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ABSTRACT Aim: To compare, in vitro, the microleakage of MTA Plus, Biodentine and Bio-C-Repair as root-end filling

materials in the presence and absence of blood, using a dye penetration method under a
stereomicroscope. Materials And Methods: Sixty single-rooted teeth with single canals underwent endodontic treatment and
were incubated (37°C, 100% humidity, 48 hours). Root ends were resected, root end cavities were prepared with ultrasonic
retrotips, and samples were randomly assigned to three material groups: MTA Plus, Biodentine and Bio-C-Repair filled
with/without blood. Microleakage was assessed after 72 hours in 2% methylene blue via stereomicroscopic measurement of
longitudinal sections. Statistical analysis used ANOVA and Scheffe's test Results: Biodentine showed less microleakage than
MTA Plus in dry conditions (p<0.05). With blood, Biodentine and Bio-C-Repair had similar microleakage (p>0.05), but both
leaked less than MTA Plus. Conclusions: Biodentine and Bio-C-Repair can be considered promising root-end filling materials,
particularly in blood-contaminated conditions. Further clinical trials are required to confirm these in vitro results.
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INTRODUCTION

The success of a root canal procedure is contingent upon the
triad of accurate diagnosis, meticulous cleaning of pulpal
space, and establishment of proper fluid-tight seal, thereby
preventing any communication between canal space and
periradicular tissues. "’ While non-surgical endodontic
treatment typically yields a high success rate, failures may
occur due to diverse factors, including variations in dental
anatomy, persistent infection, and procedural errors. In such
instances, surgical endodontic intervention becomes
requisite Apicoectomy involves exposing the root apex,
removing lesions, resecting the root end, preparing a cavity,
and placing a biocompatible root-end filling. This retrograde
filling aims to create an adequate apical seal, preventing
bacteria and toxins from exiting the root canal system..”

A plethora of materials are used for root-end filling, like
amalgam, zinc oxide eugenol, intermediate restorative
material (IRM), composite resin, zinc phosphate cement and
glass ionomer, but often lack biocompatibility and good
sealing ability. To address these shortcomings, newer
materials were introduced in 1969, emphasizing forming
apatite in phosphate-containing physiological fluids. © In 1993,
Torabinejad introduced MTA. To address clinical limitations,
MTA Plus, with a finer particle size and larger surface area for
faster setting, was launched in 2012. Biodentine, a bioactive
calcium silicate material for root-end filling, appeared in 2010.
More recently, Bio-C-Repair (2020), another calcium silicate
bioceramic, offers a good biological seal and promotes
biomineralization.” For the assessment of the quality of the
apical seal accomplished by root-end filling materials, dye
penetration with methylene blue has proven to be helpful in
endodontic therapy, enabling better penetration.™™

The rationale behind this study is to compare root-end filling
microleakage with and without blood to simulate periapical
surgery conditions. Achieving a dry surgical field is often
challenging, leading to blood contamination that can affect
material adaptation and increase leakage. Understanding
material performance in different environments helps
validate claims and informs clinicians on optimal material
selection for better patient outcomes and fewer complications
by ensuring a quality apical seal and minimising post-
treatment complications.

Since no study has compared the microleakage of Mineral
Trioxide Aggregate Plus (MTA Plus), Biodentine and Bio-C-
Repair in the presence and absence of blood contamination,
The present study compared the microleakage of Mineral
Trioxide Aggregate Plus (MTA Plus), Biodentine, and Bio-C-
Repair in the presence and absence of blood contamination
using a dye penetration test. The null hypothesis states that
there is no difference in microleakage between the MTA Plus,
Biodentine and Bio-C-Repair, bioactive root-end filling
materials in the absence and presence of blood-
contaminated conditions.

MATERIALS AND METHODS

A sample size of 60 single-rooted teeth extracted for
orthodontic/periodontal reasons was considered, which was
calculated using G*Power (90% power, 0.05 significance).
Teeth were cleaned with 5.25% sodium hypochlorite (Prime
Dental, India) and ultrasonic scaling, then stowed in saline up
to its use. Pre-operative X-rays and microscopic examination
ensured no decay, cracks, fractures, curvature, or
calcifications.

