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Abstract. Advancements in adhesive dentistry have significantly transformed the restoration strategies for
endodontically treated teeth (ETT). The traditional reliance on cast post-and-core systems has gradually given way to fi-
ber-reinforced posts, reflecting a paradigm shift not only in materials but also in restorative philosophy. While earlier
approaches prioritized mechanical strength, contemporary focus has increasingly turned to failure patterns, particularly
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the risk of catastrophic, non-restorable fractures—even with fiber post systems. In response, postless restorative concepts
have emerged, aiming to enhance the reparability and long-term prognosis of ETT. This critical review synthesizes the
current evidence regarding adhesive restoration strategies for ETT, with particular emphasis on cases involving varying
degrees of coronal tooth structure loss. Key topics addressed include the impact of partial versus full-coverage restora-
tions, the significance of the ferrule effect, the influence of post type on failure modes, and the viability of postless alterna-
tives such as endocrowns and direct adhesive build-ups. Despite a general consensus that the quantity and quality of re-
maining tooth structure are pivotal to the clinical success of ETT, conflicting data persist regarding the role of post sys-
tems in preventing root fractures and the relative benefits of avoiding post placement altogether. Given these uncertain-
ties, further long-term clinical investigations are warranted to validate the effectiveness and reliability of modern postless
adhesive techniques in comparison to conventional post-based methods.
Keywords: tooth, nonvital, dental materials, crowns, dental restoration failure, dental bonding.

Introduction. The optimal method for restor-
ing endodontically treated teeth (ETT) continues to
be an area of clinical controversy and scientific dis-
cussion. Such teeth demonstrate significant altera-
tions in their mechanical behavior compared to vital
teeth, primarily due to cumulative structural loss re-
sulting from caries, trauma, crack propagation, and
extensive hard tissue removal during access cavity
preparation and endodontic instrumentation [1-7].
These structural and biomechanical alterations weak-
en the natural resistance of the tooth to masticatory
stress, thereby increasing its vulnerability to fracture.

A major clinical concern involves selecting the
most reliable restorative approach for ETT, as these
teeth inherently exhibit a higher probability of bio-
mechanical failure than vital ones. From a biomimet-
ic perspective, the preservation of intact dental tissues
plays a crucial role in maintaining equilibrium be-
tween the biological, mechanical, adhesive, and func-
tional aspects of the tooth-restoration complex.
Therefore, minimally invasive restorative concepts
that prioritize the conservation of sound enamel and
coronal dentin are strongly recommended. Excessive
removal of hard tissues during endodontic or restora-
tive procedures may disrupt the biomechanical integ-
rity of the tooth and negatively influence its long-
term prognosis [11].

Quantitative studies, such as those by Dietschi
et al., * have emphasized the impact of cavity depth,
isthmus width, and overall cavity configuration on
residual tooth stiffness and fracture resistance.
Among these factors, the presence of a vertical coro-
nal dentin band—commonly referred to as the fer-
rule—has been consistently identified as a critical
determinant of favorable stress distribution and struc-
tural integrity in ETT. 27! Nevertheless, in many
clinical situations, sufficient coronal tooth structure
may be absent, rendering the establishment of an ad-
equate ferrule challenging or unfeasible.

In recent years, the development of reliable ad-
hesive systems has significantly broadened the spec-
trum of restorative options available for ETT. Tradi-
tional materials such as cast metal posts and amalgam
cores are increasingly being replaced by more con-
servative alternatives, including fiber-reinforced
posts, direct composite cores, and adhesive full-
coverage restorations made from ceramic or compo-

site resins. "' Moreover, the emergence of postless
restorative concepts—such as endocrowns and direct
adhesive build-ups—has gained traction due to their
minimally invasive nature and simplified clinical
workflow. 19720

Despite these advancements, clinicians are still
confronted with a critical decision: should an ETT be
restored with or without a post? This question under-
scores the need for an evidence-based understanding
of how different restorative techniques affect tooth
longevity and failure modes.

The aim of this critical review is to evaluate
the current literature on adhesive restorative strate-
gies for ETT, with particular emphasis on recent
trends favoring minimally invasive and postless tech-
niques. Special attention is given to the role of the
remaining tooth structure, the ferrule effect, and the
clinical implications of various adhesive materials
and protocols.

