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ABSTRACT

The prognosis of endodontically treated teeth has traditionally been associated with the presence of the so-called
ferrule effect that is generally related with the presence of a minimum of 1-2 mm of sound tooth structure at the
cervical area of parallel axial walls that totally encircle the tooth. Even though all of these factors are well
desired, one should question if their absence should condemn a tooth and compel extraction as the only logical
treatment plan option.

For this reason an hypothesis is being formed that associates the aforementioned factors not with the presence
of the so-called ferrule effect, but rather with the resistance form of the preparation that is being provided by the
sound tooth structure at the cervical area of the tooth. When the desired resistance form is provided by sound
tooth structure of endodontically treated teeth, then less lateral forces are being transferred to the post & core
and subsequently to the root of the teeth, thus minimizing the chances of decementation of the post & core or
worst fracture of the root.

Even more important, if this hypothesis may be further entertained, then even when the so-called ferrule effect
is not present, the teeth may not be extracted, but alternative strategies for post & core restorations may be
investigated, such a more flexible carbon- or glass-fiber posts & core build ups made from flowable resin composite

that may accommodate for the increased lateral forced exerted to the post & core complex during function.

Introduction

The restoration of endodontically treated teeth has troubled dentists
for decades [1-6]. Long before the invention of modern rotary instru-
ments and the evolution of highly effective prosthetic solutions, the
most commonly used technique for restoring damaged teeth was a post-
retained build-up with a crown placed either on top, or integrated with
the post as proposed by Richmond. As posts on roots were routinely
used as abutments for single crowns and fixed partial dentures, the
dentists soon observed that the longevity of these restorations corre-
lated with the amount of the existing tooth structure at the cervix of the
tooth. The logical assumption that was made was that the part of the
crown that surrounded the existing tooth structure acted as ring that
reinforced the tooth and protected it against fracture. Thus, the term
“ferrule” emerged in the dental literature [7,8]. This term is found in
the glossaries of both specialties associated with the restoration of en-
dodontically treated teeth. In the 8th Edition of the Glossary of
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Prosthodontic Terms [9] the term ferrule is listed as “1: a metal band or
ring used to fit the root or crown of a tooth (Fig. 1A) and 2: any short
tube or bushing for making a tight joint”. In the 9th Edition of the
Glossary of Endodontic Terms [10] the term ferrule is listed as: “a band
or ring of restorative material surrounding the crown or root of a tooth
to provide strength”. The terminology found in both of the aforemen-
tioned glossaries are dental adaptations of the meaning of ferrule that
can also be found in other dictionaries, where it is stated that: “A ferrule
(a corruption of Latin viriola “small bracelet”, under the influence of
ferrum “iron”) is any of a number of types of objects, generally used for
fastening, joining, sealing or reinforcement. These are narrow circular
rings made out of metal, or less commonly, plastic. Ferrules are also
often referred to as eyelets or grommets within the manufacturing in-
dustry. Most ferrules consist of a circular clamp used to hold together
and attach fibers, wires, or posts, generally by crimping, swaging, or
otherwise deforming the ferrule to permanently tighten it onto the parts
that it holds”.
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Fig. 1. (A) Schematic representation of ferrule described as “a metal band or ring used to fit the root or crown of a tooth”, (B) Schematic representation of crown
placed on an an endodontically treated tooth that has been restored with a post and core and that the remaining tooth structure fulfils the criteria of the so-called
“ferrule effect”, C. Schematic representation of a barrel where the metal hoops encircle and truly bound together the wooden staves of the barrel.

It is commonly acknowledged that endodontically treated teeth that
are structurally damaged are preferably restored with crowns. In that
case, the dental literature is abundant with research that supports the
so-called “ferrule effect” [11-19] that is claimed to reinforce the root-
filled teeth, increase their resistance to fracture and protect them
against the wedging effect of a tapered post and the lateral forces
during post insertion. In general terms, the ferrule should (1) be a
minimum of 1-2mm high, (2) have parallel axial walls, (3) totally
encircle the tooth, (4) end on sound tooth structure, and (5) not invade
the attachment apparatus of the tooth (Fig. 1B).

