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1.Resumen

Introduccién

El objetivo del tratamiento del conducto radicular es eliminar las bacterias, el tejido infectado
y los microorganismos, sin embargo, a veces el tratamiento no tiene éxito debido a la falta de
una adecuada inclinacién y desinfeccion, a la complejidad anatémica del conducto radicular, a
las soluciones de irrigacion y a las técnicas de instrumentacion. Por tanto, la técnica adecuada,
una buena solucion de irrigacion y un buen diagnostico del tratamiento de conducto son la
clave del éxito. Como a veces la instrumentacion mecanica no toca muchas superficies y no
puede llegar a la zona apical, se introduce diferentes técnicas y equipos de irrigacion para

mejorar la desinfeccion quimica y mejorar la limpieza del canal a través de la instrumentacion.

Materiales y métodos

Con el fin de llevar a cabo este estudio, aprovechamos como base de datos PubMed, Medline,
Google scholar, Cochrane para encontrar informacion basada en la evidencia para este articulo
utilizando palabras clave como “ conducto radicular”, “activacion de irrigantes”, “soluciones de
riego”, " técnica de riego”, "Biopelicula microbiana”, “ Eliminacion de la capa de frotis™. Con el
propdsito de enfocar en este estudio, contamos con los articulos que contenian estas palabras

claves . Ademas, analizamos 65 articulos y un libro para realizar este trabajo de investigacion.



Discusién vy conclusion

Conocer las ventajas y desventajas de cada técnica de activacion y solucion irrigante fue la
clave principal para elegir la mejor técnica y la mas frecuente de activacion que se puede
utilizar en la clinica dental para tener una limpieza dptima y un tratamiento exitoso. Estudiamos
y analizamos las multiples técnicas en diferentes situaciones y utilizamos distintas soluciones
como la Técnica de Activacion Dinamica Manual (MDA) con hipoclorito de sodio (NaOCI) y
el acido Etilendiaminotetraacético (EDTA) que es una de las técnicas mas comunes y rentables
utilizada en la odontologia, y luego, en un segundo lugar concluimos que el sistema de
activacion por ultrasonidos es el lider en este campo. Ademas, la Terapia Fotodindmica para la
desinfeccion del conducto radicular (TFD) se concluyé como una novedosa técnica de

irrigacion.



1. Abstract

Introduction

The objective of the root canal treatment is to eliminate the bacteria , the infected tissue and
microorganisms and sometimes the treatment is not successful because of lack of the proper
cleaning and disinfecting due to anatomical complexity of the root canal, irrigation solutions
and instrumentation techniques. Therefore, the proper technique ,good irrigation solution and
the good diagnosis of the root canal treatment is the key to success. Introduced different
techniques and irrigation equipment to improve the chemical disinfection and improve the
cleanliness of the canal through the instrumentation as sometimes mechanical instrumentation

will not touch many surfaces and cannot reach the apical area.

Materials and Methods

Data bases such as PubMed, Medline, Google scholar, Cochrane were used in order to find
evidence-based information for this paper using keywords such as “root canal”, “activation of
irrigants”, “irrigation solutions”, “irrigation technique”, “microbial biofilm",” smear layer
removal”. Articles than contained these keywords were used in an effort to focus this study. 65

articles and one book were used to write this paper.

Discussion and Conclusion

Understanding the advantages and disadvantages of each activation technique and irrigant

solution were key to choose the best and most common activation technique that can be used



in the dental clinic in order to have better cleaning and successful treatment. Multiple
techniques were studied and analyzed in a different situations and different irrigation solution
were used, such as Manual Dynamic Activation Technique (MDA) with Sodium Hypochlorite
(NaOCIl) and Ethylenediaminetetraacetic acid (EDTA) that is one of the most common and
inexpensive technique used in the dentistry and after that in a second place the Ultrasonic
activation system were concluded to be leading in this field. In addition ,the Photodynamic

Therapy for the root canal disinfection (PDT) were concluded as a Novel irrigation technique.
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2. Introduction

2.1. Background

The objective of the root canal irrigation is to eliminate the pulp tissue residues and
microorganisms, eliminate the smear layer and dentine debris during the treatment. These
microorganisms colonize the canals by attaching to the dentin walls in the whole canal; this
accumulation of the microorganisms is called a biofilm and can be seen in the inner walls of
the apical anatomy and the lateral canals.(1) These microorganisms have surface associated
growth which can cause the most common endodontic infection.(2)

Irrigation is one of the major parts in the endodontic treatments, during root canal treatments
(RCT) various parts of the tooth canal surfaces are not affected by mechanical instrumentation.
Therefore, a good and proper root canal irrigation solution and technique is the essential for
the success in RCT. Various techniques and irrigation devices have been introduced to enhance
the impact of the chemical disinfection and enhance the cleanliness of the canals with the
mechanical instrumentation. Sufficient cleansing of the root canal is influenced by elimination
of debris and smear layer; however shaping of the whole root canal still poses a challenge even
with improvements in mechanical instrumentation with rotatory systems; a smear layer is
almost always present in the apical third, which depending on anatomical complexity, may

further complicates the process.(3)



2.2 Irrigation solutions

2.2.1 Sodium Hypochlorite (NaOCI)

One of the most widely utilized and typical root canal irrigation solutions is Sodium
Hypochlorite (NaOCI), it is the only solution that eliminates organic matter and necrotic tissue
residues along with the biofilm; however, this solution works best as an antiseptic and tissue
dissolving solvent but has no influence on the inorganic part of the smear layer. Studies showed

that a great concentration of NaOCI has higher impact than the 1-2% solution.(4)

2.2.2 Ethylenediaminetetraacetic acid (EDTA)

The other irrigant is called Ethylenediaminetetraacetic acid (EDTA), it influences the inorganic
sector of the dentin and smear layer (hydroxyapatite). EDTA has small to no antimicrobial
effects but certain studies have described some antifungal effect; however, EDTA is known to
react with NaOCI and cause staining among other undesirable effects such as eliminating the
anti-bacterial effect of the NaOCI and these effects must be avoided in all the situations. To
remedy this, Saline water/Saline solution is be utilized between the application of the two
solutions to prevent the chemical reaction between them, but saline cannot be used as a
principal disinfectant because they have neither tissue-dissolving attributes nor a disinfecting

effect. (3)(5)



Figure 1 : Instrumented canal wall after
elimination of smear layer with NaQCl and a
final rise by EDTA.

2.2.3 Citric acid

Citric acid is one of the oldest irrigants used in RCTs and some studies showed that it can be
used as a substitute for EDTA in the final irrigation step to eliminate the smear layer and other
debris, however Citric Acid is more aggressive than EDTA and can produce erosion of the root

canal walls if used after NaOCI without using a buffer such as saline solution between them.(6)

2.2.4Chlorhexidine Gluconate (CHX)

The other irrigant solution Chlorhexidine Gluconate (CHX) is commonly utilized in
preventative dentistry to control plaque formation and in endodontics it is used for disinfection
because of its great antimicrobial action; it could be used as last irrigant after the use of EDTA.
CHX cannot dissolve organic matter nor inorganic matter, therefore it shall not be utilized as

an irrigant solution alone. (7)



2.3. Activation Techniques

Different methods and techniques have been utilized in endodontic irrigation to increase the
effectiveness of irrigants in RCTs from traditional syringe-needle delivery to diverse machine-
driven systems that use sonic and ultrasonic energy, negative and positive pressure, irrigation
of the root canal by Laser Activation (LAI), Self-Adjusting File system (SAF), Photodynamic
therapy for root canal disinfection, Photon-induced Photoacoustic Streaming (PIPS) and the

Manual Dynamic Activation technique (MDA).(8)(9)

2.3.1 The Manual Dynamic Activation technigue (MDA)

The Manual Dynamic Activation technique (MDA) is one of the most common, inexpensive,
safe, fast and the appropriate rinsing fluid operation methods aftercompletion of the shaping
procedure, it can be operated by hand files, brushes and very suitable tapered gutta-percha
point. According to the current research, we have to analyse between two methods of the
irrigation process: static (or passive) and dynamic (or active); the static irrigating process is
done with the syringe and it relies on the penetration depth of the irrigating needle; the dynamic
irrigation consist of two parts:

- The depth of the penetration of the irrigation fluid by any type of instrument and the
movement used by the instrument..

-The function of the taper and the size of the canal is to interchange the irrigation fluid.

Both of the parameters are related with the penetration depth of the endodontic needle.(9)

10



2.3.2 Syringe irrigation

Syringe irrigation is extensively used method in the Endodontic treatments, the fluid dynamics
is one of the most important factor to facilitate the disinfecting procedure.(3)To enhance the
effectiveness of the syringe irrigation different models of needles have been utilized to transfer
irrigants into the root canals, these needles principally alter in the existence of an open or closed

tip and one or more outlets.(10) (11)

There are various forms of needles which are used in the irrigation delivery, the open-ended
needles have different types such as flat, bevelled and notched, the close-ended needles also
have different types which are side-vented, double-vented and multi-vented. However, the
multi-vented needle is not available in the market currently to utilize with the syringe. Like all
the medical needles system the irrigation needles also measured with a system call “Gauge”.
(12) Previously large needles (21-25G) were used to deliver the irrigants, these needles
couldn’t pass beyond the coronal third of the root canals, because of this problem recently
needles with the narrower diameter (28G-30G or 31G) are used because they can reach the
working length (WL).

The open-ended needles (flat, beveled, notched) system , the high speed fluid flow extrude
from a small diameter opening which is called “Jet” is very strong and intense toward apical
part of the root, however the close-ended needles although the jet is directed apically but has a
slight deliver and even though the irrigant can between one vortex to the other , the velocity

will decrease toward the apex.(13)
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2.3.3 The Vapor Lock phenomenon

The vapor lock phenomenon happens when an air or gas bubble are formed within the close
ended system and prevents the irrigant’s actions such as osmosis. Recent studies showed that
the methods used for activating of the Sodium hypochlorite are effective in elimination of the
vapor lock are passive ultrasonic irrigation (PUI), manual dynamic agitation (MDA), a sonic
endoactivator, continuous ultrasonic irrigation (CUI), and photon-induced photoacoustic
streaming (PIPS); but the major issue during the irrigant activation in the MDA technique is
the risk of apical ejection in the apical area and can be prevented via apical negative

pressure.(14)(15)

2.3.4 Apical negative pressure system (ANP)

Apical negative pressure system of irrigation has the potential to aspirate and passively
transport the irrigant to the apical area. The EndoVac system is a negative pressure irrigation
system which contains three active sections: The Master Delivery Tip (MDT), the
macrocannula and the microcannula. The MDT concurrently transfer and remove the excess of
the irrigant from the pulp chamber. The macrocannula is suctioning the irrigant from the pulp
chamber to the coronal and middle part of the canal, that the irrigant is directed toward the
axial wall and never direct the flow toward the canal’s orifice because of the possible

accident.(11)(16)(17)
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2.3.5 Self-Adjusting File (SAF) System

The other system which is introduced recently is called Self-Adjusting File (SAF), is created
for minimally invasive endodontic treatment combined with effective irrigation. This system
eliminates a homogeneous dentin layer from the canals compare to the rotatory file which are
removing excessive healthy dentin. The self-adjusting file is used with RDT handpiece head
and an irrigation pump that brings a constant flow of irrigation solution through file without
clinically positive pressure because of the metal mesh which allows constant circulation of the
irrigant. This type of file adopts to the canal three dimensionally and to the cross-section of the
canal. SAF it can be used in immature teeth, cleaning during retreatment, challenge of
Isthmuses and disinfection of Oval canals. The lattice threads of the file has abrasive surface

that allows to eliminate the dentin with a back-and-forth grinding motion.(18)(19)

Figure 2: Representive sample of four different
techniques: (a) Positive Pressure , (b) SAF
without packing motion; (c) SAF with packing
motion ; (d) Apical negative pressure.

2.3.6 Sonic and Ultrasonic activation systems

Ultrasonic activation systems like other techniques, have increased cleaning and disinfecting
actions inside the canals; studies attributed the effectiveness to the ultrasonic ‘energy’ and the

irrigating solution employed. This is named the “synergic system™, that activates biological-
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chemical effects of the irrigant when the solution undergoes ‘ultrasonation’, the wave applied
to a liquid by an ultrasonic device. When this wave is applied to a liquid it creates a negative
pressure which causes ‘cavitation’, the liquid fractures and bubbles are created. The cavitation

of the irrigant can affect surfaces that the conventional irrigant systems cannot reach. (20)(21)

The Ultrasonically activated irrigant (UAI) in the clinically usage has different tips which
allows the insertion of the hand file or specially designed hand file-type with different lengths
and diameters to improve the cleaning at the levels of the 1-3 mm from the apex with less
operator fatigue.(22) Some authors concluded that the ultrasonic instrumentation can be used
as a complementary technique after hand instrumentation to increase debridement efficacy in
a more passive way and without instrument or influence the walls of the root canal ; therefore
the term passive ultrasonic irrigation (PUI) were used. PUI/UAI the time for the technique and
irrigant became a problem of this technique, which lead to evolution of an ultrasonically
activated irrigating needle that can concurrently actualize and refill irrigant deep in the canals,

this system called continuous ultrasonic irrigation (CUI).(23)(21)

The Sonic equipments usually oscillate at a frequency of 20-20,000 Hz. By definition, a second
frequency is anything within the audible range of humans. The main system that can be used
to generate sonic/subsonic mixing is the Micromega® , Sonic Air®1500 handpiece with an
attached Rispi-Sonic® file.(3) EndoActivator® is a battery-powered handheld mobile
handpiece with a 3-speed motor. The handpiece obtains one of three different sizes, disposable
and polymer tip (15/.02, s5/.04, 35/.04). The surface of the polymer tip is smooth. The tip
agitates the irrigation solution positioned within the root canal and flushes through the needle

into the opening.(3)
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2.3.7 Photon-induced photoacoustic streaming or PIPS

One of the newest techniques that is used is Photon-induced photoacoustic streaming or PIPS;
it creates a strong photoacoustic wave which make the currents of the irrigants flow through
the canal three dimensionally, affecting the entire anatomy. The tapered and stripped tips used
in the PIPS system need to be positioned in the pulp chamber rather than inside the canal;
waves generated by this technique can remove healthy and necrotic tissue, destroy bacteria,

eliminate biofilm and even decontaminate dentin tubules.(24)

2.3.8 Photodynamic therapy (PDT)

Photodynamic therapy (PDT) is considered as one of the most effective treatments of localized
infections in RCTs regardless of the type of microorganism that has caused it. The combination
of PDT with the conventional root canal cleaning techniques (manual files, etc) has a better
degree of bacterial elimination than other irrigation methods. Four different studies combined
of this method with cleaning and shaping of the canals resulted in 82% to 96.7% bacterial

removal. (25)

2.3.9 Laser Activation irrigation (LAI)

Laser Activation irrigation (LAI) with an erbium laser has been found as a system for activating
the irrigant, the result is based upon cavitation in water which can lead to a formation of large
elliptical vapor bubbles that enlarge and implode. Only two studies studied the using of the
(LALI) inthe removal of dentin residues from the root canal, that Er,Cr:YSGG laser and Er:YAG
have better effect on removing the dentin residues and smear layer from the apical part.

Er,Cr:YSGG (erbium, chromium: yttrium-scandium-gallium-garnet) laser frequency is
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absorbed by water and penetrates into dentin surface which has a good antimicrobial effect on
the dentinal tubules, this type of laser which is approved by the FDA for using not only in
Endodontical treatment but also in Periodontal surgery. The Er:YAG laser release the infrared

light which is highly absorbed by water unlike Nd:YAG laser.(26)(27)

There are several forms of lasers which are used in dentistry with different wavelengths, they
all work principally by conduct radiation of light energy to the tooth surface which makes the
thermal reaction. The Nd:YAG laser is commonly utilized in dentistry that generates radiation
in near and far infrared electromagnetic spectrum, this type of the laser has good antimicrobial

effect but showed an increased in temperature which is considered as an undesirable effect.(28)

As we mentioned before in this thesis, we are going to discuss more in detail about the PIPS
Technique which is one of the newest techniques which is used now a days and the other LAI
such as Nd:YAG laser and Er,Cr:YSGG Laser will be mention briefly in this paper and the
other techniques which are mentioned in the introduction will be discussed later on this Trabajo

Fin de Grado.

3. OBJECTIVES

The main objective of this thesis is informing about most common irrigation techniques,
focusing on their main advantages, disadvantages.
A secondary objective is to provide information about Novel activation techniques and their

role in the future.

16



4. MATERIALS AND METHODS

This review of literature, results in some relevant studies about activation of irrigations,
different activation techniques and their effectiveness.

Only articles, journals, reviews of recent studies were taken into account. Taking in
consideration the principal objective, date and degree of evidence of those studies. The main
electronic databases such as PubMed, Medline, Google scholar, Cochrane were used in order
to find evidence-based information. Apart from using the online library “Biblioteca CRAI
Dulce Chacon” of the university “Universidad Europea de Madrid”, books and papers in
physical form were used and the online shopping platform “Amazon” was helpful for buying

further books with limited access in order to complete my literature research.

Including criteria:
Recent literature that was certified by Journal Citation Report.

Articles in language like Spanish and English.
Excluding criteria:
Literature older than 20 years were excluded. Studies with low static value like clinical case

studies were disqualified.

Key words: root canal, activation of irrigants, irrigation solutions, irrigation technique,

microbial biofilm, smear layer removal, Novel activation.
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5. RESULTS AND DISCUSSION

5.1. Irrigation Solutions

5.1.1 Sodium Hypochlorite (NaOCI)

The objective of root canal treatment is to avoid or treat periapical periodontitis, which is the
consequence of bacterial infection of the root canal system; studies have shown that the use of
disinfectant irrigant solutions in the chemo-mechanical preparation process plays an important

role in helping to eradicate bacteria inside the canals.(29)

Nonetheless, contempt long-term achivements to expand new irrigation equipment and
solutions and new instrument technology, it is still to completely sterilize the root canal system;
therefore , the clinical goal is to minimize the threshold of bacterial load so that the host defense
system can be repaired; so far, the efficiency of choosing endodontic irrigant is not as good

Sodium hypochlorite (NaOCI). (6)

The most popular irrigation salutation that is utilized daily in the dental clinic is Sodium
Hypochlorite, studies showed that the effective concentration of the Sodium Hypochlorite is
within 0.5-6% and to increase the effect of the irrigation solution the NaOCI need to be
replenish continuously and kept in motion by agitation, therefore with an effective agitation
the tissue disintegration will increase , however several recent studies confirmed that the lower
and higher concentration of the solution equitably productive in decreasing the amount of
bacteria in the affected root canal system but the tissue dissipating effect has a direct relation
to the concentration. (7), to prove this point the other author Clegg et al.(30) analyzed the

different concentrations of the NaOCI under the Scanning electron microscope (SEM) and the
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3% and 6% NaOCI demonstrated absence of the biofilm and the 1% NaOCI only demonstrated
disruption of the biofilm. Thus the 2.5-6% concentration should be used during the
instrumentation for one to two minutes after finishing the instrumentation.(31), Studies showed
that to have a better irrigation and cleaning of the root canal EDTA used as a chelator (30) after
NaOCI as a final irrigant , because studies showed the moment that NaOCI is used as last
irrigation solution can alter the connection between the dentin and the sealer and may cause

discoloration of the root canal and has an unpleasant smell. (32)

5.1.2. Ethylenediaminetetraacetic acid (EDTA)

Generally, EDTA itself cannot effectively eliminate the smear layer, therefore proteolytic
components such as NaOCI should be combined to eliminate the organic components because
this solution alone can only remove the inorganic matter during the root canal treatment, most
of the studies showed that EDTA is commonly utilized at a concentration of 17% and while it
is in touched with the root canal walls not more than one minute can remove a thin smear layer
and for the thick smear it requires more time up to two minutes to have an effective removal,
even though few studies showed that 5% or even 1% solution is sufficient to remove the smear
layer, (3) and EDTA is utilized after completion of instrumentation to complete the smear layer
removal.(5)(33) However, another study demonstrated that the clinical concentration of the
EDTA solution is 17% and can remove the smear layer while it is in direct contact with the

canal walls for 1 minute.(34)

Some studies suggested the clinical use of EDTA and NaOCI in RCT, After the using NaOCI
during the entire cleaning and shaping process, must be rinse with EDTA for one minute to
erase the smear layer; in order to increase the penetration the EDTA will be activated for few

seconds, in order to avoid the adverse interaction between EDTA and NaOCI we need to
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carefully clear away the NaOCI with an abundant amount of EDTA; EDTA can leave a layer
of the collagen which is important for binding bacteria for that reason the last rinse with a small
concentration of NaOCI can be used at their time; as the author Wei Qian et al. (35) reported
the clinician must be cautious because the higher concentrations may cause dentin erosion, and
some collagens or proteins that are in touched with EDTA can be eliminated by a brief exposure

to Sodium hypochlorite(36)

5.1.3.Citric acid

According to the research, Citric Acid is one of the oldest irrigation solutions in the root canal
treatment. It shall be utilized after NaOCI place of last rinse with EDTA to remove the smear
layer (37); according to research , Citric Acid is more erosive than EDTA. If NaOCI is used

after Citric Acid, the corrosion is more obvious than the EDTA-NaOCI sequence. (35)

5.1.4. Chlorhexidine digluconate (CHX)

Chlorhexidine digluconate (CHX) has good antibacterial activity and is used for prevention
and disinfection of dental plaque and also used after EDTA, it has also been used in root canal
treatment as the final irrigant (38), Several early studies showed that CHX can bind to hard
tissues and presrve antimicrobial properties (substantivity), which is one of the reasons for its
use; however, the possible influence of the continuous antibacterial action of the CHX on the
root canal has not been investigated very well (39) ; Enterococcus faecalis is the majority of
research on CHX root canal treatment. Therefore, the research is too optimistic to prove that
CHX has antibacterial effect in endodontic treatment ; Ng et al. (40) suggested in the outcomes

of the study that adding 0.2% CHX to NaOCI would significantly reduce the success rate of
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non-surgical treatments; CHX lacks tissue dissolving ability (41), which is an fundamental

aspect for the root canal irrigation.

Nonetheless, another recent study reported that the use of CHX for final irrigation may actually
have a adverse influence on recovering of apical periodontitis; more research needed to

determine the best irrigation options for different endodontic treatment (40)

5.2. Activation Technigues

In order to better clean, disinfect and eliminate biofilms, several activation techniques and
equipment can be used, including manual dynamic activation (MDA), Laser Activation (LAI),
Self-Adjusting File system (SAF), Photodynamic therapy for root canal cleanliness , Photon-

induced Photoacoustic Streaming (PIPS).

All these technologies and equipments have been broadly investigated and compared;
undoubtedly, these techniques have limitations and the results are uncertain due to various
models (mostly plastic and extracted teeth), various assessment methods, different tapers,
different apical sizes , and different volumes and time; however, regardless of the activation
technique used, it must not forget that agitation is a main element that helps disperse and
replacement solutions in the root canal space and improve the effectiveness of antiseptic and

solvents.

Consequently, an overall concession on the advantages of using irrigation fluid activation at
the final step of the canal instrumentation, compared with syringe delivery this method seems

to enhance the canal cleaning and disinfection.(42)
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5.2.1 Manual Dynamic Activation Techniques (MDA)

The Manual Dynamic Activation Technique (MDA) is the most common technique that it is

done with manual files, brushes and very suitable cone-shaped guta-percha point.(43)

MDA is a simple method that helps the irrigant to reach to the apex and extricate the vapor
lock effect. This technique produces bigger intracanal pressure changes all along the gutta-
percha cone in-and-out action; some studies showed that the recurrence of the strokes build
turbulence and increase dispersal by shear stresses; it is very important to have a weak backflow
space between the cone and the canal wall, so that the irrigant flows back together with the

cone and produces an effective hydrodynamic effect.(3)

Certainly, MDA helps to mix in active fluid with the motionless solution in the apical
millimeters.(42) The effectiveness of the MDA technology has been proven through a number
of studies. Huang et el (44) used a stained collagen biofilm model and demonstrated in his
study that manual agitation of the main cone more effectively removes biofilm or stained
collagen on the surface of the root canal compared with static irrigation. However, another
study analysed the difference between ANP (EndoVac) and MDA by using the scanning
electron microscopy (SEM) in both closed and an open system, results demonstrated that the
ANP in the narrow isthmuses and closed apieces could eliminate more debris than MDA due

to wall shear stress.(9)

Nevertheless, another study assimilated MDA with tapered and non-taperd guta-percha cones,
the Safety irrigator, Continuous Ultrasonic Irrigation (CUI) and ANP, concluded that the most

effective technique is CUI.(45)
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In 2013, Caper and Aydinbelgehave (46) showed that the final irrigation activation program
including MDA will not change the mineral content of the root surface and in addition, they
also concluded that the mixing of the mixuture of NaOCI with EDTA for 1 minute does not
change mineral level of the dentin surface. On the other hand, the same study showed that the
usage of SAF with distilled water can change the ratio between organic and inorganic
components and also will alter the dentin permeability, microhardness and solubility of dental

materials to hard tissue.

