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Objectives: This study aims to assess the sealing ability of three calcium silicate-based materials (MTA Angelus, 
Bio-C Repair, and TotalFill BC RRM Fast Set Putty) in furcation perforation repair using spectrophotometric 
microleakage analysis. 
Materials and Methods: Sixty dentin discs, 2.5 mm thick, were prepared from extracted human maxillary molars. 
Standardized furcation perforations (1.6 mm diameter) were created and the specimens were randomly assigned 
to three groups (n = 20): Group 1, MTA Angelus; Group 2, Bio-C Repair; and Group 3, TotalFill BC RRM Fast Set 
Putty. Following material placement and a 24-hour incubation period, microleakage was assessed using a 2% 
methylene blue dye extraction test for 48 hours. The specimens were dissolved in 65% nitric acid, and absorbance 
values were measured at 550 nm using a UV/Vis spectrophotometer. Data were analyzed using one-way ANOVA 
and Tukey’s post-hoc tests with a significance level of p < 0.05. 
Results: Significant differences were identified among all the groups (p < 0.001). MTA Angelus demonstrated the 
lowest mean absorbance (0.255 ± 0.100), indicating superior sealing performance. Among the premixed 
materials, TotalFill BC RRM Fast Set Putty (0.543 ± 0.181) exhibited significantly lower microleakage compared 
to Bio-C Repair (0.725 ± 0.209) (p = 0.003). 
Conclusions: Within the limitations of this in vitro study, manually mixed MTA Angelus outperformed the 
premixed bioceramic alternatives in terms of sealing ability. The rapid setting time and handling characteristics 
of TotalFill BC RRM may provide better interfacial adaptation compared to Bio-C Repair. 
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Üç Farklı Kalsiyum Silikat Tamir Materyalinin Mikrosızıntı Değerlendirmesi: In vitro 
Çalışma 
 

Araştırma Makalesi ÖZ 
Amaç: Spektrofotometrik mikrosızıntı analizi kullanarak, üç farklı kalsiyum silikat bazlı malzemenin (MTA Angelus, 
Bio-C Repair ve TotalFill BC RRM Fast Set Putty) furkasyon perforasyon onarımındaki sızdırmazlık kabiliyetini 
değerlendirmek ve karşılaştırmak.  
Gereç ve Yöntemler: Çekilmiş insan üst çene azı dişlerinden 2,5 mm kalınlığında 60 adet dentin diskleri 
hazırlanmıştır. Standart furkasyon perforasyonları (1,6 mm çap) oluşturulmuş ve numuneler rastgele üç gruba 
ayrılmıştır (n = 20): Grup 1, MTA Angelus; Grup 2, Bio-C Repair; ve Grup 3, TotalFill BC RRM Fast Set Putty. 
Malzeme yerleştirildikten ve 24 saatlik inkübasyon süresinden sonra, mikrosızıntı 48 saat boyunca %2 metilen 
mavisi boya ekstraksiyon testi kullanılarak değerlendirildi. Örnekler %65 nitrik asit içinde çözüldü ve UV/Vis 
spektrofotometre kullanılarak 550 nm'de absorbans değerleri ölçüldü. Veriler, p < 0,05 anlamlılık düzeyinde tek 
yönlü ANOVA ve Tukey'in post-hoc testleri kullanılarak analiz edildi.  
Bulgular: Tüm gruplar arasında istatistiksel olarak anlamlı farklılıklar gözlendi (p < 0,001). MTA Angelus, en düşük 
ortalama absorbans değerini (0,255 ± 0,100) göstererek üstün sızdırmazlık performansı sergilemiştir. Önceden 
karıştırılmış malzemeler arasında, TotalFill BC RRM Fast Set Putty (0,543 ± 0,181), Bio-C Repair (0,725 ± 0,209) ile 
karşılaştırıldığında önemli ölçüde daha düşük mikrosızıntı sergilemiştir (p = 0,003).  
Sonuçlar: Yapılan in vitro çalışmanın sınırları dahilinde, manuel olarak karıştırılan MTA Angelus, sızdırmazlık 
özelliği açısından önceden karıştırılmış biyoseramik alternatiflerden daha iyi performans göstermiştir. TotalFill BC 
RRM'nin hızlı sertleşme süresi ve kullanım özellikleri, Bio-C Repair'a kıyasla daha iyi bir sızdırmazlık sağlayabilir. 
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Introduction 

