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Assessment of dentinal tubule 
penetration of AH plus, MTA Fillapex 
and Sealapex after various disinfection 
procedures: A confocal laser scanning 
microscopic study

Çeşitli dezenfeksiyon prosedürleri sonrası 
AH plus, MTA Fillapex Ve Sealapex’in dentin 
tübül penetrasyonunun değerlendirilmesi: 
Lazer taramalı konfokal mikroskop çalışması

ABSTRACT

Objective: The aim of this study is to evaluate and compare dentinal tubule penetration of various 
root canal sealers obturated after the application of different irrigation activation procedures by a 
laser scanning confocal microscope.

Methods: A total of 150 extracted human permanent mandibular premolar single-rooted teeth 
were selected and randomly divided into 3 main groups according to the sealer type (n = 50) as 
AH Plus, MTA Fillapex, and Sealapex. Each main group was randomly subdivided into 5 subgroups 
according to the irrigation activation protocols (n = 10): Potas sium– titan yl–ph ospha te laser 
irradiation, conventional needle, intra-kit, sonic irrigation, and ultrasonic irrigation procedures. 
After the activation procedures, the root canals were obturated with AH Plus, MTA Fillapex, and 
Sealapex mixed with 0.1% fluorescent rhodamine B isothiocyanate. Specimens were sectioned at 
3, 6, and 9 mm from the apex. All sections were examined under a confocal laser scanning micro-
scope to calculate the dentinal tubule penetration area.

Results: Data were analyzed using a 3-way analysis of variance and Tukey’s post hoc tests 
(P = .05). Sealapex indicated a statistically lesser penetration than the other group (P < .05), MTA 
Fillapex ensured deeper penetration than AH Plus (P < .05). Ultrasonic irrigation provided sig-
nificantly deeper penetration than other activation procedures (P < .05). The statistically high-
est percentage and the maximum depth of sealer penetration were shown in coronal third for all 
groups (P < .05).

Conclusion: The selection of root canal sealer, irrigation activation procedures, and root canal 
region plays a crucial role on the dentinal tubule penetration. AH Plus and MTA Fillapex applied 
with ultrasonic irrigation could achieve deeper sealer penetration in dentinal tubules.

Keywords: Dentin tubule penetration, confocal laser scanning microscopy, irrigation activation, 
root canal treatment

ÖZ

Amaç: Bu çalışmanın amacı, farklı dezenfeksiyon tekniklerinin uygulanmasından sonra uygulanan 
çeşitli kök kanal patlarının dentin tübüllerine penetrasyonunu bir konfokal lazer tarama mikros-
kobu kullanarak değerlendirmek ve karşılaştırmaktır.

Yöntemler: 150 adet çekilmiş insan daimi mandibular premolar tek köklü dişler seçildi ve rastgele 
olarak patların tipine göre AH Plus, MTA Fillapex ve Sealapex olarak 3 ana gruba ayrılmıştır (n = 50). 
Her grup irigasyon aktivasyon prosedürüne göre rastgele olarak beş altgruba ayrılmıştır (n = 10); 
KTP lazer ile ışınlama, geleneksel, intra-kit, sonik (Sİ) ve ultrasonik aktivasyon (Uİ) prosedüreleri. 
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Aktivasyon prosedürlerinin ardından kök kanalları % 0.1 floresan rodamin B izotiyosiyanat ile karıştırılmış AH Plus, MTA Fillapex ve 
Sealapex patlar ile dolduruldu. Örnekler apeksten itibaren 3, 6, ve 9 mm kesitler alındı. Bütün kesitler dentin tübül penetrasyonu 
alanını hesaplamak için bir lazer taramalı konfokal mikroskop altında incelendi. Veriler varyans üç yönlü analiz ve Tukey testleri kul-
lanılarak analiz edildi (P = ,05).

Bulgular: Sealapex diğer gruplara göre anlamlı derecede düşük penetrasyon gösterdi (P < ,05). MTA Fillapex, AH Plus’a göre daha 
derin penetrasyon sağlamıştır (P < ,05), Uİ diğer dezenfeksiyon tekniklerine göre önemli ölçüde daha derin penetrasyon sağlamıştır 
(P < ,05). Tüm gruplarda koronal üçlüde, istatiksel olarak en yüksek oranda ve maksimum pat penetrasyon derinliği görülmüştür 
(P < ,05).

Sonuç: Kök kanal patı seçimi, irigasyon aktivasyon prosedürü ve kök kanal bölgesi dentin tübül penetrasyonu üzerine önemli bir 
rol oynamaktadır. Ultrasonik aktivasyonla birlikte uygulanan AH Plus ve MTA Fillapex ile dentn tübüllerinde daha derin pat penet-
rasyonu elde edilebilir.

