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Abstract 

Objectives: The purpose of this ex- vivo study was to evaluate the fracture resistance 

of simulated immature teeth, obturated with Gutta-percha or Resilon and reinforced 

by either composite resin or fiber post. 

Materials and Methods: Eighty-four human maxillary incisors were divided into 

seven groups (n=12). Teeth in all groups were prepared until Peeso #5 (1.5mm) could 

be passed through the apex. Root ends received 4mm of MTA plug as an apical bar-

rier. Groups received the followings: 1.Gutta-percha, 2.Resilon, 3.Gutta-percha + 

composite resin, 4.Resilon + composite resin, 5.Gutta-percha + fiber post, 6.Resilon + 

fiber post and 7.No obturation (control group). Access openings were filled with com-

posite resin. Specimens were then subjected to oblique load using Instron Testing Ma-

chine. The mean peak load at fracture was recorded and analyzed using ANOVA. 

Results: Experimental groups had a significantly more fracture resistance than the 

control group (P< 0.05). No significant difference was seen between experimental 

groups. Teeth reinforced by fiber post showed favorable fracture resistance.  

Conclusion: Treatment plans used in this study increase the fracture resistance of 

immature teeth. Use of fiber posts in immature teeth, may be the most favorable clini-

cally applicable technique. 
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INTRODUCTION 

Traumatic accidents and sport activities may 

cause injuries to permanent teeth, which will 

possibly lead to necrosis of the pulp [1]. Lite-

rature shows that the majority of these traumas 

occur between 8 to 12 years of age, especially 

to the permanent maxillary incisors with im-

mature root. Thin walls and wide apices of 

these roots make it difficult for the practition-

ers to perform the appropriate treatment [2, 3]. 

Therefore, suggested treatments should over-

come these obstacles. 

Frank et al, in 1966, showed that long-term 

use of calcium hydroxide (CH) in immature 
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root apices, results in adequate apical healing, 

due to its antibacterial property and inducing 

the formation of an apical barrier, known as 

apexification [4].  

However, this long procedure has some major 

drawbacks, such as requiring several patient 

visits. Therefore, patients may fail to attend 

some appointments, which increases the risk 

of temporary filling loss in between treatment 

sessions. The latter may lead to reinfection of 

the tooth and weakening of dentine structure 

due to the alkaline nature of CH [1, 5]. Use of 

MTA plug as a single step apical barrier 

placement technique was introduced as an al-

ternative treatment for such cases [6]. MTA, in 

long term, induces the formation of a minera-

lized apical barrier (apexification). In short 

term, it creates a mechanical apical barrier 

(MTA plug). This method has the advantage 

of shorter treatment time and producing a hard 

apical barrier with a good seal [6, 7]. Howe-

verr, the remaining thin root walls, especially 

in the cervical region, are susceptible to frac-

ture from secondary injuries. For this reason, 

use of reinforcement in such weak roots would 

be advantageous. 

Gutta-percha remains the standard material of 

choice for root canal obturation. Recently, a 

new filling material named Resilon (Pentron 

Clinical Technologies, Wallingford, CT) was 

introduced. According to the literature, this 

material may create a solid “monoblock”, 

when used with its sealer, Epiphany SE, and 

reinforce the root structure [8, 9]. Studies by 

Teixeria et al, in 2004, and Mehrvarzfar et al, 

in 2012 on the compressive strength of endo-

dontically treated teeth demonstrated that can-

als filled with Resilon had significantly higher 

compressive strength than those filled with 

gutta-percha. However, the ability of this new 

filling material in reinforcing the cervical area 

of immature teeth is still controversial. Appli-

cation of composite resin as an obturating ma-

terial has been suggested to maximize the frac-

ture resistance of teeth [10-12]. But, it should 

be noted that composite resin removal in case 

of retreatment would be challenging for clini-

cians. Teixeria et al, and Glazer et al. showed 

that extending the composite resin apically 

beyond the access cavity to fill the coronal 

area of the root canal may increase the fracture 

resistance of the cervical area [13, 14].  

