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Abstract
Endodontically treated teeth often have compromised tooth structure, which increases their susceptibility to fracture. 
This in vitro study compared the fracture resistance of endodontically treated mandibular premolars restored using the 
sandwich technique, Nayyar core composite, and semi-direct composite onlay. Seventy-six extracted mandibular premo-
lars were randomly allocated into four groups (n = 19): intact teeth (control), conventional sandwich technique, Nayyar 
core composite, and semi-direct composite onlay. All groups except the control teeth group underwent standardized root 
canal treatment and obturation, followed by composite restoration according to the group allocation. Specimens were 
loaded axially in a universal testing machine until fracture. Fracture resistance was recorded in kilonewtons (kN). Data 
were analyzed using one-way ANOVA and Dunnett T3 post-hoc tests (p < 0.05). Mean fracture resistance was highest in 
the intact control group (8.70 ± 4.09 kN), followed by the sandwich technique (7.50 ± 1.55 kN), Nayyar core composite 
(6.10 ± 1.61 kN), and semi-direct composite onlay (4.94 ± 3.16 kN). The overall difference among the groups was statisti-
cally significant (p = 0.001). Post-hoc analysis showed significant differences between the control and semi-direct onlay 
groups (p = 0.019) and between the sandwich technique and semi-direct onlay groups (p = 0.022). Within the limitations of 
this in vitro study, the sandwich technique demonstrated the highest fracture resistance when compared with Nayyar core 
composite restoration and semi-direct composite onlay in endodontically treated mandibular premolars with conservative 
access preparation and intact marginal ridges.
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1  Introduction

Root canal treatment involves access preparation and che-
momechanical instrumentation of the root canal space, 
which may alter tooth biomechanics and increase suscepti-
bility to fracture, particularly when substantial tooth struc-
ture has been lost (Bhuva et al. 2021; Soares et al. 2018). 
Consequently, restoring endodontically treated teeth (ETT) 
remains challenging because they are often structurally 
weaker than vital teeth (Belli et al. 2015).

Post-endodontic restorations should provide an effec-
tive coronal seal, restore function, and protect the remain-
ing tooth structure (Bhuva et al. 2021; Taheri et al. 2021). 
Leakage into the root canal system may occur through 
several routes: apically externally via exposed cementum 
accessory or secondary canals, or surface defects and coro-
nally through the access cavity (Limkangwalmongkol et al. 
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1991). Among these, apical leakage was previously thought 
to be the most prevalent route. However, Ray and Trope 
(1995) later highlighted the strong association between the 
quality of the coronal restoration and the periapical status of 
ETT, while Tronstad et al. (2000) further reported that poor 
coronal restoration reduces endodontic success rates.

Adhesive composite resin is widely used due to its 
favorable aesthetics, conservative tooth preparation, and 
acceptable mechanical properties. Modern resin compos-
ites have evolved through improvements in filler systems 
and reinforcement approaches, including nanofibre addi-
tion, to enhance their mechanical behavior and durability as 
restorative materials (Cho et al. 2022). Clinically, adhesive 
composite restorations have also demonstrated favorable 
longevity in ETT, with cavities involving up to three sur-
faces reported to have a mean survival of approximately 13 
years (Dammaschke et al. 2012).

In addition to material selection, the restorative technique 
may influence stress distribution and fracture resistance of 
a tooth. Sandwich technique, Nayyar core composite, and 
semi-direct composite onlay are among the restorative 
options for endodontically treated posterior teeth, but com-
parative evidence for their behavior in mandibular pre-
molars remains clinically relevant because premolars are 
exposed to unfavorable lateral stresses.

This study, therefore, aimed to compare the fracture 
resistance of endodontically treated mandibular premolars 
restored using these three techniques. The null hypothesis 
was that there would be no significant difference in fracture 
resistance among the tested restorative techniques.

2  Materials and methods

2.1  Study design and setting

This in vitro experimental study was conducted using per-
manent mandibular premolars extracted not for the purpose 
of this study. Ethical approval was obtained from the Inter-
national Islamic University Malaysia Research Ethics Com-
mittee (IREC 2024-065).

2.2  Sample size determination

The sample size was calculated using a statistical software 
(G*Power version 3.1.9.7) based on the F-test family for 
one-way analysis of variance (ANOVA). Using an effect 
size of 0.4, a power of 0.80, and four study groups, the 
required total sample size was 76 teeth.

