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focus

Endodontic treatment is one of the most common techniques
in present-day odontology due to the tendency to save teeth
whenever possible. The devitalised tooth, resulting from en-
dodontics, is less resistant than the original tooth as a conse-
quence of the loss of tooth structure [1]. The use of intraradicu-
lar posts has become a widespread technique for restoring
teeth that have lost considerable coronal tooth structure as a
means to support the final restoration and to join it to the root
[2, 3]. After removing the tooth pulp, the intraradicular post is
introduced into the devitalised root. A core is placed over the
root and the post and an artificial crown creates an external ap-
pearance, similar to that of the original tooth (Fig. 1), although
in general with inferior mechanical properties. 

Indeed, and contrary to what was thought in the past, it has
been demonstrated that posts do not reinforce the endodonti-
cally treated tooth, but rather they weaken it by predisposing it
to a fracture [4-6]. Several studies have shown that the failure
rate of these restorations after several years of service is high
either because of root fractures or loss of retention. According
to some authors [7, 8], the prevalence of failures due to vertical
root fractures ranges between 2% and 5%, and in most cases
these complications cannot be treated [9]. The appearance of
such vertical fractures has been related to the tooth restoration
process and post design [10-12]. 

Several types of posts are found in the literature [2, 13].
Originally, cast post-core systems were used as a single metal
alloy unit (Fig. 2). Subsequently, prefabricated posts made out
of stainless steel, titanium or precious metals were used, while
prefabricated fibre posts were more recently introduced. Cast
post-core systems take longer to make and involve an interme-
diate laboratory stage in which the retention system is created,
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Resum

En aquest article es fa una revisió de l’efecte del disseny del
pern en les prestacions de les dents endodonciades a partir de
l’anàlisi de la bibliografia i dels treballs dels autors. De l’estudi
es conclou que existeixen proves suficients de l’efecte d’al-
guns paràmetres en determinades característiques de la dent
restaurada: la longitud del pern facilita la retenció de la restau-
ració, que és major en el cas dels perns actius, seguits dels
cilíndrics, mentre que els cònics presenten menor retenció. El
diàmetre del pern ha de mantenir-se inferior a la meitat de
l’amplària de l’arrel. Amb els perns de fibra s’obtenen distribu-
cions de tensions menys sensibles al diàmetre o a la longitud
del pern que amb els metàl·lics. No existeixen conclusions
clares sobre altres aspectes de la restauració, com ara l’efecte
de la forma del pern en la seva resistència, l’efecte del diàmetre
en la retenció o el comportament dels diferents sistemes da-
vant de càrregues de fatiga. Els treballs previs dels autors han
permès desenvolupar un model biomecànic per a elements
finits, validat amb dades experimentals, que pot servir d’ajuda
per a clarificar l’efecte de cada paràmetre en les prestacions fi-
nals de la restauració. 

Abstract

In this article a review is carried out on the effect that post de-
sign has on the performance of endodontically treated teeth by
analysing the bibliography and the works by the authors them-
selves. We can conclude from this study that sufficient evi-
dence exists of the effect that some parameters have on spe-
cific characteristics of the restored tooth. Post length facilitates
retention, which is greater for active posts, followed by cylindri-
cal posts, and tapered posts. The diameter of the post must be
less than half the root width. Stress distributions that are less
susceptible to post diameter or post length are better obtained
with fibre posts than with metallic ones. However, no clear
conclusions exist for other aspects of restoration, such as how
the shape of the post affects its resistance, how the diameter
affects retention or how different systems perform under cyclic
loading. The previous works by the authors have made it possi-
ble to obtain a finite element biomechanical model, validated
with experimental data, which could help to clarify the effect of
each parameter on the final properties of tooth restoration.
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which make the whole process more costly. In comparison,
prefabricated posts do not need this intermediate stage, which
means that the whole restoration process can be performed in
a single visit, which is obviously easier and cheaper [2].
Nonetheless, the adaptation of the prefabricated posts to the
root canal may be less accurate [14]. 

Different post designs have been proposed to obtain the
best properties, from the perspectives of easy assembly, the
aesthetics of the final restoration, the mechanical strength and
the retention ability. Post design is defined by different parame-
ters such as the material used, post length or post diameter,
the longitudinal shape of the post (cylindrical, conical, cylindri-
cal-conical, threaded or others, see Fig. 3), or the surface treat-
ments to facilitate adhesion. The effect of these design para-
meters on the final performance has been studied in part in
numerous research works [10, 15-22], Nonetheless, there are
no clear conclusions about the effect of these parameters and
the interrelation between them, as the wide variety of currently
existing designs on the market reveals.

As regards the methodology used in the previous works,
three main lines are distinguished: in vitro experimentation, ret-
rospective clinical studies and studies with finite element mod-
els. The first usually covers the effect of the specific parameters
(material, post design, post length or post diameter) on resis-
tance or the retention of the restoration work [4, 5, 10, 15, 23-
26]. The majority of these works are static experiments and
very few studies have been made of cyclic loading or fatigue
[27-31]. Retrospective studies are less common given that
they require longer times to be performed, often years, and
they are based on the study of failures in restorations per-
formed on real patients [8, 32-35]. Although the working condi-
tions are the current oral dynamic conditions in these studies,
the results may be conditioned by loss of control of other para-
meters that are outside the scope of what is being studied, as a
result of the patient’s own variability. Finally, the number of
studies based on finite element models has considerably in-

creased in recent years [36-42]. Finite element models permit a
highly controlled analysis of one or several specific parameters
on a single tooth model, thus allowing for better comprehen-
sion of either the individual effect or that combined with differ-
ent parameters. In contrast, the clinical application of their re-
sults is conditioned by the accuracy of the model and its
previous validation based on experimental data.

