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Abstract: 
Fracture of endodontically treated premolars remains a major restorative challenge, necessitating durable endocrown restorations. 
Therefore, it is of interest to evaluate the fracture resistance and failure modes of lithium disilicate and CAD/CAM zirconia 
endocrowns with and without a ferrule. Thirty-two endodontically treated maxillary first premolars were allocated to four groups, 
restored using a standardized digital workflow and loaded to failure in a universal testing machine. Lithium disilicate with ferrule 
showed the highest fracture resistance (1343.50 ± 189.47 N), whereas zirconia without ferrule showed the lowest (654.60 ± 85.01 N), 
with significant intergroup differences (p = 0.001). Thus, data shows the ferrule preparation significantly improved fracture resistance 
and lithium disilicate endocrowns showed superior biomechanical performance compared with CAD/CAM zirconia. 
 
Keywords: Endocrown; lithium disilicate; zirconia; ferrule; fracture resistance; failure mode; premolar; computer-aided design 
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Background: 
Endodontically treated teeth offer a unique restorative challenge 
because the success of treatment depends primarily on 
preserving sound coronal and radicular tooth structure rather 
than merely removing the pulp [1]. Loss of tooth stiffness caused 
by access preparation, caries excavation, previous restorations 
and cusp reduction reduces resistance to functional loading, 
making conservative adhesive rehabilitation the preferred 
approach instead of routine post placement [1]. Traditional post-
and-core restorations were intended to retain crowns in teeth 
with inadequate coronal structure; however, canal preparation 
may weaken radicular dentin and increase the risk of 
catastrophic root fracture because posts retain the core rather 
than reinforce the root [2]. Endocrowns are monoblock adhesive 
restorations that obtain macromechanical retention from the 
pulp chamber and micromechanical retention through adhesive 
cementation, preserving radicular dentin while reducing clinical 
procedures [3]. Clinical studies and systematic reviews have 
demonstrated that endocrowns represent a conservative and 
predictable restorative option for appropriately selected 
endodontically treated posterior teeth [4]. Restorative material 
significantly influences stress distribution, bonding behavior and 
fracture patterns, with lithium disilicate providing reliable 
adhesive bonding and zirconia offering high strength but 
requiring alternative surface-conditioning protocols [5, 6]. The 
ferrule effect improves resistance to functional forces by 
reinforcing the remaining tooth structure, although its role in 
endocrown preparations remains controversial because 
additional axial reduction may conflict with minimally invasive 
principles [7]. Maxillary premolars are particularly suitable for 
evaluating endocrowns because their smaller pulp chambers, 
narrower cervical dimensions and greater lateral loading create 
unique biomechanical challenges that may influence restoration 
survival [8]. Few studies have directly compared heat-pressed 
lithium disilicate and CAD/CAM zirconia endocrowns with 
ferrule and non-ferrule designs in maxillary first premolars 
under standardized loading conditions [9]. Therefore, it is of 
interest to evaluate the fracture resistance and failure mode of 

endocrown restorations with different marginal designs of heat-
pressed lithium disilicate ceramic and CAD/CAM zirconia 
materials.  
 