Fiber post is another material recommended to 

reinforce the cervical area [15, 16]. It has ap-

proximately the same modulus of elasticity as 

dentin. Therefore, it evenly distributes forces 

(whether traumatic forces or occlusal forces) 

in the root [17, 18]. As mentioned earlier, thin 

dentinal walls are the biggest clinical chal-

lenge in treatment of immature necrotic teeth 

[21]. Currently, regenerative treatments are 

considered as a comprehensive and reliable 

treatment modality in endodontics. But, in 

case of failure of regeneration, other treatment 

plans should be applied. The purpose of this 

ex-vivo study was to fill the simulated imma-

ture teeth with gutta-percha or Resilon, and 

reinforce them with either composite resin or 

fiber post, to evaluate their fracture resistance 

in each technique.  

 

MATERIALS AND METHODS 

One hundred and ten freshly extracted maxil-

lary incisors were selected for this study and 

observed under magnification for any micro-

cracks or fractures. An X-ray was taken to en-

sure having a single canal each. The selected 

teeth were measured with a Boley gauge at 2 

mm below the facial cementoenamel junction 

(CEJ) and the mean value was obtained. Teeth 

showing major deviations from the mean val-

ue (more than 20%) were excluded. Eighty-

four teeth met the inclusion criteria. The teeth 

were divided into seven groups; six experi-

mental and one control (n= 12). Standardiza-

tion was made by measuring the root length 

from the apex to the facial CEJ, and cutting 

the apical portion of each root subsequently, 

using a carborundum disc (Dentorium, New 

York, NY, USA) with a straight handpiece 

(NSK, Tokyo, Japan), to obtain 12 mm of root 

length in all teeth. Coronal access cavity was 
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prepared using #4 bur (DIA-BURS, MANI, 

Japan) and a high-speed handpiece.  

Canals were prepared with Mtwo rotary files 

(VDW, Munich, Germany) in a sequence of 

file # 15 up to file # 40 (all with 0.05 taper) 

and peeso reamers (LARGO, Dentsply, Swiss) 

accordingly until a #5 peeso could pass 1 mm 

beyond the apex. After instrumentation, in or-

der to remove the smear layer, each root canal 

was irrigated with 3 mL of 6% NAOCL. After 

2 minutes, the root canals were irrigated with 

17% EDTA (Ariadent, Iran). One minute later, 

they were irrigated with 3 mL of sterile water. 

The irrigation procedures were done using 25 

gauge syringes. Root canals were then dried 

using # 40 paper points (DIA DENT, Korea). 

MTA carrier was used to place a 4 mm apical 

plug of white ProRoot-MTA (Dentsply, USA) 

in each tooth. MTA plug was condensed using 

Schilder plugger (MAILLEFER, Dentsply, 

Switzerland). The apex was sealed using fin-

gertip during this time to prevent MTA extru-

sion. The thickness and homogeneity of the 

MTA plugs were confirmed radiographically. 

The apices of these teeth were covered with a 

wet cotton pellet, and the coronal side of the 

plug (in the canal) was covered using a moist 

paper point. All teeth were then stored at 37°C 

and 100% humidity for 72 hours, allowing the 

MTA to set completely. The remaining por-

tions of the teeth were treated in the following 

manner: 

Group 1 (backfill with gutta-percha+ AH-26 

sealer); AH-26 (Dentsply, DeTrey, Konstanz, 

Germany) was prepared according to the man-

ufacturer’s instruction. A layer was applied to 

the canal walls, using a #40 file. A sealer-

coated #80 master cone (Produits Dentaires 

SA, Vevey, Switzerland) was inserted to the 

working length. Lateral condensation was 

commenced using a size 20 finger spreader 

(Dentsply Maillefer, Ballaigues, Switzerland). 

The void left by the spreader was filled with 

an auxiliary gutta-percha point of identical 

size. (Dentsply Maillefer, Ballaigues, Switzer-

land).  

Root canal was filled up to the level of the 

CEJ. Excessive sealer was removed from the 

pulp chamber, using a dry cotton pellet.  

