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ABSTRACT

Surgical root canal treatment—most commonly performed as apical surgery (root-end surgery) and, in its
contemporary form, endodontic microsurgery (EMS)—is an important option when conventional root canal
retreatment is unlikely to resolve persistent apical disease or when anatomical/iatrogenic obstacles limit nonsurgical
management. Outcomes today are generally favorable, with modern microsurgical protocols frequently reporting
high healing and survival rates, but success remains multifactorial and case-dependent. This review synthesizes the
major prognostic determinants that influence healing after surgical endodontic treatment, grouped into patient-
related, tooth-related, lesion/anatomy-related, treatment-history-related, intraoperative technical, and
postoperative/follow-up factors. Particular emphasis is placed on the role of microsurgical principles (magnification,
illumination, ultrasonic retropreparation, biologically compatible root-end filling materials) and advanced
diagnostics such as cone-beam computed tomography (CBCT), which enhances preoperative assessment of lesion
characteristics (e.g., apicomarginal defects, cortical plate involvement) and helps explain why radiographic
“success” rates may differ between periapical radiographs and CBCT-based evaluation. Evidence indicates that
outcomes are strongly influenced by (i) periodontal status and presence of apicomarginal communication, (ii)
quality of prior root canal treatment and coronal seal, (iii) root-end filling material and depth/quality of retroseal,
(iv) lesion size and bony crypt morphology, (v) tooth type and root anatomy, and (vi) operator experience and
adherence to modern technique. The review concludes with a practical, evidence-informed prognostic framework to
support case selection, patient counseling, and follow-up planning.
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INTRODUCTION

Surgical root canal treatment is performed to manage persistent or recurrent apical periodontitis when nonsurgical root
canal therapy (RCT) or retreatment is not feasible, is unlikely to succeed, or has failed. The classic surgical approach—
apicoectomy with curettage and retrofilling—has evolved substantially over the last two decades into endodontic
microsurgery, characterized by the use of magnification/illumination, microinstruments, ultrasonic root-end cavity
preparation, and bioactive/calcium-silicate root-end filling materials (e.g., mineral trioxide aggregate, MTA; and newer
bioceramics). Foundational reviews describing these modern concepts emphasize that technique modernization is not
merely cosmetic; it changes the biological and mechanical conditions for healing by improving accuracy of root-end
resection, reducing bevel angle, identifying isthmuses and accessory anatomy, and improving the seal of the retrofilling.

Why prognosis matters in surgical endodontics
Unlike primary RCT (where access to the entire canal system is attempted), surgical endodontics addresses the apical
segment and periradicular tissues directly. Its goals include:

removal of persistent apical infection and inflamed periradicular tissue;

correction of apical pathology (cysts, granulomas) and apical anatomical complexities;
sealing the apical canal system to prevent reinfection;

allowing regeneration or repair of periradicular bone and periodontal ligament.
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Because surgery has an immediate procedural endpoint but a delayed biologic outcome (healing), prognostic factors are
crucial for patient counseling: expected healing probability, expected time course, risk of persistent radiolucency,
symptoms, or tooth loss from fracture or periodontal breakdown.

Outcome trends: traditional surgery vs microsurgery

Published success rates vary with follow-up duration and outcome criteria. Modern analyses often report higher pooled
success for endodontic microsurgery than for traditional surgical approaches and note declines with longer follow-up (e.g.,
>5 years). A 2025 systematic review/meta-analysis comparing EMS with traditional surgical interventions reported pooled
EMS success around the high 80s percent range and lower pooled success for traditional surgery, with outcomes influenced
by follow-up length.

Consensus and contemporary reviews also frequently cite success rates exceeding 90% in well-executed microsurgical
cases, although such figures depend on strict inclusion criteria, operator expertise, and outcome definitions.

SCOPE, DEFINITIONS AND METHODS OF THIS REVIEW

What this review covers
This is a narrative (non-systematic) review focused on prognostic determinants affecting outcomes of surgical root canal
treatment, particularly:

e Apical surgery / root-end surgery / apicoectomy
e Endodontic microsurgery (EMS)
e Root-end resection, retropreparation, and root-end filling

It does not deeply address adjunctive periodontal surgeries unless directly relevant (e.g., apicomarginal defects), nor does it
focus on intentional replantation (a separate category with distinct prognostic factors).

Outcome definitions (success, healing, survival)

Interpreting prognosis requires clarity on endpoints:

(A) Clinical outcome: absence of pain, swelling, sinus tract, tenderness, and normal function.

(B) Radiographic healing: reduction or resolution of periapical radiolucency.

(C) Composite success: both clinical and radiographic healing.

