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Abstract  

Background. Severely damaged teeth do not have adequate structure to support the composite crown; therefore, use of the 

canal space has been suggested to increase retention. Furthermore, the effect of post space irrigation protocols on the fracture 

resistance of the primary anterior teeth has not definitely been studied in postoperative modalities. This study compared the 

fracture resistance of restorations of primary anterior teeth following irrigation of the post space with sodium hypochlorite 

and chlorhexidine with and without application of burs. 

Methods. Ninety-four extracted primary anterior teeth were selected. Root canal treatments were carried out, 4 mm of the 

post space was left empty and 1 mm was regarded as a bed. The post space was prepared with and without a bur and the 

irrigation procedures were carried out with 0.2% chlorhexidine and 2.5% sodium hypochlorite solutions. Composite posts 

were inserted into the canals and the crowns were restored. Following composite etching and light-curing, the fracture re-

sistance of the restored teeth was determined by a universal testing machine.   

Results. In the sodium hypochlorite group, fracture resistance of the teeth was 376.8±107.29 N and 475.5±186.89 N without 

and with bur preparation, respectively. For chlorhexidine protocol, the values were 370.88±175.46 N and 430.85±178.22 N 

without and with bur preparation, respectively. The effect of irrigating material was not significant; however, the bur and 

irrigating preparation significantly increased the fracture resistance of the restored teeth (P=0.02).   

Conclusion. Post space irrigation with 0.2% chlorhexidine or 2.5% sodium hypochlorite did not significantly affect the 

fracture resistance of primary anterior teeth in the post treatment modality. 
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Introduction 

t is generally accepted that dental caries is the most 

common chronic childhood disease.1,2 Early child-

hood caries quickly involves the maxillary anterior 

teeth at an early age, and usually a large part of the 

tooth structure is lost when parents discover these car-

ies and take the baby to a dentist. It has been a chal-

lenge to reconstruct severely damaged anterior teeth 

from several points of view, including difficulty in re-

pairing and uncooperative children at an early age; 

therefore, tooth extraction has long been considered 

as a selective therapeutic approach for these cases, but 

many parents are dissatisfied and are asking for es-

thetic restorations.3,4 

Some of the existing therapies are prefabricated 

crowns and composite restorations. In cases of severe 

tooth decay, it is necessary to carry out root canal ther-

apy and place a post in the root canal prior to crown 

reconstruction.4 Since severely damaged teeth have 

insufficient coronal structure to support and retain 

composite crowns, it is recommended that the root ca-

nal space be used to enhance restoration retention.5 

It is difficult to bond the root canal due to the char-

acteristics and control problems of the adhesive sys-

tems, root canal anatomy, inaccessibility of entire area 

for complete root canal cleaning, tooth position, the 

presence of coronal residual tissue in different parts, 

and different techniques of light curing, as well as op-

erator experience and skill. The canal walls after post 

space preparation are covered with a thick smear layer 

containing rough debris and gutta-percha or sealer 

residues, possibly interfering with effective bonding 

with dentin. Hence, it is important to prepare the post 

space in a manner to effectively remove the smear 

layer and the sealer to achieve proper access to dentin 

to create effective bonding with decalcified dentin. 

Simultaneously, various methods such as etching and 

use of chemical agents for irrigation, including 

NaOCl and EDTA or ultrasonic solutions have been 

suggested to remove the smear layer. 

On the other hand, the application of sodium hypo-

chlorite has been suggested due to its physicochemi-

cal and antibacterial properties and its tissue solubility 

in root canals.6 In addition, its use can result in 

changes in dentinal proteins and collagen fibers; these 

changes might interfere with the formation of a hybrid 

layer that plays an important role in resin‒dentin ten-

sile bond strength. Some studies have concluded that 

sodium hypochlorite prevents the adhesion of resin 

through changes in dentin structure.7 Chlorhexidine 

has been proposed as an endodontic detergent due to 

its extensive antimicrobial effects, durability, biocom-

patibility and physiological properties. Chlorhexidine 

can prevent the degradation of collagen fibers and 

maintain the hybrid layer integrity.8,9 

In this regard, most studies evaluated the effects of 

different preparation methods on the bond strength 

values of endodontic posts in permanent teeth. How-

ever, limited studies are available on deciduous teeth. 

Therefore, the present study aimed to compare the 

fracture resistance values of severely damaged pri-

mary anterior teeth using different methods of prepa-

ration of the coronal one-third of root canals to help 

clinicians select the most appropriate therapeutic 

method to repair these teeth using these findings. 

Methods 

In this in vitro research, data were collected through 

laboratory tests. A total of 94 primary anterior teeth 

extracted because of severe caries and being non-re-

storable were collected and stored in 0.5% chlora-

mine-T solution for a week and in distilled water in a 

refrigerator until completion of the specimen collec-

tion. The distilled water was renewed periodically. 