The main problem in the process of irrigation fluid activation is the risk of apical
compression.(3) According to studies, all the tested devices including MDA, except ANP, seem
to excrete a certain irrigation agent, but the safest is ANP ( but ANP should be regarded as a
delivery device, not an activation system). Nonetheless, it is worth knowing that in clinical
situations, the resistance of the periapical tissue plays a role in limiting the occurance of

compression. Proper use of MDA technology can prevent irrigant extrusion.(9)

5.2.2 Syringe Irrigation

Today, the main purpose of the most publications is to assess advanced activation of irrigations
techniques, syringe irrigation is often used, like treating controls as a priori invalid and
introducing avoidable bias ; it will soon be impossible to completely replace syringe irrigation
with other delivery techniques. Syringe irrigation is a long-established method in endodontic
treatment, and fluid dynamic is one of the most important factors to promote the disinfection

process.(10)

A liquid is a substance that would not endure any risk to convert its shape at the moment that

is at rest. They involved liquids and gases because they both have the ability to flow.(17)
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Recent studies recommended for irrigation to use syringes with quantity ranging from 1 to 20
ml. (47), despite little attention is paid to the capacity of the used syringe, it will influence the
tactile force appropriate to irrigant at a convinced flow rate. (48) When using syringes of
different sizes, even if the pressure generated within the syringe is the same, the clinician needs
to apply different forces and will encounter varying degrees of difficulty when pushing the
plunger. This stems from the description of stress. Bigger syringes are very hard to depress and
control; and because of the same story, clinicians would not be able make a trustworthy

conclusions about stress.(47)

When the plunger is depressed, the pressure within the syringe is still greater than the
environment pressure around the needle tip (almost atmospheric pressure). The difference
between pressures directs the irrigation fluid straight to the needle within the root canal, this is
the reason that syringe irrigation is classified as a positive pressure technique. (49)

A typical mistake between clinicians is that delivering irrigant at high flow rates incorrectly
referred to as force delivery or delivery under pressure. Furthermore, it must be claimed that
the pressure of the irrigation fluid deposited into the root canal is regularly much smaller than
the pressure within the syringe due to significantly falling pressure that occurs along the
needle.(3)

A 5ml syringe is approved, which is an acceptable accommodation amongst less frequent
refilling and ease of operation. Even when combined with a narrow irrigation needle, the
syringe can be used to reach a flow rate of not less than 0.20-0.25 ml/s , and in addition it is
necessary that the syringe have a Luer Lock (Fig. 3) threaded fitting to prevent unexpected
detachment of the needle during irrigation due to a strong pressure generated inside the

syringe.(48)

24



Figure 3: Syringes with different capacities for
root canal irrigation, from top to bottom : 20,
12, 5 and 2.5 mL,.,

All of the syringes have a Luer Lock threaded
fitting (arrow).

The needle type also has a great influence on the primary flow design built in the root canal at
the same time as syringe irrigation, while other parameters such as needle insertion depth, root
canal size and taper have limited impact.(50) According to the needle design and the flow rate,
the available needle types can be divided into two groups, particularly open-ended and close-
ended.(10) For open-ended (flat, bevelled, notched), the jet is very strong and extends along
the root canal to the root apex. Within the certain distance (depending on root canal geometry,
needle insertion depth and flow rate), the jet seems to have continuous ruptures. In the free
zone of the root canal wall, a flowback to the canal orifice occurs. The jet built with a flat and
bevelled needle is relatively stronger than that of a notched needle and extends further at the
tip.(51)

Furthermore, open-ended needle can be placed inside the root canal 2-3 mm shorter than
WL.(10)

Meanwhile using a close-ended needle (lateral, bilateral ventilation), the jet will form close to
the point of the outlet (the side near the outlet of the bilateral needle), there is a slight difference.
The irrigation fluid mainly follows an arched pathway which surrounds the end of the needle

and then towards the coronal aperture.(51)
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Moreover, this type of needle are obliged to be installed within the canal 0-1 mm shorter than
WL as it has limited area close to the apical part of the root which the irrigation fluid cannot
reach that area .(10) The distal opening of the double-side-vented needle has little effect on the
entire flow pattern, since most of the irrigation fluid (93.5%) moves from the proximal opening,

therefore, it does not produce any extensive advantages.(51)

Further, multi-ended needles are a limited model of close-ended needles and were promoted
for root canal irrigation in the old days. Despite the fact that this needle is unavailable on the
market currently, it seems to have developed a unique flow sequence; various small jets are
made by irrigation fluid following out the needle from the outlet near the needle tip, which is

perpendicular to the tube wall.(51)

Syringe irrigation does not seem to be able to eliminate hard tissue fragments or soft tissue
residues from the isthmus among the mandibular molars mesial root canals or from the artificial
grooves and cavities in the apical area of the canal. Along the irrigation process, the needle
should have a longitudinal movement in the root canal to the maximum insertion point so the
limited area influences as much as the root canal wall as possible. Likewise, the root canal must
be widened to 30 or 35 gauge and increased taper, to permit the irrigation fluid to penetrate
into working length. And also, higher flow rate almost 0.25mL/s appears to improve the
chemical and mechanical effects of irrigation.(3)

Unfortunately, studies showed that traditional needle irrigation cannot clean the isthmus and

lateral canals completely.(52)
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Figure 4: Close-ended on left and an open-ended needle on right positioned at 1-5 mm
short of the WL in a size of 45, 0.06 tapered root canal, according to the computer
simulation. Only half of the root canal wall is shown to allow simultaneous evaluation
of the needle position.
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5.2.3 The Vapor Lock phenomenon

Vapor lock phenomenon happens as bubbles or air form inside the closed system and prevent
the insertion of the irrigation fluid; the presence of air bubbles leads to the creation of a two-
phase (irrigant- air), however other studies demonstrated that during the syringe irrigation
process, bubble allurement does not seem to be the main problem.(53)

Another recent study claims that the development and amount of apical vapor lock depends on
the equal parameters that generally influence the permeation of the irrigation fluid, increased
flow rate, using an open-ended needle, introduction of the needle near to the "Working Length™,

and degree of enlargement of the root canal all appear to cause a tinier vapor lock.
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Additionally, by briefly inserting the close ended needle into WL, residual air bubbles can be
eliminated smoothly along the syringe irrigation. Therefore, it seems unnecessary to use

negative pressure system or mixing technology to achieve this goal. (54) (14)

A reach by Boutsioukis et al. (55) also demonstrated the same results and suggested the used
of fine needle near the working length can prevent or eliminate this phenomenon. In the same
study he presented that the penetration depth of the needle tip is the main factor affecting the
penetration of the irrigation fluid, followed by the taper of the apical part of the canal, the
needle tip design and the volume of the irrigation fluid. As a result, it can be admitted that at
the end of the shaping process, it is clinically feasible to use a syringe and a fine needle or ANP

for static irrigation to completely flush the root canal.(55)

However, if the final objective is to disseminate and interchange the irrigation fluid inside the
complex part of the root anatomy, additional agitation of the solution is required.(3)

On the contrary, another study found that eliminating the Vapor lock phenomenon is
challenging, so other techniques such as activation or use of apical negative pressure (ANP)

are contemplated valuable aids to solve this problem.(56)

5.2.4 Apical Negative Pressure Technique (ANP)

Recently, it was described that the use of negative apical pressure irrigation technology is
superior to positive pressure irrigation. The negative pressure technique has been proven to
cautiously and efficiently carry the irrigation fluid to the apical part of the root canal system;

however, it is as well suggested that, regardless of the amount of irrigation prepared ,
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negative pressure can better control microorganisms than traditional irrigation delivery

system.(49)

ANP has capability to distribute irrigation fluid to working length (WL) and eliminate any risk
of apical compression. In addition, studies has shown that compared with traditional irrigation,
the effectiveness of the ANP system in delivering irrigation solution to (WL) is also related to

the phenomenon of Vapor lock.(57)

In addition other study showed that by rising the delivery flow rate, significant amount of
irrigation solution can be gathered from the apical area while applying the apical negative
pressure and this will permit to replenish fresh irrigant fluid at WL and possibly disinfect the
canals; the affecting factors are identified as apical preparation size, taper, root curvature and

type of needle.(58)

Furthermore, during the ANP irrigation process, the clinician should ensure that there is always
irrigant solution in the reservoir to preserve a continuous flow and the flow rate can
significantly change in conformity with the gender of the controller which is greater in
male.(58)

The EndoVac system passively delivers the selected irrigation fluid to the apical part of the
root and actively solves the problem of the irrigation fluid entering the periapical tissue through

the apex, which may lead to treatment complications.(3)

Basically, the EndoVac ANP system consists of four main components: Multiport Adapter

(MPA), Master Delivery Tip (MDT), Large Cannula and Micro Cannula. The MDT is designed
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to deposit solution in the inlet and pulp chamber and automatically drain any excess solution.
The purpose of the large cannula and the micro cannula is to suck the irrigation fluid into the
tube and generate a dynamic flow under the condition of constantly renewing the solution,
thereby reducing the effectiveness loss of the irrigation fluid in contact with organic and
inorganic residues. This allows us to use a large amount of irrigant without the danger of
causing damage to the apical area.(57) Additionally, while using the MDT, the irrigant flow
must direct opposite to the chamber wall and never direct the needle toward the canal aperture
and must be used in an up and down motion, because of the pressure of the irrigation fluid may

cause accidents.(32)

An exact and properly monitored investigation conducted by Gondim et al. found that when
performing Apical Negative Pressure irrigation (EndoVac system), patients measured
objectively and subjectively had less post-operative pain than positive apical pressure

irrigation.(59)

5.2.5 The Self-Adjusting File (SAF) System

The Self-adjusting file system is a shaping and washing system created for less aggressive
RCT, the system includes a Self-Adjusting file with a dedicated RDT handpiece and an

irrigation pump that provides constant irrigation fluid throughout the empty file.(19)

The file is modelled as an empty tube, the wall of that is built of slim nickel-titanium mesh and

a coarse outer surface, which the tip of the tube is asymmetric and it has a very high
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compressive force, so it can compress the 1.5 mm SAF diameter toward the root canal where
solely a #20 K file can enter, this flexibility also allows the file to adjust to the cross-sectional
form of the canal.(60) This feature allows the clinician to work easily in an oval canals without

being aware of the shape of the canal.(32)

Studies showed that SAF system with the proper irrigation can remove the materials and
disinfect the oval canals and isthmuses 50% more than using the Passive Ultrasonic Irrigation
system; although the SAF cannot clean the isthmuses that are narrower than 0.2 mm and may
show limits in the narrower and long isthmuses.(32)

Moreover, Lin et al. found by using a unique model to study that using the SAF system with
unceasing Sodium Hypochlorite irrigation solution, only 3% biofilm was left on root canal

walls and grooves.(61)

On the other hand, SAF system as studies showed can be used in immature teeth with an open
apex because the MDA technique and the typical instrumentation techniques are not advisable
and secure, therefore using SAF was recommended by studies to remove the biofilm and
bacteria without lowering the dimension of the dentin walls of the roots as the immature teeth
has thinner dentin wall than the normal mature teeth, therefore the narrower SAF were used to

produce lower pressure on the walls and passing the apex.(19)

When the SAF system is used the glide path was needed to permit the SAF to reach working
length at the “onset™ of the process, however, the concept of reaching the WL is at the “end” of
the procedure in the other instrumentation techniques. This system is used with continuous

irrigation fluid such as active NaOCI and used for approximately 4 min with up and down
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movement to reach to the WL. Additionally , the other cleaning feature of this system is
“scrubbing’”, this feature helps the sodium hypochlorite remove the biofilm easier, however,
when NaOCI removes the inner layer of the root canal wall the irrigation fluid became
deactivated and cannot remove pulp tissue properly. To help the SAF to reach the cleaning goal
the Direct mechanical action is recommended to eliminate residues from the canal.(60)

In another study showed when using SAF system, interchanging among NaOCl and EDTA, in
all the samples there was no debris on the root canal and in 65% of the cases there was zero

smear layer.(62)

Moreover, while using rotatory file a great proportion of the canal wall was not touched with
the instrumentation technique and showed 70% in oval canals and 40-45% in the curved canals,
on the contrary this percentage dropped to 23% while using SAF system, and secondarily
shows that any material that may have adhered to the root canal wall is more efficiently

removed.(63)

Figure 5: SAF compressed into a narrow canal. Left: the SAF in its relaxed
form.
(a) The same SAF inserted into a narrow canal, which was prepared with a
#20 K file.
(b) A #20 K file that fits into the same canal.
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5.2.6 Sonic and Ultrasonic Activation system

Richman in 1957 was one of the first ones who reported the application of ultrasound in
endodontic treatment. He tested Ultrasonic equipment and accomplished that since those cases
have no treatment for adverse postoperational consequence, the utilisation of ultrasound in root

canal treatment has broad prospects.(64)

According to reports, the use of ultrasonically files can more effectively and quickly instrument
the canal wall and can reduce the clinician fatigue. "Ultrasonic activation” irrigation fluid helps
clean and decontaminate the root canal system; nevertheless, other study found no dissimilarity
in tissue elimination between ultrasound and manual instruments.(3)

Similarly, during evaluation of the antibacterial effect, no differences were found between the
two instrument technologies. The total action of ultrasound as a major instrument measurement
system has not been established to be better than handheld instruments (65); however, the
authors determined that ultrasonic instruments are not a substitute to hand cleaning but help to
improve the efficacy of hand instruments after debridement. In the current studies, ultrasound

equipment is used as an auxiliary tool for canal preparation.(66)(67)

A recent study analyzed the results of the bacteria and biofilm removal and showed that the
Sonic Activation results are superior to needle activation however, it is inferior to PUI/UAI ;
in fact none of these techniques can remove all the bacteria from the canal wall.(65)

Regarding the biofilm removal two studies showed that both Sonic activation and needle
irrigation under the SEM microscope study has no difference in results and these two

techniques are lower to the PUI/UAI and PIPS activation techniques.(53)
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Additionally, in terms of eliminating the smear layer, the results were different, more studies
have shown that PUI/UAI helps to eliminate the smear layer. These different outcomes can be
attributed to the utilization of various forms and concentrations of irrigation solution. When
only NaOCI was used, an investigation describes that the smear layer was almost completely
eliminated from the root canal at all levels.(3)

Moreover, the same study, used different concentrations of NaOCI (from 0.5% to 12%) and
different exposure periods to ultrasonic energy (10 seconds to 5 minutes). While NaOCl is used
in combination with EDTA, studies have shown that a considerable enhancement in smear

layer removal.(3)

Unluckily the time of the exposure to the irrigation solution is the criticizing factor as it needs
extra time to entirely flush the canals in an uncontrolled way, thus Lev et al. in 1987 announced
that, with regard to cleaning, using PUI/UAI for 1 minute for each canal is equal to 3 minutes
for each canal cleanliness, however, when using a continuous flushing system, 3 minutes can

make the isthmus cleaner.(32)

In addition, De Gregorio et al. described that when using PUI/UAI, the lateral canal was much
better with artificial irrigant diffusion than using the needle irrigation or negative pressure.(68)
Moreover, the study by Al-Jadaa et al. announced similar results between PUI/UAI and needle
irrigation when controlling the increase in temperature of NaOCI irrigant solution (about 30
° C) as a result of ultrasonic activation ( elimination of the debris from artificial lateral canals
was enhanced).(69)

Studies have demonstrated that refreshing NaOCl along with PUI/UAI can increase the irrigant

response and increase the cleaning of the canal; these studies also showed that in the in vitro

34



model, increasing he time of the canal is exposed to PUI/UAI can improve the
cleanliness.(70)(71)

Furthermore, the effect of canal curvature on the efficacy of PUI/UAI has also been stated.
Compared with the needle irrigation, the cleansing of the root canal and the isthmus at 5 mm

of the apex of the curved canal has been significantly improved.(72)(73)

The studies from Ahmed et al. and Lumely et al. in 1992 reported that the curative effect was
improved when the pre-curved file was used for PUI/UAL.(3)

Amato et al. (74) showed that the use of PUI/UAI in straight and curved tubes can better clean
artificial teeth compared to needle flushing. However, better cleansing was observed in straight
canals. This may be caused by the fact that the ultrasonic file is positioned within 1 mm of the
root tip and touches the innermost part of the canal wall and the outer wall near the root tip at

the curvature, resulting in weakened or limited ultrasonic activation of the irrigation fluid.

In addition, Stojicic et al. reported the effectiveness of NaOCI's sonic agitation on tissue
dissolution. They reported that rising the NaOCI concentration has an impressive impact,
followed by agitation (sonic) that had the second impressive impact more than rising the

temperature of the irrigation solution.(75)

Furthermore, De Gregorio et al. (53) found that when using EDTA, the use of EndoActivator®
for sonic activation is equivalent to the effect of PUI/UAI moving the irrigation fluid from the
root tip to the 2-4.5 mm lateral canal of the root tip. In a later study, de Gregorio et al. (4)
reported that EndoActivator® is better than needle irrigation in obtaining the irrigation fluid

for the root canal preparation apex and lateral canal.
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Moreover, Sonic activation also has different results when removing the smear layer. Paragiola
et al. (76) it is reported that the use of EndoActivator® is better than needle irrigation in
eliminating the smear layer, but not as good as PUI/UAI. Uroz-Torres and others. (77) reported
that when using EDTA and NaOCI, there was no difference between needle rinsing and
EndoActivator® to clear the smear layer.

They pointed out that when only NaOCI is used, no smear layer will be removed. Rédig et al.
(78) reported that the addition of PUI/UAI or EndoActivator® activated rinsing fluids (NaOCI
and EDTA) in the curved canal developed an excellent smear removal, particularly in the root
tip.

Likewise, a study from Ordinola-Zapata et al. found that EndoActivator® agitation and needle
irrigation results are equal, and both are lower than PUI/UAI and PIPS irrigation
techniques.(79)

A recent study by Seet et al. (80) specified that EndoActivator® agitation reduced the number
of bacteria and removed Enterococcus faecalis biofilm from the root canal wall instead of the

dentin tubules. Acoustic activation is worse than needle irrigation, but not as efficient as LAI.

The irrigating fluid activated by Sonic, Ultrasound or Laser equipment demonstrated great

progression in cleansing and disinfecting the root canal system, and should be regarded as an

significant basic point in non-surgical endodontic treatment.(3)
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Figure 6: Backlight (live/dead) confocal |
staining technique. After root canal
irrigation with PIPS, the root canal Wall
and dentinal tubules are free of either live

(Green) or dead (red) bacteria.

5.2.7 Photon-Induced Photoacoustic Streaming (PIPS)

PIPS is a form of laser-activated irrigation. It acts secondarily by activating the irrigation fluid
without thermal actions. The mechanism of action is to generate an intense photoacoustic shock
wave to make the irrigation fluid three-dimensionally flow all over the root canal system.
Unlike other traditional laser applications, there is no need to place the unique tapered and
deprived PIPS tip within the canal system itself, but only in the pulp cavity. This minimises the
need to use bigger files and rotating instruments to make a bigger shape canals to open the
system, so that treatment with irrigant can efficiently reach the fine tip of the apex, isthmus and
lateral root canal one third. This non-thermal pressure wave has been shown to be effective in
removing healthy and necrotic tissues, Killing bacteria, removing biofilms, and indeed

disinfecting dentin tubules.(81)
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Peters et al. (82) analysed the cleansing and destruction effects of the biofilm in the third canal
of the root tip. Compared with the Passive Ultrasonic Irrigation technique group, PIPS cannot
entirely eliminate bacteria from infected dentin tubules, however, it produces fewer infections

and has a better biofilm removal effect. It can even disinfect dentin tubules.

Furthermore another study found the mixture of irrigation for 20 seconds with Er:YAG laser
by use of PIPS photoacoustic delivery technology and 6% NaOCI was more efficacious in
suppression of bacterial growth; hence during endodontic treatment, PIPS system can be used

as an effective additional tool for sterilisation of infected canals.(3)

Fincham et al. (83) researched the movement of irrigant fluid produced by PIPS and Ultrasonic
irrigation and concluded that PIPS results in a higher average fluid velocity near and away from
the instrument compared to PUI. Therefore, this huge speed difference between these two
instruments, is indicating a clinical advantage in disinfection and probable biofilm removal of
the main canal. However, this cannot solve the problem of contamination of the dentinal
tubules; in this case, it is necessary to conduct different studies and experiments to check the

result of activation on irrigants.(3)

In addition, Ordinola et al. (79) analysed the effect of using 6% NaOCI solution to eliminate
biofilm from the root canal, the author found that the group that used PIPS technique has better
result in cleaning and disinfecting the canals compare to the PUI group. An exceptional result
of this particular experiment was that PIPS tip was positioned 22 mm far from the target area

when Ultrasonic, Sonic and Passive irrigation were performed on the precise target area.

Additionally, Alshahrani et al. reported that the mixture of PIPS + NaOCIl 6% was more

efficient than water + PIPS or irrigation with only 6% NaOCI.(84) However, as mentioned by
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Ordinola et al. and Alshahrani et al. , the mixture of PIPS and NaOCI 6% can achieve a better

disinfection rate.(79)(84)

5.2.8 Photodynamic Therapy for Root Canal Disinfection (PDT)

Recently, a new type of disinfection method for dental caries and root canal treatment has
emerged. This is the light activated disinfection PDT. Its working principle is that the
photosensitizer molecules are attached to the bacterial membrane. Light irradiation of a specific
wavelength that matches the peak absorption of the photosensitizer will cause the production
of singlet oxygen, that will cause the bacterial cell wall to rapture and kill the bacteria.(85)

Photodynamic therapy (PDT) is also thought-out to be one of the possible treatments for local
infections, and has nothing to do with pathogenic microorganisms, counting those that are not

satisfied with traditional antimicrobial treatment. (86)

Compared with the two treatments alone, the combination of PDT and conventional root canal
disinfection methods can significantly improve the effect of bacteria removal. Throughout the
years, numerous attempts have been made to enhance the parameters linked with PDT in
endodontic applications. A great number of in vitro and in vivo studies have shown that PDT
can eliminate biofilm inside the root canal. (87)

At present, PDT is not considered as a substitute for the current root canal disinfection program,
but as a possible adjuvant to advance the anti-biofilm efficacy in the root canal treatment

process.(3)

Meire et al. (57) and George et al.and Kishenet al. (88) (89) utilized antibacterial PDT to

improve root canal disinfection. They demonstrated that antibacterial PDT can adequately Kill
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the biofilm of Enterococcus faecalis through photosensitizers for example methylene blue
(MB) and toluidine blue (TBO) and red light. Soukos et al. PDT investigations were performed
on a series of dental pulp pathogens (methylene blue as photosensitizer) and stated that all
bacteria except Enterococcus faecalis (53%) have been completely eliminated.(90)

Moreover, among the most important benefits of PDT is targeted antibacterial impact.
Selecting photosensitizers with great affinity for microbial cells and irradiating distinct areas
of infection may lead to the targeting effect of antimicrobial PDT.(3)

In addition, when a great concentration and volume of photosensitizer is enforced to the tissue
to acquire a most important feedback, the toxicity of the photosensitizer usually occurs. The
immediate antimicrobial activity provides extra advantages since antibiotics need couple of
days to generate similar efficiency.(3)

Moreover, because PDT has multiple targets on bacterial cell, the possibility of bacterial

resistance to this treatment is almost considered impossible.(86)

In addition to the limitations correlated with bacterial biofilm communication/absorption of
photosensitizers in the canal , tissue-specific limitations in the performance of the PDT in pulp
disinfection also require significant attention. Couple of the tissue-specific constraints used by
PDT in pulp disinfection include limited penetration of light energy within the infected tissue,
lack of an optimal photosensitizer concentration in the infected tissue, low oxygen tension in
the root canal, and dentin discoloration through photosensitization agent. Before confirming
PDT as a definitive treatment stage for root canal treatment, these issues need to be

addressed.(3)
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Bonsor et al.(85) concluded that the when the right photosensitizer and the right energy dose
combination are used, and both light ad photosensitizer reach the bacteria, PDT system can
successfully eliminate 96.7% of bacteria. It emphasizes that care must be taken when using the
emitter to ensure that it is not bent too tight or get stuck in the canal.

On the other hand, the same author demonstrated the combination of 20% citric acid and PDT
can cause 91% of samples to completely kill bacteria, however; 20% citric acid and 2.25%

NaOCI can cause 82% of samples to completely kill bacteria.(91)

The current study from Garcez et al. evaluated the antibacterial impacts of PDT and endodontic
treatment in two different sections ; first section was cleaning and shaping with PDT and after
completion of the treatment the root canal is packed with Ca(OH)2 ; that generated 98.5%
bacterial removal, and the second section was took over with PDT, one week after the first
section and resulted 99.9% bacterial removal from the canals; which concluded that the second
PDT is more efficient than the first. Additionally, after using traditional endodontic chemo-
mechanical treatment, antibacterial PDT can provide an effective non-toxic method to
eliminate microorganisms remaining in the root canal system.(92)

However, the light source was used as antimicrobial in PDT and the choice of the source
depends on the location, the compulsory light dosage and the slecetion of photosensitizer. The
laser provides monochromatic , coherent and collimated light and can provide a wide range of
output power. The laser can be simply coupled into the fiber optic cable, and it can be used as
a transmission system (probe) when irradiating complex anatomical structures for instance root
canals. (92) the basic principle of using the optical fiber is to enhance the distribution of light

energy through the infected root canal or dentin. Notched fiber is also provided to allow 360°
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light distribution and in addition the Optical fiber decreasing the bacterial biofilm more than
the laser tip with PDT in the canal aperture (93)

Current study aimed to enhance the antibiofilm efficacy of PDT by making new
photosensitizers and combining photodynamic effects with bioactive antimicrobial particles

and nanoparticles.(94)

Figure 7: Representative image of the light-scattering intensity of each group. Image J
software transforms the black-white image in a false color image according to the light
intensity between values minimum of 0 for no light and 256 for maximum light intensity.

(a) Irradiation with the larger laser tip; (b) Irradiation with the smaller laser tip; and (¢)

Irradiation with the laser optical fiber/diffuser

5.2.9.Laser Activation Irrigation (LAI)

There are various studies where many authors such as Hess et al. (95),Weine et al. (96), and
Vertucci et al. (97) confirmed the complication of the root canal system. Root canals can
demonstrate problems with accessibility, and in a few zones of the root canal system,

reachability by instrumentation, irrigation, or even intra-canal medication is impossible.
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Because of this unreachability, various irrigation techniques have been recommended with the

intention of acquiring greater disinfection rates.