(D) Tooth survival: tooth remains in function regardless of radiographic status.

Different studies use different scoring systems, timepoints (often 1-2 years), and imaging modalities (PA radiograph vs
CBCT), producing different “success” percentages. AAE-related publications and clinical studies highlight how variability
in criteria and follow-up influences apparent outcomes and prognostic research conclusions.

The imaging issue: periapical radiographs vs CBCT

CBCT can detect lesions and cortical plate involvement more sensitively than periapical radiography and can reveal lesion
features (apicomarginal defects, missed anatomy, root perforations) relevant to prognosis. Prospective and retrospective
work has emphasized CBCT’s value for diagnosis and preoperative assessment, and systematic reviews increasingly
include CBCT-based outcome evaluation.

Clinical implication: CBCT-based evaluations may classify more cases as “uncertain/incomplete healing” than PA
radiographs at the same follow-up time, affecting reported success rates and the perceived impact of prognostic factors.

BIOLOGICAL BASIS OF HEALING AFTER SURGICAL ROOT CANAL TREATMENT

Healing after apical surgery depends on reduction of microbial load and restoration of a seal. Persistent apical periodontitis
is fundamentally a biofilm-mediated disease. Surgery creates a new wound environment: a bone crypt and resected root
apex. Successful healing requires:

removal of inflamed tissue and potentially cystic epithelium;
elimination or sealing of apical ramifications and lateral canals;
stable clot formation;

re-establishment of periodontal ligament attachment and bone fill.
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Any factor that compromises one of these—persistent leakage, untreated isthmus, periodontal communication, systemic
healing impairment, or structural weakness—can convert an anatomically “good” surgery into a biological failure.

PATIENT-RELATED PROGNOSTIC FACTORS

Age and sex

Many studies examine age/sex as possible predictors; results are inconsistent, and their effect (if present) is usually modest
compared with local tooth/lesion factors and technique. Reviews of prognostic factors in apical surgery note limited and
mixed evidence on demographic variables, and emphasize multifactorial assessment.

Systemic health and healing capacity

General systemic conditions may influence wound healing and infection control (e.g., poorly controlled diabetes,
immunosuppression), although many endodontic surgery studies exclude medically complex patients. A clinical perspective
paper on surgical outcomes notes systemic conditions among the factors that can influence prognosis.

Smoking

Smoking is repeatedly reported as a negative factor for oral wound healing and has been identified among prognostic
variables in long-term endodontic microsurgery literature. A long-term prognosis review reported smoking as one of the
factors disclosed to influence outcomes.

Patient compliance and oral hygiene

Postoperative instructions, plaque control, and attendance at follow-ups affect the ability to detect early complications and
to document healing. While often not quantified as a “prognostic factor” in statistical models, it is a practical determinant in
real-world success.

Patient-centered outcomes (pain, satisfaction, quality of life)

Modern endodontic care increasingly measures not only radiographic healing but also patient-reported outcomes. Reviews
discussing modern surgical endodontics highlight patient-centered considerations and long-term survival/success
differences.

TOOTH-RELATED PROGNOSTIC FACTORS

Tooth type (anterior vs premolar vs molar)

Tooth type influences prognosis through access difficulty, root morphology, proximity to anatomical structures, and
prevalence of isthmuses. Molars—especially maxillary molars—tend to have more complex apical anatomy and higher
isthmus prevalence, increasing the chance of persistent leakage if the isthmus is not identified and sealed. Studies and
reviews identify tooth type among the variables associated with outcomes.

Root anatomy: curvature, isthmuses, accessory canals

Isthmus presence is a classic reason for surgical failure if unaddressed. Microsurgical magnification improves detection
and preparation of isthmuses, supporting better sealing and outcomes. Modern microsurgery concepts emphasize the
importance of identifying such anatomical complexities.

Root length and remaining structural integrity
Apical resection removes root length and can affect crown-root ratio and structural strength. Excessive resection or
aggressive beveling may weaken the root and compromise long-term survival.

Posts, cores, and restorations

Posts can complicate nonsurgical retreatment, often becoming an indication for surgery. However, posts may also affect
surgical handling and prognosis indirectly (difficulty verifying canal trajectory, risk of root fracture). Prognostic reviews
include presence of radicular posts among the variables studied.

