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ABSTRACT
The study evaluated the impact of Intracanal Medicaments (IMs) on the Push-out Bond Strength 
(PBS) of MTA and TotalFill Bioceramic (BC) Root Repair Material (RRM). The study randomly divided 
88 human single-canaled premolars into four subcategories each in TotalFill BC RRM and Mineral 
Trioxide Aggregate (MTA) groups. Cement was compressed until bond failure occurred to evaluate 
PBS in a universal testing machine. The failure mode was assessed. Analyses included Chi-square, 
one-way ANOVA and Tukey’s post hoc tests at a 5% significance level. The PBS was substantially 
stronger with Totalfill BC RRM compared to MTA, regardless of IM employed. After placing calcium 
hydroxide IM, Totalfill BC RRM had the strongest PBS (87.21±64.49 MPa). There were statistically 
highly significant variations between the PBS of IM across the two bioceramic cements (p<0.01). 
Similarly, statistically significant variances were documented between the PBS of control groups 
(p<0.05) and modified Triple Antibiotic Paste (mTAP) groups between the two bioceramic cements 
(p<0.01). The overall material failure difference rates of the evaluated types of cement were 
statistically significant (p<0.01). MTA caused 36.4% adhesive and 40.9% of mixed failure modes, 
while Total fill BC RRM caused 65.9% cohesive failures. There were significant variances in the 
failure mode of calcium hydroxide IM between the two bioceramic cements (p=0.03). BC RRM 
strengthened the bond better than MTA regardless of IM. Further, BC RRM could replace MTA after 
IM disinfects the root canal in regenerative endodontic treatment methods or apexification. 

Keywords: Keywords: Calcium hydroxide, Calcium silicate cement, Intracanal medicaments, Regenerative 
endodontic procedures, Triple antibiotic paste.

INTRODUCTION 
Regenerative Endodontic Procedures (REPs) typically 
begin with root canal disinfection, subsequently 

proceeding with the incorporation of  a blood clot 
and/or stem cell precursors into the Root Canal (RC) 
and later sealed with a microbe-resistant restoration to 
enable healing of  the tissues along with root maturation.
[1] Marginal adaptation and the bonding resilience of  
endodontic material to root dentin are critical variables 
in preventing apical or coronal leakage.[2] Intracanal 
Medicaments (IM) should be eliminated from the RC 
to preserve the sealing and bonding effectiveness of  
the permanent root-filling materials.[3] With a growing 
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interest in REP, effective IM removal turns out even 
more difficult as the debridement techniques are not 
utilized to protect the delicate dentinal walls. As a result, 
there is a dearth of  knowledge regarding their possible 
impact on the bonding property of  calcium silicate 
cement employed in REP.[4] 
Chemo-mechanical approaches, such as employing 
calcium hydroxide, are necessary to eliminate bacteria 
in RC systems. In recent years, calcium silicate-based 
IMs have been developed.[5] Bio-C Temp is a readily 
available calcium silicate paste utilized as an IM. Its 
limited dissolution compared to calcium hydroxide 
permits an extended diffusion of  hydroxyl ions, raising 
the pH and inhibiting microbial growth.[6] The material 
has been shown to exhibit a bioactive potential to 
promote osteoblast cell survival and development, 
hence, enhancing periapical repair.[7] Nevertheless, 
there is limited evidence on how it affects the capacity 
of  calcium silicate cement to bind to RC dentin and 
bonding durability.[6] One of  the most commonly 
used IM in REP is Triple Antibiotic Paste (TAP), 
which constitutes metronidazole, ciprofloxacin and 
minocycline. The primary disadvantage of  TAP is tooth 
discolouration due to minocycline.[5] Another choice 
of  IM frequently used in clinical practice is a modified 
TAP (mTAP) in which minocycline is replaced with 
amoxicillin.[1] Despite its regenerating properties, TAP 
is acidic and might cause inadequate bonding to dentin 
if  not eliminated completely from the root canal.[2] 
Mineral Trioxide Aggregate (MTA) excelled at sealing 
and repairing hard tissues. MTA is commonly used as 
root-end filler owing to its biocompatible, osteogenic 
and regenerative properties. Aside from these benefits, 
MTA has significant limitations, including weak handling 
characteristics, prolonged setting time and discolouration 
potential.[8] TotalFill Bioceramic (BC) Root Repair Material 
(RRM) is an advanced calcium silicate cement, designed to 
address the shortcomings of  MTA. It is a water-based, 
premixed bioactive cement that takes less time to set than 
MTA and with compressive strength comparable to MTA.
[9-12] In addition, it does not cause tooth discolouration.
[5] Following canal disinfection and medication, the IM 
should be taken out of  the RC before the filling material 
is applied. One of  the standards for calcium silicate types 
of  cement is that they are resistant to dislodgement when 
subjected to occlusal or surgical operations.[13] This study 
evaluated the impact of  IMs on the Push-out Bond 
Strength (PBS) of  TotalFill BC RRM and MTA. 

