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Abstract

Aim: This study was conducted to evaluate the effect of perforation repair materials such as Biodentine, Retro MTA and Portland Ce-
ment on the fracture resistance of teeth with simulated perforating internal root resorption cavities.

Methodology: Thirty-five extracted human, single-rooted mandibular premolar teeth were decoronated. Seven teeth were assigned 
as negative control group. The remaining roots were instrumented with Revo-s rotary files and standardized internal perforating 
resorption cavities were prepared in the middle third using round burs. Seven teeth were then assigned as a positive control group 
without any further intervention. The apical third of the remaining root canals were obturated with single-cone technique and divid-
ed into 3 experimental groups according to the material used to fill the resorption cavities; Group I: Biodentine, Group II: RetroMTA, 
Group III: Portland cement and the remaining coronal third of the root canals were backfilled by thermoplasticized gutta percha. For 
assessment of fracture resistance, teeth were embedded in acrylic resin blocks and subjected to a compressive load via the universal 
testing machine. The forces at which the fracture occurred were recorded in Newtons and analyzed using One-way ANOVA test fol-
lowed by Tukey post hoc test for pairwise comparisons, Assessment of the mode of fracture was evaluated using stereomicroscope 
and data were analyzed using Fisher’s exact test.

Results: There was no significant difference found among the three experimental groups (p > 0.05). The Biodentine group showed 
higher fracture resistance values followed by the Portland cement group and the RetroMTA group respectively with no statistical 
significant difference among them. The negative control group displayed a significantly higher fracture resistance than all other 
groups (p < 0.05). The mode of fracture was predominately vertical in the Biodentine group and supracrestal in both the RetroMTA 
and Portland cement group with no statistical significant difference among them (p > 0.05).

Conclusion: Teeth with internal root resorption defects are better filled by a hybrid technique using bioceramic materials such as 
biodentine in order to enhance the reinforcing capacity of the weakened roots and avoid their fracture.
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Introduction
Root resorption is either a physiologic or pathologic condition 

resulting in loss of dentin, cementum and bone. It may occur after 

various injuries, including mechanical, chemical, or thermal injury 
[1]. Root resorption can be classified into internal or external root 
resorption according to the location and site where the resorption 
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occur. Internal root resorption (IRR) is a pathologic phenomenon 
characterized by destruction of intracanal dentine due to odon-
toclastic activity. This condition is caused by the replacement of 
normal pulp tissue with granulomatous tissue and giant cell and 
if internal root resorption is not early detected and remains un-
treated, it extends and may cause root perforation [2]. Internal root 
resorption (IRR) with perforation may complicate the prognosis of 
endodontic treatment because of weakening of the remaining den-
tal structure and this makes the repair process more challenging. 

For sealing perforating internal root resorption, several intra-
canal medicaments have been studied such as calcium hydroxide 
which has been extensively evaluated and showed well-document-
ed results, however new materials for sealing root perforations 
have been introduced to the market. These materials are mineral 
trioxide aggregate and calcium silicate cements (Bioceramics) 
which possess an antibacterial potential for disinfection of the root 
canal system and promote healing by mineralized tissue deposition 
and sealing ability [3].

Mineral Trioxide Aggregate (MTA) exhibits good biocompatibili-
ty, bioactivity, osteoconductivity, mechanical strength and provides 
adequate seal. It is a strong alkaline material that has antibacterial 
properties and have the ability releasing calcium hydroxide [2].

It has been confirmed that MTA is Portland cement with bis-
muth oxide added as a radiopacifying agent, which generated an 
interest in evaluating Portland cement as it has a lower cost than 
MTA yet having similar physical and biological properties [4].

PC has the main chemical composition, antimicrobial activity 
and presents biocompatibility similar to MTA. When placed in con-
tact with pulp tissue, MTA and PC provide the same tissue response 
for direct pulp capping and pulpotomy. Yet, it shows less radioopac-
ity as it lacks the bismuth oxide radioopacifier present in MTA [5,6]. 

