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Abstract

Background: The contribution of cast metal and prefabricated fi-
ber posts and that of retained coronal dentin to fracture resistance 
and failure pattern of endodontically treated maxillary incisors was 
evaluated.

Materials and Methods: Sixty extracted maxillary incisors were 
endodontically treated, prepared with full shoulder, and divided 
into six groups of 10 each. A 2 mm high axial circumferential wall 
of coronal dentin was left in teeth of three groups, but removed in 
teeth of the other groups. Post space was prepared in 40 teeth: 20 
of them received cast gold posts (10 with axial ring and 10 with-
out) and likewise the other 20 teeth received quartz fiber posts. A 
2 × 3 mm “well” was prepared as core foundation in the remaining 
20 teeth. All teeth were restored with metal crowns. Tooth fracture 
strength was measured in compression at 135° to its long axis until 
failure. Data were analyzed by analysis of variance and Tukey’s 
tests. Mode of failure data were analyzed using Chi-square test.

Results: Root posts had no significant influence on the fracture 
resistance (P > 0.01). Metal posts caused root fractures whereas 
failures of fiber post restored teeth were predominantly reparable.

Conclusions: Root posts did not enhance fracture resistance of 
endodontically treated maxillary incisors. Tooth resistance to frac-
ture was made up by the ferrule effect afforded by the bracing of 
full crown against the retained coronal structures.

Keywords: Fiber post; Cast post; Root fracture; Catastrophic fail-
ure; Modulus of elasticity; Debonding; Stress concentration; Crack 
propagation

Introduction

Restoration of form and function of endodontically treated 
teeth is considered a prime objective of the operative work 
that follows root canal treatment. The mean of achieving 
this objective, however, still to the present day, is a matter of 
controversy. Loss of vitality of endodontically treated teeth 
is always accompanied by loss of moisture which presents 
a serious biomechanical shortcoming that makes the teeth 
physico-mechanically inferior to vital teeth. Destruction 
of tooth structure due to caries, previous restorations, and 
access cavity preparation renders the teeth weaker and fre-
quently results in failure of the restorative procedures.

Many endodontically treated teeth planned for fixed 
prosthodontic treatment often require additional support 
and retention from the root by means of post restoration. 
The dental literature is replete of studies and reports that 
described various types of posts [1] but lacked a general 
consensus which, in other words, reflected differences of 
thought and belief regarding the most favorable type of post 
and the best restorative technique [2]. Some reports favored 
metallic posts due to their superior mechanical properties 
[2-6], whereas other reports underrated these posts on ac-
count of their high modulus of rigidity that could cause cata-
strophic root fractures of the teeth that they restore [7-13]. 
The association of metal post with the increased occurrences 
of root fractures had triggered the search for different types 
of posts that have mechanical properties comparable to those 
of teeth. Prefabricated fiber-reinforced composite posts have 
been introduced and claimed as better alternatives to metal-
lic posts [14-16]. Fiber posts were reported as composed of 
fibers such as carbon, quartz, silica, zirconia, or glass, in 
a resin-based matrix and of anisotropic structure, whereas 
metal post systems have a homogenous, isotropic, structure 
[17-20]. It was reported that the arrangement of fibers and 
beads within a fiber post helps suppress stresses and loads 
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exerted on the restored tooth [1]. Opponents to the use of 
metallic posts believed that the use of cast post-and-core 
systems requires extra clinical sessions and laboratory pro-
cedures that may incur added cost, subjects the root canal to 
infection, and increases the risk of galvanic corrosion [17, 
20-22]. On the other hand, the proponents of using metallic 
post-and-core systems [23, 24] encouraged their use when 
more than half of the coronal tooth structure was missing 
in an endodontically treated tooth. It was believed that this 
procedure provided retention for the core which replaced the 
lost coronal tooth structure.

Researchers of some of the aforementioned work report-
ed that posts strengthen the roots of endodontically treated 
teeth; other investigators, however, believed that fracture re-
sistance of pulpless teeth depended mainly on the retained 
coronal tooth structure, and that the use of posts may com-
promise the resistance to fracture of pulpless teeth.

