., 2023;
Yang et al., 2024). E. faecalis and other organisms
including black-pigmented anaerobes of the genus
Porphyromonas, notably P. gingivalis and P.
endodontalis have been historically associated with
the acute symptomatology characteristic of
interappointment flare-up. This reflects the broader
principle that a shift in canal microbial ecology to
more virulent or resistant organisms, rather than the
mere presence of bacteria per se, underlies acute
exacerbation. Bacterial lipopolysaccharide and other
antigenic by-products released into the periapex are
potent stimuli for the host inflammatory cascade
described below. This ecological complexity, rather
than a single causative organism, is likely to be the
reason why antimicrobial measures alone, despite
substantial advances in irrigation and
instrumentation technology, have failed to completely

eliminate the risk of flare-ups.

Kinematic factors
Mechanical injury to the periodontal ligament and

periapex is a result of over instrumentation beyond
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the apical constriction, aggressive canal enlargement
and extrusion of infected dentine debris into
periapical tissues, irrespective of any microbial
contribution (Tanalp, 2022). Even in cases with
minimal preoperative microbial load such trauma can
elicit a self-limited inflammatory flare. The degree of
debris and irrigant extrusion has been shown to vary
with root canal curvature, instrumentation
kinematics and irrigant delivery technique (Tanalp,
2022). Missed canals, ledging and incomplete
debridement of the canal system leave residual
irritants in situ

and predispose to delayed

exacerbation.

Chemical factors

Irrigants, such as sodium hypochlorite, and
medicaments, such as calcium hydroxide, are strong
tissue irritants in the event that they are accidentally
extruded beyond the apex (Tanalp, 2022).
Hypochlorite accidents are not common, but result in
a dramatic and immediate inflammatory response
due to direct chemical injury to periapical soft tissue.
Even subclinical apical extrusion of irrigant or
medicament during routine treatment may contribute
to lower grade postoperative inflammation and pain

in susceptible individuals (Tanalp, 2022).

Immune response

Whatever the insult leading to it, the final common
pathway of flare up is the activation of the host innate
and adaptive immune response within the periapical
tissues, leading to the release of pro-inflammatory
mediators and neuropeptides such as substance P and
calcitonin  gene-related peptide that sensitize
nociceptors and increase local vascular permeability
(Caviedes et al., 2018), as explained in the following

section.

PATHOLOGY
Mechanical or chemical means disrupt microbial
antigens and tissue debris release, activating resident
and recruited immune cells in the periapical tissues.
This leads to the arachidonic acid cascade with
production of prostaglandins (notably PGE2) and
release

leukotrienes, and of pro-inflammatory

cytokines, including interleukin-ibeta, interleukin-6
and tumor necrosis factor-alpha. At the same time,
neuropeptides such as substance P and calcitonin
gene-related peptide mediate neurogenic
inflammation, which worsens vasodilation and
plasma extravasation, with the instrumentation itself
found to upregulate the expression of these
neuropeptides in the periodontal ligament (Caviedes
et al., 2018). The net effect is an increase in vascular
permeability, edema formation within the rigid non-
compliant confines of the periapical and periodontal
ligament space and a consequent rise in local tissue
pressure. Because of limited capacity of the periapical
tissues to accommodate this edema, even small
increases in tissue fluid because exaggerated pressure
increase that directly stimulates and sensitizes
peripheral nociceptors, resulting in spontaneous pain,
percussion tenderness, and in severe cases, clinically
obvious swelling (Fig. 1) (Ohshima et al, 2026;
Caviedes et al., 2018). This mechanistic cascade
accounts for the usual delay (hours, as mediator
synthesis and diffusion occur) between the initiating
event and the onset of symptoms, and for the self-
limited nature of most episodes once the causative
irritant has been removed and the inflammatory

response has subsided.

RISK FACTORS

A significant amount of clinical evidence has
investigated patient-related, tooth-related and
operator-related variables associated with the risk of
flare-up (Fig. 2). The strongest modern evidence is
from a systematic review and meta-analysis of fifteen
studies and over 24,000 cases published in 2026. The
significant risk factors reported were female sex,
mandibular tooth, non-vital pulp, preoperative
spontaneous pain, presence of a periapical lesion,
multiple-visit treatment, retreatment and
preoperative percussion pain, with preoperative
spontaneous pain (relative risk 5.83) and percussion
pain (relative risk 3.45) having the strongest
association (Ohshima et al., 2026). Interestingly, this
analysis did not show a significant association with
patient age, tooth type, number of root canals,

instrumentation technique, or preoperative analgesic
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use (Ohshima et al., 2026). A Monte Carlo simulation
to rank the relative importance of candidate risk
factors also found periapical lesion, multiple-visit
treatment and preoperative pain to be among the
most influential, with retreatment, female gender,
necrotic pulp status and analgesic use ranking
comparatively lower in sensitivity (Akshoy et al.,
2021). Independent retrospective cohorts support the

importance of preoperative pain and

pulpal/periapical ~ diagnosis. In one series,
asymptomatic irreversible pulpitis was identified as
carrying the highest flare-up risk (10%), followed by
necrotic pulp with (2.7%) and without (2.1%) an
associated periapical lesion (Nair et al, 2017).
Another study found that preoperative pain was the
dominant risk factor, accounting for the majority of
flare-up episodes occurring at the critical first visit of

multi-visit treatment (Gbadebo et al., 2016).

