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Fracture Resistance of Endodontically Treated Upper Premolar with MOD 
Cavity Restored by Direct Resin Composite Combined with Fiber-Reinforced 
Composite Posts
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 The purpose of this study was to compare the fracture strength and fracture pattern of a previously endodontically 

treated premolar with MOD cavity when restored with a resin composite together with prefabricated fiber-reinforced 

composite (FRC) and novel unpolymerized fiber-reinforced composite (UPF) posts. Forty intact human maxillary 

premolars with single root and two canals were embedded in resin molds with simulated periodontal ligament. 

The specimens were divided into five groups: 1) Sound premolar (positive control); 2) Non-restored endodontically 

treated premolar with MOD cavity (negative control); 3) Endodontically treated premolar with MOD cavity restored with

resin composite; 4) Endodontically treated premolar with MOD cavity restored with FRC post and resin composite; 

5) Endodontically treated premolar with MOD cavity restored with UPF post and resin composite. All specimens 

were subjected to 500,000 cycles of cyclic loading and 10,000 cycles of thermocycling. The specimens were loaded

to fracture at an angle of 45° on palatal cusp. The sound premolar had the highest fracture strength (510.92 ± 

106.54 N) while the non-restored premolar had the lowest strength (73.88 ± 20.52 N). Using the post with resin 

composite restoration significantly increased the strength of the tooth. However, there was no significant difference 

in the strength between using FRC and UPF post. Most of the specimens had a favorable fracture. In conclusion, 

fiber-reinforced composite post positively increased the fracture strength when restored endodontically treated 

premolar with MOD cavity using resin composite but did not affect the fracture pattern. The type of post did not 

affect the fracture strength of the restored tooth.
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 Endodontically treated teeth are susceptible to 

fractures due to substantial loss of structure from dental 

caries, fracture, cavity preparation and access opening. 

The survival of these teeth depends on various factors in

which post-endodontic restoration is one of the keys to

success.1,2 Good restoration not only can restore form, 

function and esthetic, but also prevent marginal leakage 

and tooth fractures. Previously, a suggestion to protect the

teeth with an intracanal post and a full coverage crown 

was considered as standard treatment.3 However, this 

technique has some disadvantages such as multiple visits, 

loss of tooth structure resulting from tooth preparation 

and high costs. 

 With recent advancement in adhesive technology,

minimal invasive dentistry gradually plays an important 

role in modern dentistry. A study showed that preservation

of the remaining tooth structure increased the survival 

outcome and reduced the chance of fracture in endodontically

treated teeth.4 From this perspective, when the tooth has

adequate structure to provide retention of restoration material,

a non-cuspal coverage direct restoration is acceptable. 

However, this concept is still controversial, particularly in

the maxillary premolar which has one of the highest fracture

rates reported because it receives shear occlusal force and 

has a large and steep cusp while having a flat and slim root

compared to its crown.5-7

 A clinical study by Manocci and co-workers 

found that the success rate of endodontically treated 

premolar with class II cavity restored with full coverage 

crown was not statistically different from a restoration 

with fiber-reinforced composite post and direct resin 

composite in the three years follow up range.8 Supported

by a recent systematic review which pointed out that there

was still lack of evidence to support the higher success 

rate of restoration with full coverage crown than with direct

restoration.9 Also, in-vitro studies showed that cuspal 

coverage restoration was not always necessary in premolar 

with both marginal ridges losing.10,11

 Prefabricated fiber-reinforced composite post 

(FRC post) has increasingly been used in restoring an 

endodontically treated tooth due to various advantages 

compared to using a metal post. Its high success rate is due

to its biomimetic behavior resulting from the low modulus 

of elasticity close to dentin.12 Hence, it can distribute 

occlusal force along the tooth structure effectively.13,14

Supported by the in-vitro studies which show that endo-

dontically treated premolar restored with FRC post and

resin composite had a higher fracture strength and less 

cuspal deflection compared to being restored with only a

resin composite.3,15 However, since this post was prefabricated,

there were some situations that the post did not fit into 

the prepared root canal resulting in a gap-filling with low 

strength resin cement which may weaken the tooth.16 To

solve these problems, an unpolymerized glass fiber- 

reinforced composite post (UPF post) was invented. Its 

shape can be adjusted to adapt and fit into the root canal 

prior to light polymerization and cementation.17

 There were still few data comparing the use 

of FRC post and UPF post for restoring endodontically 

treated tooth.17,18 Thus, this study was conducted to 

compare the fractural strength and fracture pattern of

previously endodontically treated premolar with MOD 

cavity when restored with only resin composite or together 

with FRC post or UPF post. The research proposal was 

approved by the Human Research Ethics Committee of 

the Faculty of Dentistry, Chulalongkorn University. The 

study code was HREC-DCU 2018-051.

