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ABSTRACT
Aim: The aim of this ex vivo study, with SEM, was to
determine the effects of the smear layer on the root
canal systems after different instrumentation technique and irrigation protocol, obturated with carrier
based gutta-percha (Soft Core) and AH26 sealer. Materials & Methods: Forty freshly extracted human
teeth were used for this study. The teeth were divided
into two major groups according to instrumentation
technique (Manual and ProFile) and then each major
group into four subgroups according to irrigation
protocol (Saline solution, 17% EDTA, 5.25% NaOCl).
All of the samples were obturated with AH26 and
Soft Core Heating Gutta-percha. The evaluation of
the objectives was performed using a Scanning Electron Microscope. Result: ProFile instrumentation followed with irrigation of 17% EDTA and 5.25%
NaOCl, selaed with AH26 Soft Core Heating Guttapercha provided maximal contact at the S/D interface.
The S/D interface had a serrated appearance due to
effective penetration of the sealer into the patent dentin tubules. Conclusions: The adhezion of the respective sealer is more successful in cases when smear
layer was removed completely.
Keywords: Smear Layer; Irrigation; AH26; Manual;
ProFile; Sealer Adhesion

1. INTRODUCTION
Successful root canal therapy (RCT) relies on complete
and accurate biomechanical preparation followed by a
three dimensional obturation of the root canal systems in
the absence of injury to periapical tissues [1]. The root
filling is thought to be critical for the long-term outcome
of root canal treatment [2,3]. A root filling may entomb
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the surviving bacteria, and prevent apical and coronal
leakage, that is, stop influx of periapical tissue-derived
fluid from nourishing the remaining microbiota and prevent re-infection of the root canal system [4]. Animal and
human outcome studies have shown that the root filling
materials and techniques used currently are not optimal,
and fail to fulfill the desired requirements [5]. Therefore,
the development and maintenance of a seal is desirable
and considered a major prerequisite to improve the outcome of root canal treatment. One relatively recent approach to enhance the sealing ability of root fillings has
been to apply adhesive concepts to endodontics [6,7].
Moreover, both apical and coronal leakage can occur following seemingly successful root canal treatment [8-10].
The intricate nature of root canal morphology complicates the instrumentation procedure [11]. Fins, anastomoses, isthmuses and other irregularities within the root
canal system harbor tissue, microorganisms, and microbial by products that may lead to failure of root canal
therapy [12]. On the other hand, microleakage of the root
canal systems is a complex subject because many variables may influence it, such as root filling techniques, the
physical and chemical properties of the sealers used and
the smear layer [13]. Success of the smear layer removal
depends on the instrumentation techniques employed and
irrigation solvents used [14,15]. Sodium hypochlorite solution has been the commonly used irrigant, especially
due to its effective antibacterial properties and its excellent action as an organic material solvent [16]. However,
the use of only one irrigant is not sufficient to achieve
smear layer removal. Many reports have demonstrated
the decalcifying capacity of agents such as 10% - 17%
EDTA, 17% ethylene glycol tetraacetic acid (EGTA) [17],
MTAD (mixture of tetracycline isomer (doxycycline)
[18], citric and maleic acid [19], and dimercaptosuccinic
acid (DMSA) [20]). These agents bring about the remo-
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val of inorganic components and debris from the instrumented canals. The decalcifying efficacy of these acidic
and chelating agents depends on the root length, application time, diffusion in the dentine and solution pH [1720].
The root canal filling must seal and prevent the ingress
of organisms and tissue fluids into the root canal system
[21]. The most common recommended obturation material is gutta-percha combined with a sealer [22-25]. Since
gutta-percha is an impervious material, leakage through
an obturated root canal system is most likely to occur at
the sealer/dentin wall (S/D) and sealer/guttapercha (S/GP)
interfaces [7,22,26-30].
On the other hand, with the discovery of the smear
layer [31] the knowledge on endodontic instruments has
improved and the techniques have advanced. Based on
the evaluation of the influence of smear layer on leakage,
its removal was advocated in order to reduce micro leakage [26,32-39]. In contrast, many studies on instrumentation and obturation of the root canal systems demonstrate the difficulty (impossibility) to completely seal the
root canal system [36]. Furthermore, interfacial micro
leakage on S/D interface is demonstrated in different research [9,22,24,32,34,36,40,41].
The aim of this ex vivo study, with SEM, was to determine the effects of the smear layer on adhesion of sealing
material after manual and ProFile instrumentation, irrigation with 5.25% sodium hypochlorite and 17% EDTA,
obturated with carrier based gutta-percha (Soft Core) and
AH26 sealer.