The tooth was marked to receive a 15 mm standardised length
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and decoronated with the diamond disc (Kerr Dental Products,
California, USA) at the cementoenamel. As the preparation for
access was done, the #10 K file (Mani, Inc., Tochigi, Japan)
was used, the glide path was established, and the working
length was measured. The Coronal Flaring was done using
ProTaper SX and chemomechanically prepared up to
Protaper Gold F3 (Maillefer, Dentsply, Ballaigues,
Switzerland) using E connect Endomotor, and irrigation was
carried out with 5.25% NaOCl and 17% EDTA (Prevest Denpro,
India) followed by saline rinse, and drying with paper point.
Obturation was done using gutta-percha (Maillefer, Dentsply,
Ballaigues, Switzerland) and AH plus sealant (Maillefer,
Dentsply, Ballaigues, Switzerland). The access cavity was
sealed with GIC restoration (GC FUJI IX GP) (GC Corporation,
Tokyo, Japan). Samples were stored in an incubator with 100%
humidity at 37°C for 48 hours to simulate an oral situation.

Later on, the apical 3 mm was cut perpendicular to the long
axis of the tooth with high-speed impact air handpiece
(3,50,000 rpm) using #557 carbide fissure bur (SS white,
Japan) and a Gutman Class-I root end preparation with a
depth of 3 mm cavity was prepared by making light brushing
movements towards the long axis of the teeth using the RG4
ultrasonic retro tips (Cricdental, India) under the dental
operating microscope (DOM).

The prepared samples were randomized into three groups
(n=20) by root end filling materials (Group I- MTA Plus
(Prevest Denpro, India), Group II-Biodentine (Septodont,
Saint-Maur-des-Fosses, France), and Group III- Bio-C-Repair
(Angelus, Londrina, Brazil), with 20 teeth in each group. Each
material group was divided into two subgroups (n=10): A
(without blood contamination) and B (blood-contaminated).
Root end filling materials were placed per manufacturer
instructions. Subgroup B received 1 ml of human blood
obtained by the researcher through phlebotomy using a 23-
gauge needle by authorised personnel prior to filling.

After 24 h, all samples except the excised apical portion were
covered with two layers of nail varnish to seal off all other
accessible portals and permitted to dry. In the incubator,
samples were dangled by dental floss in a test tube and
allowed to remain immersed in the 2% methylene blue dye for
72 hours. Then, they were removed, and the excess dye was
rinsed off with running water for 15 minutes. After that, with the
help of a diamond disc, one longitudinal groove on the buccal
surface and the other on the lingual surface was made
parallel to the long axis of the tooth. Linear dye penetration
(mm) was then measured using Digimizer software and
examined under a stereomicroscope at 1.8x magnification.).

Statistical Analysis

Statistical analysis was performed on the collected data,
including calculating 95% confidence intervals. One-way
ANOVA and post-hoc Scheffe's tests were used to determine
statistically significant differences (p<0.05) between groups
using SPSS version 20.00.

RESULTS
The mean values for linear dye penetration in each of the
subgroups are shown in Figure 1.

GROUP

z

18

1.9
16 | 16 L5
.
12|
14
o8 1
6 |
s |
0z
) @ wa)

14
11
I = nean value in mm

) "

1.7
a
Ay iz}

Figure 1: Mean values for linear dye penetration in each of the
subgroups

The inter-group and intra-group analysis for three materials in
the absence and presence of a blood-contaminated
environment was carried out to determine whether the mean
results obtained were statistically significant or not, for which
post hoc Tukey's test was conducted. p-value < 0.05 was
considered to be statistically significant.

In a dry environment, that is, without blood contamination,
when Group I[(A) was compared with Group II(A) (p = 0.012),
the result was statistically significant. Meanwhile, when
Group I(A) was compared to Group III(A) and when Group
II(A) was compared to Group III(A), the result was non-
significant, as represented in Table 1.

Table 1: Post Hoc Tukey's Test For Intergroup Analysis Of
Three Materials In Absence Of Blood

Group (I) |[Group(]) Mean Std. Sig.(p)
difference(l-]) | Error

I(A)- II(A)- 0.39075 0.09970(0.012

MTA Plus |Biodentine

I(A)- ITI(A)- 0.14050 0.09970(0.850

MTA Plus |Bio-C-Repair

1I(A)- II(A)- 0.25025 0.09970(0.286

Biodentine |Bio-C-Repair

In a blood-contaminated environment, when Group I(B) was
compared with Group III(B) (p = 0.0), the result was
statistically significant. Meanwhile, when Group I(B) was
compared to Group II(B) and when Group II(B) was compared
to Group III(B), the result was non-significant, as represented
in Table 2.