The present investigation aimed to evaluate the influ-
ence of root posts, cast metal, and prefabricated quartz fiber, 
and that of retained coronal structures on fracture resistance 
and the failure pattern of endodontically treated maxillary in-
cisors. The hypotheses tested were, firstly, that retained coro-
nal structure and, secondly, placement of root posts whether 
cast metal or prefabricated quartz fiber type do not affect the 
fracture resistance or failure pattern of endodontically treat-
ed maxillary incisors after quasi-static compressive loading.

 
Materials and Methods

   
A total of 60 extracted maxillary incisors were collected from 
the oral surgery clinics. They were thoroughly brushed clean 
from blood and attached soft tissues using “Asepti-Zyme” 
presoak cleaner (Ecolab Inc., MN, USA). The teeth were im-
mersed in 5% sodium hypochlorite disinfectant for 24 hours, 
and then stored in distilled water. Teeth were inspected and 
accepted for uniformity of root shape. They were cross-sec-
tioned at an 18 mm distance from the root tip using a high 
speed rotary diamond separating disc (SS White Burs, Inc., 
Lakewood, NJ, USA) so that the flat and smooth sectioned 
root face was normal to the long axis of the root. 

Root canal filling of all teeth was carried out by one 
operator using rotary Protaper® system (Quality Endodon-
tic Distributors Ltd, Peterborough, UK) and 2.5% sodium 
hypochlorite solution for irrigation. In order to standardize 
the shape of the root canals of all employed teeth, all canals 
were shaped up to F3 size file and were, consequently, obtu-
rated using system-based Gutta percha points and ZX sealer 
(DENTSPLY Ltd, Addlestone, Surrey, UK). The external 
surfaces of the roots were mechanically scored using a dia-
mond separating disc (SS White Burs, Inc., Lakewood, NJ, 
USA); the roughened root surface was indented to help fix 
the root and stabilize it within its mount during testing. The 
roots were coated with a thin film (approximately 0.5 mm 

thick) of silicon-based impression material (Speedex, Col-
tene, Switzerland). This artificial layer was used to simulate 
the periodontal ligament during fracture test. The teeth were, 
then, mounted into copper rings filled with self-polymerized 
acrylic resin (Palapress, Heraeus Kulzer, Newbury, Berk-
shire, UK). A dental surveyor (Ferraro Eng., Hereford, AZ, 
USA) was used to ensure that the long axes of the mounted 
teeth were perpendicular to the horizontal plane. A distance 
of 5 mm of the tooth height in the coronal direction was left 
unmounted but emerged out of the acrylic resin surface in 
the copper ring. 

All 60 teeth were prepared with full shoulder, and di-
vided into six groups of 10 each. Of the unmounted 5 mm 
length, 2 mm high ring-shaped axial wall covering the cir-
cumference of the tooth incisal to the finish line was pre-
pared in teeth of three groups (30 teeth), but was removed in 
teeth of the other groups. The remaining 3 mm of unmounted 
distance represented the height of the simulated bone level. 
Post space was prepared in 40 roots to the depth of 13 mm 
and standard dimensions using the same size drills (provided 
in the system kit of D.T. Light Posts Illusion, RTD. Manu-
facturing Co. Ltd, Saint Egreve, France). The thickness of 
the dentin between the root perimeter and the prepared post 
space was measured for all roots using a computerized digi-
tal caliper (CDC) and custom-made software [25], and the 
average dentin thicknesses for each group were presented in 
Table 1. Twenty of the 40 teeth in which post spaces were 
prepared (10 teeth with axial ring of coronal dentin and the 
other 10 without) received cast gold posts (Degussa Ney 
Dental Inc., Yucaipa, CA, USA). Likewise, the other 20 
teeth, 10 with axial ring of coronal dentin and 10 without, 
received quartz fiber posts (D.T. Light Posts Illusion, RTD. 
Manufacturing Co. Ltd, Saint Egreve, France). 