MATERIALS AND METHODS
Randomly selected sound human premolars removed 
for periodontal or orthodontic purposes were obtained 

with consent from the patient. Only teeth with single 
RC, minimal apical curvature of  less than 5°, without 
calcification, resorption (internal/external), prior 
endodontic therapy, cavities, or fractures were included. 
Overly small teeth roots of  less than 20 mm were 
excluded. Using ultrasonic scalers and distilled water, 
calculus and soft tissue were removed from the exterior 
surfaces of  the root. The study used G*Power 3.1.9.7 
(Heinrich-Heine-Universität, Düsseldorf, Germany) to 
calculate a sample of  88 teeth, randomly assigning them 
to MTA and Totalfill BC RRM groups and allocating 
them to four IM subcategories (n=11/category). 

Teeth preparation

Most PBS studies[6,14] prepared and evaluated teeth 
specimens as follows: Sectioning crowns below the 
cementoenamel junction made all roots 16 mm long. RCs 
were formed using ProTaper Universal rotating files up 
to F5. Five milliliters of  2.5% sodium hypochlorite were 
irrigated between file sizes with a 27-gauge needle. Pesso 
reamers 1-5 were used to build a 1.25-mm-diameter, 
10-mm-long parallel canal. Irrigating the RC with  
5 mL of  17% Ethylenediaminetetraacetic Acid (EDTA) 
removed the smear layer. To prevent earlier irrigants 
from lasting longer, 10 mL of  saline irrigation was used. 
The RCs were dried using sterile paper tips. 
Teeth were divided into four groups at random: 
control group (without IM), experimental groups were 
calcium hydroxide paste (UltraCalTM XS, Ultradent, 
Germany), Bio-C Temp (Angelus Indústria de Produtos 
Odontológicos, Brazil) and mTAP paste (equal parts of  
metronidazole, ciprofloxacin and amoxicillin in sterile 
distilled water). The IMs were injected using its syringe 
carrier. To fill the RC, the applicator end was placed  
3 mm shorter than its working length and gently removed. 
Each tooth received mesiodistal and buccolingual 
radiographs to verify RC obturation. Simulating  
In vivo conditions, the access cavity was restored with 
temporary restoration and specimens were incubated at 
37°C and 100% humid environment for 3 weeks.
Following three weeks, the RCs were carefully 
irrigated with 2.5% sodium hypochlorite (5 mL), 17% 
EDTA (10 mL) and saline (10 mL) to eliminate the 
IMs. With sterile paper tips, all RCs were dried. Each 
step of  preparing a tooth specimen was done by an 
expertized single operator. Teeth were inserted into a 
12 mm silicon mold. The middle-third of  the root was 
sectioned into two 2±0.05 mm parallel transverse slices 
(n=88) in the coronal-to-apical plane with a low-speed 
Buehler Isomet saw under constant water irrigation. 
Samples from each group were assigned at random 
into two distinct categories (n=44) by calcium silicate 