The term ‘perforation’ refers to an unintended 
connection of the root canal system and periodontium, 
either iatrogenically or due to pathological causes such as 

caries or resorption.1-3 Perforations are significant 
complications affecting the prognosis of endodontic 
treatment with an average success of 73%.4 More recent 
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evidence suggests that the introduction of bioceramic 
repair materials, owing to their enhanced sealing ability 
and biocompatibility, may contribute to improved success 
rates and a more favorable long-term prognosis compared 
with earlier reported outcomes.5 Leakage of bacteria, 
bacterial toxins, and other irritants between pulpal and 
periodontal tissues can exacerbate tissue destruction and 
lead to treatment failure. Perforations occurring in multi-
rooted teeth, especially in the furcation area, cause 
periodontal tissue damage and bone loss. It is desirable 
that the material used to repair perforations in these 
areas be biocompatible, exhibit dimensional stability, be 
easily manipulated, and promote healing to minimize 
tissue loss.6,7 In addition, materials with sufficient sealing 
capacity and that minimize microleakage to prevent 
bacterial contamination are important for treatment 
success. 

Mineral trioxide aggregate (MTA Angelus, Londrina, 
PR, Brazil), introduced to the market in 1998, has become 
the gold standard for the repair of furcation perforations 
due to its improved physical and mechanical properties.8 
Nevertheless, the material is constrained by drawbacks 
such as an extended setting period, discoloration of dental 
tissues and potential lack of homogeneity hand-mixing of 
powder-liquid components.5,7 In recent years, Bio-C 
Repair and TotalFill BC RRM Fast Set Putty, which feature 
pre-mixed formulations that eliminate the mixing 
precision required in traditional powder-liquid systems, 
minimize the risk of homogeneity loss, and permit direct 
application, have been introduced to the market.9,10 Bio-C 
Repair (Angelus, Londrina, PR, Brazil) is a ready-to-use 
bioceramic repair material that exhibits high radiopacity 
and low solubility. With a setting time of approximately 
120 minutes, it provides a prolonged period of calcium ion 
release, which strongly promotes tissue regeneration and 
biological healing. Its biocompatible composition is 
designed to provide clinical convenience and effective 
sealing for perforations and root-end fillings, serving as an 
accessible bioceramic alternative. TotalFill BC RRM Fast 
Set Putty (FKG, La Chaux-de-Fonds, Switzerland) is a high-
performance, pre-mixed paste formulated with advanced 
nano-particle technology. The most prominent feature of 
this material is its rapid setting mechanism of 
approximately 20 minutes, which ensures maximum 
dimensional stability and biomechanical resistance even 
in moist environments. Optimized for cases requiring 
critical sealing, it provides superior handling properties 
and high early strength for complex endodontic 
procedures. 

Recently introduced premixed materials evaluated in 
this study were specifically selected for their premixed, 
ready-to-use putty consistency to compare their sealing 
ability against the gold standard of traditional powder-
liquid MTA formulations. Accordingly, the aim of this 
study was to compare the sealing ability of furcation 
perforation repair materials with different mixing 
protocols using a spectrophotometric analysis following 
methylene blue extraction. The null hypothesis (H0) was 

that there was no significant difference among the three 
biomaterials regarding microleakage. 

Materials and Methods 

Following the principles outlined in the Declaration of 
Helsinki, this study received formal approval from the 
local institutional ethics board (Approval No: 2025/531; 
Sept 11, 2025). The sample size was calculated based on 
data obtained from a similar study11 using GPower 
analysis (G Power 3.1.9.2 software; Heinrich-Heine-
Universität Düsseldorf, Germany), with effect size of f = 
0.50 (large), an alpha level of 0.05 and a statistical power 
of 90%, resulting in a required sample size of 20. 

Specimens Preparation 
A total of 60 maxillary molar teeth extracted due to 

periodontal disease and presenting with intact coronal 
structure were selected. The teeth were extracted for 
routine clinical indications. However, the patients 
provided consent for the research use of their teeth for 
this study via an additional clause in the standard 
extraction agreement. All extracted teeth were 
anonymized before the randomization by assigning each 
tooth a random numerical code, with no link retained to 
patient-identifying information. Following inclusion, 
tissue remnants were eliminated from the tooth surfaces, 
and the specimens were placed in 0.1% thymol solution at 
room temperature. Dentin discs with a thickness of 2.5 
mm were sectioned from the crowns of the teeth using a 
water-cooled low-speed saw (IsoMet; Buehler, Lake Bluff, 
IL, USA) in a direction parallel to the occlusal surface. Both 
surfaces of the discs were examined under ×16 
magnification to confirm continuous dentin structure with 
no cracks or enamel. Furcation perforations were 
simulated by creating holes with a diameter of 1.6 mm in 
the dentin discs using a fissure carbide bur (Dentsply 
Maillefer, Ballaigues, Switzerland) under water cooling. To 
prevent angular deviations and operator-related errors, 
the bur was mounted on a custom working platform 
(Dremel Workstation, Dremel, United States) that allowed 
movement exclusively in the vertical direction, thereby 
ensuring standardized perforations in terms of both 
diameter and angulation. As a result of these procedures, 
a smear layer and dentin debris were formed on the 
specimen surfaces; therefore, the samples were cleaned 
in an ultrasonic bath to remove these remnants. 

