
UNIVERSIDADE ESTADUAL PAULISTA 
“JÚLIO DE MESQUITA FILHO”

Instituto de Ciência e Tecnologia
Campus de São José dos Campos

LITERATURE REVIEW DOI: https://doi.org/10.4322/bds.2022.e3442

1Braz Dent Sci 2022 Oct/Dec;25 (4): e3442

Fiberglass versus cast metal posts: a practical review based on 
mechanical properties
Pinos de fibra de vidro versus metal fundido: uma revisão prática baseada em propriedades mecânicas

Pedro Henrique CORAZZA1 , Marielle Bazzo DI DOMÊNICO1 , Júlia Cadorim FACENDA2 , Érlon Grando MERLO1 , 
Marcia BORBA1 , Mutlu ÖZCAN3 

1 - Universidade de Passo Fundo, Graduate Program in Dentistry. Passo Fundo, RS, Brasil.
2 - Universidade Federal de Pelotas, Dental School. Pelotas, RS, Brasil.
3 - University of Zurich, Center of Dental Medicine. Zurich, Switzerland.

ABSTRACT
The current review aimed to compare the mechanical properties and clinical behavior of fiberglass and cast metal 
posts. It included in-vitro studies, finite element analysis, clinical studies, and systematic reviews that evaluated 
fiberglass and metal posts with reliable methodologies. The reports in the literature diverge on tooth failure modes 
and stress distributions in the root according to different posts. Investigations suggest that fiberglass posts are 
preferable because their elastic modulus is similar to dentin. Other studies mention that the flexibility of fiber posts 
may damage the interface. The fracture load values of different studies could not be compared. The presence of a 
ferrule seems beneficial. Cast metal posts provide higher characteristic strength to the set but with more unfavorable 
failures. Intraradicular posts with a lower elastic modulus produce more stress between the cement layer and dentin. 
In conclusion, fiberglass and cast metal posts can be used with a ferrule. Cast metal posts seem more appropriate 
for weakened teeth. The presence of a ferrule benefits the system. Weakened teeth tolerate higher loads when 
restored with cast metal posts, but when these posts fail, the only solution is tooth extraction. Clinical follow-ups 
cannot yet detect differences between the survival rates of intraradicular fiberglass and cast metal posts.
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RESUMO
O objetivo da presente revisão foi comparar as propriedades mecânicas e o comportamento clínico de pinos de 
fibra de vidro e núcleos metálicos fundidos. Estudos laboratoriais, analise por elementos finitos, estudos clínicos 
e revisões sistemáticas que avaliaram pinos de fibra de vidro e metálicos, com metodologia confiável foram 
selecionados. A literatura mostra-se bastante controversa sobre os modos de falha do dente e a distribuição de 
tensões na raiz de acordo com diferentes tipos de pinos. Algumas investigações sugerem que pinos de fibra de 
vidro são preferíveis porque seu módulo de elasticidade é semelhante ao da dentina, enquanto outras mencionam 
que a flexibilidade do pino de fibra pode ser prejudicial à interface adesiva. Os valores de carga de fratura em 
diferentes estudos não podem ser comparados. A presença de férula é benéfica. O núcleo metálico fundido resulta 
em maior resistência característica do conjunto, mas falhas mais desfavoráveis. Também, pinos com menor 
módulo geram mais tensão entre a camada de cimento e a dentina. Em conclusão, verificou-se que tanto pino 
de fibra de vidro como núcleo metálico fundido podem ser utilizados quando a férula está presente. Os núcleos 
metálicos fundidos parecem ser mais indicados para dentes fragilizados. É evidente que a presença de férula é 
benéfica para o sistema. Dentes fragilizados toleram cargas maiores quando restaurados com núcleos metálicos 
fundidos; porém, quando falham, a única solução é a extração do dente. Os acompanhamentos clínicos ainda não 
são capazes de detectar diferença entre as taxas de sobrevivência dos pinos de fibra de vidro e núcleos metálicos.
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INTRODUCTION

Endodontically treated teeth often show 
major tissue loss [1-3], potentially from carious 
processes, fractures, extensive pre-existing 
restorations, or even endodontic access [4-6]. 
Extensive dental structure losses impair restoration 
retention [6], requiring the use of a dental 
post [1,7,8]. The most frequent dental posts 
used in dental treatments are cast metal posts 
and prefabricated fiberglass posts (Figure 1). 
Studies have discussed the use of dental posts, the 
type of retainer, and the mechanical behavior of 
restored teeth [3,7,9-15]. However, few studies 
have investigated the success rates and failure 
modes of post-retained restorations in clinical 
conditions [2,14,16].

Human dentin is different from the restorative 
materials available in the market [17]. The rigidity 
or elastic modulus of the materials used in post-
retained restorations strongly influences the 
biomechanical behavior of endodontically treated 
teeth [18]. Cast metal posts have been used for 
many years, but they have a high elastic modulus 
compared to dentin, which varies according to 
the alloy used (Gold IV: E = 99 GPa; Ni-Cr: E = 
210 GPa) [17,19]. Considering that the metal 
elastic modulus is higher than the values reported 
for human dentin (E ~ 18.6 GPa) [20,21], 
catastrophic root fractures may occur [22].

Fiberglass posts are extensively used in the 
rehabilitation of endodontically treated teeth. 
These posts have an elastic modulus similar to 
the dentin substrate (E = 9.5 - 37 GPa), are 
translucent, esthetic, and compatible with the 
Bis-GMA monomer present in most adhesive 
systems and resin cements [23]. However, are 

these characteristics sufficient to support the 
indication of fiberglass posts for all clinical cases? 
Does the low elastic modulus benefit the whole 
structure? Thus, this literature review aims to 
present and compare the mechanical properties 
and clinical behavior of fiberglass and cast metal 
posts to help dentists select the most appropriate 
treatment for different clinical situations.

It is worth mentioning that correctly choosing 
the cement is essential for post retention. There 
are five main cementation agents: zinc phosphate 
cements, polycarboxylate cements, glass ionomer 
cements, resin-modified glass ionomer cements, 
and resin cements. There is a vast literature on 
the bond strength of posts, which this review will 
not address.

Mechanical properties of cast metal posts, 
fiberglass posts, and dentin

Table I lists the mechanical properties of 
dentin, including elastic modulus (E), Poisson 
ratio (υ), flexural strength, and flexural modulus, 
and the different intracanal retainers.

Mechanical behavior

The literature is controversial about tooth 
failure modes and stress distributions in the root 
using different dental posts. Investigations [33-35] 
suggest that fiberglass posts are preferable 
because their elastic modulus is similar to dentin, 
but another study reported that cast metal posts 
provide a superior mechanical behavior [36]. 
Studies have measured the fracture strength 
of materials or treatments using monotonic 
tests, which produce the maximum fracture 
load [37,38]. These fractures are “repairable” 

Figure 1 - Schematic comparison of an anterior tooth restored with a fiberglass post and a cast metal post.
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when the failure line is above the bone level and 
“non-repairable” when the failure line is below 
the bone level [39].

Giovani et al. [37] evaluated the load 
to the fracture of canine roots restored with 
fiberglass and cast metal posts of different 
lengths. The length of cast metal posts did not 
show any effect, while longer fiberglass posts 
(10 mm) caused significantly higher fracture 
load values than shorter ones. Cast metal posts 
resulted in higher fracture loads than fiberglass 
posts in a 6-mm length. There was no difference 
between post materials for an 8-mm length. 
For the 10-mm length, fiberglass posts showed 
the highest values. Cecchin et al. [40] also 
concluded that longer fiberglass posts (12 or 
8 mm) were associated with higher fracture 
strength. Makade et al. [38] evaluated the 
fracture strength of teeth restored with different 
post/core combinations (10 mm in length). 
The control group, which did not receive post/
core treatment, showed lower fracture strength. 
The groups restored with prefabricated stainless 
steel posts and fiberglass posts registered higher 
mean fracture strength values than cast metal 
cores, agreeing with Giovani et al. [37].

Santos-Filho et al. [35] evaluated fiberglass 
posts, prefabricated steel posts, and cast metal 
posts of different lengths (5.0 mm, 7.5 mm, and 
10.0 mm) and reported findings differing from 
the previous studies. All teeth were restored 
with metal crowns, and the load was applied 
at a 45° angle, similar to the experiments by 
Giovani et al. [37] and Makade et al. [38]. 
The length of the post only affected the 
fracture strength of metal posts (cast metal and 
prefabricated steel posts), which showed lower 

strength for shorter lengths. Teeth restored 
with 10-mm cast metal posts resulted in higher 
fracture strength than the other groups. In the 
length of 5 mm, the most effective material 
was the fiberglass post. The failure analysis 
showed that all metal groups had root fractures 
(non-repairable). For fiberglass posts, fractures 
occurred in the resin filling core (repairable).