Anahtar Kelimeler: Dentin tübül penetrasyon, lazer taramalı konfokal mikroskop, irigasyon aktivasyon, kök kanal tedavisi

INTRODUCTION
The main purpose of endodontic treatment is preventing and 
treating pathologies with pulpal or periradicular origin, thus 
maintaining the reducing microbial load in these areas. Thus, 
irrigation plays a key part in endodontic treatment. The aim of 
the irrigation process in endodontics is to remove microorgan-
isms, necrotic or inflamed tissue, biofilm, and dentinal debris in 
the root canal system. Irrigation also claims better obturation via 
increasing the effectiveness of files.1-3 At this point, canal irregu-
larities, isthmuses and finns, lateral canals, and anatomical varia-
tions of the roots are challenging in the irrigation step.1,3 Hence, 
traditional irrigation technique does not give the results aimed 
by professionals. To achieve better irrigation, the techniques have 
been developed and changed to a better version. Thus, different 
irrigation techniques are used for multiple aims to date.3 Tradi-
tional irrigation technique is based on the agitation of the irrig-
ant solution via small-size needles. The movement of the needle 
increases the effectiveness of the irrigant. It has been reported 
that this technique can be very effective and successful if made 
carefully. Also, it is cost effective and easy.2,4 Additionally, NaOCl 
was used as an irrigant, and the results have shown that perfo-
rated irrigation needles provide better cleaning in root canals 
than conventional irrigation needles.5 In this case, side-vented 
needles appear to be safer than open-ended needles because 
of the risk of leakage of the irrigant solution which can be very 
toxic to periradicular tissues. Potas sium– titan yl–ph ospha te 
(KTP) laser systems have been used in dental practice mainly for 
bleaching and surgical purposes. These systems recently started 
to be used in endodontic practice besides other laser systems. 
Because of the photo-thermal properties of KTP lasers, it appears 
to be beneficial in irrigation procedures in endodontics. Romeo 
et al6 conducted in their study that KTP laser was more effective 
in reducing primarily Enterococcus faecalis population than 980 
nm diode laser. The traditional irrigation technique, also known 
as needle-delivered irrigation, is not sufficient enough in clean-
ing root canal system when compared to the sonic-activated 
irrigation technique. Sonic devices generally work at a frequency 
between 20 and 20 000 Hz.3 It has been reported by Sabins et al7 
that sonically activated irrigation systems more effectively clean 
the root canal system than needle delivery systems. The thawing 
devices are the most preferred in sonic-activated irrigation tech-
niques: EndoActivator, MicroMega, SonicAir1500, Rispi-Sonic, 
and Vibringe.3 Ultrasonic activation was first used by Richman 
in 1957 with a Cavitron device and showed great results in the 

treatment. There are 2 types of ultrasonic irrigation (UI) systems 
which are passive UI and simultaneous UI.3,8 A research that com-
pared sonic irrigation (SI) and UI with traditional irrigation tech-
niques, reported that SI and UI showed better results than needle 
delivery techniques alone .9 Akcay et al10 reported that UI is more 
advantageous in dentinal tubule penetration.

Obturation is another key part of endodontic therapy. The sealer 
are some biologic and biomechanical properties to have such as 
biocompatible, non-toxic, adhesive, dimensionally stable, flow-
able, and insoluble in tissue fluids.11 Endodontic sealer materials 
should seal the root canal walls, laterally, middle, and apically, and 
should be well adapted to the root canal dentine. The penetration 
ability of the sealer into dentinal tubules is significantly impor-
tant in the endodontic treatment process. It is also substantial 
in removing the residual bacteria and preventing reinfections.10

AH Plus is a resin-based sealer that is preferred frequently in 
endodontic therapy because of its beneficial standards such 
as sealing ability, dimensional stability, and high flow rate.11,12 
Another preferred sealer, MTA Fillapex, is an MTA (mineral trioxide 
aggregate)-based sealer material and beneficial due to the fol-
lowing properties: good sealing ability, biocompatible, non-cyto-
toxic, non-carcinogenic, and antibacterial.13 Sealapex is a calcium 
hydroxide-based sealer known for its enhanced biocompatibility.14

The null hypothesis was created that there would be no difference 
among the sealer penetration degrees applied after various irri-
gation activation techniques into dentinal tubules. In this study, 
we aimed to evaluate and compare the effect of various irrigation 
activation techniques on dentinal tubule penetration of AH Plus, 
MTA Fillapex and Sealapex, KTP laser irradiation, conventional 
needle, intra-kit, SI, and UI procedures by using a laser scanning 
confocal microscope.

MATERIAL AND METHODS
Approval was obtained from the local human research ethics 
committee of Cumhuriyet University (ethics committee number: 
2021-01/28). In the present study, 150 human mandibular premo-
lar single-rooted teeth that were extracted , due to periodontal 
disease, orthodontic or prosthetic treatment planning, without 
root canal calcification and root surface fractures, cracks, and 
caries were used. The samples were divided into 3 main groups 
and according to the sealer type (n = 50) as AH Plus, MTA Fillapex, 
and Sealapex. Each group was randomly subdivided into 5 groups 
according to the irrigation activation protocol. All tissue and 
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debris residues on the root surfaces of the teeth were removed 
and stored in physiological saline solution at +4°C until usage. 
Endodontic access cavities were prepared underwater cooling 
using diamond (Endo Access Bur; Dentsply Maillefer) bur with a 
high-speed handpiece. Size 10 K-file (Dentsply, Maillefer, Ballai-
gues, Switzerland) was advanced until it appeared apical foramen, 
and the working length was determined as 1 mm shorter than 
this length. To ensure standardization, the lengths of all teeth 
were standardized to 19 mm by flattening the crowns of the teeth 
with a diamond fissure, but root canals were shaped with Pro-
Taper Next (Dentsply, Tulsa Endodontics, Oklahoma, USA), Nİ-Tİ 
rotary instruments, and endo motor system (Sendoline, Perfect 
Endo, Upplands Väsby, Sweden). Rotary instrument files X1 (size 
17, 0.4 taper), X2 (size 26, 0.6 taper), X3 (size 30, 0.7 taper), and X4 
(size 40, 0.6 taper) were, respectively, used at the Working Length 
(WL) for shaping the root canals. After each instrumentation, the 
root canals were irrigated with 2 mL of 5.25% NaOCl. About 17% 
Ethylenediamine Tetra Acetic Acid (EDTA), 5.25% NaOCl, and dis-
tilled water were applied for 5 minutes, respectively, to remove 
the smear layer that may affect the tubule penetration of the 
sealers to be used. Then, teeth were dried with paper points and 
sterilized using ethylene oxide. Teeth were randomly divided into 
a control group (without intracanal dressing) and 5 main groups 
according to the irrigation activation protocols (n = 10) as KTP 
laser irradiation, conventional needle, intra-kit, SI, and UI activa-
tion procedures.

