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8.1 Introduction

larly interesting: until more evidence becomes
available, clinicians should continue to choose

Numerous articles have been published about
endodontically treated teeth over the past
decades. Among all the articles on this topic the
conclusion of a Cochrane review [1] is particu-
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how to restore root-filled teeth based on their
own clinical experience. In fact, a lot of variables
may play a great role in the restoration of end-
odontically treated teeth and, lacking a strong
evidence, individual circumstances and patients’
preferences may determine the rehabilitation
strategy.

Endodontically treated teeth have a minimum
loss of water content [2] and the proprioceptive
perception of these teeth may change [3, 4], but
the variations in their structure summarized by

171

G. Plotino (ed.), Minimally Invasive Approaches in Endodontic Practice,

https://doi.org/10.1007/978-3-030-45866-9_8


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-45866-9_8&domain=pdf
https://doi.org/10.1007/978-3-030-45866-9_8#DOI

172

G. Plotino and M. Turchi

Gutmann [5] do not affect the mechanical proper-
ties of dentin, as demonstrated by several tests
(punch shear strength, toughness test, load to
flexural fracture) performed on both vital and
contralateral teeth endodontically treated at least
10 years before and then extracted for orthodon-
tic reasons [6].

Researches on this topic mainly focused on
the amount of the residual tooth structure as the
most important issue influencing endodonti-
cally treated teeth resistance [7, 8]. Panitvisai
and Messer [9] showed that the deflection of the
cusps increases with increasing cavity size
from an occlusal cavity to a mesio-occlusal
(MO) or disto-occlusal (DO) cavity to a mesio-
occluso-distal (MOD) cavity. Nevertheless,
only performing the endodontic procedures
showed a small effect on tooth stiffness. In this
case, the 5% reduction in relative stiffness from
endodontic treatment is contributed entirely by
the access opening [7]. An occlusal cavity prep-
aration due to an occlusal caries can show a
fourfold greater decrease in tooth stiffness
(20%) than the only endodontic access cavity
preparation [7]. Both procedures involve the
same tooth occlusal area, but a greater exten-
sion of the caries and consequently of the
occlusal cavity on the marginal ridge area may
explain this difference. Therefore, the relevance
of the marginal ridge integrity comes out and its
violation can be considered as the greatest con-
tribution to loss of tooth strength. A two-sur-
face cavity preparation requires the removal of
only one marginal ridge, like in a MO or DO
cavity. It results in a 46% loss in tooth stiffness,
while extending the cavity preparation to a
MOD cavity results in an average of 63% loss
of cuspal relative stiffness [7].

Clearly, even if endodontic access cavity
preparation itself was thought to make teeth
more susceptible to fracture as a result of the loss
of tooth vitality, restorative procedures due to
the loss of tooth structures are the major factor in
weakening the tooth [10]. Thus, the decision on
the type of restoration for an endodontically
treated tooth should take in greater account the
loss of tooth structure, in particular of the mar-
ginal ridges rather than the endodontic proce-
dure itself.

The golden rule in common with access cavity
and root canal preparation is to preserve as much
sound dentin as possible, following a minimally
invasive approach. The prognosis of an endodon-
tically treated tooth improves proportionally to
the amount of sound tooth structure, regardless of
the type of restoration that is subsequently pro-
vided [11, 12]. Factors that can impair resistance
of the tooth removing enamel and dentin struc-
ture during the access approach and the root
canal preparation have been clearly reported in
the Chapters 3 and 4 of this book.

8.2 Minimally Invasive Approach

to Restorative Procedures

Minimally invasive approaches in endodontic
procedures may guarantee less sacrifice of sound
tooth structure, especially at the level of the cer-
vical area of the tooth, that is where coronal frac-
tures mostly happen, thus influencing also the
restorative algorithm [13]. In fact, clinicians
should always start their endodontic procedures
keeping in mind that endodontics does not repre-
sent only “white lines” on a radiograph, but
should be part of a more complex treatment plan
that aims to restore the tooth to its original func-
tion in the mouth system. Following this princi-
ple, endodontists should always perform their
procedures having the vision on the final aim of
their work: to put the tooth in function again. The
great indiscriminate removal of dentin given by a
traditional endodontic access cavity, which rec-
ommends in all cases a predefined shape of the
occlusal cavity and a straight-line access for the
stainless-steel files to the apical curvatures
removing the coronal interferences [14—16], may
reduce the resistance of the tooth [17] and impair
the long-term prognosis [18]. A more conserva-
tive approach that takes in higher consideration
the peri-cervical dentin, the axial wall dentin, and
the soffit, representing the most relevant tooth
structure to be maintained and preserved, may
increase the resistance to fracture of an endodon-
tically treated tooth and its long-term retention,
following the simple principle that the greater
amount of dentin is kept, the longer the tooth may
be maintained [18] (Fig. 8.1). The possibility to
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Fig. 8.1 Conservative approach in endodontics in a
15-year-old case demonstrating the way of thinking even
when the actual technologies were not present.
Preoperative view of the first lower left molar tooth with a
deep occlusal caries (a). Conservative access cavity (b).

Fig. 8.2 Conservative approach in endodontics.
Preoperative view of the second lower right molar with an
old mesial restoration (a). Thanks to their higher flexibil-
ity, heat-treated NiTi alloys permits to shape successfully
even severely curved canals, like the distal (b), with the

perform more conservative treatments with a
dynamic approach given by the technological
advancement of instruments, materials, and tech-
niques [19], as demonstrated throughout all this
book, permits the clinician to save tooth structure
and influence the treatment plan from a restor-
ative point of view (Fig. 8.2).

preservation of the original anatomy (¢) and to be conser-
vative even in the access cavity (d). Restoration with an

indirect composite onlay (e) and 2- and 4-years follow-up
radiographs (f, g) and image (h)

Scouting of the root canals (¢, d). The final root canal
therapy with the preservation of sound dentine permits a
direct restoration without post placement (e, f). A 15-year
control radiograph (g)

Technological advancements on the restor-
ative field also permit today more conservative
tooth preparations: the most modern restorative
materials may be highly performant in much less
thickness than before [20, 21], and the advance-
ments in bonding technology [22] permit to cre-
ate adhesive restorations in most of the cases of
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endodontically treated teeth except when a full
crown is already present. Both these important
technological advancements reduce the sacrifice
of sound tooth structure required during restor-
ative procedures and cavity preparation, as partial
adhesive restorations with complete or partial
cuspal coverage may be performed in most of the
teeth endodontically treated following the mini-
mally invasive procedures described in this book
and given the fact that less extensive tooth prepa-
ration is today required for a full-crown restora-
tion, when necessary [23, 24]. In any case, the
dogmatic correlation between endodontics and
full-crown restoration given by classic studies
[25-27], in which a complete cuspal coverage
with a full crown was advocated for any end-
odontically treated tooth, independently of the
amount of residual tooth structure, to reduce the
risk for fracture and improve the prognosis of
these teeth, may be no more actual, given the
present advancements described above.