Questioning the ferrule effect

Even though all of the above seem sensible and there can be no
claims to argue the benefits of tooth structure at the cervix of the tooth,
one may wonder about the true function of the tooth structure coronal
to the margin of prepared tooth. Does its presence really serve the
“ferrule effect” provided by the crown? Or could it be something else?
One of the most common comparisons used to explain the ferrule effect
is the metal hoops that encircle and bound together the wooden staves
of barrels (Fig. 1C). If these metal hoops were not present, then the
wooden staves would separate, due to the hydrostatic pressure of the
liquid contained inside the barrel. Even though this has been proved
irreplaceable in the case of barrels, there is little evidence to document
the increased internal pressure in the case of endodontically treated
teeth. The hydraulic pressure exerted by the luting cement during the
cementation of posts may be of significant magnitude [20,21] (depen-
dent on many factors, such as the viscosity of the cement, the speed of
insertion, the space between the root and the post and provision or not
of venting of the cement), but the crown has no way to protect the tooth
from fracturing as a ferrule during the cementation of the post, unless
the crown is in one piece with the post, like in Richmond crowns that
are hardly ever recommended nowadays.

After the cementation to the crown, the increased internal forces in
endodontically treated teeth are attributed to the wedging effect of the
post during mastication, which the ferrule is claimed to counteract
[22,23]. Even though this is plausible, one can only wonder about the
mechanics of such a preventive mechanism. Wedging forces that are
caused by vertical occlusal forces are mainly offset by the tooth struc-
ture on the occlusal part of the prepared teeth and not by tooth struc-
ture at the axial walls. It is the thickness of dentin, especially on the top
flat part of the axial walls that resists the wedging action of the post &
core. The height of the axial walls does not seem to mechanically
contribute to the resistance against vertical wedging forces, except that
it is common sense that increased height of axial walls corresponds to
more tooth structure that contributes to the strength of the tooth.
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Lateral occlusal forces do exert stresses to the post & core, which may
fracture the tooth. Nevertheless, these lateral wedging forces do not act
homogeneously on all the internal walls of the root where the ferrule
could have been helpful in protecting against fracture, but rather as a
nail that is being hammered against one side of the dentinal root walls,
where the ferrule is far less effective in preventing possible tooth
fracture.

In case there is no tooth structure above the margins and crown
lengthening or orthodontic extrusion are not viable options, should the
teeth be condemned to extraction, as the roots of the tooth are doomed
to be fractured, over time, by the posts inserted in them? Before in-
vestigating what needs to be done, when there is little or no tooth
structure available and crown build up — with or without a post & core —
is necessary, it is essential to understand what is important in pre-
parations of intact teeth, with no caries or endodontic treatment. Thus,
an unconventional way to discuss the purpose of tooth structure coronal
to the margin of prepared endodontically treated teeth and conse-
quently the real meaning of the so-called ferrule effect is to examine
some basic aspects of prepared teeth, such as the retention and re-
sistance form.

Alternative hypothesis

Retention form refers to the features of a tooth preparation that
resist dislodgment of a crown in a vertical direction or along the path of
placement [9]. Resistance form refers to the features of a tooth pre-
paration that enhance the stability of a restoration and resist dislodg-
ment along an axis other than the path of placement [9]. Both of these
properties are highly associated with the angle of convergence between
the opposing prepared axial surfaces and the incisocervical/occluso-
cervical dimension of preparations [24,25]. The ideal convergence
angle of axial walls is between 2 and 6 degrees, even though larger
angles are commonly encountered. The minimal incisocervical/occlu-
socervical dimension of anterior teeth and premolars is 3 mm [26]. This
dimension is increased to 4 mm in molars, as they are usually prepared
with greater convergence, have greater diameter, and are located in
areas with greater occlusal forces. As far as resistance form is con-
cerned, it has been demonstrated that it is crucial for the axial walls to
have the least convergence at the cervical third of the preparation.