Root fractures and cracks (critical negative prognostic factor)

Vertical root fracture (VRF) is among the most decisive predictors of poor prognosis and often an exclusion criterion.
Long-term outcome literature notes that failure of periapical healing and tooth survival can be associated with root/crown
fracture. If a crack/VRF is suspected (deep isolated probing, J-shaped lesion, sinus tract at mid-root), prognosis for surgery
is poor; alternative treatment (extraction and replacement) may be more appropriate.
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LESION- AND ANATOMY-RELATED PROGNOSTIC FACTORS

Lesion size and volume

Larger lesions generally take longer to heal and may be associated with more complex pathology (true cysts, longstanding
infection). Multiple clinical datasets identify lesion size as an important variable, and CBCT-based studies often evaluate
lesion dimensions/volume as prognostic indicators.

Cortical plate status and through-and-through lesions
If both buccal and palatal/lingual cortical plates are perforated (“through-and-through”), the defect may be less contained,
potentially slowing regeneration. CBCT is especially useful for preoperative identification of cortical perforation patterns.

Apicomarginal defects (periodontal communication)

An apicomarginal defect is a communication between the apical lesion and the marginal periodontium. It is widely regarded
as a negative prognostic factor because it compromises periodontal attachment and provides a pathway for bacterial
contamination from the sulcus. CBCT and careful periodontal probing assist diagnosis.

Preoperative probing depth and periodontal status

Deep periodontal pockets, furcation involvement, or generalized periodontal disease reduce prognosis by limiting
periodontal healing and increasing bacterial challenge. Prognostic factor studies have identified preoperative probing depths
as linked to healing outcomes.

Proximity to anatomical structures
o Maxillary sinus: perforation risk, sinusitis-like symptoms, membrane healing.
e Mental foramen / inferior alveolar nerve: sensory complications and surgical access limitations.
Modern surgical concept papers emphasize careful anatomical localization and minimally invasive technique.

PRE-SURGICAL ENDODONTIC AND RESTORATIVE FACTORS

Quality of existing root canal filling

A recurring theme in surgical outcome research is that surgery does not replace the need for a well-disinfected and well-
obturated canal system. If the canal is poorly cleaned or has coronal leakage, retrofilling alone may not prevent persistent
infection. Clinical outcome discussions list the quality of prior RCT/retreatment among factors influencing prognosis.

Missed canals and untreated anatomy

Missed canals in molars (e.g., MB2 in maxillary molars) can be a dominant failure driver; if feasible, nonsurgical
retreatment may be preferred. If surgery is selected, the clinician must recognize that apical surgery may not fully address
coronal missed anatomy.

Coronal seal and restoration integrity
Microleakage from defective restorations can perpetuate apical disease even after an excellent surgical seal. Reviews of
surgical outcomes explicitly include coronal restoration and occlusal microleakage as prognostic influences.

Occlusion and functional load
Heavy occlusal forces, parafunction (bruxism), and traumatic occlusion can contribute to cracks or persistent symptoms.
While less frequently quantified in endodontic surgery models, these are clinically relevant predictors of long-term survival.

INTRAOPERATIVE (TECHNICAL) PROGNOSTIC FACTORS

This category often separates average surgery from predictable microsurgery. Small improvements in execution can
compound into large differences in leakage control, tissue trauma, and healing.

Magnification and illumination (microscope/loupes)
Microsurgical concepts emphasize that magnification improves visualization of:
e apical anatomy and isthmuses,
e microcracks,
e completeness of root-end preparation,
e placement quality of root-end filling.
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Flap design and soft tissue management

Flap choice influences access, blood supply, and postoperative recession risk. Proper tissue handling minimizes scarring
and improves patient comfort. While evidence is mixed on flap type as a direct predictor of radiographic healing, it strongly
affects complications and patient-centered outcomes.

Osteotomy size and crypt management
Smaller osteotomies reduce tissue trauma and may improve healing. Piezoelectric surgery and microsurgical burs can
support minimally invasive access.

Apical resection length and bevel angle

Modern protocols typically advocate resecting enough root-end to remove apical ramifications (often ~3 mm is commonly
taught) and minimizing bevel angle to reduce exposed dentinal tubules. Classic microsurgery literature discusses these
concepts as core to improved outcomes.

Root-end cavity preparation: ultrasonic retropreparation
Ultrasonic tips allow centered, conservative preparations aligned with the canal, improving retrofill retention and seal. This
is a major technical evolution highlighted in modern endodontic surgery reviews.

Root-end filling material and quality of seal

Material choice has been repeatedly studied. Evidence syntheses indicate calcium-silicate materials (e.g., MTA) perform
very well in root-end filling, with favorable outcomes in comparative analyses. A 2022 network meta-analysis found MTA
among the top-performing root-end filling materials at follow-up. More recent clinical trials and analyses continue to report
high success with MTA and newer bioceramic options (e.g., TotalFill), often without statistically significant differences
among leading calcium-silicate materials at certain follow-ups.

