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ABSTRACT: Endodontic access preparation must balance biological access to the root canal system with preservation of
strategically important coronal and pericervical dentin. This evidence-based narrative review evaluates traditional, conservative,
ultraconservative, truss and guided access designs, emphasizing clinically meaningful outcomes rather than cavity size alone.
PubMed/MEDLINE-indexed systematic reviews, randomized clinical studies, micro-computed tomographic investigations,
biomechanical laboratory studies and guided-endodontic literature were prioritized, with key bibliographic details checked against
publisher or DOI records. Conservative access consistently preserves more tooth structure, but evidence for improved fracture
resistance is heterogeneous and is strongly influenced by tooth type, marginal-ridge integrity, restorative status and test
methodology. Increasing restriction can reduce visualization, complicate canal detection and chamber debridement, increase canal
transportation or instrument stress, and prolong treatment. Emerging randomized clinical evidence suggests that moderately
conservative access can achieve bacterial reduction and postoperative pain outcomes comparable with traditional access under
controlled conditions, whereas highly restricted truss designs may compromise bacterial reduction. Long-term comparative evidence
for tooth survival remains insufficient. Guided endodontics offers a different form of conservation based on precision and is
particularly useful for calcified canals when three-dimensional imaging is justified. Current evidence therefore supports an anatomy-
driven, restorative-aware approach: preserve strategically important dentin while maintaining adequate visualization, safe
instrumentation, effective irrigation, predictable obturation and durable restoration.
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INTRODUCTION

Access cavity preparation is the gateway to root canal treatment. It must expose the pulp chamber, permit identification of the
complete canal system, allow safe delivery of instruments and irrigants, and support predictable obturation and restoration.
Traditional access therefore emphasized complete chamber deroofing and straight-line entry. Modern minimally invasive concepts
challenge indiscriminate removal of sound tissue, particularly in the cervical region, but the biological objectives of treatment remain
unchanged.

The structural rationale for conservation is supported by classic work showing that loss of marginal ridges has a greater effect on
cuspal stiffness than endodontic procedures alone [1]. Directed dentin conservation subsequently emphasized pericervical dentin as
strategically important tissue [2]. However, access design exists on a continuum: a moderately contracted cavity differs substantially
from a tiny ninja opening or separate truss portals. The clinically relevant question is not whether smaller cavities remove less
dentin, but whether the tissue preserved is mechanically meaningful and can be retained without compromising canal detection,
disinfection or restoration.

This review synthesizes contemporary evidence on access design, focusing on dentin preservation, canal detection, shaping,
disinfection, fracture resistance, restorative implications, clinical outcomes and precision-guided access.
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MATERIALS AND METHODS

A structured narrative search was conducted through September 2026, using PubMed/MEDLINE as the principal bibliographic
source and supplemented by publisher records, reference-list screening and citation chaining. Search concepts included endodontic
access, conservative or contracted access, ultraconservative or ninja access, truss access, pericervical dentin, fracture resistance,
micro-computed tomography, canal detection, irrigation, bacterial reduction, obturation, guided endodontics and dynamic
navigation. Evidence was prioritized in the following order: systematic reviews and meta-analyses, randomized or controlled clinical
studies, prospective or retrospective clinical studies, micro-CT investigations, clinically relevant laboratory studies and finite-
element analyses. Foundational studies were retained when needed to establish biomechanical concepts. This was a narrative review
rather than a systematic review; therefore, no claim of exhaustive retrieval or PRISMA compliance is made. Key references used in
the final synthesis were checked against PubMed and/or publisher DOI records.

RESULTS

Evolution and classification of access designs

Contemporary access designs range from traditional complete deroofing to conservative, ultraconservative/ninja, truss, orifice-
directed and guided approaches. Systematic reviews emphasize inconsistent terminology and substantial methodological
heterogeneity [3-5].

Conservative access generally reduces occlusal and cervical dentin removal; ultraconservative and truss designs pursue greater
preservation at the cost of more restricted visualization. Static and dynamic guided access represent a distinct concept: conservation
is achieved through a planned or tracked trajectory rather than by universally minimizing the cavity [6,7].

Dentin preservation and fracture resistance

Conservative access reliably preserves more coronal and pericervical dentin. Krishan et al. reported increased fracture load in
selected premolars and molars, while Plotino et al. found higher fracture strength with conservative and ninja access than with
traditional access [8,9]. Other studies found no fracture-resistance advantage in maxillary molars, maxillary premolars or mandibular
molars [10-12]. Meta-analytic evidence therefore suggests that any mechanical benefit is context dependent and is more plausible
when marginal ridges remain intact [4,5]. Static load-to-fracture results should not be equated with long-term clinical survival
because they do not reproduce fatigue, aging, parafunction or restorative degradation.

