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ABSTRACT

Whatever the technique used for root canal instrumentation; a layer of debris termed “smear layer” is
formed. This is a layer composed of an organic and inorganic substance and it harbors bacteria and their
by-products. Removing the smear layer enhances the cleaning and disinfecting of root canal walls and
grant maximum adaptation of root canal filling materials. Nonetheless, the existence of smear layer can
seal the dentinal tubules and decrease the probability of dentinal tubule’s invasion by bacteria and their
toxins, this issue is still controversial. Smear layer removal approaches including chemical, ultrasonics, and
laser have been widely studied. However, none of them is entirely efficient along the length of all canals or
is universally recognized. If the decision was to remove smear layer, irrigating root canals with EDTA
followed by NaOCl will fulfill the objective. It is still debatable whether the removal of smear layer will
decrease the apical leakage or not. Additional research is required to determine the consequence of

removing or preserving the smear layer.
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INTRODUCTION

The main objective of endodontic treatment is to
reduce the number of microorganisms within the root
canal system followed by competent obturation. This
cannot be achieved without a proper shaping of the
root canal system to create a smooth, tapering canal,
which can be easily and quickly obturated [1].

The use of either hand or rotary and reciprocating
instruments to shape the root canal space creates a
substantial amount of dentinal debris that is called
smear layer. At first, it was reported in the literature
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that smear layer consists of dentin chips, cell debris,
and pulp remnants [2], this layer extended few
micrometers within dentinal tubule [3]. Smear layer
has two separate layers: a loose, superficial deposit
and an attached layer that extends into the dentinal
tubules, forming occluding plugs [4].

Researches has been conducted evaluating the quality
of the smear layer [5, 6], and its thickness which found
to range from 1-5 um [3, 7, 8]. There is a variation
between the penetration depth of the smear layer into
dentinal tubules and its thickness depending on many
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factors such as capillary action between dentinal
tubules and debris [9, 10], the type and sharpness of
cutting instruments and dentin humidity [11].

Some authors have found that the quantity of smear
layer formed by engine-driven instruments such as
Gates-Glidden drills is greater than that formed by
hand filing [12]. Furthermore, the composition of this
layer is a combination of organic and inorganic
substances where the organic substance such as
necrotic pulp tissue is located deeper toward the canal
wall, increasing the instrumentation force will result
in deposition of a thicker layer of inorganic substance,
which is more resistant to the removal with chelating
agents [13].

Formation of the smear layer is unavoidable during
root canal instrumentation; this is why it is not found
in areas that are unprepared. Based on this concept,
studies used the non-instrumentation technique,
which relies on active irrigation, produces excellent
canal cleaning [14]. However, initial clinical studies
stated that this system needs improvement before
using it routinely for root canal cleaning [15].

Clinical implication of the smear layer

Understanding the condition of the diseased pulp is
essential before evaluating the influence of smear
layer on the treatment outcome. The presence of
numerous bacterial species, their toxins, and by-
products has been declared as the main cause of root
canal pathology. These bacteria are mostly gram-
negative anaerobic [16]. In addition, it has been shown
that root canal complexity leads to non-accessible
areas that are difficult to clean mechanically. The size
and density of dentinal tubules are different along the
root surface, they estimated to be 15,000 per square
millimeter at the cement-enamel junction [17].

Researchers had meticulously studied the existence of
bacteria and their toxins within dentinal tubules of
infected roots; the depth of penetration of bacteria has
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reached one-half of the distance between the root
canal wall and the cement-dentinal junction. The
number and the type of bacteria as well as the length
of exposure play an important role in determining the
depth of penetration of bacteria [18].

Additionally, the presence or absence of the smear
layer is a major contradicting point in the literature.
Different conclusions regarding removing or leaving
the smear layer has been reached. Those who are
against its removal claimed that smear layer removal
will expose more dentinal tubules leading to deeper
bacterial penetration [19-21].

