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 This study aimed to compare fracture resistance on endodontically treated 

premolars restored with endocrowns and conventional crowns reinforced 

with and without fiber posts when subjected to pressure forces. 30 intact 

premolars were extracted for orthodontic reasons. All teeth had nearly 

identical dimensions, endodontically treated and divided into three equal 

groups (10 each). Then all premolar crowns were cut at 2 mm above the 

CEJ. Group A were restored by glass ceramic reinforced with lithium 

disilicate (LDS) Endocrowns. Group B were restored by LDS conventional 

crowns reinforced with fiber posts. Group C were restored by LDS 

conventional crowns reinforced with a composite build-up without posts. 

All restorations were cemented by dual cure resin cement and then 

subjected to pressure test by using a general mechanical testing machine. 

Each sample was loaded until fracture. The data were recorded by Newton 

(N). Samples failure modes were examined by stereoscope and 

radiography. Then the data were statistically analyzed. One-way ANOVA 

then Bonferroni (Sidak) test were used to determine and reveal any 

significant differences in fracture strength means between the groups. Chi 

Square test was also used to analyze the relationship between fracture 

strength means and failure modes. One-way ANOVA test revealed 

statistically significant differences between fracture strength means of the 

studied groups (p> 0.05), and Bonferroni (Sidak) test revealed significant 

differences between group A (914.2) N and B (734.2) N and between A and 

C (792.3) N, while there was no statistically significant difference between 

group B and C. Irreparable fractures were mostly seen in group A due to 

higher fracture strength means. Endocrowns revealed the highest resistance 

fracture mean, followed by the classical crowns groups. Endocrowns 

mostly caused unfavorable failures. Crowns reinforced composite with no 

posts (group C) showed a preferred behavior, so it is a promising method 

because of its less invasive approach. 
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1. INTRODUCTION 

Restoration of Endodontically Treated Premolars (ETPs) with extensively damaged coronal tissue is still a 

challenge in clinical practice of dentistry [1]. ETPs become more prone to fracture due to the removal extra 

dental tissue during endodontic treatment such as access cavity and dentinal root [2]. In ETPs, when there is 

insufficient ferrule to supply the bonding surface, the post and core technique is indicated to support the 

restoration [3]. Prefabricated fiber posts have a modulus of elasticity approximately close to the dentin’s 

compared to cast metal posts, allowing better stress distribution and less root fractures [4]. However, in a 

narrow and long root canal C-Factor (bonded/ unbonded surfaces ratio) is not the best; this increases stress 

due to polymerization shrinkage [5]. Moreover, it is a sensitive technique because root perforation may occur 

during preparation for the post [6]. 

 

With the development of adhesive dentistry, "endocrown" (ECW) term was introduced in 1998 by Bindl and 

Mormann, who defined it as a "monoblock porcelain crown bonded to pulp chamber in posterior teeth" [7]. 

ECW is a more conservative procedure compared to conventional crowns [8]. The need for the root posts to 

retain cores isn’t newborn, on the other hand, in 1984, a high success rate was noticed for restored ETPs with 

no posts (9). Therefore, an alternative method of Composite resin Build-Up (CBU) with no posts and a full-

ceramic crowns has been studied in endodontically treated molars [10- 12].  Yet, to our knowledge, there isn’t 

any in vitro or in vivo comparative studies of ETPs restored with endocrowns versus crowns without posts. 

Furthermore, the literature is not conclusive about the most appropriate method for restoring ETPs. Clinical 

trial is still the ultimate instrument for dental biomaterials, but requires considerable effort, time and 

commitment from the patients under study, and always includes the risk that after many years of clinical 

service the tested materials are no longer available in the market [13], [14]. For these reasons, laboratory 

studies are very important, basically when fatigue phenomena are included [15], [16]. However, laboratory 

studies have limitations. 

 

Consequently, the aim of this in vitro study was to compare the fracture resistance and failure modes in ETPs 

with different rehabilitation methods: (Fig. 1) 

(A) lithium disilicate (LDS) ECW. 

(B) LDS crowns with fiber reinforced posts (FRP). 

(C) LDS crowns reinforced with a composite build-up without posts (CBU). 