Main Groups
Conventional Needle Group: Conventional needle was inserted 
into the root canal 2 mm shorter than the working length and 
used in up and down motion in the canal, which facilitated the 
removal of debris (total time: 3 minutes).

Intra-Kit Group: NaviTip FX needle conventional needle was 
inserted into the root canal 2 mm shorter than the working 
length and used in up and down motion in the canal, which facili-
tated the removal of debris (total time: 3 minutes).

Sonic Activation Group: Around 10 mL of 2% NaOCl was deliv-
ered into the root canal. Then, it was activated by a sonic Vibringe 
system (Vibringe B.V. Corp, Amsterdam, Netherlands) without 
touching the canal walls (total time: 3 minutes).

Ultrasonic Activation Group: The ultrasonic activation was 
performed with a stainless steel #20/.00 file (IrriSafe; Satelec 
Acteon, Merignac, France) energized by a piezo electronic unit 
(Suprasson PMax; Satelec Acteon) at power setting “'blue” (total 
time: 3 minutes).

KTP Laser Irradiation Group: KTP laser irradiation was applied 
with 2.0 W (100 mj, 20 Hz) parameter and 532 nm wavelength 
(SMART LITE D, DEKA, Calenzano, Firenze, Italy) using with a fiber 
tip of 200 μm diameter. The fiber tip was positioned 2 mm shorter 
than the working length and then applied in 15-second recovery 
intervals for each irradiation, motions at a speed of 2 mm/s. This 
process was repeated 9 times (total time: 3 minutes). 

The specimens were randomly divided into 3 groups for exam-
ining the sealing abilities of different sealer materials and their 
effects on dentinal tubule penetration following 5 different irriga-
tion activation procedures. After that, all the root canal sealers 
were mixed in a 1:1 ratio according to the manufacturer’s instruc-
tions with 10 µL 0.1% fluorescent rhodamine B isothiocyanate 
(Bereket Chemical Industry, Istanbul, Turkey) to give fluorescent 
images for Confocal Laser Scanning Microscopy (CLSM) analysis.

All root canal sealers that were constituent as the main groups of 
the research were placed into the canal 1 mm shorter than the WL 
using a size 40# lentulo spiral. 

The Subgroups According to Sealers
AH Plus Sealer: A single gutta-percha cone (ProTaper Univer-
sal F4, Dentsply Maillefer) was then slightly coated with labeled 
epoxy resin-based sealer, AH Plus (Dentsply DeTrey, Konstanz, 
Germany), and placed in the root canal to the WL. After root filling, 
the coronal opening was filled with a temporary filling material 
(Cavit, 3M; ESPE, St. Paul, MN), and the specimens were stored at 
100% humidity at 37°C for 1 week to completely set.

MTA Fillapex: Similar to the AH Plus group, the specimens were 
randomly divided into 3 groups, and the same procedure applied 
on the AH Plus group was performed but differently from the AH 
Plus group; MTA Fillapex were used as sealer material.

Sealapex: The specimens were divided into the same 3 groups, 
and the irrigation activation procedures were applied as in the 
AH Plus group. In this subgroup, Sealapex was applied as a sealer 
material.

Then, access cavities were sealed with Cavit W (3M ESPE, Seefeld, 
Germany), and teeth were incubated at 37°C for 24 hours before 
analysis.

Confocal Laser Scanning Microscope Analysis
After the sealers had been placed, each specimen was sectioned 
perpendicular to its long axis using a precision saw (IsoMet 1000; 
Buehler, Lake Bluff, Ill, USA) at a slow speed under water cool-
ing. Following the medicaments had been placed in to the root 
canals, the teeth were sliced into 3 slices with approximately 1 ± 
1 mm thickness and at depths of 2, 5, and 8 mm (apical, middle, 
and coronal). Similarly, a silicon carbide abrasive paper was used 
for polishing the sections. The samples were fixed by placing 
them on glass slides properly after processing, and it was exam-
ined with a Leica TCS-SPE confocal laser scanning microscope 
(Leica, Mannheim, Germany) set at 10× at wavelengths of 560-
600 nm. If a single image of the root canal could not be obtained, 
different images of the canal were taken, and then these images 
were combined into a single image using Photoshop (Adobe Sys-
tems, Inc., San Jose, Calif, USA). Digital images obtained to mea-
sure and evaluate the total depth of dentin tubule penetration 
were transferred to the ImageJ program (ImageJ software, NIH, 
Bethesda, MD, USA). The maximum depth of sealer penetration 
was determined by measuring the distance from the canal wall 
to the deepest penetration point along the dentinal tubule. The 
sealer penetration area was calculated by subtracting the root 
canal area from the area measured by drawing around the den-
tin area in which the sealer penetrated. The percentage of sealer 
penetration was calculated from the ratio of the perimeter of the 
canal wall where the sealer had penetrated to the entire canal 
wall circumference. The dentinal tubule penetration area was 
measured as micrometers (μm) and converted to square millime-
ters (mm2) for the statistical analysis. Data were analyzed using 
a 3-way analysis of variance (ANOVA) and Tukey’s post hoc tests 
(P = .05). Confocal laser scanning microscopic images obtained 
from all groups of coronal parts are shown in Figure 1.