Access openings were acid etched with 32% 

phosphoric acid (Morva Etch, Morvabon, 

Iran). Access cavity was then filled with A1 

shade composite resin (Point 4, Kerr, Italy) in 

1 mm increments, until the cavity was com-

pletely filled. 

Group 2 (backfill with Resilon + Epipha-

ny/SE):  Epiphany sealer was mixed according 

to the manufacturer’s instruction. A thin layer 

of the sealer was applied to the canal walls, 

using file #40. The root canals were then obtu-

rated as in group 1. After removing the exces-

sive sealer from the chamber, light curing was 

performed for 40 seconds, to cure the coronal 

portion of the material. Access openings were 

filled as in group 1. 

Group 3 (backfill with gutta-percha and AH-

26 to 3mm below the CEJ+ composite resin): 

The obturation process was almost similar to 

group 1 except for the length of gutta-percha 

filling that was 3 mm apical to the facial CEJ. 

The remaining 3 mm and the access cavity 

were acid etched, rinsed and filled with com-

posite resin similar to group 1. 

Group 4 (backfill with Resilon and Epiphany 

to 3 mm below the CEJ + composite resin): 

The root canal was obturated as in group 2. 

But in this group, root canal was filled with 

Resilon up to 3 mm apical to the facial CEJ. 

The remaining 3 mm and the access cavity 

were filled as in group 3. 

Group 5 (backfill with gutta-percha and AH-

26 to 6 mm below the CEJ + fiber post): The 

root canal was obturated similar to group 1. 

But in this group, root canal was filled with 

gutta-percha up to 6 mm apical to the facial 

CEJ.  Dual cure resin (Panavia F 2.0, Kuraray, 

Japan) was applied to the canal surfaces ac-

cording to the manufacturer’s instruction. 

Then, #3 fiber post (Reforpost, Angelus, Bra-

zil) was dipped into the resin and inserted into 

the canal to the end of post space (6 mm) us-

ing finger pressure.  
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Excess material was immediately removed. 

The light curing was performed for 10 seconds 

through the post.  

The coronal portion of the fiber post was 

trimmed using a high-speed hand piece (NSK, 

Tokyo, Japan). The access openings were 

filled as in group 1. 

Group 6 (backfill with Resilon and Epiphany 

to 6 mm below the CEJ + fiber post): The root 

canal was obturated similar to group 2. But in 

this group, root canal was filled with Resilon 

up to 6 mm apical to the facial CEJ. The re-

maining length of the canal and the access 

cavity were filled as explained for group 5.  

Group 7 (control group): The remaining por-

tions of the root canals were left unfilled. A 

cotton pellet was placed at a level just below 

the facial CEJ. The access cavity was filled as 

in group 1. 

The apical 10 mm of all roots was covered 

with a layer of polyether (3M ESPE, Impre-

gum Penta Soft, USA) to simulate the peri-

odontal ligament.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The specimens were then embedded in self 

curing acrylic resin poured in cylinders, leav-

ing a 2mm gap between acrylic surface and 

facial CEJ to simulate the physiologic rela-

tionship between the bone crest and tooth. The 

teeth were mounted using a surveyor to ensure 

a perpendicular relationship between the long 

axis of the tooth and the top surface of the 

acrylic block.  

The specimens were stored at 37°C and 100% 

humidity until fracture testing. 

An Instron Universal Testing Machine 

(Zwick-Roell Z050, Ulm, Germany) was used 

to apply load to each specimen at a crosshead 

speed of 5.0 mm/min (Figure 1). The speci-

mens were fixed to the jig and the load was 

delivered at 135° relative to the long axis of 

the tooth in a lingual-labial direction at 3 mm 

coronal to the level of the lingual CEJ with a 

chisel-shaped tip.  

The peak load at fracture was recorded and 

statistical analysis was performed using one-

way and two-way ANOVA. 

 

Fig 1. The mean load required to cause tooth fracture 
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RESULTS 

One-way and two-way ANOVA were used to 

compare the mean loads at fracture in seven 

groups.   