Therefore, the null hypothesis was that the fracture resistance and failure mode would not be influenced by 

the different rehabilitation methods. 

 

 

Fig. 1 Schematic diagram of different methods. (A) ECW, (B) FRP, (C) CBU groups. 

 

2. Materials and methods 

Thirty human sound, bi-root upper premolars were extracted for orthodontic reasons, and stored in normal 
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saline. All teeth had nearly identical dimensions at the cemento-enamel junction (CEJ: bucco-lingual 8.36± 

0.28 mm; mesio-distal 4.48 ± 0.15 mm) a buccal root length of 13.11±0.66 mm and a palatal root length of 

12.85±0.69 mm, measured using a digital caliper (Penny, China). They were divided into three equal groups 

(10 each). The inclusion criteria were defects free (no caries, cracks or restorations), a completely formed and 

uncurved roots. 

 

2.1 Endodontic treatment 

Root canal preparation was performed by the telescopic technique (Step-Back), the Master Apical File (MAF) 

size was (30), with intermittent irrigation with sodium hypochlorite 5.25%. The canal was filled using lateral 

condensation technique with gutta-percha points (MetaBiomed, Korea) and epoxy resin-based sealer (AH26, 

Dentsply, Germany), then a temporary, eugenol-free filling (Coltosol®, Colton, Switzerland) was placed in 

the access cavity. The samples were returned to normal saline.  

 

2.2 Making acrylic bases 

A cubic metal mold with a dimension of 20 mm was used to standardize the acrylic blocks. The teeth were 

embedded in autopolymerized acrylic resin (Respal®NF, Salmoiraghi, Mulazzano, Italy) at 2 mm from the 

CEJ, perpendicular to the base of the dental surveyor (Emmevi, Dentalix, Italy). 

 

2.3 Teeth preparation 

All premolar crowns were cut and flattened at 2 mm above the CEJ, with a wheel bur (Smedent, China) (Fig. 

2). 

 

 

Fig. 2 Cutting at 2 mm above the CEJ. 

 

2.3.1 Preparation of the group A (ECWs) 

 The internal pulpal walls were prepared using a special diamond bur with 6° taper (Komet, Germany) (Fig. 

3). 

 

 

Fig. 3 Group A preparation 

 

The chamber depth was measured by a gingival probe. The preparation criteria were as follows: (the depth of 

the pulpal fossa was 3 mm; the width of both buccal and palatal occlusal surface was (2±0.1) mm; the width 
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of both mesial and distal occlusal surface was (1.9±0.1) mm). 

 

2.3.2 Preparation of the groups B (FRP) and C (CBU) 

First, in order to standardize the dimensions of all resin cores in B and C groups, an upper premolar; which 

wasn’t among the samples; similar in size and length to the sample, was prepared by a cylindrical bur (SR 

11, Eco line, Germany). This premolar was prepared with a 1 mm heavy chamfer finish line, 0.5 mm above 

the CEJ. Total Occlusal Convergence (TOC=12°) and preparation height from the finish line to the buccal 

cusp, palatal cusp and central groove respectively was (5.5, 5, 4.5) mm. (Fig. 4) 

 

Then, an impression was taken for preparation and then molded. A 1 mm vacuum shell (Night White, France) 

was made for a model with dental vacuum machine (Easy Vac, Toc dental, UK). 

 

 

Fig. 4 premolar prepared 

 

The samples of the group B and C were prepared by using a dental surveyor (Emmevi, Dentalix, Italy) as 

follows: 1 mm heavy chamfer finish line, 0.5 mm above the CEJ, 1.5 mm ferrule height, width of both buccal 

and palatal occlusal surface was (1.8±0.1) mm, width of both mesial and distal occlusal surface was (1.1±0.1) 

mm. 

 

In group B, the post was placed in palatal canal, fiber posts size no.0 (CYTEC Blanco®, Hahnenkratt, 

Germany) were used. Post length was (14±1) mm after shortening. The posts were cemented using a multilink 

N (Multilink N, Ivoclar vivadent, Liechtenstein) according to the manufacturer's instructions. 