Statistical Analysis
The micro-crack incidence data were analyzed using the SPSS 
statistical software program version 14.0, (IBM Corp., SPSS Inc., 
Chicago, Ill, USA). A 3-way ANOVA was applied to compare the 
evaluated sealers penetration throughout the root canal. Analysis 
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of variance with post hoc Tukey’s test was used for statistical 
analysis with a P-value at .05.

RESULTS
Mean and statistical data obtained from dentin tubule penetra-
tion area values by root canal sealer type, irrigation activation 
procedure, and root canal regions are shown in Table 1. Among all 
the sealers, although MTA Fillapex ensured the deepest penetra-
tion, Sealapex indicated a statistically least penetration than the 
other groups (P < .05). Ultrasonic irrigation provided a statisti-
cally significantly higher percentage and deeper dentinal tubules 
penetration than other activation procedures (P < .05). When the 
root canal regions were compared among themselves, the same 

irrigation activation techniques and sealers showed statistically 
higher tubule penetration in the coronal part compared to the 
middle third and the middle part compared to the apical third 
(P < .05).

DISCUSSION
Elimination of invasion of microorganisms and bacteria into den-
tinal tubules is a key part of endodontic infection control.2 As in 
our knowledge, bacteria, most commonly E. faecalis, can invade 
deeply into the dentinal tubules as well as in root canals. Never-
theless, endodontic treatments consist of 3 main stages which 
are disinfecting, shaping, and filling the root canal systems, and 
all stages affect the other. Thus, the removal of these bacteria 

Figure 1. Confocal laser scanning microscopic images obtained from each group of coronal parts

Table 1. Mean and Statistical Data Obtained from Dentin Tubule Penetration Area Values by Root Canal Sealer Type, Irrigation Activation Procedure, and Root Canal Regions

Sealapex AH Plus MTA Fillapex
Apical Middle Coronal Apical Middle Coronal Apical Middle Coronal

Conventional 0.06 ± 0.03aAǂ 0.21 ± 0.06bAǂ 0.58 ± 0.07cAǂ 0.14 ± 0.06aAǂ 0.40 ± 0.06bAǂ 0.61 ± 0.05cAǂ 0.26 ± 0.04aAδ 0.64 ± 0.06bAδ 0.82 ± 0.06cAδ

Intra-kit 0.14 ± 0.06aAǂ 0.35 ± 0.07bAǂ 0.71 ± 0.06cAǂ 0.22 ± 0.06aAǂ 0.56 ± 0.07bAǂ 0.77 ± 0.05cAǂ 0.34 ± 0.06aAδ 0.74 ± 0.06bAδ 0.96 ± 0.06cAδ

KTP laser 0.23 ± 0.05aAǂ 0.51 ± 0.07bAǂ 0.79 ± 0.05cAǂ 0.30 ± 0.08aAǂ 0.68 ± 0.06bAǂ 0.86 ± 0.07cAǂ 0.46 ± 0.04aAδ 0.85 ± 0.07bAδ 1.12 ± 0.07cAδ

Sonic 0.29 ± 0.04aAǂ 0.65 ± 0.05bAǂ 0.99 ± 0.05cAǂ 0.41 ± 0.05aAǂ 0.89 ± 0.06bAǂ 0.93 ± 0.05cAǂ 0.48 ± 0.05aAδ 0.99 ± 0.06bAδ 1.28 ± 0.05cAδ

Ultrasonic 0.41 ± 0.05aBǂ 0.86 ± 0.05bBǂ 1.09 ± 0.06cBǂ 0.51 ± 0.06aBǂ 0.96 ± 0.07bBǂ 1.16 ± 0.08cBǂ 0.74 ± 0.06aBδ 1.21 ± 0.06bBδ 1.52 ± 0.06cBδ

Different superscript uppercase letters in the same column indicate a statistically significant difference (P < .05).
Different superscript lowercase letters in the same row (different thirds at the same sealers) indicate a statistically significant difference (P < .05).
Different superscript symbols (ǂδ) in the same row (same thirds at different sealers) indicate a statistically significant difference (P < .05).
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from the root canal system is crucial in 3-dimensional obtura-
tion. The untouched and uncleaned areas in the root canal sys-
tem constitute the focus of infection and menace the success of 
endodontic treatment consequently.6 However, complete disin-
fection of the root canal system is not possible due to the com-
plex anatomy of root canals and hard-to-reach areas. Moreover, 
there were disinfected areas after cleaning the root canals with 
NiTi systems, reported by Peters.15 This makes the use of irrigant 
solutions essential in the endodontic treatment protocol.16 The 
teeth that had endodontic treatment history are at a decreased 
risk of bacterial invasion compared to healthy teeth. Also, it is 
known that bacterial invasion of dentinal tubules are more preva-
lent in vital teeth than nonvital teeth because of the lack of odon-
toblastic activation and collagen fibers that organize the dentinal 
liquid transportation through dentinal tubules under a certain 
pressure.17

Thus, the present study data rejected the null hypothesis of there 
would be no difference among the sealer penetration degrees 
applied after various irrigation activation techniques into den-
tinal tubules. 