A diversity of novel calcium silicate based biomaterials are 
presented: such as, RetroMTA, Biodentine, Bioaggregate, Endo-
Sequence and calcium-enriched mixture (CEM) cement [7]. Ret-
roMTA is a new material presented as hydraulic bioceramic, it is a 
combination of hydrophilic materials in which are not originated 
from Portland cement. It is recommended by the manufacturer for 
repairing root resorption and perforations, pulp capping and retro 
filings. Additionally, manufacturers declared Retro MTA as an aes-
thetic filling material due to lack of discoloration [7,8].

On the other hand, Biodentine is a new high purity calcium-sil-
icate based dental material demonstrated to have similar or even 

better features in terms of handling, compressive strength and set-
ting time, while keeping similar or even better sealing properties. 
Its cytotoxicity is similar to MTA and it has the ability to induce 
osteoblastic and odontoblastic differentiation of human cultured 
cells and variously derived human stem cells [9]. Biodentine is 
recommended for use as a dentin substitute and an endodontic 
repair material because of its good sealing ability, high compres-
sive strengths, short setting time, biocompatibility, bioactivity and 
biomineralization properties [10]. 

To our knowledge, hinted studies were performed to assess the 
fracture resistance in teeth with simulated perforating internal re-
sorption cavities repaired by Biodentine, Retro MTA and Portland 
Cement materials. Thus, this study was conducted to evaluate the 
effect of filling the simulated perforating root resorption defects 
with these materials on the fracture resistance of the teeth.

Materials and Methods
Sample size calculation

Based on a previous study by Turker., et al. 2018 [2], Sample 
size was calculated by using the (G power software) and as regard-
ing the outcome (fracture resistance) we found that 7 teeth per 
group was appropriate sample size for the study with total sample 
size 35 teeth (5 groups).

The random allocation sequence generation was done using 
a random sequence number generated by computer software, 
(http://www.random.org/).

Samples selection 

Thirty five freshly extracted single rooted human mandibular 
premolar teeth were collected with the Criteria of being non-car-
ious, with straight roots and completely formed apices with the 
absence of any previous root filling, craze lines, cracks or root re-
sorption. This was verified and confirmed by visual inspection un-
der dental operating microscope. Preoperative radiographs were 
taken for all teeth with a mesiodistal and buccolingual direction to 
confirm that they have a single canal with no internal resorption, 
calcifications or other anomalies.

Teeth were washed under running water and immersed in 
5.25% sodium hypochlorite (NaOCl) solution for 5 minutes to dis-
infect the teeth and remove any soft deposits on the root surface 
and an ultrasonic scaler was then used to remove the remaining 
hard deposits from the root surface. Teeth were then stored in sa-
line (NaCl 0.9%) solution until the time of use.
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Samples preparation 

A total of 35 teeth were decoronated using a low-speed, water-
cooled diamond disc to obtain a standardized root length of ap-
proximately 15mm ± 1mm. 7 teeth were then assigned randomly 
as a negative control group without any further intervention.

The working length of the remaining teeth was established us-
ing K-file size 10 to be 1mm shorter after the first inspection of 
the file from the apex and the root canals were instrumented using 
Revo-S rotary files system up to AS40 (#40/.06) at rotational speed 
ranging from 250 - 400 Rpm and torque ranging from 0.8 - 1.2 Ncm 
torque according to the manufacturer instructions. The root canals 
were irrigated after each instrument with 3 ml of 2.5% NaOCl for 
1 minute.

Resorption cavity simulation

After preparation, simulated perforating internal resorption 
cavities were made using a high speed water-cooled size 4 round 
bur located in the middle third of the distal surface of the roots, 6 
- 7 mm from the coronal cut surfaces (Figure 1A). The canals were 
irrigated again with 3 ml of 2.5% NaOCl for 1 minute followed by 5 
ml of normal saline solution and a final irrigation was applied for 
1 minute by using 2 mL 17% EDTA to remove the smear layer, then 
the root canals were rinsed with 5 mL distilled water, dried with 
paper points and 7 of the samples were then assigned as positive 
control group without any further intervention.