Mechanism of Endodontic Flare-Up

Microbial / Mechanical / Chemical
Irritation of pulp-periapical tissues

Release of bactenal LPS, antigens,
by-products into perlapex

[ctivation of host immune respons

P i e

Arachidanic acid cascade
PGE2, leukotrienes

Cytokines
IL-1B, IL-6, TNF.a

Neuropeptides
Substance P, CGRP

Vascular permeabiiity 1, edema,
periapical pressure T, nociceptor sensitisation

Clinical Flare-Up:
spontaneous pain, percussion tenderness,
swelling within hours-days

Fig. 1. Endodontic flare-up mechanism: from irritant to clinical exacerbation

Patient-Related

Risk Factors for Endodontic Flare-Up

Tooth-Related

Operator-Related

Female sex'

Non-vital pulp®

Muitiple-visit RCT?

Aroety [ siress

Perrapical lesion’

Retreatment

mmunocompromise

Mandibular tooth*

Apical extrusion of
debris [ ungant / medicament

NSAID hypersensitivity

Preop. spontancous

Missed canals !

pain (RR S 83)* incamplete debridement
Systemic dscase Preop. percussion occlusal
{drabetes, etc.) pain (RR 3 45)' prematurty

Fig. 2. Summary of patient, tooth and operator related risk factors for endodontic flare ups
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In contrast, some cohorts have not found a
significant effect of age, gender, tooth type,
number of canals, choice of irrigant or status of
retreatment (Onay et al.,, 2015), indicating that
risk-factor profiles are not perfectly consistent
across populations and settings and that the single
most reproducible predictor across studies is

preoperative symptomatology.

ENDODONTIC FLARE-UPS: MICROBIOLOGY
Enterococcus faecalis is the main microbial pathogen
involved in the microbiology of persistent and
secondary endodontic infection and consequently, to
flare-up pathogenesis. This Gram-positive facultative
anaerobe s

recognized for its extraordinary

environmental resilience, withstanding extreme
alkaline pH and nutrient deprivation lethal to most
competing organisms, invading dentinal tubules to
depths impervious to standard instrumentation and
irrigation, and expressing virulence factors such as
aggregation substance that promote adhesion,
immune evasion and resistance to macrophage killing
(Ardila et al., 2026). Its ability to form structurally
resilient biofilms further insulates it from both host
immune defenses and antimicrobial agents and is
thought to be a major factor in its disproportionate
presence in post-treatment apical periodontitis, with
detection rates of 45.8% or more in previously
treated, persistently infected canals (Yang et al,
2024). Many strategies have been studied recently to
overcome E. faecalis biofilm resistance, including the
use of antisense RNA against two-component signal
transduction  systems, bacteriophage therapy,
nanoparticle-mediated antimicrobial photodynamic
therapy and enzymatic biofilm disruption using
cellulase adjuvants (Elashiry et al., 2023), indicating
the difficulty in achieving durable canal disinfection
with this organism and, ultimately, in preventing

flare-up in retreatment cases.

CLINICAL FEATURES AND DIAGNOSIS

Clinically, a flare-up will usually present itself as a
spontaneous, throbbing pain, disproportionate
tenderness to percussion and biting and, in more

advanced cases, localized or diffuse swelling of soft

tissue, which may or may not be fluctuant, within
hours to a few days of an endodontic appointment
(Alves, 2010). Systemic features like low-grade fever,
malaise or regional lymphadenopathy suggest a more
advanced inflammatory or frankly infective process
and deserve closer attention (AAE, 2017). Diagnosis is
based on a combination of a targeted history
confirming the timing of recent treatment, clinical
examination with percussion, palpation, assessment
of mobility, and examination for sinus tract or
fluctuance, and periapical radiography to exclude
procedural complications such as missed canals,
instrument

perforation, separation, or gross

overextension of obturation material.

DIFFERENTIAL DIAGNOSES

Not all post-treatment pain is a true flare-up and
careful differential diagnosis is essential before
(Alves, Other

normal and self-limiting

instituting management 2010).

possibilities  include
postoperative discomfort caused by instrumentation
trauma, occlusal prematurity on a restoration or
temporary filling, a missed canal or untreated pulpal
remnant, vertical root fracture, characterized by a
narrow and deep periodontal probing defect and a J-
shaped radiolucency, periodontal abscess of non-
endodontic origin, sinusitis mimicking referred
maxillary posterior tooth pain, and less commonly
temporomandibular disorder or atypical facial pain
syndromes mimicking odontogenic pain, but not
responding to endodontic intervention. By
systematically excluding these mimics, unnecessary
retreatment or overtreatment of a tooth with a non-

endodontic source of pain is prevented.

