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Abstract
Purpose of Review Finding a balance between mechanical function of endodontically treated teeth and minimal remnant 
preparation is challenging. Minimally adhesive concepts are being explored as an alternative to the use of posts, cores, and 
classical fixed prostheses. Thereby, this review seeks to highlight and discuss the current knowledge on this issue.
Recent Findings Considering the mechanical characteristics encountered in the different regions of the dental arch, recent 
evidence points to the benefits of endocrown restorations for the posterior region, being a promising option for molars and 
premolars (predominant axial load); however, intraradicular retainers are still suggested for the anterior region due to the 
incidence of lateral loads triggered by the oblique positioning and the main occurrence of flexural loads.
Summary The quality of the remaining tooth, the possibility of maintaining the ferrule effect, and the region of the element 
to be treated are key factors that must be considered in the rehabilitation of pulpless teeth.
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Introduction

The rehabilitation of pulpless teeth has been explored over 
the last decades, especially related to the use of intraradicu-
lar retainers to support restorations [1–3]. In fact, different 
options for direct and indirect restorations are possible. The 
direct technique using resin composite may be sufficient to 
solve the restorative need of teeth that present only the open-
ing for endodontic treatment or small cavity [4]; however, 
additional procedures or specific techniques are necessary 
in teeth with greater amounts of structural loss.

Some research reports that teeth with large loss of 
remaining tissues need full prosthetic crowns supported by 

intraradicular posts [5]. It is suggested that the anchoring 
of the prosthetic core using a post inserted into the pulped 
canal improves retention of the restoration to the tooth and 
balances the distribution of stresses along the root [6]. Thus, 
intraradicular retainers have become the gold standard after 
the endodontic treatment of elements with significant losses 
of the coronary remnant. To do so, the canal obturation was 
partially removed, maintaining only an apical seal, and then 
prepared to receive a retainer, which could be a prefabricated 
post, i.e., with standardized shape and dimensions, or cus-
tomized through canal modeling [1].

Still, resin composite restorations supported by an int-
raradicular retainers increase the fracture resistance and 
reduce the risk of interfacial gap progression in incisive and 
canines (anterior region) with loss of marginal ridges [7]. 
Similarly, adding posts as additional retention to the direct 
restorations promotes improved clinical behavior for poste-
rior teeth cavities involving proximal faces, being the use 
of indirect restorations also indicated for these cases [4]. 
Furthermore, covering the cusps in premolar teeth reduces 
the risk of fracture of these elements, which is usually one 
of the outcomes observed in mesio-occlusal-distal (MOD) 
cavities [8•].

Initially, metallic posts were widely used for this 
function due to their high mechanical strength, and the 
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possibility of being made from casting allowed metallic 
cores to exactly with the internal conformation of the root 
canal, resulting in a perfect adaptation to the internal anat-
omy of the tooth [3, 9]. Metallic retainers are still widely 
used; however, in vitro studies have been suggested that 
cast metal posts present some important concerns, such as 
interference in the esthetics of restorations due to the gray-
ish color and the incidence of catastrophic root fractures 
due to stress concentration during mastication [10–12]. On 
this sense, a failure is considered catastrophic when repair 
of the restoration is not possible (irreparable fractures), 
being generally related to the involvement of the tooth root 
below the bone level [12].

As a consequence of the use of metallic posts, in vitro 
studies began to demonstrate that cores with a lower modu-
lus of elasticity reduce the risk of catastrophic fractures of 
the dental element since they concentrate less stress on the 
root walls [13–16]. Thus, different materials were adopted 
as an alternative to metals such as fiber posts, considered 
an excellent option due to the similarity of elastic modulus 
to root dentin [13–17]. However, it should be noted that the 
root damages generated by metallic retainers is currently not 
a consensus, especially when it is supported by systematic 
review studies and clinical trials that show good fracture 
strength, survival, and outcomes for these materials [14, 18, 
19, 20•]. Anyway, post customization techniques with com-
posite resin were proposed for better adaptation of fiber post 
to the root canal [12, 21], and, more recently, milled fiber 
posts are also possible through digital planning of the retainer 
shape and preparation through milling machines [22, 23].

In parallel with the improvement and development of 
intraradicular retainers, luting agents and adhesives have 
also presented a recognized evolution over the years. The 
emergence of resin cements has generated new perspec-
tives for dentistry as a material with improved mechani-
cal and adhesive properties compared to traditional zinc 
phosphate-based cements [24]. This point also contributed 
positively to the popularization of fiber posts, since they 
had high bond strength with resin cements [25–28], which 
motivated a series of studies evaluating techniques and 
procedures to improve the protocol for luting retainers to 
pulped teeth [29, 30].

