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Abstract
This study aimed to evaluate the fracture resistance of endodontically treated maxillary central incisors restored with vari-
ous post-and-core configurations and computer-aided design/computer-aided manufacturing (CAD/CAM) resin composite 
crowns. Additionally, it assessed whether restoration design influences mechanical performance. Twenty-one maxillary 
central incisors underwent endodontic treatment and were allocated into three groups (n = 7). The FRCP group received a 
fiber-reinforced composite (FRC) post with a composite core; the NRCC group received a nanoparticle zirconia-reinforced 
composite core alone; and the FRCC group received an FRC core alone. Following fabrication of CAD/CAM resin-composite 
crowns, the specimens underwent 10,000 thermal cycles. Specimens were loaded to failure in a universal testing machine, 
and fracture patterns were examined under a stereomicroscope. Restoration type significantly influenced fracture resistance 
(p = 0.014). Mean fracture loads were 612.36 ± 87.80 Newtons (N) for FRCP, 516.98 ± 80.34 N for NRCC, and 465.65 ± 84.95 
N for FRCC. The fiber post–composite core configuration exhibited higher fracture resistance compared to composite core 
materials alone. However, all groups withstand loads exceeding typical anterior biting forces, suggesting that reinforced 
composite cores may serve as viable alternatives for restoring endodontically treated maxillary central incisors.

Keywords  Fracture resistance · Fiber post · Intraradicular restoration · Composite core material · Endodontically treated 
anterior teeth

1  Introduction

The long-term prognosis of endodontically treated teeth 
depends primarily on the amount of remaining tooth struc-
ture (Comba et al. 2021; Iemsaengchairat and Aksornmuang 
2021; Li et al. 2024; Ng et al. 2006). When coronal structure 
is largely intact and loading conditions are favorable, such 
as in anterior teeth positioned distal to the occlusal fulcrum, 
direct restoration of the access cavity may suffice (Rosenstiel 
et al. 2015). However, significant loss of coronal structure 
compromises the tooth's ability to resist functional stresses, 

particularly lateral and tipping forces. In such cases, restora-
tive strategies often necessitate an intraradicular post, core, 
and crown to re-establish form and function (Casanova and 
Özcan 2021). The primary function of the intraradicular post 
is to retain the core and final restoration, relying on root 
dentin for anchorage (Casanova and Özcan 2021; Iemsaeng-
chairat and Aksornmuang 2021; Lassila et al. 2020).

Ideally, the elastic properties of restorative materials 
should match those of dentin. Metal posts exhibit a consid-
erably higher modulus of elasticity than dentin, predispos-
ing teeth to unfavorable stress accumulation and increasing 
the risk of catastrophic root fracture (Casanova and Özcan 
2021; Iemsaengchairat and Aksornmuang 2021; Pham and 
Huynh 2019). Fiber-reinforced composite (FRC) posts offer 
an alternative; they address esthetic concerns in anterior 
teeth and possess an elasticity more comparable to dentin, 
facilitating advantageous stress distribution (Casanova and 
Özcan 2021; Garoushi et al. 2009; Pham and Huynh 2019; 
Santos et al. 2022).

Despite these benefits, post-debonding and loss of reten-
tion remain prevalent clinical failures, and root fractures 
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are not entirely eliminated by FRC posts (Casanova and 
Özcan 2021; Iemsaengchairat and Aksornmuang 2021). 
Furthermore, treatment effectiveness is compromised 
when residual coronal structure is severely damaged, as the 
remaining tooth may be too fragile to withstand masticatory 
forces (Iemsaengchairat and Aksornmuang 2021; Ng et al. 
2006). Fracture resistance in endodontically treated teeth 
is significantly influenced by residual root dentin thickness 
(Iemsaengchairat and Aksornmuang 2021; Saad et al. 2023). 
Excessive preparation of the cervical post space can leave 
the root surrounded by a thin dentinal wall (Faria-e-Silva 
et al. 2009).

While lengthening the post improves retention, bond-
ing effectiveness in the apical region remains unpredictable 
(Liang et al. 2007; Schiavetti et al. 2010) due to the technical 
difficulty of performing multiple cementation steps, such as 
etching, drying, and adhesive application, precisely within 
the intraradicular space (Aguiar et al. 2011; Behr et al. 2008; 
Chung et al. 2009; Ho et al. 2011). Advances in adhesive 
dentistry have promoted less invasive approaches prioritizing 
tooth structure conservation. The use of self-adhesive resin 
cement simplifies cementation, improves fracture resist-
ance, and strengthens the bond between short FRC posts 
and radicular dentin (Casanova and Özcan 2021; Pereira 
et al. 2013, 2021). Evidence suggests that shorter FRC posts 
may yield restorable fracture patterns and increased fracture 
resistance compared to longer posts, attributed to increased 
residual dentin thickness and enhanced adhesive integrity 
(Jakubonytė et al. 2018; Zicari et al. 2012).

Resin composite is frequently used for core build-ups due 
to its hardness and fracture toughness, which are comparable 
to natural tooth structure, allowing for light-curing treatment 
(Combe et al. 1999; Grandini et al. 2005). Recently, specific 
core build-up composites with increased filler content have 
been developed to enhance strength and handling. Varia-
tions among these materials include viscosity, curing mode, 
filler percentage, and composition. Current techniques also 

include composites reinforced with various fibers; the effi-
cacy of this reinforcement depends on stress transfer from 
the matrix to the fibers, governed by parameters such as 
resin type, fiber length, quantity, orientation, adhesion, and 
infiltration. (Garoushi et al.2009, 2017; Lassila et al. 2020).