However, there have been problems with the possible harm to the dentin of the root canal,
overheating of the root canal and periodontal tissue, entry near the curvature of the root canal

and the size of the laser head.(3)

Nowadays, many types of lasers utilized in dentistry including diodes, Nd: YAG, erbium and
CO2 that have different wavelengths. They all work by directly radiating light energy to the
surface of the tooth to generate a thermal reaction. Nd: YAG ( neodymium-doped yttrium
aluminium garnet) laser is usually used in the dental field and can produce near-infrared and
far-infrared electromagnetic spectrum radiation. This type of laser has good antibacterial effect,

but the temperature increases, which is considered to be an unfavorable effect.(28)

An old study in 1992 analysed the difference between Nd: YAG laser and conventional
disinfecting and shaping the canals, and reported the canals that used LAI were more polished
and cleaner than the conventional technique, however, there were no difference in the taper of
the canals, moreover, found that the temperature of the external side of the root did not
increase.(3)

A new study by Gordon et al. (98) described the Er,Cr.:YSGG laser (erbium,
chromium:yttrium-scandium-gallium-garnet) has a great antibacterial impact on dentin tubules
infected by Enterococcus faecialis. Hence, the frequency of this type of laser is extremely
absorbed by water and therefore has a major influence on the bacterial cells themselves. The

laser is working by piercing toward dentin surface through a variety of factors.
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Furthermore, Blanken and Verdaasdok et al. (99) first described the effect of using the
Er,Cr:YSGG laser on irrigation fluids. They reported that there was a fluid movement instantly
after every laser pulse, and they observed cavitation effects.

At the same time, the authors found that when the Er.Cr:YSGG laser was used without water,
the reduction in bacterial load was greatest caused by radiation energy, however , the elevated
in the temperature may have an adverse effect, together with the other negative effect that the
NaOCl used as an irrigant was not deactivated after the operation ,that could result in incorrect
outcomes.(3)(100)

However, a study by Peeters and Mooduto et al. stated that after Er.Cr:YSGG LAI, there is no
irrigation fluid injected outside the apex of the treated tooth.(101)

In addition, it has been proven that the combination of Nd: YAG laser and hand file can
generate clean canals without leaving smear layer and tissue residues. Attributable to the
influence of laser wavelength and flexible conductor, Nd: YAG laser can be utilized to cease
the bleeding after treatment to enhance root canal cleaning, eliminate smear layer and seal
dentin tubules, thereby lowering dentin permeability.(102)

Moreover, in the recent studies showed after Nd: YAG laser treatment, the smear layer may

fuse with the root canal dentin and re-solidify, which can be used as a single substrate.(102)

Guidotti et al. reported that after LAI with Er: YAG (erbium-doped yttrium aluminium garnet)
laser, the internal temperature raised very little below 4 °C, while the outer surface of the root

only increased by an average of 1.3°C.(103)

It is announced that the elimination of the smear layer by laser such as Er: YAG and

Er,CrYSGG is higher than removal advocated by Nd: YAG lasers.(104)
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Even in the deeper dentin layer, only Nd: YAG can obtain a significant degree of disinfection
effect; contrary to higher wavelength radiation such as Er: YAG and Er,Cr:YSGG lasers, the
radiation of Nd: YAG laser is difficult to be consumed by hard dental materials, so it can be

expected to have deeper penetration in the tissue.(102)

A current study, it has been proven that if the laser material is utilized following the correct
parameter range and the temperature increase of the root surface does not surpasses 10 °C for
more than 1 minute at the temperature higher than body temperature, it will not damage the

surrounding Periodontal tissue.(102)

6. CONCLUSION

- Among all the techniques the Manual Dynamic Activation technique (MDA) is

inexpensive ,most common, easy to perform and does not require specific instruments
or equipment, in addition this technique allows the clinician to mix the irrigant fluid in
the canal.
On the other hand, this MDA is not able to disinfect and clean narrow and anatomically
complex area such as narrow isthmuses and close apices, thus the risk of apical
expression and accidents are high in this system. The effectiveness and the success rate
of this system relies on the penetration of the irrigation solution and the size and type
of the needle.

- The syringe and needle irrigation technique is widely used in endodontic treatments,
using the syringe irrigation has some disadvantages such as the clinician needs to apply
different forces and will encounter varying degree of difficulty when pushing the

plunger, the big needle cannot distribute the irrigation solution to the apex, the flow rate
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will drop as the solution passes through needle, and also the close-ended needles have
a limited area which the irrigation cannot reach that zone. Moreover, the open-ended
needle increasing the risk of ejection of the irrigant into the apex area and can cause
Vapor Lock phenomenon.

But in contrary, has advantages such as narrow needles (28G-30G or 31G) can reach
the WL, the syringe has Leur Lock to prevent accidental detachment of the needle, and
in addition, the usage of the close-ended needles can prevent the Vapor Lock
phenomenon inside the canal.

Apical negative pressure technique is safe, can effectively deliver irrigant, eliminate the
risk of apical compression and the patients showed less post-operative pain, moreover,
the EndoVac system is constantly renewing the irrigation fluid inside the canal that
concluded as an effective technique.

In contrary, the flow rate in this technique can easily change according to the sex of the
clinician that is more in male than female.

The Self-adjusting file system can be used in minimally invasive RCT and the hollow
file which is flexible can adjust itself to the shape of the canal and reach the apical zone
at the “onset™ of the procedure, this feature helps the file to compress the 1.5 mm inside
the root canal, in addition, the shape of the file can ease the work for clinician to reach
and disinfect the isthmuses, oval and curved canals. Moreover, this technique showed
good results in immature teeth as it does not reduce the dentinal wall and with the
continuous irrigation of NaOCI with EDTA demonstrated almost no smear layer in the

SEM samples.
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Contrarily, this technique showed limits in the narrow and long isthmuses, and the
NaOCI became deactivated as the solution removed the inner layer of the root canal
and could not eliminate the pulp tissue properly.

Sonic and Ultrasonic irrigation technique was concluded as one of the most effective
and leader in RCT and non-surgical endodontic treatment, because this technique could
clean the lateral canals and isthmuses at the 5 mm of the curved canal apex, in addition,
the UPI technique showed better disinfecting result as it increased the temperature of
the irrigant solution and removed the debris and biofilm successfully. The Sonic
activation technique, EndoActivator showed superior results in obtaining the irrigation
fluid for the root canal preparation apex and lateral canal.

Furthermore, the combination of UPI and EndoActivator showed excellent smear
removal by activating the irrigation fluid such as NaOCland EDTA in the curved canal.
On the other hand , the time of the exposure to the irrigation solution concluded as
criticizing factor as it needs extra time to irrigate the whole canal in an uncontrolled
way.

Photon-Induced Photoacoustic Streaming (PIPS) technique is irrigating the canal three
dimensionally; and in addition, it is placed in the pulp cavity rather than inside the canal.
Furthermore, this technique doesn’t show the need to use big files and rotatory
instrument, so effectively reached the apex, isthmus and lateral canal, additionally,
PIPS non-thermal pressure wave shown to be effective in removing healthy and
necrotic tissues, Killing bacteria, removing biofilm, and of course disinfecting the
dentinal tubules.

Thus, PIPS can be utilized as an effective supplementary tool for sterilization of

infected canals.
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Photodynamic Therapy for Root Canal Disinfection (PDT) was concluded as a Novel
activation technique as had antimicrobial activity which could kill adequately the
biofilm, and the immediate antimicrobial activity after each laser pulse provides extra
advantages since antibiotics takes days to generate comparable effect.

Furthermore, antibacterial PDT can produce an effective non-toxic method to remove
microorganisms remaining in the root canal.

However, the toxicity of the photosensitizers happens when great concentration of the
photosensitizer was employed to have more accurate treatment response.

In addition, in the existence of tissue inhibitors , further research must be conducted to
enhance the antibiofilm efficiency of PDT, optimize light transmission in the root canal
and optimize new photosensitizers and/or preparation for use in the root canal.
Standardized protocols for photosensitivity and photoactivation are essential for pulp
disinfection using PDT.

Laser activated technique has a disadvantage that made the authors to face limitations
that is rising the temperature while within the root canal and additionally, the NaOCI
that used as an irrigant was not inactivated after operation. However, laser-activated
irrigation concluded to be more efficient in removing dentin debris from the root canal
apex and in addition, can stop the bleeding after treatment, reducing dentin
permeability, eliminate the smear layer and seal dentin tubules and the usage of this

technique made the canals more polished and cleaner.
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8. Root Canal Irrigation
Summary

The aims of root canal irrigation are the mechanical detachment of pulp tissue, dentin debris,
smear layer (instrumentation products), micro-organisms (planktonic or biofilm) and their
products from the root canal wall, their removal out of the root canal system and their
chemical dissolution or disruption. Each of the endodontic irrigation systems has its own
irrigant flow characteristics, which should fulfill these aims. Without flow (convection), the
irrigant would have to be distributed through diffusion, which is the result of the random
movement of individual particles in the fluid. This process is slow and depends on
temperature and concentration gradients. On the other hand, convection is a faster and more
efficient transport mechanism in which molecules/ions are transported by the motion of fluid
which facilitates delivery throughout the root canal system and mixing of the irrigant. During
irrigant flow, frictional forces will occur, for example between the irrigant and the root canal
wall (wall shear stress). In this chapter the irrigant flow and wall shear stress produced by
different irrigation systems will be described. Furthermore, the effect of the flow on the

biofilm and the chemical effect of irrigants on the biofilm will be discussed.
8.1 Introduction

Root canal irrigation can be defined as the procedure to deliver a liquid or irrigant in the root
canal system before, during and after instrumentation of the root canal. The aims of this
procedure are the mechanical detachment of pulp tissue, dentin debris, smear layer
(instrumentation products), micro-organisms (planktonic or biofilm) and their products (all
together hereafter named substrate) from the root canal wall, their removal out of the root
canal system and their chemical dissolution or disruption.

The objectives of irrigation are to induce a flow of irrigant:

= to the full extent of the root canal system, in order to come in close contact with the
substrate, carry away the substrate and provide lubrication for the instruments.

= which ensures an adequate delivery throughout the root canal system, refreshment and
mixing of the irrigant, in order to retain an effective concentration of the active chemical
component(s) and compensate for its rapid inactivation.

= which ensures a force on the root canal wall (wall shear stress), in order to detach/disrupt

the substrate.
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Review Article

Root Canal Irrigants

Matthias Zebnder, Dr. med. dent., PhD

Abstract

Local wound debridement in the diseased pulp space is
the main step in root canal treatment to prevent the
tooth from being a source of infection. In this review
article, the specifics of the pulpal microenvironment
and the resulting requirements for irrigating solutions
are spelled out. Sodium hypochlorite solutions are rec-
ommended as the main irrigants. This is because of
their broad antimicrobial spectrum as well as their
unique capacity to dissolve necrotic tissue remnants.
Chemical and toxicological concerns related to their use
are discussed, including different approaches to en-
hance local efficacy without increasing the caustic po-
tential. In addition, chelating solutions are recom-
mended as adjunct irrigants to prevent the formation of
a smear layer and/or remove it before filling the root
canal system. Based on the actions and interactions of
currently available solutions, a clinical irrigating regi-
men is proposed. Furthermore, some technical aspects
of irrigating the root canal system are discussed, and
recent trends are critically inspected. (J Endod 2006;32:
389-398)

Key Words
Chelators, chlorhexidine, interactions, irrigants, review,
sodium hypochlorite
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Wc are living in the age of evidence-based medicine. Any new concepts and tech-
niques to be used in the clinic should ideally be assessed in randomized con-
trolled clinical trials against their respective gold standards. This, however, poses a
major problem in endodontic research. A favorable outcome of root canal treatment is
defined as the reduction of a radiegraphic lesion and absence of clinical symptoms of
the affected tooth after a minimal observation period of 1 yr (1). Alternatively, so-called
surrogate outcome (dependent) variables yielding quicker results, such as the micro-
bial load remaining in the root canal system after different treatment protocols, can be
defined. However, these do not necessarily correlate with the “true” treatment outcome
(2). Endodontic success is dependent on multiple factors (3), and a faulty treatment
step can thus be compensated. For instance if cultivable microbiota remain after im-
proper canal disinfection, they can theoretically be entombed in the canal system by a
perfect root canal filling (4), and clinical success may still be achieved (5). On the other
hand, in a methodologically sound clinical trial, single treatment steps have to be
randomized and related to outcome. Otherwise, the results do not allow any conclu-
sions and no causative relationships may be revealed (6).

The above issues may be viewed as the reason (or as an excuse) for the fact that no
randomized controlled clinical trials exist on the effect of irrigating solutions on treat-
ment outcome in the endodontic literature. As of yet, we largely depend on data from in
vitro studies and clinical trials with microbial recovery after treatment as the surrogate
outcome. Clinical recommendations based on such findings are merely deductive and
need to be interpreted with care. Nevertheless, individual problems can be singled out
in these investigations and basic information can be gained.

It was the purpose of this article to present an overview on irrigating solutions in
endodontics, their actions and interactions. Based on data derived from basic science
studies, results obtained in clinical investigations are discussed and some general
recommendations are given.

Facing the Challenge

There can be no doubt today that microorganisms, either remaining in the root
canal space after treatment or re-colonizing the filled canal system, are the main cause
of endodontic failure (7, 8). The primary endodontic treatment goal must thus be to
optimize root canal disinfection and to prevent re-infection.

Infection of the root canal space occurs most frequently as a sequela to a profound
carious lesion (9). Cracks in the crown structure extending into the pulp chamber can
also be identified as a cause of endodontic infection (10). Regardless of the microbial
entryways, it should be differentiated between vital and nonvital cases (11). Pulpitis is
the host reaction to opportunistic pathogens from the oral environment entering the
endodontium (12). Vital pulp tissue can defend against microorganisms and is thus
largely noninfected until it gradually becomes necrotic (9). In contrast, the pulp space
of nonvital teeth with radiographic signs of periapical rarefaction always harbors cul-
tivable microorganisms (13). Consequently, the treatment of vital cases should focus on
asepsis, i.e. the prevention of infection entering a primarily sterile environment, which
is the apical portion of the root canal. Antisepsis, which is the attempt to remove all
microorganisms, is the key issue in nonvital cases. Vitality cannot always be predictably
assessed with current sensitivity tests and radiologic methods before treatment (14).
Once the pulp space is entered during access cavity preparation, however, the clinician
can clearly discern between vital and nonvital pulp tissue (15), and further treatment
decisions can be made accordingly.

Aseptic principles such as correct rubber dam placement and coronal disinfection
of the tooth to be treated have long been accepted (16). Although asepsis is not the topic
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Abstract

de Gregorio C, Paranjpe A, Garcia A, Navarrete N,
Estevez R, Esplugues EO, Cohenca N. Efficacy of irrigation
systems on penetration of sodium hypochlorite to working
length and to simulated uninstrumented areas in oval shaped
root canals. International Endodontic Journal.

Aim To assess the ability of sodium hypochlorite
(NaOCl) to penetrate simulated lateral canals and to
reach working length (WL) when using the self-
adjusting file (SAF).

Methodology Seventy single-rooted teeth with
oval-shaped canals were used. Upon access, presence
of a single canal was confirmed by direct visualization
under a dental-operating microscope. Canal length and
patency were obtained using a size 10 K-file and root
length standardized to 18 mm. Pre-enlargement was
restricted to the coronal one-third. The apical size of
each canal was gauged at WL and samples larger than
size 30 were excluded. Canals were instrumented for
5 min using the SAF system while delivering a total of
20 mL ol 5.25% NaOCl and 5 mL of 17% EDTA. Then.
the apical diameters were standardized to size 35 using
hand files. Four hundred and twenty simulated lateral
canals were then created during the clearing process
and roots coated with wax to create a closed system. All
samples were then cleared and randomly assigned to

four experimental groups: 1 (n = 15) positive pressure;
2 (n = 15) SAF without pecking motion; 3 (n = 15)
SAF with pecking motion: 4 (n = 15) apical negative
pressure (ANP) irrigation and (n = 10) control groups.
Samples were scored on the basis of the ability of the
contrast solution to reach WL and permeate into the
simulated lateral canals to at least 50% of the total
length. The Kruskal-Wallis test was used to analyse
irrigant penetration and the Tukey test to determine
statistical differences between groups (P < 0.05).
Results All samples irrigated with ANP were associ-
ated with irrigant penetration to WL (Table 1). The
differences between group 4 (ANP) and all other groups
were significant in penetration to WL (P < 0.05). The
pecking motion allowed for further penetration of the
irrigant when using the SAF system but failed to irrigate
at WL. None of the experimental groups demonstrated
predictable irrigation of simulated lateral canals.
Conclusions In this laboratory model, ANP was the
only delivery system capable of irrigating consistently
to full WL, None of the systems tested produced
complete irrigation in artificial lateral canals.

Keywords: irrigation, penetration, SAF.
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Introduction

Adequate instrumentation combined with effective
irrigation is required to achieve sufficient disinfection
during root canal treatment (Bystrom & Sundqvist
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Abstract : EDTA is a frequently used irrigant in rool canal treatment. lts main activity is toward smear layer
removal because of its chelating power which makes it effective in removing the inorganic component of dentin.
But it cannot remove the smear layer effectively; a proteolytic component, such as NaOCl, should be added to
remove the organic components of the smear layer. EDTA contributes to the elimination of bacteria in the root
canal.

Keywords: Anti-microbial, Chelating, EDTA, MTAD, NaOCI, Smear layer.
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I. History Of EDTA
Alfred Werner 1893 developed the theory of coordination compounds, today referred to as chelates.
For this turning point in reclassifying inorganic chemical compounds, Werner received the Nobel Prize in 1913.
He went on to create accounting for the process by which metals bind to organic molecules, which is the basis
for chelation chemistry. In the mid 1930's Germany developed its own chelating material. The synthetic
substance they invented was EDTA (Ethylene-diamine-tetra-acetate). Chelating agents were introduced into
endodontics as an aid for the preparation of narrow and calcified root canals (1).

II. Chemical Formula Of EDTA
It is a polyaminocarboxylic acid with the formula [CH2N (CH2CO2H) 2]2. Nowadays, EDTA is
mainly synthesized from ethylenediamine (1,2-diaminoethane), formaldehyde (methanal), and sodium cyanide

).

II1. Mechanism Of Action Of EDTA
EDTA is a complex molecule with a claw-like structure, which binds and seizes divalent and trivalent
metal ions such as calcium and aluminum to form a stable ring structure. EDTA removes bacterial surface
proteins by combining with metal ions from the cell envelope leading to bacterial death (1). EDTA forms a
stable complex with calcium. When all available ions have been bound no further dissolution takes place;
therefore, EDTA is self-limiting (1).

IV. Applications Of EDTA In Endodontics

4.1. Smear layer removal

It has been reported that EDTA decalcified dentine to a depth of 20-30 pm in 5 min (3). The paste type
chelating agents do not remove the smear layer effectively when compared to liquid EDTA. EDTA is normally
used in a concentration of 17% and can remove the smear layers when in direct contact with the root canal wall
for less than 1 minute. Addition of surfactants to liquid EDTA did not result in better smear layer removal (4). A
quaternary ammonium bromide has been added to EDTA solutions to reduce surface tension and increase
penetrability of the solution. When this combination (REDTA) was used during instrumentation, there was no
smear layer remaining except in the apical part of the root canal (5). The ideal working time of EDTAC (EDTA
and cetavlon) was suggested to be 15 min in the root canal and no further chelating action could be expected
after this (6). Takeda et al reported that irrigation with 17% EDTA, 6% phosphoric acid, and 6% citric acid did
not remove the entire smear layer from the root canal system (7). Both EDTA and citric acid can effectively
remove the smear layer when used together with NaOCl. 17% EDTA, 18% Etidronic acid, and 7% maleic acid
removed the smear layer from different tooth levels (coronal, middle, and apical)(8). A study found that 5% and
7% maleic acid can be an alternative to routine use of 17% EDTA (9). MTAD is an efficient solution for the
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Abstract

Introduction: Root canal irrigants play a significant role
in the elimination of microorganisms, tissue dissolution,
and the removal of debris and smear layer. No single
solution is able to fulfill these actions completely; there-
fare, their association is required. The aim of this inves-
tigation was to review the antagonistic interactions
occurring when sodium hypochlorite (NaOCI), chlorhex-
idine (CHX), EDTA, and citric acid (CA) are used together
during endodontic treatment. Methods: A search was
performed in the electronic database Medline (articles
published through 2011; English language; and the
following search terms or combinations: “interaction
AND root canal irrigant or endodontic irrigant or sodium
hypochlorite or chlorhexidine,” “sodium hypochlorite
AND EDTA or ethylenediaminetetraacetic acid or citric
acid or chelating agent or chlorhexidine,” and "chlo-
rhexidine AND EDTA or ethylenediaminetetraacetic
acid or citric acid or chelating agent”) to identify publi-
cations that studied unwanted chemical interactions
between NaOCl, CHX, and EDTA and CA. Results: The
search identified 1,285 publications; 19 fulfilled the
inclusion/exclusion criteria of the review. Their research
methodology was classified as either in wvitro or
ex vivo. Conclusions: Antagonistic interactions
included the loss of free available chlorine for NaOCI
when in contact with chelators, which consequently
reduced the tissue dissolution capability and to a lesser
extent antimicrobial activities. When CHX and NaOCl
are mixed, a precipitate forms that can present detri-
mental consequences for endodontic treatment,
including a risk of discoloration and potential leaching
of unidentified chemicals into the periradicular tissues.
CHX and EDTA mixtures cause a precipitate, whereas
CHX and CA do not exhibit interaction. (J Endod
2012;38:426-431)

Key Words
Chlorhexidine, citric acid, EDTA, endodontic irrigant,
interaction, root canal irrigants, sodium hypochlorite

oot canal cleaning and disinfection during chemomechanical preparation relies

heavily on irrigants because of the anatomic complexities of the pulp canal system.
Irrigants should ideally have antimicrobial and tissue-dissolution actions as well as
other advantageous properties, such as lubrication, demineralization, and the ability
to remove debris and the smear layer (1).

Sodium hypochlorite (NaOCl) is recommended as the main endodontic irrigant
because of its ability to dissolve organic matter together with its broad antimicrobial
action (2). NaOCl is commercially available as aqueous solutions with concentrations
ranging from 1% to 15% and having an alkaline pH with values around 11 (3). Among
other salts, they also contain sodium hydroxide salts in order to increase their stability
(3), and they might contain surfactants as well as other components that are not always
disclosed by the manufacturer (4).

No irrigation solution has been found capable of demineralizing the smear layer and
dissolving organic tissue simultaneously (5). Therefore, the adjunctive use of chelating
agents such as EDTA or citric acid (CA) is suggested in order to remove and prevent the
formation of the smear layer associated with root canal instrumentation (2).

EDTA is a polyprotic acid whose sodium salts are noncolloidal organic agents that
can form nonionic chelates with metallic ions (2, 6). Its solutions are normally used at
concentrations between 10% and 17%, and its pH is modified from its original value of 4
(7) to values between 7 and 8 to increase its chelating capacity (2, 6). Like many well-
known chelating agents, EDTA exists in aqueous solutions as an equilibrium mixture of
both protonated and unprotonated forms. CA is an organic acid normally used in
endodontics at concentrations between 10% and 50% (2) with a pH value between
1and 2 (8).

Although the role of smear layer removal has been widely debated, endodontic
literature concerning the antimicrobial action of irrigants suggests that the combined
use of EDTA and NaOCl is more efficient than NaOCl alone when measuring bacterial
survival after multiple appointments (9); bacterial survival analysis is a surrogate
measure of treatment outcome. A recently published outcome investigation indicated
that 2.5% to 5% NaOCl followed by 17% EDTA had a profoundly beneficial effect on
secondary nonsurgical root canal treatment success while having a marginal effect
on the original treatment (10).

It has been suggested that variations of NaOCI pH will modify the antimicrobial and
tissue-dissolution activities (11). A reduction of the pH to values around 6.0 to 7.5 has
been found to improve the antimicrobial efficacy (11-13) but hinders tissue-
dissolution action (11, 13-15). If the pH is lowered to values below 4, then the
amount of chlorine gas in the solution will increase (16). Chlorine in gas form is volatile
and therefore unstable (17). If NaOCl is mixed with other irrigants possessing low pH
values, there is a possibility of altering its properties.
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Irrigation in endodontics

M. Haapasalo,*' Y. Shen,' Z. Wang'? and Y. Gao®

IN BRIEF

® Highlights the importance of irrigation in
endodontics.

® Provides an overview of solutions used in
the irrigation of the root canal.

® Qutlines old and new equipment for
irrigation.

Irrigation is a key part of successful root canal treatment. It has several important functions, which may vary according to
the irrigant used: it reduces friction between the instrument and dentine, improves the cutting effectiveness of the files,
dissolves tissue, cools the file and tooth, and furthermore, it has a washing effect and an antimicrobial/antibiofilm effect.
Irrigation is also the only way to impact those areas of the root canal wall not touched by mechanical instrumentation.
Sodium hypochlorite is the main irrigating solution used to dissolve organic matter and kill microbes effectively. High
concentration sodium hypochlorite (NaOCI) has a better effect than 1 and 2% solutions. Ethylenediaminetetraacetic acid
(EDTA) is needed as a final rinse to remove the smear layer. Sterile water or saline may be used between these two main
irrigants, however, they must not be the only solutions used. The apical root canal imposes a special challenge to irrigation
as the balance between safety and effectiveness is particularly important in this area. Different means of delivery are used
for root canal irrigation, from traditional syringe-needle delivery to various machine-driven systems, including automatic

pumps and sonic or ultrasonic energy.