Canal detection, shaping and instrument stress

Restricted access may reduce canal detection when visualization is inadequate. In maxillary molars, contracted access initially
reduced canal detection, but the difference disappeared after microscope-assisted ultrasonic troughing [10]. This is clinically
important because missed canals are associated with periapical disease [13]. Contracted access has also been associated with greater
canal transportation in some micro-CT studies [14]. Severe coronal restriction can impose additional curvature on instruments;
reciprocating instruments used through ultra-conservative access have shown reduced cyclic-fatigue resistance in laboratory testing
[15]. Flexible heat-treated nickel-titanium instruments mitigate, but do not eliminate, access-related stress.

Irrigation, debridement and microbial reduction

Biological adequacy is the central limitation of extreme restriction. Orifice-directed access has been associated with more residual
pulp tissue in the chamber, while ultraconservative designs may leave more accumulated debris and complicate chamber cleaning
[11,16]. In an ex-vivo infected model, access design did not significantly alter overall microbial reduction, although traditional
access produced less unprepared canal surface and less residual chamber material [17]. Clinical evidence is emerging. A 2024
randomized trial involving 89 patients found no significant difference between traditional and conservative access in bacterial
reduction or postoperative pain [18]. In contrast, a 2025 randomized trial reported significantly greater bacterial reduction with
traditional endodontic cavity (TEC) access than with truss endodontic cavity (TREC) access, while postoperative pain did not differ
significantly between the groups [19]. These findings suggest that moderate conservation may remain biologically compatible,
whereas extreme restriction can cross a threshold at which debridement becomes less predictable.

Restorative implications and clinical outcomes

The final restoration may influence structural prognosis more than small differences in access volume. The amount and distribution
of remaining tooth structure—including marginal-ridge integrity and the availability of cervical tooth structure for an adequate
ferrule—are important determinants of the biomechanical behavior of restored root-filled teeth [1,20,21]. Access and restoration
should therefore be co-designed. Conservation is most meaningful when the same tissue can be retained in the definitive restoration;
preserving an obstructive roof segment that will later be removed during cuspal coverage offers little practical advantage.
Importantly, high-quality long-term clinical evidence demonstrating superior tooth survival with conservative, ninja or truss access
is lacking. A 2025 randomized prospective investigation reported healing after a broader minimally invasive root canal protocol,
but the intervention included more than access geometry and cannot isolate the effect of cavity design [22].
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Guided and precision access

Guided endodontics is particularly valuable in pulp canal obliteration, where freehand searching can cause excessive dentin removal
or perforation. Static guidance combining CBCT with surface scans has demonstrated high access accuracy [23,24]. Systematic
reviews report promising accuracy but note radiation justification, cost, guide or bur constraints, posterior access limitations and the
predominance of laboratory studies and case reports [6]. Dynamic navigation permits real-time trajectory adjustment and is
expanding into calcified canals, retreatment and microsurgery, although comparative clinical evidence remains limited [7].

DISCUSSION

The evidence does not support a simple traditional-versus-conservative dichotomy. The most reproducible advantage of smaller
access is anatomical: less tooth structure is removed. The magnitude of any fracture-resistance benefit is less certain and depends
on the location of preserved tissue, pre-existing structural loss and the definitive restoration. Conversely, biological and technical
disadvantages become more apparent as access becomes increasingly restrictive.

A clinically useful hierarchy is biological adequacy first, procedural safety second, strategic dentin preservation third, with
restorative integration throughout. In intact teeth with predictable anatomy, adequate magnification and a restoration that can
preserve remaining walls, a moderately conservative access is reasonable. When anatomy is complex, additional canals are
suspected, retreatment is required, or visualization is limited, selective enlargement is preferable to preserving obstructive dentin.
Routine ultraconservative, ninja or truss access is not supported by current evidence [3-5,17,19].

The evidence base remains limited by inconsistent definitions, small ex-vivo samples, static fracture models, variable restorative
protocols and reliance on surrogate outcomes. Future trials should standardize access geometry, stratify teeth by structural loss, and
report patient-centered endpoints such as periapical healing, fracture incidence, restoration survival, retreatment feasibility and tooth
retention. Precision-guided access may ultimately provide a more defensible form of minimally invasive endodontics because it
links tissue preservation to a defined anatomical target rather than to cavity size alone [6,7,25].