Elnaway, et al.: Intracanal Endodontic Medicaments and Push-Out Bond Strength of Bioceramic Cement

710� Asian Journal of Biological and Life Sciences, Vol 13, Issue 3, Sep-Dec, 2024

cement type which included MTA (Angelus Indústria 
de Produtos Odontológicos, Brazil) and Totalfill RRM 
(FKG, Dentaire, Brasseler, USA), supplied in a readily 
available syringe. The cement was placed by the expert 
in the slice lumens and condensed on a glass plate with 
an endodontic plugger (5/7, HuFriedyGroup, Illinois). 
The samples were kept in gauze that was immersed in 
sterile water and incubated at 37°C for one week.[6] 

Push-out bond strength testing 

Universal testing equipment (Instron testing machine, 
Model 5967; USA) was used to measure PBS in calcium 
silicate cement. The bond ruptured when compressed 
and the maximum displacement force was recorded. A 
digital microscope (KH-7700, Hirox Co., Tokyo) was 
used to evaluate failure modes, identifying adhesive, 
cohesive and mixed failures. The failure mode was 
determined using a blinded observer. PBS was estimated 
using the formula:  

Bond strength (MPa) = 
Force for displacement (N)
bonded surface area (mm2).  

Bonded surface area = �3.14 × radius of  RC × slice  
                            thickness.

Statistical analysis 

The data was evaluated with SPSS 26.0 (SPSS Inc., 
Chicago, IL, USA). After testing for normality by 
applying the Shapiro-Wilk test, a one-way ANOVA 
and Tukey’s post hoc multiple comparison tests were 
carried out. PBS of  the two bioceramic cements was 
contrasted using an unpaired t-test. The Chi-square test 
was employed to assess if  IM affected the failure type at 
a 5% significance level.

RESULTS 
The PBS was substantially stronger with Totalfill BC 
RRM compared to MTA, regardless of  IM employed. 
Table 1 shows the mean PBS of  MTA and Totalfill BC 
RRM by subcategories. After placing calcium hydroxide 
intracanally, Totalfill BC RRM had the strongest PBS 
(87.21±64.49 MPa). There were statistically highly 

significant variations between the PBS of  IM across the 
two bioceramic cements (p<0.01). Similarly, statistically 
significant variances were documented between the PBS 
of  control groups (p<0.05) and mTAP groups between 
the two bioceramic cements (p<0.01).
In the BC RRM group, the PBS did not differ 
significantly between the control group and calcium 
hydroxide (p=0.30), control and mTAP groups (p=0.14) 
and calcium hydroxide and mTAP groups (p=0.97). On 
the contrary, statistically highly significant differences 
were noticed between Bio-C Temp and mTAP groups, 
Bio-C Temp and calcium hydroxide and Bio-C Temp 
and control groups (p<0.01). Similarly, within the 
MTA group, statistically significant changes were noted 
between the control specimens and Bio-C Temp and 
mTAP and Bio-C Temp groups (p<0.05). However, 
Bio-C Temp exhibited considerably lower bond strength 
than the other IM and the control groups. 
The type of  failure modes was statistically insignificant 
related to IM across the BC RRM (p=0.68) and MTA 
cements (p=0.19). The overall material failure difference 
rates of  the evaluated types of  cement were statistically 
significant (p<0.01). MTA caused 36.4% adhesive and 
40.9% of  mixed failure modes, while Totalfill BC RRM 
caused 65.9% cohesive failures (Table 2). There were 
statistically significant variations in the failure mode 
of  calcium hydroxide IM between the two bioceramic 
cements (p=0.03).