Silva et al. [41] evaluated the effect of post, 
core, type of crown, and ferrule on fracture 
strength and fracture mode of endodontically 
treated bovine incisors. Ferrule, restoration 
material, and their interaction were significant 
for fracture strength. The ferrule improved the 
mechanical performance of teeth restored with 
metal crowns. The type of dental post did not 
affect the mechanical strength of specimens, 
regardless of the presence of a ferrule or the type 
of crown. The study measured stress at the buccal 
root region with a strain gauge and showed 
higher strain values in teeth with fiberglass posts 
without ferrules.

Maalhagh-Fard et al. [42] evaluated the 
effects of different diameters of parallel cast 
posts (1.0 mm or 1.5 mm) and ferrule on the 
fracture strength of the system. There were 
statistically significant differences between 
different diameters and samples with and without 
ferrules. The presence of a ferrule increased 
fracture strength by 36% to 49% for wide and 
narrow posts, respectively. The wider diameter 
increased fracture strength by 41% for samples 
without ferrules and 29% with ferrules. Samples 
with ferrules and wider post size (490 N) showed 
the highest mean values, while the samples 
without ferrules and narrower post size (254 N) 
showed the lowest mean values.

Table I - Elastic and flexural properties of dentin and cast metal and fiberglass posts. The values in parentheses correspond to the standard 
deviation when mentioned in the article

Material/ 
Composition

Elastic modulus 
(GPa)

Poisson 
ratio Reference Flexural strength 

(MPa)
Flexural modulus 

(GPa) Reference

Dentin 
Collagen + 

hydroxyapatite

14.7 0.31 Sano et al. [24] 212.9 (41.9) 17.5 (3.8) Plotino et al. [25]

18.6 0.32 Kinney et al. [21] 514.3 (102.7) 17.4 (6.4) Cullen et al. [26]

Cast metal 
Gold – IV

99.3 0.35 Craig [27]
1545.3 (135.9) 53.4 (4.5) Plotino et al. [25]

95 0.33 Teshigawara et al. [28]

Cast metal 
Ni-Cr

188 0.27 Morris et al. [29]
1436.1 (83.1) 108.6 (10.7) Plotino et al. [25]

210 0.33 Williams et al. [19]

Fiberglass 
Epoxy resin + 

fiberglass

37 0.28 Lanza et al. [11] 562.3(24.9) 10.59 (0.97) Soares et al. [30]

45 0.25 Memon et al. [31]
680.5 (34.8) 15.87 (2.4) Soares et al. [30]

894.91(40.36) 19.85(1.83) Elnaghy & Elsaka [32]
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Materials are subject to cyclic loads in the 
presence of humidity in the mouth, which causes 
aging and decreases material strength [43]. 
Cyclic loading tests can determine material 
variables, classify characteristics of different 
materials, compare clinically proven values, 
and estimate the risk of failure [43]. Tests with 
monotonic compressive loads provide an idea of 
material behavior, but they should be carefully 
extrapolated to the clinic. Therefore, laboratory 
tests should use an adequate substrate and 
apply cyclic loading (fatigue with low loads) in 
a wet environment to simulate oral conditions 
better [43].

Barcellos et al. [39] evaluated the fracture 
strength of upper canines restored with fiberglass 
posts, fiberglass posts relined with resin 
composite, and cast Ni-Cr alloy posts and cores 
(9 mm in length). Before the load to fracture test, 
the specimens were exposed to 250,000 cycles 
in a chewing simulator. The roots restored with 
fiberglass posts relined with resin composite 
showed the highest fracture strength among the 
experimental groups and were statistically similar 
to intact teeth. Fiberglass and cast metal posts 
had similar and lower fracture strength values.

Nam et al. [12] also evaluated the effect of the 
remaining structure on the mechanical behavior 
of endodontically treated teeth. The number 
of remaining walls and the presence of fiber 
posts affected the fracture load, meaning that 
teeth restored without a fiberglass post had a 
significant fracture strength reduction when two 
or fewer walls remained intact. As the remaining 
walls reduced, the stress was concentrated in the 
coronal portion. Another study [44] evaluated 
bovine incisors without a ferrule and with a 
0.5-mm or 1-mm thick ferrule. The groups were 
restored with fiberglass posts and cast metal posts 
and cores. All groups prepared full metal crowns 
and subjected the specimens to mechanical 
cycling for aging. For the specimens restored 
with cast metal posts and cores, the group 
with a 1-mm ferrule showed higher fracture 
strength than without a ferrule. The presence of 
a ferrule had no effect when using a fiberglass 
post. Overall, 96.7% of the specimens survived 
mechanical cycling. For teeth with a 0.5-mm thick 
tip, cast metal posts and cores and the fiberglass 
posts have been associated with a high rate of 
unfavorable failures.

Bacchi et al. [45] evaluated the influence 
of ferrule and type of post (cast metal posts 
or fiberglass posts relined with composite) on 
fracture strength and stress distributions in 
premolars. The groups of cast metal posts and 
fiberglass posts relined with composite were 
similar to each other (p>0.05) in teeth with 
remaining coronal structure and presented higher 
fracture strength than samples without ferrules 
(p<0.001). There were no significant differences 
between cast metal posts and fiberglass posts 
relined with composite in teeth without remaining 
coronal structure (p>0.05). The ferrule effect 
was more important than the type of post in the 
analysis.

Wandscher et al. [36] evaluated the fracture 
load and survival rate of weakened and non-
weakened roots restored with different dental 
posts. All samples were subjected to mechanical 
cycles for survival analysis, and the specimens 
that survived were loaded to failure. For groups 
with non-weakened roots, the restoration strategy 
did not affect fracture strength. For groups with 
weakened roots, fiberglass posts provided lower 
fracture strength values than metal posts. After 
the fracture load test, the non-weakened samples 
showed 39% of unfavorable fractures, while the 
weakened samples showed 95% of unfavorable 
fractures. Roots with adequate remaining dental 
structure can be restored with any post system 
evaluated.

Pereira et al. [46] evaluated the characteristic 
fracture load and survival probability of 
endodontically treated teeth restored with cast 
metal posts and cores, prefabricated stainless 
steel posts, carbon fiber posts, and fiberglass 
posts, under mechanical fatigue. Failure was 
the point at which the load applied reached 
the highest value by bending or debonding the 
post or fracturing the root or core. The data 
on load to failure (N) determined the Weibull 
distribution for the groups. Survival probability 
was calculated according to the load at failure 
for different groups, at a 95% confidence. 
All specimens survived fatigue loading and 
were subjected to single load-to-failure testing. 
There was a significantly higher characteristic 
fracture load for groups with cast metal posts 
(750.6 N) and carbon fiber posts (755.8 N) 
than groups with fiberglass posts (461.3 N) and 
prefabricated stainless steel posts (524.8 N). 
The survival probability confirmed the trend of 
groups with carbon, fiberglass, and stainless-steel 
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prefabricated posts to show significantly lower 
values with load increase than groups with carbon 
fiber posts and cast posts and cores. All roots 
of the cast metal post group had catastrophic 
fractures.

Andrade et al. [47] evaluated the influence 
of different posts on the fatigue survival and 
biomechanical behavior of crown-restored 
central incisors. Resin composite buildup, 
fiberglass post-retained resin, and cast metal 
posts and cores were evaluated. There was no 
statistical difference between the treatments 
for the load or the number of cycles. Crown 
cracks were the predominant failure mode, 
and oblique root fractures were only observed 
with fiberglass and cast metal posts. The post 
had no significant effect on fatigue survival in 
endodontically treated incisors with a 2-mm 
ferrule. Non-restorable fractures only occurred 
in teeth restored with posts. This study suggests 
that composite buildups without posts may be 
an option for restoring endodontically treated 
incisors with a 2-mm ferrule.

Topic summary

The fracture load values from different 
studies could not be compared because they 
varied from 6.9 N to 770 N [35,37]. Despite the 
different methodologies found in the literature, 
most studies agree that:

(1) The presence of a ferrule benefits the 
system [12,36,44];

(2) The type of post is not significant in 
the presence of a remaining healthy 
tooth [36,41];

(3) The cast metal post seems to cause higher 
characteristic strength after the mechanical 
fatigue of the set [46];

(4) Fiberglass posts show a higher frequency of 
favorable failures [38,46];

(5) The 10-mm length seems safe for both 
posts [35,37].

Finite element analysis

Several studies investigated the stress 
distribution in teeth by different post-core systems 
with finite element analysis [10,11,18,19,48]. 
This tool is important to understand the failure 
mechanisms of teeth under compressive loads 
with or without posts. Nonetheless, interfaces 

are often considered perfect in the simulations, 
neglecting the effect of the bond quality among 
the different materials on stress distribution [13]. 
Stress analysis offers an extensive range of 
methods, and the most common is finite element 
analysis [10].

Lanza et al. [11] compared the stress 
distribution in the dentin and cement layer of an 
endodontically treated incisor using different post 
materials. They tested stainless steel, carbon, and 
fiberglass posts and used cements with different 
elastic moduli (7.0 and 18.7 GPa). The maximum 
Von Mises stress values ranged from 7.5 (steel 
post) to 2.2 MPa (fiberglass post). The highest 
stress concentration occurred in the cervical 
region of the tooth, on the buccal side. Fiberglass 
posts provided lower stress values at the post/
cement interface than stainless steel posts. As the 
post stiffness decreases, the cement stiffness 
becomes irrelevant, being more determinant for 
the stress distribution of more rigid posts.