The objective of this article is to obtain conclusions about
the effect that the different post design parameters have on the
success of endodontic restoration and to propose future lines
of research into those parameters for which no clear conclu-
sions have been drawn in previous works. This study is based
on the bibliography and on the authors’s own research.

Effect of post diameter

Several studies have analysed the influence of post diameter
on the resistance of endodontic restoration. It is evident that
post stiffness increases as post diameter augments [43], al-
though this intrinsically entails a greater risk of restoration fail-
ure as it weakens the tooth as a consequence of eliminating a
greater amount of dentine [44-47]. Some works conclude with
recommendations for the diameter, i.e., it should not exceed
half the root width [45] or a third of this width [48], or that the di-
ameter on the apical side should not exceed 1 mm [49]. Pilo et
al. [50] recommend a preserving form of restoration in such a
way that a minimum thickness of 1 mm of dentine around the
post at any point is preserved. In line with these recommenda-
tions, conical posts are a good alternative as they are of a vari-
able diameter which reduces in an apical direction, that is, in
the same direction as the root diameter. Some studies, howev-
er, have provided poorer resistance results and more cata-
strophic forms of failure in conical posts than in their cylindrical
counterparts [51]. 

The effect that post diameter has on the stress distribution
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Figure 1. Endodontic restoration with post, core and crown.
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Figure 2. Cast post-core system.
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on the tooth is not the same for all post materials. Several
works [40, 42] have indicated that the use of metallic posts has
a greater effect than fibre posts because the elastic modulus of
fibre posts is more comparable with that of dentine. Further-
more, the authors recently published a paper [42] which stud-
ied how the diameter of intraradicular posts affects the biome-
chanical performance (fracture strength and stress distribution)
of restored teeth using two different post materials (glass fibre
and stainless steel). First, an experimental fracture strength test
was performed, and second, the finite element technique was
used to develop a model of the restored tooth. From the exper-
imental data, a significant influence was observed for the teeth
restored with stainless steel posts while no statistically signifi-
cant differences were observed for teeth restored with glass fi-
bre posts. The model confirmed these results, by predicting
smaller stresses in dentine for the glass fibre post which is ex-
plained by the more similar elastic modulus of this material to
that of dentine. The lesser effect of diameter using the glass fi-
bre post has also been observed in other works [40].

According to the literature, the effect that an increased post
diameter has on retention is not as important as the effect of
post length [19, 47]. Although some studies have verified a sig-
nificant increase in retention with the diameter [25, 47], others
did not note this effect [52]. 

Effect of post length

The ideal post length has been widely reported [2, 3, 53, 54].
One widespread recommendation is that post length should
be about three quarters of root length, and that 3 to 5 mm of
apical gutta-percha must be preserved to maintain the apical
seal. These recommendations, however, are not always sup-
ported by experimental studies. Very few experimental studies
have been performed to compare the biomechanical perfor-
mance of restored teeth as a function of post length [35, 36,
39, 47, 52, 55, 56]. All these cited studies, except the last,
used metallic posts and focused mainly on the effect on reten-
tion and not on the resistance of the tooth. Retention studies
allow us to state that the use of a longer post, rather than a
thicker post, positively influences the retentive strength [47].
Only three of the above-mentioned works [36, 39, 56] studied
the influence of post length on stress distribution. The first two
works [36, 56] studied metallic post systems by means of two-
dimensional finite element models, and drew differing conclu-
sions. The first predicted minor changes in the stress patterns
for the length variations considered; the only effect of post
length was a change in the location of the stress concentra-
tions that occurred at the post apex. Conversely, the second
predicted higher stress as the length of the metallic post de-
creased. 

To solve this contradiction, a recent study published by the
authors [42] studied how varying the length of intraradicular
posts affected the biomechanical performance (fracture
strength and stress distribution) of restored teeth using two dif-
ferent post materials (glass fibre and stainless steel). First, an
experimental fracture strength test was performed, and sec-

ond, the finite element technique was used to develop a model
of the restored tooth. From the experimental data, no statisti-
cally significant influence was observed for the teeth restored
with either stainless steel posts or glass fibre posts. According
to this finding, no clear dependency of the maximum stress on
post length was predicted by the model.

Other experimental results from the literature [35, 36] also
corroborate the finding that the fracture load in metallic post
systems is not clearly dependent on post length. It is interest-
ing to observe the low dependency on post length in relation
to the biomechanical performance in both the post systems
under consideration. As reported by Davy [36], the real effect
of variations in length was to change the location of the stress
concentrations that occurred at the post apex in all cases.
This finding, together with the experimental observation that
better retention is achieved by increasing post length [13], en-
ables us to recommend the use of the longest possible post
for restoration. However, it may not always be possible to use
a long post, especially when the remaining root is short or
curved. Several studies suggest that it is important to preserve
3 to 5 mm of apical gutta-percha to maintain the apical seal
[57, 58]. 