The teeth were cut from 1 mm above the CEJ using a 

fissure bur (#245) in a high-speed turbine under water 

spray. The teeth were randomly divided into four 

groups by randomized block designs. To match the 

samples in the study groups, the diameters of the teeth 

in the CEJ region were measured by a caliper. The 

mean diameters in the four groups were not different 

significantly. 

Procedural Steps 

The root canals were filed 1 mm shorter than the 

working length up to three files larger than the pri-

mary file (2.5% NaOCl was used to irrigate the canal 

while filing in the sodium hypochlorite groups and 

0.2% chlorhexidine in the chlorhexidine groups). The 

root canals were dried with paper points and filled 

with ZOE (Kem Dent) 1 mm shorter than the working 

length. 

The coronal 4-mm length of the root canal-filling 

material was removed to provide post space, and a 1-

mm base of Light Dycal (Spident-base.it) was placed 

and light-cured for 40 seconds with an LED light-cur-

ing unit (Radi, SDI Co.). Excess materials were 

cleaned to provide a 3-mm post space. 

The post space was prepared in each group as fol-

lows: 

Group 1: The post space was prepared using a fis-

sure bur in a high-speed handpiece so that the excess 

materials were removed. It was then irrigated with 

0.2% chlorhexidine. 

Group 2: The post space was irrigated with 0.2% 

chlorhexidine. 

I 
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Group 3: The post space was prepared by a fissure 

bur in a high-speed handpiece so that the excess ma-

terials were removed. It was then irrigated with 2.5% 

sodium hypochlorite solution. 

Group 4: The post space was irrigated with 2.5% 

hypochlorite solution. 

The following steps were performed on all the teeth: 

acid etching for 20 seconds and irrigation for 15 sec-

onds, drying the tooth so that the dentin did not com-

pletely dry, application of two layers of bonding agent 

(Single Bond, 3M ESPE, USA) with a microbrush, 

drying gently for 2‒5 seconds and light-curing for 20 

seconds, followed by incremental placement of flow-

able composite resin in two steps, light-curing in each 

step to prepare the post, and incremental formation of 

the crown at a height of 4 mm (each layer was <2 mm 

and finally light-cured for 40 seconds) (Figure 1). 

All the samples were polished by composite resin 

polishing burs in a high-speed handpiece to create a 

uniform surface.  

The specimens were then mounted in acrylic resin 

in a cylindrical mold 1 mm under the CEJ (Figure 2). 

Subsequently, the samples were subjected to 1000 

thermal cycles at 5/55°C.  

To evaluate fracture resistance, the samples were 

placed in a universal testing machine (Zwick/Roell 

Z050 Germany) under a compressive force with an 

angle of 148° (35) and a crosshead speed of 1 mm/s.  

The force applied in the middle third of the palatal 

surface continued until the restoration fractured (Fig-

ure 3). The specimens were examined after fracture to 

evaluate the fracture pattern by the operator and clas-

sified based on the fracture site as restorable (fractures 

above the CEJ) and non-restorable (fractures below 

the CEJ).  

Data were analyzed with SPSS 21.0. Two-way 

ANOVA was used to analyze the effects of irrigation 

type and the use or non-use of a bur for post space 

preparation in primary anterior teeth. The type I error 

level was considered to be 0.05 (α=0.05) in the pre-

sent study like other studies. 

Results 

The fracture resistance values of the teeth were 

376.08±107.29 N (with a range of 240.17‒670.32 N) 

in the presence of sodium hypochlorite solution (with-

out a bur) and 475.05±186.89 N (with a range of 

157.67±1020.93 N) in the presence of sodium hypo-

chlorite solution (with a bur). On the other hand, frac-

ture resistance values were 370.88±175.46 N (with a 

range of 112.58±664.97 N) with chlorhexidine (with-

out a bur) and 430.85±178.22 N (with a range of 

122.07-835.32 N) with chlorhexidine (with a bur) 

(Table 1). 

Two-way ANOVA showed that the type of irriga-

tion solution (sodium hypochlorite and chlorhexidine) 

had no significant effect on fracture resistance values 

(P=0.47), but the effects of bur + irrigation on the 

 

Figure 1. Bonding agent and flowable composite resin 

kit. 

 

Figure 2. The specimens mounted in cylindrical acrylic 

resin 

 

Figure 3. Universal testing machine. 
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fracture resistance were significant (P=0.02). In addi-

tion, the cumulative effect of the type of irrigation so-

lution and bur application on fracture resistance was 

not significant (P=0.57). 