INTRODUCTION

Irrigation is a key part of successful root
canal treatment as it fulfils several important
mechanical, chemical and (micro) biological
functions. Irrigation is also the only way
to impact those areas of the root canal
wall that are not touched by mechanical
instrumentation. Much of the research on
endodontic irrigation has focused on the
effect of irrigation on the smear layer.'*
However, smear layer removal can be
accomplished relatively easily when correct
protocols are followed. A bigger challenge
for irrigation may be the areas untouched by
the files, such as fins, isthmuses and large
lateral canals.® Also, large areas in the oval
and flat canals may remain untouched despite
careful instrumentation. These areas contain
tissue remnants and biofilms that only can be
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removed by chemical means using irrigation.
The apical root canal poses a special challenge
to irrigation as the balance between safety and
effectiveness is particularly important in this
area (Fig. 1).° Negative pressure irrigation was
introduced to endodontic treatment several
years ago as a safe method to effectively
irrigate the most apical canals.”® Comparative
studies on negative pressure and positive
pressure irrigation have indicated that the
negative pressure method can improve the
quality of cleaning of the apical root canal
without the risk of extrusion of the solution.””

Different means of delivery are used for
root canal irrigation, from traditional syringe-
needle delivery to various machine-driven
systems, including automatic pumps, vibrating
tips and sonic or ultrasonic energy.'*" The
goal of the various ways to improve irrigation
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Fig. 1 Particle

tracking during
irrigation simulated

by a computational

fluid dynamics model
(left), with the high
magnification of the
root canal (right). The
simulation illustrates the
weak effect irrigation
has on the apical canal.
Yellow arrow shows the
position of the tip of the
irrigation needle, the
white arrow shows the
place of the side vent

is to secure optimal spreading of the irrigants
throughout the root canal system for more
predictable cleaning of the difficult-to-reach
areas. Ultrasonic irrigation using ultrasonic
tips to deliver the solutions directly into the
canal space have shown promising results
for cleaning even the most difficult areas
such as long and narrow isthmuses between
two canals."'®

This review is a summary of the present
knowledge of effective and safe endodontic
irrigation and will include recommendations
for optimal irrigation with regard to different
solutions, concentration, irrigant sequence
and methods of delivery.

GOALS OF IRRIGATION

Irrigation is often regarded as the most
important part of endodontic treatment,
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Root Canal Irrigation

Luc van der Sluis, Christos Boutsioukis, Lei-Meng Jiang, Ricardo Macedo,
Bram Verhaagen, and Michel Versluis

Abstract The aims of root canal irrigation are the chemical dissolution or disrup-
tion and the mechanical detachment of pulp tissue, dentin debris and smear layer
(instrumentation products), microorganisms (planktonic or biofilm), and their prod-
ucts from the root canal wall, their removal out of the root canal system. Each of the
endodontic irrigation systems has its own irrigant flow characteristics, which should
fulfill these aims. Without flow (convection), the irrigant would have to be distrib-
uted through diffusion. This process is slow and depends on temperature and
concentration gradients. On the other hand, convection is a faster and more efficient
transport mechanism. During irrigant flow, frictional forces will occur, for example,
between the irrigant and the root canal wall (wall shear stress). In this chapter the
irrigant flow and wall shear stress produced by different irrigation systems will be
described. Furthermore, the effect of the flow on the biofilm and the chemical effect
of irrigants on the biofilm will be discussed.

1 Introduction

Root canal irrigation can be defined as the procedure to deliver a liquid or irrigant
in the root canal system before, during, and after instrumentation of the root canal.
The aims of this procedure are the chemical dissolution or disruption and the
mechanical detachment of pulp tissue, dentin debris and smear layer (instrumenta-
tion products), microorganisms (planktonic or biofilm), and their products
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Manual Dynamic Activation (MDA)

Technique

Pierre Machtou

Abstract

Highest canal disinfection has to be achieved in endodontics in order to
expect a predictable successful outcome. So far, following chemomechan-
ical preparation, passive irrigation followed by some type of activation
technique has proved to be effective to reduce bacteria counts. Data on the
efficiency of current activation systems are inconclusive. Therefore, until
a new activation protocol has proven to be the best and although MDA
may be perceived by some clinicians as laborious, it is a fast, cost-effective,
safe, and convenient method to perform irrigant agitation at the end of the

shaping procedure.

Static Versus Dynamic Irrigation

The aim of endodontic treatment is to prevent or
treat apical periodontitis which is the result of a
bacterial infection of the root canal system. It has
been shown that using an antiseptic irrigant dur-
ing chemo-mechanical preparation plays a major
role to help eradicate intracanal bacteria [7].
Nevertheless, despite long efforts to develop new
irrigation devices and solutions and new instru-
mentation techniques, complete sterilization of
the root canal systems is currently impossible to
achieve. Therefore, the clinical goal is to reduce
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at best the threshold of the bacterial load to allow
the host defenses to repair [33]. When it comes to
select an endodontic irrigant, so far, nothing is as
efficient as sodium hypochlorite (NaOCl) [42]. In
arecent survey among AAE members, more than
90 % of them use it as the primary irrigant [15].
To be effective, NaOCl must be used in large
amounts [37], be in contact with the tissues [38],
be mechanically agitated |26], and be exchanged
[2]. Furthermore, NaOCI has to penetrate the full
extent of the root canal space since the bacteria
involved in the development and continuation of
apical periodontitis are located in the last apical
2 ml [25, 27]. But, according to experimental
available data, the apical third appears to be the
most difficult area to clean [32], implying that
irrigant penetration and exchange with the
syringe are not easy to occur in this area. It is
obvious that a better knowledge of the behavior
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Abstract

Introduction: The aim of this study was to evaluate the
effect of needle tip design on the irrigant flow inside
a prepared root canal during final irrigation with
a syringe using a validated Computational Fluid
Dynamics (CFD) model. Methods: A CFD model was
created to simulate the irrigant flow inside a prepared
root canal. Six different types of 30-G needles, three
open-ended needles and three close-ended needles,
were tested. Using this CFD model, the irrigant flow in
the apical root canal was calculated and visualized. As
a result, the streaming velocity, the apical pressure,
and the shear stress on the root canal wall were evalu-
ated. Results: The open-ended needles created a jet
toward the apex and maximum irrigant replacement.
Within this group, the notched needle appeared less effi-
cient in terms of irrigant replacement than the other two
types. Within the close-ended group, the side-vented
and double side-vented needle created a series of
vortices and a less efficient irrigant replacement; the
side-vented needle was slightly more efficient. The
multi-vented needle created almost no flow apically to
its tip, and wall shear stress was concentrated on
a limited area, but the apical pressure was significantly
lower than the other types. Conclusions: The flow
pattern of the open-ended needles was different from
the close-ended needles, resulting in more irrigant
replacement in front of the open-ended needles but
also higher apical pressure. (J Endod 2010;36:875-879)

Key Words

Computational Fluid Dynamics, irrigation, needle, tip

he irrigation of root canals with antibacterial solutions is considered an essential

part of chemomechanical preparation (1). Irrigation with a syringe and a needle
remains the most commonly used procedure (2, 3). However, there is an uncertainty
about the efficiency of this procedure in the apical part of the root canal (4-6).

To increase the efficiency of syringe irrigation, ditferent needle types have been
proposed (7—13). Previous studies of the resulting flow (7, 8, 10, 12) were limited
because an indirect or a macroscopic approach can only provide a coarse and incom-
plete estimation of the irrigant flow. Consequently, there is still no consensus on the
superiority of any of these types.

Computational Fluid Dynamics (CFD) represents a powerful tool to investigate
flow patterns by mathematical modeling and computer simulation (14, 15). CFD simu-
lations can provide details of the velocity field, shear stress, and pressure in areas in
which experimental measurements are difficult to perform. Recently, a CFD model
was proposed for the evaluation of irrigant flow in the root canal (16) and was subse-
quently validated by comparison with experimental high-speed imaging data (17). The
aim of this study was to evaluate the effect of needle tip design on the apical irrigant flow
inside a prepared root canal during final irrigation with a syringe using this validated
CFD model.

Materials and Methods

The root canal and apical anatomy were simulated similarly to a previous study
(16), assuming 2 length of 19 mm, an apical diameter of 0.45 mm (ISO size 45),
and 6% taper. The apical foramen was simulated as a rigid and impermeable wall.

Six different needle types were modeled using commercially available 30-G nee-
dles as a reference (Fig. 1). The needle types can be divided in two main groups:
open-ended (Fig. 14-C) and close-ended (Fig. 10-F). The external and internal diam-
eter and the length of all needles were standardized (D, = 320 um, Dy, = 196 um, /=
31 mm, respectively) in order to isolate the effect of needle tip design. These values
correspond closely to the real geometry of the needles, which was determined accord-
ing to a previous study (18). The two outlets of the double side-vented needle were
modeled identical to the outlet of the side-vented needle to exclude the possible effect
of the outlet design. The needles were fixed and centered within the canal, 3 mm short of
the working length (WL).
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Abstract

Konstantinidi E, Psimma Z, Chavez de Paz LE,
Boutsioukis C. Apical negative pressure irrigation versus
syringe irrigation: a systematic review of cleaning and
disinfection of the root canal system. International Endodontic
Journal, 50, 1034-1054, 2017.

The aim of this study was to systematically review
and critically analyse the published data on the treat-
ment outcome (primary outcome) and on the clean-
ing and disinfection of root canals (secondary
outcomes) achieved by negative pressure irrigation as
compared to syringe irrigation. An electronic search
was conducted in EMBASE, LILACS, PubMed, SciELO,
Scopus and Web of Knowledge using both free-text
keywords and controlled vocabulary. Additional stud-
ies were sought through hand searching of endodon-
tic journals and of the chapters  of
endodontic textbooks. No language restriction was
imposed. The retrieved studies were screened by two
reviewers according to predefined criteria. Included
studies were critically appraised and the extracted
data were arranged in tables. The electronic search

relevant

and hand search retrieved 489 titles, One clinical
study and 14 in vitro studies were finally included in
the review; none of these studies assessed treatment
outcome, four

studies essed  the  antimicrobial

effect, seven studies evaluated the removal of pulp tis-
sue remnants, and four studies investigated the
removal of hard tissue debris or both hard tissue deb-
ris and pulp tissue remnants. Poor standardization
and description of the protocols was evident. Incon-
clusive results were reported about the cleaning and
disinfection accomplished by the two irrigation meth-
ods. Negative pressure irrigation was more effective
under certain conditions when compared to subopti-
mal syringe irrigation; however, the variability of the
protocols hindered quantitative synthesis. There is
insufficient evidence to claim general superiority of
any one of these methods. The level of the available
evidence is low, and the conclusions should be inter-
preted with caution.

Keywords: cleaning, disinfection, irrigation, needle,
negative pressure, syringe.
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Introduction

Irrigation is considered an essential part of root canal
treatment as it reinforces the cleaning and
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disinfection of areas of the root canal system that
have been insufficiently affected by instruments
(Peters et al. 2001, Gulabivala et al. 2005, Paqué
et al. 2010). Additional cleaning and disinfection are
achieved through the chemical and mechanical dis-
ruption and removal of bacteria and especially bio-
film, pulp tissue remnants, dentine debris and of the
smear layer by the irrigant, provided that it can reach
them (Gulabivala et al. 2005, Zehnder 2006, Bout-
sioukis & van der Sluis 2015). Multispecies microbial
biofilms in remote areas of the root canal system are

@ 2016 International Endodontic Journal. Published by John Wiley & Sons Ltd
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Abstract During a root canal treatment the root canal is
irrigated with an antimicrobial fluid, commonly performed
with a needle and a syringe. Irrigation of a root canal with
two different types of needles can be modeled as an
impinging axisymmetric or non-axisymmetric jet. These
jets are investigated experimentally with high-speed Par-
ticle Imaging Velocimetry, inside and outside the con-
finement (concave surface) of a root canal, and compared
to theoretical predictions for these jets. The efficacy of
irrigation fluid refreshment with respect to the typical
reaction time of the antimicrobial fluid with a biofilm is
characterized with a non-dimensional Damkéhler number.
The pressure that these jets induce on a wall or at the apex
of the root canal is also measured. The axisymmetric jet is
found to be stable and its velocity agrees with the theo-
retical prediction for this type of jet, however, a confine-
ment causes instabilities to the jet. The confinement of the
root canal has a pronounced influence on the flow, for both
the axisymmetric and non-axisymmetric jet, by reducing

B. Verhaagen (B0) - G. L. Heijnen - M. Versluis

Physics of Fluids Group, Faculty of Science and Technology
and Institute for Biomedical Technology and Technical
Medicine MIRA, University of Twente, Meander 213,

P.O. Box 217, 7T500AE Enschede,

The Netherlands

e-mail: b.verhaagen@utwente.nl

C. Boutsioukis

Physics of Fluids Group, Faculty of Science and Technology
and MESA+ Institute for Nanotechnology,

University of Twente, Meander 213, P.O. Box 217,

T500AE Enschede, The Netherlands

L. W. M. van der Sluis

Department of Conservative Dentistry and Endodontics,
Faculty of Dentistry, Paul Sabatier University,

31062 Toulouse CEDEX 9, France

73

the velocities by one order of magnitude and increasing the
pressure at the apex. The non-axisymmeltric jet inside the
confinement shows a cascade of eddies with decreasing
velocities, which at the apex does not provide adequate
irrigation fluid refreshment.

List of symbols

u, v velocity in r and y direction

P fluid density

v fluid dynamic viscosity

R, D jet radius, diameter

Q flow rate

Re =2 Reynolds number

d distance between the needle tip and the apex or
wall

g distance from the plate or apex where stagnation
flow holds

0 angle under which flow exits the needle

o (root canal) cone angle

eigenvalue of the stream function inside a cavity

1 Introduction

A root canal treatment is a dental therapeutic procedure,
which is necessary when bacteria cause an inflammation of
the bone around the tip of the tooth. During a treatment, the
root canal is irrigated and disinfected with an antibacterial
solution (the ‘irrigant’) using a syringe and a needle
(Haapasalo et al. 2005). This irrigant needs to be refreshed
frequently for optimal reaction with the bacteria. However,
the flow created by a syringe and needle has been shown to
be marginally effective in entirely cleaning the root canal
systemy (Nair 2004), due to the flow of irrigant not being

@ Springer
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Efficacy of Four Irrigation Needles in
Cleaning the Apical Third ofRoot Canals

Juliane Maria Guerreiro-Tanomaru', Livia Etchebehere Loiolal’, Renata
Dornelles Morgental?, Renato de Toledo Leonardo!, Mario Tanomaru-Filho!

This study aimed to evaluate the influence of irrigation needle gauge and design, and
the final root canal diameter on the apical cleaning efficacy. Twelve human mandibular
incisors were used. At different stages of root canal widening (sizes 20, 30 and 40 K-files),
root canals were filled with radiopague contrast medium. Four different needles were
evaluated: 23G with side opening, 22G with apical opening, 30G with side opening and
30G with apical opening. Irrigation was carried out with 2 mL distilled water. The same
tooth was radiographed with a digital system several times to assess the four types of
needle in those three stages of canal widening. Pre-irrigation (canals filled with contrast)
and post-irrigation (canals with remaining contrast) images were submitted to digital
subtraction using the Adobe Photoshop CS4 program. Pre-irrigation (filled with contrast)
and subtracted (cleaned by irrigation] areas were outlined by a trained and blinded operator
using the Image Tool 3.0 software, Their ratio was calculated to express the percentage
of apical cleaning in each stage of canal widening [sizes 20, 30 and 40 K-files) with
each of the four needles. Data obtained were subjected to one-way ANOVA and Tukey's
tests. The 30G needles with side and apical opening promoted better apical cleaning at
all stages of root canal widening (p<0.05). In conclusion, smaller diameter needles were
more efficacious in cleaning the apical third of the root canals, regardless of their design.
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Introduction

Root canal irrigation and instrumentation promote
cleaning and disinfection of the root canal, contributing for
the success of endodontic therapy (1). The ideal irrigation
solution should remove debris, lubricate the root canal
walls, dissolve organic tissues and eliminate bacteria.
Regardless of the used irrigating solution, the endodontic
microbiota is significantly reduced by the mechanical
action of irrigation (2).

Efficacy of root canal irrigation depends on several
factors, such as depth of needle insertion into the canal (3),
final diameter of the prepared canal (4), canal curvature (5),
as well as volume and properties of the used solution (6).

Greater approximation of the irrigating device to
the contaminated area favors its effectiveness (3). Thus,
penetration of the irrigating needle into the apical portion
of the root canal is important for complete removal of
debris and endodontic microorganisms (7,8). Consequently,
irrigation needle gauge and the amount of root canal
widening may affect the cleaning efficacy. The widely
used “"gauge” unit is not directly comparable to the size
of endodontic instruments. According to the 1SO 9626
1991/2001 standard, needles with gauges of 21, 23, 25, 27
and 30 present external diameter of 0.8, 0.6, 0.5, 0.4 and
0.3 mm, respectively (9).

Radiography has been employed to evaluate the
cleaning efficacy of irrigation, by analyzing the clearance
of radiopaque contrast medium from the root canals (7,10).
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Subtraction of images using conventional software is also
an important evaluation tool (11). This method is used to
evaluateirrigant penetration and renewal during root canal
preparation (12). Moreover, digital radiography provides
good image quality (13), with advantages of reducing
radiation exposure, saving time and producing standardized
images that can be manipulated with different tools (14).

The aim of this study was to evaluate, by means
of digital radiography, the influence of the gauge and
design of the irrigation needle and the size of root canal
widening on the apical cleaning efficacy of endodontic
irrigation.

Material and Methods

After approval of the research by the institutional
Ethics Committee (Protocol# 20/09), 12 freshly extracted
human mandibular incisors with a single and straight root
canal, fully formed root and initial diameter corresponding
to a #15 K-file or smaller were selected. Coronal access
was performed with a #1012 spherical diamond bur (KG
Sorensen, Sdo Paulo, SP, Brazil) and complemented with a
#1 Largo drill (Dentsply Maillefer, Ballaigues, Switzerland).
Following that, root canal length was determined by
introducing a #10 K-file (Dentsply Maillefer) until its tip
was visible at the apical foramen. Working length was
established by subtracting 1 mm from the total length,

The root canals were hand-instrumented and widened
up to size 20, 30 or 40 K-files at the working length. Next,
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Abstract

Introduction: This study examined the effect of vapor
lock on canal debridement efficacy by testing the null
hypothesis that there is no difference between
a "closed” and an "open” system design in smear layer
and debris removal by using a side-vented needle for ir-
rigant delivery. Methods: Roots in the closed system
were sealed with hot glue and embedded in polyvinylsi-
loxane to restrict fluid flow through the apical foramen
during cleaning and shaping. For the open system, the
apical foramen was enlarged and connected to the
external environment via a channel within the polyvinyl-
siloxane to permit unrestricted fluid flow. Smear and
debris scores were evaluated by using scanning electron
microscopy and analyzed by using Cochran-Mantel-
Haenszel statistic. Results: No difference in smear
scores was detected between the 2 systems at all canal
levels. Significant differences in debris scores between
the 2 systems were found at each canal level: coronal
(P < .001), middle (P < .001), and apical (P < .001).
Conclusions: The null hypothesis was rejected; pres-
ence of an apical vapor lock effect adversely affects
debridement efficacy. Thus, studies with unspecified or
questionable mechanisms to restrict fluid flow through
the apical foramen have to be interpreted with caution.
(J Endod 2010;36:745-750)

Key Words
Debris, irrigation, root canal, side-venting syringe
delivery, smear layer, vapor lock

horough debridement is crucial for long-term success in root canal treatment

(1-4). The mechanical debridement efficacy of an irrigation delivery/agitation
system is dependent on its ability to deliver the irrigant to the apical and noninstru-
mented regions of the canal space and to create a strong enough current to carry
the debris away from the canal walls (5-9). Because the root is enclosed by the
bone socket during in vive cleaning and shaping (10-12), the canal behaves as
a closed-end channel, which results in gas entrainment at its closed end (13-15),
producing a vapor lock effect during irrigant delivery (16, 17). Studies that were de-
signed to simulate such a closed system by embedding the root in a polyvinylsiloxane
impression material (PVS) to restrict fluid flow through the apical foramen demon-
strated incomplete debridement from the apical part of the canal walls with the use
of a syringe delivery technique (18-20).

If not optimally designed or meticulously executed, a closed system behaves as an
open system that challenges the creditability of the results. For example, a hypothetical
closed system that consists of stabilizing the longitudinal bottom half of a completely
demineralized root in soft silicone and covering the top half with methyl salicylate to
prevent the cleared root from opacifying functions as an open system, even when the
apex remains covered by silicone. This permits flow of a dye-containing irrigant through
the lateral canals and apical foramen when it is delivered under positive pressure. Like-
wise, a hypothetical scenario that consists of postextraction flushing of an irrigant
through an unsealed apical foramen to remove blood that enters the canal space during
tooth extraction bleaches the original in vive vapor lock and revokes the goal of exam-
ining debridement efficacy in a closed system.

Because the debridement quality between a closed versus an open system design
has not been evaluated simultaneously in a single study, it is dubious whether conclu-
sions derived from studies with unspecified or ambiguous mechanism to restrict fluid
flow through the apical foramen are as clinically relevant as those that adopted a robust
closed system design. This study attempted to resolve this issue by testing the null
hypothesis that there is no difference between a closed and an open system design in
smear layer and debris removal by using a side-vented needle for irrigant delivery.

Materials and Methods
Twenty-eight extracted human single-rooted teeth were radiographed to ensure
that each tooth contained 1 canal, and that an equal number of narrow (33%) and
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Abstract: Root canal cleaning plays an important role in endodontics. In most cases, root canal cleaning
is performed using irrigants, such as sodium hypochlorite or EDTA (ethylenediaminetetraacetic acid).
The efficacy of these irrigants may be compromised by different phenomena, such as vapor lock.
Different methods can be used to overcome this problem; in this paper, we compare the efficacy of two
such methods: manual dynamic agitation (MDA) and passive ultrasonic irrigation (PUT). We shaped
50 endo training blocks, which were divided into two groups of 25 samples each, into MDA or
PUI groups. In both groups, the vapor lock was produced by delivering a watery solution using a
disposable syringe with a tip-opened needle. Using the MDA technique, vapor lock was removed
in 15/25 cases. The PUI technique produced the same results in 17/25 cases, where vapor lock was
only reduced, not removed. The MDA method produced an average reduction in vapor lock of 80%,
whereas the PUI method yielded a 55% reduction. The differences among groups were assessed
through a Mann-Whitney U test, and the results had a p-value of 0.0013, which was considered to be
statistically significant. The MDA method was able to effectively remove vapor lock. PUL however,
was only able to reduce but not remove vapor lock.

Keywords: manual dynamic agitation; passive ultrasonic irrigation; vapor lock; endodontics; endo
training blocks; endodontic irrigation; ultrasonic activation; root canal irrigants

1. Introduction

Endodontic treatment involves a procedure composed of the following sequence of steps: tooth
anesthesia, operative field isolation, opening of the pulp chamber, canal scouting, shaping and cleansing
of the canals, and three-dimensional (3D) obturation [1]. These phases lead to root canal disinfection,
shaping [2,3], and filling [4]. All the steps are important for achieving endodontic success, but cleansing
has an essential role in reducing the bacterial load inside the root canal system [5]. Cleansing can be
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Introduction

It has been well established for the past several
years that the etiology for endodontic disease
is microbial pathogens. Toxic metabolites and
by-products released from microorganisms within
the canal diffuse into apical tissues and elicit
inflammatory responses and bone resorption
(1, 2). The host immune response plays an impor-
tant role at this time by preventing the infection
from spreading into the various parts of the body.
However, because of the lack of blood supply in a
necrotic tooth, the host response cannot affect the
bacteria that are present in the root canal system.
Hence it is necessary to mechanically and chem-
ically remove these microorganisms during root
canal treatment procedures. Irrigation along with
the instrumentation of the canal can help achieve
the goal of disinfection of the root canals. Irrigation
supports mechanical instrumentation along with

killing and removing any residual microbes left
back in the canal. Currently, there are numerous
irrigation solutions and irrigation techniques avail-
able and many of them have showed improvement
even in the most complex canal systems. This
chapter focuses on the apical negative pressure
(ANP) irrigation system’s unique abilities, advan-
tages, and benefits, one of which is exemplified in
Figure 10.1.

Positive pressure (PP) irrigation is still widely
used by many clinicians. However, a review of the
literature shows that PP irrigation systems have
their limitations—inadequate debridement and
disinfection in the apical area. Previous studies
have demonstrated that PP irrigation had virtually
no effect on the orifice of the needle (3). Further-
more, some more recent studies have demonstrated
the effectiveness of other irrigation systems over
the traditional PP systems (4-6). In addition to
debridement and disinfection, safety is another

Disinfection of Root Canal Systems: The Treatment of Apical Periodontitis, First Edition. Edited by Nestor Cohenca.
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Apical Negative Pressure: Safety,
Efficacy and Efficiency

Gary Glassman and Karine Charara

Abstract
The objective of dentistry is to prevent oral disease and retain the natural
dentition, hopefully for the lifetime of the patient. The objective of end-
odontic treatment is to prevent and/or treat apical periodontitis. In order
for an endodontic irrigant delivery system to be mechanically effective
and satisfy the objective of endodontics, it must reach the apical terminus,
create a current along the root canal wall and have the ability to remove
debris, tissue and bacterial contaminants. Currently, the irrigant of choice
to achieve this objective is full-strength sodium hypochlorite (NaOCI).

During endodontic irrigation, the organic component of pulpal tissue con-
sumes NaOCl rapidly as the reaction of hydrolysis occurs forming water and
releasing ammonia and carbon dioxide as the by-products. In very short
order, a column of gas develops at the apical one third of the root canal (apical
vapour lock). The conundrum that the clinician faces is to safely and effec-
tively deliver the irrigants to the apical terminus, break the apical vapour lock
and allow constant exchange of irrigant and thereby continual hydrolysis of
pulpal tissue by the NaOCl, without the risk of apical extrusion.