Effect of post design

Cast posts are the same shape as the root (Fig. 2), whereas
prefabricated posts may be a variety of shapes. Stockton [46]
mentioned more than 100 different models of prefabricated
posts. Two large groups emerge depending on how prefabri-
cated posts are secured to the root: passive and active. Active
posts are threaded into the dentine while passive posts are ce-
mented to the dentine using a suitable adhesive. Passive posts
have become more commonplace in recent years [3].

Active posts provide greater retention than passive posts,
as confirmed by several studies undertaken in recent decades
[15-18, 59]. In contrast, threaded posts require more meticu-

Figure 3. Post design. From left to right: split shank threaded, cylindri-
cal, conical, cylindrical with a conical tip, cylindrical-conical sectioning.
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lous preparation and assembly, and produce stress concentra-
tion on the dentine [10, 60]. Some active post designs, such as
Flexi-Post (see Fig. 3), have a split, flexible shank to reduce
stress on the apical area and to facilitate dentine removal dur-
ing assembly, although retention is reduced to achieve such
advantages [20]. The effect of the thread shape or its spacing
remains unclear. While some works report a better retention
with threads with less pitch [20], others obtain a better result
with threads that are sharper and have a greater pitch [23].

The group of passive posts (see Fig. 3) includes cylindrical
(like ParaPost), tapered (like EndoPost) or cylindrical with a ta-
pered end (i.e., Filpost). There are also posts with two or more
cylindrical-conical sections (like ParaPost Fiber White). Even
though tapered posts, or those with a tapered end, preserve a
larger amount of dentine, since they adapt better to the root
shape, cylindrical posts have been demonstrated to be more
retentive [19, 20, 24, 61, 62] . On the other hand, tapered
posts produce high hydrostatic pressures close to the apical
side of the post [10]. A method that improves the retention of
passive posts is surface treatment to increase roughness or to
provide a more retentive shape. Nergiz et al. [21] verified that
retention increased significantly in tapered titanium posts by
sandblasting or the use of circumferential grooves. On the oth-
er hand, glass fibre posts with surface abrasion also increase
retention with respect to smooth surface posts [22].

The effect that post design has on resistance and on the
durability of the restoration is difficult to clearly establish given
the fact that any comparative study made with two post sys-
tems or more involves changes that not only affect the design
itself, but also the diameter, length or material. A study of the
clinical analysis available suggests that the properties that ac-
tive posts offer are inferior to cast posts [63]. Milot et al. [4] indi-
cate that the effect of post design on the resistance of the
restoration is of lesser importance if most of the dentine struc-
ture is maintained. After a 10-year retrospective study, Weine
et al. detected very few failures using conical posts [32] while
Torbjörner et al. [8] in a 5-year retrospective study reported sig-
nificantly greater success with parallel-sided serrated posts
than with cast posts.

Very few studies in the literature have focused on the influ-
ence of post design on retention under torsional loads which
are occasionally seen in the mouth, especially in the anterior
teeth [15, 16, 64]. Some authors recommend the use of anti-
rotation systems [2, 15, 16] such as keys and pins in the root of
the tooth. Such systems may avoid cementing in threaded
posts, and enable the post to be unscrewed should it be nec-
essary [15].

One final aspect related to post design is the shape of the
head, which in the case of prefabricated posts must con-
tribute to ensuring the union between the post and the core
which supports the crown [13]. There are different post mod-
els on the market with varying head shapes that aim to im-
prove retention and prevent the core from rotating in relation
to the post. There are very few studies in the literature that ex-
amine how the shape of the head affects the retention of
restoration [65-67], and no conclusive results are available for
this particular factor.

Effect of post material

Considerable controversy exists regarding the optimal choice
of material for a post and core. Several in vitro studies have de-
termined the resistance to fracture of post-restored teeth un-
der static loading and found lower [68, 69], equal [70, 71] or
higher strengths [39, 72, 73] of teeth restored with fibre posts
than those restored with metallic posts. Studies have shown
[39, 73] fractures that enable the repair for glass and quartz fi-
bre post systems and non-restorable fractures for zirconium,
titanium and stainless steel post systems.

In a recent paper the authors [39] studied how varying the
material of intraradicular posts affects the biomechanical per-
formance (fracture strength and stress distribution) of restored
teeth. Two different post materials were used, glass fibre and
stainless steel. First, an experimental fracture strength test was
performed, and second, the finite element technique was used
to develop a model of the restored tooth. From the experimen-
tal data, the material had a significant influence on the fracture
load, with higher fracture loads for the glass fibre posts. The fi-
nite element model matched these results with higher stress
when using stainless steel posts. The results of the simulations
performed made it possible to identify the difference in the
elastic moduli between the post and the dentine and core as
the origin of stress concentrations at the post-core-cement in-
terface that weakened the restored tooth, despite introducing
a stronger post. Other works are consistent with this finding
[37, 40]. Nowadays it is commonly accepted that better perfor-
mance is achieved if the stiffness (or modulus of elasticity) of
the material for the post is similar to that of dentine [13]. Some
manufacturers of carbon and glass fibre posts purport that
these posts have a transverse elastic modulus that is as small
as that of dentine and are, therefore, less damaging to the
tooth.

Very few clinical studies have compared fibre posts with
metal posts. One such study [74] showed that teeth restored
with 9 mm bonded fibre posts had a significantly higher survival
rate after 4 years than teeth restored with tapered metallic
posts.