In the non-bur preparation technique and applica-

tion of sodium hypochlorite as an irrigation solution, 

12 samples (46.2%) had an unfavorable fracture pat-

tern (below the CEJ) and 14 (53.8%) had a favorable 

fracture pattern (above the CEJ). Additionally, in the 

application of chlorhexidine, 5 samples (25.0%) had 

an unfavorable fracture pattern (below the CEJ) and 

15 samples (75.0%) had a favorable fracture pattern 

(above the CEJ) (Table 2). 

In the bur preparation technique and application of 

sodium hypochlorite as an irrigation solution, 9 sam-

ples (45.0%) had an unfavorable fracture pattern (be-

low the CEJ) and 11 samples (55.0%) had a favorable 

fracture pattern (above the CEJ). In this method and 

with application of chlorhexidine, 10 samples 

(35.7%) had an unfavorable fracture pattern (below 

the CEJ) and 18 (64.3%) had a favorable fracture pat-

tern (above the CEJ) (Table 2). 

Table 2 shows the fracture patterns of samples in 

different methods of bur or non-bur preparation and 

irrigation of the canals with sodium hypochlorite and 

chlorhexidine solutions. 

Discussion 

Fracture of tooth-colored restorations is the main 

cause of treatment failure in the restoration of se-

verely damaged primary anterior teeth. Therefore, 

achieving a proper retention of restoration is very im-

portant. Among the tooth-colored materials, compo-

site resin is a routine option in anterior teeth due to its 

strength, abrasion resistance and aesthetic out-

comes.10 

Each irrigation solution in the present study has 

several properties. Sodium hypochlorite solution has 

high antimicrobial activity and dissolves tissues; it is 

used commonly in root canal therapy due to its afford-

ability. Chlorhexidine, as a root canal irrigation agent, 

has a higher antibacterial activity and is also less toxic 

than NaOCl. 

According to the results of this study, the fracture 

resistance rate of primary anterior teeth was 

370.88±175.46 N in the presence of chlorhexidine 

without a bur and 430.0±178.8522 N in the presence 

of chlorhexidine with a bur. Chlorhexidine is able to 

compensate for the decrease in resin‒dentin bond 

strength observed in most cases of conventional adhe-

sives and after long-term storage in water, and to pre-

serve the morphological characteristics of the hybrid 

layers by inhibiting host protease.11 

Edermir et al12 reported that endodontic irrigation 

with chlorhexidine induced a significant increase in 

the bond strength to root dentin. The possible effects 

of chlorhexidine in this field are related to the release 

of positively charged molecules at the levels treated 

with CHX and its ability to adsorb to the oral cavity 

surfaces.13 Theoretically, this process also occurs in 

exposed demineralized collagen fibrils and is a funda-

mental reason for maintaining the bond strength val-

ues after long-term storage in water. However, CHX 

might be adhered to high-speed collagen fibrils and 

can develop an adequate guarantee for this adhesion. 

In a study by Kim and Shin (2012), the use of chlor-

hexidine had no obvious effect on the bond strength 

of the samples.14 According to the results of the re-

search, the mean fracture resistance of the teeth was 

376.08 N under sodium hypochlorite solution irriga-

tion without a bur and 475.05 N under sodium hypo-

chlorite solution irrigation with the use of a bur. 

Sodium hypochlorite solution, as an excellent non-

specific proteolytic agent, is able to dissolve organic 

compounds and increase the penetration of composite 

Table 2. The fracture pattern of the samples in different methods of bur or non-bur preparation and sodium hypo-

chlorite and chlorhexidine irrigation solutions 

Bur Canal irrigation agents Undesirable fracture pattern (below CEJ) Desirable fracture pattern (above CEJ) Total 

Yes 

NaOCl 12 (46.2%) 14 (53.8%) 26 (100.0%) 

Chlorhexidine 5 (25.0%) 15 (75.0%) 20 (100.0%) 

Total 17 (37.0%) 29 (63.0%) 46 (100.0%) 

No 

NaOCl 9 (45.0%) 11 (55.0%) 20 (100.0%) 

Chlorhexidine 10 (35.7%) 18 (64.3%) 28 (100.0%) 

Total 19 (39.6%) 29 (60.4%) 48 (100.0%) 

Total 

NaOCl 21 (45.7%) 25 (54.3%) 46 (100.0%) 

Chlorhexidine 15 (31.2%) 33 (68.8%) 48 (100.0%) 

Total 36 (38.3%) 58 61.7%) 94 (100.0%) 

Table 1. The fracture resistance values of primary anterior teeth in different groups 

Groups Minimum Maximum Mean force Standard deviation 

NaOCl without bur 240.17 670.32 376.0769 107.28730 

NaOCl with bur 157.67 1020.93 475.0461 186.89647 

Chlorhexidine without bur 112.58 664.97 370.8810 175.45850 
Chlorhexidine with bur 122.07 835.32 430.8471 178.21949 
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monomers in the demineralized dentin structure.15-17 

Sodium hypochlorite solution along with resin mate-

rials caused some problems and gave rise to a dentin 

surface covered with a rich oxygen layer, which inter-

fered with the penetration of resin into tubular and in-

tertubular dentin.18-20 This antibacterial agent could 

jeopardize the polymerization of bonding resins due 

to the oxidative effects of NaOCl and its deriva-

tives.13,21 These products can prevent adhesive 

polymerization and cause dentin surface contamina-

tion. Another hypothesis in this regard is the removal 

of collagen fibers from the dentin surfaces following 

the use of NaOCl, which prevents the formation of a 

sound hybrid layer.  