Post-endodontic
Restoration: How and Why

8.3

The type of restoration on an endodontically
treated tooth may be strongly influenced by the
amount of residual tooth structure and the need or
not for a partial or complete cuspal coverage
[28]. In case that a cuspal coverage may be not
needed, an inlay restoration (direct or indirect)
may be performed, while when a partial or com-
plete cuspal coverage will be required it may be
usually performed with an indirect restoration.
The onlay restoration is represented by a partial
cuspal coverage, usually involving the cusps and
tooth structure near a marginal ridge missing,
while an overlay restoration is a complete cuspal
coverage with a partial tooth preparation that dif-
fers from a 360° full crown preparation because
of coronal exposed margins saving more cervical
toot structure [29]. Usually the cuspal coverage
with onlays/overlays is performed with an indi-
rect restoration, even if in some cases it can be
accomplished even with a direct restoration [30].

A direct restoration involving partial or complete
cuspal coverage should be considered as a com-
promise respect to an indirect one, not because it
may reduce the fracture strength of the tooth, as it
has demonstrated no difference between the two
different types of restoration [31], but because it
may be more related to the operator skills, given
the higher difficulties to perform the correct
occlusal and interproximal shape directly in the
mouth.

An analysis of the variables that may influ-
ence the type of restoration required for an end-
odontically treated tooth is mainly needed in
order to reduce the risk for tooth fracture, which
is the most common reason for their failure [32].
The decision on cuspal coverage (and also post
placement, as reported later on this chapter) is
mainly based on the following parameters: the
quantity and quality of residual tooth structure,
mainly given by the number and thickness of the
remaining cavity walls and the height and thick-
ness of the prepared dentin to be covered (ferrule
effect), in case of full-crown restorations.

Generally speaking, in the presence of only an
occlusal endodontic cavity, cuspal coverage and
post are not necessary and the clinician should
only perform a simple direct filling of this space.
If only one marginal ridge is lost, usually a post is
not needed [33, 34], while the cuspal coverage
may be suggested in posterior teeth depending on
the quantity and quality of residual tooth struc-
ture [35]. Despite the rule should be to cover the
cusps near the marginal ridge lost, in these cases
the thickness of residual walls near the marginal
ridge lost is a determining factor to decide when
the cuspal coverage of the adjacent cusps is
required: when this thickness is less than 2 mm,
cuspal coverage may be suggested [36-38].
However, in these cases, a modern most conser-
vative access cavity design and root canal prepa-
ration may preserve critical tooth structure [17],
thus permitting in some selected situations a
direct (or indirect) restoration without any cuspal
coverage even when a marginal ridge is missing.

When both marginal ridges are lost, the result
is a strong reduction in tooth stiffness [7] and
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complete cuspal coverage and post are usually
required in almost all these cases. Given the most
modern and conservative endodontic approaches
described above and throughout all this book,
most of these cases may be solved performing a
complete cuspal coverage with a partial restora-
tion adhesively cemented, while in case of further
tooth structure loss, post and cuspal coverage
with a full crown are more indicated. A direct res-
toration without cuspal coverage and post place-
ment in these cases should be considered an
extreme compromise for patients requiring it for
a particular socio-economical situation [39].

The height and thickness of the prepared
dentin to be covered by a full crown is related to
the ferrule effect. A ferrule effect is defined as a
“360° collar of the crown surrounding the paral-
lel walls of the dentin extending coronal to the
most cervical point of the preparation. The
result is an elevation in resistance form of the
crown from the extension of dentinal tooth
structure” [40]. Therefore, the presence of cir-
cumferential 2 mm high parallel walls of dentin
extending coronally from the crown margin pro-
vide a “ferrule”: after being encircled by a
crown, it provides a protective effect by reduc-
ing stresses within a tooth, called the “ferrule
effect” [41]. Maintaining sound coronal and
radicular tooth structure and cervical tissue to
create a ferrule effect is crucial to optimize the
biomechanical behavior of the restored tooth
and to guarantee a better prognosis [12]. In fact,
in addition to the relative consistency in litera-
ture supporting the 2 mm height rule, some
authors have implicated even the thickness of
residual axial tooth structure after coronal prep-
aration to be significant for fracture resistance
[42]. The thickness of the residual dentin after
the preparation for the crown should be at least
1 mm [43]. Jotkowitz and Samet [42] also
stressed the number of walls as another aspect
that should be re-thought. Usually caries brings
down some walls, and more frequently the prox-
imal ones, while erosion and abrasion more
commonly affect only the buccal walls. If the
clinical situation does not provide a circumfer-

ential ferrule, an incomplete ferrule is always
preferable than a complete lack of ferrule [44].
Furthermore, when an incomplete ferrule is
present in anterior teeth, the presence of the
palatal wall becomes more important than the
other walls in terms of fracture resistance [44].

The clinician should also take a decision when
to insert a root canal post or not, and this proce-
dure is determined by more factors than just the
number and thickness of the residual cavity walls
and the height and quality of the ferrule present,
as it will be reported in the last part of this
chapter.

Additional parameters to be taken into con-
sideration for the restoration of endodontically
treated teeth that may influence the type of res-
toration required are: the position of the tooth
in the arch (anteriors, premolars, molars), the
role of the tooth in the rehabilitation (single-
tooth, part of a bridge or of a full mouth restora-
tion), and the strength of occlusal and shear
stress (parafunctions, antagonist teeth, orth-
odontic class). In particular, if a tooth is part of
a most complex restoration, it must be consid-
ered in a different way rather than if it is a sin-
gle tooth restoration, as the loss of a tooth with
a poor prognosis, but included in a full-arch
restoration may impair the prognosis of the
entire rehabilitation.