The use of all-ceramic restorations has increased consider-
ably due to rising aesthetical demands. The application of an
all-ceramic crown after the insertion of a metallic post-and-
core compromises the aesthetical appearance of the all-ce-
ramic crown. In this respect, glass fibre post systems have im-
proved the aesthetics of teeth restored with posts and cores,
especially in the anterior region [2].

Effect of other parameters

There are other aspects related to the clinical procedure, which
interrelate with post design influencing the success of restora-
tions with posts and cores. Of these aspects, two clearly stand
out: the effect of the adhesive used to cement the post and the
so-called ferrule effect. 

Although a wide range of adhesives is commercially avail-
able, one of the most widespread is zinc phosphate cement
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[13]. Some studies suggest that the new composite resin adhe-
sives help reinforce the tooth structure and improve retention
[75], particularly with fibre posts or when post length is short
[24]. Nonetheless, results are inconsistent in the literature [46].

On the other hand, numerous past works maintain that
preparing a ferrule or circumferential collar may improve the re-
sistance of a post-core system [76-80]. The ferrule effect (Fig.
4) is achieved using a metallic piece or by preparing a circum-
ferential portion of dentine around the post on top of the ce-
ment-enamel joint. With the ferrule, the crown is supported a
few millimetres in the apical direction in relation to the level of
the joint between the core and the dentine. For the cast post-
and-core systems it is sometimes the core itself that moves in
an apical direction to form the circumferential collar. According
to the cited literature, the best results are achieved with a fer-
rule of between 1 and 2 mm. Stankiewicz et al. made a review
of works on this subject [81], and recommended a ferrule
preparation of at least 1.5 mm provided this does not eliminate
part of the remaining tooth structure. 

Discussion and conclusions

By reviewing previous works in this field some conclusions can
be derived that sufficiently confirm the effect that some para-
meters have on post design for endodontically treated teeth.
One such conclusion is that threaded posts most favour reten-
tion, followed by cylindrical posts, with tapered posts providing
less retention. On the other hand, posts must be as long as
possible to improve retention, although a certain length of gut-
ta-percha is recommended for the apical seal. Post diameter
must be limited to avoid any weakening of the root dentine. As
regards the material, fibre posts provide restorations of a resis-
tance that is less susceptible to the choice of the length or di-
ameter of the post and facilitate subsequent retreatments in
case of failure.

Nonetheless, numerous existing studies do not provide
such clear conclusions about the effect that some parameters
have on the properties of the post-core system. Therefore nei-
ther the effect of post diameter on retention nor the effect of the
shape-design of the post and its head on resistance apparent-
ly provide clear definitive conclusions. Furthermore, there are
no clear conclusions as to whether fibre posts or traditional
posts made out of metallic materials are more recommendable
despite some of the aforementioned advantages of fibre posts
under static conditions. Finally, we wish to point out that most
of the existing studies are based on static tests, which offer few
conclusions about the performance of the various post sys-
tems under fatigue conditions, such as those which take place
in real oral conditions.

The fact that the vast majority of existing works are experi-
mental has made it a difficult task to draw clear conclusions
about the effect that different post design parameters have on
the final system given the variability of some of the uncontrol-
lable parameters, such as the geometry of the specimens, the
dentist’s clinical practice or the experimental set-up. In many
cases, comparing two post systems inevitably involves varying
many parameters (shape, material, diameter, length) which
makes it difficult to differentiate the exact effect of each one on
the biomechanical properties of the system. The use of appro-
priately validated finite element models may be of great help in
facilitating the study of the independent effect of each parame-
ter. The authors’ previous works have looked into this issue by
developing a validated model for the study of endodontic
restorations. This model has proven to be suitable for studying
the influence of post dimensions and material on the biome-
chanical static performance of restored teeth since the model’s
predictions matched up very well with the experimental results
obtained from the fracture strength test. It could be a useful
tool for studying the influence of other post design variables on
the biomechanical performance of restored teeth, by means of
simulations. These analyses will generate data that may help to
reduce post-treatment iatrogenic lesions.

Acknowledgements

The authors acknowledge the Spanish government and the EU
for financing this research through the “DPI2006-13432” pro-
ject.

References

[1] Walton, R.E., and Torabinejad, M., 2002, “Principles and
practice of endodontics,” WB Sanunders and Company,
Philadelphia.

[2] Christensen, G. J., 1998, “Posts and Cores: State of the
Art,” Journal of the American Dental Association, 129(1)
pp. 96-97.

[3] Robbins, J. W., 1990, “Guidelines for the Restoration of En-
dodontically Treated Teeth,” Journal of the American Den-
tal Association, 120(5) pp. 558, 560, 562 passim.

Ferrule

Crown
Core

Cement-enamel 

joint (CEJ) 

Figure 4. Post restoration with ferrule preparation.

501-538 Contributi 3-4.qxp:117-186 Contributios 3-2.qxp  16/07/08  13:28  Página 527



528 A. Pérez, C. González, J.L. Sancho and P.J. Rodríguez 

[4] Milot, P., and Stein, R. S., 1992, “Root Fracture in En-
dodontically Treated Teeth Related to Post Selection and
Crown Design,” The Journal of Prosthetic Dentistry, 68(3)
pp. 428-435.