2. MATERIAL AND METHOD
Forty freshly extracted human teeth were used for this
study. They were preserved in saline solution. The samples consisted of upper incisors and mandibular premolars with single root canal. All the teeth were divided into
two major groups according to instrumentation technique
and then each major group was divided into four subgroups according to irrigation protocol. All of the samples were obturated with AH26 and Soft Core Heating
Gutta-percha (Table 1).
Group 1: Samples were manually instrumented with
K-file (Edenta, Switzerland). Subgroup 1.1. (Control) was
irrigated with saline (DENTSPLY De Trey, GmbH, Germany). Subgroup 1.2. was irrigated with 5.25% NaOCl
(ADD Vision, Germany). Subgroup 1.3. was irrigated with
17% EDTA (Calcinase, Lege Artis, Germany). Subgroup
1.4. was irrigated with 17% EDTA followed by 5.25%
NaOCl. All of the samples in the Group 1 were sealed
and obturated with AH26 (DENTSPLY DeTrey GmbH,
Germany) sealer and Soft-Core gutta-percha. Soft-Core®
Oven (Soft-Core Dental Production Aps, Denmark) cones
were used for the heating of gutta-percha.
Copyright © 2013 SciRes.

Table 1. Sample distribution according to instrumentation
technique, irrigation protocol, sealing material and core material.
Instrum.
Technique

Irrigation Protocol

1. Manual

2. ProFile
/Series 29, 06 taper

1.1. Saline (control)

2.1. Saline (control)

1.2. 5.25% NaOCl

2.2. 5.25% NaOCl

1.3. 17% EDTA

2.3. 17% EDTA

1.4. 5.25% NaOCl +
17% EDTA

2.4. 5.25% NaOCl +
17% EDTA

Sealer

AH26

Core Material

Soft-Core

Group 2: Samples were instrumented with Pro-File
(Series 29, 06 taper, Tulsa Dental Products, Tulsa OK,
USA) rotary instruments utilizing the crown-down technique with Endo-It hand piece (Aseptico Inc., USA) at
300 rpm clockwise rotations, 240 gr/cm*. Subgroup 2.1.
was irrigated with saline. Subgroup 2.2. was irrigated with
5.25% NaOCl. Subgroup 2.3. was irrigated with 17%
EDTA. Subgroup 2.4. was irrigated with 17% EDTA followed by 5.25% NaOCl. All of the samples in the Group
2 were sealed and obturated with AH26 sealer and SoftCore Singles gutta-percha (Soft-Core® Singles, a 3rd Generation Endodontic Obturator, Denmark). The scouting
of the root canal was initiated with #08 or #10 K-files
followed by the sequence of subsequent files and the
final shape was achieved with #40 or #50 files depending
on the size of the apical constriction and the root canal
volume. Irrigating solutions were delivered via a 23gauge needle inserted into the canal without binding into
the walls. The amount of the respective irrigation solution used per root canal was 7.5 ml. After instrumentation and irrigation, final rinse of the root canals was performed using distilled water to avoid continuing action
of irrigating solutions. Root canals were dried with paper
points before sealing. Lentulo spirals (Maillefer Instruments S.A., Switzerland) were used at low speed to coat
the root canal walls for obturation. Soft-Core carrier based
gutta-percha was used as a solid core material for obturation of all the samples. After cooling, the excess material was scared off at the cavo-surface margin. The teeth
were stored in plastic containers filled with saline at
room temperature for 24 hours. The resulting specimens
were prepared for Scanning Electron Microscopy JEOL
JSM-6335F (Tokyo, Japan) study. The blocks of teeth
were cut with the ISOMET 11-1180 Low Speed SAW at
the predetermined coronal, middle and the apical thirds.
The cut samples were fixed in metallic blocks and put on
the Sputter Coater S150 B EDWARDS for impregnation
in gold (Au) at 10 mbar pressure. After scanning and observing each third with the microscope, an image of the
most representative area of that third was taken. Three
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pictures were obtained from each tooth, one for each
third (apical, middle and coronal).
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Group 1 (Manual Instrumentation): In the Subgroup 1.1.
(Control subgroup) irrigated with saline, the smear layer
was evident at the dentine/sealer (D/S) interface. The
smear layer was equally distributed on every third of the
root canal. Along with smear layer, debris was found in
all samples of the control group. On visual inspection,
the sealer/gutta-percha (S/GP) interface was linear and
fully adhered with no interruption along the full length of
the root. The contact of the sealer with the smear layer
(where present) was weak and exhibiting voids at the interface in all control samples (Figure 1).
Subgroup 1.2. samples were irrigated with 5.25%
NaOCl and they had a better contact at the S/GP rather
than S/D interface.
The S/D interface had no visible smear layer present
that enabled full adhesion on SEM evaluation. The D/S
interface had full linear appearance. The apical one third
of all the samples in this subgroup had free debris particles visible and located in the S/D interface. Subgroup
1.3., irrigated with 17% EDTA, produced a smear layer
that covered surfaces affected by instrumentation.
The S/D interface presented with voids throughout the
root length while S/GP interface had a full linear adhesion on SEM evaluation. Subgroup 1.4., irrigated with
5.25 NaOCl and 17% EDTA had a maximum, linear and
continual contact at the S/D interface with no smear layer
in between. At the coronal one third of the root, the sealer had a maximum contact with the dentin wall, the dentinal tubules were visible and patent. The contact at this
interface was linear with a tendency for sealer to penetrate patent dentinal tubules. The sealer at the D/S and