Materials and Methods: 
The present study was an in vitro comparative study of 32 
extracted human maxillary first premolars for orthodontic 
purposes. Teeth were only selected if they were free of caries, 
cracks, restorations, developmental defects and visible structural 
damage. A digital caliper was used to standardize. The 
buccolingual and mesiodistal dimensions of the selected teeth 
were similar at the level of the height of contour and at the 
cervical region. Teeth were cleaned with ultrasonic scaler and 
stored in distilled water and used as per lab protocol. Access 
cavities in the endodontic treatment were prepared using round 
diamond burs. After glide path preparation, rotary nickel-
titanium files were used to prepare the canal in a standard 
sequence, with the working length set at 1 mm less than the 
length at which the size 15 stainless-steel K-file was visible at the 
apical foramen. Irrigation was done during instrumentation and 
obturation was done using lateral condensation with gutta-
percha and endodontic sealer. After obturation, flowable 
composite resin was used to seal the canal orifices. To 
standardise mounting and preparation, each tooth was marked 2 
mm above and below the cementoenamel junction. Mounting 
molds were polyvinyl chloride cylinders with a height of 3 cm 
and a diameter of 2.5 cm. Acrylic resin was mixed as per the 
manufacturer's instructions and poured into the molds, which 
were self-cure. The teeth were set in the acrylic base at a fixed 
depth of 2 mm below the cementoenamel junction and left to 
polymerize. The specimens were randomly divided into four 
groups of 8 teeth each: Group L (lithium disilicate endocrowns 
without ferrule), Group LF (lithium disilicate endocrowns with 
ferrule), Group Zr (zirconia endocrowns without ferrule) and 
Group ZrF (zirconia endocrowns with ferrule). The occlusal 
surfaces were cut 2 mm above the CEJ perpendicular to the long 
axis of the tooth. The pulp chamber was carved to a 
standardized size of 2 mm. The teeth in the ferrule groups were 
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prepared with a 1.5 mm circumferential axial preparation using 
a flat-ended tapered diamond bur, whereas the non-ferrule 
groups had only a flat occlusal table with pulpal chamber 
extension. After applying the scanning powder, the prepared 
teeth were scanned using an extraoral scanner. The endocrowns 
were designed with a standardized occlusal morphology and 
restoration height, through dental CAD software. These lithium 
disilicate restorations were digitally designed, milled as wax 
patterns, invested and heat pressed with lithium disilicate 
ceramic ingots. Pre-sintered zirconia discs were milled for 
zirconia restorations and sintered following the manufacturer's 
instructions. Prior to cementation, all restorations were checked 
for complete seating, marginal discrepancy and cracks or 
irregularities on the surface. Intaglio surfaces of lithium disilicate 
groups were cleaned, etched with hydrofluoric acid, rinsed, 
dried and treated with silane. Selectively etched surfaces of the 
teeth were primed and cemented with dual cure adhesive resin 
cement. The intaglio surface of zirconia groups was abraded 
with airborne aluminum oxide, cleaned with alcohol and treated 
with an MDP containing zirconia surface conditioning solution 
and then cemented with self-adhesive resin cement. All 
restorations were cemented under a constant axial load of 4 kg 
for 5 minutes during cementation. The excess cement was 
removed and light curing was carried out on each surface. The 
fracture resistance was tested by a universal testing machine. 
The 5 mm diameter round-ended stainless-steel stylus was used 
to apply the compressive load at 45 degrees to the long axis of 
each tooth to simulate lateral excursive forces. The loading was 
continued at a crosshead speed of 1 mm/min until failure. The 
peak fracture load was measured in Newtons. Specimens were 
then viewed with a stereomicroscope at 10x after the fracture. 
Fractures were classified as favorable if the fracture line was 
coronal to the cementoenamel junction and potentially restorable 

and unfavorable if the fracture line was apical to the 
cementoenamel junction and was deemed non-restorable. The 
data were entered into the MS Excel and analyzed by SPSS 

version 24. All continuous variables were presented as mean and 
standard deviation. Categorical variables were presented in 
frequency and percentage. Fracture load was compared between 
groups by one-way analysis of variance and pairwise 
comparisons were performed using Tukey post hoc tests. Chi-
square testing was used to compare failure mode distribution. P 
values of < 0.05 were regarded as statistically significant. 
 
Results: 

All 32 specimens completed preparation, cementation and 
fracture testing. The four experimental groups each included 
eight specimens. The mean fracture load differed significantly 
among the four groups (p=0.001). Lithium disilicate with ferrule 
recorded the highest mean fracture resistance (1343.50 +/- 189.47 
N), followed by zirconia with ferrule (1260.56 +/- 335.84 N). 
Lithium disilicate without ferrule showed a lower mean value 
(826.33 +/- 220.22 N), while zirconia without ferrule recorded 
the lowest mean fracture resistance (654.60 +/- 85.01 N), as 
shown in Table 1. Pairwise comparison demonstrated that 
zirconia with ferrule had significantly higher fracture resistance 
than lithium disilicate without ferrule (p=0.003) and zirconia 
without ferrule (p=0.001). The difference between zirconia with 
ferrule and lithium disilicate with ferrule was not statistically 
significant (p=0.883). Lithium disilicate without ferrule and 
zirconia without ferrule also did not differ significantly 
(p=0.440). However, lithium disilicate with ferrule showed 
significantly higher fracture resistance than lithium disilicate 
without ferrule (p=0.001) and zirconia without ferrule (p=0.001), 
as shown in Table 2. Failure mode analysis revealed a high 
frequency of unfavorable fractures in all groups. Zirconia with 
ferrule and lithium disilicate without ferrule showed 100% 
unfavorable failures. Zirconia without ferrule and lithium 
disilicate with ferrule each showed 25% favorable and 75% 
unfavorable failures. The overall difference in fracture mode 
distribution among the groups was not statistically significant 
(p=0.206), as shown in Table 3. 