Specimen preparation

 Forty intact human maxillary premolars with 

single root and two canals which were extracted for 

orthodontic treatment were used. The selected teeth 

were quite similar in shape and size, had a straight canal 

and were free from cracks, dental caries or any defects. 

The teeth were stored in 0.5% thymol solution (M-dent, 
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Thailand) and were used within six months. Teeth were 

mounted in resin acrylic mold with periodontal ligament 

(PDL) stimulating using self-cured polyether (SilagumTM, 3M

ESPE, USA).19 Level of resin acrylic was 2 mm from cemento-

enamel junction (CEJ) to simulate alveolar bone level. 

(Fig. 1).

 Thirty-two specimens were subjected to MOD 

cavity preparation using computer numerical control (CNC) 

preparation machine (CNC specimen former, Thailand). 

Occlusal cavities with 4 mm bucco-lingual width and 4 

mm depth together with proximal boxes, 2 mm in depth 

from pupal wall, 1 mm width in mesio-distal direction 

and 4 mm width in bucco-lingual direction, were created. 

After preparation, all specimens had remaining buccal 

and lingual cusps thickness at the height of contour at 

more than 2 mm. (Fig. 2).

Figure 1 Mounted tooth in resin mold with simulated periodontal ligament and alveolar bone level

Figure 2 Cavity preparation

 Pulpal exposure was performed at the middle 

of occlusal cavity using round diamond bur (FG 8200S, 

Intensiv, Switzerland). A straight-line access opening was 

done using high-speed diamond pointed-taper bur (FG D2,

Intensiv, Switzerland) at pulp exposure spot. Instrumentation

was carried out in buccal and palatal canals using X1-X3 

NiTi rotary instrument (ProTaperTM Next, Dentsply Sirona, 

USA) at 300 rpm, 2N/cm by pecking motion to the working 

length under 17 % EDTA cream (RC prepTM, Premier, USA)

lubrication and 5 ml of 2.5 % NaOCl (Faculty of Dentistry

Chulalongkorn University, Thailand) irrigation. Final flushed

the canals with 17 % EDTA (Faculty of Dentistry Chulalongkorn

University, Thailand) 3 ml for one minute followed by

5 ml of 2.5 % NaOCl. The canals were dried using paper 

points. Gutta-percha canal obturation was done by a single

cone technique using match-tapered cone X3 (ProTaperTM

Next, Dentsply Sirona, USA) with resin-based sealer (AHTM

plus, Dentsply Sirona, USA). The gutta-percha was removed

to the cemento-enamel junction level. 

 Eight endodontically treated teeth with MOD 

cavity were not restored and used as negative control 

specimens. Eight endodontically treated teeth with MOD

cavity were restored with nanofilled resin composite 

(FiltekTM Z350 XT, 3M ESPE, USA). The bonding protocol
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was done with a 3-step etch-and-rinse bonding system 

(OptibondTM FL, Kerr, USA) following the manufacturer’s 

instructions. The cavity was etched with 37 % phosphoric

acid for 15 s, rinsed with distilled water for 15 s, dried with

clean gentle air for 5 s to achieve a moist dentin, primed 

with FL primer for 10 s in agitating motion, gentle air blew

until there was no sign of liquid movement, lightly coating

the cavity with FL adhesive and light polymerization 

(DemiTM, Kerr, USA) for 20 s. Tofflemire matrix system was 

applied to the tooth, the top margin of the band was at 

1 mm above the occlusal margin. The cavity was filled 

with resin composite using incremental technique, which  

was 2 mm for each layer measured by a periodontal probe

and light curing for 40 s. The tip of the light curing unit 

was placed at the tip of buccal and palatal cusps. Each 

proximal cavity was filled and cured followed by the 

occlusal cavity (Fig. 3A). The proximal cavity was filled with

three layers of composite which each layer was cured 

for 40 s (Fig. 3B). Then, the occlusal cavity which is 4 mm

in depth from occlusal margins was filled with two layers

of composite in which each layer was cured for 40 s (Fig. 3C).