[5] Fokkinga, W. A., Le Bell, A. M., Kreulen, C. M., 2005, “Ex
Vivo Fracture Resistance of Direct Resin Composite
Complete Crowns with and without Posts on Maxillary
Premolars,” International Endodontic Journal, 38(4) pp.
230-237.

[6] Dean, J. P., Jeansonne, B. G., and Sarkar, N., 1998, “In
Vitro Evaluation of a Carbon Fiber Post,” Journal of En-
dodontics, 24(12) pp. 807-810.

[7] Testori, T., Badino, M., and Castagnola, M., 1993, “Verti-
cal Root Fractures in Endodontically Treated Teeth: A
Clinical Survey of 36 Cases,” Journal of Endodontics,
19(2) pp. 87-91.

[8] Torbjorner, A., Karlsson, S., and Odman, P. A., 1995,
“Survival Rate and Failure Characteristics for Two Post
Designs,” The Journal of Prosthetic Dentistry, 73(5) pp.
439-444.

[9] Tamse, A., 1988, “Iatrogenic Vertical Root Fractures in
Endodontically Treated Teeth,” Endodontics & Dental
Traumatology, 4(5) pp. 190-196.

[10] Standlee, J. P., Caputo, A. A., Collard, E. W., 1972,
“Analysis of Stress Distribution by Endodontic Posts,”
Oral Surgery, Oral Medicine, and Oral Pathology, 33(6)
pp. 952-960.

[11] Ross, R. S., Nicholls, J. I., and Harrington, G. W., 1991,
“A Comparison of Strains Generated during Placement of
Five Endodontic Posts,” Journal of Endodontics, 17(9)
pp. 450-456.

[12] Wilcox, L. R., Roskelley, C., and Sutton, T., 1997, “The
Relationship of Root Canal Enlargement to Finger-
Spreader Induced Vertical Root Fracture,” Journal of En-
dodontics, 23(8) pp. 533-534.

[13] Fernandes, A. S., Shetty, S., and Coutinho, I., 2003,
“Factors Determining Post Selection: A Literature Re-
view,” The Journal of Prosthetic Dentistry, 90(6) pp. 556-
562.

[14] Chan, F. W., Harcourt, J. K., and Brockhurst, P. J., 1993,
“The Effect of Post Adaptation in the Root Canal on Re-
tention of Posts Cemented with various Cements,” Aus-
tralian Dental Journal, 38(1) pp. 39-45.

[15] Kurer, H. G., Combe, E. C., and Grant, A. A., 1977, “Fac-
tors Influencing the Retention of Dowels,” The Journal of
Prosthetic Dentistry, 38(5) pp. 515-525.

[16] Ruemping, D. R., Lund, M. R., and Schnell, R. J., 1979,
“Retention of Dowels Subjected to Tensile and Torsional
Forces,” The Journal of Prosthetic Dentistry, 41(2) pp.
159-162.

[17] Miller, A. W.,3rd, 1982, “Post and Core Systems: Which
One is Best?” The Journal of Prosthetic Dentistry, 48(1)
pp. 27-38.

[18] Felton, D. A., Webb, E. L., Kanoy, B. E., 1991, “Threaded
Endodontic Dowels: Effect of Post Design on Incidence
of Root Fracture,” The Journal of Prosthetic Dentistry,
65(2) pp. 179-187.

[19] Cooney, J. P., Caputo, A. A., and Trabert, K. C., 1986,
“Retention and Stress Distribution of Tapered-End En-
dodontic Posts,” The Journal of Prosthetic Dentistry,
55(5) pp. 540-546.

[20] Standlee, J. P., and Caputo, A. A., 1992, “The Retentive
and Stress Distributing Properties of Split Threaded En-
dodontic Dowels,” The Journal of Prosthetic Dentistry,
68(3) pp. 436-442.

[21] Nergiz, I., Schmage, P., Platzer, U., 1997, “Effect of Dif-
ferent Surface Textures on Retentive Strength of Tapered
Posts,” The Journal of Prosthetic Dentistry, 78(5) pp.
451-457.

[22] Balbosh, A., and Kern, M., 2006, “Effect of Surface
Treatment on Retention of Glass-Fiber Endodontic
Posts,” The Journal of Prosthetic Dentistry, 95(3) pp.
218-223.

[23] Deutsch, A. S., Musikant, B. L., Cavallari, J., 1985, “Re-
tentive Properties of a New Post and Core System,” The
Journal of Prosthetic Dentistry, 53(1) pp. 12-14.

[24] Nissan, J., Dmitry, Y., and Assif, D., 2001, “The use of
Reinforced Composite Resin Cement as Compensation
for Reduced Post Length,” The Journal of Prosthetic
Dentistry, 86(3) pp. 304-308.

[25] Gallo, J. R.,3rd, Miller, T., Xu, X., 2002, “In Vitro Evalua-
tion of the Retention of Composite Fiber and Stainless
Steel Posts,” Journal of Prosthodontics : Official Journal
of the American College of Prosthodontists, 11(1) pp. 25-
29.

[26] Pereira, J. R., de Ornelas, F., Conti, P. C., 2006, “Effect
of a Crown Ferrule on the Fracture Resistance of En-
dodontically Treated Teeth Restored with Prefabricated
Posts,” The Journal of Prosthetic Dentistry, 95(1) pp. 50-
54.