Different irrigation techniques have been commonly used for 
infection control in endodontic practice. Moreover, removing 
the residual bacteria from dentinal tubules is significant in the 
cleaning procedure. Several facts affect the penetration depth 
of irrigation techniques such as root canal anatomy, the size and 
number of dentinal tubules, solubility, viscosity, the surface ten-
sion of the sealer, the particle size of the material, and the setting 
reaction of the material. The ideal irrigation solution should be 
non-toxic, non-allergic, antimicrobial, and dissolving on organic 
and inorganic dental tissues. Also, it should decrease the friction 
between dentin and endodontic instrument and so root canal 
preparation can be provided become more comfortable and less 
risky. 2 It was reported in a study that sealer penetration ratio 
was significantly higher in the apical third of the root among all 
thirds.18 However, preventing fluid flow completely is not possible 
in endodontic treatments.19

Disinfecting and cleaning the root canal system can be made by 
a conventional needle delivery system. However, studies dem-
onstrated that conventional needle delivery system is not as 
effective as sonic, ultrasonic, and laser systems.3,8 Townsend and 
Maki20 reported in their study that SI and UI is significantly more 
efficient than needle delivery system. 

Over the past few decades, the endodontic practice has been 
developing itself, especially on irrigation protocols. There are sev-
eral irrigation techniques, but any of them can completely clean 
the root canal system because of the unique anatomy and the 
variations of the canals. Thus, applying the most ideal irrigation 
technique is the key part of endodontic practice. Laser technol-
ogy has been used in endodontics to improve the penetration 
depth and conduct an enhanced irrigation protocol.6 Neverthe-
less, the penetration depth is one of the issues that endodontists 
face during irrigation protocols. To date, the most efficacious irri-
gation techniques are counted as laser irrigation techniques. The 
laser was found to be penetrating even on the inaccessible parts of 
the root canals and provides sufficient penetration and irrigation 
consequently.6 According to studies on irrigation techniques in 
endodontics, the laser irrigation technique was found to be more 
effective on cleaning the dentinal debris, bacteria, and the smear 
layer in the coronal and apical parts of the root canals.21–23 Moritz 

et al24 conducted that it can be possible to eliminate a significant 
amount of bacteria from the root canals. Moreover, they achieved 
this result after 2 radiation treatments. They also pointed that 
exposure time and the management of the light fibers affect the 
sufficiency of irrigation. Kuştarci et al reported in their study that 
KTP laser irrigation is very antibacterial in infected root canals.25 
Similarly, it was reported in a study that the KTP laser was found 
to be more efficient than the 980 nm diode laser in reducing the 
E. faecalis population.6

Martin and Cunningham first detected that sonic and ultra-
sonic devices were successful in both mechanical and chemical 
debridement, disinfecting root canals and removing the smear 
layer. Also, they compared endosonic with the traditional tech-
niques and concluded that endosonic was superior in previ-
ously counted manners.26 Similarly, it was concluded that SI and 
UI were more efficient than conventional needle irrigation in a 
study.7 Also, it was noted that sonic and ultrasonic systems can 
achieve the areas that cannot be achieved by traditional needle 
irrigation techniques.7 Galler et al27 reported that sonic, ultra-
sonic, and laser-induced activation showed enhanced penetra-
tion depth compared to manual activation. However, resulting 
of comparing the penetration ability of lasers and sonic agitation 
technique, lasers were found to be more effective and better in 
removing smear layer which can be ensure as a better sealer pen-
etration .28 In a recent study, it was reported that laser-activated 
irrigation was more effective in removing smear layer than anti-
microbial photodynamic therapy.29 In a study used with a confo-
cal microscope, Nikhil and Singh put forth the better penetration 
in root canals of AH Plus sealer when applied with the ultrasonic 
file with 810 μm depth.30 Nevertheless, Hachem et al31 proved 
that the BC Sealer and NTS showed better tubule penetration 
than the AH Plus sealer. In another study, it has been reported 
that SI and UI are more effective in disinfecting the root canal sys-
tem than needle irrigation. This result may be explained as less 
penetration ability of needle irrigation to the lateral canals.9 All of 
these studies support the results of our study as UI is superior in 
the activation procedure than the conventional method. Never-
theless, to examine the effects of irrigation techniques, a confocal 
laser microscope is commonly used in studies because confocal 
microscopies provide a better, sharp image with less haze besides 
representing a thin cross-section opportunity.32 Plus, creating a 
3-dimensional image of a thin cross-section through a vertical 
axis is possible with confocal microscopes.33 Thus, in this study, 
we preferred to use a confocal laser microscope.

The tubule penetration ability of AH Plus sealer was similar to the 
penetration ability of MTA Fillapex, reported by Amoroso-Silva 
et al.34 In a study made with 96 human maxillary central incisors 
and divided into 3 experimental groups and used 3 sealers: AH 
Plus, BC Sealer, or NTS. The penetration depth of sealers was mea-
sured at 1 and 5 mm from the apex. The maximum penetration 
depth of all groups was significantly higher at 5 mm than 1 mm.

Additionally, Kok et al35 demonstrated that AH Plus has a better 
tubule penetration than MTA Fillapex, but both sealers have no 
penetration ability after endodontic treatment.