The remaining 20 teeth of the sample (10 teeth with 
axial ring of coronal dentin and 10 without) served as a con-
trol group. A 2 × 3 mm “well” was prepared at the coronal 
aspect of the root canal orifice in each of the control group 
teeth and functioned as core foundation. Composite core was 
built in each tooth specimen of the entire sample and then 
prepared for a full metal crown. The prepared core was lu-
bricated using petroleum jelly (NRS Global Partners, Kuala 
Lumpur, Malaysia) and on which a blue inlay wax (Rich-
ter & Hoffmann Harvard Dental GmbH, Berlin, Germany) 
pattern for a full metal crown restoration was formed using 
the appropriate size readymade polycarbonate resin central 
incisor crown form (SDI, Svenska Dental Instrument AB, 
Soha, Sweden). A transverse groove, 1 mm deep, was scored 
across the palatal surface 3 mm away from the incisal edge 
of the wax pattern. The scored groove confined to the chisel 
blade of the loading device simulating the incisal edge of a 
lower central incisor. The wax patterns were invested in a 
high expansion phosphate-bonded investment material (GC 
Fujivest II; GC America Inc., Alsip, IL, USA) and cast us-
ing a high-palladium alloy (Ultima Lite; Dentsply Ceram-
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co, Burlington, NJ, USA). The cast crowns were cemented 
(Nexus 2; Kerr Dental).

A custom designed and manufactured holding grip was 
used to insure that the tooth specimen was housed firmly at 
the point of load application by the universal testing ma-
chine (Fig. 1) (WP 310 Hydraulic Universal Tester equipped 
with a PC-aided data-recording system, G.U.N.T. Geratebau 
GmbH, Barsbuttel, Germany), which was employed to apply 
a quasi-static compressive load to tooth specimens with a 
crosshead speed of 0.5 cm/min [11, 26] at an angle of 135° 
to the long axis of teeth until failure occurred. The inclined 
compressive force was applied to the notch on the palatal 
surface of the crowns. Force data applied over time were re-
corded using the universal testing machine’s computer soft-
ware. The failure of the specimen was determined when the 
force-versus-time graph showed an abrupt change in load, 
indicating a sudden decrease in the specimen’s resistance to 
compressive loading. 

The collected data sets were treated statistically using 
analysis of variance (ANOVA) to compare means of frac-
ture resistance among the various test groups. The two-way 
ANOVA helped evaluate the influence of root posts on speci-
mens’ fracture resistance and that of the presence of retained 
coronal dentin as well as the interaction between these two 
variables. Multiple comparisons among the investigated 
test groups were carried out using Tukey’s test whereby 
the groups that were statistically different from others were 
identified. The metal crowns of the test specimens were split 
opened, after they had been tested for fracture resistance, and 
all tested teeth were visually and radiographically examined 
for evaluation of the pattern of failure and detection of the di-
rection of cracks when occurred. Fractures above the embed-
ded resin, namely, the simulated bone level were considered 
reparable and those below the resin level were considered 
irreparable. The influence of post type and that of residual 
coronal dentin on the mode of failure was statistically ana-
lyzed using Chi-square test. The statistical analyses of the 
various data sets were conducted at 99% confidence level. 

Results
  

The mean force to fracture of the test specimens is presented 
in Table 2 and displayed in Figure 2. The fracture resistance 
of teeth to quasi-static compressive loading varied sub-
stantially among the different test groups. Pairwise com-
parisons using two-way ANOVA indicated that a positive 
contribution to tooth fracture resistance was demonstrated 
by the presence of the 2 mm high circumferential ring of 
retained coronal dentin. The revealed significant influence 
(“F” = 48.260 and P < 0.01) of the residual coronal dentin 
on tooth resistance to fracture was clearly demonstrated by 
the control group tooth specimens which did not receive a 
root post restoration. That was further confirmed by teeth of 
the other groups, regardless the type of root post employed 
in their restoration. Absence of the coronal residual dentin 
incurred a substantial loss, approximately 80%, in the mag-
nitude of tooth resistance to fracture. Tukey’s HSD test for 
post hoc multiple comparisons (Table 3) revealed that root 
posts, whether cast metal or prefabricated fiber type, did not 

