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ASSESSMENT OF MARGINAL ADAPTATION OF AH PLUS
VERSUS TOTAL FILL BC ROOT CANAL SEALERS
WITH TWO DIFFERENT OBTURATION TECHNIQUES
USING SEM (AN INVITRO STUDY)

Mahmoud M. Badr*

ABSTRACT

Aim: This in vitro study assessed and compared two different root canal sealers with two differ-

ent obturation techniques in terms of marginal adaptation using SEM

Materials and Methods: Sixty extracted single-rooted lower premolar teeth with closed api-
ces were collected. samples were then de-coronated, and chemo-mechanical preparation were per-
formed. The samples were then equally divided into four main groups ( n = 15 ) according to the
root canal sealer and the obturation technique used. Group A: teeth were obturated by cold lateral
condensation technique with AH-plus sealer. Group B: teeth were obturated by single cone obtu-
ration technique with AH Plus sealer. Group C: teeth were obturated by cold lateral condensation
technique with Total fill BC root canal sealer. Group D: teeth were obturated by single cone obtura-
tion technique with Total fill BC root canal sealer. Specimens were then transversely sectioned.
Marginal adaptation to the dentin of root canals was assessed at coronal, middle & apical thirds with

the aid of scanning electron microscopy (SEM). Then, marginal gap scores were assessed.

Result: The data were statistically analyzed by Two-way ANOVA and Three-way ANOVA tests
to test the interactions between different variables. The lowest marginal gap value was observed
in Group C while the highest marginal gap value was observed in Group B. Coronal thirds re-
vealed superior marginal adaptation in comparison with middle and apical thirds within the dif-
ferent groups.

Conclusions: Within the limitation of this study, bio-ceramic sealers are reliable and promising
root canal sealers that markedly improve the marginal adaptation. Moreover, obturation techniques
also had an impact on the marginal adaptation of the root canal sealer to the dentin walls of the
root canal. Cold lateral compaction technique is considered a reliable technique that improves the

adaptation to the root canal dentin walls.
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INTRODUCTION

The ultimate purpose of root canal obturation is
to form a tight barrier to protect the apical tissue
against various bacteria and their toxins. Moreover,
its mandatory to guide all the efforts for prevention
of reinfection”. Combination of a core material like
Gutta-percha and root canal sealers are commonly
used to achieve these goals. The main purposes of
root canal sealers are to block off patent accesso-
ry canals and the voids. Also, creating a bond be-
tween gutta percha and root canal dentin to prevent
leakage®. Leakage is considered an important rea-
son for the clinical failure of root canal treatment.
Therefore, leakage studies still of great importance
for determining factors affecting the sealing proper-
ties and therefore the improve the prognosis of the
endodontic therapy®. AH Plus is an epoxide-amine
resin based root canal sealer characterized by supe-
rior working consistency and because it is slightly
thixotropic, it flows better under pressure. More-
over, AH-Plus is heat tolerant and the setting reac-
tion is not adversely affected during thermoplastic
obturation. The small filter size and film thickness
combined with the its high flow rate allow for su-
perior adaptation to the entire root canal system™.
The new era of root canal sealers have been intro-
duced into the market based on calcium silicate as
MTA Fill-apex, Ceraseal, Total Fill BC, and the re-
cently introduced AH-Plus BC. Bioceramics form
hydroxy apatite during setting reaction and superi-
orly chemically bond the sealer with the root canal
dentinal walls®. Cold lateral compaction technique
of obturation is commonly used by some clinicians
throughout the world to fill the root canals due to
its simplicity, cost effective and adaptability to most
cases. It is considered the standard obturation tech-
nique for the assessment and evaluation of other dif-
ferent techniques of obturation®. The single cone
obturation technique is usually used due to its ease
of use, shorter time of technique and good adapta-
tion to the dentinal walls in comparison with the
cold lateral compaction technique.
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MATERIALS AND METHODS

1. Teeth selection

Sixty recently extracted single-rooted lower pre-
molar teeth were collected. The samples were then
examined using stereomicroscope and radiographi-
cally from buccal and proximal views to confirm the
following criteria:

Inclusion criteria:

- Teeth with intact roots and mature apices.
- Teeth with straight single root canal.

- Roots without signs of cracks or fracture or car-
ies &external resorption.

- No evidence of calcification or internal resorp-
tion in the root canals.

- Teeth have no previous root canal treatment.

Exclusion criteria:

- Teeth with rapid apical curvature .
- Teeth with more than one root canals.
- Teeth with previous root canal treatment.

- Teeth with evidence of root caries, cracks or
fractures.