Darke, et al. claimed that when smear layer is
removed, bacteria would colonize in a higher depth
within the dentinal tubules compared with roots with
an intact smear layer [16]. Pashley declared if the
canals were partially cleaned, smear layer would
prevent bacteria from penetrating the dentinal tubules
to a deeper level [22]. However, Williams and
Goldman [23] reported that this layer cannot act as a
complete barrier and its presence would only delay
bacterial invasion. The inability of all previous studies
to simulate the clinical environment was a major

limitation.

Another group of researchers is in favour of removing
the smear layer. It is established that smear layer
contains necrotic tissue, bacteria, and its by-products
that causing more irritation and may provide
microorganisms with resources to survive, multiply,
and proliferate deeply inside the dentinal tubules [24].
Although several studies reported that removal of
smear layer will allow more cleaning and removing
microorganisms [25-27]. Furthermore, the presence of
smear layer decreases the level of penetration of
disinfectant solutions into dentinal tubules [4], and
minimizing the ability of intracanal medications to
disinfect the canal properly [7].
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In addition, some studies have stated that smear layer
has a drawback on the ability of the sealer to penetrate
into dentinal tubules [28], which reduces the ability of
gutta-percha to adapt to canal walls properly [29]. All
these may lead to unsatisfactory coronal and apical
seal causing bacterial leakage, which results in
alteration of the root canal treatment outcome.
Therefore, researchers strongly recommend that
smear layer must be removed in order to obtain a
satisfactory treatment outcome.

Effect of smear layer on the penetration and bonding
efficiency of different sealing materials

As stated before,
endodontic treatment is to obtain the hermetic filling

the significant objective of

of the root canal system, which is achieved by
complete, tri-dimensional sealing of the root canal
system, helping in preventing microorganisms and
their products from invading root canal system,
through the coronal and apical pathways [30, 31].

Chemo-mechanical preparation usually produces
debris-free root canals, which can be safely filled later.
Nevertheless, thorough cleaning of the root canal
system may not be accomplished due to smear layer
deposition [32]. The effect of this layer on root canal
treatment prognosis is unknown [33], but the thing
which is known is that it can be degraded by bacterial
toxins and acids [34], which allows a pathway to form,
through which leakage could occur [35].

Gutta-percha is used routinely with root canal sealer
to obtain a fluid-tight seal. Root canal sealers fill the
voids between gutta-percha points and between
gutta-percha and root canal walls [31]. Inadequate
obturation of the root canal significantly contributes to
the failure of endodontic therapy [36].

Leakage in root canals is the passage of bacteria and
fluids between the tooth and the root canal filling
material. The space between the tooth and the filling
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material may result from insufficient adaptation of the
filling material to the root canal walls, cements
solubility, expansion or shrinkage. Leakage occurs at
one of two aspects: at the interface between the gutta-
percha and the cement or between the cement and root
canal walls [37].

Microleakage along the root canal obturation may
occur between gutta-percha and sealer, through voids
within the sealer, or between the sealer and dentin.
Therefore, the quality of the root canal filling and the
success rate of endodontic treatment depend greatly
on the sealing ability of a root canal sealer [38].

There has been a strong interest in the potential
implications of the smear layer on leakage of
obturated root canals. Various studies have evaluated
apical and coronal leakage in the presence or absence
of the smear layer; however, there is no consensus
among researchers as to whether the smear layer is
associated with more leakage in obturated canals [37,
39]. Smear layer removal created mechanical
interlocking of sealer plugs inside tubules, which
could enhance the sealing ability of the material. The
bond strength between some sealers and dentin
improved when the smear layer was left intact [38].

Whether
endodontic filling or not,

to maintain the smear layer before
continues to be a
controversial subject. Many authors consider that it is
favorable to maintain it as it fills the dentinal tubule
entrances, thus reducing dentin permeability [38].
Others foresee difficulties if it remains because it
prevents medications from penetrating into the root
canal walls and dentinal tubules [4]. Moreover, it acts
as a barrier between the filling materials and root
canal walls, interfering in the formation of appropriate
sealing [38]. Therefore, any factors that may influence
the adaptation of the filling material to the root canal
wall are of great importance in determining the depth
and extent of leakage, and finally, the prognosis of
endodontic therapy.