8.4  Parameters Influencing
Restoration of Endodontically

Treated Anterior Teeth

In anterior teeth, in cases of an intact crown
where only the access cavity has been opened, a
simple direct composite restoration may be per-
formed to fill the palatal access [45] (Fig. 8.3).
When a more incisal conservative access with a
direction parallel to the long axis of the root fol-
lowing the principles given in Chap. 3 is per-
formed (Fig. 8.4), a greater attention should be
given to clean the mesial and distal pulp horns to
prevent future crown discoloration and voids in
the restoration in these points [46]. As a general
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Fig. 8.3 Lower left lateral incisor with periapical lesion (a). Even after the endodontic treatment (b) the crown is intact
overall. A direct restoration is satisfactory (c)

Fig. 8.4 Examples of more incisal access cavities
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rule, gutta-percha filling should be limited 2 mm
below the root canal orifices that should be adhe-
sively sealed and filled with resin composite dur-
ing the restorative process or by the endodontist
specialist before to send back the case to the
referral dentist (in cases in which a post will be
not needed). This is of particular importance in
the anterior teeth to prevent crown discoloration
by the root canal filling materials in the cervical
area, through the dentinal tubules that in this
region of the tooth proceed in an apico-coronal
direction from the canal to the enamel [47].
Thus, the dentinal tubules starting from the buc-
cal part of the canal 2 mm below the CEJ will
finish in the CEJ area, which in case of cemental
defects may be stained by endodontic materials.
In retreatment cases in which this discoloration
is already present, an internal bleaching may be
needed to solve it before completing the restora-
tion [48, 49]. A flowable resin composite may be
the material of choice to seal the root canal up to
the orifices, moved by a thin sharp probe to
reduce the inclusion of air bubbles between the
gutta-percha and composite layers. In fact, inclu-
sion of air bubbles in between the different lay-
ers of restorative materials may be difficult to be
prevented when restoring a conservative access
cavity with four walls, especially between the
different layers of standard packable resin com-
posite that should then be used in 2 mm thick-
ness to complete the filling of the coronal access
up to the occlusal surface [50]. In these cases,
especially in posterior teeth with less esthetic
requirements, clinicians may take the advantage
of using bulk-fill flowable injectable resin com-
posites with layer thickness of 4 mm to better fill
undercuts and reduce air bubble inclusion [51].
The occlusal 1.5-2 mm layer should then always
be filled with a packable standard composite
with better mechanical properties than a flow-
able material.

In endodontically treated anterior teeth with a
moderate loss of tooth structure, the clinician can
decide case by case according to the different
tooth characteristics to put a post or not and to
perform a full crown or a veneer or a direct com-

posite restoration. Usually, a fiber post or a full
crown is not required in these cases [45]
(Fig. 8.5), but some clinical exceptions to this
rule should be considered. In case of the reattach-
ment of a fragment, when a coronal fracture
occurred in an anterior tooth, a strategical short
post may be used to connect the fragment to the
residual tooth structure, thus contrasting the
harmful effects of lateral forces (Fig. 8.6). A stra-
tegical post may be also suggested in endodonti-
cally treated anterior teeth with incomplete root
formation in young patients in which usually an
apical plug with MTA has been performed to seal
the open apex. Afterwards, a restoration using a
fiber post may be performed to improve the resis-
tance of the low thickness residual dentinal walls
(Fig. 8.7). Similar indications to the use of a stra-
tegical post may exist when an unexpected big
loss of coronal tooth structure may be a conse-
quence of a complex endodontic clinical situa-
tion, such as to remove coronal calcifications to
find a calcified root canal deep inside the root of
a traumatized anterior tooth or in the presence of
massive internal root resorptions (Fig. 8.8). Even
the change of teeth axis during a prosthetic prep-
aration in complex prosthetic rehabilitations may
require the use of a strategical post to better
maintain the core that will be extensively reduced
by the circumferential tooth preparation.

An anterior tooth with a severe loss of tooth
structure usually needs a fiber post placement
and a full-crown restoration (Fig. 8.9). In these
cases, a post is mainly needed to maintain the
core and to better dissipate the functional
stresses, especially to withstand the lateral
forces, thus reducing the risks for a possible dra-
matic failure, and a full crown on a 2 mm cir-
cumferential ferrule is mandatory for a better
long-term prognosis. In fact, it has been demon-
strated that in these cases of big amount of loss
of coronal tooth structure the presence of a post
may reduce the number of catastrophic failures
(mainly given by vertical unrestorable root frac-
tures leading to the extraction of the tooth),
increasing the possibility that the eventual fail-
ure may be more favorable and thus restorable,
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Fig.8.5 Crown fracture of the maxillary left central inci-
sor (a). The preoperative radiograph shows an incorrect
endodontic treatment (b). The restoration was performed
before the endodontic retreatment for esthetic request of
the patient (c). Postoperative radiograph of the endodontic

retreatment (d). Then a 2-week internal bleaching and a
final direct restoration of the palatal access were per-
formed because of tooth discoloration. 2-year follow-up
of the endodontic treatment and the direct restoration (e, f)
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Fig. 8.6 Coronal fracture of a left maxillary central incisor (a). A short strategical fiber post was placed to connect the
fragment to the remaining sound tooth structure (b). 5-year follow-up (c)

Fig. 8.7 Necrotic left central incisor with an incom-
pletely formed root and low thickness of the residual den-
tinal root walls (a). A 4-mm apical plug of MTA was

postponing the extraction of the tooth [52, 53].
When an old full crown should be substituted in
the anterior teeth, different strategies may be fol-
lowed and depending on the quantity and quality
of the residual tooth structure a post may be
inserted or not before performing a new restora-
tion (Fig. 8.10).

Given the less occlusal stress and masticatory
forces acting on the anterior teeth [54], in some
situation when the loss of tooth structure involves
the incisal tooth part up to the middle third of the
crown and there are ideal conditions in terms of

performed (b) and a strategical post was placed in order to
reinforce the tooth structure (c). 1-year follow-up (d)

occlusion, a direct esthetic composite restoration
may also be performed by a skilled clinician to
restore the entire missing tooth structure. In these
cases, the use of a post may be useful to better
maintain the restoration and, above all, to with-
stand the lateral forces that may act to the restora-
tion and promote its mechanical failure and
detachment (Fig. 8.11).

