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Introduction: This study aimed to assess the fracture strength of endodontically treated

mandibular molars with traditional endodontic access cavity (TEC) and truss endodontic

access cavity (TREC) designs that were restored with composite resin and underwent

thermocycling.

Methods: Sixty mandibular first and second molars were randomly divided into 6 groups

(n=10) of intact controls without thermocycling (group 1), intact controls with thermocycling

(group 2), TEC without thermocycling (group 3), TEC with thermocycling (TEC-TC,

group 4), TREC without thermocycling (group 5) and TREC with thermocycling (TREC-

TC, group 6). The root canals were then instrumented to #25,7% using nickel-titanium files

and were filled with gutta-percha and AH26 sealer with lateral compaction technique. Access

cavity was restored with Gradia composite. All teeth were then thermocycled for 480 cycles

between 5°C and 55°C for 30 seconds and their fracture strength was measured in a universal

testing machine with a round-end piston with 6 mm diameter at a speed of 1 mm/min. Data

were analyzed using two-way and one-way ANOVA.

Results: Without thermocycling, the fracture strength of endodontically treated teeth with

TREC designs had no significant difference with the control group (P>0.05). However, both

TEC and TREC designs significantly decreased the fracture strength of endodontically

treated teeth after thermocycling (P<0.05), such that minimum fracture strength was noted

in TEC-TC group.

Conclusion: Under the conditions of this ex vivo study, TREC enhances the fracture

strength of endodontically treated teeth under thermal stresses.
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Introduction
The fracture strength of endodontically treated teeth is lower than that of vital teeth.

This difference may be due to the dentin hardness of vital teeth, which is higher

than that of endodontically treated teeth.1 However, reconstruction of structure,

esthetics and function of endodontically treated teeth is associated with some

problems,2 which can be due to the significant reduction of their tooth structure

(dentin) during access cavity preparation that decreases their fracture strength in

function.3,4

In conventional or traditional endodontic access cavity (TEC) preparation, the

tooth structure is removed in a controlled manner to prevent endodontic

complications.5 However, loss of dentin and anatomical structures such as cusps,
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marginal ridges and pulp chamber floor can lead to tooth

fracture after final restoration.6,7 Unlike TEC, the truss

endodontic access cavity (TREC) design is less invasive

and preserves parts of the tooth structure such as the

pericervical dentin, and can improve the fracture strength

of endodontically treated teeth.8–11 However, the influence

of access cavity design on fracture resistance has not been

well elucidated and remains controversial.12,13

Attempts are ongoing to offer more conservative access

cavity designs. The currently suggested conservative access

cavity designs include the contracted design (a small con-

servative access cavity in the occlusal surface that allows the

clinician to access all canal orifices), the truss design (direct

access from the occlusal surface to expose mesial and distal

canal orifices while preserving the intact dentinal bridge

between the orifices), and the ninja design (ultraconservative

approach). These designs have been proposed to enhance the

fracture strength of endodontically treated teeth and decrease

the dependence of the tooth on complex and high-cost post-

endodontic restorations.14–17

Evidence shows that the primary canal curvature para-

meters are not significantly different between the TEC and

contracted access cavity design; however, duration of instru-

mentation significantly increases in the latter.18 Nonetheless,

evidence shows that the truss access cavity design increases

the fracture strength of endodontically treated teeth.19

Moreover, ultraconservative endodontic cavities were not

associated with an increase in fracture resistance of endo-

dontically treated two-rooted maxillary premolars.13

Thermocycling is commonly used in vitro to simulate

in vivo aging by use of hot and cold bathes. It simulates

the thermal alterations in the oral cavity to better simulate

the clinical setting.20 However, none of the recent studies

on this topic have performed thermocycling.

Since all relevant previous studies assessed TEC or

TREC without simulation of in vivo conditions (for exam-

ple, by thermocycling), this study aimed to assess the

fracture strength of endodontically treated mandibular

molars with TEC and TREC designs restored with com-

posite resin after thermocycling. The null hypothesis tested

was that there would be no influence of the tested treat-

ment modalities on fracture strength of endodontically

treated mandibular molars.

Materials and Methods
In this ex vivo study, ethical approval was obtained from

Zahedan University of Medical Sciences (IR.ZAUMS.