Reinforced resin composite materials are being explored 
as substitutes for FRC or metallic posts to minimize root 
fractures, preserve tooth structure, and eliminate the need 
for luting cement (Casanova and Özcan 2021; Garoushi et al. 
2009; Iemsaengchairat and Aksornmuang 2021; Lassila 
et al. 2020; Rayyan 2014). However, literature on this topic 
remains scarce. Therefore, the current investigation aimed 
to compare fracture resistance and failure mechanisms in 
anterior teeth restored with different systems, including a 
standard fiber post-and-core system and a reinforced resin 
composite core material alone. The null hypothesis posited 
that there would be no significant differences in fracture 
resistance or failure mode among the three experimental 
groups.

2 � Materials and methods

This study was approved by the Research Ethics Commit-
tee of the Faculty of Dentistry at Ain Shams University, 
Cairo, Egypt (FDASU-REC; Approval No. (FDASU-Res 
EM042205). Materials utilized in this investigation are listed 
in "Table 1". A power analysis was conducted to ensure 
adequate statistical power to test the null hypothesis that 
there is no difference in fracture resistance across the tested 
groups. Based on prior research findings (Casanova and 
Özcan 2021), the analysis utilized an alpha (α) of 5%, a beta 
(β) of 20% (power = 80%), and an effect size (f) of 0.905. 
The estimated sample size was 18 (6 per group); however, 21 
samples were ultimately used, with 7 per group. Sample size 
calculation was performed using G*Power version 3.1.9.2.

Table 1   The materials employed throughout the investigation are presented with their main composition and manufacturer

Material name composition Manufacturer

Build-it FR core buildup material Bis-GMA, UDMA, HDDMA, 67.3 wt%, barium Boro-aluminosilicate glass fill-
ers and chopped Glass Fiber

PENTRON
USA

Luxacore Z-dual Core buildup material Bis-GMA, Barium glass, Pyrogenic silicic acid, Nano fillers and Zirconium oxide Hamburg-Germany
BisCem self-adhesive resin cement Base: Bisphenol-A glycidyl Dimethacrylate, uncured Dimethacrylate monomer 

and Glass filler
Catalyst: Phosphate Acidic monomer and Glass fillers

Bisco-USA

Palfique universal bond Bond A: Adhesive monomer; new 3D-SR monomer (phosphoric acid monomer), 
(MTU-6 and γ-MPTES), (HEMA, Bis-GMA, and TEGDMA)

Bond B: Acetone, isopropyl alcohol and water Borate and peroxide

Tokuyama-Japan

SILAN-IT Silane -Ethanol −96%
-Silane −4%

Itena Paris—France

FineEtch phosphoric acid 37% phosphoric acid Gel Spident, Korea
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2.1 � Teeth selection and preparation

Twenty-one maxillary central incisors were selected from 
a collection of extracted teeth obtained for medical reasons 
or orthodontic clearance. The teeth exhibited straight roots, 
measured 14–16 mm in length, and were free of cavities, 
fractures, defects, or previous restorations. Soft tissue and 
calculus were manually removed using an ultrasonic scaler 
(Suprasson P5 Booster, Satelec, Merignac, France), and the 
teeth were immersed in 70% ethanol for 24 h before being 
preserved in distilled water at room temperature for the dura-
tion of the experiment. For standardized handling, each tooth 
root was embedded vertically in epoxy resin blocks (CMB, 
Egypt), with the long axis aligned vertically "Fig. 1a". One 
sample was used to make a mold for the following con-
struction of a composite core by taking impression using 
addition silicone (Zhermack Elite HD +, Italy), which was 

then poured into type IV extra hard stone (TST, China) to 
generate a die. A soft transparent polyvinyl chloride sheet 
(Smile Find, Henan, China) was then vacuum-pressed over 
the stone die to form the mold "Fig. 1b".

A low-speed diamond disc (Giflex, Bredent, Senden, Ger-
many) was used to decoronate the teeth approximately 2 mm 
coronal to the cemento-enamel junction "Fig. 1c". Endodon-
tic preparation was prepared with rotary instruments (M-Pro, 
AlexDent, China) up to a #35 file with a 0.04 taper, termi-
nating 0.5 mm shorter than the root apex "Fig. 1d". Dur-
ing instrumentation, canals were irrigated with 5% sodium 
hypochlorite solution (JK Dental, Egypt). Canals were dried 
using paper points (Meta Biomed, Korea); obturation was 
performed using a size 35 single master cone and bioceramic 
sealer (CeraSeal, Meta Biomed, Korea) "Fig. 1d".