The matrix band was removed and the resin composite

in each proximal cavity was additionally cured by placing

the tip of the light curing unit in close contact to the buccal

and palatal sides of the cavity to simulate a clinical condition.

Each side was cured for 40 s. 

Figure 3 Incremental technique for resin composite restoration

 The other sixteen specimens were subjected to 

post space preparation in palatal canal using slow speed 

peeso reamer #1-2 (Dentsply, USA) for gutta-percha removing.

The depth of post space was equal to the height of the 

clinical crown. The FRC post no.2 (RelyXTM Fiber Post, 

3M ESPE, USA) was used in the eight specimens and the 

UPF post (everStickTM, GC Europe, Belgium) size 0.9 mm 

was used in the other eight specimens. The shape of the 

UPF post was adjusted to fit the canal and polymerized 

with light curing (Demi, Kerr, USA) for 20 s prior to the 

cementation process.

 The post cementation process was done using a 

2-step etch-and-rinse adhesive system (OptibondTM Solo, 

Kerr, USA) and dual cured resin cement (NX3, Kerr, USA) 

following the manufacturer’s instructions. The root canal  

was etched with 37 % phosphoric acid for 15 s, rinsed 

with distilled water for 15 s and dried with paper point. 

The adhesive (OptibondTM Solo, Kerr, USA) was applied 

with a microbrush, the excess was removed using paper 

point and light cured for 40 s. The resin cement (NX3 

NexusTM, Kerr, USA) was mixed and applied into the root canal

using lentulo spiral number 25 (Dentsply Sirona, USA), the

adhesive coated post was inserted into the root canal and

light cured again for 20 s (DemiTM, Kerr, USA). The post 

was then cut to the level of the pulpal floor of the cavity

using a high speed fissured diamond bur (FG 8211, Intensiv,

Switzerland) (Fig. 4).
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Figure 4 Radiographic images show close adaptation of FRC post (left) and UPF post (right) to the root canal

 In summary, 40 teeth specimens were divided

into five groups, eight specimens for each group: 

 Group 1: Sound premolar (positive control)

 Group 2: Non-restored endodontically treated 

premolar with MOD cavity (negative control)

 Group 3: Endodontically treated premolar with 

MOD cavity restored with resin composite

 Group 4: Endodontically treated premolar with 

MOD cavity restored with FRC post and resin composite 

 Group 5: Endodontically treated premolar with 

MOD cavity restored with UPF post and resin composite  

Artificial aging

 All specimens underwent the artificial aging using

cyclic loading and thermocycling. The cyclic loading was

done in fatigue tester (Universal testing machine, Fatigue

tester, E1000, Instron, England) with stainless steel 

antagonist (diameter 6 mm) contact at the middle of 

occlusal surface, parallel to tooth axis. The specimen 

was loaded continuously with 50N, 4 Hz frequency for 

500,000 cycles. The specimen was later subjected to 

10,000 cycles of thermocycling (Thermocycling unit, King 

Mongkut’s University of Technology Thonburi, Thailand) at

5°C and 55°C with a dwell time of 30 s. Due to the transfer

time of 5 s, the total time for one complete thermocycling

 cycle was 70 s. 

Fractural strength test

 The specimen was mounted in a metal holder of 

the universal testing machine (Universal testing machine

EZ-S, SHIMADZU, Japan) at an angle of 45° to the tooth axis.

The 4 mm in diameter stainless steel antagonist was applied

on the incline plane of palatal cusp with crosshead speed

of 0.5 mm/min. A sudden decrease in force of more than

50 % was an indication of fracture failure.