REC.1395.243). Sample size was calculated to be 10 in

each group according to previous studies,6,21 assuming

alpha=0.05, beta=0.2 and study power of 80%.

Sixty mandibular first and second molars with mature

apices belonging to patients between 20 and 60 years were

collected after obtaining written informed consent from

the patients. The teeth had no visible carious lesion,

restoration, crack or fracture. After debriding the tooth

surface using hand scaling instruments and cleaning the

root and crown surfaces with a rubber cup and pumice

paste, the teeth were stored in 0.9% saline at 4°C until the

experiment and during different phases of intervention to

prevent dehydration. Maximum storage time was 6

months. All teeth underwent digital radiography from the

buccolingual and mesiodistal directions using a posterior

film holder (Dentsply DeTrey GmbH, Konstanz,

Germany) customized by putty impression material

(Spidex, Asia Chemi Teb Mfg Co. Tehran, Iran). The

anatomic crown height from the occlusal surface to the

cementoenamel junction in all four surfaces was measured.

The buccolingual and mesiodistal dimensions of the teeth

were measured from the occlusal surface using a digital

caliper (Digimatic 500; Mitutoyo, Kanagawa, Japan). The

mean mesiodistal and buccolingual pulp chamber dis-

tances were 3.81 mm and 4.48 mm, respectively, and the

mean distance between the occlusal surface and the pulp

chamber roof was 4.20 mm in the selected teeth.

The teeth were then randomly divided into four experi-

mental (n=10) and two control groups as follows:

Group 1: Intact control group without thermocy-

cling (CON)

Group 2: Intact control group with thermocycling

(CON-TC)

Group 3: Traditional endodontic access cavity without

thermocycling (TEC)

Group 4: Traditional endodontic access cavity with

thermocycling (TEC-TC)

Group 5: Truss endodontic access cavity without ther-

mocycling (TREC)

Group 6: Truss endodontic access cavity with thermo-

cycling (TREC-TC)

Teeth with almost similar shape and size were allocated

to each group for the purpose of standardization and in

order to minimize the effect of variable sizes and shapes of

the teeth on the results.21

Preparation of TEC and TREC Designs
Access cavities were prepared in all experimental groups

using a diamond bur (No. 856; Intensiv SA, Switzerland)
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and high-speed hand-piece under air and water coolant.

Preparation of TEC was started from the mesial part of the

central fossa and continued towards the apical and distal to

completely eliminate the pulp chamber roof. After com-

pletion of TEC preparation, the canal orifices were com-

pletely visible (Figure 1).

The TREC was prepared by preserving part of the pulp

chamber roof. For this purpose, a Williams periodontal

probe was used to measure the distance from the marginal

ridges and the buccal and lingual surfaces to the pulp

chamber floor on radiographs. The margins were extended

to the occlusal surface to serve as a guide for straight

introduction of bur into the canal orifices. Next, separate

round access cavities were created for accessing the mesial

canals in buccal and lingual directions. Another round

access cavity was created to access the orifice of the distal

canal. The separate round mesial access cavities were then

merged to form an oval-shaped access cavity with

a minimum diameter of 1.2 mm. The round access cavity

of the distal canal was flared while preserving its round

shape to reach 1.2 mm diameter (measured by a digital

caliper). The mesial and distal access cavities on the

occlusal surface had been separated by a dentin-enamel

bridge. (Figures 1 and 2).18 We tried our best to standar-

dize the dimensions and depth of the access cavity in all

teeth of the groups. Samples that did not meet these

criteria were excluded and replaced.

Endodontic Treatment
After access cavity preparation, a #15 K-file was intro-

duced into the canal and reached the apical foramen. After

observing the file tip at the apical foramen, 1 mm was

subtracted from this length to determine the working

length. The root canals were filed to D4 (#25, 7%) using

A B

Figure 1 Teeth with TEC (A) and TREC (B) designs.

A

G F E D

B C

Figure 2 Determining the location and path of accessing the root canals through a TREC on the mesial and distal (A–C) and buccal and lingual (D and E) radiographs. The
distance between the buccal and lingual surfaces of the teeth and also the distance between the mesial and distal surfaces of the teeth were determined (green and red

dotted lines) and the perpendicular path to the occlusal surface was estimated to access the mesial and distal canal orifices such that the enamel-dentin bridge between the

two access cavities was preserved. F shows the TREC access cavity and G shows the obturated canal along with a restored access cavity.
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Dia-PT nickel-titanium file system (DPT; Dia-Dent,

Cheongwon, Korea) according to the manufacturer’s

instructions. The canals were rinsed with 5.25% sodium

hypochlorite, and the smear layer was removed.

