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Abstract

Does radiation therapy affect adhesion 
of tricalcium silicate cements to root 
dentin?

Objective: This study aimed to analyze the effect of irradiation on the 
push-out bond strength of mineral trioxide aggregate (MTA) and Biodentine 
to radicular dentin. Methodology: A total of 60 extracted mature human teeth 
with single root canals were categorized into two groups (irradiated and 
non-irradiated) (n=30). Each group was further divided into two sub-groups 
based on cements used (Biodentine and MTA). Then, a cumulative radiation 
dose of 60 Gy was divided into 30 fractions (two Gy for every fraction) and 
administered for five successive days per week over six weeks. Obturation 
was then performed using MTA and Biodentine. Afterwards, 1.5 mm thick 
horizontal sections were procured from the middle one-third of all the 
specimens and then subjected to push-out bond test. Results were analyzed 
using one-way analysis of variance with post-hoc Tukey’s test. Results: The 
bond strength of Biodentine and MTA to irradiated teeth was lower than 
non-irradiated teeth. Highest push-out bond strength was observed in non-
irradiated specimens filled with Biodentine (p=0), followed by irradiated 
specimens filled with Biodentine (p=0); non-irradiated specimens filled with 
MTA (p=0); and irradiated specimens filled with MTA (p=0.9). Conclusion: 
The push-out bond strength of Biodentine and MTA to root canal dentin 
decreased significantly post irradiation.

Keywords: Adhesion. Biodentine. Bonding. Dental materials. Mineral 
trioxide aggregate. Root canal. Irradiation.
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Introduction

Tumors of the head and neck consists of a variety 

that affect the oral cavity and other surrounding 

structures, making them the seventh highest 

prevalent neoplasm worldwide with an incidence 

of about 640,000 cases annually.1 From these, 

ninety percent of cases comprise of squamous cell 

carcinoma, the predominant histological type.2 

Nonetheless, such carcinomas are recognized at 

a later stage, and the survival rate was reported 

to be 57% in the first five years of diagnosis.3 

Treatment procedure consists of surgical, radio, 

and chemotherapy or an amalgamation of options.4 

Radiation therapy can be employed as prime 

modality, along with others.5 Radiation fractionation 

is the conventionally used radiation therapy regimen 

since the exposure to normal tissues is restricted 

to a certain dose of radiation, reducing the adverse 

effects.6 However, the surrounding non-carcinomic 

tissues are rarely preserved at the time of head and 

neck radiotherapy.7 In three months post-radiation 

therapy of head and neck, the initial signs of damage 

to the teeth are evident.8,9 Damage to teeth have 

been observed to significantly rise with irradiation 

dosage.10 Changes in the inter, peri, and intratubular 

dentin are seen as the radiation doses are escalated. 

At 30 Gy, dentinal cracks become evident, and at 

the cumulative radiation dose of 60 Gy, the dentinal 

tubules become obliterated since fibers of collagen 

eventually fragment with the acceleration in radiation 

doses. Dentinal tubule obliteration happens due to 

the odontoblastic process degeneration,11 chemical 

composition changes,12,13 and decrease of dentin 

microhardness.11,13 When the dental hard tissues are 

irradiated at 70 Gy, a significant disorganization of 

hydroxy apatite crystals can be observed.13

Previously, grossly decayed teeth were commonly 

considered for extraction pre-radiation therapy. 

However, nowadays, teeth undergo root canal 

treatment before radiation to avoid tooth removal14 

and enhance the 3-dimensional seal of the radicular 

filling material. Thus, it is essential to analyze 

various materials for the endodontic procedures of 

teeth post-radiation therapy.15 A spectrum of dental 

products are evaluated in endodontics to test their 

capability to produce a seal (coronal or apical). 

Being bioactive, tricalcium silicate cements 

(TSCs) form calcium phosphate and precipitate 

appetite on the interface of cement and dentin. 