Post spaces were prepared using a white drill (Dento-
Clic, Itena, Paris, France) to a depth of 8 mm within the 

Fig. 1   Graphic diagram for 
the methodology procedure. a: 
Sound upper central mounted 
in acrylic resin blocks. b: 
Transparent PVC (Poly-vinyl 
chloride) mould. c: Sample dec-
oronation 2 mm incisal to the 
CEJ. d: Endodontic procedure 
and post space preparation. e: 
Post and core fabrication (1) 
FRCP group (2) NRCC group 
(3) FRCC group. f: Crown prep-
aration. g: Restoration design. 
h: PMMA crown fabrication. i: 
Thermocycling. j: fracture test. 
k: Special attachment with 135º 
inclination
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canal, leaving approximately 5 mm of intact apical gutta-
percha "Fig. 1d". Following post-space preparation, all 
specimens were rinsed with 5% sodium hypochlorite and 
saline solution, then dried with an air syringe and absorbent 
paper points. Specimens were then treated for 15 s with 35% 
phosphoric acid (FineEtch 37, Spident, Korea), rinsed with 
water for 15 s, and dried with an air syringe; absorbent paper 
points were used to achieve total dryness. Both the intra-
radicular dentin and coronal portion of the tooth were treated 
with a universal adhesive (Palfique Universal Bond, Tokuy-
ama, Japan) using a micro-applicator (UNIPACK, China). 
One drop of adhesive components A and B was dispensed, 
thoroughly mixed with a disposable applicator, and applied 
within one minute. After application, a gentle air stream 
was used to achieve a uniform film thickness for 30 s. Paper 
points were used to remove excess adhesive. Subsequently, 
the samples were randomly divided into three groups.

2.2 � Post and core fabrication

FRCP Group: In this group, roots were treated with white 
glass fiber posts (Ø 1.2 mm, DentoClic, Itena, Paris, France), 
trimmed 4 mm coronal to the CEJ with a high-speed hand-
piece (Coxo, China) and a medium-grit bur (Diamond Bur 
850 C, China). The post surfaces were cleaned using an 
alcohol-soaked cotton pellet before being coated with silane 
(SILAN-IT, Itena, Paris, France). After a gentle air stream 
to remove solvent, the post was cemented into the canal with 
a dual-cured self-adhesive cement (Biscem, Bisco, USA), 
applied according to the manufacturer's recommendations. 
Mild finger pressure was used when placing the post in the 
canal. A core build-up material (LuxaCore Z, DMG, Ham-
burg, Germany) was then applied within a prefabricated 

PVC mold and placed over the decoronated teeth. Initial 
light-curing (Woodpecker LED Curing Light, China) for 5 s 
facilitated easy removal of excess core material with a dental 
probe, followed by final curing for an additional 40 s from all 
directions; labial, palatal, mesial/distal "Fig. 1e1".

NRCC Group: A nanoparticle zirconia-reinforced com-
posite core material (LuxaCore Z-Dual, DMG, Hamburg, 
Germany) was injected into the canal using a small intraoral 
tip. A portion of the material was also injected into the PVC 
mold, which was then placed over the center of the decoro-
nated tooth. Photopolymerization was performed identically 
to the FRCP group "Fig. 1e2".

FRCC Group: A FRC core material (Build IT, Pentron, 
USA) was utilized as both post and core material and pro-
cessed in the same manner as the NRCC group "Fig. 1e3".

2.3 � Crown preparation and construction

To achieve consistent preparation dimensions, a surveyor 
(NOUVAF, AF30, Switzerland) was used to prepare a 0.5 
mm rounded chamfer finish line at the coronal limit of a 
2 mm ferrule on each tooth "Fig. 1f". All specimens were 
radiographed to verify completion of the procedure "Fig. 2". 
The preparations were subsequently scanned using a desk-
top scanner (DOF Inc., Seoul, South Korea); the scanned 
data were converted into Standard Triangulation Language 
(STL) files and uploaded to CAD software (Exocad Den-
talCAD, version 3, Exocad GmbH, Darmstadt, Germany), 
"Fig. 1g". Computer-aided design/computer-aided manufac-
turing (CAD/CAM) resin composite crowns were fabricated 
using a milling machine (Imes-Icore GmbH, Germany) and 
polymethyl methacrylate (PMMA) discs (Aidite PMMA, 
China). After the crowns were silanized, they were cemented 

Fig. 2   Radiographic image for 
the three groups after prepara-
tion. a: FRCP group. b: NRCC 
group. c: FRCC group
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to the prepared samples with a dual-cured self-adhesive resin 
cement "Fig. 1h".

2.4 � Fracture testing and thermal cycling

The samples underwent 10,000 thermocycles between  5 °C 
and  55 °C using a thermocycler (SD Mechatronic, Germany) 
"Fig. 1i". Subsequently, the samples were mounted in a uni-
versal testing machine (Model LR5K; Lloyd Instruments 
Ltd, Fareham, UK) at an angle of 135° using a customized 
device "Fig. 1k". A force was delivered at an angle of 45° 
relative to the tooth axis, using a load applicator placed on 
the palatal side, 3 mm apical to the crown's incisal edge. 
Loading continued until fracture occurred "Fig. 1j".

2.5 � Assessment of mode of failure

A digital microscope (Dino-Lite, Taiwan) with a built-in 
camera, mounted on a precision microscopic stand, was 
connected to a computer and set to a fixed magnification of 
45 × to examine the fractured specimens and fragments. The 
fracture patterns were categorized based on the location of 
the fracture line as either irreparable or reparable. An irrepa-
rable fracture extends apical to the CEJ, while a reparable 
fracture terminates coronal to the CEJ (Comba et al. 2021). 
Additionally, failures were classified into the following cat-
egories (Iemsaengchairat and Aksornmuang 2021): Class 1 
included fractures of the post and/or core, whereas Class 2 
referred to root fractures occurring in conjunction with post 
and/or core fractures.