After drying of the root canals with paper points, they

were filled with gutta-percha (Dentplus, Dia-Dent Group

International, Korea) and AH26 sealer (Dentsply, De

Trey). The sealer was mixed according to the manufac-

turer’s instructions and delivered into the canal using

a Lentulo spiral. Next, a conventional #25 gutta-percha

master cone was dipped in sealer and gently placed in the

canal. The canals were obturated by spreader-accessory

cone combination. Excess gutta-percha was removed by

a heat carrier at the canal orifice. The remaining gutta-

percha was packed in the canals, and the access cavity was

cleaned with ethyl alcohol. Eventually, the access cavities

were restored.

Restoration of Teeth
Except for the control group, all the enamel and dentinal

walls (including the beveled area) were etched with 37%

phosphoric acid gel (Morva Etch, Tehran, Iran) for 30 s for

the enamel and 15 s for the dentin. The samples were

washed for 30 s and dried with absorbent paper followed

by the application of 2 layers of bonding agent (Ultimate

Bond; Master-Dent, USA). Gentle air blast was applied for

5 s to evaporate the adhesive solvent followed by 10 s of

light curing by a LED curing unit. The access cavities

were restored with composite resin (Gradia Direct,

Japan). Composite was applied by the oblique incremental

technique intercalated with 40 s of light curing to the level

of the occlusal surface with preservation of the occlusal

anatomy.

Simulation of Periodontal Ligament
The root canals were coated with wax from the root apex

to the cementoenamel junction. Next, they were mounted

in a metal mold containing auto-polymerizing acrylic resin

(Acropars, Tehran, Iran) to the level of their cementoena-

mel junction. In order to eliminate the heat generated by

the polymerization reaction of resin, the crowns remained

hydrated by constant water spray. After acrylic polymer-

ization, the teeth were removed from the acrylic and the

wax was removed with hot water. To simulate the period-

ontal ligament, the created space was filled with silicon

light body (wash) impression material (Speedex, Asia

Chemi Teb Mfg Co., Iran) and the teeth were embedded

in it to the level of their cementoenamel junction. The

teeth were then stored in 0.9% saline solution at 4°C

until measuring their fracture strength. The duration of

storage was minimally 24 hours and maximally 36 hours.

A parallelometer was used to position the longitudinal axis

of the tooth perpendicular to the ground. The samples then

underwent thermocycling with the following protocol.

Thermocycling
All teeth in the control, TEC and TREC groups were

stored in distilled water with no additional treatment. The

teeth in CON-TC, TEC-TC, and TREC-TC groups under-

went 480 thermal cycles between 5°C and 55°C with

a dwell time of 30 s and transfer time of 5 s in

a thermocycler (Nemo, Iran). The teeth then underwent

fracture strength test.

Fracture Strength Testing
Prior to testing, all teeth were stored in distilled water at

room temperature (25°C) for 24 hours. Next, all teeth were

subjected to load application to their central fossa along

their lingual surface with 15° angle relative to their long-

itudinal axis in an Instron universal testing machine (Load

Cell 20, Santam, Iran). Load was applied by a round-end

piston with 6 mm diameter at a crosshead speed of 1 mm/

min until tooth fracture (Figure 3). The load at fracture

was recorded in Newtons (N) for each tooth.

Statistical Analysis
Data were analyzed using SPSS version 22 (SPSS Inc., IL,

USA). Normal distribution of data was evaluated using the

Anderson–Darling test. Two-way ANOVA was applied to

assess the effects of access cavity design and thermocy-

cling, and their interaction effect on fracture strength of

the teeth. Also, one-way ANOVA and Duncan’s test were

used for the comparison of the groups, and t-test was

applied to analyze the effect of thermocycling on fracture

strength and compare the groups in this respect at p<0.05

level of significance.

Results
The Anderson–Darling test showed normal distribution of

data. Two-way ANOVA revealed significant effects of

access cavity design with thermocycling on fracture

strength of endodontically treated teeth (p<0.05).