Moreover, in dentin tubules, the TSCs form tags, 

as well as an interfacial hybrid layer, ultimately 

resulting in chemical and mechanical bonding.16 

Mineral trioxide aggregate (MTA) is a popular TSC 

due to its potential to withstand microleakage 

and excellent marginal adaptation to dentin.17 It 

consists of tricalcium silicate, dicalcium silicate, 

bismuth oxide, tricalcium aluminate, and gypsum.18 

MTA is used in various clinical situations like direct 

pulp capping, perforation repairs, apexogenesis 

or apexification, retro-filling,19 and as a coronal 

barrier after regenerative endodontic procedure.20 

Nevertheless, MTA presents cons, such as longer 

setting time, inferior handling properties, and teeth 

discoloration.21 

Biodentine, which is also a TSC, is produced by 

Septodont (Saint Maur des Fosses, France), being 

a novel filling material with excellent mechanical 

properties. Furthermore, biodentine is also 

biocompatible and bioactive, and can be used as a 

substitute for dentin. It shows shorter time of setting 

(12 minutes) compared to MTA, which requires 3 

to 4 hours.22 Biodentine powder includes tricalcium 

silicate, calcium carbonate, and zirconium oxide 

(radiopacifier) and the liquid comprises of calcium 

chloride and water-soluble polymer.23 Furthermore, 

it exhibits good sealing ability due to the creation 

of mineral tags in dentinal tubules, as well as high 

resistance to microleakage, assisted by minimal 

shrinkage due to being free of resin formula.24  The 

marginal adaptation and bond strength of tricalcium 

cement to radicular dentin plays an essential role 

for the clinical usage of these cements.25 

Previous studies have reported that radiotherapy 

before endodontic procedure decreases the 

bond strength (BS) of the dental materials (MTA 

and epoxy- based sealers) to root dentin since 

it negatively affects the inorganic and organic 

components of dentin.11,26,27 However, effect of 

radiotherapy on bonding of these cements to 

radicular dentin is still unknown. No studies have 

been found to compare the BS of MTA and Biodentine 

to root dentin post- irradiation. Therefore, this study 

aimed to analyze the effect of gamma radiation on 

the push-out BS of MTA & Biodentine to radicular 

dentin. The null hypothesis tested was that no 

significant difference would occur in the push-out 

BS of MTA and Biodentine to radicular dentin before 
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and after radiation therapy.

Methodology

Sample size estimation
The sample size was based on the influence of 

therapeutic cancer radiation on the bond strength of 

an epoxy or MTA-based sealer to root dentin.26 The 

sample size was calculated at a confidence interval 

of 95% and 90% power, leading to 15 samples in 

each group.24

Sample selection
Ethical clearance was obtained from Kasturba 

Medical College and Kasturba Hospital institutional 

ethics committee review board for the use of 

human extracted teeth (IEC 701/2020). In total, 

60 mandibular first premolar teeth with one root 

and one canal were chosen. Tissue attachments and 

debris on the samples were eliminated with the use 

of ultrasonic scalers. The teeth were stored in 0.2% 

sodium azide solution at 4o C until use. Radiographic 

evaluation of teeth was performed from the labial 

and mesial directions for a single round straight 

non-calcified root canal with mature apices.28 Then, 

samples were categorized as two groups (irradiated 

and non-irradiated) (n=30).

Experimental design

Irradiation protocol 

For the irradiated group, a glass container with 

distilled water was used to place the teeth while fully 

covering them to maintain a humid environment, 

simulating the oral cavity. The glass container was 

placed on a carbon fiber table at equal distance from 

the center of the beam to achieve a homogenous 

rate of dosage and total dose delivery/fraction. 

Radiation was estimated by a computer-assisted 

linear accelerator (Elekta Versa HD) with the help 

of six MV X- rays with 200 kVp and 25 mA energy 

with a standard copper filter of 0.3mm. A cumulative 

radiation dose of 60 Gy was divided into 30 fractions 

(2 Gy per fraction), which were administered for five 

successive days/week, over six weeks.26 Between 

the irradiation cycles, the teeth were stored in daily 

renewed artificial saliva (pH 7.0, 37°C). 

Root canal preparation and filling

Teeth in both groups were decoronated using 

a diamond disc. The working length (WL) was 

measured with a 10-K file (Mani Inc., Tochigi Ken, 

Japan) until it became visible at the apex (using 

magnifying loupes), followed by subtraction of one 

mm from the recorded length.28,29 Canal preparation 

was kept uniform to 1.3 mm using #1- #4 Peeso 

reamer (Mani). 