Figure 1 and Table 1 show the mean fracture 

load of all groups. One-way ANOVA revealed 

significant differences between the groups 

(P<0.05). Based on Tukey’s HSD test, there 

were only significant differences between the 

control group and others.  By excluding the 

control group, two-way ANOVA indicated no 

significant effect of the obturation material 

(P>0.05) or the restorative method (P>0.05), 

and their interaction effect was not significant 

either.  The modes of failure of the specimens 

are presented in Table 2. 

 

DISCUSSION 

The thin dentinal walls are responsible for 

most clinical problems related to immature 

necrotic teeth [19].  

Root canal obturation and reinforcement fol-

lowing apexification are among the suggested 

treatments for such cases in endodontics. In 

this research, different treatment plans for 

these teeth were investigated.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In this study, maxillary central incisors were 

selected for various reasons such as high rate 

of fracture and less morphologic variations. To 

simulate immature teeth, roots were sectioned 

apically in such way that 12 mm of root length 

remained. Canal wall width was decreased us-

ing peeso #5 (1.5 mm diameter). However, 

this technique may not fully simulate the im-

mature tooth structure. The cushioning effect 

of periodontal ligament in the clinical setting 

was simulated using a layer of polyether when 

mounting the teeth. Shalin Desai et al. [20] 

reported that PDL simulation had a significant 

effect on the results of ex-vivo studies on im-

mature teeth. Other studies have also indicated 

that it disseminates the load applied to the 

tooth [21-23]. The angle of the load applied 

was 135°, to follow the average angle of con-

tact between maxillary and mandibular inci-

sors in a class I occlusion [22, 24-26]. To date, 

no study has reported an increase in structural 

strength of immature teeth after using MTA 

[7]. Therefore, in this study, 4mm of apical 

MTA plug was applied to the teeth, solely to 

simulate the apical closure of immature teeth 

performed in the clinical setting. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Groups N Mean Std. Deviation Std. Error 

1 12 895.3008 246.54943 71.17269 

2 12 854.6358 374.79940 108.19527 

3 12 814.4900 207.78601 59.98266 

4 12 932.6117 174.66046 50.42013 

5 12 789.6167 295.62076 85.33836 

6 12 825.6867 269.26607 77.73042 

Control 12 673.9067 242.89640 70.11815 

 

Groups Fracture modes 

1 & 2 
From 3 mm coronal to the lingual CEJ, extended obliquely through crown & root, 

up to facial CEJ 

3 & 4 
From 3 mm coronal to the lingual CEJ, extended obliquely through crown & root, up to approximately 2 mm 

apical to facial CEJ 

5 & 6 
From 3 mm coronal to the lingual CEJ, extended obliquely through crown & root, up to approximately 2 mm apical to 

facial CEJ without fracturing the post 

Control From 3 mm coronal to the lingual CEJ, extended obliquely through crown, up to facial CEJ 

 

Table 2. Fracture modes 

 

Table 1. The mean and std. deviation of compressive strength (Newton) of all groups. 
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The results of this study showed that the con-

trol group with no backfilling had significantly 

lower fracture resistance than the experimental 

groups. In conclusion, MTA material does not 

have the potential to reinforce the weakened 

wall of immature teeth, and other additional 

obturation materials should be utilized to in-

crease the structural strength of these teeth. 

Reinforcing ability of composites has been 

approved by several studies [2, 5]. However, 

retreatment of canals obturated by composite 

resins is challenging due to difficulty in ma-

terial removal. Thus, extending the composite 

only several millimeters beyond the access 

cavity may strengthen the tooth [2, 24, 27, 28]. 

In the current study, cervical area of the teeth 

in groups 3 and 4 was reinforced by 3 mm ex-

tension of composite resin from the access 

cavity. Katebzadeh et al. also evaluated the 

fracture resistance of simulated immature 

teeth, reinforced by composite resin in the co-

ronal root area. Results of both studies showed 

a significant difference between these groups 

and the control group [29]. It should be men-

tioned that in our study, the groups filled with 

Resilon and reinforced with composite resin 

showed the highest fracture resistance com-

pared to other groups; however, this difference 

was not statistically significant (mean load of 

fracture = 932.62 N, P= 0.4). Therefore, it may 

be concluded that filling the middle third of 

immature root canals with Resilon after seal-

ing the apical third with MTA plug and rein-

forcing the coronal part with composite resin, 

has the potential of increasing the fracture re-

sistance of the cervical area of immature teeth. 