A reference access cavity was opened to a mandibular 
molar and the structure was scanned with an intraoral 
scanner (Medit Corp, Seoul, South Korea). Sixty coronal 
structures were manufactured with a 3D printer (Phrozen 
Technology, Hsinchu, Taiwan) and dental resin (Senertek, 
İzmir, Türkiye). The dentin discs were bonded to resin 
crowns with flowable resin composite (Clearfil Bond 
Quick, Kuraray America Inc., New York, USA / Filtek Z350 
XT Flowable, 3M ESPE, St. Paul, USA). Prior to group 
assignment, all dentin discs were verified to have uniform 
thickness and standardized perforation dimensions using 
a digital caliper. Specimens were then randomly assigned 
to three equal groups by simple randomization using 
sealed opaque envelopes. In Group 1, perforations were 
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repaired with MTA Angelus, while Bio-C Repair and 
TotalFill BC RRM Fast Set Putty were used in Groups 2 and 
3, respectively. The specimens were mounted to a 
phantom jaw model using a C-type silicone (President 
Dental GmbH, Allershausen, Germany) to simulate a 
clinical setting along with a rubber dam which was secured 
over each resin crown using a standard rubber dam clamp 
to replicate a clinically representative isolation setup. A 
gelatin sponge (AbGel; Sri Gopal Krishna Labs Ltd. , India) 
measuring approximately 3×3×3 mm was moistened with 
approximately 1 mL of distilled water and placed below 
the perforation site, similar to a previously described 
methodology,12 to simulate the moisture and resistance of 
periodontal tissues. 

Adhering to the manufacturer's directions, MTA 
Angelus (Group 1) was prepared by mixing at a 1:1 
powder-to-liquid ratio to ensure a completely 
homogeneous state. The material was delivered into the 
perforation using the Micro-Apical Placement (MAP) 
system (Produits Dentaires SA, Vevey, Switzerland) 
equipped with a 1.2 mm internal diameter tip. The 
material was then vertically condensed using paper 
points, followed by gentle manual condensation with a 
hand plugger. MTA Angelus (Group 1) served as the 
positive control group, representing the gold standard 
repair material against which the experimental 
bioceramic materials were compared. For Groups 2 and 3, 
Bio-C Repair and TotalFill BC RRM Fast Set Putty, 
respectively, both ready-to-use materials, were 
transferred to the perforation using a composite spatula. 
The materials were carefully placed into the perforation 
cavities and subsequently condensed using paper points 
followed by gentle manual condensation with a hand 
plugger. To allow setting, a moistened cotton pellet was 
placed over the perforation site for 15 minutes. Then the 
coronal part was sealed with an intermediate restorative 
material (3M Cavit™, 3M ESPE, Saint Paul, MN, USA) and 
the specimen were stored in an incubator at 37 °C with 
100% humidity for 24 hours. The disks were carefully 
separated and cleaned from coronal structures using a 
scalpel. 

Due to the nature of the experimental procedure, 
complete blinding of the material application was not 
feasible, as the operator (M.M.T.) was necessarily aware 
of the material being placed in each group. However, 
single-blind conditions were maintained for the outcome 
assessment. All specimens were coded by the operator 
(M.M.T.) using anonymous numerical labels, and the 
investigator performing the dye extraction and 
spectrophotometric analyses (Y.K.) remained unaware of 
group allocation throughout the evaluation process. 

Dye Extraction and Spectrophotometric Analysis 
In the dye extraction test, composite walls (Filtek 

Z250; 3M ESPE, St. Paul, MN, USA) were built around the 
apical part of repair site in each specimen, extending 1.5 
mm beyond the margins of the perforation hole. To 
prevent leakage, all dentin surfaces external to the 
composite walls were coated with nail varnish. A 2% 

methylene blue dye (KimyaLab, Turkey) was introduced 
into the area surrounded by the composite walls. Samples 
were exposed to the dye for a 48-hours, during which the 
dye was gently agitated every 12 hours using a probe tip. 
In addition, 50 µL of fresh dye solution was added at the 
24-hour interval. Following the dye extraction period, 
excess dye was removed, and the specimens were rinsed 
with tap water for 10 minutes. Excess moisture was 
blotted with absorbent paper, and the specimens were 
allowed to air-dry at room temperature.  