RADIOGRAPHIC AND ADVANCED
DIAGNOSTIC AIDS
Conventional intraoral periapical radiography

remains the imaging modality of choice, but its two-
dimensional nature limits sensitivity for early or
anatomically complex periapical pathology. Cone-
beam computed tomography (CBCT) gives a three-
dimensional view of the periapical bone architecture,
leading to earlier and more precise detection of

periapical lesions, better definition of root canal
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anatomy including missed canals, and more accurate
identification of procedural complications such as
perforation or extruded material, which can be
relevant when investigating a flare-up. Artificial
intelligence aided image analysis has rapidly evolved
as an adjunct to both 2D and CBCT interpretation.
Deep-learning models, especially convolutional
neural network architectures, have shown diagnostic
accuracy in periapical lesion detection ranging from
75% to 99% with sensitivity and specificity often
above 80-90% in intraoral, panoramic, and CBCT
modalities (Aloufi, 2026; Doumani et al., 2005), and
scoping reviews of CBCT-based AI applications
indicate that such systems can decrease diagnostic
time, enhance consistency, and assist less experienced
clinicians in lesion detection, classification, and
segmentation (Karobari et al.,2026). There is a
growing scope of AI applications in endodontics
beyond lesion detection, ranging from prediction of
treatment outcome from preoperative radiographs,
working-length determination, and identification of

root fractures and canal morphology variations

(Setzer et al., 2024), and these tools are becoming an
increasingly relevant adjunct to conventional
diagnostic pathways in complex or refractory cases,

including those complicated by flare-up.

PREVENTING ENDODONTIC FLARE-UPS
Prevention is used in the pre-operative, intra-
operative and post-operative phases of treatment

(Fig. 3) (Alves, 2010).

Preoperative interventions

Accurate pulpal and periapical diagnosis based on
pulp sensibility testing and radiographic assessment
is possible, and realistic risk stratification is possible,
since teeth with spontaneous preoperative pain or
percussion tenderness carry a substantially elevated
flare up risk (Ohshima et al., 2026). It is important to
communicate clearly with the patient the potential for
post-operative discomfort, especially in the presence
of high-risk factors, so that expectations are managed
and the chance that an expected mild discomfort is

misinterpreted as a true emergency is minimized.

Prevention Strategies for Endodontic Flare-Up

Preoperative m Postoperative

Thorough history & Clear postoperative
vitality testing Rubber dam lsctation nstructions
L J
r
Cormect puips! / Wiorking length control ’,""f,’;‘m iy s
periapical diagnosis (avold Overinstrumentaton ) :‘g"‘mxw""

Patient counseling &
realistic expectations

Copious, sale ifmigation
(avoid apical extrusion)

Avoid routine
prophylactic antibiotics

Preop. anaigesic
o ind<ated

Occhusal reduction In
symptomatic teeth

Larly review of
hgh-risk Cases

Jagecious intracanal
medicament placement

Fig. 3. Preventive strategies: preoperative, intraoperative, and postoperative

Intraoperative measurements

Rubber dam isolation, conservative and well-
controlled working length determination to avoid
over instrumentation, copious but controlled

irrigation designed to minimize apical extrusion

(Tanalp, 2022), and thorough but atraumatic
debridement, all serve to reduce microbial load and
mechanical/chemical injury to periapical tissues.
There is a substantial evidence base for occlusal

reduction in teeth with pre-treatment percussion
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sensitivity. One randomized controlled trial in

mandibular posterior teeth with symptomatic
irreversible pulpitis and percussion sensitivity found
occlusal reduction decreased the risk of moderate-
severe pain by approximately 40% at 12 hours and
reduced overall pain risk by 25% at 24 hours post-
(Ahmed et al,

systematic review and meta-analysis of randomized

instrumentation 2020). One

trials found occlusal reduction decreased
postoperative pain at six days for teeth with
irreversible pulpitis (Nguyen et al., 2020). However,
this evidence is not fully consistent, as another
systematic review and meta-analysis registered with
PROSPERO found occlusal reduction did not
significantly impact pain within the first 48 hours
(Chagas et al., 2021), and a comparative trial found
benefit limited to the early 12-hour interval after both
instrumentation and obturation (Emara et al., 2019).
This illustrates that occlusal reduction, while low risk
and generally preferred as an adjunct, should not be
considered a

consistently decisive preventive

measure.

Post-operative care
The main preventive measures postoperatively are

judicious use of intracanal medicaments between

visits (Eftekhar et al., 2013; Negm, 2001; Wagh et al.,
2022), scheduled (rather than as needed) analgesic
dosing for the first 24 to 48 hours in higher risk cases,
and avoidance of routine prophylactic systemic
antibiotics, which are not supported by current
evidence in the absence of signs of spreading infection
(Milani et al, 2022; Cope et al, 2024). Early
telephone or face-to-face review of preoperatively
identified high-risk patients allows early intervention

should symptoms develop.

MANAGEMENT OF ENDODONTIC FLARE-
UPS

Once a flare-up has developed, the management of
the flare-up follows a logical, stepwise sequence (Fig.
4) (AAE, 2017).

Reinstatement of drain

The single most important step in the resolution of an
established flare-up is to establish drainage, either
through the canal system itself, incision and drainage
of a fluctuant soft-tissue swelling or, rarely,
trephination through bone in cases of localized
periapical abscess without an intraoral pathway. This
directly relieves the elevated periapical tissue

pressure responsible for pain (AAE, 2017).

Diagnostic and Management Flowchart for Endodontic Flare-Up

Patient reports unscheduled
pain and/or swelling

History + clinical examination
(percussion, palpation, mobility, sinus tract)
Radiographic assessment
(IOPA = CBCT)

Differentiate: flare-up vs. normal post-op
discomfort vs. odontogenic/non-odontogenic pain

!