This chapter will outline the scientific evidence surrounding apical neg-
ative pressure as a safe and reliable method to deliver irrigants to the apical
terminus, thereby satisfying the objectives of endodontic treatment.
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RESUMEN

Algunas de las dificultades que nos encontramos en los retratamientos son la eliminacién del material de obturacién intraconducto y la presencia
de dentina muy contaminada por microorganismos resistentes, en muchas ocasiones asociados en biofilms. En el caso que presentamos nos
ayudamos en la tiltima fase del retratamiento de un nuevo sistema que combina instrumentacion e irrigaciin simultineamente, cuya principal
caracteristica es la de adaptarse a la seccion transversal de los conductos y de este modo permitir alcanzar dreas en las que la instrumentacion
rotatoria presenta grandes limitaciones. Facilitindonos, de este modo, la eliminaciin de cemento y gutapercha remanentes asi como dentina
contaminada, respetando la anatomia original. El caso ejemplifica esta técnica clinica sobre la que hemos realizado una discusion a partir de la
literatura revisada. El diente tratado, un segundo molar inferior, presenta una periodontitis apical aguda producida por una subextension del
material obturador y una deficiente condensacién del mismo, Su anatomia inusual formada por un tinico y amplio conducto es desobturada y
desinfectada para proceder a su obturacidn termopléstica. La evolucidn del caso a los 6 meses indica una mejora de la sintomatologia sin signos
radiograficos que indiguen patologia periapical.

PALABRAS CLAVE
AF; Retratamiento; Periodontitis apical; Areas sin instrumentar; Biofilms.

ABSTRACT

Some c:lf]hd dl_',l[?'fctt!hr:s we mjrffﬂd' in a retreatment are Hhe renoval uf ﬂ’rc_ﬁfn'irrg material and the presence af intracanal dentin heavily contaminated with
resistant organisms, often associated in biofilms. [n this case report we help in the last phase of treatment that combines a new simultaneously instriumentation
and irrigation system whose main characteristic is o adapt fo the cross section of the canals and thus allow o reach areas in which the rotary instrumentation
has great limitations, In retreatments, this system provide us thereby removing residual cement and gutta percha and most infected dentin, respecting the
original anatomy. The present case illustrates the clinical technique on which we have made o discussion from the literature veviewed, The treated tooth presents
a acute apical periodontitis with a subextensiin of the root canal treatment and a poor condensation, Its wnusual anatomy consists of a single large canal which
is desobturated and disinfected fo proceed with thermoplastic seal. The evolution of the case af & months indicates an improvement of symptoms without
radiograpitic signs r;.f apical periodontitis.

KEY WORDS
SAF; Retreatment; Apical periodontitis; Uninstrumented direas; Biofilms.
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Abstract

Introduction: The study was designed to explore the
mechanical properties of the self-adjusting file (SAF)
and its application in the root canal using continuous
irrigation. Methods: The compressibility of the SAF
file and the resulting peripheral force were measured
using specially designed systems. The abrasivity of the
file was tested on dentin blocks representing a flat
root canal, The durability of the SAF file was tested using
a functional fatigue-to-failure assay. Degradation of the
file was evaluated by using files that were previously
used for 10, 20, and 30 minutes and comparing their
efficacy with that of new, unused files. The potential
of extruding irrigant beyond the apex was explored in
roots with an open apical foramen. Results: The SAF
file was elastically compressible from a diameter of
1.5 mm to dimensions similar to those of a #20 stainless
steel

K-file. This compression resulted in an evenly applied
force to the root canal walls, The in-and-out vibration
of the file and the peripheral force, combined with its
abrasivity, allow for hard-tissue removal. Under the
conditions of the experiment, no mechanical failure
was observed with up to 29 minutes of operation in
the root canal. The file loses its efficacy after prolonged
use, with a 40% reduction after 30 minutes of operation.
The operation of the file with continuous irrigation did
nat push the irrigant beyond an open apical foramen.
Conclusions: The SAF file is an elastically compressible
file that effectively removes dentin and can mechanically
endure use under its recommended mode of operation
with a minimal loss of efficacy. (J Endod 2010;36:691-
696)

Key Words
Cleaning and shaping, cyclic fatigue, endodontic files,
fatigue, mechanical properties, SAF, self-adjusting file
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he biological objectives of root canal treatment have not changed over the recent

decades, but the methods to attain these goals have been greatly modified. The intro-
duction of nickel-titanium rotary files represents a major leap in the development of
endodontic instruments, with a wide variety of sophisticated instruments presently avail-
able (1, 2).

The superelastic alloy has made it possible to manufacture highly efficient instru-
ments that can be rotated safely, even in curved root canals with a reasonable centi-
ngability, reasonably maintaining the long axis of the canal in its original location.
Since then, many file designs have been tested and introduced with variations in rake
angle, radial lands design, helical pitch, or thickness of the core (3-5). Some designs
are highly aggressive and some are more flexible, whereas others offer safe tips or an
interrupted helical angles (3-8). Recent advances in nickel-titanium metallurgy are
also promising a potential for more elastic instruments (9). Whatever their modification
or improvement, all of these instruments have one thing in common: they consist of
a metal core with some type of rotating blade that machines the canal with a circular
motion using flutes to carry the dentin chips and debris coronally. Consequently, all
rotary nickel-titanjum files will machine the root canal to a cylindrical bore with
a circular cross-section if the clinician applies them in a strict boring manner.

When operated in narrow canals or those with a round cross section, this mode of
operation may be adequate. The situation is quite different for flat root canals that have
an oval or even ribbon-shaped cross-section.

Several reports have indicated that in oval or flat root canals, rotary files alone
fail to perform adequate cleaning and shaping. Untreated “fins” may remain on the
buccal and/or lingual aspects of the bore created by the rotary file (10-12). The
new self-adjusting file (SAF) represents a totally different approach in endodontic
file design and mode of operation that was specially designed to overcome this
problem (13).

The SAFis a hollow file designed as a compressible, thin-walled, pointed cylinder,
1.5 mm in diameter, composed of a thin nickel-titanium lattice (Fig. 14). During its
operation, the fileis designed to be compressed while inserted into 2 narrow root canal.
The file then attempts to regain its original dimensions, thus applying a constant delicate
pressure on the canal walls, When inserted into a root canal, it adapts itself to the canal’s
shape, both longitudinally (as will any nickel-titanium file) and also along the cross-
section (13, 14). In a round canal, it will attain a round cross-section, whereas in
an oval or flat canal it will attain a flat or oval eross-section, thus providing three-dimen-
sional adaptation during the cleaning and shaping process (13, 14). Thus, its name,
SAF, expresses this unique behavior during its application,

The surface of the SAF lattice threads is lightly abrasive, designed for the removal of
dentin with a back-and-forth grinding motion. A single SAF file is used throughout the
procedure, starting as 2 compressed file that gradually enlarges in size during dentin
removal with close adaptation to the canal walls.

The SAF is operated using a dental handpiece that provides a vertical (in-and-out)
vibration, with 3,000 to 5,000 vibrations per minute and a 0.4-mm amplitude (13). A
light manual in- and-out motion of 3 to 5 mm is applied by the operator. The hollow SAF
file also allows for continuous irrigation throughout the procedure. Irrigation is per-
formed via a silicon tube that is attached to a rotating hub on the shafi of the file
(Fig. 14). The irrigant goes into the file, freely escapes into the canal through the lattice
wall, and then flows back coronally and escapes through the access cavity. The aim of
this study was to mechanically analyze the SAF and to characterize the parameters of its
performance, mode of action, and durability.

The Self-Adjusting File. Part 2§91

80



20.

Basic Research—Technology

Antibacterial Efficacy of a New Sonic Irrigation
Device for Root Canal Disinfection

Kiaus W, Neubaus, DMD, MMA, MAS, * Melanie Liebi, DMD,* Simone Stauffacher, DMD,™*
Sigrun Eick, DMD," and Adrian Lussi, DMD*

Abstract

Introduction: Passive ultrasonic irrigation (PUI) is the
most widespread method used to activate irrigation so-
lutions. Concerns have been raised that PUl is less effec-
tive in curved root canals and is not passive at all. Our
aim was to compare a novel passive sonic irrigation
(PSI) device {6000 Hz) with PUl and manual irrigation
(M) with respect to their efficiency in removing different
endodontic microorganisms from curved and straight
root canals. Methods: We performed 2 experiments
as follows. In a 3-day infection model, we included 8
groups of single or dual microbial species that were
rinsed with 0.9% sodium chloride using PSI, PUI, or
MI. Colony-forming units (CFUs) were counted after in-
cubation, and logyq transformations were performed for
statistical comparisons. In a 21-d infection model, we
tested the same irrigation protocols on 4 groups of mi-
croorganisms and used 1.5% sodium hypochlorite as
an imigant. Infection control samples were taken at
day 0, 3,5, and 7 after treatment and were subsequently
reincubated. Results: Using sodium chloride as an irri-
gant, the amount of reduction in CFUs compared with
the negative control was approximately 3 logyy units
for PSI at 6000 Hz, 2 log,, units for PUI, and 1 log,,
unit for MI. PSI reduced the microorganism CFUs signif-
icantly better than PUI. Using sodium hypochlorite led to
a significant reduction in microorganism CFUs even with
MI. After 3 days, compared with MI, microorganism re-
growth significantly reduced after PSI and PUI treat-
ment, but in these groups, in at least half of the
samples, microorganisms were detectable after 7 days.
Conclusions: PSI at 6000 Hz might be at least equal
to PUI with respect to reduction of the microbial load
in curved and straight root canals. (J Endod 2016; I
:1-5)

Key Words
Disinfection, oral bacteria, root canal, sonic irrigation,
ultrasonic irrigation

Rom canal infections
are caused by a variety
of mainly anaerobic gram-
positive bacteria (1), A
persistent  intraradicular
presence of bacteria after
chemomechanical treatment is considered to be a possible cause of endodontic failure
(2). Although facultative anaerobes such as Streptococcus gordonii, Fusobacterium
nucleatum, and Actinomyces oris have been isolated in primary endodontic infections
(3), the persistence of Enferococcus faecalis (4) or Candida albicans (5) has been
associated with persistent periapical lesions and the need for endodontic retreatment.
Sodium hypochlorite is considered a suitable disinfecting irrigation solution, but it has
been shown that ultrasonic activation of sodium hypochlorite (NaCl) enhances its effec-
tiveness (0). Nowadays, passive ultrasonic irrigation (PUD) seems to be the predomi-
nant activation method for endodontic irrigation solutions (7). The main reason for
the additional effectiveness via ultrasound has been shown to be caused by acoustic
streaming effects thatincrease wall shear stress and enhance rupturing of intraradicular
biofilm (8). However, several limitations have been identified that impose procedural
problems when using ultrasonic activation. Wall contact with the oscillating instrument
dampens the energy and constrains the file movement (9). Therefore, in curved root
canals, ultrasonic instruments are less likely to oscillate freely. It has been shown
that even in straight root canals an ultrasonic instrument comes into contact with the
wall during at least 20% of the working time (10). Furthermore, although ultrasonic
irrigation instruments usually possess 4 noncutting design, they are made of a metal
alloy that is harder than root dentin, and, therefore, their use risks changing root canal
morphology. Consequently, Boutsioukis et al (10) suggested that PUI be replaced by
ultrasonically activated irrigation.

In order to avoid the detrimental effects caused by ultrasonic activation, activating
the irrigation solution with sonically driven noncutting plastic tips was suggested.
Among the devices using this technique, the EndoActivator (Dentsply, Tulsa, OK) device
appears to be the best-documented system (11). The principle is to use a polyamide tip
1o activate the solution and thus to prevent active cutting of the root canal walls or open-
ing of the apical constriction, Passive sonic activation at low frequency was shown to be
inferior to PUI with respect to bringing irrigation solution to the apex in variously
tapered and curved canals (12). Furthermore, using simulated lateral canal models,
no difference in cleaning efficacy was detected between PUI and passive sonic activation
atlow frequency (13). The maximum frequency of the aforementioned sonic irrigation
system was measured to be 190 Hz (14).

Passive sonic irigation at 6000 Hz seems to
perform equal to or better than passive ultrasonic
irrigation.
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Abstract

Introduction: Passive ultrasonic irrigation (PUI) is the
most widespread method used to activate irrigation so-
lutions. Concerns have been raised that PUI is less effec-
tive in curved root canals and is not passive at all. Qur
aim was to compare a novel passive sonic irrigation
(PSl) device (6000 Hz) with PUl and manual irrigation
(M1} with respect to their efficiency in removing different
endodontic microorganisms from curved and straight
root canals. Methods: We performed 2 experiments
as follows. In a 3-day infection model, we included 8
groups of single or dual microbial species that were
rinsed with 0.9% sodium chloride using PSI, PUI, or
MI. Colony-forming units (CFUs) were counted after in-
cubation, and log, transformations were performed for
statistical comparisons. In a 21-d infection model, we
tested the same irrigation protocols on 4 groups of mi-
croorganisms and used 1.5% sodium hypochlorite as
an imigant. Infection control samples were taken at
day 0, 3, 5, and 7 after treatment and were subsequently
reincubated. Results: Using sodium chloride as an irri-
gant, the amount of reduction in CFUs compared with
the negative control was approximately 3 log,o units
for PSI at 6000 Hz, 2 logyy units for PUIL, and 1 log,y
unit for MI. PSI reduced the microorganism CFUs signif-
icantly better than PUI. Using sodium hypochlorite led to
a significant reduction in microorganism CFUs even with
MI. After 3 days, compared with MI, microorganism re-
growth significantly reduced after PSI and PUI treat-
ment, but in these groups, in at least half of the
samples, microorganisms were detectable after 7 days.
Conclusions: PSI at 6000 Hz might be at least equal
to PUI with respect to reduction of the microbial load
in curved and straight root canals. (J Endod 2016; Il
:1-5)

Key Words

Disinfection, oral bacteria, root canal, sonic irrigation,
ultrasonic irrigation

Ronl canal infections
are caused by a variety
of mainly anaerobic gram-
positive bacteria (1), A
persistent  intraradicular
presence of bacteria after
chemomechanical treatment is considered to be a possible cause of endodontic failure
(2). Although facultative anaerobes such as Streplococcus gordonii, Fusobacterium
nucleatum, and Actinoniyces oris have been isolated in primary endodontic infections
(3), the persistence of Enteracoccus faecalis (4) or Candida albicans (5) has been
associated with persistent periapical lesions and the need for endodontic retreatment.
Sodium hypochlorite is considered a suitable disinfecting irrigation solution, but it has
been shown that ultrasonic activation of sodium hypochlorite (NaCl) enhances its effec-
tiveness (6). Nowadays, passive ultrasonic irrigation (PUI) seems to be the predomi-
nant activation method for endodontic irrigation solutions (7). The main reason for
the additional effectiveness via ultrasound has been shown to be caused by acoustic
streaming effects that increase wall shear stress and enhance rupturing of intraradicular
biofilm (8). However, several limitations have been identified that impose procedural
problems when using ultrasonic activation. Wall contact with the oscillating instrument
dampens the energy and constrains the file movement (9). Therefore, in curved root
canals, ultrasonic instruments are less likely to oscillate freely. It has been shown
that even in straight root canals an ultrasonic instrument comes into contact with the
wall during at least 20% of the working time (10). Furthermore, although ultrasonic
irrigation instruments usually possess a noncutting design, they are made of a metal
alloy that is harder than root dentin, and, therefore, their use risks changing root canal
morphology. Consequently, Boutsioukis et al (10) suggested that PUI be replaced by
ultrasonically activated irrigation,

In order to avoid the detrimental effects caused by ultrasonic activation, activating
the irrigation solution with sonically driven noncutting plastic tips was suggested.
Among the devices using this technique, the EndoActivator (Dentsply, Tulsa, OK) device
appears to be the best-documented system ( 11). The principle is to use a polvamide tip
to activate the solution and thus to prevent active cutting of the root canal walls or open-
ing of the apical constriction. Passive sonic activation at low frequency was shown to be
inferior to PUI with respect to bringing irrigation solution to the apex in variously
tapered and curved canals (12). Furthermore, using simulated lateral canal models,
no difference in cleaning efficacy was detected between PUI and passive sonic activation
atlow frequency (13). The maximum frequency of the aforementioned sonic irrigation
system was measured to be 190 Hz (14).

Passive sonic irrigation at 6000 Hz seems fo
perform equal to or better than passive ultrasonic
irrigation.
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Abstract

Introduction: The study assessed the efficacy of laser
activated irrigation  (LAI) with Erbium: Yttrium
Aluminum Garnet (Er:'YAG) and Erbium Chromium: Yt-
trium Scandium Gallium Garnet (Er,Cr:YSGG) wave-
lengths as compared with passive ultrasonic irrigation
(PUI). Previously proposed irrigation times were used
for LAl (4x 5 seconds) and the intermittent flush tech-
nique (3x 20 seconds). Methods: We used a split
root model with an artificial root canal wall groove.
Roots were prepared to an apical size # 40 with ProFiles
0.06 (Dentsply Maillefer, Baillaigues, Switzerland). Five
groups of 20 straight canine roots were evaluated as
follows: Group 1: hand irrigation for 20 s with 2.5%
NaOCl (Cl); Group 2: PUI performed once for 20 s with
the #20 Irrisafe (Satelec Acteon group, Merignac,
France) (PUI 1); Group 3: PUI for 3x 20 s with the Irrisafe
(PUI 2); Group 4: LAl with the Er,Cr:YSGG laser and Z2
(200 um) Endolase tip (Biolase, San Clemente, USA)
at 75 mJ for 4x 5 s (LAl 1); Group 5: LAl with the ErYAG
laser (HoYa Versawave, Cortaboeuf, France) and a 200
um endodontic fiber at 75 m) for 4x 5 s (LAl 2). Images
from the groove were taken before and after irrigation.
The quantity of dentin debris in the groove after the
experimental protocols was evaluated. Results: Statisti-
cally significant differences (p < 0.05) were found
between Cl and all other groups and between PUI 1
and the other groups. Conclusion: LAl techniques using
erbium lasers (Er:YAG or Er,Cr:YSGG) for 20 seconds
(4x 5 seconds) are as efficient as PUI with the intermit-
tent flush technique (3x 20 seconds). (J Endod
2010;36:1580-1583)
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ffective endodontic treatment requires the combination of physical and chemical

agents to eradicate soft-tissue debris, smear layer, and microorganisms because
buildup of debris in the root canal system makes effective cleaning and disinfection
impossible. The use of lasers at different wavelengths has been proposed to supplement
conventional endodontic cleaning procedures (1—4). A considerable limitation,
however, is the unidirectional emission of the laser beam, which makes it difficult to
access the entire root canal wall with the laser. The laser fiber must be moved
repeatedly in a spiraling motion along the root canal walls in order to maximize the
area exposed to the laser beam, but even this is not completely efficient and the
entire root canal wall will not be exposed to the laser beam (2, 4). Alternative
approaches such as side-firing tips have limited use because of their size (4) or require
further investigation before clinical application (5, 6).

Laser-activated irrigation (LAL) with an erbium laser has been introduced as
a method for activating the irrigant (5-10). The effect is based on cavitation; in
water, activation of the laser at subablative settings may result in the formation of
large elliptical vapor bubbles, which expand and implode. These vapor bubbles may
cause a volumetric expansion of 1,600 times the original volume, which increases
pressure and drives fluid out of the canal. When the bubble implodes after 100 to
200 microseconds, an underpressure develops and sucks fluid back into the canal,
inducing secondary cavitation effects. Therefore, the laser works as a fluid pump.
Another technique, passive ultrasonic irrigation (PUI), is also based on the principle
of cavitation and acoustic streaming (11). The ultrasonic activation of irrigants there-
fore plays a pivotal role in contemporary endodontics (12, 13).

The removal of dentin debris from the root canal using LA has been investigated in
only two studies (10, 11). Both studies, de Moor et al (10) with an Er,Cr:YSGG laser
(2,780 nm) and de Groot et al (11) with an Er:YAG laser (2,940 nm), have shown
that LAI is significantly more effective in removing dentin debris from the apical part
of the root canal than PUI or hand irrigation when the irrigant was activated for 20
seconds. It remains unknown (1) whether the use of PUI for more than 20 seconds
(3 20 seconds according to van der Sluis et al [14]) is as effective as 20 seconds
of LAL , and (2) whether there is a difference between the efficacy of LAI performed
with an Er:YAG laser or Er,Cr:YSGG laser (both erbium lasers, with different wave-
lengths, 2,780 nm and 2,940 nm, respectively). Therefore, the aim of the present study
was to evaluate ex vivo the removal of artificially placed dentin debris in standardized
root canals by (1) active hand irrigation for 20 seconds, (2) PUI with an Er:YAG or
Er,Cr:YSGG laser, and (3) LAI for 20 seconds and 3 x 20 seconds.

Material and Methods

Sample Selection and Preparation

For the setup of this study, an experimental root canal model described by Lee et al
(15) was used (Fig. 1). One hundred maxillary canines with straight roots were
selected. These roots were mounted and prepared as described in de Moor et al
(9). After verification of the location of the apical foramen with an ISO size 15 file
through the apical foramen, the teeth were decapitated at 19 mm of the location of
the apical foramen with a diamond disc (Horico, Berlin, Germany). The coronal 3
mm of the canals were enlarged by a round bur with a diameter of 2.3 mm (Komet,
Diisseldorf, Germany, 340.202.001.001.023, American size 8) and simulating the
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Abstract

van der Sluis LWM, Versluis M, Wu MK, Wesselink PR.
Passive ultrasonic irrigation of the root canal: a review of the

literature. International Endodontic Journal, 40, 415-426, 2007.

Ultrasonic irrigation of the root canal can be performed
with or without simultaneous ultrasonic instrumenta-
tion. When canal shaping is not undertaken the term
passive ultrasonic irrigation (PUI) can be used to
describe the technique. In this paper the relevant
literature on PUL is reviewed from a MEDLINE database
search.Passive ultrasonic irrigation can be performed
with a small file or smooth wire (size 10-20) oscillating
freely in the root canal to induce powerful acoustic
microstreaming. PUL can be an important supplement
for cleaning the root canal system and, compared with
traditional syringe irrigation, it removes more organic
tissue, planktonic bacteria and dentine debris from the
root canal. PUI is more eflicient in cleaning canals than
ultrasonic irrigation with simultaneous  ultrasonic
instrumentation. PUI can be effective in curved canals
and a smooth wire can be as effective as a cutting K-file,

The taper and the diameter of the root canal were
found to be important parameters in determining the
efficacies of dentine debris removal. Irrigation with
sodium hypochlorite is more effective than with water
and ultrasonic irrigation is more eflective than sonic
irrigation in the removal of dentine debris from the root
canal. The role of cavitation during PUI remains
inconclusive. No detailed information is available on
the influence of the irrigation time, the volume of the
irrigant, the penetration depth of the instrument and
the shape and material properties of the instrument.
The influence of irrigation frequency and intensity on
the streaming pattern as well as the complicated
interaction of acoustic streaming with the adherent
biofilm needs to be clarified to reveal the underlyving
physical mechanisms of PUL

Keywords: biofilm, cleaning, dentine debris, irriga-
tion, review, root canal, ultrasound.
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Introduction

With the endodontic procedures al our disposal it is
impossible to shape and clean the root canal com-
pletely. This is mainly due to the complex anatomy of
the root canal system (Ricucci & Bergenholtz 2003,
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Peters 20004, Nair et al. 2005). Irregularities of the root
canal wall in particular are a major concern, including
oval extensions, isthmuses and apical deltas (Wu &
Wesselink 2001, Ricucci & Bergenholtz 2003, Peters
2004, Nair et al. 2005). In fact, within oval canals only
40% of the apical root canal wall area can be contacted
by instruments when a rotating technique is used (Wu
et al. 2003). Therefore, irrigation is an essential part of
a root canal treatment as it allows for cleaning beyond
the root canal instruments.

The goal of irrigation is to remove pulp tissue
and/or microorganisms (planktonic or biofilm} from

International Endodontic Journal, 40, 416-426, 2007
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Endodontic Treatment in Patients with Antibiotic-resistant
Microflora: A Preliminary Report
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Abstract

Introduction: This study reports the antimicrobial
effect of photodynamic therapy (PDT) combined with
endodontic treatment in patients with necrotic pulp in-
fected with microflora resistant to a previous antibiotic
therapy. Methods: Thirty anterior teeth from 21
patients with periapical lesions that had been treated
with conventional endodontic treatment and antibiotic
therapy were selected. Microbiological samples were
taken (1) after accessing the root canal, (2) after
endodontic therapy, and (3) after PDT. Results: All
the patients had at least 1 microorganism resistant to
antibiotics. PDT used polyethylenimine chlorin(e6) as
a photosensitizer and a diode laser as a light source
(P = 40 mW, t = d4minutes, E = 9.6 J). Endodontic
therapy alone produced a significant reduction in
numbers of microbial species but only 3 teeth were
free of bacteria, whereas the combination of endodontic
therapy with PDT eliminated all drug-resistant species
and all teeth were bacteria-free. Conclusions: The
use of PDT added to conventional endodontic treatment
leads to a further major reduction of microbial load. PDT
is an efficient treatment to kill multi-drug resistant
microorganisms. (J Endod 2010;36:1463-1466)

Key Words
Antibiotic resistant bacteria, endodontic re-treatment,
laser, photodynamic therapy
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n the case of endodontic treatment failure, retreatment, surgical treatment, or extrac-

tion usually is carried out with the use of antibiotics and antiseptics as adjunctive ther-
apies, but the long-term use of these agents can be rendered ineffective by resistance
developing in the target organism (1). Currently, there is an emergence of bacteria
with multiple resistances, and there is a need for alternative antimicrobial approaches
(2-6).

The combination of conventional endodontic therapy and photodynamic therapy
(PDT) has been shown as an effective approach in reducing bacterial load in in vitro
and in vivo models (7-11).

This study investigated the combination of PDT with endodontic treatment in
patients with necrotic pulp harboring microflora resistant to a previous antibiotic
therapy.