Keeping all of the above in mind it is not difficult to visualize the
“ideal” preparation. It should have axial walls as parallel as possible —
especially at the cervical third — and it has to be as high as possible, in
any given clinical circumstances around 4.5-6 mm. As mentioned be-
fore it is the cervical third of the preparation that it is crucial for the
resistance form. Taken into consideration that the ideal preparation
height is 4.5-6 mm, a cervical third of 1.5-2mm with parallel axial
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Fig. 2. (A) Schematic representation of ideal preparation with adequate resistance form and retention (height and convergence of axial walls). (B) Schematic
representation of less than ideal preparation with adequate resistance form (parallel axial walls at the cervical third) but not ideal retention (decreased height and
convergence of the upper half axial walls). (C) Schematic representation of much less than ideal preparation with adequate resistance form (parallel axial walls at the
cervical third) but much less than adequate retention (total absence of axial wall coronal to the bottom third of an ideal preparation). (D) Schematic representation of
an endodontically treated tooth where the middle and upper thirds of an ideal preparation are missing, but there is enough tooth structure on the cervical third,

providing adequate resistance form or the so-called “ferrule effect”.

walls should provide adequate resistance form to the preparation
(Fig. 2A). Even though the convergence of the axial walls is dependent
on various factors (i.e. teeth are commonly prepared with greater
convergence in clinical situations like posterior compared to anterior,
mandibular compared to maxillary and fixed partial denture abutments
compared to individual crowns), it can be kept to a minimum when the
clinical circumstances impose to the clinician to exert extra caution. If
the tooth structure in the middle and coronal third has less than ideal
convergence (Fig. 2B), it is certainly not something that the clinician
aims for. But if this is the case, then the consequences are of less im-
portance, as far as the resistance form of the preparation is concerned.
The extreme situation of such a hypothetical situation where the cer-
vical third of preparation remains ideal and the middle and coronal
gradually deteriorate would be the situation where the two upper thirds
completely disappear and only the cervical third remains intact
(Fig. 2C). Such a situation is purely hypothetical, as if that was the case
the cervical third would not be named the cervical part but it would
represent the whole height of the preparation and it would certainly not
be sufficient as far as the minimal incisocervical/occlusocervical di-
mension and the retention form would not be sufficient. Nevertheless,
just for argument’s sake, if sound tooth structure was present at the
cervical 1.5-2 mm of the preparation then the clinician could build the
abutment to reach the optimal 4.5-6 mm in order to obtain the neces-
sary height of the preparation that would ensure the necessary reten-
tion form. In the amalgam era, such a task was quite difficult to ac-
complish. In the adhesive era of resin composites, such a task is not
inconceivable, but rather within the capabilities of effective dentin
bonding systems. In such a clinical situation, the retention would
mainly be attributed to the dentin of the cervical third and the retention
to the resin composite of the middle and coronal third. Even though all
of the above mentioned seem rather reasonable for vital teeth, when
endodontically treated teeth are to be treated, there is a tendency to
forget the advantageous aspects of adhesive dentistry and concentrate
on the mechanical aspects of prosthodontics that has been passed from
generation to generation, ever since the 18th century, when Pierre
Fauchard, the father of modern dentistry, published Le Chirurgien
Dentiste (“The Surgeon Dentist”) in 1728.

If there is an endodontically treated tooth with 1.5-2 mm of nearly
parallel axial walls of sound tooth structure coronal to the margin, then
this would correspond to the “ideal” cervical third of an abutment, in
which the middle and coronal thirds are “unfortunately” missing
(Fig. 2D), and a crown build up — with or without a post — is considered

37

mandatory. Even though the clinical parameters of the build up have
been thoroughly investigated, an unanimous consensus has yet to be
reached. Regardless of the technique used for the build up, after the
abutment has been reconstructed, if one were to examine the areas of
the preparation that mainly contribute to the retention and resistance
form, it is rather obvious that the cervical third, of sound tooth struc-
ture, mainly renders resistance, while the reconstructed middle and
coronal thirds are mainly responsible for the retention form, in a similar
manner to the aforementioned hypothetical vital abutment.