Preserving the coronal structure. The re-
placement of dental restorations often initiates a self-
perpetuating cycle of increasing structural compro-
mise—a phenomenon known as the “restorative cycle
of death,” first described by Elderton in 1988 and
later expanded upon by Simonsen in 1991. In this
cycle, restorations are progressively replaced with
larger and more invasive ones, eventually necessitat-
ing the use of post-and-core systems and, in many
cases, culminating in tooth loss. This pattern high-
lights the importance of adopting restorative strate-
gies that prioritize the long-term preservation of tooth
structure. The philosophy of minimal intervention
dentistry, originally developed to preserve healthy
tissue during caries management, has increasingly
gained traction in the context of endodontically treat-
ed teeth (ETT). Contemporary adhesive techniques
facilitate conservative preparations and selective tis-
sue removal, aligning with this principle and support-
ing a more biologically respectful approach to restor-
ing ETT.

A strong correlation exists between the amount
of preserved tooth structure and the fracture re-
sistance of ETT. Conserving dentin and enamel not
only enhances the biomechanical stability of the re-
stored tooth but also reduces the incidence of cata-
strophic, non-repairable failures, thereby extending
the tooth’s functional lifespan. A critical strategy in
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breaking or at least slowing the restorative cycle in-
volves avoiding excessive reduction of healthy tooth
structure. This can be achieved through the use of
modern adhesive partial restorations—such as onlays
and overlays—which preserve sound coronal tissue.
This stands in contrast to the outdated “extension for
prevention” philosophy, which promoted full-
coverage crowns and led to substantial volumetric
loss of tooth material.

However, in situations where full-coverage
crown preparation is necessary and significant coro-
nal tissue has already been lost, preserving the re-
maining vertical dentin—known as the ferrule—
becomes paramount. Numerous studies have demon-
strated that an adequate ferrule significantly enhances
the mechanical performance and survival rate of
ETT. In addition, advancements in magnification
tools, electric handpieces, and adhesive protocols
now allow clinicians to perform highly precise, min-
imally invasive restorations. These technological aids
further support tooth structure conservation during
restoration replacement, contributing to more favora-
ble long-term outcomes.

Partial restorations versus full crowns on
ETT. In contemporary restorative dentistry, there is a
growing preference for direct composite and partial
adhesive restorations over traditional full crowns,
particularly for endodontically treated teeth (ETT).
Adhesive techniques offer the advantage of being
additive rather than subtractive, which allows the
preservation of remaining coronal tooth structure and
may reduce the risk of root fracture.

Historically, the standard protocol for ETT res-
toration has involved the placement of a post, core,
and full-coverage crown following endodontic thera-
py. While this approach has been widely practiced
and supported by various in vitro studies and clinical
trials, a recent Cochrane review found insufficient
evidence to support or refute the superiority of crown
placement over direct restorations in cases of severely
compromised ETT. This lack of high-quality evi-
dence underscores the need to reconsider convention-
al practices in light of modern adhesive capabilities.

The development of adhesive dentistry has had
a profound impact on treatment strategies for
endodontically treated teeth (ETT). Earlier restorative
protocols relied on traditional post-and-core systems
designed for cement-retained full crowns, such as
porcelain-fused-to-metal crowns and cast post-and-
core restorations, which required extensive mechani-
cal preparation to ensure macromechanical retention.
In contrast, modern adhesive restorations—both di-
rect and indirect—enable a more conservative ap-
proach. When bonded to the remaining coronal tooth
structure, particularly enamel, these restorations can
achieve strong retention and resistance without the
need for excessive removal of dental tissues.

A systematic review conducted by Suksaphar
et al. evaluated the survival rates of posterior ETT
restored with either full crowns or resin composite
restorations. The review incorporated data from a
randomized clinical trial, a prospective cohort study,
and a retrospective analysis. Reported survival rates
ranged from 94%-100% for teeth restored with
crowns and 91.9%-100% for those with resin compo-
site restorations. Although a meta-analysis was not
possible due to methodological variability among the
studies, the authors concluded that when the loss of
tooth structure is minimal or moderate, both restora-
tion types provide comparable survival outcomes.