2.6 � Statistical analysis

Fisher's exact test was used to examine categorical data, 
which were reported as percentages and frequencies. The 
Shapiro–Wilk and Levene's tests were used to assess homo-
geneity of variance and normality of the numerical values, 
which were reported as means and standard deviations (SD). 
One-way analysis of variance (ANOVA) and Tukey's post 
hoc test were used to evaluate normally distributed data with 
homogeneous variances. The maximum likelihood estima-
tion (MLE) method was used to estimate the Weibull distri-
bution parameters. A significance level of p < 0.05 was con-
sidered statistically significant. All statistical analyses were 
conducted using R software, version 4.3.3 for Windows.

3 � Results

3.1 � Fracture resistance (N)

The results revealed statistically significant differences among 
the groups (p = 0.014) "Table 2". The FRCP group exhibited 

the highest mean fracture resistance (612.36 ± 87.80 N), fol-
lowed by the NRCC group (516.98 ± 80.34 N) and the FRCC 
group (465.65 ± 84.95 N). Moreover, the FRCP group had 
significantly higher fracture resistance than the FRCC group 
(p < 0.001). No statistically significant differences were 
observed between the FRCP and NRCC groups or between 
the NRCC and FRCC groups.

3.2 � Weibull analysis

"Fig. 3" displays Weibull distribution parameters for each 
group. The FRCP group exhibited the highest Weibull 
modulus (7.60), indicating superior structural reliability, 
as well as the highest characteristic strength (649.82 N), 
suggesting a longer predicted lifespan. The NRCC group 
ranked second, with a modulus of (6.97) and a characteristic 
strength of 550.80 N. In contrast, the FRCC group had the 
lowest values for both modulus (6.02) and strength (500.09 
N), indicating the least structural reliability and the shortest 
expected lifespan.

3.3 � Mode of failure

The frequency and percentage of failure modes for each 
group are detailed in "Table 3", and representative images 
are provided in "Fig. 4". In the FRCP group, two specimens 
exhibited repairable fractures (post and/or core), while the 
remaining specimens displayed irreparable fractures (root 
fractures combined with post and/or core). There were no 
significant differences in failure mode distribution among 
the groups (p = 0.300).

4 � Discussion

The present study evaluated the influence of different resto-
ration protocols on the fracture resistance of endodontically 
treated maxillary central incisors. Additionally, it investi-
gated whether a reinforced resin-composite core material 
alone could replace a conventional fiber post. The results 
demonstrated that post-and-core build-up techniques sig-
nificantly affected fracture resistance; therefore, the null 
hypothesis was rejected.

This investigation employed a static loading-to-fracture 
test to evaluate the effectiveness of various materials and 

Table 2   Intergroup comparisons, mean and standard deviation (SD) 
values of fracture resistance (N)

Fracture resistance (N) (Mean ± SD) p-value

FRCP NRCC​ FRCC​

612.36 ± 87.80A 516.98 ± 80.34AB 465.65 ± 84.95B 0.014*
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restoration methods. Static loading simulates trauma sce-
narios in clinical practice, where impact forces can lead to 
complete restorative failure (Fadag et al. 2018; Naumann 
et al. 2006a, b). Anterior teeth are more susceptible to failure 
than posterior teeth due to the transverse nature of occlusal 
forces (Comba et al. 2021; Naumann et al. 2006a, b, 2008). 
Anterior teeth are more susceptible to failure than posterior 
teeth due to the transverse nature of occlusal forces (Gale 
and Darvell 1999; de V Habekost et al. 2007). In this study, 
10,000 cycles were applied to approximate one year of clini-
cal service (Munck et al. 2005).

The remaining tooth structure coronal to the CEJ plays a 
critical role in determining the failure threshold (Sorensen 
and Engelman 1990). Libman and Nicholls investigated the 
effect of different ferrule heights (0.5 to 2.0 mm) on the 
force-bearing capacity of teeth restored using cast posts and 

cores (Libman and Nicholls 1995). Their findings indicated 
that a minimum ferrule height of 1.5 mm is required for 
favorable treatment outcomes. Consequently, a 2-mm ferrule 
height was standardized in the current investigation. A CAD/
CAM resin-based provisional crown was used (Casanova 
and Özcan 2021), allowing the primary focus to remain on 
evaluating the durability of the post-and-core material and 
failure mechanisms, independent of the crown material.