In the same way, another question that has been raised 
is the need to use intraradicular retainers nowadays, since 
restorations luted directly on the remaining tooth with-
out the need for additional retention are possible after the 
great evolution of adhesive systems [31]. Besides that, the 
evolution of restorative materials such as dental ceramics 
and resin materials, as well as the computer-aided design/
computer-aided manufacturing (CAD/CAM) systems, allows 
reliable and long-lasting restorations with reduced thickness 
and diversified geometries in contrast to the traditional full 
prosthetic crown [32, 33].

Based on the above, this review seeks to highlight and 
discuss the current knowledge on this issue answering the 
following question: do we still need intraradicular retainers? 
For this question, it is important to address the endocrown 
as a reliable restorative alternative to the conventional tech-
nique of crown and post, the importance of the ferrule effect 
to guide the clinical decision of the need for an intraradicular 
retainer, and how the position of the tooth in the dental arch 
can influence the evidence-based decision.

Endocrowns

Endocrown was one of the restorative options currently 
available that became popular after the evolution of adhesive 
luting and restorative materials used as monolithic restora-
tions, i.e., composed of a single material [34]. It is based 
in the use of the pulp chamber of an endodontically treated 
tooth as a retentive and adhesive area for the restoration, dis-
pensing the use of intraradicular retainers [31, 35]. The res-
toration is completely composed of a single material form-
ing a monoblock luted directly onto the remaining tooth, 
eliminating the need to prepare the root canal to receive a 
post and consequently promoting the preservation of more 
tooth structure, maintaining its biomechanical integrity, and 
reducing the risk of root perforation [36–39].

Ceramics or composites are possible materials for endo-
crown restorations, highlighting the properties of each one 
of them [40, 41]. It should be taken into account that the 
thickness of the restorative material for endocrown restora-
tions is greater than for conventional full crowns, and there-
fore, it is suggested that as consequence, the integrity of the 
restoration and its resistance to fracture are enhanced regard-
less of the chosen material [42, 43]. Ceramics present higher 
mechanical strength than resin composites, which in turn can 
distribute the masticatory stresses throughout the tooth due 
to the lower modulus of elasticity, reducing the occurrence 
of irreparable fractures [35, 38, 44]. Likewise, high-strength 
ceramics such as zirconia-based ceramic can lead to a higher 
risk of catastrophic tooth fractures due to the high modulus 
of elasticity, although they imply high loads to failure [32].

Endocrowns can perform better than intraradicular retain-
ers associated with conventional full crowns, especially for 
restoring molars [40, 45•]. This fact can be due to the inci-
dence of masticatory forces occurs perpendicularly to the 
tooth element (predominance of axial loads), and, therefore, 
there is no fulcrum movement that could lead to lateral dis-
placement of the restoration [45•]; however, it is important 
that the amount of remnant around the pulp chamber is taken 
into account, so that there is sufficient support structure to 
receive the restoration and the loads impinging on it [35, 44].

On the other hand, the indication of endocrown in 
premolars should be evaluated with caution, since the 
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relationship between width and height of the restoration 
is less favorable (compared to molars) and there is greater 
interference from lateral movements compared to molars 
[45•]. In the same way, it is wise to think that the use of 
an intraradicular retainer is still necessary for the anterior 
region, since most of the incidence of loads occurs in 
the lateral direction, leading to flexural/bending of the 
restoration [46]. However, some studies suggest that the 
success of the prosthetic restoration in anterior teeth is 
mainly attributed to the presence of ferrule, while the 
fiber post leads to unfavorable failure modes and does not 
compensate for the absence of ferrule [47, 48].

Ferrule Effect

The ferrule effect is the embracing of a metal or ceramic 
ring of the restoration around a remaining coronal portion 
preserved during prosthetic core preparation [49–51]. It 
is known that the presence of a ferrule is essential for 
the longevity and resistance to fatigue of endodontically 
treated teeth [2, 46, 47]. Thus, the presence or absence of 
preservation of the coronal portion may be indicative of 
the restorative choice of the dental element and its suc-
cess [52–54]. The coronal remnant does not always allow 
the ferrule preparation to be composed of the four walls 
surrounding the root canal. Incomplete ferrule, i.e., less 
than four walls in preparation design, is considered a bet-
ter option than a complete lack of ferrule [51]; however, 
failure risk increases with the number of missing cavity 
walls [54].

Some studies suggest the use of metallic intraradicular 
retainers in the absence of a remnant, which avoids the 
deflection of the set due to the high modulus of elastic-
ity and, thus, would lead to better restorative results [9, 
20•]; nevertheless, clinical studies comparing metallic 
retainers and fiber posts in the presence or absence of a 
ferrule are still scarce, and, therefore, the outcomes still 
need to be better understood [18]. Alternatively, it is rec-
ommended that in cases of absence of remnants, the pos-
sibility of orthodontic extrusion should be considered, in 
order to allow the preparation with a ferrule effect of at 
least 1.5 mm in height [51].