Fracture pattern determination

 The specimen was removed from the acrylic 

mold. The fracture pattern was determined by visual 

inspection. Fracture of the tooth above the simulated 

alveolar bone was classified as a favorable fracture and 

the fracture below the simulated alveolar bone (top of resin

block) was classified as an unfavorable fracture (Fig. 5). 
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Figure 5   Fracture patterns, favorable (left) and unfavorable (right)

Statistical analysis

 The fracture strength was analyzed using the 

one-way ANOVA test. The significant was set at p<0.05. 

The fracture pattern was analyzed using Chi-square test.

 The mean fracture strength of all groups after 

artificial aging was shown in Table 1. Group 1 (positive 

control) had the highest strength (510.92 ± 106.54 N) and

group 2 (negative control) had the lowest (73.88 ± 20.52 N).

Restoring the tooth with only direct resin composite (group 3)

could increase the fracture strength significantly (251.01 

± 63.18 N, p<0.05). Using the post with resin composite 

restoration (groups 4 and 5) could also significantly increase 

the strength of the tooth. However, there is no significant 

difference in the strength between using a FRC post and 

a UPF post (p=0.998).

 Fracture pattern of all the specimens is shown in

Table 2 (fig. 6). Most of the specimens had a favorable fracture.

There was no statistical difference among the groups (p=0.217).

Result

Table 1	 Mean	fracture	strength	and	standard	deviation.	Same	abbreviation	letter	means	no	statistical	significant	difference

   Group N Mean Std. Deviation Std. Error Minimum Maximum

   1

   2

   3

   4

   5

8

8

8

8

8

510.92a

68.88d

251.10c

376.83b

387.10b

106.54

24.20

63.18

72.99

67.28

37.67

8.56

22.34

25.80

23.79

335.75

36.97

158.51

251.34

278.93

629.56

108.41

329.37

463.67

485.53

Table 2 Fracture pattern of tested specimens

Group Favorable Fracture (n) Unfavorable Fracture (n)

1

2

3

4

5

8

8

8

7

8

0

0

0

1

0
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Figure 6 Fracture pattern; (left) favorable fracture, (right) unfavorable fracture

 Previous studies on the fracture strength of endo-

dontically treated premolar mostly done in tremendous

loss of structure tooth and had cuspal coverage restoration.20-22

However, with recent advance technology in restoration 

material and adhesive system, endodontically treated 

premolar with MOD cavity which lost both marginal ridges

but cuspal thickness was left more than 2 mm, may not

need cuspal coverage restoration.10 Restored teeth with 

direct resin composite in combination with fiber-reinforced

composite post could be sufficient for resisting the occlusal

load. This situation was challenging for dentists in making

decisions of restoration type, the need of post and post

selection.

 In this study, factors that could affect the tooth 

fracture strength were controlled which included tooth 

size, cavity size and root canal size. The selected teeth 

had less than 10 % differences in clinical crown length, 

root length and the width of the crown in M-D and B-Li 

direction which were not statistically different between 

the groups (p<0.05). Size and shape of the cavity were 

controlled by CNC machine preparation and those of 

the root canal were controlled by Ni-Ti rotary file instru-

mentation. In addition, since periodontal ligament plays 

an important role in distributing the occlusal force to the

alveolar bone,23 the 0.2-0.4 mm thickness of artificial 

periodontal ligament (polyether impression material) 

was created when the tooth was embedded directly in

the resin acrylic block. 

 The artificial aging, 500,000 cycles cyclic loading 

and 10,000 cycles thermocycling, was done to simulate

the long term (2 years) function of the restored tooth.24-26 

From a previous study, when endodontically treated teeth

was subjected to cyclic fatigue of more than 100,000 

cycles, the fractural strength will be significantly subsided.24

Also, when subjected to thermocycling of more than 

1,000 cycles, the adhesive will be weakened.25

 The fracture strength test was done on a buccal 

inclined plane of palatal cusp at 45° to the long axis of 

the tooth to simulate eccentric movement and traumatic

force. They were considered as an unfavorable load 

which could cause a tensile and shear stresses and lead 

to a vertical root fracture.27,28

 The results of this study showed that when 

restored the endodontically treated maxillary premolar 

which has MOD cavity using resin composite in combination

with or without the fiber-reinforced composite post could

significantly increase the fracture strength even if it was not 

comparable to the sound premolar. The fracture strength

Discussion



259         Khwanpuang and Maneenut, 2020

Conclusion

of the teeth that was restored with only resin composite 

(251.01 ± 63.18 N) was significantly less than that of the 

restored teeth using the combination of post and resin 

composite. However, compared to the maximum bite 

force of maxillary premolar which was 222–445 N (average

322.5 N) and might be rise up to 520-800N (average 660N) 

during clenching,29,30 it could be implied that restoring 

the endodontically treated maxillary premolar with MOD 

cavity using only a resin composite might withstand the 

maximum bite force after function for two years in the 

oral cavity of a healthy adult patient.