On the contrary, when a complete loss of cor-
onal tooth structure leaves the root without any
ferrule, conservative treatments alternative to
dental extraction and implant placement, such as
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Fig. 8.8 Internal root resorption in a mandibular right lateral incisor (a). Endodontic therapy completed and strategical
fiber-post placement (b). 2-year follow-up (c)

Fig. 8.9 Post and full crown need in a maxillary right amalgam and a periapical lesion (c¢). After endodontic
lateral incisor with severe loss of tooth structure. retreatment (d), post placement and full-crown restoration
Preoperative frontal (a) and occlusal (b) views. The pre- (Lab Loreti, Rome—Italy) (e). 2-year follow-up radio-
operative radiograph shows an old retrograde filling with ~ graphical (f) and intraoral (g) views
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Fig. 8.10 Maxillary central incisors with bad conditions
of the old full crowns and the surrounding soft tissues (a).
Unacceptable root canal treatment for both quality and
extent of the filling, with radiographic signs of periapical
lesions (b). Full-crown restoration (Lab Loreti, Rome—

Italy) (¢) and post placement was performed in the right
central incisor for the poor amount of residual tooth struc-
ture, while a post was not necessary in the other tooth (d).
S-year follow-up intraoral (e) and radiographical (f) views
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1 YEAR

Fig.8.11 Crown fracture of the mandibular left lateral incisor (a). After the endodontic treatment (b), a strategical post
was used (c) to better retain the direct incisal restoration (d). 1-year follow-up radiographical (e) and intraoral (f) views

orthodontic or surgical extrusion, should be taken
into great consideration, as described in the fol-
lowing chapter of this book. A surgical crown
lengthening may be also performed in these
cases, but with more contraindications being an
esthetic anterior zone.

8.5  Parameters Influencing
Restoration of Endodontically

Treated Premolar Teeth

In premolars with intact crowns and only the
presence of an endodontic access cavity, no
fiber post nor full-crown or partial coverage is
required, and the clinician can only perform a
direct composite restoration to fill the occlusal
cavity (Fig. 8.12). Generally speaking, the use
of a liquid etchant may be suggested in a con-
tracted access to reach the undercuts and pene-
trate such small spaces, given its decreased
viscosity rather than acid gels. For the same rea-
son, liquid acid can guarantee better etching in
the apical region during post cementation [55].
Liquid etchants have better wettability and
lower surface energy than acid gels, improving
the capability of reaching the most difficult
regions [55]. The use of small endodontic
brushes to apply the adhesive system may be
also suggested to better reach the less accessible

areas [56]. Light curing of the adhesive and the
deepest layers of the restoration should be
extended to 40 s in cases of areas with limited
direct access [57]. Furthermore, the use of a
flowable resin composite to build-up the deepest
layer of the restoration may be helpful to permit
the clinician to move this material inside the
cavity [58], thus reaching more easily the under-
cuts and permitting to reduce the possible inclu-
sion of air bubbles in the material layer [59].
Flowable bulk-fill materials may be used in
these cases, having the possibility to increase
the thickness of each layer to 4 mm instead of
the standard 2 mm [60]. A standard light-curing
highly filled packable resin composite is then
used for the reconstruction of the last occlusal
1.5-2 mm layer, being more easily sculptable
and more resistant to wear [50].

In premolar teeth with a loss of one marginal
ridge, usually a fiber post and/or a full crown are
not required and an adhesively cemented indirect
restoration that will partially cover the cusps
near the marginal ridge lost represents the solu-
tion of choice in these cases (Fig. 8.13). The
decision generally is determined case by case
depending on the amount of sound tooth struc-
ture, the thickness of the cusps near the marginal
ridge lost, and the presence of further restora-
tions (i.e., buccal restorations). In fact, in cases
of interproximal caries-driven opportunistic
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Fig. 8.12 Conservative approach in premolars. The sec-  caries permitted a conservative access cavity and root
ond maxillary premolar tooth with a periapical lesion canal treatment (b, ¢) and the restoration with a direct
became necrotic probably for trauma (a). The absence of ~ composite (d). Radiograph of the 2-year follow-up (e)

Fig. 8.13 Indirect restoration in a premolar with loss of ~ Preparation for the impression after the restoration with a
one marginal ridge. The second maxillary premolar tooth  fiber post (b, ¢). Radiographical (d) and intraoral (e) views
shows a big mesial caries penetrating the pulp chamber (a).  after onlay cementation (Lab Loreti, Rome—TItaly)
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access cavity with the loss of only one marginal
ridge with a well-represented thickness of the
dentin at the bases of the buccal and lingual
cusps, normally a direct resin composite restora-
tion without any post can be also considered
(Fig. 8.14). Conversely, when an indirect resto-
ration with a partial cuspal coverage should be
more indicated for the higher loss of sound tooth
structure near the marginal ridge lost and a
reduced cusp thickness, but the patient cannot
afford it economically, a strategical post may be
used to dissipate the stresses in a better way and
a direct restoration removing all the undermined
tooth structure may be performed with or with-
out the direct cuspal coverage, as a compromise
from an esthetic and functional point of view,
given the difficulties in modelling the occlusal

surface in such big restorations. This choice may
also allow the clinician to perform an indirect
restoration even later.

When a full crown is indicated in cases of only
one marginal ridge lost in premolars, because of the
extension of the tooth structure lost, the presence of
already existing restorations in other parts of the
tooth, and/or the reduced thickness of both cusps, the
use of a post may be recommended to better retain
the core and dissipate the stress in a more favorable
way, because of the further amount of tooth structure
that will be lost after circumferential tooth prepara-
tion for the full crown (Fig. 8.15).

Clinicians may proceed similarly when in pre-
molars the loss of both mesial and distal marginal
ridges occurs: in these cases, a fiber post may be
suggestable and a complete cuspal coverage is

Fig. 8.14 Direct restoration in a premolar after the end-
odontic treatment performed with a conservative inter-
proximal caries-driven access opened through the old

interproximal restoration preserving all the residual coro-
nal tooth structure (a, b)
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always needed. A full crown or an overlay adhe-
sive restoration may be performed depending on
the quantity, quality, and thickness of the residual
amount of tooth structure (Fig. 8.16).