D/GP intefaces was visually compact with no voids.
The middle one third of the roots had also good contact with no smear layer in between. Patent dentin tubules were visible with some of them being pentrated by
sealer “pluggs”. The S/GP interface was linear and continual while the S/D interface was serrated. This shape of
contact at the S/D interface is a result of absence of
smear layer at the dentin surface of the root canal. At the
apical one third of the root the adhesion at S/D interface
was weaker due to the derbis present at this level. The
S/GP interface was liner and continual as opposed to the
S/D interface that was interrupted in several areas along
the apical third of the root canal (Figure 2).
Group 2 (ProFile Instrumentation): Subgroup 2.1.
(Control subgroup) irrigated with saline, at the coronal
one third of the root canal the S/D interface had a weaker
adhesion contact with visible voids, while the S/GP interface had a full linear contact. At the middle and apical
one third, the S/D interface had voids throughout these
root levels and its volume. The S/GP interface had full
adhesion on SEM evaluation. Subgroup 2.2. irrigated
with 5.25% NaOCl on the instrumented surfaces of the
root canal walls produced a smear layer which covered
dentin tubules. The S/GP interface had full linear adhesion with no voids visible on SEM throughout the length
of the root. The S/D interface at the coronal one third
was linear with some penetration of the sealer into the
patent tubules. At the middle and apical one third of the
root, the contact at this interface showed voids filled with
free debris particles.
Subgroup 2.3. Irrigated with 17% EDTA on SEM evaluation showed smear layers in between the S/D interface.
The contact at the S/GP interface had full adhesion at all
levels of the root. The voids at the S/D interface with
smear layer present are more visible at the middle and
apical thirds of the root along with remaining debris.

Figure 1. The contact of the sealer (S) with the dentine (D),
exhibiting voids at the interface.

Figure 2. The sealer at the D/S and D/GP intefaces is visually
compact with no voids.

3. RESULTS

Copyright © 2013 SciRes.
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Subroup 2.4. irrigated with 17% EDTA and 5.25%
NaOCl provided best, maximal contact at the S/D interface. (Figure 3). The visual appearance of the S/D interface was linear with absence of smear layer that was efficiently removed with this irrigation protocol.
The S/D interface had a serrated appearance due to effective penetration of the sealer into the patent dentin tubules. The S/GP interface was linear at full length of the
coronal and middle two thirds of the root. At the apical
one third of the root, free debris particles that weaken the
adhesion at the S/D interface were evident, as demonstrated with SEM evaluation.

4. DISCUSSION
White [42] studied the penetration of the obturation material into the dentine tubules using scanning electron microscope techniques. In his study, canals were sealed with
silicone and gutta-percha using cold lateral condensation
technique. The penetration of the obturation material was
more evident in the areas of dentinal walls with no smear
layer. Saleh [26] with EDS, followed the dispersion of
the sealing material and the contact with dentine walls.
The results show that when the smear layer was removed,
penetration of the sealing material in dentine tubules was
evident. In some cases when there was no penetration of
the sealing material in the dentine walls the thickness of
the material/paste was in form of bonding fat system, in
contrast to those cases were the penetration of tubules
was evident the sealer layer was very thin. On the other
hand, instrumentation and irrigation with 17% EDTA and
5.25% NaOCl, sealed with AH26, CRCS and RSA with
lateral condensation of gutta-percha [43], showed that
AH26 achieved the best adaptation and deepest penetration into dentine tubules. Also, is demonstrated ad-