 

Then resin cores were built for groups B and C using composite resin (Tetric N, Ivoclar vivadent, 

Liechtenstein, Germany) according to the manufacturer's instructions and the vacuum crown, using the LED 

curing (LED curing light, Blue phase N MC, Ivoclar vivadent, Germany), aided by the vacuum model to 

standardize the composite resin build up cores. 

 

2.4 Laboratory stage 

The prepared teeth were 3D scanned (3D Dental Scanner Swing, DOF INC, Korea) (Fig. 5). 

 

 

Fig. 5 3D scanning for the prepared teeth. 
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Crowns were designed by Exo-Cad (EXOCAD GMBH), where the ECW restorations had a virtual dimension 

with a height to each of the buccal cusp, palatal cusp, central groove (5.5, 5, 4.5) mm respectively; the depth 

of the part inserted into the pulp chamber was 3 mm, while the traditional full crown had 1.5 mm occlusal 

and axial thickness, and the cement film thickness was 20 mμ (Fig. 6). 

 

 

Fig. 6 Restorations virtual design. 

 

The designs were printed using a 3D printer (Form lab 3, USA) with castable wax (Castable wax resin, Form3, 

USA) (Fig. 7). 

 

 
Fig. 7 Resin crowns. 

 

The glass ceramic reinforced lithium disilicate ingots (IPS E.max press, Ivoclar vivadent, Liechtenstein) were 

pressed by the lost wax technique at 900°C. 

 

2.5 Cementation procedures 

All crowns were etched for 20 secs with hydrofluoric acid 10% (Condac porcelana, FGM, Brazil), then rinsed 

for 1 min, and dried for 30 secs. Next a silane (Monobond N, Ivoclar vivadent, Liechtenstein) was applied 

for 1 min, followed by a gentle, oil-free air stream which was applied for 5 secs to volatilize any residue. 

 

The teeth were treated by primer (Multilink N Primer A+B, Ivoclar vivadent, Liechtenstein) according to the 

manufacturer's instructions. Crowns were cemented with a dual-cure resin cement (Multilink N, Ivoclar 

vivadent, Liechtenstein) with LED cure (LED curing light, Blue phase N MC, Ivoclar vivadent, Germany). 

Finger pressure was applied, and then the samples were cured for 20 secs (according to the manufacturer's 

instructions) (Fig. 8). 

 

 
Fig. 8 Ceramic crowns. 
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The samples were returned to the normal saline and placed in the incubator (Incubator IS600, Yamato 

Scientific, Japan) for 24 hours at a 37°C. 

 

2.6 Mechanical pressure test 

A general testing device was used (H50KS Tinius Olsen, Horsham, England) by a metal ball (ø3.4 mm) at a 

crosshead speed of 0.5 mm/min, perpendicular to the central groove. Pressure was applied to the samples 

until failure. (Fig. 9). The fracture strength was recorded in newton (N) and mean values were calculated in 

each group. 

 

 

Fig. 9 Applied pressure test. 

 

Failure modes were examined by stereomicroscope with (10) × magnification and radiography. Accordingly, 

they were classified based on a two-examiner agreement as follows: (Ι) repairable failure was defined as 

restorable fracture above the CEJ; (П) irreparable fracture is below the CEJ, including vertical root fractures 

(clinically the tooth is for extraction) [17- 19]. 

 

2.7 Statistical analysis 

One-way ANOVA test showed that there was no statistically significant difference in the dimensions of teeth 

between the three groups. Shapiro-Wilk test was used to evaluate the data distribution, as the fracture 

strengths data (N) followed to normal distribution, where (P-value <0.05). 

 

One-way analysis of variance (one-way ANOVA) was used to figure out the significant difference in fracture 

strength means between groups. Chi Square test was used to analyze the relationship between fracture strength 

means and failure modes. There was statistical significance when (P ≤ 0.05). 

 

The data were analyzed using statistical software SPSS V.24 (IBM SPSS, Chicago, USA) and Minitab 16. 

 

3. Results 

Descriptive statistical analysis for the experimental groups is shown in Tab.1 

 

Table 1. Descriptive statistics of fracture resistance in Newton for the three experimental groups (n=10). 
        