In premolars with the loss of both marginal
ridges together with a severe or complete loss of
tooth structure, after the insertion of a post, a cus-

pal coverage with a full-crown restoration is the
only possible choice. A surgical tooth crown
lengthening (Fig. 8.17) or an orthodontic extru-
sion (Fig. 8.18) must be considered in these cases
if there is not enough residual ferrule [61]. Crown
lengthening has a significant biological cost that
must be considered into the treatment decision-

Fig.8.15 Post and full-crown restoration in a first maxil-
lary premolar tooth showing a significant loss of tooth
structure in occlusal, mesial, and buccal area with a big
old MO restoration and an extended cervical caries and an

incomplete root canal treatment (a—c). After the endodon-
tic retreatment, it was restored with a post and a full crown
(Lab Loreti, Rome—Italy) (d—f). 3-year follow-up radio-
graphical (g) and intraoral (h, i) views

Fig. 8.16 Post and full-crown restoration in a second
maxillary premolar tooth showing a significant loss of
tooth structure with both mesial and distal marginal ridges

missing (a). The decision was to restore it with a fiber post
and a full crown (Lab Loreti, Rome-Italy) (b, ¢). 1-year
follow-up (d)



186

G. Plotino and M. Turchi

Fig.8.16 (continued)

3 YEARS

Fig. 8.17 Surgical crown lengthening. The second max-
illary premolar tooth reported a fracture of the palatal
cusp that invades the periodontal support (a), requiring
endodontic treatment and crown lengthening (b). 3-year

making process; in fact Gegauff [61] demon-
strated a more favorable crown-root ratio with
orthodontic extrusion than with crown lengthen-
ing that impairs tooth static load failure to a
greater extent.

follow-up radiographical (c¢) and intraoral (d) views.
(Surgical crown lengthening Dr. Guerino Paolantoni,
prosthetic rehabilitation Dr. Fabio Teodori)

Patients may not accept the orthodontic extru-
sion because of longer treatment time and also
because sometimes after the orthodontic extru-
sion a crown lengthening may be necessary if
the clinician does not perform the fibrotomy
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weekly or if the bone follows the root [62—64].
Even if crown lengthening is performed after
orthodontic extrusion, the same crown-root ratio
is maintained in a more favorable way than with
crown lengthening only, but in these cases an

Fig. 8.18 Orthodontic extrusion. The second maxillary
premolar tooth reported a fracture of the palatal cusp that
invades the periodontal support caused by and extensive
caries lesion (a, b). After endodontic treatment and post
placement, orthodontic extrusion was performed in

alternative treatment such as the surgical extru-
sion may be also taken into consideration as
reported in Chap. 9. Extraction and implant
placement remain the last option, having in any
case a high success rate [65].

40 DAYS

15 DAYS

40 days (c—e) and a full crown was chosen as final resto-
ration (Lab Loreti, Rome—Italy) (f-h). 3-year follow-up
radiograph (i). (Orthodontic extrusion Dr. Ferruccio
Torsello)
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8.6  Parameters Influencing
Restoration
of Endodontically Treated

Molar Teeth

In molar teeth with an intact crown and an occlu-
sal endodontic access cavity only, no fiber post
nor full-crown or partial coverage restorations
are needed, and the clinician can perform a direct
composite restoration or eventually an indirect
inlay without any cuspal coverage to fill the
occlusal cavity, as already reported for premolar
teeth (Fig. 8.19). The step-by-step restoration in

these cases is similar to what has been already
described for similar situations in anterior and
premolar teeth with only an occlusal endodontic
cavity.

In some cases, after the endodontic treatment
both marginal ridges may be still present, but a
greater extension of the caries (i.e., on the buccal-
lingual surfaces) may cause a significant loss of
tooth structure: a post is not needed to retain the
material, but the clinician may perform an indi-
rect onlay, with a partial cuspal coverage to better
reconstruct the occlusal anatomy. Sometimes,
when a big primary occlusal caries or a big old

Fig. 8.19 Direct restoration in molars. The limited extension of the occlusal caries (a) allowed a conservative cavity
access (b). The endodontically treated tooth (¢) was restored with a direct composite (d)
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occlusal restoration with recurrent caries are
present, their removal can still lead to a class |
cavity, but undermining the tooth structure with a
poor amount of thickness of the residual walls
circumferentially. In these cases, apparently
intact teeth may also present mesial and/or distal
vertical cracks, especially in amalgam-filled teeth
[66, 67]. Sometimes cracks penetrate inside the
pulp chamber, thus requiring an endodontic treat-
ment [68] and an overlay adhesively cemented
indirect restoration with a complete cuspal cover-
age to prevent cracks extension (Fig. 8.20). In
these cases, usually clinicians should also per-
form a preventive cuspidectomy at the beginning
of the endodontic treatment to reduce the risk for
fracture of the thin residual walls under mastica-
tory load between the appointments. When an
indirect restoration is needed, a flowable bulk-fill
resin composite may be used for the core build-
up and the preparation for the cuspal coverage
may be performed in tooth areas that are no more
sustained by dentin. The cementation of a strate-
gical fiber post may also be taken into consider-
ation in these cases.

In molars with the loss of only one marginal
ridge, a fiber post and a full crown are not usually
needed because of the big amount of tooth struc-
ture maintained in the part of the tooth not
involved in the pathology. A partial coverage of
both the two cusps near the marginal ridge lost
would be the ideal solution in these cases, even if
a simple direct composite restoration may be per-
formed without any cuspal coverage, depending
on the amount of residual tooth structure and the
thickness of the cusps near the marginal ridge
lost. In fact, no post and a direct restoration can
be a good solution for cases with a caries lesion
penetrating the pulp, thus requiring endodontic
treatment but involving only one marginal ridge,
when a caries-driven conservative dynamic
enlargement of the access is performed
(Fig. 8.21). The stiffness of the cusps in this situ-
ation is similar to a class II cavity for the restora-
tion of an interproximal caries, regardless that
endodontic treatment is performed or not [69].
Treatment planning should be very important in
these cases when the patient cannot afford a more
expensive indirect restoration: performing a con-

Fig. 8.20 Post and overlay restoration in molars. Old
restoration with a big decay in the right mandibular first
molar tooth (a). After the removal of the old restoration,
a crack was appreciated in the cavity floor (b), that con-
tinued inside the pulp chamber and on the distal aspect