- Teeth with any abnormalities as internal, exter-
nal resorption or root canal calcification.

- Teeth with incompletely formed root (open api-
ces).

2. Preparation of teeth:

The samples were properly washed off debris &
remnants and then stored in normal saline solution
(0.9% NaCl). All the specimens was decapitated at
the (CEJ) using diamond disk in a low-speed hand
piece under constant water cooling and the length of
all roots was standardized to be 17mm.

3. Root canal instrumentation:

The canal patency was performed with K file
#10 and the canal length was measured when the
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#10 k-file tip is just apparent from the AF. WL was
then identified by subtracting 1mm. Mechanical
preparation was performed in a crown down manner
using rotary Pro-Taper Next file system up to X3.
In between the files the irrigation was performed
with NaOCl 2.6% & EDTA 17%. Finally the canals
were flushed with 2 ml NaOCl (2.6%) followed by
2 ml (EDTA, 17%) for to remove the smear layer
and then rinsing with saline %ml followed by paper
point dryness of the root canals.

4. Sample grouping:

The selected specimens (n= 60) were equally
divided into four main groups(15 each) according
to obturation technique and the type of root canal
sealer.

Group A: Cold lateral condensation technique
& AH-Plus sealer.

Group B: Single cone obturation technique &
AH-Plus sealer.

Group C: Cold lateral condensation technique
& Total-fill BC sealer.

Group D: Single cone obturation technique &
Total-fill BC sealer.

5. Root canal obturation :

Group A : Cold lateral condensation technique &
AH-Plus sealer:

Root canals were filled using cold lateral
condensation technique with gutta-percha points (#
30/0.02 ) and AH-Plus RC sealer. The master cone
was precisely selected visually and radiographically
to fit to the full WL. The AH Plus sealer was
supplied in two tubes, equal volume units(1:1) of
paste base and the catalyst were mixed on glass slab
using plastic spatula to a homo-geneous consistency
after mixing the sealer put onto a mixing pad.

The canal walls were coated with sealer where,
the sealer was added on the master cone which
moved vertically up and down inside the canal to
ensure full coating of the canal wall by the sealer.
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The cone was then removed from the canal and
reloaded with the sealer and permanently seated.
A spreader of a suitable size(#25) was introduced
to within 2 mm shorter than working length then
auxiliary cones (#25, 0.02 taper) placed in spaces
developed by the spreader. The procedure was
repeated, and the root canals were adequately filled
when the spreader no longer penetrated beyond the
coronal 2 mm of the canal .

Group B : Single cone obturation technique &
AH-Plus sealer:

Root canals were filled using single cone
obturation technique by proper selection of gutta
percha master cone (ProTaper Next gutta percha)
corresponding to the same size as the master apical
file (X3) and AH plus resin root canal sealer.

Prior to obturation, ProTaper next gutta-percha
size X3 fitness was checked radiographically &
for tug-back to the full WL of root canal. AH-plus
sealer base and the catalyst were mixed till forming
a mix with homogenous consistency. The mixed
sealer was introduced into the canal through the
sealer coating the MC to the full WL.

Group C : Cold lateral condensation technique &
Total-fill BC sealer:

Root canals were filled using cold lateral
condensation technique with gutta-percha points (#
30/0.02 ) and Total-fill bioceramic sealer. The sealer
used with this group was Total fill Bioceramic sealer,
this sealer was supplied in a premixed injectable
syringe with disposable tips . The syringe cap was
removed from the syringe. Then, a disposable tip
was securely attached with a clockwise twist to the
hub of the syringe.

The sealer was injected into the canals by
disposable Intra canal tips as recommended by the
manufacturer in which an adequate amount of the
material was gently and smoothly dispensed by
compressing the plunger of the syringe. The material
was dispensed while withdrawing the disposable
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tip avoiding the formation of air bubbles. Sealer
coating the MC and then placed into root canal by
a slow up and down action against the canal walls;
this ensured the complete coating of the canal walls
with sealer. The cone was then removed from the
canal and reloaded with the sealer and permanently
seated into the canal. Cold lateral condensation
utilizing spreader and adding accessory cone was
done as illustrated previously.

Group D : Single cone obturation technique &
Total-fill BC sealer:

Root canals were filled with ProTaper Next
GP (X3) & Total fill BC sealer by the single-cone
obturation technique.

Prior to obturation, ProTaper next gutta-percha
size X3 fitness was checked radiographically & for
tug-back to the full working length of root canal.

Total fill BC root canal sealer was introduced
directly into the canal according to the manufacturer’s
directions through a disposable tip attached to a
premixed syringe. The canal walls were coated with
sealer where, and the master cone moved vertically
up and down inside the canal to ensure full coating
of the canal wall by the sealer.