Apical obturation of the root canals and resorption cavity fill-
ing

The apical 5 mm of the remaining root canals were filled with 
gutta percha master cones size (#40/0.04) which match the master 
apical file with AH plus sealer using single cone technique. A heated 
plugger was inserted to partially remove the gutta percha leaving 
only the apical 5mm of the filling just below the perforation cavity. 
Then the samples were randomly distributed into 3 experimental 
groups 7 teeth in each according to the filling material used to fill 
the perforating resorptive defects as mentioned below:

•	 Group I: Resorption cavities were filled with Biodentine, ac-
cording to the manufacturer’s instructions, 5 drops of the 
liquid were poured into the powder containing capsule. The 
capsule was closed and triturated for 30 seconds on a mixing 
device, Biodentine was carried by MTA carrier and placed 
incrementally from the coronal cut surface into the resorp-
tion cavities and packed using a hand pluggers only up to the 
resorption cavity level leaving the coronal part of the root 
canal empty.

•	 Group II: Resorption cavities were filled with RetroMTA, ac-
cording to the manufacturers’ instructions, Retro MTA was 
manipulated by mixing 0.3g of powder with 3 drops of the 
liquid for 20 seconds with the use of a plastic spatula (wet-
ting action). Retro MTA was then carried by MTA carrier and 
placed incrementally from the coronal cut surface into the 
resorption cavities and packed using a hand pluggers only 
up to the resorption cavity level leaving the coronal part of 
the root canal empty.

•	 Group III: Resorption cavities were filled with Portland ce-
ment, Barium sulphate as a radiopacifier was incorporated 
in the ratio of 25% by weight into the PC [11]. PC was mixed 
in a 3:1 powder-distilled water ratio and was carried using 
MTA carrier and placed incrementally from the coronal cut 
surface into the resorption cavity and packed using a hand 
plugger up to the level of the resorption cavity only leaving 
the coronal part of the root canal empty [12].

Excess material was trimmed from the surface of the teeth using 
a scalpel and then the teeth were wrapped in a wet gauze, placed 
in an incubator, and allowed to set for 24 hours at 37°Cwith 100% 
humidity before backfilling of the root canals with gutta-percha [2].

Backfilling of the root canals 

Thermoplasticized gutta percha was injected incrementally 
coronal to the resorption cavities and then packed using hand 
pluggers and then all specimens were stored for 1 week to allow 
proper setting of the materials until tested for fracture resistance 
[2] (Figure 1B). 

Figure 1: (A) Tooth with simulated perforating internal resorp-
tion cavity. (B) A radiographic picture for a sample after filling. 

(C) A sample placed on the universal testing machine.
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Assessment of fracture resistance

The apical 5 mm of all roots were covered with a thin layer of 
wax which was liquefied at a temperature of 70°C and applied on 
the roots with a paint brush to provide a layer simulating periodon-
tal membrane [13], then the roots were mounted vertically in self-
cure acrylic resin blocks, exposing 10 mm of the coronal and mid-
dle parts. Acrylic blocks together with the teeth were placed on the 
lower fixed compartment of the Instron Universal Testing Machine 
and a compressive vertical loading was applied by the Universal 
Testing Machine with spherical tips of 0.5 mm diameter at a speed 
of 1 mm/min on the coronal cut surfaces of the teeth until fracture 
of the specimens occur (Figure 1C).

The force at which the fracture occurred was recorded in New-
tons and the data was analyzed using One-way ANOVA test fol-
lowed by Tukey post hoc test for pairwise comparisons.

Assessment of mode of fracture 

Based on a study by Ulusoy., et al. (2016) and Alharbi., et al. 
(2014) [15,16], for assessing the mode of fracture, Teeth were 
then examined after fracture using a stereomicroscope and clas-
sified according to the type of the fracture into supracrestal root 
fracture in which the root fractures above the level of acrylic resin, 

subcrestal root fracture, in which the root fractures below the level 
of acrylic resin and vertical root fracture, in which the fracture line 
extends along the long axis of the tooth and Categorical data were 
presented as frequencies and percentages and were analyzed using 
Fisher’s exact test.

Statistical analysis

Data were tested for normality using Shapiro Wilk test, Continu-
ous data were presented as mean and standard deviation and were 
statistically analyzed using One-way ANOVA test followed by Tukey 
post hoc test for pairwise comparisons. 

Categorical data were presented as frequencies and percent-
ages and were analyzed using Fisher’s exact test.