To recapitulate, the hypothesis involves an endodontically treated
tooth, which if one would like to elaborate more thoroughly on the
properties of the sound tooth structure coronal to the margin, it could
be claimed to: (1) be a minimum of 1.5-2 mm high, (2) have parallel
axial walls, (3) totally encircle the tooth, (4) end on sound tooth
structure, and (5) not invade the attachment apparatus of the tooth.
But, isn’t this identical to the so-called ferrule effect? In one sense, yes.
The coronal third of the hypothesized endodontically treated tooth has
exactly the same properties of an endodontically treated tooth that
fulfills the requirements to be restored with a crown that would provide
the so-called ferrule effect. On the other hand, the fact that this sound
tooth structure is not there for the crown to “grasp” on it, in order to
provide the so-called ferrule effect, but rather than to provide resistance
form to the preparation, given by the sound tooth structure and not by
the build up, significantly differentiates the clinical approach towards
endodontically treated teeth (Fig. 3).

The philosophical question “is the glass half empty or half full“
seems to be applicable in such a hypothetical case. Should a given
clinical situation be a cause for optimism (half full) or pessimism (half
empty) or as a general test to simply determine an individual's point of
view? The pessimistic approach would be that if there is less than ideal
tooth structure available for a so-called ferrule effect to be achieved,
then the tooth cannot be properly restored and should be extracted, as
there is no miracle solution to recreate sound tooth structure that would
enable the desired so-called ferrule effect of the crown used to restore
the endodontically treated tooth. The optimistic approach would be
that if there is less than ideal tooth structure available to provide the
desired resistance form, then one should seek alternative ways in order
to achieve the desired resistance form with the build up and investigate
solutions to deal with the problems that are associated with the fact that
retention is not mainly provided by sound tooth structure but also by
the build up. The clinical approach towards endodontically treated
teeth could be considered as the ultimate litmus test that determines the
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Fig. 3. Schematic representation of endodontically treated teeth restored with
crown and post & core in cases where there is varying degree of existing tooth
structure coronaly to the margin of the preparation. (A) Enough tooth structure
to provide resistance to lateral forces, so little if any lateral forces are being
transmitted to the root, (B) Not enough tooth structure to provide resistance to
lateral forces, so part of the lateral forces are being transmitted to the root of the
tooth, (C) Total absence or tooth structure to provide resistance to lateral
forces, so all the lateral forces are being transmitted to the root of the tooth.

clinician’s point of view and belief towards biomimetic adhesive den-
tistry.

Alternative solution

If the worst-case scenario is present and there is no tooth structure
available, a crown placed on a post & core build up with no ferrule
effect is doomed to fail, according to the pessimistic scenario. If one is
to pursue the optimistic scenario then he should carefully plan the
materials and technique used for the build up, in order to achieve the
optimum longevity of the restoration. If there is no tooth structure
available coronal to the margin of the restoration (Fig. 4A), the use of
an intraradicular post is mandatory for the retention of the build up
material. Even though many clinicians would prefer a custom-made
cast post & core, there are reasonable doubts on this choice, as all the
lateral forces will be directly exerted via the crown to the post & core
and inadvertently transferred via the cement interface to the root of the
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tooth [27,28]. Thus, if the forces are greater than the threshold of the
root — cast post & core — crown complex, then it is inevitable for the
weakest link of the complex to “break”. The extracoronal part of the
complex very rarely fails. Porcelain fractures in the veneering material
of the crown may be observed, but crown or core fractures, or dece-
mentation of the crown from the core build up are rarely - if ever —
observed. Bending or fracture of the post is also quite scarce. On the
other hand breaking of the cement, which would lead to decementation
of the post & core in one piece with the crown is often observed. This is
due to the fact that as there is no resistance provided by extracoronal
dentin, the lateral forces exerted to the crown are transferred via the
post to the adhesive interface of the post, and this will gradually cause
the breakage of the cement and the decementation of the post & core —
crown complex, describing the best case scenario of failure. If the ce-
ment is strong enough and does not break, then the forces are directly
transmitted to the dentinal walls of the root and a root fracture is the
catastrophic outcome. It is often witnessed by the clinical reality that
the solutions proposed by research that favored “strong” materials may
sometimes lead to catastrophic failures [29-31], which would confirm
the pessimistic scenario, as was often the case with Richmond crowns
with no ferrule effect.

