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ABSTRACT 

Objectives: Secondary trauma is one of the main causes of root 

fracture in regenerative endodontic cases. The aim of this study 

was to compare the influence of Biodentine that placed with 

different thicknesses as a coronal barrier material on the fracture 

strength of simulated immature teeth. 

Materials and Methods: The root canals of 65 human maxillary 

central incisors were instrumented using Peeso reamers to 

simulate immature teeth. Ten teeth with no access cavity 

preparation were selected to the negative control group. The 

access cavities of the remaining 55 teeth were prepared. Among 

them, the root canals of 10 teeth were filled with calcium 

hydroxide as the positive control group. Forty-five teeth were 

randomly divided into 3 groups according to the application 

thicknesses of Biodentine (n=15); Group 1: 2-3 mm thick 

coronal plug, Group 2: 5-6 mm thick coronal plug, Group 3: 

complete canal obturation. After the storage period of 4 weeks, 

fracture testing was performed using a universal testing machine. 

One-way analysis of variance and Tukey tests were used to 

analyze the data. 

Results: No significant difference was found among the positive 

control, group 1 and group 2 (p > 0.05). Although there was no 

significant difference between the negative control (p > 0.05) 

and group 3, these groups indicated the highest fracture strength 

values (p < 0.05). All fractures occurred through the cervical 

region of the root as horizontally or obliquely. 

Conclusions: No significant reinforcement effect was obtained 

when Biodentine was used as a coronal plug. The complete root 

canal obturation of simulated immature teeth using Biodentine 

provided significantly the best reinforcement effect. The coronal 

plug thickness had no influence on the fracture strength of 

immature teeth.  

Key Words: calcium silicate cement, endodontics, regeneration, 

tooth fractures 

ÖZ 

Amaç: Rejeneratif endodontik tedavi görmüş vakalarda kök 

kırıklarının en önemli nedenlerinden biri sekonder travmalardır. 

Bu çalışmanın amacı, koronal bariyer materyali olarak farklı 

kalınlıklarda yerleştirilen Biodentine’in gelişimi 

tamamlanmamış dişlerin kırılma dayanımına etkisini 

incelemektir.  

Gereç ve Yöntem: Gelişimi tamamlanmamış diş simulasyonu 

için, 65 adet üst santral dişin kök kanalları Peeso reamerlar ile 

genişletildi. On dişte giriş kavitesi açılmadı ve bunlar negatif 

kontrol grubu olarak ayrıldı. Giriş kavitesi açılmış 55 dişin, 10 

tanesi pozitif kontrol olarak ayrıldı ve bu dişlerin kök kanalına 

kalsiyum hidroksit yerleştirildi. Kök kanallarına yerleştirilen 

Biodentine’in kalınlığına göre 45 diş rastgele olacak şekilde 3 

gruba ayrıldı (n=15); Grup 1: 2-3 mm kalınlıkta koronal bariyer, 

Grup 2: 5-6 mm kalınlıkta koronal bariyer, Grup 3: tüm kanalın 

dolumu. Dört haftalık bekleme süresi sonrası, kırılma dayanımı 

analizi universal test cihazı ile gerçekleştirildi. Tek yönlü 

varyans analizi ve Tukey testleri ile istatistiksel analiz yapıldı.  

Bulgular: Pozitif kontrol, Grup 1 ve Grup 2 arasında anlamlı 

fark yoktu (p > 0,05). Negatif kontrol ve Grup 3 en yüksek 

kırılma dayanımı değerlerini gösterdi (p < 0,05) ve bu iki grup 

arasında anlamlı fark yoktu (p > 0,05). Tüm kırıklar dişlerin 

servikal kısmında yatay veya oblik olarak meydana geldi. 

Sonuçlar: Biodentine koronal bariyer olarak kullanıldığında 

dişlerin kırılma dayanımı üzerinde anlamlı bir güçlendirici bir 

etkisi olmadı. Kök kanalı tamamen Biodentine ile 

doldurulduğunda en iyi güçlendirme etkisi oluştu. Koronal 

bariyer kalınlığının gelişimi tamamlanmamış dişlerin kırılma 

dayanımına herhangi bir etkisi olmadı.  