In all tested specimens, the remaining excess
of the GP was cut off using hot condenser and the
canal orifices were sealed with a glass ionomer. A
radiograph was taken for confirmation of proper
condensation and absence of any voids.

Each root specimens were stored in gauze damp-
ened with sterile saline and enclosed in sealed tube
at room temperature for 1 week for proper sealer
setting.

6. Scanning electron microscopic evaluation:

After 7 days; every sample was transversely
sectioned cervical, middle, and apical thirds at 3,
6, and 9 mm from the apex. All the samples were
dehydrated by increasing concentrations of ethyl al-
cohol (30%, 50%,70%, 90%, and 100%). Then the
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specimen were mounted in aluminum stubs, gold
coated with sputtering system under vacuum desic-
cation, and properly examined under scanning elec-
tron microscope(SEM) .

Photomicrographs were taken at a magnifi-
cation power of x2000. Then, the internal gaps
(width) in-between the obturating material and the
dentinal walls at three randomly selected points
in each root specimen and at three different lev-
els (apical, middle, and coronal) were measured in
micrometer(micron) using imaging tool in software
of electron microscope to evaluate adaptability of
tested root canal sealers.

SEM images of each sample analyzed using im-
age tool 3.00 used for measuring gaps area, width,
and length to evaluate adaptability of tested root ca-
nal sealers.

RESULTS

The interactions between different variables
were tested through Two-way ANOVA and Three-
way ANOVA tests.

Statistical analysis was performed with IBM®
SPSS® Statistics Version 20 for Windows. The
significance level was set at P < 0.05.

1. Effect of thirds:

Coronal third revealed better marginal adaptation
when compared to middle and apical thirds in the
different groups.

The highest marginal gap was seen in Group B
while Group C showed the least marginal gap.

2. Effect of obturation technique:

No statistically significant differences was found
between (Cold lateral compaction) and (Single
cone) groups (p =0.603).

The highest mean value was revealed in (Single
cone), while least mean value was seen in (Cold
lateral compaction).



ASSESSMENT OF MARGINAL ADAPTATION OF AH PLUS VERSUS TOTAL FILL BC ROOT (2769)

TABLE (1): The mean, standard deviation (SD) values of marginal adaptation of all groups.

Marginal adaptation

Group A Group B Group C Group D
Var. AH Plus &ISO GP by AH Plus &ProTaper Next BC&ISO GP by cold BC &ProTaper Next GP
Cold lateral compaction  GP by Single cone technique lateral compaction by Single cone technique
Mean SD Mean SD Mean SD Mean SD
Coronal 220 0.20 240 0.30 1.70 0.17 2.00 0.10
Middle 344 0.15 348 0.29 221 0.50 227 0.05
Apical 3.50 0.10 3.62 0.16 224 0.04 2.30 0.18
p-value <0.001* 0.001* 0.023* 0.011*

*: significant (p<0.05)  ns; non-significant (p>0.05)

TABLE (2): The mean, standard deviation (SD) values of marginal adaptation of different groups.

Marginal adaptation

Var. AH plus sealer BC sealer p-value
Mean SD Mean SD
Cold lateral compaction 3.05 0.64 2.05 0.38 <0.001*
Single cone technique 3.17 0.61 2.19 0.18 <0.001*
p-value 0.603ns 0.212ns

*; significant (p<0.05)  ns; non-significant (p>0.05)
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Fig. (1): Bar chart representing effect of thirds on marginal  Fig.(2): Bar chart representing marginal adaptation for different
adaptation for different groups groups (A)
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Marginal adaptation
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Fig. (3): Bar chart representing marginal adaptation for different
groups(B)

3. Effect of sealer:

A statistically significant difference was found
between (AH-plus sealer) & (Total-fill BC sealer)
groups ( p <0.001).

The highest mean value was revealed in (AH
plus sealer), while the least mean value was found
in (Total-fill BC sealer).

DISCUSSION

The ultimate goals for endodontic treatment are
a prevention and elimination of the pulpal/perira-
dicular pathosis and to preserve the natural denti-
tion when affected by pathosis .® The main goal of
obturation technique is to perform an adequate 3D
seal, thus preventing the reinfection of the root ca-
nal system and promote healing with healthy con-
dition for the surrounding periapical tissues®- Any
defect in obturation is considered the most common
cause of failure in endodontics. Various obturating
techniques and materials have been advanced to in-
crease the success rate of root canal treatment'?