CONCLUSION

Modern access-cavity research supports avoiding unnecessary removal of sound tooth structure, but it does not support equating
minimally invasive treatment with the smallest possible opening. Moderate conservative access can preserve strategic dentin without
necessarily compromising biological objectives when anatomy is predictable and visualization is adequate. Extreme restriction may
impair canal detection, chamber debridement, instrument mechanics and bacterial reduction. Current evidence does not demonstrate
superior long-term tooth survival with ultraconservative or truss access. The most defensible approach is anatomy-driven and
restorative-aware: remove the minimum tissue necessary to achieve complete canal identification, safe instrumentation, effective
irrigation and disinfection, predictable obturation and durable restoration. Guided access is promising for selected calcified cases,
but long-term comparative clinical studies remain necessary.
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Table 1. Contemporary access cavity designs
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bridge between canal groups

Design Core concept Potential advantage Principal limitation

Traditional Complete chamber deroofing and | Visibility, canal | Greater dentin removal if
removal of coronal interferences detection, chamber | performed indiscriminately

debridement

Conservative Reduced outline with selective | Strategic tissue | Reduced visualization;
roof/pericervical dentin | preservation technique sensitivity
preservation

Ultraconservative | Very small portal directed toward | Maximum coronal | Restricted irrigation,

/ ninja canal orifices preservation debridement and instrument path

Truss Separate portals with dentinal | Preserves central | Residual tissue/debris; difficult

chamber roof

visualization

Static guided

CBCT + surface scan + guide

Precise canal location

Radiation justification, cost,

directs bur

in calcified teeth

guide constraints

Dynamic Real-time tracked bur trajectory Adjustable  precision | Equipment, calibration, learning
navigation access curve
Table 2. Representative evidence and clinical implications
Study Design Key finding Clinical implication

Krishan et al., 2014

Micro-CT + fracture

Conservative access preserved dentin;

Conservation ~ may  have

2018 [16]

orifice-directed access

[8] selected fracture  benefit; molar | mechanical value but can
instrumentation compromise affect shaping

Rover et al.,, 2017 | Micro-CT; maxillary | Reduced canal detection before Restricted access depends on

[10] molars microscope/ultrasonics; no enhanced visualization
fracture benefit

Neelakantan et al., | Histologic laboratory | More residual chamber pulp with | Chamber debridement can be

compromised

Barbosa et al., 2020
[17]

Microbial + micro-
CT + fracture

No overall microbial advantage; more
unprepared area/residual material with
restricted designs

Extreme conservation offers
no  consistent  biological
advantage

Al-Ani et al., 2024
[18]

Randomized clinical
trial; 89 patients

No significant difference in bacterial
reduction or postoperative pain

Moderate conservative access
may be biologically acceptable

Ozen&Karatas,
2025 [19]

Randomized clinical
trial

TEC achieved
significantly greater bacterial reduction

Truss accessmay compromise
bacterial reduction compared

than TREC

with TEC

Table 3. Case-based access decision framework

Clinical variable

Access implication

Practical approach

Intact marginal ridges and

substantial coronal structure

Conservation may have

biomechanical value

greater

Consider moderate conservative access
if anatomy remains predictable

complex molar anatomy

Large MOD defect or missing | Access-volume benefit is reduced Prioritize  biological access and
marginal ridge restorative ferrule/cuspal coverage
Suspected additional canal or | Visualization becomes a priority Selective enlargement with

microscope/ultrasonics

Pulp canal obliteration

Freehand search risks

removal/perforation

excess

dentin

Consider justified limited-FOV CBCT
and guided access

magnification/illumination

Retreatment Material removal requires visibility Avoid dogmatic minimal access; enlarge
selectively
Limited Restricted access becomes less safe Use a more permissive access rather

than risk missed anatomy
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Table 4. Outcome-by-outcome synthesis

Outcome

Direction of evidence

Clinical interpretation

Dentin preservation

Consistently ~ favors  conservative

designs

Anatomical
depends on
restoration

benefit is real; value
tissue location and

Canal detection

May favor traditional access without
adjuncts

Do not preserve dentin that obscures
anatomy

Instrumentation

Mixed; technical
reported with restriction

disadvantages

Flexible NiTi does not eliminate
coronal interference

Chamber debridement

Often favors less restricted access

Roof/truss bridges may shelter tissue
and debris

Microbial reduction

Moderate CEC may be comparable;
truss may be inferior

Biological adequacy should override
maximal conservation

Fracture resistance

Possible benefit in selected intact teeth;
inconsistent

Do not equate static fracture load with
clinical survival

Long-term survival

Insufficient comparative evidence

No design has survival

superiority

proven

Guided access accuracy

Generally favorable in calcified canals

Useful precision tool when imaging is
justified

Available on: https://crajour.orqg/



https://crajour.org/