Anahtar Kelimeler: diş kırıkları, endodonti, kalsiyum silikat 

siman, rejenerasyon  
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INTRODUCTION 

Traumatic dental injuries frequently affect the 

maxillary anterior teeth of young patients and 

often result in arrested root development due to 

pulpal necrosis.1 The root canal treatment of 

these teeth is challenging because of wide open 

apices and thin dentinal walls.2  

 Historically, calcium hydroxide 

(Ca(OH)2) was used for apexification of 

infected immature teeth.2 However, this 

treatment approach requires multiple visits and 

patient compliance. Besides, there is a risk of 

increased susceptibility to fracture because of 

long-term Ca(OH)2 treatment.2 To overcome 

these concerns, one-step apexification using 

mineral trioxide aggregate (MTA), a calcium 

silicate-based cement, was proposed.3 Despite 

the several desirable properties of this material 

including good sealing ability, 

biocompatibility and bioactivity3, no increase 

in the root length and thickness of dentinal 

walls can be obtained with this treatment.4 

According to recent studies, fracture was the 

primary cause of failure in immature teeth 

treated with one-step apexification using a 

calcium silicate-based cement.4,5 

 Currently, regenerative endodontic 

treatment is an alternative approach to provide 

root development in immature teeth.6 The 

treatment procedure involves the disinfection 

of the root canal system, the formation of a 

blood clot by inducing bleeding inside the root 

canal and the placement of a biocompatible 

coronal barrier to create a hermetic seal.7 In 

recent years, several case studies have reported 

successful outcomes in the treatment of 

infected immature teeth using regenerative 

endodontic procedures.7-13 In the majority of 

these cases, calcium silicate-based cements 

including MTA and Biodentine were used as 

coronal barrier materials.7,10-13 Despite its 

favorable biologic properties, MTA has some 

drawbacks such as poor handling 

characteristics, low wash-out resistance and 

long setting time.14 Biodentine was introduced 

as a dentin substitute under resin composite 

restorations and reported to exhibit short 

setting time and high mechanical properties.15 

 It was reported that secondary trauma was 

the cause of root fracture in 85% of cases.16 

Although there is no definite protocol to 

provide the best outcome in the treatment of 

necrotic immature teeth, a coronal plug of 

approximately 3 mm thickness has been 

suggested to be sufficient for regenerative 

endodontic procedures.17 However, the optimal 

thickness of a coronal barrier is not clear. 

Positive outcomes have been reported after 

regenerative endodontic treatment in previous 

case reports in which barrier materials at 

different thicknesses were applied.9-11,13 The 

thickness of coronal plug may affect the 

fracture strength of immature teeth treated with 

regenerative endodontic procedures. Therefore, 

the aim of this study was to compare the 

influence of placing Biodentine as a barrier 

material at different thicknesses on the fracture 

strength of simulated immature teeth.  

MATERIALS AND METHODS 

Specimen Selection 

After approval by the ethics committee (Ethics 

Board No: 18/233), 65 freshly extracted human 

maxillary central incisors were selected and 

inspected under magnification to confirm the 

absence of caries, cracks, abrasions, 

resorptions or fractures. The buccolingual and 

mesiodistal dimensions of each tooth were 

measured using a digital caliper (Mitutoyo, 

Hampshire, UK). For standardization purposes, 

teeth with similar dimensions and a length of 

20 ± 0.5 mm were used.  

Treatment Procedures 

The apical 3 mm of each root-end was 

removed to simulate immature root apices. 

Randomly selected 10 teeth were assigned to 

the negative control group with no access 

cavity preparation. Their root canals were 

instrumented from apical to coronal direction 

using Peeso reamers (Dentsply Maillefer, 
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Ballaigues, Switzerland) up to size 5 to 

simulate immature teeth.18 Irrigation was 

performed only with distilled water in this 

group.  

 Endodontic access cavities were prepared 

in the remaining 55 teeth using a diamond 

round bur attached to a high-speed handpiece. 

To simulate immature root apices, the root 

canals were prepared with Peeso reamers 

(Dentsply Maillefer) between #1 and #5 at 1 

mm beyond the apex. The root canals were 

irrigated with 1 ml of 2.5% sodium hypochlorite 

(NaOCl) between the instruments. The final 

irrigation was performed with the sequential use 

of 5 ml of 2.5% NaOCl, 5 ml of 17% 

ethylenediaminetetraacetic acid (EDTA) and 5 

ml of distilled water. Finally, the root canals 

were dried using paper points. Ca(OH)2 was 

placed in the root canals of 10 teeth with a 

lentulo spiral (Dentsply Maillefer) and these 

teeth served as the positive control.  

 Forty-five teeth were randomly distributed 

into 3 groups (n=15) according to the thickness 

of barrier material (Fig. 1A-C).  