(¢). The tooth was endodontically treated, restored with
fiber posts and an adhesively cemented lithium-disili-
cate ceramic overlay restoration (Lab Loreti, Rome—
Italy) (d-f)
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Fig. 8.21 Caries-driven interproximal conservative
dynamic access and direct restoration. The mesial deep
extension of the caries in the lower left second molar (a)
required the root canal treatment (b), but a direct restora-

servative endodontic treatment as described
throughout all this book may help the clinician to
perform a simple and less expensive direct resin
composite class II restoration without cuspal cov-
erage, without impairing too much the long-term
outcome of these teeth. In similar cases but with
a bigger loss of tooth structure, when the access
is not much conservative and the thickness at the
base of a cusp is less than 2 mm, a restoration can
be performed also with the cementation of a
strategical post and a direct partial coverage of
the involved cusps (Fig. 8.22). In these cases, it

1 YEAR

tion without post was performed because of the only one
marginal ridge lost and the conservative access opening
(c-m). 1-year follow-up radiographical (n) and intraoral
(0, p) views

may be advantageous to reduce these cusps
1.5-2 mm occlusally and restore the occlusal
anatomy even with a direct restoration, thus not
impairing the fracture resistance of these teeth
with respect to an indirect restoration with cuspal
coverage [31]. Direct restorations in these cases
should be considered as an interim restoration
waiting to perform a more performant indirect
restoration: this is the reason of the insertion of
the post. Strategical posts can be also used for
prosthetic reasons after the endodontic treatment
to better retain the core and avoid exposure of
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Fig.8.22 An upper first molar with loss of one marginal
ridge (a) and with a residual cusp thickness lower than
2 mm (b, ¢). Cusps were reduced (d, e) and tooth restored

gutta-percha when root hemisection should be
performed for periodontal reasons.

In molar teeth with the loss of both two mar-
ginal ridges, the use of a fiber post is suggestable
and a complete cuspal coverage is always needed
to protect the tooth from the high risk for fracture
given by the reduced stiffness of the residual

with a direct composite restoration using a strategical
fiber post placement to dissipate the stress (f—j)

cusps and their higher deflection rate. As soon as
both buccal and lingual walls are adequately
maintained in these cases, a partial indirect adhe-
sively cemented restoration with complete cuspal
coverage (overlay) with or without the cementa-
tion of a fiber post may be the solution of choice
to be conservative maintaining as much tooth
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structure as possible, while reducing the risk for
cusp fracture (Fig. 8.23). Both a fiber post and a
full-crown restoration are usually required in less
conservative cases, with a massive loss of tooth
structure because of big old restorations, caries,
or fracture (Fig. 8.24). Surgical tooth crown
lengthening should be also taken into consider-
ation in cases of partial or complete lack of fer-

Fig. 8.23 Post and overlay restoration in molars. Mesial
old restoration and distal caries under an old restoration in
a mandibular first molar (a). After the endodontic therapy
(b), the tooth was restored with a post (¢) and prepared

Fig. 8.24 Post and full-crown restoration in molars. Big
amount of loss of tooth structure distally and big restora-
tion mesially in an upper left first molar (a). After a pre-
endodontic build-up with a bulk-fill material, the root
canal treatment and the cementation of a fiber post were

rule or loss of the biologic as width, but, if no
ferrule is present at all, the clinician should also
consider the extraction and implant placement as
a predictable therapy or the surgical extrusion
when ideal conditions are present for atraumatic
extraction or tooth autotransplantation when an
adequate donor tooth is available as described in
Chap. 9.

6 YEARS

with cusp reduction and a build-up (e) for the cementation
of a composite overlay (Lab Loreti, Rome—Italy) (f).
6-year follow-up radiographical (d) and intraoral (g)
views

performed (b) and the tooth was prepared for a full crown
(¢, d). A monolithic full zirconia crown (Lab Loreti,
Rome—Italy) was cemented (e). 3-year follow-up radio-
graphical (f) and intraoral (g, h) views
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8.7 Restoration
of Endodontically Treated
Teeth with Fiber Posts
8.7.1 Basic Concepts

Restoration of root-filled teeth may be carried
out with or without a post [70]. The main reason
to use a post is to retain a core when there is not
enough residual coronal tooth structure [5, 71].
Different types of post have been available on
the market. To achieve optimum results in post
restoration, the materials that should be used to
restore root-filled teeth should have physical and
mechanical properties similar to that of dentin;
they should be able to bond to the tooth structure
and should be biocompatible in the oral environ-
ment [70]. Thus, it was suggested that the modu-
lus of elasticity of a post should be as much as
similar to that of dentin for a more uniform dis-
tribution of the stress along the post length
[72-74].

Both cast gold post-and-cores and metal pre-
formed posts distribute the stress along the post,
concentrating it at the root area around the tip of
the post, with a higher risk of root fracture [75].
On the other hand, the biomechanical properties
of preformed fiber-reinforced posts have been
reported to be close to that of dentin in terms of
elastic modulus [76, 77], so that today they may
be considered the gold standard for the restora-
tion of endodontically treated teeth. In fact, the
mean value of elastic modulus of dentin (Young’s
modulus) is around 15-20 GPa [77, 78], while
fiber posts have registered the most similar mod-
ulus of elasticity to that of dentin, having the
“white” glass fiber posts values nearer to that of
dentin (24-28 GPa) [77] than “black™ carbon
fiber posts, that registered a little bit higher val-
ues (around 34 GPa) [77]. White fiber posts are
recommended especially in esthetic areas, but
today they are the most commonly used fiber
posts in general [79], while in posterior teeth car-
bon fiber posts may be used to better withstand to
the occlusal forces because they have a little bit

higher modulus of elasticity. Metal posts
registered much higher values of elastic modulus
than fiber posts (110 GPa for stainless-steel and
65 GPa for titanium), with gold posts having the
lowest value (53 GPa) among different metals,
more similar to that of fiber posts [77]. For this
reason, when no more ferrule is present, the only
alternative to fiber posts may be the use of a gold
cast post-and-core [80], but in these cases clini-
cians should evaluate the long-term prognosis of
no-ferrule teeth and also consider the possible
implant alternative [81-84].