The main purpose of our study was directed to
assess and compare the marginal adaptation of AH-
Plus (resin-based root canal sealer) versus Total-fill
BC (Bio ceramic-based sealer) to root canals (dif-
ferent root canal sections) that obturated with two
obturation techniques (Lateral condensation and
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single cone techniques) using scanning electron mi-
croscope (SEM).

Root canal sealer has a great importance, be-
cause a sealing material is essential to adhere the GP
to the root canal dentin walls and to seal the lateral
and accessory canals, void, and dentinal irregulari-
ties.'Vtherefore enhancing the adaptation of the root
canal obturation materials at the dentin-material in-
terface!!?

AH-plus, one of the most commonly used epoxy
resin-based root canal sealers has gained its popu-
larity due to its tight sealing capabilities in terms of
low shrinkage, low leakage and an extraordinarily
high adhesion to root canal dentin. Moreover, its su-
perior radiopacity and biocompatibility when com-
pared to other root canal sealers.!®

The Total fill BC sealer is water-based sealer it has
good antibacterial activity, excellent sealing ability
and bond strength, good flowability, low shrinkage,
and insoluble properties'®. It has fine particle size,
it consumes moisture in dentinal tubule to harden
and set. Moreover, BC sealer is anti-bacterial during
setting due to its high alkaline pH and unlike tradi-
tional sealers, it exhibits zero shrinkage. !

Cold lateral obturation technique (CL) is a wide-
ly used technique, but it gives poor compaction of
GP core material to the walls of the root canal den-
tine canal, non-homogenous, within the cones had
gaps.'“But, this technique is still the used for com-
parison purposes in many studies of new obturation
systems.(?

With the advancement of the rotary instrumenta-
tion systems, the single cone (SC) has been greatly
used."®This technique uses larger master cone that
to the highest degree match the geometry of the
nickel-titanium (NiTi) rotary systems. When the
root canal is prepared by rotary instruments, gutta-
percha point is used without accessory points"®
This technique accelerates the root canal filling with
minimum application of pressure on the canal walls.
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29The most important disadvantages of SC appear
when the cone was not adaptable with canal irregu-
larities at the root canal’s coronal and middle thirds.
Consequently, sealer accumulates in these areas and
also more sealer will be required resulting in poor
marginal adaptation, porosities, setting contraction,
and dissolution of the sealer®"

In this study regardless of the obturation tech-
niques , the greatest marginal adaptation was re-
vealed by Total Fill BC root canal sealer followed
by AH plus resin based sealer. This may be due to
the alkalinity of the calcium-silicate sealant mois-
turizing ingredients that have been stated to degen-
erate the collagenous element of the intermediate
dentin, that may then promote the infiltration of the
plugs into the dentinal tubules.*? . Also, the BC is
hydrophilic, and has a small contact angle which
allows the sealant to easily cap the channel wall
improving the degree of adaptation®. Moreover,
the exceptionally-fine particle size and proper pre-
mixed texture may have improved its infiltration ca-
pabilities into the dentinal tubules providing better
adaptation and adhesion to the root canal dentinal
walls.®¥

Regardless of the tested sealer used, the better
marginal adaptation was revealed by (CL) con-
densation technique of obturation, followed by
(SC) obturation technique. The most important
disadvantages of SC appear when the cone was not
adaptable with canal irregularities at the coronal &
middle thirds of the canal. Consequently, sealer ac-
cumulates in these areas and also more sealer will
be required resulting in poor marginal adaptation,
porosities, setting contraction, and dissolution of
the sealer.

REFERENCES

1. El Hachem R, Khalil I, Le Brun G, et al. Dentinal tubule
penetration of AH Plus, BC Sealer and a novel tricalcium
silicate sealer: a confocal laser scanning microscopy study.
Clin Oral Invest 23: 1871-1876.2019

10.

11.

13.

14.

2771)

Lee JK, Kwak SW, Ha JH, Lee W, Kim HC. Physicochem-
ical Properties of Epoxy Resin-Based and Bioceramic-
Based Root Canal Sealers. Bioinorg Chem Appl. 12: 25-
38.2017.

Talwar S, Bhanot S, Narwal P. et al. Bioceramic Based
Sealers: A Review Article. IAR J Med Sci. 2:115-20.2021

Bhandi S, Mashyakhy M, Abumelha AS, et al Complete
Obturation—Cold Lateral Condensation vs. Thermoplas-
tic Techniques: A Systematic Review of Micro-CT Stud-
ies. Materials.14:4013.2021

El-Shereif SM, Rabie MI. Clinical evaluation of root canal
obturation quality using two different sealers and obtura-
tion techniques by cone beam computerized tomography
(in-vivo study). EDJ. 64: 4039-48.2018.