Similar to our results, Sönmez et al36 evaluated that MTA Filla-
pex showed significantly higher microleakage than AH Plus. Simi-
larly, Silva et al37 put forth that, MTA Fillapex was shown a higher 
flow rate than AH Plus according to ISO standards. Additionally, 
Shakya et al38 compared several sealer materials such as AH Plus, 
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MTA Fillapex, calcibiotic root canal sealer, and powdered gutta-
percha (Gutta Flow 2). Thus, it can be concluded that AH Plus is a 
superior sealer than MTA Fillapex. They concluded that maximum 
inhibition of antibacterial property of E. faecalis was seen with AH 
Plus and followed by MTA Fillapex. Interestingly, Gutta Flow 2 did 
not inhibit E. faecalis.

Yücel et al39 demonstrated the bacterial penetration rates in 
obturated root canals using different sealer materials. They used 
AH 26, AH Plus, Sealapex, and Ketac-Endo root canal sealer. Then 
they observed the bacterial penetration rates after 30 days of 
obturating. In conclusion, AH Plus showed the fastest bacterial 
penetration than other groups. This may be because of the pro-
tection ability of the sealer.

In conclusion, as many studies have evaluated, throughout the 
apical the tubule penetration depth is increasing comparing 
the coronal parts of the teeth because of the different intensi-
ties of tubules.Additionally, the apical part of the root canals 
contains fewer dentinal tubules that have smaller tubules diam-
eters causes the more permeable than the middle and coronal 
parts.40,41

According to the result of our study, MTA Fillapex showed sig-
nificantly better penetration than Sealapex and AH Plus sealers 
and UI provided a better tubule penetration depth than the SI 
and KTP laser irrigation techniques. Therefore, it has been deter-
mined that root canal irrigation methods have a significant effect 
on dentin tubule penetration of sealers, and there is also a signifi-
cant difference between sealers.

Ethics Committee Approval: Ethics committee approval was received for 
this study from the ethics committee of Sivas Cumhuriyet University 
(Date: August 18, 2021, Number: 2021-01/28).

Informed Consent: Written informed consent was obtained from the all 
participants who participated in this study.

Peer-review: Externally peer-reviewed. 

Author Contributions: Concept – R.Z.; Design – K.E.A.; Supervision – 
H.S.T., R.Z.; Resources – İ.H.; Materials – A.Ş.D.; Data Collection and/or 
Processing – R.Z., A.Ş.D.; Analysis and/or Interpretation – İ.H.; Literature 
Search – H.S.T.; Writing Manuscript – A.Ş.D.; Critical Review – R.Z.

Declaration of Interests: The authors declare that they have no 
competing interest.

Funding: The authors declared that this study has received no financial 
support.

Etik Komite Onayı: Bu çalışma için etik komite onayı Sivas Cumhuriyet 
Üniversitesi'nden (Tarih: 19.08.2021, Sayı: 2021-01/28) alınmıştır. 

Hasta Onamı: Yazılı hasta onamı bu çalışmaya katılan tüm katılımcılardan 
alınmıştır.

Hakem Değerlendirmesi: Dış bağımsız.

Yazar Katkıları: Fikir– R.Z.; Tasarım – K.E.A.; Denetleme –H.S.T.; Kaynak-
lar – İ.H.; Malzemeler – A.Ş.D.; Veri Toplanması ve/veya İşlemesi –R.Z., 
A.Ş.D.; Analiz ve/veya Yorum – İ.H.; Literatür Taraması – H.S.T.; Yazıyı 
Yazan – A.Ş.D.; Eleştirel İnceleme – R.Z.

Çıkar Çatışması: Yazarlar çıkar çatışması bildirmemişlerdir.

Finansal Destek: Yazarlar bu çalışma için finansal destek almadıklarını 
beyan etmişlerdir.

REFERENCES
1. Bukhari S, Babaeer A. Irrigation in endodontics: A review. Curr Oral 

Health Rep. 2019;6(4):367-376. [CrossRef]
2. Haapasalo M, Shen Y, Wang Z, Gao Y. Irrigation in endodontics. 

Br Dent J. 2014;216(6):299-303. [CrossRef]
3. Nusstein JM. Sonic and ultrasonic irrigation. In: Endodontic Irrigation 

173-197. Springer International Publishing; 2015. [CrossRef]
4. Holliday R, Alani A. Traditional and contemporary techniques for opti-

mizing root canal irrigation. Dent Update. 2014;41(1):51-61. [CrossRef]
5. Yılmaz B, Sedat Küçükay E. Evaluating the apically extruded debris 

and irrigants in different nickel-titanium instrumentation and irriga-
tion techniques. 2021;6:80-86.

6. Romeo U, Palaia G, Nardo A, et al. Effectiveness of KTP laser versus 
980nm diode laser to kill Enterococcus faecalis in biofilms developed 
in experimentally infected root canals. Aust Endod J. 2015;41(1): 
17-23. [CrossRef]

7. Sabins RA, Johnson JD, Hellstein JW. A comparison of the cleaning 
efficacy of short-term sonic and ultrasonic passive irrigation after 
hand instrumentation in molar root canals. J Endod. 2003;29(10): 
674-678. [CrossRef]

8. Van Der Sluis LWM, Versluis M, Wu MK, Wesselink PR. Passive ultra-
sonic irrigation of the root canal: A review of the literature. Int Endod 
J. 2007;40(6):415-426. [CrossRef]

9. de Gregorio C, Estevez R, Cisneros R, Heilborn C, Cohenca N. Effect 
of EDTA, sonic, and ultrasonic activation on the penetration of 
sodium hypochlorite into simulated lateral canals: An in vitro study. 
J Endod. 2009;35(6):891-895. [CrossRef]