Even though there are similar tales in many cultures, in ancient
Greece, it was Aesop who is credited with the fable about the Oak and
the Reed, with the contrasting behavior of the oak, which trusts in its
strength to withstand the storm and is blown over, and the reed that
‘bends with the wind’ allowing it to survive. Even if tales are more often
told to children than dentists, one cannot resist the temptation, when
observing endodontically treated teeth, of paralleling oaks with peri-
odontally healthy teeth that are being mechanically “strengthened”
with post & cores and crowns and reeds with periodontically involved
teeth with increased mobility. One irrefutable clinical observation is
that the latter scarcely - if ever — fracture. So if the tooth is period-
ontally healthy, could “softening” something in the root — post & core —
crown complex concur to “absorb” some of the forces and obviate the
catastrophic scenario of root fracture?

If such a scenario were to be investigated, the first step would be to
select a more elastic material for the core build up [32]. For this

Fig. 4. (A) Tooth with no tooth structure available coronal to the margin of the preparation. (B) Crown build up, using glass-fiber post and flowable resin composite.
(C) All ceramic crown cemented on the glass-fiber and flowable composite build up. (D) 10-years recall, with the all ceramic crown in contact in maximum
intercuspation. (E) 6 year after placing the post & core and all ceramic crown the patient experienced an elbow hitting accident. (F) The adjacent central incisor that
had a metal post & core suffered a vertical fracture of the root that caused the extraction of the tooth and the restoration with an implant supported crown (G).
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Fig. 5. (A) Lateral incisor with total absence of tooth structure coronaly of the margin of the preparation. (B) Build up using glass-fiber post and flowable resin
composite. (C) Metal ceramic crown cemented on the glass-fiber and flowable composite build up. (D) 7 years after placement the patient presented with a horizontal
fracture of the crown and the post & core. (E) The patient presented with severe wear on the palatal part of the upper anterior natural teeth. It may be hypothesized
that the porcelain on the palatal side of the crown did not wear in a similar fashion as natural teeth did and gradually more lateral forces were being exerted on the
palatal side of the lateral incisor, thus resulting to the horizontal tooth fracture. Nevertheless, even though the post & core fractured, the root of the tooth did not
break and it was possible to restore the tooth with a new glass-fiber and flowable composite build up and a crown.

purpose, a suitable choice would be a flowable resin composite, which
mechanical characteristics are actually closer to that of dentin, and in
that sense it is surely a better choice from a biomimetic point of view,
than regular resin composite, amalgam or gold, which mechanical
characteristics more closely resemble these of enamel. Even though the
category of flowable resin composites contain a variety of materials
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with diverse formulations and percentage of inorganic fillers, it is quite
an easy and fun clinical task to find a flowable resin composite that
when drilled, it gives the same “feeling” like the adjacent dentin, and
thus act in a biomimetic way. Flowable resin composites have the
drawback of higher polymerization shrinkage [33], but when the
flowable composite is placed around the post and polymerized, the
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polymerization shrinkage, in such a case, is favorable [34] (even
though this is hard to believe), as it helps the flowable resin composite
adapt better around the post, as it flows from the outer free surfaces of
the bigger periphery of the build up, towards the bonded smaller inner
periphery around the post. Even though the necessary research has yet
to be done, if such a “weaker” restorative material is used for the
construction of the core, a “dampening” effect of the occlusal forces
might also be observed.

In order to further diminish the transmittal of lateral forces that
cannot be absorbed by the non-existent cervical extracoronal dentin
and are transmitted to the post & core, the use of nonmetal posts should
also be considered [35] (Fig. 4B). Cast post & cores are made from
metals that are isotropic materials that transmit forces uniformly in all
orientations and thus towards the root. On the other hand, carbon- and
glass- fiber posts are anisotropic [36] materials that resist forces exerted
vertical to their long axis, which is helpful in order to counteract lateral
forces that are amplified when there is no extracoronal dentin to pro-
vide resistance form, while they transmit less stress along their long axis
[37,38] (something that is also useful, in order to transmit less forces to
the root of the tooth) (Fig. 4C-G).