Al-Omiri et al. [49] designed a three-
dimensional finite element model of a second 
mandibular premolar restored with an all-ceramic 
crown supported by a titanium post and a 
composite resin core. The variables investigated 
were the presence of posts, coronal and apical 
extensions of posts, diameter and shape of posts, 
and material of posts and cores. Horizontal 
loading produces higher stress levels than vertical 
loading. Stress levels were concentrated in the 
cervical region of the post-dentin interface in all 
models. For both loads, a higher elastic modulus 
and larger post diameter were associated with 
increased stress values at the post/dentin 
interface. Dental posts also provided higher 
dentin stress values than crowns without posts. 
Dental posts with elastic modulus similar to 
dentin and smaller diameters were associated 
with better stress distributions.

Dejak et al. [50] used the finite element 
analysis to investigate stress distribution in upper 
central incisors under the following conditions: 
intact teeth, teeth with ceramic crowns, teeth 
restored with composite resin posts reinforced 
with fiberglass, teeth restored with gold alloy 
posts, and teeth restored with cast Ni-Cr (nickel-
chromium) posts. They calculated compressive, 
tensile, and shear stresses in the cement/dentin 
interface (around the post) and under the crown, 
and used the modified Von Mises failure criterion 
(mvM). The presence of a ferrule in teeth restored 
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with posts reduced the stresses in dentin, post, 
and luting cement around the post. The maximum 
modified Von Mises failure criterion in the 
dentin decreased by 21% for the teeth restored 
with resin posts and 25% for the teeth restored 
with cast Ni-Cr posts, and intact teeth were the 
reference. The highest Von Mises stress in the 
resin cement around the fiberglass post was 55% 
higher than the stress around the metal post, 
under an oblique load. Inside the ceramic crown, 
the highest Von Mises stress value was 30.7 MPa 
for the resin substrate and 23 MPa for the cast 
metal substrate. Thus, the metal core resulted 
in lower stresses in the ceramic crown, luting 
cement, and cement/dentin bonding interface 
under the crown. Regardless of the material, 
the equivalent stress values for the posts did not 
exceed their tensile strength.

Ona et al. [51] investigated the influence of 
elastic modulus differences between the dentin 
and two types of posts (cast metal (Ni-Cr) and 
fiberglass) on the root fracture of endodontically 
treated teeth. They evaluated the conditions of 
bonded or not bonded to dentin, using the finite 
element analysis with a three-dimensional model 
of a maxillary premolar. The results showed that 
the risk of root fracture with a cast metal post 
is lower than with a fiberglass post, although 
the cast metal post showed eight times more 
stress than the fiberglass post. Fiberglass posts 
show higher tensile stress in dental structures. 
The estimated risk of post fracture was lower 
for the alloy than the composite. The highest 
maximum principal stress value in tooth structures 
occurred in the mesiobuccal cervical region for 
all models. The bonded composite post and 
core produced approximately two times the 
maximum principal stress value of the root at 
the cervical region compared to the bonded 
cast post and core. The highest maximum shear 
stress on the interfacial surface of the bonded 
cast post and core was at the mesial cervical 
region and close to the post tip. The shear stress 
of the bonded composite post and core was also 
concentrated in the cervical region but not at the 
post tip. The stress value was duplicated when the 
restoration was not bonded to dental structures.

Verri et al. [52] evaluated different materials 
(fiberglass or cast metal, the latter with various 
alloys: gold, silver-palladium, copper-aluminum, 
and nickel-chromium) for restoring teeth without 
ferrules, using a three-dimensional finite element 
analysis. Von Mises stress values were used for 

analyzing ductile materials such as posts, and 
maximum principal stress values to evaluate 
non-ductile materials such as the tooth structure. 
The fiberglass post presented the most favorable 
stress distribution, followed by Au, Ag-Pd, Cu-Al, 
and Ni-Cr, respectively. There was no statistically 
significant difference in the stress caused to 
teeth under axial loading, regardless of the post. 
Under oblique loading, fiberglass posts produced 
the highest stress values among the models, 
followed by the cast metal posts with Ni-Cr alloy. 
The authors recommended Au, Ag-Pd, and Cu-Al 
alloys to prevent higher stress on the teeth.

Kumar & Rao [10] aimed to compare stress 
distribution in a tooth restored with cast metal 
and fiberglass posts of two diameters (1.2 and 
1.4 mm), using a three-dimensional finite element 
analysis. The maximum stress (15.37 MPa for the 
1.2-mm post and 15.33 MPa for the 1.4-mm post) 
in the remaining radicular tooth structure for 
fiber post models occurred in the inner side of 
the proximal wall, at the cervical level, regardless 
of post diameter. For the cast metal models, the 
maximum stress (15.02 MPa for the 1.2-mm post 
and 14.92 MPa for the 1.4-mm post) occurred in 
the inner side around the post apex, regardless of 
post diameter. The stress of fiber post models was 
concentrated in the union between the fiber post 
and the filling core. Due to their elastic properties, 
the stress concentration of fiberglass and metal 
posts was at the cervical region and around the 
post apex, respectively.

Bacchi et al. [45] evaluated the influence of 
ferrule and type of post (cast posts and cores or 
fiberglass posts) on fracture strength and stress 
distributions. The authors obtained maximum 
principal stress (tensile) and minimum principal 
stress (compressive) values in dentin. In the 
evaluation with a mean load of 300 N, the group 
with cast posts and cores and no ferrule showed 
the highest maximum principal stress (101 Mpa) 
and minimum principal stress in dentin (14 Mpa). 
The other groups did not present significant 
differences. The site of maximum principal 
stress concentration for cast posts and cores 
and no ferrule was the root canal entry (cervical 
third), while for other groups, it was the root 
third medium. After loading each group with 
the respective fracture strength obtained in the 
laboratory analysis, the group with fiberglass 
posts and no ferrule (load 622 N) caused relevant 
higher maximum principal stress concentration 
in dentin (349 Mpa). The stress in groups with 
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ferrules was concentrated in the ferrule region, 
but the highest stress value was transferred to 
the root third medium.

Pinto et al. [53] evaluated the influence 
of different post systems (cast metal post, 
prefabricated metal post, parallel fiberglass 
post, conical fiberglass post, and composite core 
without posts) on the biomechanical behavior 
of teeth with a severe coronal structure loss. 
The von Mises analysis did not show significant 
differences in maximum stress values among 
the groups. The maximum stress in metal posts 
was into the root canal. The maximum stress 
of fiber posts and composite cores were in the 
load contact point. The maximum mvM values 
observed in the study (20.9-23.5 MPa) did not 
reach the maximum tensile strength of dentin 
presented in the literature (44.4-97.7 MPa), 
which was used to predict the dentin risk of 
failure. Cast posts and cores showed the highest 
contact pressure values, followed by composite 
cores. The type of dental post had a relevant 
influence on the biomechanical behavior of teeth 
with little remaining coronal structure.

Topic summary

The studies using finite element analysis 
aforementioned indicate the trend for posts with 
a higher elastic modulus to concentrate (inside 
the post) higher stress values than posts with a 
lower elastic modulus. There is a high divergence 
among studies. The results and discussion of 
the experiments may vary according to the site 
evaluated by the author: post, cement, interface, 
and dentin (and which dentin region). Most 
studies focused on the cervical region of the root. 
The stress between the cement line and dentin 
and inside the cervical dentin seems higher in 
rehabilitations with posts with a lower elastic 
modulus (fiberglass post). Table II summarizes 
the study findings comparing both types of 
rehabilitation.

Clinical trials

The advancement in materials science has 
increased the use of prefabricated post systems. 
However, clinical trials still do not show a 
difference between fiberglass and cast metal posts 
in the survival rate of endodontically treated 
teeth [14].

Sarkis-Onofre et al. [14] conducted a 
randomized controlled trial comparing the 

survival rate of fiberglass and cast metal posts 
used as retainers in endodontically treated teeth 
without remaining coronal structure (between 
0 and 0.5 mm). The authors evaluated 72 teeth 
restored with single metal-ceramic crowns. 
The participants were followed up for three years 
(July 2009 to May 2012), with recall visits after 
six, 12, 24, and 36 months after the treatment 
conclusion. The 3-year survival rate was similar 
for both retainers on teeth without coronal 
remnant: 92.3% for fiberglass posts and 97.1% 
for cast metal posts and cores. Four failures 
were observed: two fiberglass posts cemented 
with a regular resin cement debonded after 
eight and 26 months, one root fractured with 
a fiberglass post luted with self-adhesive resin 
cement after 15 months, and one root fractured 
with a cast metal post after 20 months. Thus, the 
type of retainer does not influence the survival 
rate of restorations, and the main outcome was 
debonding. However, a longer follow-up is 
required to detect potential differences among 
systems over time.