40



thalij-l’.ibya Journal
ofy Dental and Medical Resrach

https://journal.Khalij-Libya.edu.ly

At present, there has been great interest in
investigating the possible effect of smear layer
removal on endodontic leakage. Nevertheless, there is
no agreement about its actual influence on effective
sealing of the root canal system [31]. Some researchers
have declared that the presence or absence of the
smear layer has no major impact on the sealing of root
canal fillings [40, 41]. Whereas others, such as Kont
Cobankara et al. [31], Gengoglu et al. [42], Taylor et al.
[43], Economides et al.[44] and Kokkas et al [45]
affirmed that its removal produces a positive effect on
sealing, as it enables the cement to penetrate into the
dentinal tubules, promoting better adaptation of the
filling materials to the root canal walls.

Moreover, several authors have reported that
maintaining the smear layer could reduce leakage.
They considered that the smear layer could diminish
dentinal permeability and prevent the bacterial

infiltration into the dentin [38].

Methods of Smear Layer removal

Irrigation materials are been routinely used root canal
treatment. Root canal disinfectant is mandatory to
ensure successful root canal treatment. Canal
disinfection requires chemical preparation as well as
mechanical  preparation. = Canal  disinfection
substantially relies on irrigants because of the
anatomic complexities of the pulp canal system [46].
Mechanical preparation will result in smear layer
formation and chemical preparation will disinfect the

parts that cannot be reached mechanically [47].

The most frequently used irrigant solution in

endodontic treatment is Sodium hypochlorite
(NaOCl). It is potently antimicrobial and dissolves
organic material pulp tissue) within the root canal.
Meanwhile, it lacks the capability to eliminate the

smear layer [48].
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Chlorhexidine is a substantive antimicrobial irrigant
(continued antimicrobial effect because CHX binds to
hard tissue). Unfortunately, it cannot dissolve pulp
substitute
hypochlorite. It has no effect on smear layer as well
[49].

tissue; therefore, it cannot sodium

A chelating agent such as EDTA would bind to the
calcium ion in the hydroxyapatite crystals of dentin
and subsequently demineralize dentin. The chelating
agent's efficiency relies on various factors including
application time, pH, concentration, and amount of
the solution [50].

EDTA (Ethylenediaminetetraacetic acid) is a chelating
agent. EDTA solution is neutral or slightly alkaline;
EDTA will precipitate at acidic ph. It has no
antibacterial effect but it confines the growth and kills
microbes by chelating with some metallic ions
essential for its growth [51].

EDTA is available in a 17% or 15% solution. Even 1%
EDTA solution is powerful enough to remove smear
layer, as some studies have suggested. Application of
17% EDTA subsequent to cleaning and shaping highly
advised to remove the smear layer before root canal
obturation. EDTA reacts with dentin’s calcium ions
resulting in soluble calcium chelates formation. EDTA
decalcifies dentin to an extent of 20-30 um in 5 min
[52]. The appropriate time for EDTA application to
remove smear layer is about two minutes, but the
thicker the smear layer is, the longer time of exposure
should be [46].

MTAD (Mixture tetracycline citric acid and detergent)
is a potent intracanal irrigant in regards to smear layer
removal. It is a mixture of a 3% doxycycline antibiotic,
a chelating agent 4.5%, citric acid and detergent. It
does not change the dentinal tubules structure and it
is recommended to be used as a final rinse [53].

QMix is a recent irrigating solution introduced to
remove the smear layer and kill microorganisms. It is
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composed of EDTA, chlorhexidine (CHX), and a
detergent. Stojicic et al. claimed that alternating
between NaOCl and QMix had a greater antimicrobial
action compared to CHX and MTAD and removed the
smear layer more efficient [54].

Citric acid is an organic acid. It is highly effective in
removing the inorganic component of the smear layer,
better than polyacrylic acid, lactic acid. It is used at
varying concentrations from 1% to 50% but with a 10%
solution has the best effect in eliminating the smear
layer. It can be used for 2-3 min when instrumentation
has been completed and after irrigation with NaOCl
[50].