2.3  Inclusion and exclusion criteria

Extracted mature permanent mandibular premolars with 
completely formed roots and a single canal were col-
lected from patients who attended the outpatient clinic for 
tooth extraction due to periodontal or orthodontic reasons. 
The selected teeth had an average intercuspal diameter of 
4.8 ± 0.5  mm, mesiodistal diameter of 6.6 ± 0.5  mm, tooth 
length of 22 ± 1 mm, and root length of 13 ± 1 mm. Teeth 
with caries, previous restorations, structural defects, clini-
cally detectable cracks or fractures, abrasion, or primary 
teeth were excluded.

2.4  Sample preparation

The extracted teeth were handled using standard universal 
precautions in accordance with institutional laboratory bio-
safety procedures and the Occupational Safety and Health 
Administration (OSHA) bloodborne pathogen recom-
mendations. The specimens were cleaned of any soft tis-
sue remnants using an ultrasonic scaler (LM-ProPower™, 
LM-Dental™; Finland) and stored in sealed containers until 
experimental use. The extracted teeth were manually allo-
cated into four groups of 19 specimens each, ensuring a 
macroscopically uniform distribution of tooth types across 
groups without formal sequence randomization. They were 
categorized into: Group 1: intact teeth (control group), 
Group 2: sandwich technique, Group 3: Nayyar core com-
posite, and Group 4: semi-direct composite onlay.

Standardized root canal treatment was carried out for all 
groups except those in the control group (Group 1). Follow-
ing conventional access cavity preparation, root canals were 
prepared to a working length 1 mm short of the anatomi-
cal apex using rotary files (HyFlex CM, COLTENE; United 
States) with a cordless endomotor (E-CONNECT, Eighteeth, 
Changzhou Sifary Medical Technology Co., Ltd.; China) to 
size 30/0.04. The canals were irrigated with 2.5% sodium 
hypochlorite (Malay-Sino Chemical Industries Sdn. Bhd., 
Malaysia) between files, followed by final irrigation with 
17% EDTA solution (Meta Biomed MD-Cleanser, Korea), 
and dried with size 25 paper points.

Single-cone obturation was performed using matched-
taper gutta-percha (GP) (ProTaper Universal Gutta-Percha 
Points, Dentsply Sirona; United Kingdom) and a resin-
based sealer (Meta Biomed ADSEAL Root Canal Sealer, 
Korea). Excess GP was removed to 2  mm below the 
cemento-enamel junction (CEJ) using a portable fast pack 
obturation system (Fast Pack PRO, Eighteeth, Changzhou 
Sifary Medical Technology Co., Ltd.; China). Subsequently, 
teeth in Groups 2–4 were restored using a light-cured uni-
versal nano-hybrid composite resin (G-ænial® Sculpt; GC 
America Inc.; Alsip, IL, United States) according to the 
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allocated restorative technique. For Group 2, Glass iono-
mer cement (GIC) (GC Fuji IX GP® FAST, GC Corpo-
ration; Japan) was placed above the GP to a thickness of 
approximately 2  mm. Total-etching was performed using 
37% phosphoric acid (Eco-Etch Etching Gel, Ivoclar Viva-
dent; Liechtenstein), followed by application of a universal 
adhesive resin (G-Premio BOND, GC Corporation; Japan) 
according to the manufacturer’s recommendation. Com-
posite resin was then placed in 2-mm increments and light-
cured for 20 s per increment until the cavity was restored to 
the occlusal level (Fig. 1a). In Group 3, total-etching and 
universal adhesive resin were performed and the cavity was 
restored with composite resin from the level above the GP 
to the occlusal surface in 2-mm increments, with each incre-
ment light-cured for 20 s (Fig. 1b). In Group 4, the same 
restorative procedures as described for Group 3 were per-
formed before construction of a silicone putty index (Kro-
mopanSil Putty, LASCOD; Italy). Onlay preparation was 
then performed with 1.5-mm buccal cusp reduction with 
bevel, 1-mm lingual cusp reduction, a 1-mm occlusal shoul-
der with bevel, and mesial and distal boxes connected by a 
central isthmus. An alginate impression (Hygedent Alginate 
Impression Material, China) was taken and poured with die 
silicone (Die Silicone, VOCO GmbH; Germany) to fabri-
cate the working cast prior to composite onlay construction. 
The onlay was cemented using resin luting cement (3 M™ 
ESPE™ RelyX™ Unicem, Germany) (Fig. 1c).

2.5  Fracture resistance testing

All specimens were subjected to thermocycling in sequen-
tial water baths at 5 °C, 37 °C, and 55 °C for 2500 cycles, 
with a dwell time of 30  s and a transfer time of 5  s, as 
described in a previous study (Lin et al. 2020). Before test-
ing, the teeth were mounted in cold-cure acrylic resin (Den-
ture Base Polymers Self-Curing, HUGE; Shandong, China) 
parallel to their long axes up to the CEJ level (Aslan et al. 
2018; Lin et al. 2020). A 2.0-mm tapered conical stainless-
steel tip was centrally positioned on the occlusal surface of 
each mandibular premolar and aligned parallel to the long 
axis of the tooth. All specimens were subjected to compres-
sive axial loading using a universal testing machine (UTM) 
(INSTRON 5967, 30 kN) at a crosshead speed of 1.0 mm/
min until fracture. The maximum load at fracture was 
recorded in kilonewtons (kN).