Independent t test was used for two groups comparison. A p-
value less than or equal to 0.05 (p ≤ 0.05) was considered statisti-
cally significant.

Results
The means, standard deviations, as well as the minimum and 

maximum values of the fracture resistance test are shown in table 
1, and the results of Tukey post hoc test for pairwise comparison of 
fracture resistance are shown in table 2.

Group I

(Biodentine)

Group II

(RetroMTA)

Group III

(PC)

Group IV

(Positive control)

Group V

(Negative control)
P - Value

Mean 333.25 279.51 293.31 276.39 590.05 < 0.001*
SD 63.17 102.96 71.50 127.68 139.58
Minimum 268.55 N 149.41 N 172.58 N 132.84 N 382.93 N
Maximum 400.73 N 391.29 N 358.13 N 495.72 N 755.56 N

Table 1: Mean, standard deviation (SD), minimum and maximum values of fracture resistnace (in Newtons) for the  
experimental and the control groups.

Group I

(Biodentine)

Group II

(RetroMTA)

Group III

(PC)

Group IV

(positive control)

Group V

(Negative control)
Group I (Biodentine) X 0.9 0.964 0.881 0.002*
Group II (RetroMTA) X X 0.999 1 <0.001*
Group III (PC) X X X 0.999 <0.001*
Group IV (Positive control) X X X X <0.001*
Group V (Negative Control) X X X X X

Table 2: Results of Tukey post hoc test for pairwise comparison of fracture resistance. 
*: Significant at p < 0.05.
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There was a statistically significant difference among the five 
groups (p < 0.001). The highest mean fracture resistance value 
was reported to Group V (negative control group): 590.05 ± 139.58 
with statistical significant difference when compared to other ex-
perimental groups (p < 0.001). Among the 3 experimental groups, 
the highest mean fracture resistance value was reported to Group 
I (Biodentine): 333.25 ± 63.17 followed by Group III (Portand Ce-
ment): 293.31 ± 71.50 and Group II (RetroMTA): 279.51 ± 102.96 
respectively with no statistical significant difference among them 
(p > 0.05) and the lowest mean fracture resistance value was re-
ported to Group IV (positive control group): 276.39 ± 127.68 with 
no statistical significance difference (p > 0.05).

There was no statistically significant difference regarding the 
mode of fracture between the five groups (p = 0.057) as shown 
in table 3. Group I (Biodentine) showed 28.6% supracrestal frac-
ture, 14.3% subcrestal fracture and 57.1% vertical root fracture. 
Group II (RetroMTA) showed 57.1% supracrestal fracture, 14.3% 
subcrestal fracture and 28.6% vertical root fracture. Group III 
(Portland Cement) showed 71.4% supracrestal fracture, 0.0% sub-
crestal fracture and 28.6% vertical root fracture. Group IV (Positive 
control, instrumented roots but not filled) showed 85.7% supra-
crestal fracture, 0.0% subcrestal fracture and 14.3% vertical root 
fracture. Group V (Negative Control, decoronated intact roots) 
showed 42.9% supracrestal fracture, 57.1% subcrestal fracture 
and 0.0% vertical root fracture.

Type of fracture Group I Biodentine Group II 
RMTA

Group III 
PC Group IV Group V P-Value

N % N % N % N % N %
Supracrestal 2 28.6% 4 57.1% 5 71.4% 6 85.7% 3 42.9%
Subcrestal 1 14.3% 1 14.3% 0 0.0% 0 0.0% 4 57.1% 0.057
Vertical 4 57.1% 2 28.6% 2 28.6% 1 14.3% 0 0.0%
Total 7 100% 7 100% 7 100% 7 100% 7 100%

Table 3: Frequencies, percentages and the results of Fisher’s exact test for comparison of mode of fracture between the five groups.

Discussion
Teeth with internal root resorption have thin root canal walls 

causing the roots to be more liable to fracture. Thus, materials that 
have reinforcing capacity are better to be used for filling the re-
sorptive areas with thin dentinal walls to avoid fractures. The aim 
of the present study was to evaluate the reinforcing effect of Port-
land cement, RetroMTA and Biodentine in repairing simulated per-
forating internal root resorption defects on the fracture resistance 
of the teeth.