 
Figure 1. Representative images of groups obturated with 

Biodentine. (A) 2-3-mm coronal plug, (B) 5-6-mm coronal plug 

and (C) complete obturation. 

In these groups, Biodentine (Septodont, Saint 

Maur des Fosses, France) was mixed according 

to the manufacturer’s instructions and 

delivered to the root canals from the coronal 

access with a carrier (MTA Endo gun, 

Dentsply Maillefer). In group 1, Biodentine 

was condensed with a hand plugger (Buchanan 

Hand Plugger, SybronEndo, Orange, USA) to 

obtain a 2-3 mm thick coronal plug (Fig. 1A). 

In group 2, Biodentine was condensed with the 

hand plugger to obtain a 5-6 mm thick coronal 

plug (Fig. 1B). In group 3, the root canals were 

completely obturated with Biodentine using 

the hand plugger (Fig. 1C). In groups 1 and 2, 

the thickness of barrier material was arranged 

using customized gutta-percha points. A gutta-

percha point that fits tightly in the root canal 

was shortened to the appropriate length for 

each specimen and temporarily inserted into 

the root canal from apical to coronal 

direction.19 The depth of space left for the 

barrier material was confirmed with a 

periodontal probe. The gutta-percha placement 

facilitated the material condensation, prevented 

apical movement of the material and allowed 

standardization of coronal barrier thickness. 

Each gutta percha point was removed after the 

material setting completed. The thickness of 

barrier material and uniform obturation were 

confirmed with periapical radiographs. Each 

access cavity was restored with composite 

resin (Ice, SDI, Bayswater, Victoria, 

Australia). All specimens were stored at 37°C 

and 100% humidity for 4 weeks. 

 In this study, a single operator performed 

the preparation of access cavities and root 

canals; a second operator performed the 

obturation procedures. 

Fracture test 

The external root surfaces were covered with 

an impression material (Variotime, Heraeus 

Kulze, Hanau, Germany) to simulate a 

periodontal ligament as described in a previous 

study.20 The teeth were vertically embedded in 

self-curing acrylic resin (Meliodent, Heraeus 

Kulzer) poured in cylindrical molds, leaving a 

2 mm gap between the top of the resin and the 

cementoenamel junction. The fracture test was 

performed using a universal testing machine 

(Lloyd LR 30K, Fareham, UK). The load was 

applied on the facial surface at 135º to the 

specimen’s long axis at a point 3 mm above 

the cementoenamel junction. The specimens 

were loaded at a cross-head speed of 1 

mm/min. The maximum load that fracture 

occurred was recorded in Newtons (N).  



Effect of Coronal Barrier Thickness on Fracture Strength of Immature Teeth 

259 

 

Statistical Analysis 

Data were evaluated for normal distribution 

using the Kolmogorov-Smirnov test. Due to 

the normal distribution of data, the groups 

were compared using one-way analysis of 

variance and Tukey tests. The significance 

level was set at p = 0.05. 

RESULTS 

The fracture strength values of the groups are 

presented in Table 1.  

Table 1. The Mean Peak Load (N) and Standard Deviation (SD) 

of the Groups 

 
Different superscript letters indicate significant differences 

between the groups (p < 0.05). 

No significant difference was found among the 

positive control, group 1 and group 2 (p > 

0.05). Although there was no significant 

difference between the negative control and 

group 3 (p > 0.05), these groups indicated the 

highest fracture strength values (p < 0.05). All 

fractures occurred through the cervical region 

of the root horizontally or obliquely. 

DISCUSSION 

The major purpose of regenerative endodontic 

treatment is to eliminate infection from the 

root canal system and to obtain complete root 

formation.12 In this way, long-term 

complications such as fracture that occurred 

due to incomplete root development and thin 

dentinal walls can be prevented.21 However, in 

several studies, the outcome of regenerative 

endodontic treatment was lower than ideal, 

because of incomplete formation of root apex, 

no increase in root length or thickness.11,22,23 

Although the first indication of root 

development was usually detected after 6-

month follow-up9,12,13, in a recent study failure 

was detected after 4-year follow-up indicating 

the need for long-term follow-up of 

regenerative endodontic cases.24 As the desired 

outcomes are often obtained after a long 

period, these teeth are usually prone to fracture 

for a considerable time after regenerative 

endodontic treatment. The treatment protocol 

applied during regenerative endodontic 

procedures may affect the fracture strength of 

immature teeth. Therefore, the effect of barrier 

material thickness on the fracture strength of 

immature teeth was evaluated in the current 

study.  