[27] Cohen, B. I., Pagnillo, M. K., Newman, I., 1997, “Cyclic
Fatigue Testing of Five Endodontic Post Designs Sup-
ported by Four Core Materials,” The Journal of Prosthetic
Dentistry, 78(5) pp. 458-464.

[28] Isidor, F., Brondum, K., and Ravnholt, G., 1999, “The In-
fluence of Post Length and Crown Ferrule Length on the
Resistance to Cyclic Loading of Bovine Teeth with Pre-
fabricated Titanium Posts,” The International Journal of
Prosthodontics, 12(1) pp. 78-82.

[29] Mannocci, F., Ferrari, M., and Watson, T. F., 1999, “Inter-
mittent Loading of Teeth Restored using Quartz Fiber,
Carbon-Quartz Fiber, and Zirconium Dioxide Ceramic
Root Canal Posts,” The Journal of Adhesive Dentistry,
1(2) pp. 153-158.

[30] Heydecke, G., Butz, F., Hussein, A., 2002, “Fracture
Strength After Dynamic Loading of Endodontically Treat-
ed Teeth Restored with Different Post-and-Core Sys-
tems,” The Journal of Prosthetic Dentistry, 87(4) pp. 438-
445.

[31] Sahafi, A., Peutzfeldt, A., Ravnholt, G., 2005, “Resis-
tance to Cyclic Loading of Teeth Restored with Posts,”
Clinical Oral Investigations, 9(2) pp. 84-90.

[32] Weine, F. S., Wax, A. H., and Wenckus, C. S., 1991,
“Retrospective Study of Tapered, Smooth Post Systems

501-538 Contributi 3-4.qxp:117-186 Contributios 3-2.qxp  16/07/08  13:28  Página 528



Effect of post design on endodontically restored teeth 529

in Place for 10 Years Or More,” Journal of Endodontics,
17(6) pp. 293-297.

[33] Fredriksson, M., Astback, J., Pamenius, M., 1998, “A
Retrospective Study of 236 Patients with Teeth Restored
by Carbon Fiber-Reinforced Epoxy Resin Posts,” The
Journal of Prosthetic Dentistry, 80(2) pp. 151-157.

[34] Nothdurft, F. P., and Pospiech, P. R., 2006/4, “Clinical
Evaluation of Pulpless Teeth Restored with Conventional-
ly Cemented Zirconia Posts: A Pilot Study,” The Journal
of Prosthetic Dentistry, 95(4) pp. 311-314.

[35] Fox, K., Wood, D. J., and Youngson, C. C., 2004, “A
Clinical Report of 85 Fractured Metallic Post-Retained
Crowns,” International Endodontic Journal, 37(8) pp.
561-573.

[36] Davy, D. T., Dilley, G. L., and Krejci, R. F., 1981, “Deter-
mination of Stress Patterns in Root-Filled Teeth Incorpo-
rating various Dowel Designs,” Journal of Dental Re-
search, 60(7) pp. 1301-1310.

[37] Pegoretti, A., Fambri, L., Zappini, G., 2002, “Finite Ele-
ment Analysis of a Glass Fibre Reinforced Composite En-
dodontic Post,” Biomaterials, 23(13) pp. 2667-2682.

[38] Yaman, S. D., Karacaer, O., and Sahin, M., 2004, “Stress
Distribution of Post-Core Applications in Maxillary Central
Incisors,” Journal of Biomaterials Applications, 18(3) pp.
163-177.

[39] Barjau-Escribano, A., Sancho-Bru, J. L., Forner-Navarro,
L., 2006, “Influence of Prefabricated Post Material on Re-
stored Teeth: Fracture Strength and Stress Distribution,”
Operative Dentistry, 31(1) pp. 47-54.

[40] Boschian Pest, L., Guidotti, S., Pietrabissa, R., 2006,
“Stress Distribution in a Post-Restored Tooth using the
Three-Dimensional Finite Element Method,” Journal of
Oral Rehabilitation, 33(9) pp. 690-697.

[41] Genovese, K., Lamberti, L., and Pappalettere, C.,
2005/12, “Finite Element Analysis of a New Customized
Composite Post System for Endodontically Treated
Teeth,” Journal of Biomechanics, 38(12) pp. 2375-2389.

[42] Rodriguez-Cervantes, P. J., Sancho-Bru, J. L., Barjau-
Escribano, A., 2007, “Influence of Prefabricated Post Di-
mensions on Restored Maxillary Central Incisors,” Jour-
nal of Oral Rehabilitation, 34(2) pp. 141-152.

[43] Lassila, L. V., Tanner, J., Le Bell, A. M., 2004, “Flexural
Properties of Fiber Reinforced Root Canal Posts,” Dental
Materials : Official Publication of the Academy of Dental
Materials, 20(1) pp. 29-36.

[44] Sorensen, J. A., and Martinoff, J. T., 1984, “Clinically Sig-
nificant Factors in Dowel Design,” The Journal of Pros-
thetic Dentistry, 52(1) pp. 28-35.

[45] Morgano, S. M., 1996, The Journal of Prosthetic Den-
tistry, 75(4) pp. 375-380.

[46] Stockton, L. W., 1999, “Factors Affecting Retention of
Post Systems: A Literature Review,” The Journal of Pros-
thetic Dentistry, 81(4) pp. 380-385.