Cloet et al. [54] compared the 5-year 
outcome of fiberglass composite with cast 
posts and cores in 143 patients. The teeth were 
randomly divided into four groups: prefabricated 
fiberglass posts, customized fiberglass posts, 
composite cores without posts, gold alloy-based 
posts, and cast cores (control group). The patients 
were followed up after one, three, and five years 
from the start of the study. All restorations were 
examined clinically and radiographically. Root 
fractures or irreparable post/core restoration 
fractures leading to tooth extraction were 
considered absolute failures. Post retention 
loss with the possibility of recementation and 
reparable core fractures were considered relative 
failures. Success was defined as the absence 
of absolute and relative failures. Survival was 
defined as the absence of absolute failures. 
At the 5-year recall visit, there were 25 absolute 
failures: 14 belonged to the control group and 
11 to the test groups (six failures for the group 
with prefabricated fiberglass posts, two for the 
custom-made fiberglass posts, and three for the 
composite cores without posts). Absolute failures 
occurred due to root fracture, post fracture 
into the root canal, caries, endodontic failure, 
and periodontal failure. There were 21 relative 
failures: 10 belonged to the control group and 
11 to the test groups (seven failures for the group 
with prefabricated fiberglass posts, three for the 
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Table II - Comparison of cast metal and fiberglass posts in different studies

Study Type of study Cast metal post alloy Preference Additional explanation

Santos-Filho et al. [35] Load to fracture with a 
compressive load Nickel-chromium Depends on the length

10 mm favors the cast metal 
post; 5 mm favors the fiber 

post.

Giovani et al. [37] Load to fracture with a 
compressive load Copper-aluminum Depends on the length

6 mm favors the cast metal 
post; 10 mm favors the fiber 

post.

Kumar & Rao [10] Finite element analysis Gold Depends on the region 
evaluated

The fracture occurs in the 
cervical region of the tooth 
restored with a fiberglass 

post and the post apex with 
the cast metal post.

Lanza et al. [11] Finite element analysis Gold Fiberglass post
Fiberglass post resulted in 
lower stress values at the 

post/cement interface.

Makade et al. [38] Load to fracture with a 
compressive load Gold Fiberglass post

Stainless steel and fiberglass 
posts registered higher load 
values than cast metal posts.

Barcellos et al. [39] Fatigue + load to fracture 
test Nickel-chromium Fiberglass post relined 

with composite resin

Fiberglass and cast 
metal posts did not differ 

statistically and were weaker 
than fiberglass posts relined 

with composite resin.

Al-Omiri et al. [49] Finite element analysis Nickel-chromium Fiberglass post

Retainers with dentin-like 
elastic modulus and smaller 
diameters were associated 

with better stress 
distribution.

Silva et al. [41] Strain gauge Nickel-chromium Cast metal

Higher stress in the buccal 
region of the roots restored 

with fiberglass posts without 
ferrules.

Dejak et al. [50] Finite element analysis Gold and nickel-
chromium Cast metal Lower stress in dentin and 

cement in cast metal posts.

Ona et al. [51] Finite element analysis Nickel-chromium Cast metal
Higher tensile stress on 

dental structures restored 
with the fiberglass post.

Pereira et al. [46] Fatigue + load to fracture 
test Nickel-chromium Cast metal

Significantly higher 
characteristic strength for 
groups with cast metal and 

carbon fiber posts.

Wandscher et al. [36] Fatigue + load to fracture 
test

Gold and nickel-
chromium

Cast metal in 
weakened roots

Roots with an adequate 
amount of remaining dental 
structure can be restored 

with any post system.

Verri et al. [52] Finite element analysis
Gold, silver-palladium, 
copper-aluminum, and 

nickel-chromium
Cast metal

The use of fiberglass posts 
resulted in lower stress 

concentration in the post but 
increased the stress in teeth 

without ferrules.

Bacchi et al. [45]
Fatigue + load to fracture 

test + Finite element 
analysis

Copper-aluminum
The ferrule effect was 
more important than 

the type of post

There was a lower rate of 
catastrophic failures in 
groups without ferrules, 
regardless of the type of 

post.

Andrade et al. [47] Fatigue + load to fracture 
test Cast Ag-Sn alloy No difference

There was no difference 
between resin composite 

buildup, fiberglass post, and 
cast metal post regarding 
the load or the number of 

cycles.

Pinto et al. [53]
Fatigue + load to fracture 

test + Finite element 
analysis

Copper-aluminum Fiberglass post
Cast post and core was the 
only group with a prevalence 

of irreparable fractures.
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custom-made fiberglass posts, and one for the 
composite cores without posts). Relative failures 
occurred due to post retention loss, endodontic 
failure (not leading to tooth extraction), and post 
fracture requiring replacement. The 5-year success 
and survival probabilities were, respectively, 
87.8% and 92.1% for the custom-made fiberglass 
posts, 86.9% and 91.2% for the gold alloy-based 
posts and cast cores, 81.6% and 91.4% for the 
prefabricated fiberglass posts, 83.3% and 91.7% 
for the composite cores without posts. There 
were no significant differences in success or 
survival among the four groups. After five years of 
follow-up, cast gold and composite post and core 
systems in teeth with full ceramic restorations 
with ferrules performed equally well.

Salvi et al. [6] evaluated the survival rate 
and complications in teeth with roots restored 
with or without a retainer over four years. 
The study evaluated 325 teeth treated in a private 
practice. Teeth with endodontic treatment and 
without posts were the control. A rate of 54% of 
teeth was restored with a prefabricated titanium 
post + composite resin filling core + metal-
ceramic crown or composite resin; 26.5% with a 
cast metal post + metal-ceramic crown; 19.5% 
without a dental post + metal-ceramic crown or 
direct composite resin. A rate of 89% of restored 
teeth remained free of any biological or technical 
complication over the observation period, 
4.8% were affected by a technical or biological 
complication, and 6.2% were lost. The 5-year 
survival rate of the treatments was 92.5% for 
teeth restored with titanium posts, 97.1% for 
teeth restored with cast posts and cores, and 
94.3% for teeth without post retention. The most 
frequent complications were root fracture 
(6.2%), recurrent caries (1.9%), post-treatment 
periradicular disease (1.6%), and retention loss 
(1.3%). There was no difference in the survival 
rate of the teeth restored with and without dental 
posts. Implementing high-quality endodontic and 
restorative protocols and periodic monitoring 
resulted in high survival and low complication 
rates over four years.

Naumann et al. [2] studied tapered and 
parallel fiber posts. Eighty-three patients received 
105 fiberglass posts, according to the tapered 
(Luscent Anchorse) and parallel-sided serrated 
post (FibreKorw) groups. The restorations were 
followed up for at least 24 months. There were 
no failures over the first six months, and 3.8% of 
restorations failed after 12 months. The failures 

were retention loss, tooth fracture, and post 
fracture. The only tooth fracture occurred in 
the mesial root of a mandibular first molar, in 
which the post was placed at the distal root. After 
24 months, 11.4% of restorations failed: two 
posts lost retention and seven fractured. Only 
one failure resulted in tooth extraction. Thus, the 
main type of failure was post fracture. Two years 
later, the reconstruction of endodontically treated 
teeth with parallel and tapered fiberglass posts 
had a similar failure rate.

The prospective study of Luz-Silva et al. [55] 
assessed the effect of the type of post to restore 
endodontically treated teeth on the onset, 
progression, and remission of periapical lesions. 
One hundred and forty teeth (92 patients) were 
endodontically treated and received fiberglass 
or cast metal post and the final restoration. 
All patients were followed up for a mean of 
5.1 ± 2.2 years. The Periapical Index was used 
for the endodontic assessment. A rate of 67.1% 
of the teeth received fiberglass posts, while 
32.9% received cast metal posts. There were four 
endodontic failures: three fiberglass post failures 
and one cast metal post failure. After 9.4 years, the 
overall success rate of the endodontic treatment 
was 97.1% (p = 0.7). The tested posts presented 
similar endodontic healing. The precautions taken 
during endodontic therapy, post cementation, 
and final restoration are more likely to determine 
endodontic treatment success than a specific post.

Ahmed et al. [9] studied why dentists choose 
different endodontic post systems. The research 
included dentists from the United States, Canada, 
Scotland, Ireland, and Greece. A rate of 92% 
of participants were general dentists with an 
average of 25 years of experience. Most agreed 
that endodontic posts are used when the coronal 
tooth structure is insufficient for retention and to 
aid stress distribution. Fiberglass posts were the 
most used (72.2%), followed by prefabricated 
metal posts (38.6%), cast metal posts and cores 
(33.9%), prefabricated titanium posts (30.1%), 
and stainless steel posts (21.7%). The resin-
modified glass ionomer (40%) was the most 
used for cementation, followed by self-adhesive 
resin cements (29.6%). Screw posts were used by 
11.6% of dentists, and 76.5% reported the passive 
use of such posts. Tapered posts were used by 
42.5% of dentists, and 50.2% prefer parallel-
sided posts. Most dentists (88%) understood that 
the main function of a post is to provide retention 
to the restoration.
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Topic summary

The comparison of posts in clinical studies 
is presented in the Table III. The survival rates 
of fiberglass and cast metal post restorations are 
similar [14,54]. Further randomized clinical trials 
with larger sample sizes and longer follow-up 
times are required.