2.6  Statistical analysis

Statistical analysis was performed using a statistical soft-
ware (IBM® SPSS® Statistics version 25.0, IBM Corp.; 
Armonk, NY, United States). Fracture resistance values 
were expressed as mean and standard deviation (SD). 
The assumption of normality was assessed using the Kol-
mogorov–Smirnov test, while homogeneity of variance was 
evaluated using Levene’s test. One-way ANOVA was used 
to compare mean fracture resistance among the four groups. 
Dunnett T3 post-hoc test was performed for pairwise mul-
tiple comparisons when equal variances were not assumed. 
The level of statistical significance was set at p < 0.05.

3  Results

A total of 76 mandibular premolar teeth were divided into 
four groups and subjected to compressive axial loading 
using a UTM. Descriptive statistics for fracture resistance 
are presented in Table 1. The control group demonstrated 

Table 1  Fracture resistance of mandibular premolars restored using 
different composite restorative techniques
Group Restorative Technique n Fracture 

resistance, 
Mean ± SD 
(kN)

1 Control 19 8.70 ± 4.09
2 Sandwich Technique 19 7.50 ± 1.55
3 Nayyar core Technique 19 6.10 ± 1.61
4 Semi-direct Onlay 19 4.94 ± 3.16
p-value 0.001*

Fig. 1  Illustration of different restorative techniques: (a) Sandwich technique, (b) Nayyar core composite, and (c) Semi-direct composite onlay
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the highest mean fracture resistance (8.70 ± 4.09 kN), fol-
lowed by the sandwich technique group (7.50 ± 1.55 kN), 
Nayyar core technique group (6.10 ± 1.61 kN), and semi-
direct onlay group (4.94 ± 3.16 kN).

Data are presented as mean ± standard deviation. One-
way ANOVA showed a statistically significant difference 
in fracture resistance among the four groups (p = 0.001). 

Post-hoc Dunnett T3 comparisons are presented in Table 2. 
SD = standard deviation; kN = kilonewton.

Mean fracture resistance differed significantly among the 
four groups (p = 0.001). Compared with the control group, 
mean fracture resistance was 13.79% lower for the sand-
wich technique, 29.89% lower for Nayyar core compos-
ite, and 43.22% lower for the semi-direct composite onlay 
(Fig.  2). Dunnett T3 post-hoc analysis (Table  2) showed 
significant differences between the control and semi-direct 
onlay groups (p = 0.019) and between the sandwich tech-
nique and semi-direct onlay groups (p = 0.022).

Mean difference was calculated as the first group minus 
the second group. Pairwise comparisons were performed 
using Dunnett T3 post-hoc test. *p < 0.05 indicates a statisti-
cally significant difference.

Table 2  Dunnett T3 post-hoc pairwise comparisons of fracture resis-
tance among restorative groups
Comparison Mean 

Difference
Std. 
Error

p-value

Control vs. Sandwich technique 1.20 0.91 0.791
Control vs. Nayyar core technique 1.82 0.91 0.386
Control vs. Semi-direct onlay 3.76 0.91 0.019*
Sandwich technique vs. Nayyar 
core technique

0.63 0.91 0.777

Sandwich technique vs. Semi-
direct onlay

2.56 0.91 0.022*

Nayyar core technique vs. Semi-
direct onlay

1.94 0.91 0.135

Fig. 2  Mean fracture resistance of mandibular premolars restored using different composite restorative techniques
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4  Discussion

Restoration of ETT is important for providing a coronal seal 
and protecting the remaining tooth structure from fracture 
(Bhuva et al. 2021). Cuspal protection in posterior teeth 
has been reported to reduce fracture incidence and improve 
clinical outcomes, although reported outcomes vary accord-
ing to tooth type, amount of remaining tooth structure, and 
restorative design (Suksaphar et al. 2017). In addition to the 
mechanical properties of the restorative material, tooth posi-
tion and remaining tooth structure should also be consid-
ered. Premolars, for instance, may be more susceptible than 
molars to damaging lateral stresses because of their occlusal 
loading pattern and position in the dental arch (Schwartz 
and Robbins 2004).