For analysis, the specimens were immersed in sterile 
Eppendorf tubes containing 5 mL of 65% nitric acid 
(Sigma-Aldrich, Merck KGaA, Darmstadt, Germany) and 
stored for 48 hours to allow complete dissolution, after 
which the tubes were vortex-mixed at 3000 rpm for 30 
seconds to facilitate the settling of undissolved residues. 
Absorbance spectra were recorded using a Lambda 950 
UV/Vis/NIR spectrophotometer (PerkinElmer, Inc., 
Shelton, CT USA) over a wavelength range of 400-700 nm 
with a data interval of 2 nm, using quartz cuvettes with a 
10 mm optical path length and a working volume of 3.5 
mL. Nitric acid (HNO₃) was used as the reference blank, 
and samples prepared in HNO₃ were measured against the 
corresponding blank following baseline correction. 
Although the reported λmax for methylene blue in 
aqueous solution is approximately 660–664 nm, the 
strongly acidic nitric acid extraction medium used in this 
protocol shifts the dye's absorption spectrum; 
accordingly, 550 nm has been consistently adopted as the 
measurement wavelength in previous methylene blue 
dye-extraction microleakage studies employing this nitric 
acid–based methodology.13 

Statistical Analysis 
Statistical analyses were performed using SPSS 

software (version 20.0; IBM Corp., Armonk, NY, USA). The 
Shapiro–Wilk test was used to assess data normality. 
Following confirmation of data normality, differences 
between the groups were evaluated through a one-way 
analysis of variance (ANOVA). Post hoc comparisons were 
conducted using Tukey’s test to identify differences 
between individual groups. Statistical significance was 
established at a threshold of p < 0.05. 

Results 

Microleakage mean and standard deviation (SD) 
values are presented in Table 1. The mean absorbance 
values for MTA, Bio C Repair, and TotalFill BC RRM Fast Set 
Putty were 0.255 ± 0.100, 0.725 ± 0.209, and 0.543 ± 
0.181, respectively. A statistically significant difference 
was observed among the groups (p < 0.001). Among the 
tested materials, MTA demonstrated the lowest 
microleakage, indicating superior sealing performance. 
According to the results of Tukey’s post hoc test (Table 2), 
statistically significant differences in mean optic density 
were detected between all pairwise comparisons, 
including MTA-Bio C Repair (p < 0.001), MTA-TotalFill BC 
RRM Fast Set Putty (p < 0.001), and Bio C Repair-TotalFill 
BC RRM Fast Set Putty (p = 0.003).  
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Table 1. Comparison of microleakage among different repair material based on optical density  
Material used Mean ± SD F p-Value 

MTA Angelus 0.255 ± 0.100 38.25 <0.001 

Bio-C Repair 0.725 ± 0.209   

Totalfill BC Fast Set Putty 0.543 ± 0.181     

 
Table 2. Pair – Wise comparison of microleakage of different repair material (*Tukey’s post hoc test)  

References Groups Comparison Groups Mean Differences* Std. Errors 
%95 Confidence Interval 

p-value 
Lower Bound Upper Bound 

MTA Angelus Bio-C Repair -0.470 0.05 -0.600 -0.339 <0.001 

  Totalfill BC Fast Set Putty 0.287 0.05 0.157 0.418 <0.001 

Bio-C Repair Totalfill BC Fast Set Putty -0.182 0.05 -0.313 -0.052 0.003 

 
Discussion 

Furcation perforations are one of the challenging 
complications in endodontic practice.14-16 In such cases, 
failure to completely prevent microleakage between the 
root canal and the periodontium may lead to progressive 
periodontal destruction and compromise the long-term 
prognosis of the tooth.5,17 The present study aimed to 
evaluate the microleakage of repair materials by 
measuring optical density following dye extraction using 
spectrophotometric analysis. According to the results, 
MTA exhibited the highest sealing ability, followed by 
TotalFill BC RRM Fast Set Putty and Bio-C Repair, therefore 
H0 was rejected. 