The core materials used in the current study were chosen 
for their handling properties, mechanical characteristics, and 
ease of manipulation. Compressive strength is crucial for 
core materials, as they often replace a significant portion 
of tooth structure. These materials must withstand intraoral 
compressive and tensile stresses during functional and par-
afunctional activities (Saygılı and Sahmali 2002). The mate-
rials employed in this study were Build-It FR and LuxaCore 

Fig. 3   Probability plot

Table 3   Intergroup 
comparisons, frequency, and 
percentage values for mode of 
failure

Mode of fracture n (%) p-value

FRCP NRCC​ FRCC​

Repairable Post and/or core fracture 2 (28.57%) 0 (0.00%) 0 (0.00%) 0.300ns
Irreparable Root fracture combining with 

a post and/or core fracture
5 (71.43%) 7 (100.00%) 7 (100.00%)
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Fig. 4   (a): FRCP group repair-
able fracture pattern (post and 
core fracture). (b): FRCP group 
irreparable fracture pattern 
(post, core and root fracture). 
(c): NRCC group irreparable 
fracture pattern (post, core 
and root fracture). (d): FRCC 
group irreparable fracture 
pattern (post, core and root 
fracture). i: fiber post, ii: cement 
remnant, iii: tooth structure, iv: 
core material, v: CAD/CAM 
resin composite crown, CEJ: 
cemento-enamel junction
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Z dual-cure composite cores. According to the manufacturer, 
Build-It FR is a fiber-reinforced composite containing 67.3% 
fillers by mass, with a compressive strength of 300 MPa. 
LuxaCore Z composite core material contains 70% filler and 
has a compressive strength of 380 MPa.

The current study found that most failures were irrepara-
ble, with only 2 specimens (28.6%) in the FRCP group expe-
riencing reparable failure modes. The FRCP group exhibited 
the highest fracture resistance, likely due to the fiber post's 
ability to enhance load transfer between dentin and restora-
tive materials (Comba et al. 2021; Saad et al. 2023), result-
ing in a more uniform stress distribution. These findings are 
consistent with prior investigations by Lippo lassila et al. 
and Casanova et al., which compared the fracture strength of 
posts and cores versus that of core materials alone (Lassila 
et al. 2020; Casanova and Özcan 2021). They concluded 
that, for endodontically treated anterior teeth, incorporating 
a fiber post improves static load-bearing capacity compared 
with core material alone, particularly in cases with signif-
icant coronal tissue loss. However, a study by Pham KV 
et al., reported no significant difference between restorations 
with posts and cores and those without (Pham and Huynh 
2019). This discrepancy may be attributed to methodological 
differences. Specifically, the post-space depth in the post-
less technique was shallow (4 mm), enhancing light-curing 
efficiency when Smart Dentin Replacement (SDR) was used. 
This likely led to better polymerization and stronger core 
bonding, potentially reducing the need for additional rein-
forcement. Furthermore, the aging protocols differed; Pham 
and Huynh applied only 500 thermocycles, whereas the cur-
rent study employed 10,000. Extended thermal cycling is 
more likely to reveal weaknesses in bonding, stress distribu-
tion, and overall structural integrity.

Conversely, the findings differ from those of M. Rayyan, 
and Garoushi et al. who reported superior fracture resistance 
when core material was used alone without adding a fiber 
post. Variations in material and aging processes may explain 
these inconsistencies (Rayyan 2014; Garoushi et al. 2009).

In the current study, the NRCC group demonstrated 
greater fracture resistance than the FRCC group, poten-
tially due to the higher filler content in the NRCC material, 
which increases its flexural modulus and, in turn, its frac-
ture resistance. This aligns with Nakade et al., who reported 
that LuxaCore Z exhibited superior fracture toughness. This 
performance may be attributed to its unique composition 
and nanotechnology, which reduces particle agglomeration 
during manufacturing (Nakade et al. 2024).

Garoushi et al. assessed five commercial short-FRCs 
and found that the Build-It FR core material had the low-
est mechanical performance, including fracture toughness 
and reinforcement capability (Garoushi et al. 2017). This 
supports the current investigation's outcome, which found 
that the FRCC group exhibited significantly lower fracture 

strength than the other groups. This weakness was likely 
explained by microstructural limitations, particularly the low 
quantity of reinforcing microfibers and fine filler particles. 
Consequently, its capacity to absorb and redistribute stresses 
was compromised.

Finally, comparing these results to the maximum biting 
force in the anterior region, which typically does not exceed 
200 N (Chauhan et al. 2019; Rezaei Dastjerdi et al. 2015), 
suggests that all tested restoration techniques are suitable for 
repairing endodontically treated anterior teeth with signifi-
cant coronal destruction.

5 � Limitations

A primary limitation of this study is the absence of mechani-
cal fatigue loading, as only thermal cycling was performed to 
simulate aging. Future research should evaluate a wider range 
of core materials, post-and-core designs, and mechanical aging 
procedures to better understand the long-term efficacy of these 
restorative options under dynamic occlusal conditions.

6 � Conclusions

Within the limitations of the current investigation, teeth 
restored with fiber posts and composite core materials exhib-
ited greater load-bearing capacity than those restored with 
composite core materials alone. Although the FRCP group 
exhibited a higher frequency of reparable fracture patterns, 
this difference was not statistically significant.

7 � Clinical relevance

Reported maximum bite forces on anterior teeth are approx-
imately 228 N for men and 198 N for women. The study's 
outcomes indicate that the fracture resistance of all tested res-
toration techniques exceeds the typical biting forces applied 
to anterior teeth. Therefore, while fiber posts provide superior 
resistance, using reinforced composite cores as combined post-
and-core systems for endodontically treated maxillary central 
incisors may offer sufficient strength for clinical service.