Compared with intact teeth, the lower fracture resis-
tance observed in the restored ETT groups was expected, 
as root canal treatment and restorative procedures reduce 
the amount of remaining tooth structure and may alter stress 
distribution. Loss of coronal and radicular tooth structure 
is a major factor affecting fracture resistance and restora-
tion planning in ETT (Faria et al. 2011; Soares et al. 2018). 
The present findings support this concept, as all restored 
ETT groups showed lower mean fracture resistance than 
intact teeth. The higher fracture resistance observed in the 
sandwich technique group may be associated with the use 
of GIC as an intermediate base beneath the composite res-
toration. They act as a stress-absorbing layer, which may 
help reduce marginal stress generated by polymerization 
shrinkage (Ferracane 2008; Jung et al. 2024). Meanwhile, 
the Nayyar core group demonstrated a moderate level of 
fracture resistance among the restored groups. This finding 
may be related to the intracoronal extension of composite 
resin into the pulp chamber and coronal canal space, which 
can improve restoration retention when used with contem-
porary adhesive protocols (Patel et al. 2025). This approach 
may be particularly useful in teeth with narrow crown mor-
phology, as it increases the internal bonded surface area. 
The stress concentrated at the coronal cavity margin will 
reduce, thus strengthening the restoration structure (Bhuva 
et al. 2020; Ulusoy and Alagoz 2021). The semi-direct onlay 
group showed the lowest mean fracture resistance in the 
present study. However, the present findings contrast with a 
previous study, which reported significantly higher fracture 
resistance in endodontically treated premolars restored with 
composite onlays compared with direct composite restora-
tions, suggesting that cuspal coverage may improve rein-
forcement of weakened tooth structure (Mohd Mutalabisin 
et al. 2025).

In general, the differences in fracture resistance out-
comes could be explained by several limitations of the pres-
ent study. Thermocycling was used to simulate intraoral 

temperature changes and artificial aging; however, thermo-
cycling protocols vary widely across studies, which limits 
direct comparison with other investigations (Eliasson and 
Dahl 2020). In addition, the specimens were mounted in 
cold-cure acrylic resin, which does not fully reproduce the 
biomechanical behavior of alveolar bone and periodontal 
ligament support. This method was selected because acrylic 
resin mounting is commonly used in in vitro fracture-resis-
tance studies and provides practical advantages, including 
specimen stabilization, dimensional stability, cost-effec-
tiveness, and accessibility within the available laboratory 
setting (Aslan et al. 2018; Lin et al. 2020). Several studies 
have used elastomeric material such as polyurethane resin 
with simulated periodontal ligament as mounting material 
(Lopes-Olhê et al. 2025; Soares et al. 2005). The absence 
of periodontal ligament simulation may have resulted in 
a more rigid stress distribution pattern than that observed 
under physiological conditions, potentially affecting frac-
ture behavior and load distribution. Moreover, the loading 
tip used was not customized to the occlusal morphology 
of mandibular premolars; therefore, the compressive force 
may have been concentrated over a limited contact area 
rather than distributed across the cuspal inclines and occlu-
sal surface. This may have influenced the fracture resis-
tance values, as the geometry and contact area of the load 
application device have been shown to affect the behavior 
of restored premolars during mechanical fracture testing 
(da Silva et al. 2012). Lastly, the present study was limited 
to mandibular premolars with occlusal access preparation 
only and intact marginal ridges, whereas many fracture 
resistance studies commonly use MOD or proximal cavity 
designs to simulate greater structural compromise (Alshiddi 
and Aljinbaz 2016; Mincik et al. 2016; Mohd Mutalabisin et 
al. 2025). Under such compromised conditions, restorations 
with greater cuspal coverage, such as onlay restorations, 
may offer additional biomechanical advantages by reducing 
cuspal deflection. As minimally invasive endodontic and 
restorative concepts are gaining popularity, it is important 
to assess the need for cuspal coverage of ETT (Bhuva et al. 
2020). The present study contributes to this area by evaluat-
ing the fracture resistance of endodontically treated man-
dibular premolars with occlusal access preparation only and 
intact marginal ridges.

Future studies should evaluate the fracture behavior of 
endodontically treated premolars under more clinically rel-
evant conditions, including cyclic loading and its fracture 
pattern, anatomically customized loading tips, improved 
mounting methods that better simulate periodontal ligament 
and alveolar bone support, and thermomechanical aging 
protocols to more accurately reproduce intraoral functional 
stresses.
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5  Conclusion

Within the limitations of this in vitro study, the sandwich 
technique demonstrated superior fracture resistance com-
pared with Nayyar core composite restoration and semi-
direct composite onlay in endodontically treated mandibular 
premolars with minimally invasive endodontic access and 
intact marginal ridges. Therefore, it may represent a favor-
able restorative option for teeth with comparable clinical 
conditions.
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