Materials and Methods

Thirty teeth from 21 patients with periapical lesions who had been previously
treated with endodontic treatment associated with antibiotic were selected. The
patients were in good health and between the ages of 17 and 52 years. All the teeth
presented sights and symptoms of periapical periodontitis and apical bone lesion
detected by radiography, and some patients had pain by vertical percussion and/or
local edema, all requiring root canal retreatment on teeth with closed apices. The
same practitioner carried out this study in a private dental office in Sdo Paulo, Brazil,
The protocol was approved by the Institutional Review Board of the S0 Paulo Univer-
sity, and all procedures were conducted according to the principles of the Declaration
of Helsinki.

Endodontic Treatment

Thirty root canals from anterior teeth were re-treated and received endodontic
treatment followed by PDT. Microbiological samples were taken after accessing the
root canal, after endodontic therapy, and after PDT. The first microbiological sample
confirmed that all the patients had at least 1 microorganism resistant to antibiotic medi-
cation.

A periapical radiograph was taken for each case to determine the presence of
apical lesion, the canal morphology, and its length.

The access to the pulp chamber was gained after installation of a rubber dam, and
then the surrounding area received prophylactic asepsis and was irrigated with 5 mL of
chlorhexidine solution at 2% to ensure that the crown of the tooth had minimal micro-
bial load (8).

Once the canal was accessed, a Hedstrom file #15 (Maillefer Instruments SA, Bal-
laigues, Switzerland) was inserted inside the canal to remove the gutta-percha and root
canal sealer obturation; then the root canal was irrigated with 1 mL of sterile saline solu-
tion. The canal was dried with 3 sterile paper points (Dentsply Latin America, Petrop-
olis, Brazil) and left inside the root canal for 1 minute each. All 3 paper points were
combined for microbiological analysis. This procedure was the first microbiological
sampling representing the initial contamination. The paper points were deposited in
4 fresh sterile bottle with sterile nutrient broth.

Antimicrobial Effect of PDT Combined with Endodontic Treatment 1463
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Ahstract

Introduction: Effective root canal disinfection is a
fundamental component of successful root canal treat-
ment. Photodynamic therapy (PDT) has been proposed
as a new adjunctive method for additional disinfection
of the root canal system with the possibility of improved
treatment outcomes. The aim of this systematic review
was to investigate the effect of PDT on bacterial load
reduction during root canal disinfection. Methods:
Two reviewers independently conducted a comprehen-
sive literature search using a combination of medical
subject heading terms and key words to identify studies
relevant to the Population Intervention Control Outcome
question. The selection of articles for inclusion was per-
formed in 2 phases based on predetermined eligibility
criteria according to Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guide-
lines. Inter-reviewer agreement for each phase was
recorded. The effect of PDT on bacterial load reduction
during root canal disinfection was evaluated as the pri-
mary outcome variable during data extraction. Results:
The literature search provided 57 titles and abstracts.
Three articles met the inclusion criteria and were
selected for this systematic review. The reasons for study
exclusion in each phase were recorded. Because of the
heterogeneity in clinical indications and PDT protocols
among the included studies, a meta-analysis could not
be performed. All included studies showed a positive ef-
fect of PDT in the reduction of microbial load in root canal
treatment ranging from 91.3%-100%. Conclusions:
Limited clinical information is currently available on the
use of PDT in root canal disinfection. If supported by
future clinical research, PDT may have efficacy for addi-
tional root canal disinfection, especially in the presence
of multi-drug-resistant bacteria. (J Endod 2014; :1-8)

Key Worids

Antibacterial, bacteria reduction, light-activated disin-
fection, photodynamic therapy, reactive oxygen species,
root canal disinfection

ffective root canal disinfection is undoubtedly a fundamental component of success-

ful root canal treatment. Contemporary techniques include the mechanical debride-
ment and shaping of the root canal system with emphasis on various nickel-titanium
(NiTi) rotary systems, intracanal irrigation with antimicrobial/tissue dissolving agents,
and interappointment dressings. However, several studies have reported that rotary and
hand instruments are equally effective in bacteria reduction, and despite the improved
efficiency of NiTi systems, there is no difference in antimicrobial reduction (1, 2).
Regarding chemotherapeutic agents, sodium hypochlorite (NaOCl) has been
considered as the “gold standard” because of its antibacterial and tissue dissolution
properties (3, 4). Nevertheless, numerous studies have verified that complete
elimination of bacteria from the root canal system cannot be consistently achieved
with any of the currently used techniques and combinations (1, 5-9).

In search of new methods to provide additional disinfection for the root canal sys-
tem and presumably improve treatment outcome, novel techniques including various
laser wavelengths (10); hydraulic (eg, Endo-Vac; SybronEndo Corporation, Orange,
CA) (11), sonic (12), and ultrasonic (13, 14) irrigation; and gaseous ozone (15)
and photodynamic therapy (PDT) (16) have been proposed in the literature. PDT is
an antimicrobial strategy defined as “light induced inactivation of cells, microorganisms
and molecules” (17). In principle, it uses a nontoxic photosensitizer that is selectively
absorbed in a target tissue and a low-intensity light source. Upon photo-induced acti-
vation of the photosensitizer, in the presence of oxygen, a series of reactions produce
free radicals and singlet oxygen molecules leading to bacterial eradication. Singlet ox-
ygen diffuses to a distance of approximately 100 nm with a half-life of <0.04 microsec-
onds (18). The photodynamic effect or the extent of tissue/cell damage depends on the
type, dose, incubation time, and localization of the photosensitizer; the availability of
oxygen; the wavelength of light (nm); the light power density measured in mW/cm?;
and the light energy fluency. Of all the PDT dosimetry parameters, fluency appears to
cause some confusion. Some authors use the cross-sectional area of the light source,
whereas others use a light effect on a determined area. In either case, fluency represents
the rate of deposited energy in a specified area and is expressed in J/em”. Because of its
high antibacterial potential, PDT has been suggested as an adjunct to conventional end-
odontic disinfection protocols.

Currently, the use of PDT in endodontic therapy has been tested in terms of bac-
terial load reduction #n zivo (16, 19, 20) as well as in vitro (21, 22) and ex vivo (23)
and has shown promising results. A recent systematic review of PDT against Entero-
coccus faecalis provides a direct comparison of these studies (24). Despite recent
research efforts to study the effect of PDT on the disinfection of the root canal system,
no effort has been made to evaluate the efficacy of this approach by means of a system-
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SUMMARY

Laser technology applied to endodontics, initially investigated in 1971, expanded in the 1990s with the development of fiber-
optic delivery systems, and lately has undergone an important evolution. Mew technologies (including impulses of reduced length,
radial-firing and stripped tips) and techniques (such as laser-activated irrigation [LAI] and photon-initiated photoacoustic streaming™
[FIPS™]) have simplified laser use in endodontics while minimizing undesirable thermal effects on the dentinal walls. The use of very
low energy to activate (ie, warm and agitate] the common endodontic irrigants, such as ethylenediaminetetraacetic acid (ECTA) or
sodium hypochlorite, has proven effective for the LAl technique, enhancing baoth the smear layer cleaning ability and the bacterial

reduction activity.

INTRODUCTION

Given the complex root canal anatomy and the limited ability
af chemical irrigants to three-dimensionally clean and disinfect
the entire endodontic space,+= the use of lasers was seen as a
possible means of adjunctively enhancing the effectiveness of
endodontic treatment:+7

Many laser wavelengths (from 532 nm to 10,600 nmj clinically or
experimentally used in dentistry have bactericidal capabilities
because of their thermal effect which generates structural
modifications in bacteria cells. 511 With the different penetration
depths of various wavelengths and the varied morphological
alterations of the root canal surface commanly observed after
laser irradiation, an overall consensus on the positive effects of
lasers in endodontics still has not been reached.,

Conventional endodontics utilizes different types of activation
of the irrigants. Sirtes et al. reported that warming the sodium
hypochlorite from 20°C to 45°C enhanced the killing efficacy of
sodium hypochlorite.? Stojicic et al. reported that the effect of
agitation of irrigants on tissue dissolution was greater than that
of temperature, and continuous agitation of sodium hypachlorite
resulted in the fastest tissue dissolution.”® Accordingly, different
agitation technigues have been proposed to improve the
efficacy of irrigation solutions, including hand agitation and
sonic and ultrasonic devices.13'# Other studies have investigated
the ability of some laser wavelengths to activate the commanly
used irrigant solutions within the canal. This technique, called
laser-activated irrigation (LAI), has been shown to be statistically
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maore effective in removing debris and smear layer in root canals
compared to traditional techniques (hand irrigation and passive
ultrasonic irrigation).|5-17 Recent studies have also reported

how the use of an ErYAG laser, used at very low energy (20 to
50 mJ, 10 to 15 Hz, with a 400-micron tip in the so-called PIPS
technigue), in combination with commaonly used irrigants,
resulted in a superior debris and smear layer removal and
bacterial reduction, without thermal damage to the arganic
dentinal structure, when compared to traditional and ultrasonic
technigues,!®20

This manuscript describes and reviews the evolution of laser
technigues and technologies in the cleaning and bacterial
reduction of the endodaontic system.
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Abstract

de Groot SD, Verhaagen B, Versluis M, Wu M.-K,
Wesselink PR, van der Sluis LWM. Laser-activated irriga-
tion within root canals: cleaning efficacy and flow visualization.
International Endodontic Journai, 42, 1077-1083, 2009,

Aim To test ex vive the efficiency of laser-activated
irrigation in removing dentine debris from the apical
part of the root canal and to visualize in vitro the fluid
dynamics during the activation of the irrigant by laser,
using high-speed imaging at a relevant timescale.

Methodology Root canals with a standardized
groove in one canal wall filled with dentine debris
were irrigated with syringe irrigation. ultrasonically or
laser-activated irrigation (LAI) using 2% sodium hypo-
chlorite as irrigant. The quantity of dentine debris after

irrigation was determined. Visualization of the fluid
dynamics during activation was achieved using a high-
speed camera and a glass model.

Results Laser-activated irrigation was significantly
more effective in removing dentine debris from the
apical part of the root canal than passive ultrasonic
irrigation or hand irrigation when the irrigant was
activated for 20 s,

Conclusions The in vitro recordings suggest that
streaming, caused by the collapse of the laser-induced
bubble, is the main cleaning mechanism of LAL

Keywords: irrigation, laser, root canal, ultrasound,
visualization.
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Introduction

An important procedure during root canal treatment
is the irrigation of the root canal. Syringe irrigation
is the standard procedure but unfortunately, syringe
irrigation is not effective in the apical part of the root
canal (Ram 1977, Salzgeber & Brilliant 1977, Abou-
Rass & Patonai 1982, Druttman & Stock 198%) and
in isthmuses or oval extensions (Lee ef al 2004,
Burleson et al. 2007). Therefore, acoustic and hydro-
dynamic activation of the irrigant have been devel-
oped (Weller et al. 1980, Lumley et al. 1991, Lussi
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et al. 1993), which have been shown to contribute
to the cleaning efficiency (Lumley et al. 1991, Lussi
etal. 1993, Roy et al. 1994). The physical mecha-
nisms underlying these cleaning procedures, how-
ever, are not well-understood (van der Sluis et al.
2007a).

Laser-activated irrigation (LAI) has been introduced
as a powerful method for root canal irrigation
(Blanken & Verdaasdonk 2007, George & Walsh
2008, George et al. 2008). The laser radiation pro-
duces transient cavitation in the liguid through
optical breakdown by strong absorption of the laser
energy (Blanken & WVerdaasdonk 2007), LAl can
result in smear layer removal from the root canal
wall, but also cause extrusion of irrigant through the
apex (George & Walsh 2008, George et al. 2008).
However, the removal of dentine debris from the root
canal by LAI has not yet been studied. Furthermore,
Blanken & Verdaasdonk (2007) suggested repeating

International Endodontic Journal, 42, 1077-1083, 2009
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Abstract

Background: The aim of this study was to evaluate the effectiveness in dentin debris and smear layer removal from
root canal walls using EDTA and QMix® alone and also activated with Nd:YAG laser.

Material and Methods: 50 single-rooted teeth were instrumented and divided in 5 groups according to irrigation
protocol: 17% EDTA, QMix®, Nd:YAG laser alone, and combination of 17% EDTA - Nd:YAG laser and QMix®
- Nd:YAG laser. Samples were evaluated using SEM. Statistical analysis was done using Chi-Square Fisher exact
test and McNemar test.

Results: Dentinal debris analysis showed statistically significant differences when comparing 17% EDTA vs Laser
and Laser vs QMix® in combination with Laser at the apical third. The Smear Layer analysis also showed sta-
tistically significant differences at the apical third when comparing 17% EDTA vs Laser, QMix® vs QMix® in
combination with Laser and Laser vs QMix® in combination with Laser.

Conclusions: 17% EDTA was the most efficient irrigant showing the best results. Laser alone was not effective

removing either dentinal debris or smear layer.

Key words: Laser, endodontics, Smear Layer.

Introduction

The smear layer is a microscopic layer formed after root
canal instrumentation and located along the root canal
walls. It blocks dentinal tubule orifices and creates an
interface between filling material and root canal wall,
affecting sealing ability of the root canal system. The
width of this layer 1s between | to 2 microns (1) and 1t
reduces penetration of irrigants and sealers into dentinal
tubules (2,3).

89

e70

Some studies have shown that mechanical instrumenta-
tion and chemical action of NaOCI are not enough to
remove the smear layer totally from the root canal wall
(4,5). Chelating agents are used for its removal. QMix®
(Denstply-Maillefer, Tulsa, USA) has been recently
launched, composed of an antimicrobial agent, Chlor-
hexidine, mixed with a chelating agent, EDTA, and a
surfactant (6).

Laser technology has been developing for several years
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Abstract

Introduction: This study examined the ability of two
versions of QMix, an experimental antimicrobial imigant,
on removal of canal wall smear layers and debris using
an open canal design. Methods: Cleaned and shaped
single-rooted human root canals were irrigated with NaOCl
as the initial irrigant and one of the following as the final
imigant: (1) QMix | (pH = 8), (2) QMix Il (pH = 7.5), (3)
distilled water, (4) 17% EDTA, and (5) BioPure MTAD
(Dentsply Tulsa Dental Specialties, Tulsa, OK). Smear and
debris scores were evaluated in the coronal, middle, and
apical thirds of longitudinally fractured canal spaces using
scanning electron microscopy and analyzed using Cochran-
Mantel-Haenszel statistic. Results: Smear scores, when
the overall canal was considered, differences were
observed among groups except groups 1 wversus 4 and
groups 2 versus 4. After adjusting for canal levels, all
groups differed significantly from each other (p < 0.005)
with the exception of groups 2 versus 5. For the debris
scores, no significant difference was observed among the
treatment groups when the overall canal was considered
and after adjusting for the effect of canal level. Conclu-
sion: Within the limitations of an open-canal design, the
two experimental QMix versions are as effective as 17%
EDTA in removing canal wall smear layers after the use of
5.25% NaOCl as the initial rinse. (J Endod 2011;37:80-84)

Key Words
Antimicrobial, canal level, chelation, debris, root canal
irrigant, smear layer, surfactant
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tis impossible to create a sterile space in infected root canals with mechanical prep-

aration alone because of the complexity of root canal systems (1-3). Pulpal tissue
remnants and inorganic debris remain even in well-shaped canals, especially in those
areas with which the instruments do not come in contact (4). Rotary instruments that
used a conventional single-shaft design, regardless of the instrumentation technique,
never contacted canal walls completely (5). The amount of residual tissues was
much more in canals that were treated without irrigation than those in which root canal
irrigants were used (6). Thus, irrigants are essential for successful debridement of the
root canals after mechanical shaping procedures (7). Although canal wall smear layers
may reduce dentin permeability and prevent baclerial penetration into dentinal tubules
(8, 9), they may prevent irrigants and medications from accessing infected dentinal
tubules (10). An infected smear layer containing bacteria and necrotic tissue may
also act as a substrate for the multiplication of those bacteria (11, 12).

The use of NaOCl and EDTA has been reported to be effective in removing pulpal
tissue remnants and the organic and inorganic components of the smear layer (13, 14).
BioPure MTAD (Dentsply Tulsa Dental Specialties, Tulsa, OK), has shown promise as an
antimicrobial against Enferococeus faecalis (15-18) and as a smear layer removal
agent (19-21) after the use of 1.3% NaOCl as the initial rinse. However, the
antimicrobial efficacy and substantivity of this irrigant combination has been
challenged (22-24). BioPure MTAD is also relatively ineffective against E. faecalis
biofilms (25-27), which are more difficult to eliminate and more resistant to
antimicrobial agents than planktonic bacteria (28, 29). It is effective in removing
canal wall smear layers but demineralizes intraradicular dentin (30).

An experimental antimicrobial root canal irrigant (QMix) and its modifications
containing a mixture of a bishiguanide antimicrohial agent, a polyaminocarboxylic
acid calcium-chelating agent, saline, and a surfactant have been found to be more effec-
tive than BioPure MTAD against bacterial biofilms (Dr Markus Haapasalo, personal
communication, August 2010). As little information is available on the ability of
QMix in removing pulpal debris and canal wall smear layers, the objective of the present
study was to evaluate its effectiveness in removing canal wall debris and smear layer
from the coronal third, middle third, and apical third of root canals. The null hypothesis
tested was that there are no differences in the ability of two versions of QMix, BioPure
MTAD, and 17% EDTA as final irrigants to remove canal wall debris and smear layer
from different parts of the root canals.

Fifty extracted human single-rooted teeth were radiographed to ensure that each
tooth contained one canal and that an equal number of narrow (33%) and wide canals
(67%) were present in the experimental groups. Each tooth was decoronated at 17 mm
from the anatomic apex. Working length was established at 1 mm short of the apical
foramen. Each tooth was prepared using a crown-down technique to size 50, 0.06 taper
using the stainless steel hand files and ProTaper Universal nickel titanium rotary instru-
ments (Dentsply Tulsa Dental Specialties).

Because the objective of the study was to evaluate the effectiveness of the irrigants
instead of the efficacy of root canal irrigation (20, 21), an “open-system” design (31)
with an unsealed root apex (13) that permits air and vapor communication between the
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Abstract

Konstantinidi E, Psimma 2Z, Chavez de Paz LE,
Boutsioukis C. Apical negative pressure irrigation versus
syringe irrigation: a systematic review of cleaning and
disinfection of the root canal system. International Endodontic
Journal, 50, 1034-1054, 2017.

The aim of this study was to systematically review
and critically analyse the published data on the treat-
ment outcome (primary outcome) and on the clean-
ing and disinfection of root canals (secondary
outcomes) achieved by negative pressure irrigation as
compared to syringe irrigation. An electronic search
was conducted in EMBASE. LILACS, PubMed, SciELO,
Scopus and Web ol Knowledge ng both free-text
keywords and controlled vocabulary. Additional stud-
ies were sought through hand searching of endodon-
tic journals and of the relevant chapters of
endodontic textbooks, No language restriction was
imposed. The retrieved studies were screened by two
reviewers according to predefined criteria. Included

studies were critically appraised and the extracted
data were arranged in tables. The electronic search

and hand search retrieved 489 fitles. One clinical
study and 14 in vitre studies were finally included in
the review: none of these studies assessed treatment
outcome, four studies assessed the antimicrobial
effect, seven studies evaluated the removal of pulp tis-
sue remnants, and four studies investigated the
removal ol hard tissue debris or both hard tissue deb-
ris and pulp tissue remnants. Poor standardization
and description of the protocols was evident. Incon-
clusive results were reported about the cleaning and
disinfection accomplished by the two irrigation meth-
ods. Negative pressure irrigation was more effective
under certain conditions when compared to subopti-
mal syringe irrigation: however, the variability of the
protocols hindered guantitative synthesis, There is
insufficient evidence to claim general superiority of
any one of these methods. The level of the available
evidence is low. and the conclusions should be inter-
preted with caution.

Keywords: cleaning, disinfection, irrigation, needle,
negative pressure, syringe.
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Introduction

Irrigation is considered an essential part of root canal
treatment as it reinforces the cleaning and

Correspondence:  Christos  Boutsioukis, Department  of
Endodontology, Academic Centre for Dentistry Amsterdam
{ACTA), Gustav Mahlerlaan 3004, 1081 LA, Amsterdam,
The Netherlands (Tel: +31 20 59 8014(: e-mail: c.bout
sioukis@acta.nl).

International Endadontic Journal, 50, 1034-1054, 2017

91

disinfection of areas of the root canal system that
have been insufliciently affected by instruments
(Peters et al. 2001, Gulabivala et al. 2005, Paqué
et al. 2010). Additional cleaning and disinfection are
achieved through the chemical and mechanical dis-
ruption and removal of bacteria and especially bio-
film, pulp tissue remnants, dentine debris and of the
smear layer by the irrigant, provided that it can reach
them (Gulabivala et al. 2005, Zehnder 2006, Boui-
sioukis & van der Sluis 2015). Multispecies microbial
biofilms in remote areas of the root canal system are

& 2016 International Endodontic Journal. Published by John Wiley & Sons Ltd
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Anhstract

Introduction: Enterococcus faecalis is a species
commonly isolated from persistent root canal infections.
The purpose of this study was to compare the antibacte-
rial effects of different disinfecting solutions on young
and old E. faecalis biofilms in dentin canals using
a novel dentin infection model and confocal laser scan-
ning microscopy (CLSM). Methods: The bacteria were
introduced into the dentinal tubules by centrifugation.
After 1 day and 3 weeks of incubation, 40 infected
dentin specimens were subjected to 1 and 3 minutes
of exposure to disinfecting solutions, which included
2% sodium hypochlorite (NaOCI) (EMD Chemicals Inc,
Darmstadt, Germany), 6% NaOCl, 2% chlorhexidine
(CHX) (Sigma Chemical Co, St Louis, MO), and QMiX
(Dentsply Tulsa Dental, Tulsa, OK). The proportions of
dead and live bacteria inside the dentinal tubules after
exposure to these disinfectants were assessed by
CLSM using a LIVE/DEAD bacterial viability stain.
Results: Significantly fewer bacteria were killed in the
3-week-old dentin biofilm than in the 1-day-old biofilm.
Three minutes of exposure resulted in more dead
bacteria than 1 minute of exposure for both biofilms
in all experimental groups (P < .05). Six percent NaOCI
and QMiX were the most effective disinfecting solutions
against the young biofilm, whereas against the 3-week-
old biofilm, 6% NaOCl was the most effective followed
by QMiX. Two percent NaOCl was equally effective as
2% CHX. All the disinfecting agents killed significantly
more bacteria than the sterile water used as a negative
control (P < .05). Conclusions: Within dentin canals,
bacteria in established biofilms are less easily killed by
endodontic medicaments than bacteria in young
biofilms. (J Endod 2012;38:1376-1379)

Key Words
Biofilm, confocal laser scanning microscopy, dentin, disinfection, Enterococcus
faecalis

pical periodontitis is an inflammatory reaction of periradicular tissues caused by

microbial infection in the root canal (1, 2). Free-floating microorganisms in the
root canal space can attach to each other and grow into biofilm as a microbial commu-
nity on the dentin walls (3). The maturity of the biofilm is known to influence its resis-
tance to being killed by antibacterial agents (4). Bacteria in mature biofilm can resist the
action of antibacterial irrigants and are remarkably difficult to eradicate, even though
the reason for this resistance is not completely understood (3).

Enterococcus faecalis is a commonly isolated species that may play a role in
persistent endodontic infections (6). The development of these infections may be
caused by £. faecalis having inherent antimicrobial resistance, the ability to adapt to
harsh environmental changes, and the ability to invade into the dentinal tubules where
theyare protected from endedontic medicaments and are therefore difficult to eliminate
(7, 8). A number of laboratory studies have evaluated the efficacy of antimicrobial
agents used in root canal treatment against £. faecalis biofilms at different stages of
growth and on planktonic culture (4, 9—11). Shen et al (3) studied the susceptibility
of multispecies biofilms to chlorhexidine (CHX) at different phases of growth from 2
days to several months on a hydroxyapatite disk model and found that bacteria in
mature biofilms are much more resistant to being killed by CHX than bacteria in young
biofilms. Most of the previous studies have used young biofilms only, and, therefore,
the good results noted in the laboratory may not correlate well with the clinical reality
(12-14). Variables such as the properties of dentin and the degree of bacterial invasion
into the dentinal tubules are difficult to standardize (15, 16).

Recently, a novel dentin infection model was introduced to allow a standardized
and deep penetration of £, faecalis into dentinal tubules using the power of centrifu-
gation (17). Previous results from studies using this model showed that various anti-
bacterial solutions differed in their ability to kill 1-day-old £ faecalis biofilm in
dentin. However, it is likely that root canal biofilms are usually several weeks or months
old when the treatment is started (18, 19). Presently, little, if anything, is known about
the effect of biofilm age on the effectiveness of disinfecting agents against bacteria in
dentin canals. The aim of the present study was to measure the killing of 1-day- and
3-week-old E. faecalis biofilms in dentinal tubules by different disinfecting solutions
using a new dentin infection model and confocal laser scanning microscopy (CLSM).
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Continuous Instrumentation

and Irrigation: The Self-Adjusting

File (SAF) System

Zvi Metzger and Anda Kfir

11

Abstract

The recently introduced self-adjusting file (SAF) system is the first of its
kind, performing continuous and simultaneous instrumentation and irriga-
tion. As an instrumentation device it adapts itself to the shape of the canal,
including its cross section, as opposed to most rotary file systems that
machine the canal to the shape of the file. The SAF system removes a
uniform dentin layer from all around the canal as opposed to rotary files
which are using excessive removal of sound dentin in attempt to include
the whole canal within the preparation. Combined with its effective irriga-
tion, it allows a new concept of minimally invasive endodontics. The SAF
system is a no-pressure irrigation system combined with an added mechan-
ical scrubbing effect. The effective cleaning of oval canals enables more
effective disinfection and better obturation than can be achieved with
rotary files. Its scrubbing effect is also useful in the final stage of retreat-
ment as well as in the treatment of root canals of immature teeth.