Figure 3. The appearance of the S/D interface is linear with
absence of smear layer that was efficiently removed with irrigation protocol.
Copyright © 2013 SciRes.

hesive superiority of AH26/ silverfree sealer at the apical
third of the root canal using methylen blu penetration
method [24,45]. Soussa [45] evaluated the adhesive properties of Sealapex, Sealer 26, N-Rickert, and Endofill
sealers with dye penetration method when irrigating with
EDTA, EGTA and CDTA. Dye penetration was measured
with a stereomicrocope. They found no correlation between the test for adhesiveness and microleakage since
irrigation alone is insufficient for successful removal of
smear layer from dentinal walls. Schafer [46] investigated the cleaning effectiveness of hand (K-Flexofiles)
and automated instrumentation (Ni-Ti ProFile system).
Complete cleanliness (debris and smear layer) was not
achived by any of the techniques. As well instrumentation result, especially in curved canals, were obtained with
rotary ProFile instruments. Hulsman [47] compared root
canal preparation using two different rotary Ni-Ti instruments, Hero 642 and Quantec. SEM evaluation of cleaning ability, Hero 642 achieved better result on removing
debris and smear layer. Versumer [48] compared several
parameters of root canal preparation using two different
rotary Ni-Ti instruments, ProFile 0.04 were used in crowndown whereas LightSpeed in step-back technique. For
debris and smear layer removal, in the coronal third of
the root canal LightSpeed performed significantly better
result than ProFile. In the middle and apical thirds the
differences were not significant. Both Ni-Ti systems maintened the original canal curvature well, with no statistical singificance between group. Mayer [49] studied the
influence of two rotary preparation technique on cleanliness of the shaped canals, ProFile 0.04 and LightSpeed,
and evaluated debris and smear scores after ultrasonically
activated irrigants during canal preparation. All groups
were irrigated using 5.25% NaOCl and 17% EDTA.
Research results show that regardless what instrumentation technique is used for root canal treatment, the smear
layer will be present and covering the dentin throughut
the root canal length if saline is used as an irrgation solution [50-52]. The ability to efectively clean the root canal space depends on the irrigation solution and instrumentation technique [53].
Current design of endodontic instruments influence
the efficiency to remove the debris and smear layer [54].
More recent research has shown that cleaning can be
sig- nificantly improved once the shaping procedure has
been completed [55]. The results of the study showed
that GT™ rotary instrumentation followed by a specific
final irrigation sequence could produce good clean canals. In majority of cases, canal surfaces were smooth
and free of pulpal remnants [56]. Use of the rotary instrumentation resulted in a substantial amount of smear
layer production. This smear layer consists of dentine
particles and pulp tissue densly compacted against the
OPEN ACCESS
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root canal wall and extending into the dentinal tubules
[50,52]. The smear layer produced by instrumentation
should be removed because it increases microleakage at
the S/D interface. Shaping procedures can be completed
more easily, quickly and predictably. However, effective cleaning of the entire root canal system using Ni-Ti
rotary instruments has not yet been demonstrated [57].
Comparisons between rotary NiTi instruments and stainless steel hand instruments suggest that the manual technique with stainless steel instruments results in an equivalent cleaning ability [58] or even better performance,
with significantly less residual debris [59]. Another study
showed significantly less smear layer and pulpal debris
remaining in the apical third of the root canal compared
with coronal and middle thirds, with similar results to the
conventional manual technique using stainless steel files
or NiTi instruments [58,60]. Rotary NiTi instrumentation
of root canals have a superior ability of preserving the
original root curvatures [61], however a recent study revealed no statistical differences between rotary NiTi instruments and stainless steel hand instrumentation technique of root canal [62]. Rotary NiTi instruments have
significantly better centering ability and decrease the prevalence and degree of transportation and straightening
compared with hand instrumentation technique of root
canal [63,64]. Different rotary NiTi systems indicated
large untreated areas on the canal wall, these areas tended
to be on the convex curvature at midroot and the concave
side of the curvature more apically [65]. Irrigants have a
predominant role in successful removal of debris and
root canal disinfection. Irrigation of root canal space with
NaOCl at different concentrations is insufficinet for removal of the smear layer regardless of the instrumentation technique. Irrigation with 17% EDTA, creates a smear
layer with homogenous appearance that completely covers the root canal dentine regardless of the instrumentation technique [66].

6. CLINICAL SIGNIFICANCE
Smear layer contains inorganic and organic substances as
well as fragments of odontoblastic processes, microorganisms an necrotic debris. Elimination or significant reduction of irritants from the root canal system is the essential elements for successful outcomes.
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