Localized - no fluctuant swelling. Fluctuant swelling / systemic signs
00 systemic signs (fever, malaise, trismus)

:

debridement, occlusal reduction,

Re-estabinh drainage, complete
analgesics = intracanal medicament

systesnic antibiotics,
anaigesics, monitor / refer

incision & deamage. ’

e

‘ Review in 24-48 h - resolving? ’

[ Yes: continue RCT | No: reassess. surgicall endodontic referral ]

Fig. 4. Suspected endodontic flare-up—diagnostic and management flowchart
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Reduction of occlusion

Occlusal reduction of teeth tender to percussion will
remove a mechanical trigger for pain during
function and is a simple low-morbidity adjunct,
supported by several, although not universally
consistent, randomized trials (Ahmed et al., 2020;

Nguyen et al., 2020; Emara et al., 2019).

Intracanal medicaments

Calcium hydroxide continues to be the gold standard
interappointment medicament due to its
antimicrobial and tissue-modulating properties.
Corticosteroid-containing preparations, alone or
combined with an antibiotic (as in classic
corticosteroid-antibiotic compounds), have shown a
significant reduction in spontaneous pain and
percussion sensitivity compared with placebo or
control medicaments in several randomized trials
(Eftekhar et al., 2013; Negm, 2001). This is in
inhibit the

inflammatory mediator cascade discussed in the

keeping with their ability to
pathophysiology section. A systematic review of the
incidence of flare-up after intracanal medicament
placement concluded that medicaments do not
themselves precipitate flare-up and, if anything,
decrease interappointment pain when used
appropriately (Wagh et al., 2022). In randomized
trials (Omaia et al.,, 2025), the adjunctive use of
anti-inflammatory agents in combination with
antimicrobial pastes has also been shown to be
beneficial in reducing postoperative pain in necrotic,

asymptomatic teeth.

Irrigation instructions

Adequate irrigation with sodium hypochlorite at the
right concentration, delivered with a side-vented
needle placed short of the binding point to minimize
apical extrusion, is still the cornerstone in the
management of an active flare-up (Tanalp, 2022). A
final rinse with EDTA to remove the smear layer that
improves subsequent medicament and sealer
contact with dentine. Care must be taken to avoid
pressure driven extrusion of irrigant beyond the
apex, itself a potential contributor to chemical flare-

up (Tanalp, 2022).

Pharmacologic treatment

The first-line analgesic management includes non-
steroidal anti-inflammatory drugs, alone or in
combination with acetaminophen, which directly
target the prostaglandin-mediated inflammatory
cascade and are usually more effective than opioid
analgesics in the inflammatory pain of flare-up, while
avoiding the sedation, dependence risk, and
gastrointestinal or central side effects associated with
opioid wuse. In situations where NSAIDs are
contraindicated (e.g., patients with peptic ulcer
disease, significant renal impairment or aspirin-
exacerbated respiratory disease), acetaminophen
alone or corticosteroid-based alternatives may be
considered. Multiple randomized trials and a
Cochrane systematic review have demonstrated no
significant benefit of systemic antibiotics over placebo
in terms of pain, swelling or flare-up incidence in
localized, immunocompetent cases managed with
adequate debridement and drainage (Morse et al.,
1987; Milani et al., 2022; Cope et al., 2024). Systemic
antibiotics are only indicated where there is evidence
of a spreading infection, systemic involvement or in
medically compromised patients. Professional
guidance has been informed by the evidence base to
discourage routine prescription of antibiotics for
uncomplicated apical periodontitis or abscess (AAE,
2017),

despite documented widespread over-

prescription in contemporary practice surveys
(Mendez et al, 2022). This pattern is directly
relevant to global antimicrobial stewardship efforts
and one that dental education programs are
increasingly seeking to address. Historical
prophylactic antibiotic trials in asymptomatic,
necrotic teeth did show lower incidence of flare-ups
with peri treatment antibiotic coverage (Morse et al.,
1987), however this must be balanced with the risks
of hypersensitivity, resistance selection, and adverse
effects, and is not representative of current
evidence-based recommendations for routine use.
When indicated, penicillin-based regimens are still
first-line in non-allergic patients, with clindamycin
or metronidazole limited to penicillin-allergic
individuals or in case of an anaerobic-predominant

clinical picture.
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Surgical therapy

In the few cases where conservative measures do not
resolve the lesion, where the anatomy is complex and
does not allow adequate canal drainage, or where a
persistent sinus tract or localized abscess does not
respond to conservative measures, surgical
intervention may be required including incision and
drainage, apicoectomy, or in cases with a poor

prognosis, extraction (AAE, 2017).

Role of modern technology

Several technologies are revolutionizing the
diagnostic and management scenario for endodontic
flare-up and the periapical disease that predispose to

it (Aloufi, 2026; Setzer et al., 2024).

3D CBCT

In addition, as described in Section 12, CBCT
improves the detection of periapical pathology and
procedural complications that might be overlooked by
traditional radiography, permitting a more accurate
diagnosis when a flare-up occurs in the presence of
equivocal two-dimensional findings (Karobari et al.,

2026).

Navigation moving

Dynamic navigation systems have been adapted from
implant surgery and are increasingly being explored
as a method for guided access cavity preparation and
canal location in calcified or anatomically challenging
teeth. Systematic review evidence suggests that such
systems improve precision, accuracy and efficiency in
locating canals over the freehand technique with
greater preservation of dentine (Vasudevan et al.,
2022), with the potential to reduce iatrogenic
mechanical injury and missed canals that predispose
to later flare-up, though evidence specific to flare-up

reduction itself remains limited.