When EDTA is used in combination with NaOCl, both
the inorganic and the organic elements are removed,
resulting in a clean surface and opened dentinal
tubules to the level of the apical part [55]. However,
the reaction between EDTA and NaOCl can reduce the
amount of chlorine available, thereby compromising
the tissue dissolving ability and antimicrobial effect of
NaOCl [56]. To overcome this problem, copious
amount of NaOCl must be applied to washout
remnants of EDTA [57]. In addition, the use of water
in between irrigants will help to reduce the interaction
between different chemicals inside root canals [58].

Ultrasonic smear layer removal

Richman first implemented the concept of using
ultrasonics “US” in endodontics in 1957. However,
Martin et al. established their use by demonstrating
the ability of ultrasonically activated K-files to cut
dentin, so their use for root canal preparation becomes
common [59, 60].

There are two types of units: Ultrasonic devices, which
run at 25 to 30 KHz, and sonic devices or so-called
low- frequency ultrasonic handpieces operating from
1to 3 KHz. Currently, ultrasonics used in non-surgical
as well as surgical endodontics; one of these
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applications is NaOCl activation by an ultrasonic
delivery system [61].

The use of irrigation in conjunction with ultrasonic
vibration, which elicits a persistent movement of the
irrigant is directly associated with the effectiveness of
cleaning of the root canal space [61, 62]. Furthermore,
it has been found that ultrasonic irrigation is more
effective with greater tapered root canals so, it is
important to apply ultrasonic irrigation after the
preparation of root canals has been completed [63].
Researchers have found that ultrasonically energized
full strength NaOCl did not eliminate the smear layer
from root canal walls [64], however, when ultrasonic
removal of smear layer was evaluated using 15%
EDTA with either distilled water or 1% sodium
hypochlorite a satisfactory results were achieved [65].
Another study evaluated the efficacy of passive
ultrasonic irrigation (PUI) with 17% EDTA and 1%
NaOCl solutions on smear layer removal. In this study,
a comparison of the quantity of smear layer that was
removed among apical, middle, and cervical thirds
within the tested samples has been performed. It was
found that the cervical third of the samples from all
groups showed a higher percentage of smear layer
removal and open dentinal tubule areas, followed by
the middle and apical thirds. As a result, using 1%
NaOCl and ultrasonic tip placed within 1 mm of the
apical foramen did not show higher efficacy in smear
layer removal compared with conventional irrigation
[66].

Furthermore, the influence of US with different final
irrigants in intracanal smear layer removal, using
scanning electron microscopy (SEM) was investigated
[67]. In this study, the tested substances were 17%
EDTA, QMix, 10% citric acid and 37% phosphoric acid
solution. Based on the outcomes of the present study,
the use of US with the four tested chelating agents in
the cervical third did not enhance the smear layer
removal capacity compared with groups where US
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was not used. In the middle third, groups (17%
EDTA+US) and (QMix+ US) have shown a higher
ability to promote smear layer removal compared
with all other groups. However, in the apical third, the
group (QMix+US) has shown a greater ability to
promote smear layer. These findings comply with
previous studies, which stated that smear layer
removal enhanced with the adjunctive use of
ultrasonic irrigation [68, 69].

Considering such results, it is believed that ultrasonic
activation can aid 17% EDTA and QMix in smear layer
removal, leading to better cleaning of root canal, since
superior outcomes were found for 17% EDTA and
QMix in the middle third, and for QMix in the apical
third when ultrasonic activation of these substances
was executed. However, there is some issue regarding
the effect of using 17% EDTA with US on increasing
dentinal erosion [70, 71]. A recent study has confirmed
these results and showed that PUI with both 17%
EDTA and QMiX as final irrigants improved the
removal of debris/smear layer in the middle and
apical thirds of the root canal when compared to CI
[72]. Cameron assessed the effect of increasing the
time on the ability of the ultrasonic activation to
ensure smear free canal walls [73]. He concluded that
3-5 min of ultrasonic activation of the irrigant was
better than 1 min. Moreover, a study by Ahmetoglu et
al. (2014) investigated the effectiveness of different
irrigation devices like passive ultrasonic irrigation,
apical negative pressure irrigation (EndoVac), and
conventional needle irrigation systems on smear layer
removal. They founded that the irrigating solution
used is more significant rather than the system used
[74]. These results were recently supported by a
systematic review and meta-analysis conducted by
Virdee et al (2018) who founded that despite the fact
ultrasonic irrigation improves intracanal cleanliness
and smear layer removal in relation to conventional
needle irrigation, no individual technique showed
superiority than another [75]. Therefore, it can be
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concluded that passive ultrasonic irrigation (PUI) can
improve debris and smear layer removal and sealer
penetration into the dentinal tubules. However,
factors such as final irrigating solution, technique
used for irrigation, root canal thirds, must be taken
into consideration.