Even though the aforementioned properties of fiber posts are con-
firmed by research, many dentists are skeptical to use the “weak” and
“flexible” posts, as they consider that they do not “strengthen” the teeth
[39]. It is true that when “weaker” carbon- or glass-fiber posts are used,
it is possible for them to break under high occlusal stresses. Clinical
observations confirm this, when “weaker” posts fracture at the top
coronal part of the root, where the lateral forces are exerted, when
there is no resistance form provided by the non-existent extracoronal
dentin. In such a case it is the build up and crown that are “decapitated”
from the root, which remains intact, with no fracture (Fig. 5A-D). Even
though this scenario is not welcome, it is preferable to the catastrophic
scenario of root fracture caused by “strong” posts. The Hippocratic Oath
includes the promise “to abstain from doing harm”, which is one of the
principal precepts of bioethics that all healthcare students are taught in
school and then follow as a fundamental principle in their clinical
practice. From that point of view, the restoration of endodontically
treated should follow a technique that is the least likely to harm the
roots of the teeth [40-42] (Fig. 5E).

Even though the mechanical approach of traditional prosthodontics
quite often favored strong restorative solutions [43-45], it is wise to
remember that in the very first era of modern dentistry, Pierre Fauchard
used for the cementation of posts a heat-softened adhesive called
“mastic”, which is a resin obtained from the mastic tree (Pistacia len-
tiscus). The word mastic derived from the greek verb “paoctiyew”
(mastichein), which means “to gnash the teeth” and is the source of the
English word masticate. In Greece, it is known as the “tears of Chios,”
being traditionally produced on that Greek island and it has been
chewed since ancient times, a habit that grew popular over the years
and thus the word mastic became a synonym for gum in many lan-
guages. It is obvious that the pioneers of modern dentistry had made
provision for an “elastic cushion” in the root — post & core — crown
complex, a suggestion that could also be useful today, when restoring
structurally compromised endodontically treated teeth, with no so-
called ferrule effect.

Conclusions

To conclude, the use of adhesively luted carbon- or glass-fiber posts
and core build ups made from flowable resin composite might be the
best clinical choice when there isn’t 1.5-2 mm of dentin coronal to the
margin, that would provide resistance form to the preparation given by
sound tooth structure. In such unfavorable clinical situations, increased
lateral forces are exerted via the post & core build up to the root of the
tooth, and even though with the aforementioned technique there is a
slight chance of breakage of the “weak” post & core build up, the
fracture is far more likely to be extracoronal and a catastrophic non
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restorable root fracture is almost certainly being avoided.
Conflict of interest

Authors declare that there is no conflict of interest.
References

[1] Ree M, Schwartz RS. The endo-restorative interface: current concepts. Dent Clin
North Am 2010;54:345-74.

Shillingburg HT, Fisher DW, Dewhirst RB. Restoration of endodontically treated
posterior teeth. J Prosthet Dent 1970;24:401-9.

Dietschi D, Duc O, Krejci I, Sadan A. Biomechanical considerations for the re-
storation of endodontically treated teeth: a systematic review of the literature-Part
1. Composition and micro- and macrostructure alterations. Quintessence Int
2007;38:733-43.

Dietschi D, Duc O, Krejci I, Sadan A. Biomechanical considerations for the re-
storation of endodontically treated teeth: a systematic review of the literature, Part
II (Evaluation of fatigue behavior, interfaces, and in vivo studies). Quintessence Int
2008;39:117-29.

Peroz I, Blankenstein F, Lange K-P, Naumann M. Restoring endodontically treated
teeth with posts and cores—a review. Quintessence Int 2005;36:737-46.

Gillen BM, Looney SW, Gu LS, et al. Impact of the quality of coronal restoration
versus the quality of root canal fillings on success of root canal treatment: a sys-
tematic review and meta-analysis. J Endod 2011;37:895-902.