All materials included in the present study initiate a 
hydration reaction upon contact with moisture, resulting 
in calcium ion release into the surrounding environment.18 
This mechanism contributes to the formation of an 
appetite-like structure on the dentin surface over time, 
which is associated with biomineralization and improved 
sealing.19,20 Accordingly, Bio-C Repair and TotalFill BC RRM 
exhibit hydration and biomineralization reactions similar 
to those of MTA; however, differences in mixing 
characteristics, handling properties, and setting kinetics 
may adversely affect their interfacial adaptation and 
sealing ability.21 MTA increases surface contact, resulting 
in higher early strength and better usability Due to its 
small particle size.22 While MTA achieves a wet sand–like 
consistency after mixing, premixed materials exhibit a 
more paste-like consistency.23,24 Unlike MTA, premixed 
materials such as Bio-C Repair and TotalFill BC RRM are 
not condensed via a powder-liquid mixing procedure.25 
This difference may limit the degree of compaction 
achievable with premixed materials and reduce 
adaptation to the dentin walls, potentially increasing the 
risk of microleakage. Clinically, powder–liquid 
formulations such as MTA can be progressively 
compacted through incremental placement and 
controlled instrument pressure, allowing the operator to 
actively influence the degree of compaction achieved. In 
contrast, putty-like premixed materials are delivered as a 
single, pre-formed mass; although condensation with 
paper points and hand pluggers is still performed, the 
compaction pressure that can be effectively transmitted is 
inherently limited by the material's cohesive putty 
consistency, which may result in comparatively less 
intimate adaptation to the dentin walls. Although 

different delivery methods were used according to the 
physical form and manufacturer recommendations for 
each material, condensation procedures were 
standardized across all groups using paper points and 
hand pluggers to minimize procedural variability. 

In the present study, among the ready-to-use 
materials, TotalFill BC RRM Fast Set Putty demonstrated 
lower microleakage than Bio-C Repair. This finding may be 
attributed to its rapid setting reaction, which allows early 
stabilization and dimensional integrity of the material.26 In 
contrast, the prolonged setting time of Bio-C Repair may 
result in prolonged hydration and delayed stabilization, 
compromising material-dentin adaptation during the 
early setting phase.15 

Numerous studies have evaluated different materials 
for the repair of furcation perforations and investigated 
their sealing abilities.7,13,27,28 Consistent with our findings, 
Hirschberg et al.29 reported that MTA provided superior 
sealing ability compared with premixed bioceramic 
materials. Furthermore, in a study comparing White MTA 
and Biodentine as root-end filling materials, White MTA 
demonstrated lower rates of void and gap formation.30 
 In contrast, conflicting findings have also been 
reported in the literature. Some studies have suggested 
that premixed materials provide superior sealing 
performance compared with powder-liquid MTA. In a 
study evaluating pulp capping materials, premixed 
materials were found to exhibit improved sealing ability 
compared with traditional materials.26 Similarly, Shetty et 
al.31 and Kumar et al.15 in their comparisons of Bio-C 
Repair and MTA Angelus, reported better sealing 
outcomes for Bio-C Repair. However, moisture 
standardization was not specified in either study. 
Furthermore, the literature indicates that MTA reacts with 
glucose solution, significantly reducing its concentration; 
therefore, these materials should not be evaluated using 
the glucose leaching model.32 The differences observed 
between the studies can be attributed to this. In addition, 
since MTA is manually mixed prior to application, 
operator-dependent variations in mixing consistency and 
placement technique may affect its physical properties 
and, consequently, its sealing performance, potentially 
contributing to inter-study variability. 
 Regarding the limitations of the present study, the 
absence of negative control groups (intact dentin discs) is 
acknowledged as a methodological limitation. Besides the 
inability to fully simulate dentin moisture conditions may 
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limit the evaluation of the potential effects on the setting 
reaction of the tested materials. Since calcium silicate–
based materials are moisture-dependent, variations in 
environmental humidity may influence their 
physicochemical behavior and sealing performance. 
Moreover, the dynamic pH fluctuations and continuous 
fluid exchange characteristic of the vital periodontium are 
inherently difficult to replicate under static in vitro 
conditions, which may limit the extrapolation of the 
present findings to the clinical scenario. In clinical settings, 
increased moisture, bleeding, or exudate in furcation 
areas may alter the performance of repair materials. 
Therefore, future studies should evaluate the behavior of 
bioactive cements under moist environments and assess 
their long-term sealing properties under in vivo 
conditions. A more comprehensive investigation of these 
factors may contribute to the development of improved 
clinical approaches to improve the prognosis of furcation 
repairs. 

Conclusions 

 The present study demonstrated that different 
calcium silicate–based repair materials, in different forms, 
exhibit varying sealing performance. Under the conditions 
of this study, MTA showed the lowest microleakage 
values. These findings suggest that the manual mixed MTA 
can still outperform the premixed alternatives with 
limited compaction potential in terms of microleakage. 
The longer setting time of premixed materials may impair 
the sealing performance. 
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