Some studies have investigated the fracture 

resistance of immature teeth filled with Resi-

lon, the newly introduced filling material. But 

they showed different opinions on whether 

this material could provide additional strength 

or not [2, 27, 28, 30].  

Gutta percha and Resilon have different phys-

ical properties, but their mechanical features 

such as modulus of elasticity and cohesive 

strength are the same.  

The modulus of elasticity of gutta-percha, Re-

silon and dentine is 79, 87 and 17400 MPa, 

respectively [2, 24, 31]. Hence, these two ma-

terials act the same when used as root canal 

filling material [33]. Our study had a design 

similar to that of Stuart et al, [27]. They re-

ported no difference between immature teeth 

filled with gutta-percha, Resilon, composite 

and the control group. Our findings however, 

showed a significant difference between teeth 

filled with either gutta-percha or Resilon up to 

the level of CEJ and the control group. Differ-

ent types of teeth used in Stuart’s study (max-

illary canines and incisors and mandibular 

premolars) and the current study (maxillary 

incisors) may explain the different results. 

There was no difference between the groups 

reinforced by fiber post and other experimen-

tal groups in our study. Conversely, Schmoldt 

et al. [32] demonstrated that fiber posts used in 

immature teeth provided additional strength in 

teeth filled with either gutta-percha or compo-

site. Such conflicting results may be justified 

by the results of a study by Hattori et al. [33] 

who indicated that the greater the space be-

tween the fiber post and root canal walls, the 

more cement used in this excessive space and 

subsequently, the more structural strength 

added to the immature teeth. Fiber post diame-

ter used in Shmoldt’s study was 1.37 mm with 

root canal diameter of 1.75 mm. Thus, there 

was 0.19 mm excessive space between the 

post and the root canal walls. He used compo-

site resin as cement. But in the current study, 

post diameter and root canal diameter were the 

same (1.5 mm) and Panavia was used as ce-

ment. On the other hand, fracture pattern of 

teeth reinforced by fiber post was favorable 

and because of partial crown fracture at or 

above the CEJ, with no post fracture, these 

teeth can be restored after fracture. Therefore, 

the technique used in the current study may be 

clinically applicable. In the current study, cer-

vical walls of the teeth were not weakened 

enough to fully simulate the immature teeth 

and also the crowns of the teeth did not have 
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proportionately equal lengths. The mentioned 

two points may explain lack of a significant 

difference among experimental groups in the 

current study. On the other hand, to overcome 

this problem, Tanalp et al. (25) weakened the 

cervical area by using peeso reamer # 6 in-

stead of # 5 and also sectioned the crowns in 

such way that all specimens had equal lengths 

from the CEJ. Their results were the same as 

ours except for the groups reinforced by fiber 

posts, which were significantly more fracture 

resistant than the other groups. Although, it 

should be noted that the fiber posts used in 

Tanalp’s study were longer than the fiber posts 

used in the current study. After this compari-

son, it may be concluded that materials used 

for obturation and reinforcement in the current 

study have the potential for strengthening the 

teeth. But selection of the proper material for 

root canal filling and reinforcing the immature 

teeth may be challenging and requires further 

studies. 

 

CONCLUSION 

Our study demonstrated that the materials and 

methods used in this study for obturation and 

reinforcement of the immature teeth with in-

tact crowns efficiently strengthened them. Use 

of fiber posts in immature teeth may have the 

advantage of enabling re-restoration of teeth 

after secondary fracture. More research is still 

needed on immature teeth with severely wea-

kened cervical walls, different filling materials 

and different reinforcing techniques to achieve 

the gold standard treatment plan for necrotic 

immature teeth.  
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