Regarding the failure patterns, the presence of a 
retainer does not seem to influence the observed out-
comes when four-wall ferrule is possible [54]; otherwise, 
there is references concluding that a ferrule also does not 
interfere with the type of failure found in teeth restored 
or not with fiber posts [48]; however, these data must 
be interpreted with caution, especially when considering 
the differences between restorations in the anterior and 
posterior region.

Tooth Region

Garcia et al. (2019) suggest through a systematic review 
of clinical studies that the longevity of restorations with 
intraradicular retainers is similar when comparing anterior 
and posterior teeth [55]. Likewise, Martins et al. (2021) 
also consider that there is no difference in the results 
for the anterior and posterior regions [18]; however, the 
behavior of prosthetic restorations in the posterior and 
anterior regions must be evaluated not only regarding the 
survival rates or load for fracture, but also considering the 
outcomes observed when a failure occurs. The force vec-
tors for each of the situations are not equal and, therefore, 
cannot be compared equally.

Studies have shown promising results for the use of 
endocrown in the posterior region [45•, 56]. In this case, 
an excellent behavior of the restoration is expected for 
teeth with sufficient support to resist axial loads [43]. The 
adhesive ability of current restorative materials and the 
preservation of dental tissue remnants are clear benefits 
of these restorations, as aforementioned [35]; however, 
it is expected that the main failures occur related to the 
cement layer [43]. Thus, it seems necessary that finding 
ways to reduce stresses in the cement layer is more rel-
evant than reducing stresses in the restoration itself [43]. 
Moreover, more longitudinal clinical follow-up studies are 
still needed to make the results and outcomes of this type 
of treatment more predictable.

Likewise, the use of endocrowns seems promising 
but still requires further exploration for premolars [5, 
45•]. The incidence of axial loads occurs mostly con-
sidering molars, while some amount of lateral solicita-
tion is expected for premolars [57]. The combination 
of compressive and lateral loading on these elements 
implies a high incidence of stress in the cervical region 
of the cusps, which is a smaller diameter zone when 
compared to molars and, therefore, more susceptible 
to failure [58]. In this sense, it is suggested that cuspal 
coverage is necessary and may even exclude the need for 
intraradicular retainers [8•]. Anyway, the use of posts is 
suggested for direct restoration (with resin composite) 
of premolars with MOD cavities [8•], and, in the same 
way, the use of posts, core build-up, and full crown res-
torations still seem to be the more scientifically accu-
rate option [59].

Regarding the anterior region, the use of posts increases 
the fracture resistance of endodontically treated teeth [60]. 
The fewer clinical steps and simplified adhesive technique 
boosted the use of prefabricated fiber posts [7]. Metal 
retainers require more steps, including root canal shap-
ing and metal casting, while fiber posts can be immedi-
ately luted reducing clinical time [2, 9]. As a result of 
all the favorable factors related to fiber posts (simplified 
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fabrication and luting technique, esthetics, and stress dis-
tribution), for years, in vitro studies have suggested better 
behavior in relation to metallic retainers [13–16]; however, 
currently, longitudinal follow-up studies have questioned 
whether this superiority is clinically confirmed, since the 
survival of metallic retainers is reported to be similar to 
fiber posts [18, 61].

Nevertheless, the type of failure plays a key role in guid-
ing the choice of whether or not use a intraradicular retainer, 
as well as which one to use. The chance of irreparable failure 
is increased when a retainer is proposed, due to the fulcrum 
zone placed below the bony crest margin [60]. Thus, opting 
for posts with lower elastic modulus seems to be beneficial 
for better distributing the stresses and, consequently, reduc-
ing catastrophic fractures. On the other hand, debonding 
occurrences are often reported when fiber posts are used 
[61]. Anyway, it is a type of failure that can be repaired, as 
opposed to fractures caused by metallic posts that lead to the 
need to extract the dental element.

Conclusion

Clinical studies with longitudinal follow-up that precisely 
answer all the factors involved in the restoration of endo-
dontically treated teeth are limited. Tooth remnant amount, 
presence or absence of ferrule, and region in the dental arch 
are some of the factors that should be punctually evaluated 
for each clinical situation. In general, it can be seen that for 
the posterior region, endocrown restorations (without intra-
radicular retainer) present very reliable results for molars, 
encouraging the restoration of pulpless teeth relying only on 
the formation of the monoblock through the adhesive luting 
of monolithic restorations in the pulp chamber. On the other 
hand, the results are quite promising for this technique for 
premolars; however, it should be studied in depth to clearly 
understand the behavior of this type of restoration in teeth 
with incidence of lateral loads.

Regarding the incidence of lateral forces, the restoration 
of anterior teeth still seems to be a challenge that requires 
additional care, and, in this case, it still seems necessary 
to use anchoring methods that prevent the restoration from 
moving during function. Even so, success seems to be 
mainly related to the quantity and quality of the coronary 
remnant (ferrule effect), leading to the idea that avoiding the 
loss of dental tissue during prosthetic preparation is essential 
during restoration planning and tooth preparation.
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