10. Akcay M, Arslan H, Durmus N, Mese M, Capar ID. Dentinal tubule 
penetration of AH Plus, iRoot SP, MTA fillapex, and GuttaFlow bioseal 
root canal sealers after different final irrigation procedures: A confo-
cal microscopic study. Lasers Surg Med. 2016;48(1):70-76. [CrossRef]

11. Bernardes RA, de Amorim Campelo A, Junior DS, et al. Evaluation of 
the flow rate of 3 endodontic sealers: Sealer 26, AH Plus, and MTA 
Obtura. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 
2010;109(1):e47-e49. [CrossRef]

12. Borges ÁH, Orçati Dorileo MC, Dalla Villa R, et al. Physicochemical 
properties and surfaces morphologies evaluation of MTA FillApex 
and AH Plus. ScientificWorldJournal. 2014;2014:589732. [CrossRef]

13. Da Silva EJNL, Accorsi-Mendonça T, Pedrosa AC, Granjeiro JM, 
Zaia AA. Long-term cytotoxicity, PH and dissolution rate of AH Plus 
and MTA Fillapex. Braz Dent J. 2016;27(4):419-423. [CrossRef]

14. Chang SW, Lee SY, Kang SK, Kum KY, Kim EC. In vitro biocompatibil-
ity, inflammatory response, and osteogenic potential of 4 root canal 
sealers: Sealapex, sankin apatite root sealer, MTA Fillapex, and iroot 
SP root canal sealer. J Endod. 2014;40(10):1642-1648. [CrossRef]

15. Peters LB, van Winkelhoff AJ, Buijs JF, Wesselink PR. Effects of instru-
mentation, irrigation and dressing with calcium hydroxide on infec-
tion in pulpless teeth with periapical bone lesions. Int Endod J. 
2002;35(1):13-21. [CrossRef]

16. Machado R, Cruz ATG, de Araujo BMM, Klemz AA, Klug HP, da Silva 
Neto UX. Tubular dentin sealer penetration after different final irriga-
tion protocols: A confocal laser scanning microscopy study. Microsc 
Res Tech. 2018;81(6):649-654. [CrossRef]

17. Nagaoka S, Miyazaki Y, Liu HJ, Iwamoto Y, Kitano M, Kawagoe M. Bac-
terial invasion into dentinal tubules of human vital and nonvital 
teeth. J Endod. 1995;21(2):70-73. [CrossRef]

18. Uzunoglu-Özyürek E, Erdoğan Ö, Aktemur Türker S. Effect of calcium 
hydroxide dressing on the dentinal tubule penetration of 2 different 
root canal sealers: A confocal laser scanning microscopic study. 
J Endod. 2018;44(6):1018-1023. [CrossRef]

19. Bouillaguet S, Shaw L, Barthelemy J, Krejci I, Wataha JC. Long-term 
sealing ability of Pulp Canal Sealer, AH-Plus, GuttaFlow and Epiph-
any. Int Endod J. 2008;41(3):219-226. [CrossRef]

20. Townsend C, Maki J. An in vitro comparison of new irrigation and 
agitation techniques to ultrasonic agitation in removing bacteria 
from a simulated root canal. J Endod. 2009;35(7):1040-1043. 
[CrossRef]

https://doi.org/10.1007/s40496-019-00241-6
https://doi.org/10.1038/sj.bdj.2014.204
https://doi.org/10.1007/978-3-319-16456-4_10
https://doi.org/10.12968/denu.2014.41.1.51
https://doi.org/10.1111/aej.12057
https://doi.org/10.1097/00004770-200310000-00016
https://doi.org/10.1111/j.1365-2591.2007.01243.x
https://doi.org/10.1016/j.joen.2009.03.015
https://doi.org/10.1002/lsm.22446
https://doi.org/10.1016/j.tripleo.2009.08.038
https://doi.org/10.1155/2014/589732
https://doi.org/10.1590/0103-6440201600735
https://doi.org/10.1016/j.joen.2014.04.006
https://doi.org/10.1046/j.0143-2885.2001.00447.x
https://doi.org/10.1002/jemt.23019
https://doi.org/10.1016/S0099-2399(06)81098-8
https://doi.org/10.1016/j.joen.2018.02.016
https://doi.org/10.1111/j.1365-2591.2007.01343.x
https://doi.org/10.1016/j.joen.2009.04.007


26

Curr Res Dent Sci 2023 33(1): 20-26 l doi: 10.5152/crds.2022.6238

21. Küçük M, Kermeoğlu F. Efficacy of different irrigation methods on 
dentinal tubule penetration of chlorhexidine, QMix and Irritrol: A con-
focal laser scanning microscopy study. Aust Endod J. 2019;45(2): 
202-208. [CrossRef]

22. de Groot SD, Verhaagen B, Versluis M, Wu MK, Wesselink PR, van der 
Sluis LW. Laser-activated irrigation within root canals: Cleaning effi-
cacy and flow visualization. Int Endod J. 2009;42(12):1077-1083. 
[CrossRef]

23. Shahriari S, Kasraei S, Roshanaei G, Karkeabadi H, Davanloo H. Effi-
cacy of sodium hypochlorite activated with laser in intracanal smear 
layer removal: An SEM study. J Lasers Med Sci. 2017;8(1):36-41. 
[CrossRef]

24. Moritz A, Doertbudak O, Gutknecht N, Goharkhay K, Schoop U, 
Sperr W. Nd:YAG laser irradiation of infected root canals in combina-
tion with microbiological examinations. J Am Dent Assoc. 
1997;128(11):1525-1530. [CrossRef]

25. Kuştarci A, Sümer Z, Altunbaş D, Koşum S. Bactericidal effect of KTP 
laser irradiation against Enterococcus faecalis compared with gase-
ous ozone: An ex vivo study. Oral Surg, Oral Med Oral Pathol Oral 
Radiol Endodontol. 2009;107:73-79.