 When restoring the teeth with the resin composite

in combination with FRC or UPF posts, the fractural strength

increased significantly compared to restoring with only 

the resin composite and was higher than the maximum 

bite force of both male and female patients as described 

before.29,30 This finding is consistent with the previous 

study31 and it may be due to the force distribution properties

of the fiber post. It is supported by the finite element 

which showed that, when restoring the tooth with fiber 

post and adhesive system, the occlusal force can distribute

along the surrounding tooth structure which has a pattern

similar to a natural tooth.32 Moreover, in our study, the 

length of post space in the root canal was comparable to 

the length from tip of the buccal cusp to CEJ which was 

the minimal length recommended in a previous study.32 

 Beside the advantageous properties of the 

prefabricated fiber post, it should be considered that 

other factors such as canal preparation, post selection, 

post preparation and cementation are involved in the 

completion and successful use of the post. The post might

not totally fit into the prepared root canal and the gap 

will need to be filled with low strength resin cement. This 

could be a weak point and deteriorate the restoration in 

long term use.33 Unpolymerized glass fiber (UPF) posts 

were invented to eliminate that disadvantage because 

it’s shape can be adjusted to totally fit the prepared 

canal prior to cementation. Its post polymerization’s 

mechanical properties were comparable to a conventional

FRC post.34 An in-vitro study found that using a UPF post 

with resin cement could increase the fracture strength and

be higher than using a conventional FRC post.18 However, 

our study found that the fracture strength of the endo-

dontically treated maxillary premolar with MOD cavity 

using resin composite in combination with both types of 

post was not significantly different (p=0.998). This may 

be the result of the conservative post space preparation 

and the ultimate adaptation of a FRC post to the canal 

(Fig. 3). Thus, the advantage from the shape-adjusting 

property of the UPF post was indistinct, which conform 

to the in-vitro study by Frater and co-workers in 2017.17

 To emphasize, when looking at the detail of 

post space, which ended 5 mm short from the working 

length, it was a considerable fit to the FRC post used in 

this study. The FRC post has 0.7 mm in diameter at the 

tip35 which was close to the diameter of Protaper NEXT 

X3 at 5 mm short from the working length36 and Protaper 

NEXT did not enlarge the canal more than the declared 

taper shape of the instrument profile.37 Moreover, both, 

Protaper NEXT and FRC post also are 5-6 % tapered in 

shape. This means that there was an ultimate fit of the 

FRC post to the last size of the instrumented canal and 

the adaptation may not differ from using a UFP post.

 When determining the fracture pattern, it was 

interesting that most specimens of all the groups have 

a favorable fracture and were not statistically different 

(p=0.217). Like the other study which found that a fiber-

reinforced composite post can prevent an unfavorable 

fracture due to its dentin-like modulus of elasticity which 

has advantage in stress distribution.38 In our study, a 45°

shear load on the palatal cusp was conducted to simulate

bite force. It caused the cusp to debond from the restoration

followed by a slanting fracture to the root and end above

the simulated alveolar bone. This result was different from

the previous study38 which used axial load and fracture 

went along the root axis. 

 With the limitations in this study, it might be 

concluded that;
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1. MOD cavity preparation and endodontically treatment

   reduced the fracture strength of maxillary premolar. 

2. Restoring the endodontically treated maxillary premolar

    with MOD cavity using a resin composite with or without

    a fiber-reinforced post could restore the fracture strength 

   of the tooth but is not comparable to that of a sound 

   premolar.

3. Fiber-reinforced composite posts positively increased

   the fracture strength of the tooth compared to only

   using a resin composite.

4. The type of post did not affect the fracture strength  

   of the restored tooth.

5. The fracture pattern of all restorations was restorable.
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