[47] Nergiz, I., Schmage, P., Ozcan, M., 2002, “Effect of
Length and Diameter of Tapered Posts on the Reten-
tion,” Journal of Oral Rehabilitation, 29(1) pp. 28-34.

[48] Goodacre, C. J., and Spolnik, K. J., 1995, “The Prostho-

dontic Management of Endodontically Treated Teeth: A
Literature Review. Part II. Maintaining the Apical Seal,”
Journal of Prosthodontics : Official Journal of the Ameri-
can College of Prosthodontists, 4(1) pp. 51-53.

[49] Abou-Rass, M., Jann, J. M., Jobe, D., 1982, “Preparation
of Space for Posting: Effect on Thickness of Canal Walls
and Incidence of Perforation in Molars,” Journal of the
American Dental Association (1939), 104(6) pp. 834-837.

[50] Pilo, R., and Tamse, A., 2000, “Residual Dentin Thick-
ness in Mandibular Premolars Prepared with Gates Glid-
den and ParaPost Drills,” The Journal of Prosthetic Den-
tistry, 83(6) pp. 617-623.

[51] Sorensen, J. A., and Engelman, M. J., 1990, “Effect of
Post Adaptation on Fracture Resistance of Endodontical-
ly Treated Teeth,” The Journal of Prosthetic Dentistry,
64(4) pp. 419-424.

[52] Standlee, J. P., Caputo, A. A., and Hanson, E. C., 1978,
“Retention of Endodontic Dowels: Effects of Cement,
Dowel Length, Diameter, and Design,” The Journal of
Prosthetic Dentistry, 39(4) pp. 400-405.

[53] Smith, C. T., and Schuman, N., 1998, “Prefabricated
Post-and-Core Systems: An Overview,” Compendium of
Continuing Education in Dentistry (Jamesburg, N.J.:
1995), 19(10) pp. 1013-8, 1020; quiz 1022.

[54] Smith, C. T., Schuman, N. J., and Wasson, W., 1998,
“Biomechanical Criteria for Evaluating Prefabricated
Post-and-Core Systems: A Guide for the Restorative
Dentist,” Quintessence International (Berlin, Germany :
1985), 29(5) pp. 305-312.

[55] Hirschfeld, Z., and Stern, N., 1972, “Post and Core—the
Biomechanical Aspect,” Australian Dental Journal, 17(6)
pp. 467-468.

[56] Holmes, D. C., Diaz-Arnold, A. M., and Leary, J. M.,
1996, “Influence of Post Dimension on Stress Distribution
in Dentin,” The Journal of Prosthetic Dentistry, 75(2) pp.
140-147.

[57] Mattison, G. D., Delivanis, P. D., Thacker, R. W.,Jr, 1984,
“Effect of Post Preparation on the Apical Seal,” The Jour-
nal of Prosthetic Dentistry, 51(6) pp. 785-789.

[58] Kvist, T., Rydin, E., and Reit, C., 1989, “The Relative Fre-
quency of Periapical Lesions in Teeth with Root Canal-
Retained Posts,” Journal of Endodontics, 15(12) pp.
578-580.

[59] Cohen, B. I., Pagnillo, M., Musikant, B. L., 1999, “Com-
parison of the Retentive and Photoelastic Properties of
Two Prefabricated Endodontic Post Systems,” Journal of
Oral Rehabilitation, 26(6) pp. 488-494.

[60] Burns, D. A., Krause, W. R., Douglas, H. B., 1990,
“Stress Distribution Surrounding Endodontic Posts,” The
Journal of Prosthetic Dentistry, 64(4) pp. 412-418.

[61] Johnson, J. K., and Sakumura, J. S., 1978, “Dowel Form
and Tensile Force,” The Journal of Prosthetic Dentistry,
40(6) pp. 645-649.

[62] Qualtrough, A. J., Chandler, N. P., and Purton, D. G.,
2003, “A Comparison of the Retention of Tooth-Colored
Posts,” Quintessence International (Berlin, Germany :
1985), 34(3) pp. 199-201.

501-538 Contributi 3-4.qxp:117-186 Contributios 3-2.qxp  16/07/08  13:28  Página 529



530 A. Pérez, C. González, J.L. Sancho and P.J. Rodríguez 

[63] Creugers, N. H., Mentink, A. G., and Kayser, A. F., 1993,
“An Analysis of Durability Data on Post and Core
Restorations,” Journal of Dentistry, 21(5) pp. 281-284.

[64] Burgess, J. O., Summitt, J. B., and Robbins, J. W., 1992,
“The Resistance to Tensile, Compression, and Torsional
Forces Provided by Four Post Systems,” The Journal of
Prosthetic Dentistry, 68(6) pp. 899-903.

[65] Zalkind, M., Shkury, S., Stern, N., 2000, “Effect of Pre-
fabricated Metal Post-Head Design on the Retention of
various Core Materials,” Journal of Oral Rehabilitation,
27(6) pp. 483-487.

[66] Cohen, B. I., Pagnillo, M. K., Newman, I., 2000, “Reten-
tion of a Core Material Supported by Three Post Head
Designs,” The Journal of Prosthetic Dentistry, 83(6) pp.
624-628.

[67] Hochman, N., Feinzaig, I., and Zalkind, M., 2003, “Effect
of Design of Pre-Fabricated Posts and Post Heads on the
Retention of various Cements and Core Materials,” Jour-
nal of Oral Rehabilitation, 30(7) pp. 702-707.