One-way ANOVA and Duncan’s test revealed that

although thermocycling had no significant effect on frac-

ture strength of the control groups (without access cavity),

it significantly decreased the fracture strength of teeth with
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TEC and TREC designs such that minimum fracture

strength was noted in TEC-TC group. However, t-test

showed no significant difference in fracture strength of

the control (with/without thermocycling) and TREC (with-

out thermocycling) groups; whereas, a significant differ-

ence was noted between TEC, TEC-TC and TREC-TC

groups (Table 1).

Discussion
The prognosis of endodontically treated teeth directly

depends on the amount of remaining tooth structure and

strength of the final coronal restoration.22 Thus, root canal

treatment is not completed until a permanent coronal restora-

tion is placed. Dentin loss is an important factor that

adversely affects the survival of endodontically treated

teeth.20,21 Endodontic treatment steps include preparation

of access cavity and instrumentation of the root canal system,

which may result in excessive loss of the tooth structure and

subsequently lead to weakening of the tooth and its conse-

quently decreased fracture strength against loads.23,24

Recently, TREC designwas suggested as an alternative to

the TEC design since the former better preserves the tooth

structure and does not compromise its strength. The TEC

design is believed to excessively remove the tooth

structure.25,26 However, no consensus has been reached

regarding the type of access cavity and final restoration of

endodontically treated posterior teeth. Also, controversy

exists regarding the clinical significance of this treatment

plan.12,13,24,27 Search of the literature by the authors yielded

no study comparing TEC and TREC designs after thermo-

cycling. Thus, this study evaluated the fracture strength of

mandibular molars that underwent endodontic treatment

through a TEC or TREC design, were restored with compo-

site resin and subjected to thermocycling.

The results showed that the TREC design had

a significant effect on fracture strength of endodontically

treated mandibular molars, which was not in agreement

with the results of other studies. Platino et al indicated that

TREC design did not have a significant effect on fracture

strength of endodontically treated teeth.16 Moore et al and

Özyürek et al found no significant difference in fracture

strength between the two access cavity designs,11,28 which

was not in line with our findings.

Our results revealed that the fracture strength of intact

teeth (control group) was similar to that of teeth in the

TREC experimental group; this finding was in contrast to

the results of studies that showed that fracture strength of

intact teeth was significantly higher than that of teeth with

TEC and TREC designs.11,28 Such controversial results

can be due to different methodologies with respect to the

type of teeth since previous studies used mandibular first

molars19,28 or maxillary first molars,17 while we used

mandibular first and second molars. Presence and type of

restorations and the method of fracture testing may also

play a role in controversial results.

Although the current results indicated that thermocycling

had no significant effect on fracture strength of the control

group (intact teeth with no access cavity), it significantly

decreased the fracture strength of endodontically treated

teeth such that the TEC-TC group showed minimum fracture

A control

B TEC

C TREC

Figure 3 Photographs of the broken teeth in different groups of (A) control, (B)
TEC, and (C) TREC.
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strength. Also, our results indicated that thermocycled teeth

with TREC (TREC-TC) design had higher fracture strength

than the TEC-TC group. Such a difference can be due to

further loss of tooth structure in preparation of TEC design

compared with TREC and conduction of thermocycling.

It should be noted that in vitro studies have limitations

and their results should be interpreted with caution. Load

bearing capability of endodontically treated teeth is

affected by a number of factors such as the number of

adjacent teeth, number of occlusal contacts, the position of

tooth in dental arch and apical status of the teeth, which

cannot be simulated in vitro.29 The method of loading

in vitro is also different from the oral clinical setting

because the load is static in vitro while it is dynamic

in vivo.30 Furthermore, a wide variability exists in

extracted human teeth.31 We tried our best to simulate

the periodontal ligament and prevent dehydration and its

adverse effects on the teeth during the study by storing the

teeth in 100% humidity during the study period.31 Load

was applied at 15° angle relative to the longitudinal axis of

the tooth to better simulate the clinical setting.32,33

Nonetheless, some other factors such as lateral forces are

also present in the oral cavity that cannot be simulated

in vitro. Thermocycling has not been performed in pre-

vious studies on access cavity design and fracture strength;

however, it seems to have a significant effect on fracture

strength of endodontically treated teeth. It has been

reported that elimination of tooth structure during access

cavity preparation causes micro-crazing in the enamel and

dentin,34 which may expand during thermocycling and

decrease the fracture strength of teeth.