Author contributions  All authors contributed to the study conception 
and design. Material preparation and data collection were performed 
by Samar Yasir Ahmed Mohamed and Fatma Adel Mohamed Ahmed, 
analysis was performed by Samar Yasir Ahmed Mohamed, Fatma Adel 
Mohamed Ahmed, and Mohamed Eldemellawy. The first draft of the 
manuscript was written by Samar Yasir Ahmed Mohamed. All authors 
commented on previous versions of the manuscript. All authors read 
and approved the final manuscript.



The Saudi Dental Journal (2026) 38:43	 Page 9 of 10  43

Funding  Open access funding provided by The Science, Technology & 
Innovation Funding Authority (STDF) in cooperation with The Egyp-
tian Knowledge Bank (EKB).

Data availability  Available on reasonable request.

Declarations 

Ethics approval and consent to participate  This study was Approved 
by the ethical committee (FDASU-REC). The approval number of the 
present study was: (FDASU-Rec EM042205). Authors confirm that 
all methods were carried out in conformity with the ethical guidelines 
established by Ain Shams University's Faculty of Dentistry Research 
Ethics Committee. According to national legislation and the Ethics 
Committee of Ain Shams University's Faculty of Dentistry, written 
consent was unnecessary.

Consent for publication  Not applicable. Authors confirm that all 
methods were carried out in conformity with the ethical guidelines 
established by Ain Shams University's Faculty of Dentistry Research 
Ethics Committee. According to national legislation and the Ethics 
Committee of Ain Shams University's Faculty of Dentistry, written 
consent was unnecessary”.

Competing interests  The authors declare that they have no conflict 
of interest.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Aguiar T, Francescantonio M, Bedran-Russo AKB, Giannini M (2011) 
Inorganic composition and filler particles morphology of resin 
cements. Dent Mater 27:538–546. https://​doi.​org/​10.​1016/j.​dental.​
2011.​08.​539

Behr M, Rosentritt M, Wimmer J, Lang R, Kolbeck C, Bürgers R et al 
(2008) Self-adhesive resin cement versus zinc phosphate luting 
material: a prospective clinical trial begun 2003. Dent Mater 
25:601–604. https://​doi.​org/​10.​1016/j.​dental.​2008.​11.​003

Casanova TP, Özcan M (2021) Can fiber-reinforced resin composites alone 
substitute adhesively luted intraradicular post and core materials under 
static and dynamic loading? J Adhes Sci Technol 35(19):2064–2078. 
https://​doi.​org/​10.​1080/​01694​243.​2021.​18721​94

Chauhan NS, Singh N, Saraswat N, Parashar A, Sandu KS, Jhajharia 
K et al (2019) Comparison of the effect for fracture resistance of 
different coronally extended post length with two different post 
materials. J Int Soc Prev Community Dent 9:144. https://​doi.​org/​
10.​4103/​jispcd.​JISPCD_​334_​18

Chung CWM, Yiu C, King N, Hiraishi N, Tay F (2009) Effect of saliva 
contamination on bond strength of resin luting cements to dentin. 
J Dent 37:923–931. https://​doi.​org/​10.​1016/j.​jdent.​2009.​07.​007

Comba A, Baldi A, Saratti C, Rocca G, Torres C, Pereira GKR, Valan-
dro F, Scotti N (2021) Could different direct restoration techniques 
affect interfacial gap and fracture resistance of endodontically 
treated anterior teeth? Clin Oral Investig 25:1–9. https://​doi.​org/​
10.​1007/​s00784-​021-​03902-y

Combe EC, Shaglouf AMS, Watts DC, Wilson NHF (1999) Mechani-
cal properties of direct core build-up materials. Dent Mater 
15(3):158–165. https://​doi.​org/​10.​1016/​S0109-​5641(99)​00027-5

de V Habekost L, Brião Camacho G, de Costa Azevedo E, Demarco 
FF (2007) Fracture resistance of thermal cycled and endodonti-
cally treated premolars with adhesive restorations. J Prosthet Dent 
98(3):186–192. https://​doi.​org/​10.​1016/​S0022-​3913(07)​60054-7

Fadag A, Negm M, Samran A, Samran A, Ahmed G, Alqerban A et al 
(2018) Fracture resistance of endodontically treated anterior teeth 
restored with different post systems: an in vitro study. https://​doi.​
org/​10.​14744/​eej.​2018.​0003

Faria-e-Silva A, Pedrosa-Filho C, Menezes M, Silveira D, Martins L 
(2009) Effect of relining on fiber post retention to root canal. J 
Appl Oral Sci 17:600–604. https://​doi.​org/​10.​1590/​S1678-​77572​
00900​06000​12

Gale MS, Darvell BW (1999) Thermal cycling procedures for labora-
tory testing of dental restorations. J Dent 27(2):89–99. https://​doi.​
org/​10.​1016/​S0300-​5712(98)​00037-2

Garoushi S, Vallittu P, Lassila L (2009) Continuous and short fiber 
reinforced composite in root post-core system of severely dam-
aged incisors. Open Dent J 3:36–41. https://​doi.​org/​10.​2174/​
18742​10600​90301​0036

Garoushi S, Vallittu PK, Lassila LVJ (2017) Mechanical properties and 
wear of five commercial fibre-reinforced filling materials. Chin 
J Dent Res 20(3):137–143. https://​doi.​org/​10.​3290/j.​cjdr.​a38768

Grandini S, Goracci C, Tay F, Grandini R, Ferrari M (2005) Clinical 
evaluation of fiber posts and direct resin restorations for endodon-
tically treated teeth. Int J Prosthodont 18(5):399–404