Irrigation was done with 5 mL of 2.5% NaOCl / 

9% Dual Rinse HEDP (Medcem GmbH, Weinfelden, 

Switzerland) for one minute for every change of 

instrument followed by 5 mL 2.5% NaOCl / 9% Dual 

Rinse HEDP as a final rinse for one minute. Then, 

5 mL distilled water was used for one minute. The 

entire irrigation procedure was done using a 30-G 

side-vented needle (Vista Dental Products, Racine, 

WI, USA), kept 1 mm short of WL. Following the final 

irrigation protocol, canals were dried using paper 

points (Dentsply Sirona Endodontics, Ballaigues, 

Switzerland).

Specimens in irradiated group and non- irradiated 

group were randomly categorized into two sub-

groups each (n=15), based on obturation material 

used; irradiated and non-irradiated ProRoot MTA 

(Dentstply Sirona) groups and irradiated and non- 

irradiated Biodentine (Septodont) groups (Figure 1). 

ProRoot MTA and Biodentine were mixed following 

manufacturers’ instructions.30 In brief, a single 

dose container (0.20 mL) of Biodentine liquid was 

poured into a capsule that contained the powder 

(700 mg), being mixed for thirty seconds at 4000-

4200 RPM to form a Biodentine paste. For MTA, 

one pouch of ProRoot® MTA was dispensed on to a 

mixing pad, and ProRoot MTA liquid was squeezed 

from the ampule. Both powder and liquid were 

gradually mixed for about a minute to ensure all 

the powder particles were hydrated. Later, using an 

MTA carrier, both cements were placed in the canals 

MATERIALS CHEMICAL COMPOSITION

MTA Powder: Tricalcium silicate, Dicalcium silicate, Tricalcium aluminate, Calcium sulphate, 
Tetracalciumaluminoferrite, Bismuth oxide, Calcium oxide, Silicon oxide, Aluminum oxide; Liquid: water

BIODENTINE Powder: Tricalcium silicate, Dicalcium silicate, Calcium carbonate, Zirconium Oxide (ZrO2), Iron oxide; Liquid: 
Calcium Chloride

Figure 1- Composition of Calcium silicate-based cements, MTA, and Biodentine
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of their respective groups and condensed with hand 

pluggers. The samples were then radiographed in 

bucco-lingual and mesio-distal aspects to confirm 

that obturated canals were filled densely with no 

voids. Every sample was stored at 37ºC, 100% 

humidity for a week (in a humidifier) to let the 

cements set completely.

Push-out bond strength measurement

Every sample was submerged in cold cure 

acrylic and sectioned in a horizontal manner from 

the middle one third using a hard tissue microtome 

under water cooling (continuous) to obtain a disc 

1.5±0.1 mm thick. One disc/tooth was obtained. 

Diameter of the canal and height of each disc were 

noted using a digital caliper. The adhesion surface 

area was calculated by the equation: Adhesion 

surface area (mm sq.) = 2 × p × r × h, where p 

equals to 3.14, r is radius of the canal preparation, 

and h is thickness of the root disc. Push- out testing 

was performed using an universal testing machine. 

The force was delivered in the apico-coronal direction 

at a crosshead speed of one mm per minute with 

the help of stainless-steel plungers of 0.6 mm. The 

placement ensured that only the filling cement made 

contact with it. The highest force (F) that was applied 

at the time of bond failure (Newtons) was noted. The 

pushout BS was measured in mega Pascals:

Pushout BS (MPa) = Force (N)/Adhesion surface 

area (mm sq.). Values of push-out BS regarding 

ProRoot MTA and Biodentine to radicular dentin were 

presented as mean ± standard deviation.28

Fractographic analysis
Every sample from all groups was analyzed under 

stereomicroscopic at 40× magnification to evaluate 

the bond failure. The types of bond failures were 

classified as:

1. Adhesive failure: At canal walls and ProRoot 

MTA or Biodentine interface.

2. Cohesive failure: Within ProRoot MTA or 

Biodentine.

3. Mixed failure: Combination of adhesive and 

cohesive failures. 

Statistical analysis
SPSS Statistics Version 25.0 software program 

(IBM Corp, Armonk, NY) was used to statistically 

analyze the data. Normality was evaluated using 

Kolmogorov-Smirnov test. Push-out BS data were 

analyzed using one-way ANOVA with the post hoc 

Tukey honest significant difference test.  chi-square 

test was performed to analyze bond failures. P<0.05 

was considered to be significant (95% confidence).