After endodontic treatment, especially in cases
where marginal ridges are lost and extensive access
preparations have been carried out, the structural in-
tegrity of the tooth is significantly compromised, re-
sulting in increased flexural deformation. In such sit-
uations, the use of bonded partial restorations should
be preferred, as they not only preserve enamel and
dentin but also reduce biomechanical disruption and
help maintain the functional integrity of the restored
tooth.

Both direct and indirect adhesive restorations
have been advocated for cuspal coverage, allowing
clinicians to avoid traditional axial wall reduction
required for full-crown retention. Composite materi-
als, in particular, have furthered the shift away from
mechanical retention toward adhesive retention, ena-
bling minimally invasive restorations even in struc-
turally compromised teeth. This trend toward preser-
vation aligns with contemporary biomimetic princi-
ples and is increasingly accepted in clinical practice.

Despite the growing popularity of partial adhe-
sive restorations, the current literature lacks direct
comparative studies between direct composite resto-
rations and adhesive indirect restorations such as ce-
ramic onlays or crowns. As such, further clinical tri-
als are warranted to evaluate whether extensive prep-
aration for full-crown restorations is justified in cases
where indirect adhesive techniques may provide
equivalent or superior outcomes with less biological
cost.

The Role of the Ferrule in the Survival of
Full-Coverage Crowns in ETT. The restoration of
endodontically treated teeth (ETT) often poses a bio-
mechanical challenge due to substantial loss of coro-
nal structure resulting from endodontic access, exten-
sive caries, restorative interventions, or trauma. This
reduction in remaining tooth structure has been con-
sistently correlated with decreased long-term survival
of restored ETT [35].

The ferrule concept—defined as a circumferen-
tial band of sound tooth structure surrounding the
core, located apically to the crown margin—has been
extensively investigated and is widely recognized as a
critical factor for improving the biomechanical per-
formance of full-coverage restorations. Multiple clin-
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ical and experimental studies have confirmed that the
presence of a ferrule significantly enhances fracture
resistance and overall longevity of restorations. For
instance, a prospective study by Creugers et al.
demonstrated that porcelain-fused-to-metal crowns
placed on teeth with less than 50% of residual coronal
structure exhibited nearly double the failure risk
compared with those having more than half of the
coronal structure preserved.

A systematic review by Sorensen et al. [12],
incorporating data from laboratory studies, finite el-
ement analyses, and clinical trials, concluded that a
ferrule height of 1.5-2 mm consistently contributes to
improved fracture resistance. Moreover, an adequate
ferrule can minimize the influence of other factors
such as post-and-core material, type of luting cement,
and restoration design. Conversely, a recent meta-
analysis restricted to clinical studies reported no sta-
tistically significant difference in failure rates be-
tween restorations with and without a ferrule when
using glass-fiber post-and-core systems. However,
the limited number of clinical trials (only two meet-
ing inclusion criteria) weakens the strength of these
findings and underscores the need for further high-
quality research to establish definitive clinical guide-
lines.

Taken together, the available evidence suggests
that while the ferrule remains a biomechanically ben-
eficial feature, particularly in full-coverage restora-
tions, its absence may be partially compensated for
by advanced adhesive strategies and material proper-
ties. Nevertheless, the clinical implementation of a
ferrule, when feasible, continues to be considered a
best practice to optimize long-term outcomes.

Several adjunctive techniques have been pro-
posed to further optimize the adhesion and perfor-
mance of postless restorations. Immediate dentin
sealing (IDS), for example, has shown promise in
improving bond strength at the adhesive interface.
Indirect composite restorations have also been sug-
gested for enhancing mechanical properties and stress
distribution in structurally compromised teeth. These
contemporary strategies work synergistically to create
a cohesive restorative complex that more closely em-
ulates the biomechanical behavior of the dentin—
enamel junction.

Recent studies evaluating both anterior and
posterior ETT with sufficient ferrule height have
demonstrated favorable outcomes using postless re-
storative technigues. In such cases, crown retention is
primarily achieved through adhesive bonding to the
ferrule-retained composite build-up rather than
through frictional retention of a post within the root
canal. This strategy not only simplifies the clinical
procedure but also reduces the risk of root perforation
and stress concentration commonly associated with
post placement.