Laser-assisted endodontics

The use of laser-activated irrigation has been
proposed as an alternative to conventional syringe
irrigation for enhanced removal of debris and smear
layer as well as increased disinfection of complex

canal anatomy, which could result in a decreased

residual load of microbial and organic irritants. A
systematic review provided evidence that laser-
activated irrigation may be associated with a small
reduction in postoperative pain in the first 24-48
hours compared to conventional needle irrigation;
however, the certainty of this evidence is low and the
effect does not persist to day three or seven

(McGillvray et al., 2024).

Photodynamic therapy (PDT)

Antimicrobial photodynamic therapy, in which a
photosensitizer activated by light of a specific
wavelength generates reactive oxygen species, has
been shown to effectively reduce Enterococcus
faecalis biofilm viability in laboratory studies,
including the wuse of nanoparticle-enhanced

formulations to improve the targeting and
penetration of the photosensitizer (Elashiry et
al.,2023). This represents a promising adjunct to
mechanical disinfection in

conventional chemo

persistent or retreatment cases at high risk of flare-up.

Artificial intelligence

In addition to diagnostic imaging, Al-based tools are
being investigated for prediction of treatment
outcome (Setzer et al., 2024), and more speculatively,
for risk stratification of patients for flare-up using
integrated clinical, radiographic, and historical data,
an application that is still in the early stages of

investigation (Doumani et al., 2005).

CLINICAL RECOMMENDATIONS
EVIDENCE BASED GUIDELINES

On the basis of the evidence reviewed above, several

AND

practical recommendations emerge. Preoperative
symptoms, such as spontaneous pain and percussion
tenderness, are the most reproducible predictors of
the risk of flare-up and should be used to guide case-
specific counseling and postoperative planning
(Ohshima et al., 2026). Second, occlusal reduction is
a low-risk evidence-based adjunct for symptomatic
teeth with percussion tenderness, although the
magnitude and duration of benefit varies across trials
(Ahmed et al., 2020; Nguyen et al., 2020; Chagas et

al., 2021; Emara et al., 2019).
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Thirdly, there is a reasonable evidence base for
intracanal medicaments with corticosteroids to
reduce inter-appointment pain in symptomatic cases
(Eftekhar et al.,, 2013; Negm, 2001). Fourthly, and
most importantly, systemic antibiotics should not be
routinely prescribed for prevention or treatment of
uncomplicated flare-up in immunocompetent
patients with localized disease but should be reserved
for cases with clear evidence of spreading infection or
systemic compromise, in accordance with Cochrane-
level evidence and professional society guidance

(Milani et al., 2022; Cope et al., 2024; AAE, 2017).

RECENT PROGRESS
TREATMENTS

New approaches to target the microbiological basis of

AND NEW

persistent infection and flare-up include antisense
RNA technology against E. faecalis two-component
signal transduction systems to inhibit virulence gene
expression and biofilm formation, bacteriophage
therapy against clinical E. faecalis isolates including
antibiotic resistant strains, nanoparticle-enhanced
antimicrobial photodynamic therapy for deeper and

more effective biofilm disruption, and enzymatic

adjuvants such as cellulase to potentiate conventional
activity biofilm-embedded

organisms (Elashiry et al., 2023). At the same time,

antibiotic against
diagnostic tools using deep learning are rapidly
maturing, with recent systematic reviews reporting
periapical lesion detection diagnostic accuracies that
are comparable to or better than those of experienced
clinicians in several comparative studies (Aloufi,
2026; Doumani et al., 2025), suggesting a near-term
role for Al-assisted triage and monitoring of at-risk

cases.

PATHWAY OF CLINICAL DECISION-MAKING
Fig. 4 shows an integrated diagnostic/management
flowchart, and Fig. 5 is a focused clinical management
algorithm for an established flare-up. To summarize,
the clinician first confirms the diagnosis of flare-up
against the differential diagnoses in Section 11, then
proceeds with drainage, completion of debridement,
and occlusal adjustment as needed, followed by
selection of an appropriate intracanal medicament
and analgesic regimen, with systemic antibiotics
and/or surgical referral reserved for cases with

systemic involvement or spreading infection.

Clinical Management Algorithm for an Established Flare-Up

Confirm diagnosis of flare-up

Achleve drainage - through canal,
Incision & drainage, of trephination

Complete/confirm deboidement,
reduce occlusion If tender Lo percussion

Intracanal medicament (e.g., calcium
hydroxide = corticosteroid-antidiotic)

Anaigesia: NSAID = acetaminophen
(Comdination). avold routine antidiotics

No systemic
Involvement
review 24-48 h

JE —

spreading infection

Systemic invotvement /
antibiotics = referral

I Resume/compiete root canal treatment once asymplormatic

Fig. 5. Algorithm for the clinical management of an established endodontic flare-up
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MODERN DEBATES AND CONTROVERSIES