Hammad M, Qualtrough A, Silikas N. Evaluation of Root
Canal Obturation: A Three-dimensional In Vitro Study.
JOE. 35; 541-44.2009.

Olczak K, Klimek L, Pawlicka H. Ex Vivo Area-Metric
Analysis of Root Canal Obturation Using Cold and Warm
Gutta-Percha. Adv. Mater. Sci.16;1-7.2016.

Kabini SN, Moodley DS, Parker ME, Patel N. An in-vitro
comparative micro-computed tomographic evaluation of
three obturation systems. SADJ 73:216-20.2018.

Agarwal MK , H.P. Trivedi, Gupta L. et al. Comparative
Evaluation of Anti Bacterial Activity of Four Endodontic
Sealers on Enterococcus Faecalis - An in Vitro Study. Na-
tional Research Denticon, 9;100-11.2020.

Elizabeth A. Chybowski, Gerald N. Glickman, Yogesh
Patel, Alex Fleury, Eric Solomon, Jianing He. Clinical
Outcome of Non-Surgical Root Canal Treatment Using
a Single-cone Technique with Endosequence Bioceramic
Sealer: A Retrospective Analysis, JOE 44; 941-45.2018.

Patel, Bobby . Endodontic Treatment, Retreatment, and
Surgery Il Non-surgical Root Canal Retreatment.10; 225—
58.2016.

Manju Kumari, Sonali Taneja, Shiana Bansal, Comparison
of apical sealing ability of lateral compaction and single
cone gutta percha techniques using different sealers: An in
vitro study,JPFA (India Section). 31;67-72.2017.

Amal F. , Aswathy Y, Jenaki EV, et al. Efficacy of various
rotary retreatment instruments for gutta percha removal:
An in vitro study, Int. J. Appl. Dent. Sci. 6; 242-24.2020.

Sandhu SV, TiwRi R, Bhullar RK. Sterilization of extract-



(2772)

16.

17.

18.

E.D.J. Vol. 68, No. 3

ed human teeth: A comparative analysis. J Oral Biol Cra-
niofac Res.2;170-75.2012.

. AkcayM, Arslan H, Durmus N, Mese M, and Capar I.

Dentinal Tubule Penetration of AH Plus, iRoot SP, MTA
Fillapex, and GuttaFlow Bioseal Root Canal Sealers Af-
ter Different Final Irrigation Procedures.A Confocal Mi-
croscopic Study. Lasers in Surgery and Medicine. 48;70—
76.2016.

Topcuoglu HS, Zan R, Akpek F, et al. Apically extruded
debris during root canal preparation using Vortex Blue,
K3XF, ProTaper Next and Reciproc instruments. Int En-
dod J. 49;1183-87.2016.

Hamze F, Honardar K, Nazarimoghadam K. Comparison
of two canal preparation techniques using mtwo rotary in-
struments. Iran Endod J.6;150-54.2011.

Elnaghy AM, Elsaka SE. Assessment of the mechanical
properties of ProTaper Next Nickel-titanium rotary files. J
Endod.40;1830-34.2014.

. Dubey S. Comparative antimicrobial efficacy of herbal al-

ternatives (Emblica officinalis, Psidium guajava), MTAD,
and 2.5% sodium hypochlorite against Enterococcus fae-
calis: An in vitro study. J Oral Biol Craniofac Res. 6;45-
48.2016.

20.

21.

22.

23.

24.

Mahmoud M Badr, et al.

Kamble AB, Abraham S, Kakde DD, Shashidhar C, Mehta
DL. Scanning Electron Microscopic Evaluation of Effica-
cy of 17% Ethylenediaminetetraacetic Acid and Chitosan
for Smear Layer Removal with Ultrasonics: An In vitro

Study. Contemp Clin Dent.8;621-26.2017.

Kikly, A., Jaafoura, S., Kammoun, D., & Sahtout, S. Seal-
ing Ability of Endodontic Cements: An In Vitro Study. Int.
J. Dent 1-7.2020

Dabaj P, Kalender A, Eldeniz AU. Push-out bond strength
and SEM evaluation in roots filled with two different tech-
niques using new and conventional sealers Materials. 11;1-

10.2018.

Wang Y, Liu S, Dong Y. In vitro study of dentinal tubule
penetration and filling quality of bioceramic sealer. PLoS

One. 13;1-11.2018.

Yaman S., Mumcu A. Evaluation of Dentinal Tubule
Penetration of NeoMTA Plus in the Presence of EDTA
and Etidronic Acid. J Dent Res Dent Clin Dent Prospects.
10;27-34.2021.