In this study mandibular premolars were used as they simulate 
the clinical situation better where chewing forces are maximum. 
Also, they have a circular cross‑section in the mid to the apical re-
gion that allow for uniform distribution of load to fracture [14]. Ca-
nals were mechanically instrumented using Revo-S rotary files, this 
rotary system shows asymmetric cross-sectional geometry aiming 
to decrease the stress during root canal preparation [17].

To simulate the periodontal ligament, the apical 5 cm of the 
teeth was covered by softened pink wax to prevent stress concen-
tration in one particular region and transfers the stresses produced 

by load application all over the root surface [14]. Though removal 
or retention of smear layer before canal obturation still remains 
controversial, yet in the present study, 17% EDTA was used to re-
move the smear layer before obturating the canals and filling the 
resorptive cavities to improve the sealing capability of the filling 
materials [14].

Simulated perforating internal resorption defects were created 
in the corono-middle part of the root to facilitate their manipu-
lation and cavities with a smooth outline using round burs were 
done to ensure standardization among all the groups. Using round 
burs to simulate the resorption defects may result in a resorption 
cavity which does not replicate a real unformed, irregular resorp-
tion cavity. However, standardizing the cavity dimension in all the 
study groups makes it applicable to compare [2].

Studies displayed different orientation of applied forces, how-
ever mandibular posterior teeth sustain vertical forces more than 
lateral forces during root canal obturation and occlusion, thus we 
used vertical forces of loading angle 90° to test the fracture resis-
tance. Although the applied force could not completely simulate 
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the clinical situations but standardizing the force in all the study 
groups makes it possible to compare the reinforcing ability of the 
materials tested [2,15].

According to the results of this study, Fracture resistance values 
of teeth repaired with Biodentine 333.25 ± 63.17 were higher than 
those of RetroMTA 279.51 ± 102.96 and Portland cement 293.31 
± 71.50 without a statistical significant difference (p > 0.05). This 
could be reported to that Biodentine release larger amounts of cal-
cium which may lead to the higher formation of interfacial layer 
and tag-like structures which increase the bonding ability of Bio-
dentine. It was suggested that calcium silicate-based materials 
chemically bond to root canal dentine, although the positive cor-
relation between bond strength and fracture resistance is not clear, 
it was accepted that successful adhesion of the materials to the root 
dentine increases their reinforcing effect [15].

Also, Biodentine exhibits a very good marginal adaptation which 
could be due to its smaller particle size, as exhibited by the greater 
specific surface area of Biodentine (2.811 m2/g) as mentioned in 
the study made by Lertmalapong., et al. (2018), A high specific sur-
face area promotes water adsorption and hydration reactions of 
bioceramics, resulting in a greater expansion of Biodentine [18].

A study by Vipin., et al. 2013 [19], reported that there is a sharp 
increase in the compressive strength reaching more than 100 MPa 
in the first hour. The mechanical strength continues to improve to 
reach more than 200 MPa at 24h which is more than most glass 
ionomers values. A specific feature of Biodentine is its capacity to 
continue improving with time over several days until reaching 300 
MPa after one month. This value becomes quite stable and is in the 
range of the compressive strength of natural dentin (297 MPa). 
This maturation process can be related to the decrease of poros-
ity with time. The material properties of Biodentine are similar to 
those of dentin. All of the modulus of elasticity of the cement and 
also the pressure resistance, bending strength and Vickers hard-
ness are comparable to that of the dentin [19].

Biodentine is comprised of calcium silicate which expands by 
0.2% - 6% of its initial volume. This expansion greatly contributes 
to its sealing capacity and is responsible for the highest fracture 
resistance values observed in the Biodentine group [18].

Portland cement showed relatively high fracture resistance val-
ues, this could be attributed to that when PC is hydrated it initially 
forms calcium hydroxide and calcium silicate hydrate gel that fi-

nally change into a poorly porous solid and crystallized gel [20]. 
Barium sulphate is added as a radiopacifying agent which possess 
a very high specific surface area as reported by Camilleri and Gan-
dolfi 2010 [11]; thus achieving excellent workability and material 
strength.