Sorensen JA, Engelman MJ. Ferrule design and fracture resistance of endodontically
treated teeth. J Prosthet Dent 1990;63:529-36.

Loney RW, Kotowicz WE, McDowell GC. Three-dimensional photoelastic stress
analysis of the ferrule effect in cast post and cores. J Prosthet Dent 1990;63:506-12.
Anon. The glossary of prostodontic terms. Prosthet Dent 2005;94:10-92.

AAE. American Association of Endodontists: Glossary of endodontic terms. (9th ed.
). Chicago; 2016.

Hunter AJ, Hunter AR. The treatment of endodontically treated teeth. Curr Opin
Dent 1991;1:199-205.

Goracci C, Ferrari M. Current perspectives on post systems: a literature review. Aust
Dent J 2011;56:77-83.

Jotkowitz A, Samet N. Rethinking ferrule — a new approach to an old dilemma. BDJ
2010;209:25-33.

Stankiewicz NR, Wilson PR. The ferrule effect: a literature review. Int Endod J
2002;35:575-81.

Thareja P, Singh S. Fracture resistance of endodontically treated maxillary central
incisors with varying ferrule heights and configurations: in vitro study. J Conserv
Dent 2014;17:115.

Shamseddine L, Chaaban F. Impact of a core ferrule design on fracture resistance of
teeth restored with cast post and core.

McLean A. Predictably restoring endodontically treated teeth. J Can Dent Assoc
1998;64:782-7.

Bandlish RB, McDonald AV, Setchell DJ. Assessment of the amount of remaining
coronal dentine in root-treated teeth. J Dent 2006;34:699-708.

Juloski J, Radovic I, Goracci C, et al. Ferrule effect: a literature review. J Endod
2012;38:11-9.

Sorensen JA, Engelman MJ. Effect of post adaptation on fracture resistance of en-
dodontically treated teeth. J Prosthet Dent 1990;64:419-24.

Schwartz RS, Robbins JW. Post placement and restoration of endodontically treated
teeth: a literature review. J Endod 2004;30:289-301.

Isidor F, Odman P, Brendum K. Intermittent loading of teeth restored using pre-
fabricated carbon fiber posts. Int J Prosthodont 1996;9:131-6.

Isidor F, Brgndum K. Intermittent loading of teeth with tapered, individually cast or
prefabricated, parallel-sided posts. Int J Prosthodont 1992;5:257-61.

Parker MH. Resistance form in tooth preparation. Dent Clin North Am
2004;48:387-96.

Hess D, Magne P, Belser U. [The form of retention and resistance of dental pre-
parations. A review of the literature and the clinical implications]. Schweizer
Monatsschrift fur Zahnmedizin = Rev Mens suisse d’odonto-stomatologie = Riv
Mens Svizz di Odontol e Stomatol 1992;102:917-23.

Goodacre CJ, Campagni WV, Aquilino SA. Tooth preparations for complete crowns:
an art form based on scientific principles. J Prosthet Dent 2001;85:363-76.

Ichim I, Love RM. A finite element analysis of ferrule design on restoration re-
sistance and distribution of stress within a root. Int Endod J 2006;39:443-52.
Boldt J, Richter E-J, Schilling K-U, et al. Failure analysis of a new post-and-core
restoration system using the finite element method. Biomed Tech Eng
2008;53:251-4.

Pontius O, Hutter JW. Survival rate and fracture strength of incisors restored with
different post and core systems and endodontically treated incisors without cor-
onoradicular reinforcement. J Endod 2002;28:710-5.

Goodacre CJ, Bernal G, Rungcharassaeng K, Kan JYK. Clinical complications in
fixed prosthodontics. J Prosthet Dent 2003;90:31-41.

Martinez-Gonzélez A, Amigé-Borras V, Fons-Font A, et al. Response of three types of
cast posts and cores to static loading. Quintessence Int 2001;32:552-60.

Magne P, Goldberg J, Edelhoff D, Giith J-F. Composite resin core buildups with and
without post for the restoration of endodontically treated molars without ferrule.
Oper Dent 2016;41:64-75.