26. Martin H, Cunningham W. Endosonics--the ultrasonic synergistic 
system of endodontics. Endod Dent Traumatol. 1985;1(6):201-206. 
[CrossRef]

27. Galler KM, Grubmüller V, Schlichting R, et al. Penetration depth of 
irrigants into root dentine after sonic, ultrasonic and photoacoustic 
activation. Int Endod J. 2019;52(8):1210-1217. [CrossRef]

28. Özlek E, Neelakantan P, Akkol E, Gündüz H, Uçar AY, Belli S. Dentinal 
tubule penetration and dislocation resistance of a new bioactive 
root canal sealer following root canal medicament removal using 
sonic agitation or laser-activated irrigation. Eur Endod J. 2020;5(3): 
264-270. [CrossRef]

29. Keskin G, Çiloğlu M. Efficacy of antimicrobial photodynamic therapy 
and Er,Cr:YSGG laser-activated irrigation on dentinal tubule penetra-
tion of MTA-based root canal sealer: A confocal microscopy study. 
Photodiagn Photodyn Ther. 2021;36:102584. [CrossRef]

30. Nikhil V, Singh R. Confocal laser scanning microscopic investigation 
of ultrasonic, sonic, and rotary sealer placement techniques. J Con-
serv Dent. 2013;16(4):294-299. [CrossRef]

31. 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 Investig. 2019;23(4): 
1871-1876. [CrossRef]

32. Gu Y, Perinpanayagam H, Kum DJ, et al. Effect of different agitation 
techniques on the penetration of irrigant and sealer into dentinal 
tubules. Photomed Laser Surg. 2017;35(2):71-77. [CrossRef]

33. Peterson DA. Confocal microscopy. Encycl. Mov Disord. 2010;250-
252. [CrossRef]

34. Amoroso-Silva PA, Guimarães BM, Marciano MA, et al. Microscopic 
analysis of the quality of obturation and physical properties of MTA 
Fillapex. Microsc Res Tech. 2014;77(12):1031-1036. [CrossRef]

35. Kok D, Rosa RA, Barreto MS, et al. Penetrability of AH Plus and MTA 
fillapex after endodontic treatment and retreatment: A confocal 
laser scanning microscopy study. Microsc Res Tech. 2014;77(6): 
467-471. [CrossRef]

36. Sönmez IS, Oba AA, Sönmez D, Almaz ME. In vitro evaluation of apical 
microleakage of a new MTA-based sealer. Eur Arch Paediatr Dent. 
2012;13(5):252-255. [CrossRef]

37. Silva EJ, Rosa TP, Herrera DR, Jacinto RC, Gomes BP, Zaia AA. Evalu-
ation of cytotoxicity and physicochemical properties of calcium sili-
cate-based endodontic sealer MTA Fillapex. J Endod. 2013;39(2): 
274-277. [CrossRef]

38. Shakya VK, Gupta P, Tikku AP, et al. An invitro evaluation of antimi-
crobial efficacy and flow characteristics for AH Plus, MTA fillapex, 
CRCS and gutta flow 2 root canal sealer. J Clin Diagn Res. 2016;10(8): 
ZC104-ZC108. [CrossRef]

39. Yücel AC, Güler E, Güler AU, Ertaş E. Bacterial penetration after obtu-
ration with four different root canal sealers. J Endod. 2006;32(9): 
890-893. [CrossRef]

40. Moon YM, Kim HC, Bae KS, Baek SH, Shon WJ, Lee W. Effect of 
 laser-activated irrigation of 1320-nanometer Nd:YAG laser on sealer 
penetration in curved root canals. J Endod. 2012;38(4):531-535. 
[CrossRef]

41. Kara Tuncer A, Tuncer S. Effect of different final irrigation solutions 
on dentinal tubule penetration depth and percentage of root canal 
sealer. J Endod. 2012;38(6):860-863. [CrossRef]

https://doi.org/10.1111/aej.12309
https://doi.org/10.1111/j.1365-2591.2009.01634.x
https://doi.org/10.15171/jlms.2017.07
https://doi.org/10.14219/jada.archive.1997.0092
https://doi.org/10.1111/j.1600-9657.1985.tb00582.x
https://doi.org/10.1111/iej.13108
https://doi.org/10.14744/eej.2020.92905
https://doi.org/10.1016/j.pdpdt.2021.102584
https://doi.org/10.4103/0972-0707.114348
https://doi.org/10.1007/s00784-018-2632-6
https://doi.org/10.1089/pho.2016.4125
https://doi.org/10.1016/B978-0-12-374105-9.00230-6
https://doi.org/10.1002/jemt.22432
https://doi.org/10.1002/jemt.22371
https://doi.org/10.1007/BF03262880
https://doi.org/10.1016/j.joen.2012.06.030
https://doi.org/10.7860/JCDR/2016/20885.8351
https://doi.org/10.1016/j.joen.2006.04.002
https://doi.org/10.1016/j.joen.2011.12.008
https://doi.org/10.1016/j.joen.2012.03.008