Table 2: Post hoc Tukey's Test for Intergroup Analysis of
three materials in the presence of blood

Group () [Group(]) Mean Std. Sig.(p)
difference(l-]) |Error

I(B)- 11(B)- 0.24600 0.09970 |{0.3035

MTA Plus |Biodentine

I(B)- II(B)- -0.49400* 0.09970 |0.00

MTA Plus |Bio-C-Repair

1I(B)- 1I1(B)- 0.24800 0.09970 |0.296

Biodentine|Bio-C-Repair

When Group III(A) was compared with Group III(B) (p = 0.0),
the result was statistically significant. Meanwhile, when
Group [(A) was compared to Group I(B) and when Group II(A)
was compared to Group II(B), the result was non-significant,
asrepresented in Table 3.

Table 3: Post hoc Tukey's Test for Intragroup Analysis of
three materials in the absence and presence of blood

Group(I) Group(]) Mean Std. Sig.(p)
(without blood |(blood difference|Error
contamination) |contaminated) |(I-])

I(A)- I(B)- 0.25250 |0.09970(0.276
MTA Plus MTA Plus

1I(A)- 1I(B)- 0..10775 |0.09970(0.947
Biodentine Biodentine

MI(A)- MI(B)- 0.60600 |0.09970(0.00
Bio-C-Repair  |Bio-C-Repair

Based on the above-mentioned statistics, Biodentine showed
less microleakage than other compared materials in the
absence of blood contamination, whereas there was no
significant difference between Biodentine and Bio-C-Repair
inthe presence of blood.

DISCUSSION

Surgical endodontic therapy is indicated for salvaging teeth
in failed nonsurgical endodontic cases, particularly when
there is expulsion of irritants leading to persisting or emerging
disease.” Achieving a good apical sedal, facilitated by a well-
adapted root-end filling material, is essential for preventing
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leakage and ensuring the success of root-end surgery.”

While various methods exist for evaluating microleakage, dye
penetration, particularly with 2% methylene blue, remains a
popular and simple choice. Matloff et al. showed methylene
blue penetrates obturated canals better than some
radioisotopes. Its distinct colour contrast allows easy
microscopic assessment of penetration into dentinal tubules.
Additionally, it's easy to store, cost-effective, and has a good
safety profile, making it suitable for leakage studies.

Stereomicroscopy was chosen for its 3D surface imaging,
avoiding the complex pre-treatment needed for Scanning
Electron Microscopy. Furthermore, the incorporation of image
analysis software served to minimise subjective interpretation
of parameters. Critically, stereomicroscopy enabled
unambiguous visualisation and precise quantification of dye
penetration extent."”""

Traditional root-end filling materials (amalgam, etc.) were
used until the 1990s when bioactive materials spurred
renewed interest. Bioactive materials, like MTA, induce
reactions in living tissues, notably forming hydroxyapatite.
While MTA showed better outcomes than older materials, its
long setting time, washout, discolouration, and handling
issues led to newer calcium-silicate materials (MTA Plus,
Biodentine, Bio-C-Repair) designed to overcome these
].imitdtions.[12][13][14][15]

This study found less microleakage with Biodentine than MTA
Plus in dry conditions, aligning with Gupta et al. (2021). This
could be due to Biodentine's pre-dosed formulation having
lower water: powder ratio, leading to smaller pores and better
adaptation to the cavity, thus improving the seal and reducing
leakage compared to MTA Plus."

Additional factors contributing to Biodentine's performance,
as elucidated by Saleh et al. and Huffman et al., include
Biodentine's micromechanical retention and apatite
deposition at the dentin interface, improving resistance to
displacement. Its quick setting time (12 min), accelerated by
moisture (like blood during filling), allows for rapid interfacial
sealing, minimizing interface disruption and reducing
bacterial entry and microleakage."”"®

Bio-C-Repair's small particle size (<2 [Jm) promotes rapid
release of Ca2+ and OH- ions for lesion repair. In contact with
moisture/tissue fluids (including blood), it releases bioactive
ions that interact with dentin matrices, forming a Mineral
Infiltration Zone (MIZ). This MIZ creates a strong biological
seal, similar to Biodentine, reducing bacterial entry. The
material's low solubility further improves its ability to seal
dental defects.”

Akcay et al. (2019) found blood contamination reduced
Biodentine's push-out bond strength, likely due to hindered
hydration and setting, causing surface irregularities. This
might explain Biodentine's higher microleakage than Bio-C-
Repair with blood in this study. However, the microleakage
difference between Bio-C-Repair and Biodentine with blood
was not statistically significant."”

CONCLUSION

Considering the constraints inherent in this in vitro study and
the clinical challenge of maintaining a consistently dry apical
field during endodontic surgery, the novel bioactive material
Bio-C-Repair emerges as a potentially efficacious root-end
filling due to its bioactive nature, similarities to Biodentine,
and good handling. However, clinical trials are needed to
confirmits long-term effectiveness.