Teeth restored using fiber posts have demon-
strated a good survival rate in clinical studies,
with similar performance to cast post-and-cores
[85]. Even metallic posts had a good clinical sur-
vival, but the associated failures were mostly irre-
versible, differently from what happened with
fiber posts that reported with more restorable fail-
ures [85]. This is the most important reason today
for using a fiber post instead of a metallic post.
Several in vitro studies also confirmed that teeth
restored with non-rigid (low modulus) posts
(fiber posts) showed fewer catastrophic irrevers-
ible root fractures rather than teeth restored with
rigid (high modulus) posts (metal posts) [84—87].
Endodontically treated teeth restored with glass
fiber posts showed an increased fracture strength
and a more favorable mode of fracture and there-
fore the use of fiber posts was highly recom-
mended to achieve better clinical outcomes [88,
89], with also a higher survival rate of this type of
restoration and of the tooth itself [90].

Furthermore, both in vivo and in vitro stud-
ies reported that teeth restored with fiber posts
showed mostly restorable fractures, while the
ones restored without posts displayed
unrestorable failures, both when full coverage
restorations were used or not [91-93]. Based
on this statement, the use of strategical fiber
posts to dissipate the stresses and protect
against failure even when they are not strictly
required only to retain the core have been
mentioned several times previously in the
present chapter.
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8.7.2 Strategical Fiber Posts

Strategical fiber posts can be thus used in several
clinical situations to enhance the biomechanical
behavior to better dissipate the occlusal stresses
on the tooth and to reduce the risks of a possible
catastrophic non-restorable mechanical failure,
even when it is not mandatory for their function
to retain the core. This is the case, for example, of
interproximal cavities with a marginal ridge lost
in which an indirect adhesive restoration should
be indicated in order to partially cover the under-
mined cusps near the marginal ridge lost, but the
patient cannot afford an indirect restoration after
the endodontic treatment [94]. In this border-line
situation it is important to plan the treatment
since the beginning, thus aiming to be as much
conservative as possible, as indicated throughout
all this book, to maintain as much tooth structure
that may increase the prognosis of these teeth in
which a compromise will be taken in the restor-
ative phases. Thus, the clinician may perform in
these cases a direct restoration with or without
the partial reduction of the two cusps near the
marginal ridge lost and a fiber post may be used
to improve the mechanical behavior of the tooth
(Fig. 8.22). Ideally, this restorative choice should
be considered as a temporary compromise resto-
ration and should be substituted by a more effec-
tive cuspal coverage as soon as possible.

A strategical post to better dissipate the forces
can be also used when indirect adhesive restora-
tions with partial/complete cuspal coverage
(onlays/overlays) are performed and its use is not
mandatory to retain the core (Fig. 8.13). As the
absence of a post may impair fracture resistance
and increase cusp strain, depending on the remain-
ing tooth structure [95], the strategic purpose of
inserting a post is to make an eventual mechanical
failure more favorable and restorable, even if it
will occur after several years [92, 96]. Being a cir-
cumferential tooth preparation for a full crown,
the further step of the treatment, this strategy will
make the reintervention easier, because a post
placement is suggestable to retain the core in most
of the cases when a full crown is required, as
today this type of restoration is mainly performed
in teeth with a severe loss of tooth structure.

8.7.3 Minimally Invasive Procedures
for the Cementation of Fiber
Posts

Fiber post placement, and a strategical post in
particular, may also be suggested because of the
possibility to perform these procedures with the
maximum conservation of tooth structure, fol-
lowing the minimally invasive concepts described
below.

In particular, the clinician must approach the
phase of post-space preparation with the maxi-
mum conservative attitude, preserving as much
sound dentin as possible, through the removal of
the root canal filling material only and cleaning
the root canal walls without an additional enlarge-
ment of the root canal after the endodontic treat-
ment [11]. Removing a bigger amount of the
remaining radicular and coronal tooth structure
after the endodontic root canal preparation to
insert a post does not lead to a concrete benefit
and, on the contrary, it is detrimental for the long-
term prognosis [97]. Thus, the most important
message is that to insert a post the clinician
should not enlarge the coronal part of the root
canal more than what was required to perform the
endodontic treatment. For this reason, the post-
space tapered drills normally suggested to be
used by post manufacturer are not compatible
with a conservative preparation, because they are
too big and rigid and always remove more dentin
than needed and over-enlarge the canal. Gates-
Glidden are the most preferable and conservative
burs to be used in all cases: the rule to follow is to
use a bur that is smaller than the root canal diam-
eter, just to remove the filling material and respect
the apical seal, maintaining at least 4-5 mm of
gutta-percha apically [98, 99]. Largo burs may be
also used but they are bigger and more rigid for
their longer active part. If a vertical compaction
of the gutta-percha technique is used to fill the
root canals and a post is needed, it may be useful
not to fill back the canal or to fill it back just as
much as needed to leave the correct post-space
length and just chemically clean the root canal
walls before cementation.

Another important topic about the conserva-
tive approach in post-space preparation is the
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length of the post-space in relationship with the
post length. In the metal post era, the length of a
post was considered important since it was
directly proportional to the amount of support
offered to its retention and the resistance to root
fracture [100]. From this retentive standpoint, not
adhesively cemented metal posts were performed
as long as possible, to increase the retaining and
resistance properties [11, 101, 102]. These clas-
sic concepts are not valid anymore with fiber
posts thanks to the adhesive procedures and
because the insertion length does not influence
the biomechanical performance and the fracture
resistance of endodontically treated teeth restored
with fiber posts [53, 79]. Therefore, the insertion
of short posts became a valid alternative in the
restoration of root-filled teeth [103], as adequate
retentive values are achieved even with shorter
posts [104]. The advantage of shortening the
length of a post with the use of fiber posts is rep-
resented by the possibility to reduce the risks
connected to a post-space preparation deep inside
the root and the inevitable removal of more sound
tooth structure. There are several factors that may
influence the post length: when a strategical post
is used post length may be reduced, as the main
aim is not to retain the core (Fig. 8.13); the less is
the residual tooth structure present, the longer
should the post be to increase the retention and
the fracture resistance (Fig. 8.24); the presence of
a severe canal curvature in the middle third of the
root canal may result in a reduction of the ideal
post length up to the beginning of the curvature,
regardless of the residual coronal tooth structure,
as the clinician cannot straighten the curvature
and reduce tooth resistance just to increase the
length of the post [70, 105] (Fig. 8.16); usually
the insertion of one fiber post is enough for the
restoration of endodontically treated, but in mul-
tirooted teeth with severe loss of tooth structure
the use of more than one post may be suggested:
the length of the additional posts may be reduced
in these cases as they only have an antirotational
effect to act against lateral forces and/or act as
support near the most damaged tooth areas; even
in cases with a great amount of coronal tooth
structure, a reduced periodontal support requires
a longer post, as the crown-to-root ratio in these

cases may be unfavorable because of the alveolar
bone loss and the center of rotation moves api-
cally reducing the tooth resistance to lateral
forces [106]. To act against lateral forces in cases
of alveolar bone loss, the clinician should insert
the post below the bone level near the fulcrum,
despite the amount of residual tooth structure.