Results

On group analysis, the BS of Biodentine and 

MTA of irradiated teeth was lower than non-

irradiated teeth. Regarding intergroup comparison, 

non-irradiated Biodentine group presented the 

highest push-out BS (7.2±2.2 MPa), followed 

by irradiated Biodentine group [3.3±1.2 MPa] 

(p=0), non-irradiated MTA group [3.1±1.6 MPa] 

(p=0), and irradiated MTA group (0.74±0.48 MPa) 

(p=0), respectively. Significant differences were 

not noted between Irradiated Biodentine group 

and non-irradiated MTA group (p=0.9), whereas 

irradiated MTA group presented significantly lower 

bond strength value than non-irradiated MTA group 

(p=.001) and irradiated Biodentine group (p=0). 

(Table 1, Figure 2)

Failure type analysis 
The chi-square test demonstrated no significant 

differences between groups regarding disposition 

of failure rates. In irradiated MTA group, the type 

of bond failure was 13.3% (2) mixed, 73.3% (11) 

cohesive, and 13.3% (2) adhesive type. In irradiated 

Biodentine group, 33.3% (5) was mixed, 60% (9) 

cohesive, and 6.7% (1) adhesive type. In non-

irradiated MTA group, 6.7% (1) was mixed, 86.7% 

Groups Mean± SD

Biodentine non-irradiated 7,2±2,2a

MTA non-irradiated 3,1±1,6b

Biodentine irradiated 3,3±1,2b

MTA irradiated 0,7±0,5c

Different superscripts represent significant difference.

Table 1- Push-out bond strength (Mean) of tricalcium silicate cements before and after irradiation. Different superscripts represent 
significant difference
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(13) cohesive, and 6.7% (1) adhesive type. In non-

irradiated Biodentine group, 40% (6) was mixed, 

53.3% (8) cohesive, and 6.7% (1) adhesive type. 

Overall, the experimental groups presented adhesive 

failure in 5 of 60 specimens (8%), mixed failure in 

14 of 60 specimens (23%), and cohesive failure in 

41 of 60 specimens (68%) (Table 2 and Figure 3).

Discussion

This ex-vivo study tested the push-out BS of 

tricalcium silicate cements to radicular dentin 

after irradiation protocol. The results suggest that 

irradiation significantly affects the push-out BS 

of tricalcium silicate cements tested in this study. 

Hence, the null hypothesis was rejected.

The highest push-out BS was observed for 

Biodentine in comparison to MTA in both irradiated 

and non-irradiated groups. This is in alignment with 

a previously conducted study, in which Biodentine 

demonstrated more BS in comparison to MTA when 

tested in non-irradiated teeth.31 The push-out BS of 

MTA and Biodentine to root dentin was significantly 

higher in non-irradiated samples in comparison to 

irradiated samples. This can be due to the interplay 

of ionizing radiations with dentin causing excitement 

of the molecular particles, leading to a release of 

free radicals, such as oxygen (Oˉ2), hydroxyl (OHˉ), 

and hydrogen (H+1) ions, which get bound to other 

molecular entities and reorganize, leading to a 

variation in the ionic conformation of the chemical 

composition of dentin.32 Previous studies using ATR-

FTIR and Raman Spectroscopy have demonstrated 

that the rearrangement of dentin happens at the 

molecular level due to the energy released by 

ionization during radiation therapy,13,33,34 which 

can, in turn, affect the bonding of tricalcium silicate 

cements with root dentin.

In this study, lower BS of the cements tested 

on irradiated samples could probably be related 

to deproteinization of collagen in root dentin and 

formation of fragments of the collagenous fiber 

Figure 2- Push-out bond strength (Mean) of tricalcium silicate cements before and after irradiation

Groups Tested Adhesive Failure Cohesive Failure Mixed Failure

Irradiated MTA (A1) 13.3% 73.3% 13.3%

Irradiated Biodentine (A2) 6.7% 60% 33.3%

Non- irradiated MTA (B1) 6.7% 86.7% 6.7%

Non- irradiated Biodentine (B2) 6.7% 53.3% 40%

Total Failures 8% 68% 23%

Table 2- Types of failures (Percentage) observed in different experimental groups