Comparison of similar experimental results regard-

ing the fracture resistance values of teeth yields con-

tradictory results because these results can be affected 

by many variables such as tooth condition before ex-

traction, dental age, dental care conditions, pulpal po-

sition during tooth extraction, root anatomy and its di-

mensions, force angle, and tooth position.22 

In summary, sodium hypochlorite solution leads to 

the oxidation of some components in the dentin ma-

trix and formation of protein radicals. These materials 

compete with free radicals generated during photoac-

tivation of resins, resulting in the cessation of the pol-

ymeric chain formation and incomplete polymeriza-

tion processes.19,23 Microscopic studies also showed 

that sodium hypochlorite solution results in the re-

moval of mineral-free collagen. The reduction of the 

bond strength of sodium hypochlorite cannot be at-

tributed to incomplete dentin deproteinization.24 The 

presence of the smear layer impairs the adhesion 

mechanism and causes a decrease in bond strength; it 

has been shown that 2% chlorhexidine and 1% so-

dium hypochlorite are unable to completely remove 

the smear layer and there is no difference between the 

functions of the two agents in the smear layer re-

moval.24 

On the other hand, sodium hypochlorite solution re-

moves dentinal organic components, including colla-

gen, thereby increasing the penetration of monomers 

into the demineralized dentin structure. After applica-

tion to dentin surfaces, sodium hypochlorite is broken 

down into oxygen and sodium chloride, and the oxy-

gen obtained from these chemical components pre-

vents complete polymerization of the resin bonding 

materials.18,25 The formation of oxygen bubbles in the 

interspace areas also interferes with the penetration of 

resin into tubules and intertubular dentin. 

In a study by Bitter et al,26 the use of various irriga-

tion methods, including sodium hypochlorite and 

chlorhexidine, had no distinct effect on the bond 

strength of different self-etch adhesive systems.26 On 

the other hand, some researchers have shown that the 

use of chlorhexidine had no negative effect on the im-

mediate and prolonged bond strengths during cemen-

tation procedure of the post space.27-29 

According to the results of this study, use of chlor-

hexidine in comparison with sodium hypochlorite so-

lution had no significant effect on the changes in frac-

ture resistance of the anterior teeth after post space 

preparation.  

On the other hand, the use of bur + irrigation, com-

pared with irrigation alone, had a significant effect on 

increasing the fracture resistance values of primary 

anterior teeth, which could be related to surface 

roughness following the application of a bur and an 

improvement in retention.  

According to the present results, the favorable frac-

ture frequency was higher with the use of chlorhexi-

dine than NaOCl, so that 53.8% of the samples had a 

favorable fracture pattern (above the CEJ) in the non-

bur and sodium hypochlorite solution method and 

75.0% had a favorable fracture pattern in the applica-

tion of chlorhexidine; in addition, 55% had a favora-

ble fracture pattern (above the CEJ) with the use of a 

bur with sodium hypochlorite solution, and 64.3% had 

a favorable fracture pattern (above the CEJ) with the 

use of chlorhexidine. 

There are limitations for in vitro studies due to the 

examination of human teeth with distinct dimensions 

and the application of compressive forces at a specific 

angle. In the oral environment, restored teeth are ex-

posed to various variables such as continuous expo-

sure to moisture, thermal fluctuations and pH, result-

ing from various foods, and exposure to bacteria and 

enzymes and are simultaneously affected by bite 

forces. All these variables have obvious and undenia-

ble effects on the tooth root and post retention and 

bond strength and can affect the clinical function of 

the posts. Accordingly, evaluation of the effect of var-

iables on the tooth root‒post bond strength can be 

considered in future research. Additionally, the as-

sessment of long-term clinical durability and efficacy 

of the posts can reveal more details of their potential 

advantages and disadvantages. 

Conclusion 

The results of this study showed that the type of irri-

gation solution had no significant effect on the frac-

ture resistance but the effect of bur + irrigation was 

significant on the fracture resistance of the bonds, so 

that the fracture resistance of the samples significantly 

increased with the use of a bur + irrigation solution. 
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