Prepared tooth specimens for 
restoration with the following post 
systems

Thickness of root dentin (mm) after preparing post space

Mean
(n=20) St dev. Lowest dentin 

thickness
Highest dentin
thickness

Metal posts 1.26 (±) 0.22 0.98 1.51

Fiber posts 1.23 (±) 0.26 0.69 1.07

Table 1. Thickness of Root Dentin (mm) After Preparing Post Space

Figure 1. A mounted specimen positioned at 135° angle in 
a custom made holding grip used in the universal testing 
machine (MTS 858; MTS Systems Corp., Eden Prairie, MN, 
USA) employed for fracture resistance testing (From Amin et. 
al. JMMS; vol.(9):343-352, 2013).
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play any significant role in enhancing tooth fracture resis-
tance (“F” = 5.509 and P > 0.01). Comparisons made among 
groups of cast post restored, fiber post restored, and control 
group teeth that did not have coronal dentin ring, showed 
no significant difference in the magnitude of resistance to 
fracture (“F” = 3.184 and P > 0.01). 

The prevalence of failure pattern of test specimens is 
presented in Figure 3. Analyses of failures revealed a pre-
dominance of irreparable failures demonstrated by the metal 
post restored teeth (Fig. 3). About 80% of these specimens 
(16 teeth out of 20) exhibited a significantly high incidence 
of middle third root fractures (Chi-square 10.7 and P = 
0.006) (Fig. 4A). The remaining 20% of the metal post re-
stored teeth (4 out of 20 tooth specimens) displayed core 

fragmentations (Fig. 4B) which were considered restorable 
cases. Reparable failure mode demonstrated by the fiber post 
restored teeth was significantly higher (Chi-square 30.1 and 
P = 0.001) (Fig. 3) compared with the metal post restored 
teeth. Fourteen out of 20 specimens of this group showed 
reparable failure pattern of different types, of which 20% (4 
out of 20 teeth) showed core debonding without post frac-
ture (Fig. 4C); 10% (2 out of 20 teeth) exhibited root post 
adhesive failure (Fig. 4D), and 40% (8 out of 20 teeth) dem-
onstrated crown-core-post complex fracture with cracks ex-
tending above the assumed bone level (Fig. 4E). Irreparable 
failure mode was observed in about 30% (6 out of 20 teeth) 
of this group, in which tooth specimens failed by crown-
core-post complex fracture with cracks that extended below 

Table 2. Force to Failure of Endodontically Treated Root-Post Restored Maxillary Incisors

Note: Different alphabets denote significant differences at 99% confidence level. 

Crown ferrule orientation

Force (N) to failure (mean ± St dev.) (n=10)

Root post system

Metal Fiber Control

Ring ferrule 374 (±163)A 310 (±49)A 257.5 (±96)A

No ferrule 76 (±60)B 80 (±43)B 54 (±57)B

Figure 2. Significance of root posts to fracture resistance of restored endodontically treated maxillary incisors. 
Different alphabets (inserts) denote statistically significant difference at 99% confidence level.
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the assumed bone level (Fig. 4F).

Discussion
  
The present investigation shed light on the role played by the 
retained coronal residual structures and that by placement of 
root posts, cast gold, and prefabricated quartz fiber types, on 
fracture resistance of endodontically treated teeth after being 
subjected to quasi-static compressive loading. The hypoth-
esis that a retained 2 mm high axial circumferential ring of 
coronal residual dentin does not affect the fracture resistance 
of endodontically treated teeth has been rejected. The hy-
pothesis that placing cast gold or prefabricated quartz fiber 
root posts does not affect the fracture resistance or failure 
pattern of endodontically treated maxillary incisors has been 
accepted.