 Recently, the use of Biodentine during 

regenerative endodontic treatment has been 

recommended to prevent teeth discoloration6 

and to complete the final restoration in the 

same appointment owing to its short setting 

time.13,25 Moreover, a desirable tissue response 

is expected with the use of Biodentine due to 

its biocompatibility and osteogenic potential.26 

Based on these, Biodentine was used as a 

barrier material in the present study. The 

current study model included mature teeth 

prepared to simulate immature roots. To 

accomplish this, the root canals were prepared 

with Peeso reamers beyond the apex after root-

end resection similar to previous studies.27,28 

The load was applied at an angle of 135º 

during fracture to simulate a traumatic impact 

on the facial surface of the crowns.18 In the 

present study, all specimens fractured through 

the cervical area of the roots indicating that the 

experimental set-up provided a repeatable 

system for each trial.29 

 Based on the present findings, the intact 

immature tooth group presented significantly 

higher fracture resistance than the coronal plug 

groups and Ca(OH)2 treatment group. This 

finding could be related to the adverse effects 

of access cavity preparation on the fracture 

strength of teeth.18,19 In the current study, each 

access cavity was restored with composite 

resin and this probably did not provide 

adequate strengthening to the cervical root 

region. It has been suggested that root canal 

irrigants may negatively alter several 

properties of dentin such as microhardness, 

 
Groups n Mean ± SD (N) Minimum Maximum 

Negative control 10 992.47 ± 70.41a 863.09 1100.01 

Positive control 10 688.50 ± 91.30b 518.28 813.84 

Group 1 ( 2-3 mm coronal plug) 15  696.48 ± 127.13b 493.85 911.81 

Group 2 (5-6 mm coronal plug) 15 797.36 ± 188.49b 488.58 1088.26 

Group 3 (completely obturated) 15 978.13 ± 134.35a 682.84 1129.56 
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elasticity, and flexural strength.30,31 Therefore, 

another explanation for the higher fracture 

resistance results of the intact group can be the 

irrigation protocol, which was performed only 

with distilled water. 

 According to several studies, the use of 

Ca(OH)2 as a medicament increases the risk of 

root fracture.2,32 This effect has been associated 

with the denaturation and hydrolysis process in 

the organic part of dentin due to the high pH of 

Ca(OH)2.32 However, in the present study, no 

significant difference was found between the 

Ca(OH)2 treatment group and the coronal plug 

groups. This result may be related to the 

duration of Ca(OH)2 in the root canal. The 

duration of Ca(OH)2 medication was 4 weeks 

in this study. Previously, a significant decrease 

in fracture strength was reported after 3 

months of Ca(OH)2 application, while 1-month 

medication did not negatively affect the 

fracture strength of roots.33  

 In the current study, the immature teeth 

that completely obturated with Biodentine 

exhibited high fracture resistance similar to the 

intact immature tooth group. The current 

findings were in line with several studies that 

found obturating the root canal completely 

with a calcium silicate-based cement can 

enhance the fracture strength of immature 

teeth.34,35 The relatively high elastic modulus 

of Biodentine may have contributed to this 

result by providing reinforcement effect.36 

Also, an apatite-like layer formation between 

the material and dentin owing to the bioactivity 

of Biodentine could enhance the fracture 

resistance of simulated immature teeth.37 

Interestingly, no significant reinforcement 

effect was obtained when Biodentine was used 

as a coronal plug. The complete canal 

obturation with Biodentine may have created 

more mechanically homogenous units with 

dentin compared to partial obturation, thus 

contributing to the fracture strength of teeth.  

 In conclusion, the complete root canal 

obturation of simulated immature teeth using 

Biodentine provided the best reinforcement 

effect. However, unlike regenerative 

endodontic treatment, no development in root 

length and thickness is expected with this 

treatment clinically.4 Therefore, when 

interpreting the present results, the possibility 

of root development with regenerative 

endodontic procedures should be taken into 

account. Although positive outcomes have 

been reported in various clinical reports that 

performed regenerative endodontic treatment 

using different thicknesses of coronal plugs9-

11,13, development of new tissue is not likely to 

occur in the area where a biomaterial is 

placed.17 As the thicker coronal plug did not 

provide an additional contribution to the 

fracture strength in the current study, a 2-3 mm 

thick coronal plug application can be 

recommended for regenerative endodontic 

procedures, both biologically and 

mechanically. 
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