DISCUSSION 
IMs can be employed in trauma-related multiple-
visit endodontics and REPs.[15] Totalfill BC RRM may 
replace MTA in REPs or apexification techniques due 
to its simple nature of  handling and lack of  tooth 
structure colour alteration. These medications can be 
used for a week to an extended period.[16] However, the 
American Association of  Endodontists advises IM for 
a week after clinical regeneration operations.[17] Calcium 
hydroxide therapy for seven days between appointments 
led to a negative culture of  intraarticular  microbes.[18] 
Nonetheless, long-term exposure to interappointment 

Table 1:  Comparison of mean PBS (MPa) of MTA and Totalfill BC RRM in various subcategories.
Cement IMs ANOVA Tukey’s post hoc test

Control  
(1)

Ca(OH)2  
(2)

Bio-C 
Temp (3)

mTAP  
(4)

p-value+ 1 Vs 2 1 Vs 3 1 Vs 4 2 Vs 3 2 Vs 4 3 Vs 4

Totalfill BC 
fast set putty

63.07±39.22 87.21±64.49 6.24±5.72 86.48±31.53 0.000** 0.3 0.00 0.14 0.00 0.97 0.00

MTA 29.15±35.2 36.76±60.28 5.97±4.51 34.29±21.07 0.2 0.72 0.04 0.68 0.11 0.90 0.00

p-value++ 0.04 0.07 0.90 0.0001

+ANOVA; ++t-test; p≤0.05-Significant; p≤0.01-Highly significant; IMs-Intracanal medicaments.
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medication may degrade root dentin by collagen 
degeneration in calcium hydroxide IM or exorbitant 
demineralization in antibiotic paste, which could 
influence root fracture resistance.[19] Nevertheless, there 
is a scarcity of  literature describing the approach for 
the complete removal of  IMs from the RC system.[20,21]  
Thus, this study compared calcium hydroxide and 
mTAP to MTA on Totalfill BC RRM after short-term 
treatment. Gokturk et al.[22] observed that calcium 
hydroxide or ciprofloxacin-metronidazole antibiotic 
paste did not affect BC sealer dislodgement resistance. 
Previous studies used the PBS method to investigate 
calcium silicate cement-dentin bond strength.[4,16] This 
practical and reliable method was used in this study.[13]  
After PBS testing, specimens were inspected for failure 
type. Most MTA subtype failures were cohesive or 
mixed, confirming previous data.[16,23] Due to smaller 
and more uniform BC RRM particles, dentinal tubule 
penetration and adhesion improved, explaining this 
failure mechanism. This contradicts Kadic et al.[24] 
observed mixed bond failures in bioceramic cement. 
The contradictory outcomes may be due to different 
study designs. This study used middle root slices, while 
Kadic et al.[24] used apical root slices. Additionally, the 
sections in this investigation were created following 
material insertion in the RC, which may affect material 
adaptability.[25] Berkhoff  et al.[3] determined that more 
than 80% of  TAP remained in the RC. Another study 
indicated that mTAP promotes dentin-calcium and 
phosphorus balance.[26] Topcuoglu et al.[23] documented 
no impact of  calcium hydroxide and mTAP on MTA 
dislodgement resistance, probably due to experimental 
methods. Topcuoglu et al.[23] utilized sodium hypochlorite 
and sterile water to eliminate IM, whereas our work used 

sodium hypochlorite, EDTA and saline. A chelating 
agent after IM may change dentin surface chemical 
properties, compromising material adhesion.[27] 
In this study, MTA and Totalfill BC RRM had the 
strongest PBS in the calcium hydroxide IM group. 
It was statistically insignificant compared to control 
groups without IM. This complements recent findings 
that calcium hydroxide did not impair fast-setting, 
pre-mixed calcium silicate cement bond strength.[5,28]  
Other investigations have demonstrated that 
pretreatment calcium hydroxide application increases 
calcium silicate cement’s PBS,[4,29] possibly owing to 
the cements’ reactivity with remnants, which increased 
marginal adaptability. Calcium hydroxide impairs MTA 
bonding and adaptation.[5] Calcium hydroxide is an 
indispensable IM for its antibacterial properties and 
capacity to build hard tissue by breaking down into Ca2+ 
and OH- ions, offering numerous benefits. Calcium 
hydroxide pastes for immediate use contain breakdown 
inhibitors to prolong release.[30] Bio-C Temp increases 
Ca2