There are several aspects of real uncertainty that
remain in the flare-up literature. The efficacy of
occlusal reduction is controversial. Some randomized
trials and meta-analyses report significant benefit
(Ahmed et al., 2020, Nguyen et al, 2020) while
others report no significant effect in the critical first
48 hours (Chagas et al., 2021), probably reflecting
heterogeneity in case selection, reduction technique
and outcome timing across studies. The effect of
single- versus multiple-visit treatment on risk of
flare-up is also controversial. Multiple-visit treatment
has been identified as a risk factor in several analyses
(Ohshima et al., 2026; Aksoy et al., 2021) but this
association may be partly confounded by indication,
with more complex or symptomatic cases
preferentially treated over multiple visits. Likewise,
the value of routine intracanal medicament
placement versus single-visit obturation is a matter of
conflicting opinion, weighed against the proven
advantage of corticosteroid medicaments in
symptomatic cases versus the theoretical benefits of
reducing bacterial re-entry with single-visit
treatment. Finally, in real-world practice, prescribing
patterns still show significant over-prescription
(Mendez et al., 2022), although high-level evidence
against routine antibiotic use has remained high,
showing an ongoing gap between evidence and
practice that has not yet been fully closed by

education and dissemination of guidelines.

FUTURE PROSPECTS

Future research directions include the development
of validated individualized risk prediction models
combining clinical, radiographic and possibly
microbiological or biomarker data to identify patients
at truly increased risk of flare-up before the start of
treatment (Ohshima et al., 2026; Doumani et al.,
2025). Further clarification of the comparative
efficacy of specific intracanal medicaments and
occlusal management protocols, using adequately
powered, standardized randomized trials (Chagas et
al., 2021; Wagh et al., 2022). Further refinement of
Al-assisted diagnostic and risk stratification tools,

with prospective validation in real-world clinical

settings (Aloufi, 2026; Setzer et al., 2024; Karobari et

al, 2026). Further exploration of targeted
antimicrobial strategies against Enterococcus faecalis
biofilms that might reduce the persistent-infection
burden underlying retreatment-associated flare-up

risk (Elashiry et al., 2023).

CLINICAL RELEVANCE

For the practicing clinician, the recognition that
preoperative pain and percussion sensitivity are the
most powerful predictors of flare-up (Ohshima et al.,
2026) allows targeted counselling, closer post-
operative monitoring and pre-emptive use of low risk
adjuncts such as occlusal reduction in appropriately
selected cases [8,10]. The discipline of not using
antibiotics when there is no systemic or spreading
infection is equally important, both to ensure that
practice is consistent with the evidence base (Milani
et al., 2022; Cope et al., 2024) and to support broader
antimicrobial stewardship goals (Mendez et al., 2022;
AAE, 2017). The most reliable way to rapidly resolve
symptoms is a structured, stepwise approach to
management with drainage and mechanical/chemical
debridement as the front line rather than escalation of

pharmacology.

LIMITATIONS OF THE CURRENT EVIDENCE

There is a lot of variation in the flare-up literature in how
cases are defined — some studies require an unscheduled
emergency visit and others only use patient-reported
pain scores — making it difficult to directly compare
across studies. However, even the largest meta-analysis
of the current literature (Ohshima et al., 2026) has a low
certainty of evidence for many of the reported risk
factors when assessed with GRADE. This reflects the
mainly observational nature of the underlying studies
and the difficulty in controlling for confounding
variables such as case complexity and operator
experience. Randomized trial evidence for specific
interventions, especially occlusal reduction, remains
inconsistent in both direction and magnitude of effect
(Ahmed et al., 2020; Vianna et al., 2020; Chagas et al.,
2021; Almasoud et al.,, 2025). Long term, multi-centre,
adequately powered trials remain relatively few

compared with the clinical importance of the problem.
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CONCLUSION

Endodontic flare-up is a multifactorial, incompletely
predictable complication of root canal treatment,
arising from the interaction of microbial persistence,
and host

mechanical and chemical

injury
inflammatory response within the confined
anatomical space of the periapical tissues. Although
the overall incidence is modest in current practice,
specific clinical presentations, particularly teeth with
spontaneous preoperative pain and percussion
tenderness, are at a substantially higher risk and
merit focused preventive strategies. A structured
approach including accurate preoperative diagnosis,
meticulous intraoperative technique, judicious use of
occlusal reduction and intracanal medicaments,
evidence-based (not reflexive) use of systemic
antibiotics and a clear stepwise management
algorithm provides the best available pathway for
clinicians to minimize both the incidence and impact
of this challenging complication. Continued research
into  individualized risk prediction, targeted
antimicrobial strategies against resistant organisms
such as Enterococcus faecalis, and Al-assisted
diagnostic support promises further refinement of

this pathway in the years ahead.

REFERENCES

Ahmed YE, Emara RS, Sarhan SM, El
Boghdadi RM, El-Bayoumi MAA, El-Far HMM,
Sabet N E, Abou El-Nasr HM, Gawdat SI, Amin
SAW. 2020. Post-treatment endodontic pain
following occlusal reduction in mandibular posterior
teeth with symptomatic irreversible pulpitis and
sensitivity to percussion: a single-centre randomized
controlled trial. International endodontic journal,
53(9), 1170-1180.

https://doi.org/10.1111/iej.13328

Akshoy U, Pehlivan S, Buhara O. 2021. The top
risk factors for endodontic flare-up: a Monte Carlo
simulation. Clinical oral investigations 25(6), 3681—
3690.