SYSTEMATIC REVIEWS

Systematic reviews are at the top of the 
scientific pyramid. This chapter only included 
reviews comparing metal and fiberglass posts.

A systematic review by Sarkis-Onofre et al. [56] 
investigated the influence of remaining coronal 
walls and the presence and type of posts on the 
clinical performance of restorations. The type of 
post was classified as a high or low elastic modulus. 
The study included randomized controlled trials 
and controlled clinical trials evaluating the 
combination or not of post/crown. Restoration 
success is defined as the ability of restorations 
to perform as expected, whereas restoration 
survival is defined by the rate of restorations 

remaining in loco, either repaired or not. There 
was no consensus on using the terms “success” 
and “survival” in the studies included. The post 
hoc considered success and survival together in 
the analysis. The data on the success or survival 
of restorations were collected according to the 
reports of the authors of the articles included in 
the review Teeth without ferrules highly varied for 
success/survival rates (0-97%), whereas the values 
for teeth with remaining coronal walls presented 
a lower variation (66.7-100%). When using 
posts with a high elastic modulus, the success/
survival rates varied between 71.8% and 100%, 
whereas for posts with a low elastic modulus, 
success/survival rates ranged between 28.5% 
and 100%. Using crowns without posts resulted 
in success/survival rates between 0% and 100%. 
The systematic review suggests that the number of 
remaining coronal walls and the use of posts are 
key factors for restoration success. When providing 
a suitable ferrule, the post and restoration types 
and luting agents have a lower impact on teeth 
performance. Only two studies compared posts 
with low and high elastic moduli in teeth with 
insufficient dentin remnant. Although there were 

Table III - Comparison of posts in clinical studies

Study Type of study Type of post 
evaluated Preference Additional explanation

Sarkis-Onofre et al. [14] Randomized controlled 
trial

Fiberglass and cast 
metal posts No difference

The 3-year survival rate was 
similar for both retainers on teeth 
without coronal remnant: 92.3% 

for fiberglass posts and 97.1% for 
cast metal posts and cores.

Cloet et al. [54] Randomized controlled 
trial

Fiberglass and cast 
metal posts No difference

The 5-year success and survival 
probabilities were, respectively, 

87.8% and 92.1% for custom-made 
fiberglass posts, 86.9% and 91.2% 

for gold alloy-based posts and 
cast cores, 81.6% and 91.4% for 
prefabricated fiberglass posts, 
83.3% and 91.7% for composite 

cores without posts.

Salvi et al. [6] Controlled clinical trial
Prefabricated titanium 
post, cast metal post, 

and no post
No difference

The 5-year survival rate of the 
treatments was 92.5% for teeth 

restored with titanium posts, 
97.1% for teeth restored with cast 

posts and cores, and 94.3% for 
teeth without post retention.

Naumann et al. [2] Observational clinical 
study

Tapered and parallel 
fiber posts No difference

After 24 months, 11.4% of 
restorations failed: two posts lost 

retention and seven fractured. 
Only one failure resulted in tooth 

extraction.

Luz-Silva et al. [55] Prospective study Fiberglass and cast 
metal posts No difference

There were 4 endodontic failures: 
3 fiberglass posts and one cast 

metal post. After 9.4 years, 
the overall success rate of the 

endodontic treatment was 97.1%.
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high survival rates, both restorations required a 
longer follow-up to reach a reliable conclusion. 
Therefore, posts with a high elastic modulus 
should be indicated in the absence of a ferrule.

Al-Omiri et al. [4], in a systematic review 
with laboratory studies, finite element analysis, 
and photoelastic analysis, reported that teeth 
restored with fiber posts and composite cores 
were more resistant to fracture than teeth 
restored with cast metal posts. After functional 
loading, critical stress concentration areas 
occur at the post/dentin interface, which can 
initiate microcracks within the root. These 
microcracks grow and spread with fatigue 
stress. The cervical third of the root has been 
reported as the main stress concentration 
area for fiberglass posts, and the apical third 
shows the highest stress concentration for cast 
metal posts and cores. The internal root dentin 
is usually less mineralized and has a higher 
water content than the external dentin, which 
shows higher potential for plastic deformation 
and crack formation. Many factors influence 
the fracture strength of teeth restored with 
posts. Some are directly related to the post/
core system, including post length, diameter, 
design, material, adjustment, core material, and 
cement. Other factors relate to the restored tooth 
and include cusp coverage, coronal remnant, 
loading conditions, the presence of a ferrule, 
and alveolar bone support. Increased fracture 
strength was associated with increased post 
length in all posts. Among the posts commonly 
used, the cast metal with a tapered thread has 
been reported as the riskiest for root fracture 
strength. Posts with a higher elastic modulus, 
such as cast metal, are associated with higher 
failure loads and catastrophic failures. Unlike 
rigid posts, those with the elastic modulus 
similar to dentin (fiber post) can distribute 
the stress along the post/dentin interface 
and prevent root fracture. Studies report that 
materials with a low elastic modulus bend under 
the cyclic load and tend to fail before the root 
fracture, working as a protection mechanism for 
the dental structure.

Corrêa et al. [57] evaluated fracture 
strength values and failure modes of weakened 
roots restored with cast posts and cores, fiber 
posts, and anatomical posts. They obtained 
fracture strength values and made the following 
comparisons: cast post and core vs. fiber post, 
cast post and core vs. anatomical post, and fiber 

post vs. anatomical post. There was no significant 
difference between fracture strength values, but 
there were more catastrophic failures on cast 
posts and cores. It was concluded that weakened 
roots restored with the strategies searched 
seem to have similar fracture strength, but fiber 
and anatomic posts reduce the possibility of 
catastrophic failures.

FINAL CONSIDERATIONS

The clinical follow-ups reported in the 
literature cannot yet detect a difference between 
the survival rates of fiberglass posts and cast 
metal posts and cores. This is because teeth 
failures are rare compared to their survival. Thus, 
longer follow-up times or a case-control study is 
suggested to determine the rehabilitation with the 
highest survival rate and the pattern of clinical 
failure in each condition.

The results of laboratory tests should be 
carefully extrapolated to the clinic because there 
is a high divergence in the literature. Studies 
suggest that fiberglass posts are preferable 
because their elastic modulus is similar to 
dentin and they are translucent, esthetic, and 
compatible with the Bis-GMA monomer (present 
in most adhesive systems and resin cements). 
However, other studies report that cast metal 
posts have superior mechanical behavior. This 
divergence is even higher in the finite element 
analysis. There is a trend of literature discussions 
to benefit fiberglass post restorations, which 
are more modern and esthetic, even though the 
numerical values of cast metal posts and cores 
are often superior (especially at the cement/
dentin interface). Cast metal posts and cores 
seem to survive longer and with higher loads, 
but when these posts fail, the only solution is 
tooth extraction. Fracture load values could not 
be compared among studies because they ranged 
from 6.9 N [37] to 769.85 N [35] in compressive 
loads.

The presence of a ferrule benefits the 
system. Rehabilitations can be performed with 
any post with a ferrule, and in its absence, the 
literature shows divergent results. However, 
studies mentioning that cast metal is more 
indicated for weakened teeth are more consistent. 
Several studies with finite element analysis show 
superior stress values in the cervical dentin and 
the cementation line between dentin and cement 
using fiberglass posts.



12 Braz Dent Sci 2022 Oct/Dec;25 (4): e3442

Corazza PH et al.
Fiberglass versus cast metal posts: a practical review based on mechanical properties

Corazza PH et al. Fiberglass versus cast metal posts: a practical review based on 
mechanical properties

Acknowledgements

Coordination for the Improvement of Higher 
Education Personnel (CAPES) for the scholarships 
granted.

Author’s Contributions

PHC: Conceptualization, Methodology, 
Writing – Original Draft Preparation, Writing 
– Review & Editing, Visualization, Supervision. 
MBDD: Conceptualization, Methodology, Writing 
– Original Draft Preparation, Writing – Review 
& Editing. JCF: Conceptualization, Methodology, 
Writing – Original Draft Preparation, Writing 
– Review & Editing. EGM: Conceptualization, 
Methodology,  Writ ing – Original  Draft 
Preparation, Writing – Review & Editing. MB: 
Conceptualization, Methodology, Writing – 
Original Draft Preparation, Writing – Review 
& Editing, Visualization, Supervision. MO: 
Conceptualization, Writing – Review & Editing, 
Visualization, Supervision. All authors have 
read and agreed to the published version of the 
manuscript.

Conflict of Interest

The authors report no conflict of interest. 
The authors do not have any financial interest 
in the companies whose materials are included 
in this article.