+ and dentin microhardness.[31,32] It exhibited the 
lowest bonding strength in our study, possibly due to 
Bio-C Temp residues. Insufficient data exist on the 
elimination of  Bio-C Temp from the RC and current 
approaches cannot entirely eliminate IM.[21,33] Polymer 
chains in Bio-C Temp prevent hydrated calcium silicate 
hardening. The residues of  this IM could react with 
calcium silicate-based types of  cement and prevent 
them from chemically bonding with dentin, lowering 
cement’s dentin adaptability and PBS.[34] 
Bio-C Temp causes teeth discolouration[35] and damages 
dental pulp.[31] In this trial, MTA caused adhesive or 
mixed failures regardless of  IM. Due to MTA’s large 
particle size, it cannot penetrate the dentinal tubule, 

Table 2:  Comparison of various modes of failure in each subcategory.
Cement Intracanal medicaments Failure types n(%) p-value

Adhesive Cohesive Mixed 
Totalfill BC RRM Controla 2(18.2) 7(63.6) 2(18.2) 0.68

Ca(OH)2
A 1(9.1) 8(72.7) 2(18.2)

Bio-C Tempb 2(18.2) 5(45.5) 4(36.4)

mTAPc 1(9.1) 9(81.8) 1(9.1)

Total (n=44)A 6(13.6) 29(65.9) 9(20.5)

MTA Controla 3(27.3) 2(18.2) 6(54.5) 0.19

Ca(OH)2
B 5(45.5) 2(18.2) 4(36.4)

Bio-C Tempb 7(63.6) 2(18.2) 2(18.2)

mTAPc 1(9.1) 4(36.4) 6(54.5)

Total (n=44)B 16(36.4) 10(22.7) 18(40.9)

Similar lowercase letters indicate the presence of insignificant differences in failure modes of the control, Bio-C Temp and mTAP between the two cements (p=0.08, p=0.09, 
p=0.06 respectively). Different uppercase letters indicate a significant difference in the failure mode of Ca(OH) between the Totalfill BC RRM and MTA (p=0.03) and overall 
failure modes between the two bioceramic cements (p<0.01).
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resulting in higher internal cohesion than dental 
adhesion.[8] BC RRM, especially after Bio-C Temp, 
produced cohesive failures. This study confirms current 
investigations on TotalFill RRM, which is identical to 
Bio-C Repair.[5,6,24] Earlier MTA failure investigations 
have documented varied outcomes. Saghiri et al.,[36] and 
Dawood et al.[37] documented adhesive failures, whereas 
others reported mixed failures.[5,38] These differences 
may be caused by storage conditions, size and number 
of  dentinal tubule slices and procedures like sectioning 
of  roots after cementing. 
The present study was restricted by its incapacity 
to simulate real-world circumstances, such as blood 
contamination. To evaluate practical implications, long-
term clinical studies are warranted. Further in this study, 
micro-CT evaluation of  gap formation had not been 
utilized before evaluating the PBS assessment. This 
deference may have disguised material adaptation’s 
effect on study results. After root sectioning, BC cement 
IM may not exactly mimic clinical settings and may have 
skewed the findings.[39] 

CONCLUSION
Considering these limitations, BC RRM appears to 
bond better than MTA, making it an appropriate apical 
plug for exposed apices. Further research is needed 
to analyze the lower bond strength of  Bio-C Temp. 
furthermore, additional investigations are warranted 
to determine how irrigation materials and cement 
application methods and strategies influence BC  
cement PBS. 
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SUMMARY
The PBS of  calcium silicate-based types of  cement 
declined with Bio-C Temp, whereas calcium hydroxide 
IM exhibited a higher PBS. BC RRM strengthened 
bonds better than MTA regardless of  IM. Further, BC 
RRM could replace MTA after IM disinfects the RC in 
REPs or apexification.
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