https://doi.org/10.1007/s00784-020-03692-9

Almasoud L, Elsewify T, Elemam R, Eid B.
2025. Effect of Cryotherapy and Occlusal Reduction
on Postoperative Endodontic Pain in Mandibular
First Molars with Symptomatic Apical Periodontitis:
A Prospective, Parallel, Double-Blinded Randomized
Controlled Trial. European journal of dentistry 19(2),
472—481.

https://doi.org/10.1055/s-0044-1791219

Aloufi AS. 2026. Detection of Periapical Lesions
Using Artificial Intelligence: A Narrative Review.
Diagnostics (Basel, Switzerland) 16(2), 301.

https://doi.org/10.3390/diagnostics16020301

Alves V deO. 2010. Endodontic flare-ups: a
prospective study. Oral surgery, oral medicine, oral
pathology, oral radiology, and endodontics 110(5),
e68—e72.
https://doi.org/10.1016/j.tripleo.2010.05.014

American Association of Endodontists. AAE
guidance on the use of systemic antibiotics in

endodontics. Chicago: AAE; 2017.

Ardila CM, Pineda-Vélez E, Vivares-Builes
AM. 2026. Antimicrobial effectiveness of intracanal
medicaments against Enterococcus faecalis in
endodontics: a systematic review with structured
domain-based  interpretative  synthesis and
exploratory meta-analysis. Frontiers in oral health 7,
1854046.

https://doi.org/10.3389/froh.2026.1854046

Caviedes-Bucheli J, Rios-Osorio N, Rey-
Rojas,

MM, Diaz LE, Curtidor H, Castaneda-

Laguna-Rivero F, Azuero-Holguin

Ramirez JJ, Munoz HR. 2018. Substance P and
Calcitonin gene-related peptide expression in
human periodontal ligament after root canal
preparation with Reciproc Blue, WaveOne Gold, XP
EndoShaper and hand files.

endodontic journal 51(12), 1358-1366.

International

https://doi.org/10.1111/iej.12952

35 Reddy et al.

International Journal of Biosciences | 1JB
Website: https://www.innspub.net


https://www.innspub.net/

Vol. 29, Issue: 4, p. 23-37, 2026 Int. J. Biosci.

Chagas Carvalho Alves N, Raiane Mamede
Veloso S, de Andrade Silva S, de Almeida AC,
Tavares Velozo Telles C, Romeiro K, de Melo
Monteiro GQ, de Albuquerque DS. 2021. Influence
of occlusal reduction on pain after endodontic
treatment: A systematic review and meta-analysis.
Scientific reports 11(1), 14019.
https://doi.org/10.1038/s41598-021-93119-6

Cope AL, Francis N, Wood F, Thompson W,
Chestnutt IG. 2024. Systemic antibiotics for
symptomatic apical periodontitis and acute apical
abscess in adults. The Cochrane database of systematic
reviews 5(5), CD010136.

https://doi.org/10.1002/14651858.CD010136.pub4

Doumani M, Almagboul F, Alduwaysan SSS,
Alzahrani MA, Al Ghamdi SA, Alzahrani M N,
Alanazi AT, Al Ghamdi NM, Alsalem AH,
Alturaif D, Almokayad FH, Algahtani AS,
Alanaz L. 2025. Effectiveness of Artificial Intelligence
in Endodontic Diagnosis and Treatment Evaluation: A
Systematic Review. Cureus 17(11), €96091.
https://doi.org/10.7759/cureus.96091

Eftekhar B, Moghimipour E, Pourakbar
Jahandideh P, Jalali S, Mahmoudian M. 2013.
Analgesic effect of odontopaste and a compound
intracanal medicament between root canal therapy
appointments. of natural

Jundishapur journal

pharmaceutical products 8(4), 169—174.
https://doi.org/10.17795/jinpp-12473

Elashiry MM, Bergeron BE, Tay FR. 2023.
Enterococcus faecalis in secondary apical periodontitis:
Mechanisms of bacterial survival and disease
persistence. Microbial pathogenesis 183, 106337.

https://doi.org/10.1016/j.micpath.2023.106337

Emara RS, Abou El Nasr HM, El Boghdadi RM.
2019. Evaluation of postoperative pain intensity
following occlusal reduction in teeth associated with
symptomatic irreversible pulpitis and symptomatic
apical periodontitis: A randomized clinical study.
International endodontic journal 52(3), 288-296.
https://doi.org/10.1111/i€j.13012

Gbadebo SO, Sulaiman AO, Anifowose OO.

2016. Endodontic flare up: Incidence and
association of possible risk factors. African journal
of medicine and medical sciences 45(2), 207—212.

http://adhlui.com.ui.edu.ng/jspui/handle/1234567

89/2841

Karobari MI, Adil AH, Mathur A, Snigdha,
NT. 2026. Applications and clinical translation of
artificial intelligence in CBCT-based detection of
endodontic lesions: A scoping review. Oral
radiology 42(2), 251—261.
https://doi.org/10.1007/s11282-025-00876-5

Magar SS, Sr Alfayyadh AY, Alruwail KK,
Almunahi HFF, Alsharari AHL, Magar SP.
2022. The determination of flare-up incidence and
associated risk factors during endodontic
treatment: an observational retrospective study.
Cureus 14(11), e31424.

https://doi.org/10.7759/cureus.31424

McGillivray A, Dutta A. 2024. The influence of
laser-activated irrigation on post-operative pain
following root canal treatment: A systematic
review. Journal of Dentistry 144, 104928.