Funding

This research did not receive any specific grant 
from funding agencies in the public, commercial, 
or not-for-profit sectors. Scholarships were 
awarded by Coordination for the Improvement 
of Higher Education Personnel (CAPES).

Regulatory Statement

This study is a literature review, and does 
not require approval by the ethics committee.

REFERENCES
1. Figueiredo FED, Martins-Filho PRS, Faria-e-Silva AL. Do metal 

post–retained restorations result in more root fractures than 
fiber post–retained restorations? A systematic review and meta-
analysis. J Endod. 2015;41(3):309-16. http://dx.doi.org/10.1016/j.
joen.2014.10.006. PMid:25459568.

2. Naumann M, Blankenstein F, Dietrich T. Survival of glass 
fibre reinforced composite post restorations after 2 years-an 

observational clinical study. J Dent. 2005;33(4):305-12. http://
dx.doi.org/10.1016/j.jdent.2004.09.005. PMid:15781138.

3. Vadavadagi SV, Dhananjaya KM, Yadahalli RP, Lahari M, 
Shetty SR, Bhavana BL. Comparison of different post 
systems for fracture resistance: an in vitro study. J Contemp 
Dent Pract. 2017;18(3):205-8. http://dx.doi.org/10.5005/
jp-journals-10024-2017. PMid:28258265.

4. Al-Omiri MK, Mahmoud AA, Rayyan MR, Abu-Hammad O. 
Fracture resistance of teeth restored with post-retained 
restorations: an overview. J Endod. 2010;36(9):1439-49. http://
dx.doi.org/10.1016/j.joen.2010.06.005. PMid:20728706.

5. Christensen GJ. Intracoronal and extracoronal tooth 
restorations. J Am Dent Assoc. 1999;130(4):557-60. http://
dx.doi.org/10.14219/jada.archive.1999.0251. PMid:10203907.

6. Salvi GE, Siegrist Guldener BE, Amstad T, Joss A, Lang NP. 
Clinical evaluation of root filled teeth restored with or without 
post-and-core systems in a specialist practice setting. Int 
Endod J. 2007;40(3):209-15. http://dx.doi.org/10.1111/j.1365-
2591.2007.01218.x. PMid:17305698.

7. Ferrari M, Vichi A, Fadda GM, Cagidiaco MC, Tay FR, Breschi 
L, et al. A randomized controlled trial of endodontically treated 
and restored premolars. J Dent Res. 2012;91(7, Suppl.):72S-8S. 
http://dx.doi.org/10.1177/0022034512447949. PMid:22699672.

8. Lassila LV, Tanner J, Le Bell AM, Narva K, Vallittu PK. 
Flexural properties of fiber reinforced root canal posts. Dent 
Mater. 2004;20(1):29-36. http://dx.doi.org/10.1016/S0109-
5641(03)00065-4. PMid:14698771.

9. Ahmed SN, Donovan TE, Ghuman T. Survey of dentists 
to determine contemporary use of endodontic posts. J 
Prosthet Dent. 2017;117(5):642-5. http://dx.doi.org/10.1016/j.
prosdent.2016.08.015. PMid:27881309.

10. Kumar P, Rao RN. Three-dimensional finite element analysis 
of stress distribution in a tooth restored with metal and fiber 
posts of varying diameters: an in-vitro study. J Conserv Dent. 
2015;18(2):100-4. http://dx.doi.org/10.4103/0972-0707.153061. 
PMid:25829685.

11. Lanza A, Aversa R, Rengo S, Apicella D, Apicella A. 3D FEA of 
cemented steel, glass and carbon posts in a maxillary incisor. 
Dent Mater. 2005;21(8):709-15. http://dx.doi.org/10.1016/j.
dental.2004.09.010. PMid:16026666.

12. Nam SH, Chang HS, Min KS, Lee Y, Cho HW, Bae JM. Effect 
of the number of residual walls on fracture resistances, 
failure patterns, and photoelasticity of simulated premolars 
restored with or without fiber-reinforced composite posts. 
J Endod. 2010;36(2):297-301. http://dx.doi.org/10.1016/j.
joen.2009.10.010. PMid:20113794.

13. Salameh Z, Ounsi HF, Aboushelib MN, Sadig W, Ferrari M. 
Fracture resistance and failure patterns of endodontically 
treated mandibular molars with and without glass fiber 
post in combination with a zirconia-ceramic crown. J 
Dent. 2008;36(7):513-9. http://dx.doi.org/10.1016/j.
jdent.2008.03.014. PMid:18479800.

14. Sarkis-Onofre R, Jacinto RC, Boscato N, Cenci MS, Pereira-Cenci 
T. Cast metal vs. glass fibre posts: a randomized controlled trial 
with up to 3 years of follow up. J Dent. 2014;42(5):582-7. http://
dx.doi.org/10.1016/j.jdent.2014.02.003. PMid:24530920.

15. Soares CJ, Soares PV, Santos-Filho PCF, Castro CG, Magalhães 
D, Versluis A. The influence of cavity design and glass fiber posts 
on biomechanical behavior of endodontically treated premolars. 
J Endod. 2008;34(8):1015-9. http://dx.doi.org/10.1016/j.
joen.2008.05.017. PMid:18634938.

16. Sterzenbach G, Franke A, Naumann M. Rigid versus flexible 
dentine-like endodontic posts--clinical testing of a biomechanical 
concept: seven-year results of a randomized controlled clinical 
pilot trial on endodontically treated abutment teeth with severe 

https://doi.org/10.1016/j.joen.2014.10.006
https://doi.org/10.1016/j.joen.2014.10.006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25459568&dopt=Abstract
https://doi.org/10.1016/j.jdent.2004.09.005
https://doi.org/10.1016/j.jdent.2004.09.005
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15781138&dopt=Abstract
https://doi.org/10.5005/jp-journals-10024-2017
https://doi.org/10.5005/jp-journals-10024-2017
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28258265&dopt=Abstract
https://doi.org/10.1016/j.joen.2010.06.005
https://doi.org/10.1016/j.joen.2010.06.005
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20728706&dopt=Abstract
https://doi.org/10.14219/jada.archive.1999.0251
https://doi.org/10.14219/jada.archive.1999.0251
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10203907&dopt=Abstract
https://doi.org/10.1111/j.1365-2591.2007.01218.x
https://doi.org/10.1111/j.1365-2591.2007.01218.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17305698&dopt=Abstract
https://doi.org/10.1177/0022034512447949
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22699672&dopt=Abstract
https://doi.org/10.1016/S0109-5641(03)00065-4
https://doi.org/10.1016/S0109-5641(03)00065-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14698771&dopt=Abstract
https://doi.org/10.1016/j.prosdent.2016.08.015
https://doi.org/10.1016/j.prosdent.2016.08.015
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27881309&dopt=Abstract
https://doi.org/10.4103/0972-0707.153061
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25829685&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25829685&dopt=Abstract
https://doi.org/10.1016/j.dental.2004.09.010
https://doi.org/10.1016/j.dental.2004.09.010
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16026666&dopt=Abstract
https://doi.org/10.1016/j.joen.2009.10.010
https://doi.org/10.1016/j.joen.2009.10.010
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20113794&dopt=Abstract
https://doi.org/10.1016/j.jdent.2008.03.014
https://doi.org/10.1016/j.jdent.2008.03.014
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18479800&dopt=Abstract
https://doi.org/10.1016/j.jdent.2014.02.003
https://doi.org/10.1016/j.jdent.2014.02.003
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24530920&dopt=Abstract
https://doi.org/10.1016/j.joen.2008.05.017
https://doi.org/10.1016/j.joen.2008.05.017
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18634938&dopt=Abstract


13Braz Dent Sci 2022 Oct/Dec;25 (4): e3442

Corazza PH et al.
Fiberglass versus cast metal posts: a practical review based on mechanical properties

Corazza PH et al. Fiberglass versus cast metal posts: a practical review based on 
mechanical properties

hard tissue loss. J Endod. 2012;38(12):1557-63. http://dx.doi.
org/10.1016/j.joen.2012.08.015. PMid:23146637.

17. Pilo R, Cardash HS, Levin E, Assif D. Effect of core stiffness on 
the in vitro fracture of crowned, endodontically treated teeth. 
J Prosthet Dent. 2002;88(3):302-6. http://dx.doi.org/10.1067/
mpr.2002.127909. PMid:12426501.

18. Zarone F, Sorrentino R, Apicella D, Valentino B, Ferrari M, Aversa 
R, et al. Evaluation of the biomechanical behavior of maxillary 
central incisors restored by means of endocrowns compared 
to a natural tooth: A 3D static linear finite elements analysis. 
Dent Mater. 2006;22(11):1035-44. http://dx.doi.org/10.1016/j.
dental.2005.11.034. PMid:16406084.

19. Williams KR, Edmundson JT, Rees JS. Finite element stress 
analysis of restored teeth. Dent Mater. 1987;3(4):200-6. http://
dx.doi.org/10.1016/S0109-5641(87)80034-9. PMid:3481594.