The Role of Irrigants in Endodontic

Treatment

gation needle can be inserted to a working length
would always provide clean, ready-to-fill canals.
Unfortunately, this simple concept, which may

If the simple idea that “the file shapes; the irrig-
ant cleans” was always true, there would be no
need for special irrigation systems. Shaping a
canal with rotary files to the extent that a thin irri-

Z. Metzger, DMD (I]) » A. Kfir, DMD
Department of Endodontology, The Goldschlager
School of Dental Medicine, Tel Aviv University,
Ramat Aviv, Tel Aviv 69978, Israel

e-mail: metzger.zvi@gmail.com;
dr.andakfir@gmail.com

© Springer International Publishing Switzerland 2015

be effective in narrow, straight canals with a
round cross section, fails to deliver the desired
result in oval canals [23, 59, 72, 77, 100]. Such
canals represent 24 % of the total number of root
canals, and in certain types of teeth, the incidence
of oval canals can reach 90 % [29, 50, 58, 99].
Furthermore, the assumption that the above
concept provides adequate cleaning of the whole
canal has led to an oversimplified approach to root
canal treatment: one only has to machine the canal
to a certain shape to accommodate a similarly
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Irrigation: beyond the smear layer

MARKUS HAAPASALO, WEI QIAN & YA SHEN

Traditionally, much of the attention placed on irrigation in endodontics has focused on smear layer removal. While
the smear layer continues to be a relevant topic, other areas related to irrigation and irrigants have emerged that
also require a more in-depth analysis and understanding. This review starts with the smear layer, partially from a
new angle, and expands into other topics such as uninstrumented root canal areas, and effect of irrigation in lateral
canals and dentin canals. Advanced microbiological models for irrigation research will be presented and discussed.
The effect of sodium hvpochlorite and decalcifving solutions on dentin structure and dentin strength has become
an important topic, which is related to the possible harmful effects of irrigation such as dentin erosion and even
vertical root fracture. The impact of irrigant sequence and time of exposure will also be discussed, and

recommendations for irrigation protocols will be made.

Received 5 February 2013; accepted 6 March 2013.

Introduction

Irrigation is regarded as a centrally important part
of successful root canal treatment. Irrigation and
irrigating  solutions have a variety of different
physical /mechanical,  chemical,  biological, and
microbiological effects, most of which have been
discussed in other articles of this volume of
Endodontic Topics. Because of the importance of
irrigation, for decades it has been a continuous focus
of interest in endodontic research. Table 1 shows the
results of a Medline search using keywords describing
several  topics related to root canal irrigation.
Although this search was far from exhaustive, it gives
a rough view of the relative popularity of these
topics. It 1s clear that while some areas have been
extensively studied, others have gained much less
attention. Removal of the smear layer, for example,
has been thoroughly explored, whereas topics such as
denti
predentin, and endodontic biofilm are addressed only
in a limited number of studies. The purpose of this
review is to present a summary of the effects of
irrigation in the various parts of the root canal
environment, starting from the smear laver and then
extending beyond the smear layer to the lesser
known areas of root canal irrigation.

1 erosion, uninstrumented root canal areas,
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Smear layer

A smear layer always forms when a metallic endodontic
instrument touches a mineralized dentin wall within a
root canal (Fig. 1). Therefore, the smear layer always
consists of mineralized dentin, but often also of
predentin, remnants of pulp tissue, bacteria, and
biofilm (1-3). The smear layer is caused by hand and
rotary stainless steel and NiTi files as well as by
ultrasonic tips and various burs that are used in the root
canal. However, the smear layer is not created by
instruments which are softer than dentin; for example,
an EndoActivator tip hitting a canal wall at high
frequency does not create a smear layer. The smear layer
is a thin, amorphous layver, ca. 0.5-2 um thick, that
covers the dentin surface and thus hides the openings of
the dentin canals (Figs. 2 and 3). Sometimes, part of the
smear layer,/dentin debris has been pushed into the
dentin canals by instruments to a depth of even several
micrometers. The smear layer that forms in teeth with
pulpitis has one important difference from the smear
laver that forms in teeth with apical lesions: bacteria and
antigenic material are present only in the latter. This
difference may affect a dentist’s decision regarding the
necessity of smear layer removal.

The smear layer should be removed for the following
reasons: (i) it may contain microbial cells and antigens
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Effects of mechanical and chemical
procedures on root canal surfaces

KISHOR GULABIVALA, BINA PATEL, GLYNIS EVANS & YUAN-LING NG

Root canal treatment may be performed on teeth with
irreversibly inflamed dental pulps to prevent apical
periodontitis or on teeth with apical periodontitis to
treat it. The presenting condition of the root canal
surface may therefore vary from that of an intact pulp-
dentine complex, through partially degraded pulp
tissue with infection, to a dentine surface coated with
a mature bacterial biofilm (1). Subsequent treatment
procedures will alter the surface in ways that depend
upon the root canal anatomy, the instruments used, the
strategy and mode of their use, and the chemicals used
to facilitate debridement. The effects range from
displacement and /or deformation of soft and,/or hard
tissue components, to changes in the biological,
mechanical, and chemical propertics of the root canal
dentine surface. These changes may have a profound
cffect on the survival of the tooth, both in terms of
progression of apical periodontitis and the long-term
integrity of the tooth. An evidence-based synthesis of
the literature on the chain of events associated with the
effects of root canal treatment, on the internal dentine
surfaces, has required subjective assimilation. The mass
of published, largely laboratory data, relevant to the
topic is heterogenous and contradictory, leaving room
for conjecture, differences of opinion, and further
questions. The original questions posed in laboratory
studies were not guided by clinical outcome data and
therefore lacked relevant focus. The synthesized view
presented below is based on the authors’ interpretation
of the literature findings, sought systematically by hand
and electronic search methods.

Presenting condition of root canal
surfaces before treatment

Before the effects of treatment procedures on root
canal surfaces can be evaluated, the condition of the
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presenting surfaces must be appreciated. Since root
canal treatment may be carried out on teeth with or
without apical periodontitis and with vital or necrotic
pulp tissue, a diverse range of conditions may present,
especially considering the age of the patient ar
presentation.

Influence of canal anatomy

The complexity of the root canal system and the
patterns of prevalence of types of systems in different
teeth and roots are well documented in different racial
groups (2-5) and are reviewed elsewhere in this volume.
These have a dominant effect on the outcomes of
mechanical (6) and therefore chemical preparation (7).

Surface characteristics of the uninfected root
canal surface

During elective pulpectomy on a tooth with healthy
pulp tissue, a normal pulp—dentine complex would be
encountered. Extirpation of the pulp tissue may leave
odontoblasts either remaining in the dentinal tubules
(8) or torn out. Depending upon the condition of the
pulp tissue, it may fragment or be removed largely in
one piece (Fig. 1). It is likely that the apical parts of the
pulp, which are more fibrous, and those in accessory
anatomies may remain (7, 9, 10-12), particularly in
curved canals (9, 13, 14). A dving pulp, deprived of a
blood supply, may shrink and pull away from the
dentine surface (Fig. 2). Otherwise, an uninfected,
necrotic pulp may remain behind as a dried vestige of
the vital organ.

In contrast, an inflamed pulp would lose its
organization and break down, leaving variable frag-
ments of necrotic tissue over the dentine surface. If the
pulp had been invaded by bacteria, the fragmentation
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Quantitative Analysis of the Effect of Irrigant Solution
Sequences on Dentin Erosion

Wei Qian, DDS, PhD, Ya Shen, DDS, PhD, and Markus Haapasalo, DDS, PbD

Abstract

Objective: The purpose of the study was to examine the
level of erosion on root canal wall dentin caused by
immersion in different irrigant solutions in altemative
sequences, Methods: Dentin specimens from teeth
with one root canal were instrumented and randomly
divided into five groups. Each group was subjected to
17% EDTA, 17% ethyleneglycoltetraacetic acid (EGTA),
or 10% citric acid (CA) and 5.25% sodium hypochlorite
(NaOCl) varying the time of irrigant exposure and the
order of the irrigants. The specimens were examined
by scanning electron microscopy (SEM), and randomized
digital images of the dentin surface were taken. The area
of tubule openings was measured by a semiautomatic
method. Results: No erosion was detected when demin-
eralizing agents were used as a final rinse after NaOC|.
However, the erosion of peritubular and intertubular
dentin was detected when EDTA, EGTA, or CA were
used first followed by 5.25% NaOC| (P < .05), and an
increase over 100% in the area of dentin tubule openings
was measured (P < .01). Conclusions: NaOC| used as
a final irrigant solution after demineralization agents
causes marked erosion of root canal dentin. (J Endod
2011;37:1437-1441)

Key Words
Dentin, endodontic, erosion, irrigant, irrigation, scan-
ning electron microscope
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Cm'renl methods of cleaning and shaping root canals produce a smear layer that
covers the instrumented areas of the walls (1), Irrigation is considered the best
method for the removal of tissue remnants and the smear layer (2, 3). Complete
removal of the smear layer requires the use of a chelating agent or other
demineralizing agent and a soft-tissue solvent because no single solution is capable of
providing both effects (4). Although the combination of EDTA and sodium hypochlorite
(NaOCl) have been advocated as an effective irrigation regimen to remove the organic
and inorganic matter (5-9), there is no clear consensus regarding the ideal
irrigation sequence, volume, and application time in the literature. Although NaQCl is
used during instrumentation, EDTA is preferably used at the end of instrumentation to
complete the removal of the smear layer (5, 10). Sufficient time and volume of NaOCl
ensures a high disinfecting efficacy and enables NaOCl to penetrate into the dentin.
On the other hand, a final flush of NaOCI has also been advocated because after
smear layer removal NaOCl could better reach areas previously covered by the smear
layer (11).

Root canal irrigation with the previously described solutions can lead to structural
changes, as evidenced by the reduction of dentin strength, microhardness, and changes
in surface roughness (12-14). Baumgartner and Mader (6) reported that when EDTA
and NaOCl solutions were alternately applied to an uninstrumented root canal wall
dentin showed an eroded appearance, and tubular orifice diameters were enlarged.
Contflicting results have been obtained from some in vitro studies regarding the dentin
surface afier different irrigation protocols (7, 15, 16). Many studies have suffered from
specific limitations, such as qualitative evaluation based on nonrandomized selection of
the ohservation areas and analysis done by scores. The lack of standardization of many
of the studies makes it difficult to fully understand the effect of irrigation sequences on
dentin surface. Therefore, the purpose of the present study was to examine the effect on
root canal wall dentin by immersion in different irrigant solutions in alternative
sequences and to quantify and compare the level of erosion caused by the chemical
treatments using a quantitative analysis with a semiautomatic method.

Eighty-four extracted single-rooted human teeth with one root canal without
previous endodontic treatment were selected for the study. The study was approved
by the university research ethics board. The teeth were stored in 0.01% NaOCl at
4°C after the root surface was cleaned with curettes. The teeth were thoroughly rinsed
with distilled water before the experiments. The crowns were removed at the cementoe-
namel junction using high-speed bur under water cooling. At least 3 mm of coronal and
apical root were removed; only the 5-mm-long middle part was used in the experiment.
Residual pulp tissue was removed by fine barbed broaches. The canal wall was then
instrumented by circumferential filing using #40 Hedstrom hand files (Dentsply Mail-
lefer, Ballaigues, Switzerland) for 1 minute. Afier instrumentation, external grooves
were made on buccolingual surfaces of the roots with a diamond disc, and the tooth
blocks were splitinto two halves by a single edge razor blade and a hammer. The dentin
blocks were randomly divided into the experimental groups and treated with 5.25%
NaOCl (VWR, Mississauga, Canada), 17% EDTA (pH = 7.0), 17% ethyleneglycoltetra-
acetic acid (EGTA) (pH = 7.0), and 10% citric acid (CA) (Fisher Scientific, Ottawa,
Canada) with designated sequence and timing as shown in Table 1. Each tooth block
was put into a 15-mL capped test tube containing one of the previously described solu-
tions, and the tube was constantly rocked for mixing. The specimen was rinsed
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What We Leave Behind In Root
Canals After Endodontic Treatment:
Some Issues and Concerns

Editor's Note:

This article is based on a presentation to the |13th
Asian Pacific Endodontic Confederation Scientific
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Abstract

The benefits of using sodium hypochlorite (NaOCl}
and ethylenediaminetetraacetic acid (EDTA) as
endodontic irrigants, and calcium hydroxide as an
inter-appointment medicament, are well known to
dentists. Many steps undertaken during endodontic
treatment and retreatment are rather mechanical in
nature, and less attention is committed to
understanding the biological issues underlying
endodontic treatment and retreatment. It should be
noted that dentine is the fundamental substrate in
endodontic treatment, and its properties and
characteristics are the key determinant of nearly all
disease and post-disease processes in the teeth. In
this article the effects and counter-effects of NaOClI
and EDTA on root canal dentine, and some other
related issues are reviewed. This information will
enable clinicians to use the beneficial effects of these
chemicals, while necessary steps are considered to
reduce their harmful effects on dentine substrate.

Introduction

It is now widely accepted that apical periodontitis 15 an inflam-
matory destruction of periapical tissues caused by the presence of
aetiological agents from the root canal system (1) It is also widely
accepted that the main cause of apical periodontitis is the presence
of bactena in the root canal systemn since Kakehashi et al. showed in
1965 that no apical periodontitis developed in germ-free rats when
their molars were kept open to the oral cavity (2). Traditonally, root
canal treatment 15 carried oul to retain a tooth with apical perio-
dontitis in a disease-free state in the oral cavity, and this objectve
of endodontic treatment 15 achieved by (i) deaning and shaping
the root canal system, and (i) by root filing the prepared root
canal lumen.

ALl
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The cleaning and shaping step s ntended to dwsinfect and
remove dead tssue, bactena and bactenial products from the root
canal system. Shaping of root canals facilitates irrigation of the root
canal system and subsequent root filling. The filing of the root canal
systern is meant to seal the periapical region from the root canal and
to "bury” any remnant bacteria in the dentinal tubules. The purpose
of the roct filling is to deprive remnant bacteria of any nutrients and
to prevent the entry of any bady fluids mto the root canal space. In
doing so, most teeth with apical periodontitis heal (3). However,
according to some investigators bactena remaining in the dentinal
tubules, though they may be buned by a root filling, would con-
stitute an important reservoir from which reinfection may occur (4).
Furthermare, the importance of a well-sealed coronal restoration
has also been emphasised for a better treatment outcome (5).

Past studies have shown that instrumented cleaning of the root
canal system with files will not be sufficent to remove tissues and
bacteria. This is mainly because of the complex anatomy and vaned
configurations of rool canal systems. Geometncally symmetrical
instruments will not be able to reach many naturally occurnng
depressions, cul-de-sacs, isthmuses and other anatomical variations,
which are asymmetrically disposed, within the root canal systerns,
In addibion, the root canal diameter 15 usually larger than the instru-
ment calibre used and this may further contribute to nadequate
cleaning by instrumentation only (6). Consequently, bactericidal
root canal irrigation and application on inter-visit medicament have
become very important steps in the disinfection of root canal
systems (). The main purpose of root canal irrigation s to eliminate
bactera, and in the past. different concentrations of various
chemicak were used 1o achieve this goal.

Studies of the microbial flora of the root canals of teeth with
persistent apical lesions subsequent to root canal therapy have
revealed that therr bacterial flora differs markedly from that of the
untreated, recrotic pulp (pnmary endodontic nfection). While
primary endodontic infection typically has a polymicrobial flora with
approximately equal proportions of Gram-positive and Gram-
negative bacteria, dorminated by anaerobes. the microbial flora of
the teeth with faling endodontic treatrnent (post-treatment endo-
dontic infection) are charactersed by maonoinfection, predominantly
Gram-positive microorganisms. These have been demonstrated to
be of approximately equal proportion of facultative or obligate
anaerobes (7). Further, Enterococcus foecalis has been found 1o be
one of the commonest bacteria in the teeth with failed root canal
therapy (8). This distinct difference in the endodontic bacterial flora
is atinbuted 1o the “endodontic emvronmental transition (EET)".

AUSTRALIAN [NDODONTIC JOURNAL VOUUME 31 No. 3 DECEMBER 2005
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A New Solution for the Removal of the Smear Layer

Mahmoud Torabinejad, DMD, MSD, PhD, Abbas Ali Khademi, DMD, MS, Jalil Babagoli, DMD,
Yongbum Cho, DDS, MS, PhD, William Ben Johnson, DDS, Krassimir Bozhilov, PhD, Jay Kim, PhD, and

Shahrokh Shabahang, DDS, MS, PhD

Various organic acids, ultrasonic instruments, and
lasers have been used to remove the smear layer
from the surface of instrumented root canals. The
purpose of this study was to investigate the effect of
a mixture of a tetracycline isomer, an acid, and a
detergent (MTAD) as a final rinse on the surface of
instrumented root canals. Forty-eight extracted max-
illary and mandibular single-rooted human teeth
were prepared by using a combination of passive
step-back and rotary 0.04 taper nickel-titanium files.
Sterile distilled water or 5.25% sodium hypochlorite
was used as intracanal irrigant. The canals were then
treated with 5 ml of one of the following solutions as
a final rinse: sterile distilled water, 5.25% sodium
hypochilorite, 17% EDTA, or a new solution, MTAD.
The presence or absence of smear layer and the
amount of erosion on the surface of the root canal
walls at the coronal, middle, and apical portion of
each canal were examined under a scanning elec-
tron microscope. The results show that MTAD is an
effective solution for the removal of the smear layer
and does not significantly change the structure of the
dentinal tubules when canals are irrigated with so-
dium hypochlorite and followed with a final rinse of
MTAD.

Microscopic examinations of root canals show that they are irreg-
ular and complex systems, with many cul-de-sacs, fins, and lateral
canals. Additionally, numerous dentinal tubules open onto the root
canal surface. When the dental pulp undergoes pathologic changes
caused by trauma or carious invasion, the root canal system be-
comes susceptible to infection by several species of bacteria, with
their toxins and their by-products. The microorganisms present in
the root canal not only invade the anatomic irregularities of the root
canal system, but they also invade the dentinal tubules and can
reinfect the root canals if they remain viable after inadequate root
canal treatment (1).
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The main objectives of root canal therapy are cleaning and
shaping and then obturating the root canal system in three dimen-
sions to prevent reinfection. Many instrumentation techniques have
been proposed to shape root canals to facilitate their complete
obturation. Less attention has been directed toward the ability of
these techniques to completely clean and disinfect the root canal
system. Studies show that currently used methods of instrumenta-
tion, especially rotary instrumentation technigues, produce a smear
layer that covers root canal walls and the openings to the dentinal
tubules (2, 3). The smear layer consists of organic and inorganic
substances, including fragments of odontoblastic processes, micro-
organisms, and necrotic materials. Presence of this smear layer
prevents penetration of intracanal medication into the irregularities
of the root canal system and the dentinal tubules and also prevents
complete adaptation of obturation materials to the prepared root
canal surfaces (4).

Various organic acids, ultrasonic instruments, and lasers have
been used to remove the smear layer. Based on available evidence,
it seems that these agents and methods do not provide complete
disinfection of the root canal spaces in all cases when used in
one-visit root canal therapy. Because of the ineffectiveness of these
techniques, many practitioners rely on placement of Ca(OH), in
the root canals to assist in canal disinfection (3, 6). As a result of
this recommendation, root canal therapy has to be performed in
more than one appointment,

In addition to acids, ulirasonic and lasers, tetracycline has been
recommended as a chelating agent during periodontal and endodontic
treatment. Doxyeyceline has been used during periodontal treatment
because of its antibacterial and chelating ability as well as its sub-
stantiveness (7). Barkhordar et al. (8) and Haznedaeroglu and Ersev
(9) recommended the use of tetracycline HCI to remove the smear
layer from the surfaces of instrumented canals and root-end cavity
preparations. However, these investigators did not examine the anti-
bacterial effects of tetracycline when used as an intracanal irrigant. A
search of the endodontic literature showed the absence of any reports
regarding the ability of an irrigant capable of removing the smear layer
and disinfecting the root canal system. The purpose of this study was
to investigate the effect of a new irrigation solution (MTAD), con-
taining a mixture of a tetracycline isomer, an acid, and a detergent on
the surface of mstrumented root canals. (A patent application has been
filed covering the technology described in this article.)
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Emergence and development of chlorhexidine resistance
during sporulation of Bacillus subtilis 168
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1. SUMMARY

During sporulation of Bacillus subtilis strain
168 initiated by step-down conditions, resistance
to chlorhexidine diacetate (CHA) developed at
about ¢, 5, before heat but after toluene resistance.
Mutants blocked at stage IV of sporulation were
sensitive to all three treatments. Stage V mutants
were toluene resistant but moderately sensitive to
heat and CHA. A stage VI mutant was resistant to
all three treatments. Thus, chlorhexidine resis-
tance is likely to be a result of spore coat, rather
than of cortex, development.

2. INTRODUCTION

During bacterial sporulation, a series of events
occurs resulting in many morphological and bio-
chemical changes. The formation of the spore coat
occurs in parallel with development by spores of
their germination [1] and resistance [2] properties.
Studies on the development of spore resistance to

Correspondence to: A.D. Russell, Welsh School of Pharmacy,
University of Wales Institute of Science and Technology, P.O.
Box 13, Cardiff, CF1 3XF, UK.

organic solvents have demonstrated that cells of
Bacillus subtilis become progressively resistant to
these chemicals with butanol resistance developing
first, closely followed by octanol resistance and
resistance to chloroform, methano! and ethanol
appearing at roughly the same time and before the
development of heat resistance [3-6).

Few studies have been made of the possible
correlation between spore development and the
onset of resistance to disinfectants [7] although it
is currently believed that resistance to glutaralde-
hyde, hypochlorite and povidone-iodine occurs at
the middle to late phase of stage V [8]. As part of
a continuing study of bacterial sensitivity and
resistance to chlorhexidine acetate (CHA), we have
examined the development of resistance to CHA
during the sporulation of Bacillus subtilis strain
168 and of some mutants blocked at different
stages of sporulation.

3. MATERIALS AND METHODS

3.1. Organisms

B, subtilis 168 (trp C2) which requires
tryptophan and sporulates normally was used as
the wild-type strain. The other strains used (Table
1) were all Spo~ and obtained from the laboratory
of J. Mandelstam, Oxford.

0378-1097 /88 ,/803.50 © 1988 Federation of European Microbiological Societies
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Effectiveness of Three Endodontic Irrigants at
Various Tubular Depths in Human Dentin

R. A. Buck, DMD, P. D. Eleazer, DDS, MS, R. H. Staat, PhD, and J. P. Scheetz, PhD

Bacteria from infected root canals can invade den-
tinal tubules, thus dentin disinfection is an impor-
tant aspect of endodontic therapy. This study com-
pares three endodontic irrigants for efficiency in
killing bacteria established within human dentinal
tubules. Root canals in extracted teeth were pre-
pared and sterilized. Broth cultures of Enterococ-
cus faecalis were allowed to grow within the canals
to penetrate dentinal tubules. The infected canals
were exposed individually to each of the irrigants
for 1 min. Irrigants were 0.525% sodium hypochlo-
rite, Tubulicid (0.2% EDTA), and 0.12% chlorhexi-
dine (Peridex). Sterile water was the control. Viable
bacteria were analyzed by drilling incrementally
into dentin from the cementum toward the canal.
Smaller diameter drills were used for each depth.
Shavings were cultured at three depths, for each of
three root levels: coronal, midroot, and apical. Al-
though considerable variation occurred between
roots, sodium hypochlorite seemed to be superior.
Tubulicid and Peridex were better than water. More
bacteria remained viable at greater distances from
the pulp. These observations apparently apply to
all levels in the canal.

After endodontic therapy, root canal failure from persistent infec-
tion 1s a possibility. Continued infection of endodontically treated
teeth may occur from bacteria residing within dentinal tubules.
One method of reducing the risk of failure from infection is
chemical disinfection of the root canal.

In a pilot study, it was shown that commonly used root canal
irrigants permeate completely through the dentinal tubules within
the midsection of roots. However, the effectiveness of the irrigant
largely depended upon the type of bacteria present within the
tubules (1).

Research has been performed on the effectiveness of common
endodontic irrigants in bovine dentin (2-4). Also, several investi-
gators have studied pulpal disinfection in human teeth (5-8).
Ringel et al. (9) postulated that reinfection of endodontically
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treated teeth can occur from bacteria residing within apical tubules
and also from bacteria introduced into the canal during treatment.

The purpose of this study is to evaluate chemical disinfection of
dentin. Sundqvist et al. (10) found that 38% of failed endodonti-
cally treated teeth were infected with Enterocoecus faecalis. This
bacterium, although not a common oral microbe, seems to be a
participant in root canal failure. Because of its prevalence in
chronically infected root canals, E. faecalis was selected as the test
bacterium. This study compares bactericidal effectiveness of end-
odontic irrigants at three different depths within human dentinal
tubules. Also, the effects of coronal, midroot, and apical canal
levels on dentin permeability of both bacteria and irrigation solu-
tions were considered.

MATERIALS AND METHODS

Twelve single-rooted, extracted teeth were obtained by extrac-
tion from patients 30 to 50 yr of age. This allowed three teeth per
irrigant. Teeth were stored in tap water at 20°C until prepared for
use. Crowns were removed with a diamond disk, and canals were
instrumented with K-files until only clean white filings were ob-
served. The step-back technique was used to flare the middle and
coronal canals. The root canals were then sonicated with the
MM-1500 instrument fitted with a #25 Rispisonic file (Medidenta,
Woodside, NY) for 1 min. Root apexes were sealed with nail
polish, and the roots were sterilized by autoclaving.

A turbid suspension of £, faecalis was obtained by growing the
cells in trypticase soy broth for 12 hr at 36.5°C. Excess water was
removed from the canals with sterile paper cones. The bacteria-
laden suspension was placed into the canal with a sterile 27-gauge
syringe and incubated at 36.5°C for 12 hr.