While the post-space preparation is the most
important step to increase the resistance of the
tooth, being as much minimally invasive as pos-
sible [107], the post-space cleaning and disinfec-
tion is the crucial step to increase the retention of
fiber posts. In fact, the most common type of fail-
ure with fiber-reinforced composite posts is not
root fracture, but debonding [108, 109]. The post-
space should be chemically cleaned using 17%
EDTA or 2% CHX for 1-2 min after post-space
preparation to remove debris and smear layer
[110]. EDTA could also enhance the performance
of self-etching primers [111, 112] and CHX may
increase the retention of fiber post and the long-
term stability of the adhesive system [113, 114].
A mechanical cleaning is also needed while using
chemicals, performing a passive or active ultra-
sonic activation [115, 116] and/or using manual
or mechanical brushes. Hydrogen peroxide and
sodium hypochlorite liquids must be avoided in
this cleaning step because they may interfere
with the adhesive procedures [117, 118]. Even
other materials can impair adhesives polymeriza-
tion, for example, if the endodontic treatment and
post placement are scheduled in the same visit,
eugenol-based root canal sealers should be
avoided [119], while bioceramic and resin-based
root canal sealers are suggested. When bleaching
is performed, adhesively cemented fiber post
should also be performed at least 7-14 days after
bleaching to reduce influence of peroxides gener-
ated by the bleaching agent on the adhesive pro-
cedures [48]. To increase retention of the fiber
posts, posts with surface treatments made by the
manufacturer should be selected to increase sur-
face roughness and improve the surface area
available for adhesion [120] and create a surface
layer that may increase the bond strength of the
composite resin to the fiber post [121, 122].

The shape of the post is also important in a min-
imally invasive restorative concept, as cylindrical
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fiber posts with parallel walls requests a less con-
servative preparation in the apical portion of the
post-space removing sound dentin [123]. For this
reason, a conical post with the same coronal taper
of the last endodontic mechanical file used for the
preparation of the root canal is the best choice pos-
sible to respect the original canal anatomy and do
not further remove sound tooth structure important
for its resistance. Furthermore, there was no statis-
tical difference in the retention between tapered
and parallel-sided posts when they were cemented
with the same resin cement [104].

Following the concept that the post should be
as similar as the residual canal after the endodon-
tic treatment without further removal of tooth
structure and that it must be the post to be adapted
to the existing canal anatomy and not the canal to
be adapted to the post, the golden rule to be fol-
lowed in the choice of the correct tapered fiber
post size should be that the biggest possible post
that passively adapt to the root canal at the cor-
rect chosen length, without any friction on the
walls and without any additional root canal
enlargement is the correct post for that root canal.
Usually, if the minimally invasive concepts
described in this book will be followed, a very
small post will be needed, but this will not affect
the biomechanical performance of teeth restored
with glass fiber posts to a significant degree [79].

It may be difficult to follow these concepts
when the coronal portion of the canal is oval and
a single circular preformed post should be
inserted in a noncircular root canal. More than
one post may be used in the same canal to fill the
remaining space, reduce the amount of cement
and contrast the C-factor during the polymeriza-
tion, and increase the resistance of the tooth-
restoration complex [124]. When using more
posts, the amount of sealer is reduced, but a one-
piece oval post would be even better to also
increase its mechanical properties. For this rea-
son, a minimally invasive technique to create
anatomical fiber posts have been introduced
[125] to reduce the amount of surrounding
cement, thus reducing air bubble inclusion during
cementation, distribute it in a regular thickness
that may increase the retention of the post, while
having a single piece of fiber-reinforced compos-

ite post that may increase the mechanical propri-
eties of the post and the tooth-post complex [77,
126, 127].

Once cemented, the fiber post should not be
exposed to the oral environment for long time
because humidity can alter the mechanical prop-
erties of fiber posts [128], so it is suggestable to
always completely cover the post by the build-up
material.

8.8  Conclusive Remarks

The survival of an endodontically treated tooth is
dependent primarily on the amount of residual
tooth structure. For this reason, over the last years
all the efforts in endodontics and restorative den-
tistry have been directed toward a paradigm shift
from the traditional rules to a more conservative
and minimally invasive approach. The “golden
rule” is now to preserve as much tooth structure
as possible in all the procedures: from the access
cavity preparation to the choice of the type of
coronal restoration. The technical evolution has
led to important changes in the clinical manage-
ment of endodontically treated teeth, because
new instruments, materials, and techniques have
been introduced. In this perspective, the introduc-
tion of heat-treated NiTi alloys and new trends in
access cavity opening has represented a conser-
vative revolution in endodontics, such as the
introduction of fiber-reinforcement for post fabri-
cation has guaranteed a safer stress distribution
and a higher preservation of sound intracanal
dentin in post-space preparation than with the
stiffer and wider metallic posts [129].

Despite all the innovations, a deep knowledge
of occlusion still remains crucial to guide the cli-
nician in a correct management of coronal resto-
ration: direct composite, cusp reduction with an
indirect restoration (onlay or overlay) and full
crown are the treating options that the clinician
can perform always taking into account both the
amount and quality of the residual coronal tooth
structure. In most destructive decays, even peri-
odontal health must be considered, because usu-
ally a biological width violation may occur in
these cases [130]. A particular concern should be
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reserved for crown-root ratio, and orthodontic
extrusion and surgical crown lengthening can be
performed to provide a favorable ferrule effect
and improve biomechanical behavior of the
restored tooth [131].

On the basis of these concepts it can be con-
cluded that, before starting an endodontic treat-
ment, the clinician should always keep in mind
the final result of this procedure that must involve
its restoration and the need to put the tooth in
function again.
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