Given that the presence of an adequate ferrule
is already well-established as a critical determinant in
the longevity and fracture resistance of ETT, preserv-
ing sound tooth structure becomes a central priority.
By adopting minimally invasive, precision-based
technigues—including the use of magnification, con-
trolled instrumentation, and conservative adhesive
restorations—clinicians can maintain the integrity of
the ferrule. This, in turn, helps interrupt the so-called
“restorative cycle of death,” thereby enhancing the
prognosis of ETT over the long term.

Preserving Tooth Structure through Preci-
sion and Minimally Invasive Treatment in ETT.
Precision is a cornerstone of minimally invasive den-
tistry, particularly in the restoration of endodontically
treated teeth (ETT), where preservation of remaining
tooth structure is essential for long-term success.
High levels of visual and tactile control—achievable
through the use of magnification and advanced in-
strumentation—allow clinicians to selectively remove
only infected or structurally compromised tissue,
thereby minimizing unnecessary loss of sound dentin
and enamel.

One of the critical technological advancements
in this regard is the shift from high-speed air-driven
turbines to electric handpieces with low-speed and
high-torque functionality. Unlike air turbines, electric
handpieces provide enhanced tactile feedback and
greater control during caries excavation and cavity
preparation. This is particularly relevant in ETT,
where even minor structural loss can significantly
affect fracture resistance and survival.

Numerous studies have demonstrated a direct
correlation between the quantity of residual coronal
structure and the survival rate of ETT. As such, pre-
serving the coronal dentin and enamel during restora-
tive procedures becomes paramount. The use of elec-
tric handpieces facilitates more controlled and con-
servative tooth preparation, especially in compro-
mised teeth with weakened structural integrity. Mod-
ern restorative principles advocate for cavity designs
that respect the three-dimensional architecture of the
lesion rather than adhere to traditional geometric out-
lines. This tailored approach enables more precise
and tissue-conserving preparations. A wider cavity,
particularly involving the marginal ridges and
occlusal isthmus, is strongly associated with reduced
fracture strength and increased susceptibility to struc-
tural failure. Therefore, limiting cavity width and
avoiding aggressive tooth reduction are crucial to
maintaining the biomechanical integrity of ETT.

Biomimetic restorative strategies emphasize
the reinforcement of the remaining tooth structure
through adhesive bonding of partial restorations. The-
se techniques aim not only to restore function and
aesthetics but also to mimic the biomechanical behav-
ior of natural dentin-enamel complexes by creating a
unified, resilient structure. Visual accuracy further
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enhances precision in restorative dentistry. The inte-
gration of magnification devices—such as dental
loupes and operating microscopes—alongside en-
hanced illumination systems has been shown to sig-
nificantly improve the detection of carious tissue, the
evaluation of preparation margins, and the adaptation
of restorations.

In summary, the integration of magnification,
advanced rotary instrumentation, and adhesive proto-
cols enables a precision-driven, minimally invasive
approach that maximizes tooth structure preservation.
This strategy is especially critical in endodontically
treated teeth, where the remaining coronal architec-
ture plays a decisive role in determining long-term
outcomes.

Adhesive Micromechanical Retention versus
Macromechanical Retention and Catastrophic
Failure in ETT. Traditionally, the restoration of
endodontically treated teeth (ETT) with extensive
coronal tissue loss has relied on the use of post-and-
core systems to retain full-coverage restorations. In
cases where less than 2 mm of coronal tooth height
remains—insufficient to achieve a ferrule effect—
cast post-and-core techniques have historically been
indicated to provide mechanical retention. However,
such approaches are not without drawbacks. They are
time-intensive, incur higher laboratory and material
costs, and, most critically, are associated with unfa-
vorable failure modes due to their biomechanical
mismatch with dentin.

Posts fabricated from metal alloys possess a
significantly higher elastic modulus than natural den-
tin, resulting in stress concentration within the root
canal system. These concentrated stresses may prop-
agate apically and increase the risk of vertical root
fractures, which are typically classified as cata-
strophic failures. Such failures often necessitate tooth
extraction, thereby undermining the ultimate goal of
restorative treatment: tooth preservation and main-
tainability

In summary, the choice of post-and-core tech-
nique must consider not only mechanical strength but
also the long-term re-treatability and preservation of
the tooth. The growing body of evidence favors adhe-
sively bonded, fiber-reinforced posts for their capaci-
ty to reduce catastrophic outcomes and preserve tooth
structure in the event of failure.