REFERENCES

1. Tabassum S, Khan FR. Failure of endodontic treatment: The usual suspects.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Eur] Dent. 2016 Jan-Mar; 10(1):144-147.10.4103/1305-7456.175682.

S.R., Priyanka. (2013). A Literature Review of Root-End Filling Materials. IOSR-
JDMS.2013 Sep;9 (4):20-25. 10.9790/0853- 0942025

Abusrewil SM, McLean W, Scott JA. The use of Bioceramics as root-end filling
materials in periradicular surgery: A literature review. Saudi Dent J. 2018
Oct;30(4):273-282. 10.1016/j.sdentj.2018.07.004.
https://angelus.ind.br/assets/uploads/2020/10/BIO-C®-REPAIR-Technical-
Scientific-Profile-ENGLISH.pdf - Bio-C-Repair

Torabinejad M, Higa RK, McKendry DJ, Pitt Ford TR. Dye leakage of four root
end filling materials: effects of blood contamination. ] Endod.
1994.Apr;20(4):159-63.10.1016/S0099-2399(06)80326-2..

Cambruzzi JV, Marshall FJ, Pappin JB. Methylene blue dye: an aid to
endodontic surgery. ] Endod. 1985 Jul;11(7):311-4. doi: 10.1016/50099-2399
(85)80164-3.

Von Arx T. Apical surgery: A review of current techniques and outcome. Saudi
Dent]. 2011 Jan;23(1):9-15. doi: 10.1016/j.sdentj.2010.10.004.

Dorn SO, Gartner AH. Retrograde filling materials: a retrospective success-
failure study of amalgam, EBA, and IRM. ] Endod. 1990 Aug;16(8):391-
3.10.1016/S0099-2399(06)81912-6. PMID: 2081958

Matloff IR, Jensen]R, Singer L, Tabibi A. A comparison of methods used in root
canal sealability studies. Oral Surg Oral Med Oral Pathol. 1982
Feb;53(2):203-8.10.1016/0030-4220(82)90288-2.

Patni PM, Chandak M, Jain B Patni MJ, Jain S, Mishra B Jain V.
Stereomicroscopic Evaluation of Sealing Ability of Four Different Root Canal
Sealers- An Invitro Study. ] Clin Diagn Res. 2016 Aug;10(8): ZC37-9.
10.7860/JCDR/2016/19477.8246.

Jatari E Jafari S. Importance and methodologies of endodontic microleakage
studies: A systematic review. ] Clin Exp Dent. 2017 Jun 1;9(6):e812-
©819.10.4317/jced.53604

Hegde, Mithra & Attavar, Dr & Narayanan, Sreenath. Bioactive Materials — A
Review. International Journal Of Advanced Scientific And Technical
Research. 2017.10.26808/rs.st.i7v6.01

Galhotra V, Sofat A, Pandit IK, Gambhir RS, Srivastava N, Gugnani N.
Comparative evaluation of microleakage of various retrograde filling
materials: An in vitro study. ] Nat Sc Biol Med 2013;4:403-8

Kogan B, He ], Glickman GN, Watanabe I. The effects of various additives on
setting properties of MTA. ] Endod. 2006 Jun;32(6):569-72.10.1016/j.joen.
2005.08.006.

Malkondu O, Karapinar Kazandag M, Kazazoglu E. A review on biodentine, a
contemporary dentine replacement and repair material. Biomed Res Int.
2014;2014:160951.10.1155/2014/160951.

Gupta R, Kewalramani R. In-vitro evaluation of microleakage of bioceramic
root-end filling materials: A spectrophotometric study. ] Oral Biol Craniofac
Res. 2021 Apr-Jun ;11 (2) :330-333.10.1016/j.jobcr.2021.03.001.

Shalabi, M. & Saber, Shehabeldin & Elsewify, Tarek. (2019). Influence of
Blood Contamination on the Bond Strength and Biointeractivity of Biodentine
used as Root-End Filling. The Saudi Dental Journal. 32. 10.1016/j.sdentj.2019.
11.005.

Khandelwal A, Karthik ], Nadig RR, Jain A. Sealing ability of mineral trioxide
aggregate and Biodentine as root end filling material, using two different
retro preparation techniques-An in vitro study. Int ] Contemp Dent Med Rev.
2015 Feb;2015(Feb 2015):1-6.

Akcay H, Arslan H, Akcay M, Mese M, Sahin NN. Evaluation of the bond
strength of root-end placed mineral trioxide aggregate and Biodentine in the
absence/presence of blood contamination. Eur] Dent 2016;10:370-5.

14 = GJRA - GLOBAL JOURNAL FOR RESEARCH ANALY SIS