The results showed that preserving a 2 mm high cir-
cumferential ring of retained coronal dentin significantly 
enhanced the fracture resistance of restored endodontically 
treated teeth (P = 0.001). The retained coronal dentin helped 
provide the resistance form of crown preparations which was 
made up by the bracing effect afforded by the crown when it 
is placed over tooth structure or core foundation. This brac-
ing effect is known as the “ferrule effect [27, 28]. Our find-
ings indicated that the fracture resistance of restored end-

odontically treated teeth was dependent on the presence of 
retained residual coronal dentin. These results confirmed the 
findings of some past reports [29, 30], but contrasted those 
of another study [31] which reported that ferrules do not en-
hance fracture resistance of post-endodontic restoration.   

The use of root posts in restoring endodontically treated 
teeth remained a controversial issue. The results of the pres-
ent investigation indicated that placement of a root post, cast 
metal or prefabricated fiber post, did not significantly im-
prove the resistance to fracture of maxillary incisors restored 
with full metal crowns whether a ferrule was present or not. 
This was in agreement with the findings of previously pub-
lished reports [32-36] which showed that insertion of a post 
does not add any beneficial effect to teeth, even in the ante-
rior region where higher tension stress due to more horizon-
tal forces develops during function. Post placement has also 
been shown not to improve marginal adaptation, retention, 
and fracture resistance of adhesive composite restorations 
on endodontically treated premolars [37-39]. Our findings, 
however, contrasted some past reported findings [32, 40, 41] 
which pointed out that post placement was not significant in 
teeth with substantial remaining coronal structure but could 
be efficacious to reduce failures of post endodontic restora-
tions for teeth with no residual coronal walls. Some studies 
revealed that teeth restored with fiber posts were shown to 
exhibit more fracture resistance compared to teeth restored 

Table 3. Group Mean Differences. When the Obtained Tukey’s “T” Value of 176 was Smaller Than the Differ-
ence Between Two Means, the Means Would Be Significantly Different

** denotes significant difference P < 0.01. NS indicates not significant difference.

Post system Means 
(n=10) (N)

Comparison mean differences

M2 M3 M4 M5 M6

Ring ferrule 
metal post M1= 374 M1-M2= 298** M1-M3= 64NS M1-M4= 294** M1-M5= 116.5NS M1-M6= 320**

No ferrule 
metal post

M2= 76 M3-M2= 234** M4-M2= 4NS M5-M2= 181.5** M2-M6= 22NS

Ring ferrule 
fiber post

M3= 310 M3-M4= 230** M3-M5= 52.5NS M3-M6= 256**

No ferrule 
fiber post

M4= 80 M5-M4= 177.5** M4-M6=26 NS

Ring ferrule 
no post

M5= 257.5 M5-M6= 203.5**

No ferrule no 
post

M6= 54
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without posts. Other studies reported that teeth restored with 
prefabricated stainless steel posts showed higher fracture 
resistance than those restored with carbon or ceramic posts 
[16, 31], and also higher than that of teeth restored with cast 
metal or glass fiber posts [17, 32, 34]. Our results, however, 
threw doubts on these findings and showed that in the ab-
sence of retained coronal structure, placement of root posts, 
both cast metal and prefabricated fiber types, incurred not 
more than an insignificant 28% increase in tooth fracture re-
sistance. Our results revealed that fracture resistance of teeth 
restored by either type of root posts was not significantly 
different from that of teeth which did not receive root post 
restoration. 

In addition to tooth fracture resistance property, success 
of a restoration has to be regarded as the chance of re-inter-
vention and preservation of the restored tooth when failure 
has happened [39]. It may be more favorable that failure oc-
curs at a lower load but in a way that it would not inflict 
structural damage to tooth integrity but maintains the tooth 
reparable. This entails that the ideal post system selected for 
restoring an endodontically treated tooth should exhibit frac-
ture resistance more than the average physiologic mastica-
tory force, but should not be too high to yield a catastrophic 
root fracture. Fracture resistance is of greater importance 
than retention because post can be recemented if dislodged 
from the tooth. However, if the root fractures, the tooth is in-
variably lost [41]. It is essential, therefore, that a post should 
not be evaluated on its size or rigidity but its ability to re-
spect the root structure. In the present investigation, the level 
of embedding of the tooth specimen in the autopolymerized 
resin was 3 mm below the cemento-enamel junction, which 
simulated the level of the alveolar bone. The mode of fail-
ure was considered reparable or irreparable depending on 
whether the fracture of the tooth specimen was above or be-
low the embedding resin, respectively. Fractures above the 