Using laser to remove smear layer

Using laser in endodontics began in the early
seventies with Weichman and Johnson and Lenz
(1971, 1972, 1974) [76-78], but were mainly developed
from the early 1990s onward. It was used as an
assistant protocol in order to enhance the results of
traditional procedures. Several factors influence the
effectiveness of lasers, including the power level, the
exposure time, the absorption of light in the tissues,
the configuration of the root canal and the tip-to-target
distance. Studies have been performing on different
laser systems available at that time such as
neodymium: yttrium-aluminum-garnet (Nd: YAG)
and carbon dioxide (CO2) lasers. The diode laser is
recommended for endodontic treatment because its
wavelength is within the infrared range and its thin
and flexible fibers help to remove the smear layer. At
the beginning of the 1990s, with the introduction of
pulsed technology for Nd: YAG lasers with optical
[79], the
decontamination and cleansing of the smear layer and

fibers research was focused on

organic remnants of root canals [79- 86].

Harashima et al. (1997) [87], Koba et al. (1998) [88], and
Santos et al. (2005) [89] Studied the effect of Nd:YAG
laser at different power settings and time on the
cleaning and decontamination of root canal. All of
these in-vitro studies showed incomplete removal of
smear layer. Santos et al. (2005) evaluated with SEM
observations the effect of different parameters and
radiation angles of Nd:YAG laser on the morphology
of radicular dentin.
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Parameters that are more elevated developed more
morphological alterations of the dentin surface, and
superior removal of smear layer with cleaner surface.
In addition, samples that received the irrigation with
17 % EDTA before irradiation showed dentinal
tubules more opened. He et al. (2009) studied the rise
in temperature at the coronal and apical levels at
different power settings of Nd: YAG laser, superior
results (removal of the smear layer, open dentinal
tubules, rise of temperature in the acceptable limits)
were obtained at 2 W (20 Hz, 100 m]) [90].

Hasheminia et al. (2012) also established the partial
removal of the smear layer in the samples irradiated
with the Nd: YAG laser and the superior efficacy of
irrigants such as sodium hypochlorite [91]. Takeda et
al. (1999) supported the use of erbium:YAG (Er:YAG)
laser to remove the smear layer [92]. It resulted in
effective smear layer removal without causing any
side effect to the dentin; melting, charring, or
vaporization that can be associated with other types of
laser. Kimura et al. (2002) confirmed the positive effect
of using Er:YAG laser on the smear layer [93].
However, Kivanc et al. (2008), compared in SEM study
the effects of Nd:YAG and Er:YAG laser irradiation on
radicular dentin, concluded that neither wavelength
was efficient in removing the smear layer and debris
from the canal walls [94]. Many studies have
investigated the role of photo-activated disinfection as
an adjunct to conventional irrigation for root canal
disinfection. On the other hand, some researchers
have focused on the ability of laser-activated irrigation
(LAI) to improve smear layer removal [95-103]. De
Moor et al. (2009) completed their first study
comparing the efficacy of LAI for removal of debris in
root canals to conventional irrigation (CI) and passive
ultrasonic irrigation (PUI) for just 20 s at a frequency
of 30 KHz and. An Er,Cr:YSGG laser, equipped with a
200 pm flat tip, was used at 75 mJ, 20 Hz, 1.5 W to
activate 2.5 % NaOCl four times for 5 s, placed fixed at
5 mm from the apical stop, prepared at ISO 40. LAI
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resulted in statistically significantly less debris than
PUI (P < 0.005) and CI (P < 0.0005), both during 20 s
[97]. Another study found that increasing time up to
60s using Er,Cr:YSGG laser results in complete
removal of smear layer [99].