https://doi.org/10.1016/j.jdent.2024.104928

Méndez-Millan JA, Le6n-Lopez M, Martin-
Gonzalez J, Satico-Marquez JJ, Cabanillas-
Balsera D, Segura-Egea JJ. 2022. Antibiotic
Over-Prescription by Dentists in the Treatment of
Apical Periodontitis: A Systematic Review and
Meta-Analysis. Antibiotics (Basel, Switzerland)
13(4), 289.
https://doi.org/10.3390/antibiotics13040289

Milani AS, Froughreyhani M, Taghiloo H,
Nouroloyouni A, Jafarabadi MA. 2022. The
effect of antibiotic use on endodontic post-
operative pain and flare-up rate: A systematic
review with  meta-analysis. Evidence-based
dentistry,

https://doi.org/10.1038/s41432-021-0205-2

36 Reddy et al.

International Journal of Biosciences | 1JB
Website: https://www.innspub.net


https://www.innspub.net/

Vol. 29, Issue: 4, p. 23-37, 2026 Int. J. Biosci.

Morse DR, Furst ML, Belott RM, Lefkowitz RD,
Spritzer IB, Sideman BH. 1987. Infectious flare-ups
and serious sequelae following endodontic treatment: A
prospective randomized trial on efficacy of antibiotic
prophylaxis in cases of asymptomatic pulpal-periapical
lesions. Oral surgery, oral medicine, and oral pathology
64(1), 96—109.
https://doi.org/10.1016/0030-4220(87)90123-x

Nair M, Rahul J, Devadathan A, Mathew J. 2017.
Incidence of Endodontic Flare-ups and Its Related
Factors: A Retrospective Study. Journal of International
Society of Preventive and Community Dentistry 7(4),
175-179.

https://doi.org/10.4103/jispcd.JISPCD_61_17

Negm MM. 2001. Intracanal use of a corticosteroid-

antibiotic compound for the management of
posttreatment endodontic pain. Oral surgery, oral
medicine, oral
endodontics 92(4), 435—439.

https://doi.org/10.1067/moe.2001.115975

pathology, oral radiology, and

Nguyen-Nhon D, Nagendrababu V, Pulikkotil
SJ, Rossi-Fedele G. 2020. Effect of occlusal reduction
on postendodontic pain: A systematic review and meta-
analysis of randomised clinical trials. Australian
endodontic journal: the journal of the Australian Society
of Endodontology Inc 46(2),
https://doi.org/10.1111/a€j.12380

Ohshima J, Morita M, Kawanishi Y, Abe S,
Tanaka N, Shimaoka, T, Maezono H, Kinomoto
Y, Hayashi M.

endodontic flare-ups: A systematic review and meta-

2026. Factors associated with

analysis. Int. Endod. J. 59(9), 1778-1791.
DOI: 10.1111/i€j.70164.

Omaia M, Negm M, Nashaat Y, Nabil N, Othman
A. 2025. The effect of triple antibiotic paste as an
intracanal medicament with an anti-inflammatory agent
on post-operative pain of asymptomatic uniradicular
necrotic teeth: A double blind randomized clinical trial.
Fio00Research 8, 1687.
https://doi.org/10.12688/fio00research.19699.3

Onay EO, Ungor M, Yazici AC. 2015. The evaluation
of endodontic flare-ups and their relationship to various
risk factors. BMC oral health 15(1), 142.
https://doi.org/10.1186/s12903-015-0135-2

Setzer FC, Li J, Khan AA. 2024. The Use of Artificial
Intelligence in Endodontics. Journal of dental research
103(9), 853—862.
https://doi.org/10.1177/00220345241255593

Tanalp J. 2022. A critical analysis of research methods
and experimental models to study apical extrusion of
debris and irrigants. International endodontic journal
55(1), 153-177.

https://doi.org/10.1111/i€j.13686

Vasudevan A, Santosh SS, Selvakumar RJ,
Sampath DT, Natanasabapathy V. 2022. Dynamic
Navigation in Guided Endodontics - A Systematic
Review. European endodontic journal 7(2), 81-91.

https://doi.org/10.14744/€e€j.2022.96168

Vianna ECB, Herkrath FJ, Martins IEB, Lopes
LPB, Marques AAF, Sponchiado Juanior EC.
2020. Effect of Occlusal Adjustment on Postoperative
Pain after Root Canal Treatment: A Randomized
Clinical Trial. Brazilian dental journal 31(4), 353—

359.
https://doi.org/10.1590/0103-6440202003248

Wagh KS, Warhadpande MM, Dakshindas
DM. 2022. Prevalence of endodontic flare-up
following intracanal medicament placement in
permanent teeth undergoing endodontic treatment -
A systematic review. Journal of Conservative
Dentistry 25(1), 3—-8.

https://doi.org/10.4103/jcd.jed_332_21

Yang S, Meng X, Zhen Y, Baima Q, Wang Y,
Jiang X, Xu Z. 2024. Strategies and mechanisms
targeting Enterococcus faecalis biofilms associated with
endodontic infections: A comprehensive review.
Frontiers in cellular and infection microbiology 14,
1433313.

https://doi.org/10.3389/fcimb.2024.1433313

37 Reddy et al.

International Journal of Biosciences | 1JB
Website: https://www.innspub.net


https://www.innspub.net/