 
Table 1: Intergroup comparison of fracture load among endocrown groups 

Group n Mean fracture load (N) Standard deviation p value 

Zirconia with ferrule 8 1260.56 335.84 0.001 
Lithium disilicate without ferrule 8 826.33 220.22  
Zirconia without ferrule 8 654.60 85.01  
Lithium disilicate with ferrule 8 1343.50 189.47  

 
  Table 2: Tukey post hoc comparison of fracture load 

Comparison Mean difference pattern p value Interpretation 

Zirconia with ferrule vs lithium disilicate without ferrule 1260.56 vs 826.33 N 0.003 Significant 
Zirconia with ferrule vs zirconia without ferrule 1260.56 vs 654.60 N 0.001 Significant 
Zirconia with ferrule vs lithium disilicate with ferrule 1260.56 vs 1343.50 N 0.883 Not significant 
Lithium disilicate without ferrule vs zirconia without ferrule 826.33 vs 654.60 N 0.440 Not significant 
Lithium disilicate without ferrule vs lithium disilicate with ferrule 826.33 vs 1343.50 N 0.001 Significant 
Zirconia without ferrule vs lithium disilicate with ferrule 654.60 vs 1343.50 N 0.001 Significant 

 
  Table 3: Comparison of failure mode among groups 

Group Favorable n (%) Unfavorable n (%) p value 

Zirconia with ferrule 0 (0.0%) 8 (100.0%) 0.206 
Lithium disilicate without ferrule 0 (0.0%) 8 (100.0%)  
Zirconia without ferrule 2 (25.0%) 6 (75.0%)  
Lithium disilicate with ferrule 2 (25.0%) 6 (75.0%)  
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Discussion: 

In the present in vitro study, it was found that the ceramic 
material and the marginal design affected the fracture resistance 
of endocrown restorations in maxillary first premolars. 
Endocrowns made of lithium disilicate and ferrule exhibited the 
highest mean fracture resistance, followed closely by zirconia 
endocrowns with ferrule. The lowest was found for zirconia 
endocrowns without a ferrule. The results suggest that a high 
strength ceramic is not a sufficient factor to ensure better 
performance if the preparation design is not adequate for 
mechanical bracing and adhesive support. The biomechanical 
importance of preparation geometry is supported by the large 
intergroup difference in fracture load. The fracture resistance of 
both materials was enhanced by the preparation of the ferrules, 
especially for zirconia. A circumferential collar of tooth structure 
that resists functional wedging forces and distributes the stress 
more favorably along the cervical margin is a ferrule. Without 
such support, oblique loading may focus tensile forces at the 
adhesive interface and pulpal floor, thereby lowering the 
loading force needed to fail the loading [10]. The highest mean 
fracture load was obtained with lithium disilicate with ferrule. 
This result can be attributed to the synergistic effect of sufficient 
ceramic strength, good micromechanical bonding and 
circumferential tooth support. Lithium disilicate can be etched 
and silanized, which provides intimate interaction with the resin 
cement's glassy matrix. The adhesive potential, when combined 
with the ferrule resistance, can create a more cohesive 
restoration-tooth complex under oblique loading. The same 
findings have been reported in studies that focused on the 
importance of the material thickness, enamel adhesion and 
preparation design for the mechanical success of endocrown 
restorations [11]. The fracture load of zirconia with ferrule was 
high and was not significantly different from lithium disilicate 
with ferrule. This indicates that the mechanical properties of 
zirconia can be sufficient if the preparation design is designed to 
overcome the low etchability of zirconia. Monolithic zirconia has 
high flexural strength and crack propagation resistance, but is 
bonded using airborne-particle abrasion and phosphate 
monomer chemistry, not the traditional glass-ceramic etching 
process. If a ferrule is present, the restoration is not only 
dependent on the adhesive interface, but the material can also be 
supported by its intrinsic strength and by the improvement of 
the macromechanical support [12]. This is a clinically relevant 
low fracture load for zirconia without ferrule. Zirconia is 
stronger as a bulk material, but it has a high elastic modulus 
which can cause stress to be concentrated at the tooth-cement 
interface, particularly under lateral loading. If there is no ferrule, 
the hard restoration could transmit the stress directly to the 
remaining tooth and cement. This could be a reason why 
zirconia without ferrule did not perform as well as ferruled 
zirconia and ferruled lithium disilicate. It emphasizes the 
importance of the entire biomechanical assembly in achieving 
success in restoration, not just the strength of the material [13]. 
There was no statistically significant difference between the 
lithium disilicate without ferrule and zirconia without ferrule, 
but the mean value was higher for lithium disilicate. This result 