resin level were considered reparable as retreatment could 
be initiated due to accessibility and the adequate amount 
of remaining tooth structure present to provide restorative 
treatment. The fracture of the specimen below the embedded 
resin was considered irreparable as treatment would be dif-
ficult [42]. In this study, 80% of the specimens restored with 
cemented cast metal posts failed because of root fracture, 
and very few failed because of core fragmentation. Despite 
that these failures occurred at a higher load compared with 
that at which the fiber post restored counterparts failed, the 
root fracture displayed by these specimens was considered 
a catastrophic event which only leads to an inevitable loss 
of these teeth. On the other hand, more than 70% of the fi-
ber post restored teeth exhibited reparable failures showing 
core debonding, post adhesive failure, or crown-core-post 
complex fracture above simulated bone level. The results of 
this study were consistent with those of previous studies that 
reported a root fracture mode of failure was always associ-
ated with metal post restored teeth [3, 12, 18, 26, 28, 31, 36, 
40-46] whereas teeth restored with prefabricated fiber post 
systems predominantly failed by post or core fracture with-
out damaging the root. This finding pointed to the correlation 
that exists between post material and fracture of roots. It has 
been postulated that ideally, the post material should have 
the same modulus of elasticity as the root dentin in order to 
distribute the applied force evenly along the length of the 
post and the root. When a system with components of differ-
ent rigidity is loaded, the more rigid component is capable of 
resisting forces without distortion. The less rigid component 
fails and relieves stresses [20]. In the case of a metal post re-
stored endodontically treated tooth, the released stresses ini-
tiate cracks that would propagate within the root and result in 
root fracture. In the present context, the modulus of elastic-
ity of dentin is approximately 18-22 GPa [47], and accord-
ing to the manufacturers of the materials employed in this 

Figure 3. Reparable/irreparable failure mode fraction of the endodontically treated maxillary incisors restored 
with metal and fiber root post systems.
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investigation, the fiber posts’ modulus is about 23-29 GPa. 
This close similarity in elasticity would allow post flexion 
mimicking that of the tooth. This makes it very likely that 
when the tooth specimen was loaded, the fiber post had ab-
sorbed and distributed the stresses and thus, transmitted only 
reduced stresses to the root. The longitudinal arrangement of 
fibers in the post and its elastic modulus that is nearly equal 
to that of the dentin would help redistribute the stresses into 
the tooth in a fashion that would increase the likelihood of 
failure of the post-core/root interface instead of root fracture. 
In contrast, the modulus of rigidity of the cast metal post is 
approximately 91 GPa [48], that is more than four times that 
of dentin. This makes it stiff, unyielding and therefore unable 
to absorb stresses but concentrates them, resulting in an ir-
reparable root fracture.

The results of the present study showed that even though 
the magnitude of fracture resistance of the fiber post was rela-
tively inferior to that of the metal post, the former performed 
superiorly when fracture mode was taken as a parameter.  

Limitations of the study

The outcomes of this study provided an insight on the impli-
cations of the findings onto the clinical situation. However, 
clinical applications based on the principles stemmed from 
the outcomes of this study must not be practiced right away. 
Further research work is required on larger samples compris-
ing both anterior and posterior teeth and using wider range 
of chemically different root post systems. Specimens should 
preferably be tested in dynamic conditions mimicking the in-
traoral environment. The role that can be played by retained 
residual coronal structures/walls beyond the 2 mm high fer-
rule and their location relative to tooth circumference should 

be adequately evaluated. 

Conclusion 

Within the limits of this in vitro study, it was concluded that 
placement of root posts seemed not to be necessary to im-
prove the fracture resistance of endodontically treated max-
illary incisors. The fracture resistance of the teeth is mainly 
made up by the bracing effect of crowns against retained cir-
cumferential ring of coronal dentin. 
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