Groups Mean ±SD SE  Min  Max  

Group A 914.2±189.48 
 

59.92 
 

682 
 

1263 

Group B 734.2±218.07  68.96  479  1208 

Group C 792.3±168.47  53.28  400  1016 

SD: Standard Deviation; SE: Standard Error; Min: Minimum; Max: Maximum.  
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One-way ANOVA test revealed statistically significant differences between fracture strength means of the 

studied groups (p> 0.05) and Bonferroni (Sidak) test revealed significant differences between ECW (914.2 

±189.47) N and FRP (734.2 ± 218.07) N, and between ECW (914.2 ±189.47) N and CBU (792.3 ± 168.47) 

N, while there was no statistical significant difference between FRP and CBU. 

 

The highest fracture strength mean value was noted in ECW (endocrown) (914.2 ±189.47) N followed by 

CBU (composite build-up with no post) (792.3 ± 168.47) N. The lowest fracture strength mean value was 

noted in FRP (fiber- reinforced composite post) (734.2 ± 218.07) N. 

 

The two types of failure modes are shown in (Fig.10). Chi- Square test showed statistically significant 

differences between fracture strength means and failure modes (p> 0.05). Tab.2 presents the fracture modes 

of the studied groups. More irreparable fractures were seen for higher fracture strength means (in group A). 

Although, the totality of fractured specimens (9 out of 10) of Group A displayed irreparable fractures, 5 of 

them contained vertical root fractures. On the contrary, the totality of fractured specimens (9 out of 10) of 

each Group B and Group C displayed reparable fractures, while (1 out of 10) irreparable fractures was 

recorded. 

 

 

Fig. 10(a) Stereomicroscope images showing repairable failure. 

 

 

Fig. 10(b) Images showing irreparable failure (vertical root fractures). 

 

Tab 2. Types of failure mode for the three experimental groups: 

                                        Fracture type (n) 

         Reparable    Irreparable 

Restoration fracture     fracture of restoration                 fracture of restoration  

           and tooth (above the CEJ)  and tooth (below the CEJ)   

Group A(n=10)  1  0   9 (5: VRF) 

Group B(n=10)  7  2   1: VRF 

Group C(n=10)  7  2   1: VRF 

CEJ: Cement-Enamel Junction; VRF: Vertical Root Fracture. 
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4. Discussion 

In this experimental research, the fracture resistance of ETP restored with different treatment approaches was 

evaluated. To the best of our knowledge, there is a lack of literature on ETPs restored with (post vs no post) 

+ classical crown. The result of this study showed that there was a significant difference fracture resistance 

and failure mode between the ETP restored by ECW compared with the other methods, while there wasn’t 

any significant difference between the ETP restored by classical crowns reinforced with fiber posts, and 

classical crowns reinforced with a composite build up with no posts; thus, the null hypothesis was partially 

rejected. 

 

ECWs group revealed the highest fracture resistance, which might be due to the increased thickness of the 

porcelain in these restorations. The higher thickness of the restoration, the lower flexural of the material and 

accordingly, the greater resistance to fracture [20], [21]. In addition, in full crowns, the preparation of the 

ferrule may lead to the loss in intact enamel and dentin tissues of the tooth, while the preparation of the 

endocrowns was done with a cervical sidewalk, thus preserving the coronal enamel and dentin tissues, which 

may be important for adequate bonding with the restoration and therefore increasing the resistance to fracture 

[18]. For the other two groups with full crowns, the highest fracture resistance occurred in the CBU group. 

This can be due to the modulus of elasticity of the infrastructure used (composite resin) closer to dentin. 

However, a small difference in fracture resistance was noticed between the two full crown groups possibly 

due to the axial loading used. In brittle materials such as porcelain, the spread of cracks will cause the material 

to fracture [22], [23]. This explains the fracture of the restorations in all samples. 

 

Previous studies revealed ineffective performance of endocrowns on premolars compared with molars. This 

might be due to the smaller bonding area of the pulp chamber, greater total crown height and exposure to 

more complex occlusal forces (in group function occlusion); therefore, severely damaged first maxillary 

premolars were selected as specimens in this study because endocrowns performance to restore ETPs still 

needs to be proved. Human teeth were used in this study instead of animal or metal teeth for better simulation 

of the clinical setting where the pulpal chamber, root canals and crown-root ratio are more accurate in natural 

teeth, as well as surfaces prepared for bonding, thermal conductivity, and modulus of elasticity, which are 

close to the clinical case [24]. The sample size was calculated based on earlier research [25], [26] and with 

the help of the Minitab 16, test power was 1 in all the tests used, and therefore the sample size is sufficient. 