[68] Sidoli, G. E., King, P. A., and Setchell, D. J., 1997, “An in
Vitro Evaluation of a Carbon Fiber-Based Post and Core
System,” The Journal of Prosthetic Dentistry, 78(1) pp. 5-
9.

[69] Martinez-Insua, A., da Silva, L., Rilo, B., 1998, “Compari-
son of the Fracture Resistances of Pulpless Teeth Re-
stored with a Cast Post and Core Or Carbon-Fiber Post
with a Composite Core,” The Journal of Prosthetic Den-
tistry, 80(5) pp. 527-532.

[70] Raygot, C. G., Chai, J., and Jameson, D. L., 2001, “Frac-
ture Resistance and Primary Failure Mode of Endodonti-
cally Treated Teeth Restored with a Carbon Fiber-Rein-
forced Resin Post System in Vitro,” The International
Journal of Prosthodontics, 14(2) pp. 141-145.

[71] Hu, Y. H., Pang, L. C., Hsu, C. C., 2003, “Fracture Resis-
tance of Endodontically Treated Anterior Teeth Restored
with Four Post-and-Core Systems,” Quintessence Inter-
national (Berlin, Germany : 1985), 34(5) pp. 349-353.

[72] Isidor, F., Odman, P., and Brondum, K., 1996, “Intermit-
tent Loading of Teeth Restored using Prefabricated Car-
bon Fiber Posts,” The International Journal of Prostho-
dontics, 9(2) pp. 131-136.

[73] Akkayan, B., and Gulmez, T., 2002, “Resistance to Frac-
ture of Endodontically Treated Teeth Restored with Dif-
ferent Post Systems,” The Journal of Prosthetic Den-
tistry, 87(4) pp. 431-437.

[74] Ferrari, M., Vichi, A., Mannocci, F., 2000, “Retrospective
Study of the Clinical Performance of Fiber Posts,” Ameri-
can Journal of Dentistry, 13(Spec No) pp. 9B-13B.

[75] Mendoza, D. B., Eakle, W. S., Kahl, E. A., 1997, “Root
Reinforcement with a Resin-Bonded Preformed Post,”
The Journal of Prosthetic Dentistry, 78(1) pp. 10-14.

[76] Aykent, F., Kalkan, M., Yucel, M. T., 2006, “Effect of
Dentin Bonding and Ferrule Preparation on the Fracture
Strength of Crowned Teeth Restored with Dowels and
Amalgam Cores,” The Journal of Prosthetic Dentistry,
95(4) pp. 297-301.

[77] Assif, D., and Gorfil, C., 1994, “Biomechanical Consider-
ations in Restoring Endodontically Treated Teeth,” The
Journal of Prosthetic Dentistry, 71(6) pp. 565-567.

[78] Ichim, I., Kuzmanovic, D. V., and Love, R. M., 2006, “A
Finite Element Analysis of Ferrule Design on Restoration
Resistance and Distribution of Stress within a Root,” In-
ternational Endodontic Journal, 39(6) pp. 443-452.

[79] Zhi-Yue, L., and Yu-Xing, Z., 2003, “Effects of Post-Core
Design and Ferrule on Fracture Resistance of Endodonti-
cally Treated Maxillary Central Incisors,” The Journal of
Prosthetic Dentistry, 89(4) pp. 368-373.

[80] Tan, P. L., Aquilino, S. A., Gratton, D. G., 2005, “In Vitro
Fracture Resistance of Endodontically Treated Central In-
cisors with Varying Ferrule Heights and Configurations,”
The Journal of Prosthetic Dentistry, 93(4) pp. 331-336.

[81] Stankiewicz, N. R., and Wilson, P. R., 2002, “The Ferrule
Effect: A Literature Review,” International Endodontic
Journal, 35(7) pp. 575-581.

About the authors

Antonio Pérez is an associate professor
of Mechanical Engineering and the head
of the Department of Mechanical Engi-
neering and Construction at the Universi-
tat Jaume I in Castelló. Since 1995, he
has led that university’s Biomechanics
and Ergonomics research group, whose
main lines of research are: ergonomics of
hand-held tools, biomechanics of the
natural and prosthetic knee, biomechan-
ics of the hand and dental biomechanics.
He has managed several projects and

one thesis in the field of biomechanics
and ergonomics.

Carmen González is currently study-
ing for a PhD at the Universitat Jaume I in
the field of dental biomechanics, with a
particular focus on the optimal design of
posts for endodontics. 

Joaquin L. Sancho is an associate pro-
fessor of Mechanical Engineering in the
Department of Mechanical Engineering
and Construction at the Universitat
Jaume I. He has been a member of the
Biomechanics and Ergonomics groups
since it was created. He produced a

doctoral thesis based on a biomechani-
cal model of the hand to assist in the de-
sign of hand-held tools. He is the director
of a doctoral thesis in the field of dental
biomechanics and is currently in charge
of a project oriented toward the optimal
design of posts for endodontics.

Pablo J. Rodríguez is an assistant pro-
fessor of Mechanical Engineering in the
Department of Mechanical Engineering
and Construction at the Universitat
Jaume I. He has been a member of the
Biomechanics and Ergonomics group
since 2001.

501-538 Contributi 3-4.qxp:117-186 Contributios 3-2.qxp  16/07/08  13:28  Página 530