Endocrowns. The use of intraradicular posts in
the restoration of endodontically treated teeth (ETT)
has been associated with an increased risk of cata-
strophic root fracture, regardless of the post material
employed. This risk, combined with the need for ad-
ditional removal of healthy tooth structure during
post space preparation, has led researchers to explore
postless restorative alternatives. One such alternative
is the endocrown—a monolithic restoration that uti-
lizes the pulp chamber for macromechanical retention
and simultaneously serves as both the crown and core

structure. Endocrowns require a more conservative
tooth preparation compared to traditional post-and-
core restorations, as they preserve more of the re-
maining dental structure and simplify the clinical
workflow. This conservative approach results in re-
duced chairside time and overall treatment cost. Fur-
thermore, the advent of chairside computer-aided de-
sign/computer-aided manufacturing (CAD/CAM)
systems has facilitated the fabrication of endocrowns
in a single visit, further improving patient conven-
ience and procedural efficiency.

As their popularity has grown, numerous clini-
cal reports have demonstrated the successful use of
endocrowns, detailing standardized protocols for their
fabrication and cementation. Finite element analyses
have supported their biomechanical performance,
shown favorable stress distribution and indicating
that endocrowns can be a predictable and conserva-
tive solution for restoring endodontically treated pos-
terior teeth—particularly maxillary premolars. Clini-
cal data suggest a high short-term survival rate for
endocrowns in posterior applications, ranging from
90% to 95%.

This approach is particularly advantageous for
posterior non-vital teeth with extensive coronal de-
struction, offering a durable and minimally invasive
solution that promotes long-term biomechanical sta-
bility and esthetic restoration.

Conversely, there is limited evidence regarding
the application of endocrowns in the anterior region.
Only a few finite element studies and a single in vitro
investigation have evaluated their performance in
anterior teeth. In one study, Ramirez-Sebastia et al.
reported that anterior endocrowns fabricated with
adhesive materials provided adequate retention and
stress distribution, particularly when a 2 mm ferrule
was present. However, no clinical trials have yet as-
sessed their use in anterior dentition.

Final Considerations. The long-term survival
of endodontically treated teeth (ETT) is fundamental-
ly dependent on the quantity and quality of the re-
maining tooth structure following endodontic access
and caries excavation. Consequently, the preservation
of enamel, dentin, and the dentinoenamel junction
(DEJ) becomes paramount when planning the restora-
tive phase. Current evidence supports the preference
for bonded partial restorations over traditional full-
coverage crowns, as they allow for more conservative
tissue preservation and superior biomechanical inte-
gration.

Modern restorative strategies emphasize the
paradigm shift from “extension for prevention” to
“prevention of extension”. This shift advocates for
minimally invasive protocols, which prioritize struc-
tural conservation and functional rehabilitation
through adhesive techniques. The use of magnifica-
tion (e.g., dental microscopes or loupes) and electric
handpieces enhances the precision of operative pro-
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cedures, enabling more controlled tooth preparation.
Simultaneously, advancements in adhesive dentis-
try—particularly the implementation of proper isola-
tion protocols and immediate dentin sealing (IDS)—
have significantly improved bonding efficacy and
longevity in restorative outcomes.

Given that the amount of residual tooth struc-
ture is a critical determinant of success, the traditional
concept of extensive preparation for mechanical re-
tention is increasingly viewed as obsolete. In cases
where a ferrule effect is present, both in vitro and
clinical studies have consistently shown that the use
of intraradicular posts is not necessary for the suc-
cessful restoration of ETT. In fact, these studies indi-
cate that posts neither enhance retention of crowns or
endocrowns nor improve clinical outcomes—and
may even increase the risk of catastrophic failure,
particularly in posterior teeth.

However, it is important to acknowledge that
in specific clinical scenarios—particularly in restora-
tions involving porcelain-fused-to-metal (PFM)
crowns—some evidence suggests that the use of posts
may contribute to increased survival rates of ETT.
These findings highlight the need for a case-by-case
assessment of biomechanical demands and restorative
materials.