indicates that if the marginal design is compromised, the better 
adhesive bond of lithium disilicate can partially offset the lack of 
ferrule, but not to the extent of fracture resistance that is equal to 
ferruled designs. When it is not possible to create a ferrule, 
careful case selection, occlusal control and strict bonding 
protocols are essential. The results from failure mode analyses 
must be interpreted with care. The distribution of failures was 
not statistically different between groups, with most failures 
being unfavorable. The percentage of non-restorable fractures is 
high, as is expected in models with oblique loading. Endocrowns 
penetrate into the pulp chamber and can act like a wedge under 
lateral forces, especially if the ceramic is hard and the remaining 
tooth walls are thin. Thus, a restoration that is more fracture 
resistant could still fail catastrophically when the threshold load 
is exceeded [14]. The current findings confirm the clinical 
relevance of the incorporation of a ferrule when sufficient tooth 
structure is present. The concept of the ferrule, however, needs 
to be balanced with conservative dentistry. Excessive 
preparation to make a ferrule may result in loss of valuable 
enamel and dentin, decrease in bonding area or subgingival 
placement of the cervical margin. Ideally, the creation of ferrules 
should not be aggressive, but rather preservation or utilization 
of an existing circumferential dentin collar, if it can be acquired 
without sacrificing unnecessary tooth tissue. The study also 
points out that endocrown treatment planning should be done 
separately for the premolars and molars. The pulp chambers are 
wider in molars and the adhesive surface area is greater, while 
the premolars are narrower and more vulnerable to lateral 
stresses. This difference may account for the more predictable 
results of some clinical and laboratory studies with molars 
compared to premolars. For premolars, the presence of a ferrule, 
cusp coverage, occlusal adjustment and bonding strategy may be 
more important than for molars [15]. The major drawback of this 
study was the in vitro design. While standardized loading 
enables comparisons between groups, it cannot simulate the full 
complexity of intraoral function such as thermal cycling, pH 
changes, periodontal ligament simulation, fatigue loading, 
parafunction and long-term hydrolytic degradation of the 
adhesive interface. Only eight specimens per group were also 
sampled. Natural teeth vary in dentin quality, pulpal chamber 
anatomy and enamel distribution and these factors may 
influence the fracture behavior of endocrowns. These limitations 
notwithstanding, the results offer clinically useful guidance. The 
fracture resistance was significantly improved with the ferruled 
design and the mechanical behavior of ferruled lithium disilicate 
and ferruled zirconia endocrowns was similar. Non-ferruled 
zirconia endocrowns should be used with caution in the 
premolars as the high modulus material may need more 
mechanical support. Further studies should involve 
thermomechanical aging, periodontal ligament simulation, 
larger sample size and clinical follow-up to validate the long-
term performance of these restorative designs [16]. 
 
Conclusion: 
Ferrule preparation significantly improved the fracture 
resistance of endocrown restorations in maxillary first premolars 
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irrespective of the restorative material. Lithium disilicate 
endocrowns achieved the highest fracture resistance, indicating 
superior biomechanical performance under oblique loading. 
Thus, ferrule design with adhesive ceramic endocrowns to 
enhance the clinical durability of endodontically treated 
premolars. 
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