20. Kinney JH, Balooch M, Marshall SJ, Marshall GW Jr, Weihs 
TP. Hardness and Young’s modulus of human peritubular and 
intertubular dentine. Arch Oral Biol. 1996;41(1):9-13. http://
dx.doi.org/10.1016/0003-9969(95)00109-3. PMid:8833584.

21. Kinney J, Marshall S, Marshall G. The mechanical properties of 
human dentin: a critical review and re-evaluation of the dental 
literature. Crit Rev Oral Biol Med. 2003;14(1):13-29. http://dx.doi.
org/10.1177/154411130301400103. PMid:12764017.

22. Sirimai S, Riis DN, Morgano SM. An in vitro study of the fracture 
resistance and the incidence of vertical root fracture of pulpless 
teeth restored with six post-and-core systems. J Prosthet 
Dent. 1999;81(3):262-9. http://dx.doi.org/10.1016/S0022-
3913(99)70267-2. PMid:10050112.

23. Ferrari M, Vichi A, Grandini S, Goracci C. Efficacy of a self-
curing adhesive-resin cement system on luting glass-fiber 
posts into root canals: an SEM investigation. Int J Prosthodont. 
2001;14(6):543-9. PMid:12066701.

24. Sano H, Ciucchi B, Matthews WG, Pashley DG. Tensile properties 
of mineralized and demineralized human and bovine dentin. J 
Dent Res. 1994;73(6):1205-11. http://dx.doi.org/10.1177/00220
345940730061201. PMid:8046110.

25. Plotino G, Grande NM, Bedini R, Pameijer CH, Somma F. Flexural 
properties of endodontic posts and human root dentin. Dent 
Mater. 2007;23(9):1129-35. http://dx.doi.org/10.1016/j.
dental.2006.06.047. PMid:17116326.

26. Cullen JK, Wealleans JA, Kirkpatrick TC, Yaccino JM. The effect 
of 8.25% sodium hypochlorite on dental pulp dissolution and 
dentin flexural strength and modulus. J Endod. 2015;41(6):920-4. 
http://dx.doi.org/10.1016/j.joen.2015.01.028. PMid:25791075.

27. Craig RG. Restorative dental materials. 10th ed. St. Louis: Mosby; 
1997.

28. Teshigawara D, Ino T, Otsuka H, Isogai T, Fujisawa M. Influence of 
elastic modulus mismatch between dentin and post-and-core on 
sequential bonding failure. J Prosthodont Res. 2019;63(2):227-31. 
http://dx.doi.org/10.1016/j.jpor.2018.12.003. PMid:30651211.

29. Morris HF. Veterans Administration Cooperative Studies Project 
No. 147/242. Part VII: the mechanical properties of metal ceramic 
alloys as cast and after simulated porcelain firing. J Prosthet 
Dent. 1989;61(2):160-9. http://dx.doi.org/10.1016/0022-
3913(89)90366-1. PMid:2654361.

30. Soares CJ, Novais VR, Quagliatto PS, Bona AD, Correr-Sobrinho 
L. Flexural modulus, flexural strength, and stiffness of fiber-
reinforced posts. Indian J Dent Res. 2009;20(3):277-81. http://
dx.doi.org/10.4103/0970-9290.57357. PMid:19884708.

31. Memon S, Mehta S, Malik S, Nirmal N, Sharma D, Arora H. Three-
dimensional finite element analysis of the stress distribution in 
the endodontically treated maxillary central incisor by glass fiber 
post and dentin post. J Indian Prosthodont Soc. 2016;16(1):70-4. 
http://dx.doi.org/10.4103/0972-4052.167933. PMid:27134431.

32. Elnaghy AM, Elsaka SE. Effect of surface treatments on the 
flexural properties and adhesion of glass fiber-reinforced 
composite post to self-adhesive luting agent and radicular 
dentin. Odontology. 2016;104(1):60-7. http://dx.doi.org/10.1007/
s10266-014-0184-z. PMid:25424595.

33. King PA, Setchell DJ. An in vitro evaluation of a prototype CFRC 
prefabricated post developed for the restoration of pulpless 
teeth. J Oral Rehabil. 1990;17(6):599-609. http://dx.doi.
org/10.1111/j.1365-2842.1990.tb01431.x. PMid:2283555.

34. Padmanabhan P. A comparative evaluation of the fracture 
resistance of three different pre-fabricated posts in 
endodontically treated teeth: an in vitro study. J Conserv Dent. 
2010;13(3):124-8. http://dx.doi.org/10.4103/0972-0707.71642. 
PMid:21116385.

35. Santos-Filho PC, Castro CG, Silva GR, Campos RE, Soares 
CJ. Effects of post system and length on the strain and 
fracture resistance of root filled bovine teeth. Int Endod 
J. 2008;41(6):493-501. http://dx.doi.org/10.1111/j.1365-
2591.2008.01383.x. PMid:18422584.

36. Wandscher VF, Bergoli CD, Limberger IF, Ardenghi TM, Valandro 
LF. Preliminary results of the survival and fracture load of roots 
restored with intracanal posts: weakened vs nonweakened roots. 
Oper Dent. 2014;39(5):541-55. http://dx.doi.org/10.2341/12-
465. PMid:24502753.

37. Giovani AR, Vansan LP, Sousa MD No, Paulino SM. In vitro fracture 
resistance of glass-fiber and cast metal posts with different 
lengths. J Prosthet Dent. 2009;101(3):183-8. http://dx.doi.
org/10.1016/S0022-3913(09)60025-1. PMid:19231570.

38. Makade CS, Meshram GK, Warhadpande M, Patil PG. A 
comparative evaluation of fracture resistance of endodontically 
treated teeth restored with different post core systems - an 
in-vitro study. J Adv Prosthodont. 2011;3(2):90-5. http://dx.doi.
org/10.4047/jap.2011.3.2.90. PMid:21814618.

39. Barcellos RR, Correia DPD, Farina AP, Mesquita MF, Ferraz CC, 
Cecchin D. Fracture resistance of endodontically treated teeth 
restored with intra-radicular post: the effects of post system 
and dentine thickness. J Biomech. 2013;46(15):2572-7. http://
dx.doi.org/10.1016/j.jbiomech.2013.08.016. PMid:24055192.

40. Cecchin D, Farina AP, Guerreiro CA, Carlini-Junior B. Fracture 
resistance of roots prosthetically restored with intra-radicular 
posts of different lengths. J Oral Rehabil. 2010;37(2):116-
22. http://dx.doi.org/10.1111/j.1365-2842.2009.02028.x. 
PMid:19968767.

41. Silva NR, Raposo LH, Versluis A, Fernandes-Neto AJ, Soares CJ. 
The effect of post, core, crown type, and ferrule presence on 
the biomechanical behavior of endodontically treated bovine 
anterior teeth. J Prosthet Dent. 2010;104(5):306-17. http://
dx.doi.org/10.1016/S0022-3913(10)60146-1. PMid:20970537.

42. Maalhagh-Fard A, Pacheco RR, Gill K, Wagner WC. Effects of 
ferrule and diameter of parallel cast post and core on fracture 
resistance. Braz Dent Sci. 2019;22(4):538-45. http://dx.doi.
org/10.14295/bds.2019.v22i4.1720.

43. Heintze SD, Albrecht T, Cavalleri A, Steiner M. A new method to 
test the fracture probability of all-ceramic crowns with a dual-
axis chewing simulator. Dent Mater. 2011;27(2):e10-9. http://
dx.doi.org/10.1016/j.dental.2010.09.004. PMid:20932564.

44. Fontana PE, Bohrer TC, Wandscher VF, Valandro LF, Limberger 
IF, Kaizer OB. Effect of ferrule thickness on fracture resistance 
of teeth restored with a glass fiber post or cast post. Oper 
Dent. 2019;44(6):E299-308. http://dx.doi.org/10.2341/18-241-L. 
PMid:31283420.