Ho YC, Lai YL, Chou IC, Yang SF, Lee SY (2011) Effects of light 
attenuation by fibre posts on polymerization of a dual-cured 
resin cement and microleakage of post-restored teeth. J Dent 
39(4):309–315. https://​doi.​org/​10.​1016/j.​jdent.​2011.​01.​009

Iemsaengchairat R, Aksornmuang J (2021) Fracture resistance of thin 
wall endodontically treated teeth without ferrules restored with 
various techniques. J Esthet Restor Dent. https://​doi.​org/​10.​1111/​
jerd.​12859

Jakubonytė M, Esaitis K, Junevičius J (2018) Influence of glass fibre 
post cementation depth on dental root fracture. Stomatologija 
20(2):43–48

Lassila L, Oksanen V, Frater M, Vallittu P, Garoushi S (2020) The 
influence of resin composite with high fiber aspect ratio on frac-
ture resistance of severely damaged bovine incisors. Dent Mater 
J 39. https://​doi.​org/​10.​4012/​dmj.​2019-​051

Li W, Zheng Z, Zeng Y, Zhou Z, Xiao P, Zhong X, Yan W (2024) 
Chinese dentists’ restorative preferences and choices for endo-
dontically treated teeth: a representative survey. BMC Oral Health 
24(1):1489. https://​doi.​org/​10.​1186/​s12903-​024-​05217-2

Liang B, Chen Y, Wu X, Yip K, Smales R (2007) Fracture resistance 
of roots with thin walls restored using an intermediate resin com-
posite layer placed between the dentine and a cast metal post. Eur 
J Prosthodont Restor Dent 15(1):19–22

Libman WJ, Nicholls JI (1995) Load fatigue of teeth restored with 
cast posts and cores and complete crowns. Int J Prosthodont 
8(2):155–161

Munck JD, Van Landuyt K, Coutinho E, Poitevin A, Peumans M, Lam-
brechts P, Van Meerbeek B (2005) Micro-tensile bond strength of 
adhesives bonded to class-I cavity-bottom dentin after thermo-
cycling. Dent Mater 21(11):999–1007. https://​doi.​org/​10.​1016/j.​
dental.​2004.​11.​005

Nakade P, Thaore S, Bangar B, Grover I, Alharethi N, Adsure G, 
Kulkarni D (2024) Comparative evaluation of fracture toughness 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.dental.2011.08.539
https://doi.org/10.1016/j.dental.2011.08.539
https://doi.org/10.1016/j.dental.2008.11.003
https://doi.org/10.1080/01694243.2021.1872194
https://doi.org/10.4103/jispcd.JISPCD_334_18
https://doi.org/10.4103/jispcd.JISPCD_334_18
https://doi.org/10.1016/j.jdent.2009.07.007
https://doi.org/10.1007/s00784-021-03902-y
https://doi.org/10.1007/s00784-021-03902-y
https://doi.org/10.1016/S0109-5641(99)00027-5
https://doi.org/10.1016/S0022-3913(07)60054-7
https://doi.org/10.14744/eej.2018.0003
https://doi.org/10.14744/eej.2018.0003
https://doi.org/10.1590/S1678-77572009000600012
https://doi.org/10.1590/S1678-77572009000600012
https://doi.org/10.1016/S0300-5712(98)00037-2
https://doi.org/10.1016/S0300-5712(98)00037-2
https://doi.org/10.2174/1874210600903010036
https://doi.org/10.2174/1874210600903010036
https://doi.org/10.3290/j.cjdr.a38768
https://doi.org/10.1016/j.jdent.2011.01.009
https://doi.org/10.1111/jerd.12859
https://doi.org/10.1111/jerd.12859
https://doi.org/10.4012/dmj.2019-051
https://doi.org/10.1186/s12903-024-05217-2
https://doi.org/10.1016/j.dental.2004.11.005
https://doi.org/10.1016/j.dental.2004.11.005


	 The Saudi Dental Journal (2026) 38:4343  Page 10 of 10

and flexural strength of four different core build-up materials: an 
in vitro study. J Contemp Dent Pract 25:191–195. https://​doi.​org/​
10.​5005/​jp-​journ​als-​10024-​3624

Naumann M, Blankenstein F, Kiessling S, Dietrich T (2006a) Risk 
factors for failure of glass fiber-reinforced composite post resto-
rations: a prospective observational clinical study. Eur J Oral Sci 
113:519–524. https://​doi.​org/​10.​1111/j.​1600-​0722.​2005.​00257.x

Naumann M, Preuss A, Rosentritt M (2006b) Effect of incomplete 
crown ferrules on load capacity of endodontically treated maxil-
lary incisors restored with fiber posts, composite build-ups, and 
all-ceramic crowns: an in vitro evaluation after chewing simu-
lation. Acta Odontol Scand 64:31–36. https://​doi.​org/​10.​1080/​
00016​35050​03311​20

Naumann M, Reich S, Nothdurft F, Beuer F, Schirrmeister J, Dietrich 
T (2008) Survival of glass fiber post restorations over 5 years. Am 
J Dent 21(4):267–272