It was shown that the materials with similar elastic modulus to 
dentin could reinforce the weak roots. The elastic modulus of Port-
land cements is around 15 - 30 GPa and dentin which is about 14 
- 18.6 GPa and for Biodentine is 22.0 GPa, and thus, the reinforcing 
effect of portland cement and biodentine may be explained by their 
similar elastic modulus to dentin [14].

The group of teeth repaired with RetroMTA showed the low-
est fracture resistance values compared to the other groups. This 
could be due to the low push out strength of the RetroMTA as men-
tioned in a previous study made by Orhan., et al. 2019 who also 
claimed that when mixing RetroMTA with the instructed amount of 
water, RetroMTA appeared dry which made it relatively difficult to 
condense to the cavity like holes [21].

Although TCSs that hydrate do not require a precise ratio, in-
consistent powder/liquid ratio, insufficient condensing or dehy-
dration may cause macro and micro porosities which can lead to 
leakage. If not all powder are hydrated during mixing, the ultimate 
strength of the material could be reduced and this could be one of 
the reasons why RetroMTA revealed the least fracture resistance 
value [21].

The low expansion coefficient of RetroMTA (0.09% volume) 
might have generated a large gap leading to its inferior results 
same as in the study conducted by Lertmalapong., et al. (2018). 
Lertmalapong claimed that RetroMTA showed high mean percent-
ages of gap areas in comparison to other materials [18].

The mean fracture resistance values among the experimental 
groups did not show a statistical significant difference, this could 
be due to the lack of studies concerning the fracture resistance of 
teeth with internal perforating root resorption repaired with dif-
ferent calcium silicate cements [2]. Also the sample size may have 
contributed to the ability to detect such small differences statisti-
cally because of the precision of the variables being measured [22].

Positive control group showed the least mean fracture resis-
tance values, although it was not statistically significant. The ex-
planation of the enhanced fracture resistance of the experimental 
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groups compared with the positive control group could be attribut-
ed to the development of a hydroxyapatite-like layer between den-
tin and tricalcium silicate cements through the hydration reaction 
of TCSMs in the presence of synthetic tissue fluid (i.e. PBS). The 
formation of a hybrid layer between TCSMs and dentin suggests 
that chemical bonding has been formed thus enhancing their frac-
ture resistance [23].

The majority of the fractures after loading were vertically or 
obliquely oriented and mainly located above the level of acrylic 
resin base (supracrestal root fracture). This could be attributed to 
the location of the resorption cavities with fragile dentinal walls 
are found in the corono-middle third of the roots and did not ex-
tend below the acrylic resin block [15].

The reason that Group V (negative control, decoronated intact 
roots) showed the highest percentage of subcrestal fracture could 
be attributed to that these teeth tends to transfer the stress con-
centration to the root apex. This behaviour may also explain the 
reason of the high fracture resistance observed in Group V and the 
prevalence of the subcrestal type of fracture, thus showing that the 
fracture resistance does not correlate with the fracture mode [24].

The higher incidence of vertical root factures observed in Group 
I (Biodentine) could be correlated with the elastic modulus of the 
biodentine material. When the force was applied stresses were ap-
parently concentrated on the coronal facial third and apical lingual 
sides of the root. When the tooth could not tolerate the applied 
force, failure occurred at the weakest area of the root causing verti-
cal fracture [16].

Supracrestal fracture of teeth could be attributed to low modu-
lus of elasticity of the materials where the crown could not with-
stand and coronal fractures occur. There are different and many pa-
rameters which affect the fracture resistance reported in different 
studies including the dimensions of the selected teeth, amount of 
tooth structure removed and remaining after a tooth preparation 
and the distance between crown margins and level of the base sup-
porting specimens during testing [16].

Conclusion
Within the limitations of this study, it was concluded that, fill-

ing teeth with internal root resorption defects using a hybrid 
technique, where the apical part of the root canal is filled with 
gutta-percha and the resorption area is filled with a biocompatible 

material enhances the reinforcing capacity of the weakened roots 
and avoid their fracture and several bioceramic materials such as 
biodentine have a reinforcing effect and can be used as an alterna-
tive to MTA in repairing resorptive defects and perforations.
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