In a study by Bolhari et al. (2014), the quality of smear
layer and debris removal in the three segments of the
root canal were investigated comparing an EDTA and
NaOCl final rinse protocol (G1), Er,Cr:YSGG
irradiation 1.5 W (G2), and 2.5 W (G3). The findings
indicated no significant differences between groups 1
and 2 regarding the quality of smear layer removal in
all areas while irradiation at 2.5 W failed to remove the
smear layer effectively. In this study, better cleaning
efficacy was noted in the coronal and middle third
when relying on laser-activated irrigation of EDTA
[101]. Suman et al. (2017) declared that using
EndoActivator, EndoVac, and Er: YAG laser increases
the smear layer removing efficiency at the apical and
the middle third. However, in this study, EndoVac
and EndoActivator performed better than Er: YAG
laser at apical third [102]. These findings were
supported by Mancini et al. (2018) who concluded that
none of the activation/delivery systems tested entirely
removed the smear layer from the root canal walls;
nevertheless, EV and EA showed, respectively,
statistically significant better results that LAI apically
[103]. The reason why EV showed better results may
be due to the negative pressure it creates in the canal,
which takes the irrigant to the full working length.

Recently, a new technique of laser application is
introduced in endodontics, which is Photon-induced
photoacoustic streaming. (PIPS) is an advanced laser-
activated irrigation process by which photons of light
are released at very low energy levels and with short
microsecond pulse duration. Unlike other forms of
laser-activated irrigation, PIPS utilize a unique
tapered and stripped tip design that allows for lateral
diffusion and transmission of the generated wave in
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liquids. This can reduce the risk of thermal damage
and allows for effective three-dimensional streaming
when the specific parameters and procedure are used.

The main difference between PIPS and other LAI
techniques is that PIPS technique is based on new
“minimally invasive” or “biomimetic” concept that
requires less intracanal instrumentation without
compromising the ability for irrigation to effectively
reach all aspects of the root canal system; this could
enhance the conservation of dentin structure and
reduces the possibility of laser thermal damage as well
as creating greater cleaning and decontamination
[104].

Uses of 17 % EDTA activated by PIPS during the

irrigation ~ protocol =~ and  after = mechanical
instrumentation resulted in better cleaning and smear
layer removal when compared to other irrigation
techniques [105, 106]. Further studies have supported
these findings and confirmed that the best results
were obtained when PIPS used in combination with

17% EDTA [107-110].

CONCLUSION

Root canal instrumentation produces a smear layer
that covers the surfaces of prepared canal walls. This
smear layer is a combination of inorganic and organic
substances in addition to microorganisms and
necrotic debris. There is a lack of agreement regarding
preserving or removing the smear layer based on
whether it has a beneficial or an adverse effect on the
treatment outcome. However, if the decision to be
removed was made, the alternate use of sodium
hypochlorite (NaOCl), a deproteinizing agent, and
ethylenediaminetetraacetic acid (EDTA), a calcium-
chelating agent, has been recommended for its
efficient removal. These irrigants must contact directly
with the entire canal wall with different irrigation
techniques for effective action. Extensive studies are
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available within endodontic literature evaluating the
efficiency of different techniques for smear layer
removal. The main limitation of these studies was that
they did not exactly simulate the clinical conditions of
root canal treatment. Therefore, extensive research is
required in the future on advanced irrigation
with
determine the effect of the presence or absence of the

techniques clinically relevant models to

smear layer on bacterial colonization of root canals.

Recently, new sealer and filling materials have been
introduced; therefore, further researches are necessary
to find out the interaction between these materials and
smear layer as well as their effect on the treatment
outcome. Moreover, it is also important to understand
the change that occurs to the root dentin after the
application of chelating agent.
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