A glass ceramic reinforced lithium disilicate (Ips E.max press) was used for the restoration as it is one of the 

best restorative materials for single piece restorations. The prepared teeth were 3D scanned by a digital 

impression, and they do not require the intermediate stage, such as conventional impression to prepare of 

gypsum cast; therefore, it is simpler and time saving [5]. Restoration designs are 3D printed to standardize 

dimensions and anatomy and to improve accuracy [27]. 0.2 mm thick artificial periodontium of rubber dam 

latex (Ivory®, Sigma dental, Germany) was placed around the root. Samples were assessed by applying 

compressive forces using a general mechanical testing machine, where applying pressure until failure is the 

worst scenario that could happen, although it doesn't mimic what happens in the clinical oral environment, as 

the teeth are subject to chewing forces over a long period, which may lead to fatigue that results in tooth 

fracture. However, this test at least showed the differences in strength between the three treatment methods 

[24]. Gresnigt et al also confirmed that axial loading may be a better proof of the effect of the material 

characteristics (e.g. elasticity modulus) on their mechanical behavior more than lateral loading, which is more 

related to the bonding effect of the restoration on the adhesion outcome [28]. 

 

Despite the success achieved by using root posts, it is a more sensitive technique as it may cause perforation 

of the root during preparation [29], [30]. It also cannot be performed on short, curved and calcified root canals 

[31], and requires a longer treatment time [32]. Such a mechanical retention can be limited to the pulp chamber 
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either by filling it with CBU or by the restoration itself, as in the ECW. 

 

This study lacks simulation of masticatory and artificial aging or thermocycling, as under fatigue the 

restorations will fail with fracture values lower than the maximum fracture resistance values reported in the 

literature. However, because of the result seen in this study, CBU is more beneficial for treatment longevity 

due to lower probability of catastrophic failure. Generally, most authors recommend the use of materials 

whose modulus of elasticity is as close to dentin as possible to avoid root fractures [19. 

 

Hence, the surface between (ceramic, dentin) is a weak point due to the difference in the modulus of elasticity 

between ceramic, cement and dentin, which might cause a risk of root fracture [33]. This was clear in the 

endocrown restorations, where most of the failures were represented by fractures extended to the root, while 

the crown was the weakest point in the classical crown restorations, which made most failure models fractures 

in crowns without the inclusion of the tooth structure. The reason can also be attributed to the fact that the 

endocrowns are considered to be intra-coronal retainers while the classical crowns are considered to be extra-

coronal retainers, where the intra-coronal retainers stimulate the transfer of forces to the walls of the pulp 

chamber [6]. This explains the occurrence of root fractures in ECWs group. Nevertheless, in the case where 

the interocclusal space is limited in a way that hampers tooth preparation for a full crown, ECW restorations 

are easy to use. ECWs are also a conservative choice for restoring endodontically treated teeth [34]. Given 

the study's promising result, future in vivo experiments should be developed to prove that it is a great choice 

for long- term. 

 

5. Conclusions 

Within the limits of this study, the following can be deduced: 

The endocrown revealed the highest resistance fracture mean, followed by the classical crowns reinforced 

with composite build-up with no posts then crowns with fiber- reinforced with posts. In comparison of the 

two groups of full crowns, we found that they caused fewer unfavorable failures than endocrowns which 

mostly caused unfavorable failures. The CBU group showed a preferred behavior, so it is a promising method 

because of its less invasive approach, fewer treatment risks, and increased practicality. Nevertheless, we 

cannot extrapolate these results to a realistic clinical environment. 

 

6. Recommendations & Suggestions 

• In vivo trials should be performed to help the dentist predict the clinical efficacy of these restorations 

in ETPs.  

• In vitro studies should be conducted after restorations are subjected to masticatory and thermal cycles 

loading. 

• In vitro studies should be conducted to evaluate the lateral loads effect.   

• The endocrowns technique is recommended in cases where the post and core cannot be used. 
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