On the other hand, the load applied to the tooth crown

during extraction may cause micro-crazing with variable

depths, that may reach the access cavity due to vibrations

generated during access cavity preparation, thermal stresses,

applied pressures, and thermocycling (causing shrinkage and

expansion of tooth structure) and lead to coronal fracture

under occlusal loads in vivo, or load application in vitro.

The likelihood of microcracks reaching the access cavity is

higher in larger-size access cavities (conventional form), and

would further decrease the fracture strength of teeth. In

contrast, in conservative access cavity preparation, the peri-

cervical tooth structure is more preserved, and the likelihood

of microcracks reaching the access cavity would be lower

due to its smaller size, which may be one possible reason for

higher fracture strength of teeth with conservative access

cavities. The mode of crack and its frequency and location

in a certain tooth can be explained based on two parameters,

namely 1) the microstructure and micromechanical proper-

ties of the human enamel and 2) magnitude and direction of

loads applied to the tooth during function. Enamel is a hard

but brittle structure composed of enamel prisms. Enamel

prisms are completely dense masses of hydroxyapatite crys-

tals embedded in a matrix of protein and water. These prisms

are vertically aligned on the dentin surface and extend to the

surface.35 Close to the dentinoenamel junction, a complex of

internal defects is present which is mainly composed of

hypo-calcified fissures, known as enamel tufts. They are

wavy and filled with a protein-rich fluid. These defects are

considered as the source of cracks during heavy or contin-

uous loading.36,37 Reduction in fracture strength of the teeth

following thermocycling in our study may be due to propa-

gation of cracks following access cavity preparation and

presence of enamel tufts, since self-healing does not occur

in vitro (unlike in vivo). However, it has been demonstrated

that enamel tufts can delay the crack propagation such that

when a crack propagates, the enamel tufts are continuously

filled with protein-rich fluids that repair the crack. This

Table 1 Cross-Sectional Diameters, Buccolingual (BL), Mesiodistal (MD) Diameters (mm) and Comparison of Fracture Loads (N) of

the Teeth (n=10)

Group N BL MD BL x MD Fracture (N) (SD) P value*

Con 10 10.017 10.956 110.0324 1616.302a±106.530 > 0.05

Con-TC 10 10.318 11.25 116.4863 1595.7a±72.708

TREC 10 10.342 11.241 116.3963 1601.2a±143.073 < 0.05

TREC _TC 10 10.286 11.397 116.254 1264.928b±209.305

TEC 10 10.264 11.328 116.5389 1369.9b±253.903 < 0.05

TEC-TC 10 10.16 11.007 112.2544 886.23c±157.559

P value 60 > 0.05 > 0.05 > 0.05 < 0.05

Notes: P value: one-way Anova. P value*: independent t test (compare with TC and without TC). a,b,cTukey’s test for groups comparison.

Abbreviations: Control, con; Con-TC, control with thermocycling; TREC, truss endodontic access cavity; TREC-TC, truss endodontic access cavity with thermocycling;

TEC, traditional endodontic cavity; TEC-TC, traditional endodontic cavity with thermocycling.
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mechanism is known as the self-healing mechanism of the

enamel.38

Clinical Relevance
The teeth are subjected to different thermomechanical

stresses in the clinical setting. Thus, minimum removal

of tooth structure (as low as reasonably accessible) would

be ideal. Moreover, conservative access cavity preparation

in teeth without extensive caries can enhance the fracture

strength of endodontically treated teeth.

Limitations
Small sample size due to the strict inclusion criteria and

difficulty in finding sound teeth with standardized pulp

chamber sizes in each group was a limitation of this

study, which was overcome by increasing the duration of

study to find more eligible samples. Also, we randomly

allocated the teeth to the groups to minimize the effect of

confounding factors such as dentin age on the results.

Conclusion
Within the limitations of this in vitro study, the results

showed that although the fracture strength of endodonti-

cally treated mandibular molars with TREC design was

not significantly different from that of sound teeth, ther-

mocycling significantly decreased the fracture strength of

teeth with TREC and TEC designs. Future studies are

required to assess the fracture strength of teeth with TEC

and contracted access cavity designs following thermome-

chanical cyclic loading.
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