45. Bacchi A, Caldas RA, Schmidt D, Detoni M, Cecchin D, Farina AP. 
Fracture strength and stress distribution in premolars restored 
with cast post-and-cores or glass-fiber posts considering the 
influence of ferule. BioMed Res Int. 2019;2019:2196519. http://
dx.doi.org/10.1155/2019/2196519. PMid:30719440.

https://doi.org/10.1016/j.joen.2012.08.015
https://doi.org/10.1016/j.joen.2012.08.015
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23146637&dopt=Abstract
https://doi.org/10.1067/mpr.2002.127909
https://doi.org/10.1067/mpr.2002.127909
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12426501&dopt=Abstract
https://doi.org/10.1016/j.dental.2005.11.034
https://doi.org/10.1016/j.dental.2005.11.034
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16406084&dopt=Abstract
https://doi.org/10.1016/S0109-5641(87)80034-9
https://doi.org/10.1016/S0109-5641(87)80034-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3481594&dopt=Abstract
https://doi.org/10.1016/0003-9969(95)00109-3
https://doi.org/10.1016/0003-9969(95)00109-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8833584&dopt=Abstract
https://doi.org/10.1177/154411130301400103
https://doi.org/10.1177/154411130301400103
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12764017&dopt=Abstract
https://doi.org/10.1016/S0022-3913(99)70267-2
https://doi.org/10.1016/S0022-3913(99)70267-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10050112&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12066701&dopt=Abstract
https://doi.org/10.1177/00220345940730061201
https://doi.org/10.1177/00220345940730061201
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8046110&dopt=Abstract
https://doi.org/10.1016/j.dental.2006.06.047
https://doi.org/10.1016/j.dental.2006.06.047
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17116326&dopt=Abstract
https://doi.org/10.1016/j.joen.2015.01.028
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25791075&dopt=Abstract
https://doi.org/10.1016/j.jpor.2018.12.003
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30651211&dopt=Abstract
https://doi.org/10.1016/0022-3913(89)90366-1
https://doi.org/10.1016/0022-3913(89)90366-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2654361&dopt=Abstract
https://doi.org/10.4103/0970-9290.57357
https://doi.org/10.4103/0970-9290.57357
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19884708&dopt=Abstract
https://doi.org/10.4103/0972-4052.167933
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27134431&dopt=Abstract
https://doi.org/10.1007/s10266-014-0184-z
https://doi.org/10.1007/s10266-014-0184-z
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25424595&dopt=Abstract
https://doi.org/10.1111/j.1365-2842.1990.tb01431.x
https://doi.org/10.1111/j.1365-2842.1990.tb01431.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2283555&dopt=Abstract
https://doi.org/10.4103/0972-0707.71642
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21116385&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21116385&dopt=Abstract
https://doi.org/10.1111/j.1365-2591.2008.01383.x
https://doi.org/10.1111/j.1365-2591.2008.01383.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18422584&dopt=Abstract
https://doi.org/10.2341/12-465
https://doi.org/10.2341/12-465
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24502753&dopt=Abstract
https://doi.org/10.1016/S0022-3913(09)60025-1
https://doi.org/10.1016/S0022-3913(09)60025-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19231570&dopt=Abstract
https://doi.org/10.4047/jap.2011.3.2.90
https://doi.org/10.4047/jap.2011.3.2.90
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21814618&dopt=Abstract
https://doi.org/10.1016/j.jbiomech.2013.08.016
https://doi.org/10.1016/j.jbiomech.2013.08.016
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24055192&dopt=Abstract
https://doi.org/10.1111/j.1365-2842.2009.02028.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19968767&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19968767&dopt=Abstract
https://doi.org/10.1016/S0022-3913(10)60146-1
https://doi.org/10.1016/S0022-3913(10)60146-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20970537&dopt=Abstract
https://doi.org/10.14295/bds.2019.v22i4.1720
https://doi.org/10.14295/bds.2019.v22i4.1720
https://doi.org/10.1016/j.dental.2010.09.004
https://doi.org/10.1016/j.dental.2010.09.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20932564&dopt=Abstract
https://doi.org/10.2341/18-241-L
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31283420&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31283420&dopt=Abstract
https://doi.org/10.1155/2019/2196519
https://doi.org/10.1155/2019/2196519
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30719440&dopt=Abstract


14 Braz Dent Sci 2022 Oct/Dec;25 (4): e3442

Corazza PH et al.
Fiberglass versus cast metal posts: a practical review based on mechanical properties

Corazza PH et al. Fiberglass versus cast metal posts: a practical review based on 
mechanical properties

46. Pereira JR, Valle AL, Shiratori FK, Ghizoni JS, Bonfante EA. The 
effect of post material on the characteristic strength of fatigued 
endodontically treated teeth. J Prosthet Dent. 2014;112(5):1225-
30. http://dx.doi.org/10.1016/j.prosdent.2014.03.014. 
PMid:24836285.

47. Andrade GS, Tribst JPM, Orozco EI, Augusto MG, Bottino 
MA, Borges AL,  et  al. Influence of different post-endodontic 
restorations on the fatigue survival and biomechanical 
behavior of central incisors. Am J Dent. 2020;33(5):227-34. 
PMid:33017523.

48. Yoon HG, Oh HK, Lee DY, Shin JH. 3-D finite element analysis 
of the effects of post location and loading location on stress 
distribution in root canals of the mandibular 1st molar. J Appl Oral 
Sci. 2018;26(0):e20160406. http://dx.doi.org/10.1590/1678-
7757-2016-0406. PMid:29451648.

49. Al-Omiri MK, Rayyan MR, Abu-Hammad O. Stress analysis 
of endodontically treated teeth restored with post-retained 
crowns: a finite element analysis study. J Am Dent Assoc. 
2011;142(3):289-300. http://dx.doi.org/10.14219/jada.
archive.2011.0168. PMid:21357863.

50. Dejak B, Młotkowski A. Finite element analysis of strength 
and adhesion of cast posts compared to glass fiber-
reinforced composite resin posts in anterior teeth. J Prosthet 
Dent. 2011;105(2):115-26. http://dx.doi.org/10.1016/S0022-
3913(11)60011-5. PMid:21262409.

51. Ona M, Wakabayashi N, Yamazaki T, Takaichi A, Igarashi Y. The 
influence of elastic modulus mismatch between tooth and post 
and core restorations on root fracture. Int Endod J. 2013;46(1):47-
52. http://dx.doi.org/10.1111/j.1365-2591.2012.02092.x. 
PMid:22775227.

52. Verri FR, Okumura MHT, Lemos CAA, Almeida DAF, de Souza 
Batista VE, Cruz RS,  et  al. Three-dimensional finite element 
analysis of glass fiber and cast metal posts with different alloys 
for reconstruction of teeth without ferrule. J Med Eng Technol. 
2017;41(8):644-51. http://dx.doi.org/10.1080/03091902.2017.1
385655. PMid:29043866.

53. Pinto CL, Bhering CLB, de Oliveira GR, Maroli A, Reginato VF, 
Caldas RA,  et  al. The influence of post system design and 
material on the biomechanical behavior of teeth with little 
remaining coronal structure. J Prosthodont. 2019;28(1):e350-6. 
http://dx.doi.org/10.1111/jopr.12804. PMid:29756670.

54. Cloet E, Debels E, Naert I. Controlled clinical trial on the outcome 
of glass fiber composite cores versus wrought posts and cast 
cores for the restoration of endodontically treated teeth: a 
5-year follow-up study. Int J Prosthodont. 2017;30(1):71-9. http://
dx.doi.org/10.11607/ijp.4861. PMid:28085986.

55. Luz-Silva G, Vetromilla BM, Pereira-Cenci T. Influence of post 
type on periapical status: a prospective study in a Brazilian 
population. Clin Oral Investig. 2022;26(1):781-7. http://dx.doi.
org/10.1007/s00784-021-04057-6. PMid:34231058.

56. Sarkis-Onofre R, Fergusson D, Cenci MS, Moher D, Pereira-Cenci 
T. Performance of post-retained single crowns: a systematic 
review of related risk factors. J Endod. 2017;43(2):175-83. http://
dx.doi.org/10.1016/j.joen.2016.10.025. PMid:28132706.

57. Corrêa G, Brondani LP, Sarkis-Onofre R, Bergoli CD. Restorative 
strategies for weakened roots: systematic review and Meta-
analysis of in vitro studies. Braz Dent Sci. 2019;22(1):124-34. 
http://dx.doi.org/10.14295/bds.2019.v22i1.1672.

Pedro Henrique Corazza 
(Corresponding address) 
Universidade de Passo Fundo, Dental School, Graduate Program in Dentistry, Passo 
Fundo, RS, Brasil. 
Email: pedrocorazza@yahoo.com.br

Date submitted: 2022 Feb 25 
Accept submission: 2022 June 13

https://doi.org/10.1016/j.prosdent.2014.03.014
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24836285&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24836285&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33017523&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33017523&dopt=Abstract
https://doi.org/10.1590/1678-7757-2016-0406
https://doi.org/10.1590/1678-7757-2016-0406
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29451648&dopt=Abstract
https://doi.org/10.14219/jada.archive.2011.0168
https://doi.org/10.14219/jada.archive.2011.0168
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21357863&dopt=Abstract
https://doi.org/10.1016/S0022-3913(11)60011-5
https://doi.org/10.1016/S0022-3913(11)60011-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21262409&dopt=Abstract
https://doi.org/10.1111/j.1365-2591.2012.02092.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22775227&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22775227&dopt=Abstract
https://doi.org/10.1080/03091902.2017.1385655
https://doi.org/10.1080/03091902.2017.1385655
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29043866&dopt=Abstract
https://doi.org/10.1111/jopr.12804
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29756670&dopt=Abstract
https://doi.org/10.11607/ijp.4861
https://doi.org/10.11607/ijp.4861
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28085986&dopt=Abstract
https://doi.org/10.1007/s00784-021-04057-6
https://doi.org/10.1007/s00784-021-04057-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34231058&dopt=Abstract
https://doi.org/10.1016/j.joen.2016.10.025
https://doi.org/10.1016/j.joen.2016.10.025
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28132706&dopt=Abstract
https://doi.org/10.14295/bds.2019.v22i1.1672