KHULLAR L, BALLAL NV, EYÜBOĞLU TF, ÖZCAN M
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network.11,35 Moreover, variations in the inter, peri, 

and intratubular dentin,11,35,36 tubular obliteration 

of dentin,11,37 and initiation and activation of matrix 

metalloproteinase (MMP) expression could occur 

due to radiation.38 Furthermore, all of these could 

have resulted in a different bonding interface and 

less mineral tag formation at the cement/dentin 

interface.39,40

The protein to mineral ratio of dental hard 

tissues has been shown to decrease after radiation 

therapy.41 Thus, it is assumed that variations in 

organic parts occur after radio therapy, presenting an 

indirect effect over the inorganic part of enamel and 

dentin, rather than direct.11 Studies have concluded 

that radiotherapy was most detrimental to the 

organic part of the tooth structure, rather than to 

the inorganic content.36,42

The irrigant used in the current study during the 

endodontic treatment was 2.5% NaOCl / 9% Dual 

Rinse HEDP. A previous study has demonstrated 

that irrigation using 2.5% NaOCl / 9% Dual Rinse 

HEDP significantly increased the push-out BS of 

Biodentine on the radicular dentin when compared 

to 2.5% NaOCl followed by 17% EDTA.25 Therefore, 

in this study, 2.5% NaOCl / 9% Dual Rinse HEDP 

combination irrigation was used.

Most managing options for patients suffering 

from head and neck cancer comprise of radiation 

dose ranging from 50 to 70 Gy, which depends on 

the stage and location of the tumor.24,42,43 Thus, a 

total of 60 Gy was employed in the current study. The 

samples that underwent irradiation were disclosed 

to radiations once a day with a dose of two Gy per 

fraction delivered five days a week for six weeks. 

This follows the classic regimen employed for clinical 

management of cancer.34,45

The disc samples were kept in artificial saliva 

when not undergoing irradiation to maintain a 

humid environment, simulating the oral cavity. The 

specimens were stored in distilled water at the time 

of radiation delivery  since viscosity and higher ion 

concentration of artificially manufactured saliva 

can affect the uniform distribution of radiations.11,26 

Additionally, since water is abundant in soft tissues, 

the usage of distilled water, both in physical and 

chemical terms, can simulate the neighbouring 

Figure 3- Representative stereomicroscopic images of the types of bond failures observed in experimental groups (A) Adhesive failure, 
(B) Cohesive failure, and (C) Mixed failure. In specimens with adhesive failure, clean root canal surface can be observed without any lining 
of the cements. In specimens with cohesive failure, cement lining can be observed throughout the diameter of the root canal
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soft tissue by forming free radicals.15 Push-out 

testing is widely used as a measure of the BS of 

filling materials in the root canal dentin.46 This test 

leads to shear stress at the dentin-filling material 

interface, which can be compared to clinical settings. 

This study used dentin samples as discs of 1.5 

mm thickness for push-out BS analysis. Various 

authors have suggested varying thickness for BS 

analysis of disc samples.43 The usage of thicker 

discs seem to enhance the friction area, leading to 

an overestimation of the BS.25 

Regarding the type of bond failures found, 68% 

were cohesive, 23% mixed, and 8% adhesive. The 

cohesive failures may be due to the better adhesion 

of tricalcium silicate cements to the canal walls. 

This can be due to their particle size, which is finer, 

enhancing the infiltration of the tricalcium silicate 

cement into the dentinal tubules.44 Moreover, it can 

also be due to its bio-mineralization characteristic 

by forming tags.47

In the current study, the BS of Biodentine and 

MTA to root canal dentin was assessed immediately 

after irradiation of teeth. However, the long-term 

effect of radiation with different dosages on the 

BS of Biodentine and MTA on root canal dentin 

must be evaluated in further studies. Additionally, 

future studies should be conducted using radicular 

dentin surface treatment protocols such as laser 

and carbodiimide (EDC) application. These surface 

treatments can decrease the radiation effect to root 

canal dentin, as well as increase the adhesion of root 

filling materials.48,49,50  

Conclusions

We conclude that the irradiation of root canal 

dentin reduced the push-out BS of Biodentine and 

MTA when compared to its control counterparts. 

The bond strength of Biodentine was superior when 

compared to MTA with and without irradiation.
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