Ng C, Dumbrigue H, Al-Bayat M, Griggs J, Wakefield C (2006) Influence 
of remaining coronal tooth structure location on the fracture resist-
ance of restored endodontically treated anterior teeth. J Prosthet Dent 
95:290–296. https://​doi.​org/​10.​1016/j.​prosd​ent.​2006.​02.​026

Pereira JR, do Valle AL, Ghizoni JS, Só MVR, Ramos MB, Lorenzoni FC 
(2013) Evaluation of push-out bond strength of four luting agents and 
SEM observation of the dentine/fibreglass bond interface. Int Endod 
J 46(10):982–992. https://​doi.​org/​10.​1111/​iej.​12089

Pereira JR, Pamato S, Santini MF, Porto VC, Ricci WA, Só MVR (2021) 
Push-out bond strength of fiberglass posts cemented with adhesive and 
self-adhesive resin cements according to the root canal surface. Saudi 
Dent J 33(1):22–26. https://​doi.​org/​10.​1016/j.​sdentj.​2019.​11.​009

Pham KV, Huynh TTX (2019) Bond strength and fracture resistance 
of flowable bulk fill composite posts and cores in endodontically 
treated teeth. J Int Soc Prev Community Dent 9:522–526. https://​
doi.​org/​10.​4103/​jispcd.​JISPCD_​187_​19

Rayyan MM (2014) Comprehensive techniques for intraradicu-
lar rehabilitation of weakened anterior teeth. Egypt Dent J 
60(1):1289–1297

Rezaei Dastjerdi M, Chaijan K, Tavanafar S (2015) Fracture resist-
ance of upper central incisors restored with different posts and 
cores. Restor Dent Endod 40:229–235. https://​doi.​org/​10.​5395/​
rde.​2015.​40.3.​229

Rosenstiel SF, Land MF, Fujimoto J (2015) Contemporary fixed 
prosthodontics (5th ed.). Elsevier/Mosby; St. Louis, MO. ISBN 
978–0–323–08011–8

Saad KB, Bakry SI, AboElhassan RG (2023) Fracture resist-
ance of endodontically treated teeth, restored with two 
post-core systems in different post space diameters (in vitro 
study). BMC Oral Health 23(1):992. https://​doi.​org/​10.​1186/​
s12903-​023-​03730-4

Santos TDSA, Abu Hasna A, Abreu RT, Tribst JPM, Andrade 
GS, Borges ALS, Torres CRG, Carvalho CAT (2022) Frac-
ture resistance and stress distribution of weakened teeth 
reinforced with a bundled glass fiber–reinforced resin post. 
Clin Oral Investig 26(2):1725–1735. https://​doi.​org/​10.​1007/​
s00784-​021-​04148-4

Saygılı G, Sahmali SM (2002) Comparative study of the physical 
properties of core materials. Int J Periodontics Restorative Dent 
22(4):355–364

Schiavetti R, Garcia-Godoy F, Toledano M, Mazzitelli C, Barlattani 
A, Ferrari M, Osorio R (2010) Comparison of fracture resist-
ance of bonded glass fiber posts at different lengths. Am J Dent 
23(4):227–230

Sorensen JA, Engelman MJ (1990) Effect of post adaptation on frac-
ture resistance of endodontically treated teeth. J Prosthet Dent 
64(4):419–424. https://​doi.​org/​10.​1016/​0022-​3913(90)​90037-d

Zicari F, Van Meerbeek B, Scotti R, Naert I (2012) Effect of fibre post 
length and adhesive strategy on fracture resistance of endodonti-
cally treated teeth after fatigue. J Dent 40:312–321. https://​doi.​
org/​10.​1016/j.​jdent.​2012.​01.​006

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.5005/jp-journals-10024-3624
https://doi.org/10.5005/jp-journals-10024-3624
https://doi.org/10.1111/j.1600-0722.2005.00257.x
https://doi.org/10.1080/00016350500331120
https://doi.org/10.1080/00016350500331120
https://doi.org/10.1016/j.prosdent.2006.02.026
https://doi.org/10.1111/iej.12089
https://doi.org/10.1016/j.sdentj.2019.11.009
https://doi.org/10.4103/jispcd.JISPCD_187_19
https://doi.org/10.4103/jispcd.JISPCD_187_19
https://doi.org/10.5395/rde.2015.40.3.229
https://doi.org/10.5395/rde.2015.40.3.229
https://doi.org/10.1186/s12903-023-03730-4
https://doi.org/10.1186/s12903-023-03730-4
https://doi.org/10.1007/s00784-021-04148-4
https://doi.org/10.1007/s00784-021-04148-4
https://doi.org/10.1016/0022-3913(90)90037-d
https://doi.org/10.1016/j.jdent.2012.01.006
https://doi.org/10.1016/j.jdent.2012.01.006

	The impact of restoration protocols on the fracture resistance of root canal treated anterior teeth: an in vitro study
	Abstract
	1 Introduction
	2 Materials and methods
	2.1 Teeth selection and preparation
	2.2 Post and core fabrication
	2.3 Crown preparation and construction
	2.4 Fracture testing and thermal cycling
	2.5 Assessment of mode of failure
	2.6 Statistical analysis

	3 Results
	3.1 Fracture resistance (N)
	3.2 Weibull analysis
	3.3 Mode of failure

	4 Discussion
	5 Limitations
	6 Conclusions
	7 Clinical relevance
	References