To refine clinical protocols and further validate
postless, biomimetic approaches, additional high-
quality clinical trials are required. These should com-
pare adhesive crowns bonded to restorations with and
without posts, thereby contributing to a deeper under-
standing of the interplay between tooth structure
preservation, material selection, and long-term clini-
cal success in restorative dentistry.
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COBPEMEHHBIE I1IOJXO0/1bI K
BOCCTAHOBJIEHUIO SH/IOAOHTHYECKH
JEYEHHbBIX 3YBOB C HCIIOJIb30BAHHUEM

AJITE3UBHBIX TEXHOJOTHH

Kum B.D., Kybaes A.C., I'viomyxameoos I1.b., Myn T.O.

Peztome. Jlocmuowcenuss 6 obnacmu ao2e3uHoll
CMOMAMON02UY CYUWECMEEHHO USMEHUNIU Cmpamezui pec-
maspayuu 3H000oHmMu4ecKu nedenusix 3y006 (JJ13). Tpa-
OUYUOHHAS OPUEHMAYUA HA TUMbLE CUCHEMbL WMUPDMOE U
KYbMesbiX  6KIA00K NOCMENeHHO YCMYNuid Mecmo
wmugmam, apMupOSaHHbLIM GOIOKHAMU, YMO ompasxcaem
CMeHy napaouemvl He MOIbKO 8 MAMePUalax, Ho u 8 @u-
nocoguu pecmaepayuu. B mo epemsa kak @ 6onee panHux
nooX00ax npuopumen omoagaics MexaHuyeckol npouHo-
cmu, 8 HacmosAwee 8peMs BHUMaHUe 6ce bonbule yoesem-
cAl MOOENAM paspyuilenus, 6 4YacmHOCMU PUCKy Kamacm-
pouuecKux, He NOOAEHCAWUX B0CCMAHOBIEHUIO NEpelo-
MO8 — Oadice npu UCHONb30BAHUU CUCTEM C 80OKOHHBIMU
wmugmamu. B omeem ma smo nossuauc, KoHyenyuu
Oe3umughmogoco  60CCMAHOGNEHUs, HANPAGLEHHblE HA
nogvlulenue penapamueHoCcmu u 00J120CPOYHO20 NPOSHO3A
DJI3. B smom numepamyprom ob30pe 0606weHsvl cospe-
MeHHble OaHHble 0 CIMPAmeusx A02e3U8HO20 0CCHMANO6-
nenus npu DJI3, ¢ ocobbiM akyeHmom Ha Ciyuasx ¢ pas-
JIUYHOU CMeneHblo nomepu KopoHkogou yacmu 3y6a. Kuio-
yegvie memvl, Komopwvie OYOym paccMompeHvl, 8KII0YAIOM
6 cebs CpasHeHue YACMUYHLIX U NOJHbIX pecmaspayul,
3HaueHue 3phexma peppyna, enusHue muna wmu@ma Ha
xapakmep paspywieHus u 3¢ggexmusHocms dezumugmo-
BLIX ANbMEPHAMUE, MAKUX KAK IHOOKOPOHKU U NpsAMble
aoeezusnvle Hapawueanus. Hecmomps na obwee muenue o
MOM, 4MO KOAUYeCmE0 U KA4ecmeo OCmaguielics mKauu
3y6a ueparom Kouegyio pob 8 Kiunudeckom ycnexe J13,
COXPAHAIMCA NPOMUBOPEUUGble OAHHbIE O POLU WMUG-
MOBLIX cUcmem 8 npedomspaujeHuy neperomos KopHsa u
OMHOCUMETbHBIX NPEeUMYUecmseax HOIHO20 OMKA3Ad Om
VCMAHOBKU wmu@ma. Yuumuvieds 5my HeonpeoeieHHoCb,
HeobX00uMbl  OanbHeluwue 00I20CPOUHblE KIUHUYECKUe
uccnedosanuss 0si nooOmeepicoenuss Ippexmuenocmu u
HAOENHCHOCU COBPEMEHHBIX Oe3umudmossix a02e3udHbIX
Memoo08 No CPABHEHUIO ¢ MPAOUYUOHHBIMU MEMOOaMu ¢
UCNOTb308AHUEM WUMUPMOB.

Kntouesvie cnosa: 3y6, nesumanvHulll, CMoMamo-
Jlo2udecKue Mamepuanbl, KOPOHKU, HECOCMOAMENbHOCIb
pecmaspayuii 3y608, puxcayus 3y608.
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