Depth/geometry of root-end filling
Beyond “which material,” the execution matters: depth, adaptation, voids, moisture control, and blood contamination.
Contemporary research continues to examine how filling depth and cement properties relate to leakage and outcomes.

Hemostasis and moisture control
Blood contamination can compromise visibility and placement quality. Effective hemostasis supports accurate retrofill
placement and reduces postoperative complications.

Identification and management of isthmuses
Failure to prepare/fill an isthmus can leave an unsealed pathway. Microsurgical visualization and ultrasonic preparation
improve management.

Operator skill and learning curve
Surgeon experience is frequently acknowledged as a determinant of outcomes, particularly when technique-sensitive
microsurgical steps are involved. Clinical outcome discussions include surgeon ability among key influences.

ADJUNCTIVE MEASURES
Bone grafting and membranes
Regenerative approaches are most considered in large lesions, through-and-through defects, and apicomarginal defects.
Evidence does not always show benefit in small-to-medium lesions, and some trials report no significant improvement in
success rates with graft addition in certain lesion sizes.

Practical view: regeneration may help defect fill and soft tissue stability in selected defects, but it is not a universal
“success booster.”

3D planning and guided endodontic microsurgery
Digital planning and guides can improve access accuracy, reduce osteotomy size, and help in challenging posterior sites.
Reviews of patient-centered and modern approaches discuss the role of guides in improving accuracy.

POSTOPERATIVE FACTORS AND FOLLOW-UP

Postoperative care and complication management
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Pain and swelling are common short-term issues; infection or dehiscence is less common with good technique. Antibiotic
prescribing varies and should be guided by clinical judgment and local guidelines.

Follow-up timing and interpretation
Healing is commonly evaluated at 1 year, though some lesions heal sooner and some require longer observation. Clinical
literature notes 1-year evaluation as typical, but emphasizes that healing dynamics vary.

Long-term stability: “healed stays healed?”

Long-term studies suggest that cases classified as healed at earlier follow-ups often remain stable for years, but late failures
can occur, especially related to fractures or new coronal leakage. Long-term outcome literature documents sustained
healing in a high proportion of initially healed microsurgery cases over extended follow-up.

INTEGRATED PROGNOSTIC FRAMEWORK FOR CLINICAL DECISION-MAKING

High favorable prognosis profile

Contained apical lesion (no apicomarginal defect)

Good periodontal support (shallow probing, minimal mobility)

Restorable tooth with sound coronal seal

No suspected cracks/VRF

Feasible microsurgical access with minimal anatomical risk

Planned EMS using magnification + ultrasonic retroprep + calcium-silicate root-end filling
Patient non-smoker or willing to stop around surgery

Guarded prognosis profile
e Apicomarginal defect or deep isolated probing
Large through-and-through lesion with cortical plate loss
Molar with complex anatomy where isthmus management is uncertain
Suspected crack, heavy occlusion/parafunction
Poor coronal restoration or high caries risk
Systemic/healing risk (e.g., smoker, uncontrolled systemic disease)

Practical counseling language (example)
e “Microsurgery has a high chance of healing when the tooth is structurally sound and the gum/bone support is
good.”
o  “If there is a gum-to-tip communication (apicomarginal defect) or a crack, the chance of complete healing drops.”
e “Even if the bone heals, long-term success still depends on a strong crown and good bite forces control to prevent
fracture.”

FUTURE DIRECTIONS AND RESEARCH GAPS

=

Standardization of outcome definitions (success vs survival; PA vs CBCT).

More high-quality RCTs comparing leading bioceramics, filling depths, and regenerative adjuncts.

3. Predictive models that integrate CBCT lesion morphology, periodontal measures, and restorative risk into
individualized prognosis.

4. Patient-reported outcomes as co-primary endpoints alongside radiographic healing.

5. Al-assisted CBCT analysis for automated lesion segmentation and prognostic scoring (emerging area).

N

CONCLUSION

Prognosis in surgical root canal treatment is not determined by a single variable; it emerges from the interaction of biology
(infection control and tissue healing), anatomy (lesion and root complexity), tooth/restoration integrity, periodontal status,
and technical excellence in modern microsurgery. The most powerful negative predictors in daily practice are typically
periodontal communication (apicomarginal defects), deep probing defects, suspected fractures, compromised
restorability/coronal seal, and inability to execute meticulous microsurgical steps. Conversely, the consistent drivers of high
success are careful case selection, CBCT-informed planning where appropriate, strict adherence to microsurgical protocol,
and use of high-performing calcium-silicate root-end filling materials. When these elements align, contemporary evidence
supports that EMS can deliver high rates of healing and tooth retention over meaningful long-term follow-up.
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