Stavridakis M, Dietschi D, Krejci I. Polymerization shrinkage of flowable resin-

[2]

[3]

[4

=

[5

=

[6

s}

[7

—

(8]

[9]
[10]

[11]
[12]
[13]
[14]

[15]

[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]

[25]

[26]
[27]

[28]

[29]

[30]
[31]

[32]

[33]


http://refhub.elsevier.com/S0306-9877(18)30214-7/h0005
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0005
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0010
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0010
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0015
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0015
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0015
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0015
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0020
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0020
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0020
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0020
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0025
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0025
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0030
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0030
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0030
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0035
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0035
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0040
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0040
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0055
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0055
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0060
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0060
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0065
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0065
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0070
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0070
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0075
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0075
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0075
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0085
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0085
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0090
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0090
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0095
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0095
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0100
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0100
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0105
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0105
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0110
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0110
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0115
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0115
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0120
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0120
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0130
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0130
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0135
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0135
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0140
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0140
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0140
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0145
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0145
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0145
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0150
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0150
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0155
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0155
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0160
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0160
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0160
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0165

M. Stavridakis et al.

[34]
[35]

[36]

[37]

[38]

[39]

based restorative materials. Oper Dent 2005;30:118-28.

Feilzer AJ, De Gee AJ, Davidson CL. Setting stress in composite resin in relation to
configuration of the restoration. J Dent Res 1987;66:1636-9.

Asvanund P, Morgano SM. Photoelastic stress analysis of different prefabricated
post-and-core materials. Dent Mater J 2011;30:684-90.

Vallittu P. Fibre-reinforced composites in root canal anchoring: mechanical re-
quirements, structure and properties of the fibre-reinforced composite. Int Dent
South Africa 2006;8:20-7.

Yamamoto M, Miura H, Okada D, et al. Photoelastic stress analysis of different post
and core restoration methods. Dent Mater J 2009;28:204-11.

Eskitascioglu G, Kalkan M. Evaluation of two post core systems using two different
methods (fracture strength test and a finite elemental stress analysis). J Endod
2002;28:629-33.

Mangold JT, Kern M. Influence of glass-fiber posts on the fracture resistance and
failure pattern of endodontically treated premolars with varying substance loss: an

)

[40]

[41]
[42]
[43]
[44]

[45]

Medical Hypotheses 115 (2018) 35-41

in vitro study. J Prosthet Dent 2011;105:387-93.

Butz F, Lennon AM, Heydecke G, Strub JR. Survival rate and fracture strength of

endodontically treated maxillary incisors with moderate defects restored with dif-
ferent post-and-core systems: an in vitro study. Int J Prosthodont 2001;14:58-64.

Rivera EM, Walton RE. Longitudinal tooth cracks and fractures: an update and re-
view. Endod Top 2015;33:14-42.

Schwarz S, Dent M, Lohbauer U, et al. Vertical root fractures in crowned teeth: a

report of 32 cases. Quintessence Int 2012;43:37-43.

Sorensen JA, Martinoff JT. Clinically significant factors in dowel design. J Prosthet
Dent 1984;52:28-35.

Fernandes AS, Dessai GS. Factors affecting the fracture resistance of post-core re-

constructed teeth: a review. Int J Prosthodont 2001;14:355-63.

Bass EV. Cast post and core foundation for the badly broken down molar tooth. Aust
Dent J 2002;47:57-62.


http://refhub.elsevier.com/S0306-9877(18)30214-7/h0165
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0170
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0170
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0175
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0175
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0180
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0180
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0180
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0185
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0185
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0190
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0190
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0190
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0195
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0195
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0195
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0200
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0200
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0200
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0205
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0205
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0210
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0210
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0215
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0215
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0220
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0220
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0225
http://refhub.elsevier.com/S0306-9877(18)30214-7/h0225

	Is the glass half empty or half full? A novel “philosophical” approach to the “mystery” of the so-called ferrule effect
	Introduction
	Questioning the ferrule effect
	Alternative hypothesis
	Alternative solution
	Conclusions
	Conflict of interest
	References