Excess broth was removed with sterile paper points to allow
access of irrigants, simulating the clinical situation. The test irri-
gant was placed into the canal with a sterile 27-gauge syringe.
Irrigants were sterile water (control), 0.525% sodium hypochlorite
(NaOCl), Tubulicid (0.2% EDTA), and 0.12% chlorhexidine (Peri-
dex). Three roots were used for each irrigant. Irrigants were al-
lowed to remain in the canal for 1 min. The canal was dried with
sterile paper cones to remove excess irrigant. A horizontal drill
press was calibrated to ensure uniform penetration of the drill
depth. With a sterile 2-mm diameter machinist twist drill, a hole
0.5 mm deep was drilled into the side of the tooth in its upper third.
The shavings fell onto a trypticase soy agar plate, and the shavings
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A prospective study of the factors affecting
outcomes of nonsurgical root canal treatment:

part 1: periapical health
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Abstract

Ng Y-L, Mann V, Gulabivala K. A prospective study of the
factors affecting outcomes of nonsurgical root canal treatment:
part 1: periapical health. International Endodontic Journal, 44,
583-609, 2011.

Aim To investigale the probability of and flactors
influencing periapical status of teeth following primary
(1°RCTx) or secondary (2°RCTx) root canal treatment.
Methodology This prospective study involved
annual clinical and radiographic follow-up of 1°RCTx
(1170 roots, 702 teeth and 534 patients) or 2°RCTx
(1314 roots, 750 teeth and 559 patients) carried out
by Endodontic postgraduate students for 2—4 (50%)
vears. Pre-, intra- and postoperative data were collected
prospectively on customized forms. The proportion of
roots with complete periapical healing was estimated,
and prognostic factors were investigated using multiple
logistic regression models, Clustering effects within
patients were adjusted in all models using robust
standard error.

Results The proportion of roots with complete peri-
apical healing after 1°RCTx (83%; 95% CI: 81%, 85%)
or 2°RCTx (80%; 95% CI: 78%. 82%) were similar.
Eleven prognostic factors were identified. The condi-
tions that were found to improve periapical healing

significantly were: the preoperative absence ol a peri-
apical lesion (P = 0.003); in presence of a periapical
lesion, the smaller its size (P < 0.001), the better the
treatment prognosis; the absence of a preoperative sinus
tract (P = 0.001); achievement of patency at the canal
terminus (P = 0.001); extension of canal cleaning as
close as possible to its apical terminus (P = 0.001); the
use of ethylene-diamine-tetra-acetic acid (EDTA) solu-
tion as a penultimate wash followed by final rinse with
NaOCI solution in 2°RCTx cases (P = 0.002); abstain-
ing from using 2% chlorexidine as an adjunct irrigant to
NaOCl solution (P = 0.01); absence ol tooth/root per-
foration (P = 0.06); absence of interappointment flare-
up (pain or swelling) (P = 0.002); absence of root-filling
extrusion (P < (0.001); and presence of a satisfactory
coronal restoration (P £ 0.001).

Conclusions Success based on periapical health
associated with roots following 1°RCTx (83%) or
2°RCTx (80%) was similar, with 10 factors having a
common effect on both, whilst the 11th factor ‘EDTA as
an additional irrigant’ had different effects on the two
treatments.

Keywords: outcome, periapical healing, root canal
treatment, success.

Received 29 May 2070; accepted 5 February 2011

Introduction

Periapical disease is an inflammatory response
around root canal termini in response to intraradic-

Correspondence: Dr Yuan-Ling Ng. Unit of Endodontelogy.
UCL Eastman Dental Institute, University College London. 256
Grays Inn Road, London WCIX 8LD, UK {e-mail: p.ngfa
castman.ucl.ac.uk).
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ular bacterial infection. It can be prevented (in the
case ol pulp inflammation) or resolved (in the case of
pulp infection) by root canal treatment. The princi-
ples for root canal treatment laid at the beginning of
the last century (Hall 1928) remain consistent with
contemporary quality guidelines approved by End-
odontic societies in Europe and North America
(British Endodontic Society 1983, European Society
of Endodontology 1994, 2006, Canadian Academy of

International Endodontic Journal, 44, 583-609, 2011
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Abstract

Okino LA, Siqueira EL, Santos M, Bombana AC,
Figueiredo JAP. Dissolution of pulp tissue by aqueous solution
of chlorhexidine digluconate and chlorhexidine digluconate gel. /nter-
national Endodontic Journal, 37, 38-41, 2004.

Aim To evaluate the activity of various root canal irri-
gants on bovine pulp tissue.

Methodology The irrigants tested were: 0.5, 1.0 and
2.5% sodium hypochlorite; 2% aqueous solution of
chlorhexidine digluconate; 2% chlorhexidine digluco-
nate gel (Natrosol™); and distilled water as control.
Bovine pulp fragments were weighed and placed in con-
tact with 20 mL of each tested substance in a centrifuge
at 150 r.p.m. until total dissolution. Dissolution speed
was calculated by dividing pulp weight by dissolution
time. Statistical analysis was performed using the Krus-
kal-Wallis test.

Results Distilled water and both solutions of chlorhex-
idine did not dissolve the pulp tissue within 6 h. Mean
dissolution speeds for 0.5, 1.0 and 2.5% sodium hypo-
chlorite solutions were 031, 0.43 and 0.55 mg min %,
respectively. The solvent ability of chlorhexidine solu-
tions was similar to that of distilled water. The results
for sodium hypochlorite solutions, chlorhexidine solu-
tions and distilled water were statistically different
(P > 0.01).

Conclusions Both chlorhexidine preparations and
distilled water were not able to dissolve pulp tissue. All
sodium hypochlorite solutions were efficient in dissol-
ving pulp tissue; the dissolution speed varied with the
concentration of the solution.

Keywords: chlorhexidine, irrigants, pulp.

Received 20 March 2003; accepted 29 August 2003

Introduction

The success of root canal treatment relies on thorough
chemomechanical procedures (Stewart 1955). The per-
sistence of residual pulp tissue, infected dentine or bac-
teria in the root canal system may be responsible for
treatment failure (Callahan 1894, Grossman & Meiman
1941, Moorer & Wesselink 1982). The use of irrigating
solutions facilitates debridement of the root canal space
and is important for the success of root canal treatment
(Cunningham & Balekjian 1980).

Correspondence: Lieni de Almeida Okino, Rua das Figueiras
1n°2594 Bairro Campestre, Santo André, SP 09080-301, Brazil
(Tel.: +5511 44214528; fax: +55 11 49923191; e-mail: lieni@
ig.com.br).
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Several studies have been conducted in search for an
irrigant that meets four major properties: antimicrobial
activity, non-toxicity to periapical tissues, water solubi-
lity and capacity to dissolve organic matter (Bystrén &
Sundqvist 1985, Jeansonne & White 1994, Kuruvilla &
Kamath 1998).

Sodium hypochlorite has been used as a therapeutic
agent since the 1930s for root canal infection (Walker
1936). It is as an excellent organic solvent and an effec-
tive antimicrobial agent (Bystron & Sundqvist 1985,
Nakamura et al. 1985).

Chlorhexidine has been widely used in dentistry
because of its broad-spectrum antimicrobial activity
and substantivity. For these reasons, chlorhexidine
has been recommended for root canal treatment.
Chlorhexidine digluconate is formulated as an aqu-
eous solution or gel preparation. The liquid form is most

© 2004 Blackwell Publishing Ltd
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Abstract

Bronnec F, Bouillaguet S, Machtou P. Ex vivo assessment
of irrigant penetration and renewal during the final irrigation
regimen. International Endodontic Journal, 43, 663-672, 2010.

Aim To assess irrigant penetration in curved canals
after shaping procedures ex vivo.

Methodology Thirty extracted mandibular molars
with moderate to severe root canal curvature were
included. A special aiming device was used to guaran-
tee that each successive radiograph was taken with the
same positioning. The mesiolingual canal of each tooth
was instrumented with ProTaper rotary files. Apical
third preparation was completed with an F1
instrument before additional step-back enlargement
using F2 then F3 instruments. For each apical taper,
the teeth were submitted successively to active irriga-
tion (AI) then to passive irrigation (PI). AI consisted of
a 0.5 mL flush of sodium diatrizoate (Hypaque 50%)
immediately followed by manual mechanical activation
with a gutta-percha point. PI consisted in flushing the
canals with sodium hypochlorite passively delivered

with a syringe. A digital radiograph was taken after
each modality. The influence of needle tip design,
needle tip insertion level, irrigant volume, root canal
taper and solution activation was assessed by using
digital subtraction radiography and measures of the
depths of irrigant penetration. Comparisons were
performed within an analysis of variance framework
in a repeated-measures approach.

Results For PI, all the four explanatory variables
‘apical taper’, 'volume of irrigant used’, ‘corono-apical
level of needle tip placement’, ‘needle tip design’ had a
significant (P < 0.005) influence on outcome of irriga-
tion penetration.

Conclusions Only active irrigation allowed com-
plete penetration and exchange of irrigating solution.
For syringe irrigation alone, the level of needle tip
placement in the canal was the most dominating factor.

Keywords: digital radiography, image processing,
root canal irrigation, rotary file.
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Introduction

Thorough disinfection of the root canal system is
considered a key requirement for successful root canal
treatment. Traditionally it is accomplished by a com-
bination of instrumentation and irrigation (Haapasalo
et al. 2005), sodium hypochlorite being the most
widely used solution (Whitworth et al. 2000, Slaus &
Bottenberg 2002, Clarkson et al. 2003). As preparation
alone cannot achieve sterilization (Bystrom & Sundg-
vist 1983, 1985a, Dalton et al. 1998), attention has

Correspondence: F. Bronnec, 5 rue Garanciére 75006 Paris,
France (e-mail: bronnec.endo@gmail.com).
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been paid towards increasing the apical size of the root
canal preparation (Baugh & Wallace 2005) to mechan-
ically eliminate infected dentine (Card et al. 2002) and
allow a greater volume of antiseptic irrigant to be
applied (Bystrom et al. 1985b, Shuping et al. 2000).
During root canal preparation it is impossible to
distinguish the respective effects of irrigation over
instrumentation when enlarging canals. Moreover,
microbiological studies underestimate the cleaning
function of irrigating solutions despite it being a
prerequisite for optimal disinfection results (Gulabivala
et al. 2005). SEM and histological studies tend to
support the difficulty of obtaining clean root canal walls
with current irrigation protocols, especially in the

International Endodontic Journal, 43, 663-672, 2010
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Abstract

Introduction: Root canal imrigation plays an important
role in the debridement and disinfection of the root
canal system and is an integral part of root canal prep-
aration procedures. The aim was to construct a three-
dimensional computational fluid dynamics (CFD) model
of root canal irrigation, with a suitable turbulence
model, and validate it to provide a novel method for
studying the root canal irrigation. Methods: A
camcorder was used to record the effect of irrigation
in the in vitro madel. An exact replica of the geometry
and the physical parameters of the in vitro irrigation
model were used in CFD analysis, considering four
turbulent models. The in vitro irrigation model was
used as the reference for the evaluation of the CFD
models. Results: The result showed that CFD analysis
based on a shear stress transport (SST) k-w turbulence
model was in close agreement with the in vitro irriga-
tion model. The in vitro and CFD analyses showed
that the irrigant in the curved canal flushes only up
to a limited distance beyond the tip of the needle.
The results of the CFD analysis also showed that
laminar flow exists in the needle lumen and transit the
transitional and turbulent flow around the side-vent
outlet of the needle and needle tip. Conclusions: The
results suggested that CFD based on a SST k-e turbu-
lence model has the potential to serve as a platform
for the study of root canal irigation. (J Endod
2009;35:1282-1287)

Key Words
Computational fluid dynamics, irrigation, needle, root
canal, turbulence model

n important objective of mechanical instrumentation and irrigation in endodontic

therapy is the elimination of microorganisms and infected pulp tissue (1). Because
of the anatomic complexity of the pulp space, some organic tissues and bacteria are
often left inside root canal systems after instrumentation. Irrigation is complementary
to instrumentation in facilitating the removal of bacteria, debris, and the smear layer
(2, 3). The effectiveness of irrigation relies on both the mechanical flushing action
and the ability of irrigants to dissolve tissue and kill bacteria (4). There have been
a number of studies examining physical factors that influence the degree of irrigant
penetration and its effectiveness, including canal shape and size, volume and pressure
ofirrigant, the type, size, and insertion depth of the irrigation needle (2, 5-7). Irrigation
dynamics plays an important role (8) on the effectiveness of irrigation depending on the
working mechanism (s) of the irrigant and the ability to bring the irrigant in contact with
the microorganisms and dentin debris present in the root canal (9). Yet, an accurate
description of the streaming pattern of irrigants in the root canal during irrigation is still
not available. Direct measurements of flow patterns through the anatomic features of
root canals, characterized by narrow channels, are precluded by dentin. Therefore,
the exact physical mechanism(s) that contribute to the effectiveness of root canal irri-
gation remain uncertain.

The most commonly used methods to evaluate the effectiveness of irrigation are
scanning electron microscopy, optical microscopy, root canal sectional analysis, and
microbiological analysis (10-15). However, these methods only examine the final static
condition rather than the process of fluid dynamics during irrigation (16). Alternatively,
the effectiveness of irrigation has also been examined by flushing insoluble particles of
bead-form gel from glass tubes (17) or red food dye from simulated root canals in
plastic blocks (18). The primary advantage of these approaches over other methods
is that they provide a real-time visual assessment of irrigation in the root canal. However,
the magnitude and distribution of pressure and velocity of the fluids at different loca-
tions during irrigation remain unknown.

To overcome problems associated with the characterization of the effectiveness of
endodontic irrigation, approaches based on a combination of virtual models and simu-
lation may prove useful. Computational fluid dynamics (CFD) is a branch of fluid
mechanics that solves and analyses problems involving a fluid flow by means of
computer-based simulations (19). Modern CFD technology allows complex numeric
simulations. These have been applied to the study of the cardiovascular system and
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the influence of canal dimensions and irrigation
variables on the efficacy of irrigation
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Abstract

Huang T-Y, Gulabivala K, Ng Y-L. A bio-molecular film
ex-vivo model to evaluate the influence of canal dimensions
and irrigation variables on the efficacy of irrigation. Inter-
national Endodontic Journal, 41, 60-71, 2008.

Aims To devise an ex vivo model to test the efficacy of
irrigation (static/dynamic) in removing a bio-molecular
film from root canal walls.

Methodology Forty human teeth with single straight
canals were randomly allocated to two groups for static
(n = 20) or dynamic (n = 20) irrigation. The root canals
were prepared to different apical sizes (20, 40) and tapers
(0.04, 0.08). The teeth were split longitudinally into two,
stained collagen was applied to the canal surfaces and
the tooth reassembled in a silicone matrix for dynamic or
static irrigation. Digital images of the canal surface were
taken before and after irrigation with 9, 18, 27 and
36 mL solution. The percentage of canal surface covered
with stained collagen was quantified (ipWin4®). The

data were analysed using paired t-tests and linear
regression models.

Results All the five explanatory variables: ‘volume of
irrigant used’, ‘mode of irrigation’, ‘orientation of open
port of needle’, ‘corono-apical level of canal” and ‘root
canal dimension’ had a significant (P < 0.001) influ-
ence on outcome of irrigation. The corono-apical level
of canal was the most dominating factor. After irriga-
tion, the apical third had 19.9% and 33.8% less area
covered with the bio-molecular film than the middle
and coronal thirds respectively.

Conclusions The stained collagen bio-molecular
film could not be removed completely by either static
or dynamic irrigation. Factors influencing removal, in
rank order of decreasing priority, were: corono-apical
level, apical size and taper of canal preparation, and
dynamic/static irrigation.

Keywords: bio-molecular film, irrigation, root canal.
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Introduction

Development of a periapical lesion signifies the presence
of bacteria in the root canal system (Kakehashi et al.
1965, Sundqvist 1976, Moller et al. 1981), in partic-
ular its apical portion where they can exist in a biofilm
or invade dentinal tubules (Nair 1987) and pose a
challenge to treatment (Nair et al. 2005). Organization
of bacteria within biofilms confers a range of pheno-
typic properties that are not evident in their planktonic
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counterparts and amongst other characteristics make
them more resistant to antimicrobial killing (Costerton
et al. 1994, 1999, Potera 1999).

Chemo-mechanical debridement and obturation
effectively reduce the bacterial load in the root canal
system and allow periapical healing in about 80% of
cases (Sjogren et al. 1990), even though the apical
bacterial biofilm survives in 88% (Nair et al. 2005).
Given that mechanical instruments only plane up to
61% of the canal surface (Mannan et al. 2001, Peters
et al. 2001), the role of canal preparation has under-
gone a shift from one of fulfilling a prime debriding
function, to one regarded more as a radicular access for
the irrigant and root filling materials to the complex
root canal systems (Gulabivala et al. 2005). An impor-
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Comparison of the Cleaning Efficacy of Different Final

Irrigation Techniques
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and Lucas WM. van der Sluis, DDS, PbD’

Abstract

Introduction: The aim of this study was to evaluate the
removal of dentin debris from artificially made grooves in
standardized root canals by 6 different final irrigation
techniques. Methods: Conventional syringe irrigation,
manual dynamic activation (MDA) with tapered or nonta-
pered gutta-percha (GP) cones, the Safety lrrigator
system, continuous ultrasonic irrigation (CUI), and apical
negative pressure (ANP) irrigation were tested ex vivo in
20 root canals with a standardized, debris-filled groove in
the apical portion of one canal wall. After each irrigation
procedure, the groove was photographed, and the
residual amount of dentin debris was scored. Results:
There was no significant difference between the MDA
with a nontapered GP cone, the Safety lrrigator, and
the ANP irrigation. These techniques produced better
cleaning efficacy than syringe irrigation (P < .005) but
significantly worse than the MDA with a tapered cone
(P < .05). CUI was significantly better than all the other
techniques tested in this study (P < .001). Conclusions:
CUI was the most effective technique in dentin debris
removal from the apical irregularities, and syringe irriga-
tion alone was the least effective. MDA technique was
more effective with a tapered GP cone than with a nonta-
pered one. (J Endod 2012;38:838-841)

Key Words
Apical negative pressure, continuous ultrasonic irriga-
tion, dentin debris, manual dynamic activation
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Debridementis the aim of and also a big challenge to endodontic treatment (1), espe-
cially in the apical portion of the root canal (2). Because of the complexity of the
root canal anatomy and the limitations of instrumentation (3, 4), irrigation has gained
increasing attention, and one improvement in this respect is irrigant activation that
resulted in the development of various irrigation techniques or systems. Removal of
the dentin debris from apical uninstrumented areas seems to be a good indication of
the mechanical debridement efficacy of an irrigation system, because the flow of the
irrigant directly influences the debris removal (5).

Syringe irrigation is the conventional and still widely used irrigation technique.
Combinations of syringe irrigation to deliver the irrigant and various ways to activate
it are applied mainly as final irrigation after root canal instrumentation is completed.
There are various methods to activate the itrigant, ranging from moving gutta-percha
(GP) cones up and down in the root canal (manual dynamic activation [MDA])
(6-8) to instruments energized by (ultra)sonic or laser devices (9-12).

To prevent irrigant extrusion and enhance the apical irrigation, so-called apical
negative pressure (ANP) systems, such as EndoVac (Discus Dental, Culver City, CA),
have been introduced (13). Its microcannula can be inserted until working length
(WL), and the negative pressure will create an apical circulation of the irrigant without
apical extrusion. It also seems to have a better apical debridement efficacy compared
with positive pressure irrigation (13—15). The Safety Irrigator (Vista Dental, Racine,
WI) has been recently introduced as a simple, “negative-pressure” endodontic
irrigation device. It features a large coronal evacuation tube, enabling the irrigant
aspiration from the pulp chamber simultaneously with the irrigant delivery in the
root canal through a flexible needle tip. The VPro tip (Vista Dental) is an
ultrasonically activated, 30-gauge irrigation needle that was recently introduced to allow
simultaneous continuous irrigant delivery and ultrasonic activation, recently referred to
as continuous ultrasonic irrigation (CUT) (16).

The aim of this study was to compare the mechanical cleaning efficacy of conven-
tional syringe irrigation, MDA, the Safety Irrigator system, CUI by the VPro tip, and ANP
by the EndoVac system in the removal of dentin debris from simulated irregularities
located at the apical area in standardized root canals.

Materials and Methods
Dentin Debris Removal Model

Straight roots from 20 extracted human maxillary canines were decoronated to
obtain uniform root sections of 15 mm following the protocol described previously
(5, 9). Briefly, the roots were embedded in resin and bisected longitudinally. The
surfaces of the halves were then ground to leave only a litle of the original root
canal lumen. Four holes were drilled in the resin part, and the halves were
reassembled by 4 self-tapping bolts through the holes. All the models were checked
to see whether there was any leakage of liquid or gas apically or laterally before exper-
iments. If there was any, rubber dam caulk would be applied to ensure that the root
canal modeled a closed system.

New root canal spaces were prepared by Flexofiles (Dentsply Maillefer, Ballaigues,
Switzerland) to #15 and rotary System GT instruments (DentsplyMaillefer) to a WL of 15
mm, an International Organization for Standardization (ISO) size of 30, and a taper of
0.06. The apical part was further enlarged by using nickel-titanium K-files #407.02
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Irrigation Activation Protocols: Electron Microscopy and an
Energy-Dispersive X-Ray Microanalysis
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Self-Adjusting File

ABSTRACT  This study evaluated the mineral contents of root-canal dentin after treatment with
different irrigation activation protocols. One hundred and eight maxillary lateral incisor teeth were
randomly divided into eight experimental groups and one control group. Root canals were prepared
using ProTaper rotary files, with the exception of the Self-Adjusting File (SAF) group. Canals were
irrigated with 2 mL of 5% sodium hypochlorite (NaOCI) at each instrument change, and received a
final flush with 10 mL of 17% ethylenediaminetetraacetic acid (EDTA) and 10 mL of 5% NaOCI for 1
min. The control group was irrigated with distilled water. Group I (GI): Needle syringe irrigation;
Group II (GII): NaviTip FX; Group III (GIII): CanalBrush; Group IV (GIV): Manual dynamic activa-
tion with gutta-percha; Group V (GV): Passive ultrasonic irrigation; Group VI (GVI): EndoActivator;
Group VII (GVII): EndoVac; Group VIII (GVIII): SAF. The level of elemental composition was ana-
lyzed by a scanning electron microscopy and an energy-dispersive spectrometer (EDS) system. The
results were then statistically analyzed by one-way ANOVA and Tukey tests. Ca/P ratio was changed
after treatment with SAF and EndoActivator. The Ca, P, Mg, and S level changes were not statisti-
cally significant (P > 0.05). Final irrigation activation protocols did not alter the mineral level of root

dentin surface. Microsc. Res. Tech. 00:000-000, 2013. © 2013 Wiley Periodicals, Inc.

INTRODUCTION

Removal of vital and necrotic remnants of pulp tis-
sues, microorganisms, and microbial toxins from the
root canal system is essential for endodontic success
(Basmadjian-Charles et al., 2002; Siqueira and Rocas,
2008; Wong, 2004). Using micro-computed tomography
technology (Paque et al., 2009, 2010; Peters et al.,
2001), it has been shown that current NiTi rotary sys-
tems lead to untreated dentin areas. Prior to filling,
clean root canals can be achieved by instrumentation
supplemented with irrigants and intra-canal medica-
ments. Traditionally, EDTA and sodium hypochlorite
(NaOCl) have been the most widely used irrigation
agents. NaOCI dissolves the organic tissues, kills bac-
teria and yeasts. EDTA dissolves the inorganic tissues
by chelation but it has no antibacterial activity in the
root canal. Because of the differences between these
irrigants, the classical recommendation of using
NaOCl (2-6%) during instrumentation and EDTA
(17%) after treatment is still valid and highly recom-
mended (Haapasalo, 2011).

Dentin composition contains organic and inorganic
components. The major inorganic components of den-
tal hard tissue are Ca and P present in hydroxyapatite
crystals. It has been reported that some chemical
agents caused alterations in the chemical structure of
human dentin and changed the Ca/P ratio of the den-
tin surface (Hennequin and Douillard, 1995; Henne-
quin et al., 1994; Rotstein et al., 1996). In addition to

© 2013 WILEY PERIODICALS, INC.
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these evidences, some researchers reported that the
use of chelating agents and NaOCI solutions can lead
to intermittent erosions of the canal walls, character-
ized by surface dissolution of intertubular and peritub-
ular dentin (Torabinejad et al.,, 2003). Application
time, concentration, and pH of the solution are the
major cause of the chelating agents demineralizing
effects (Calt and Serper, 2002).

Syringes and metal needles of different sizes and tip
designs have traditionally been used to deliver irri-
gants into the root canal space. Because of the root
canal’s complexity, unclean areas may still remain
after irrigation (Williamson et al., 2009). Therefore,
several mechanical devices have been developed to
improve the penetration and effectiveness of
irrigation.

The effects of chelating agents and NaOC]l on dentin
mineral contents have been previously evaluated
(Dogan and Calt, 2001; Sen et al., 2009). However,
according to our data, after use of irrigation activation
protocols, remaining residual elemental composition of
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The Effect of Needle-insertion Depth on the Irrigant Flow in
the Root Canal: Evaluation Using an Unsteady
Computational Fluid Dynamics Model
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Introduction: The aim of this study was to evaluate the
effect of needle-insertion depth on the irrigant flow
inside a prepared root canal during final irrigation
with a syringe and two different needle types using
a Computational Fluid Dynamics (CFD) model.
Methods: A validated CFD model was used to simulate
irrigant flow from either a side-vented or an open-ended
flat 30-G needle positioned inside a prepared root canal
(45.06) at 1, 2, 3, 4, or 5 mm short of the working length
(WL). Velocity, pressure, and shear stress in the root
canal were evaluated. Results: The flow pattem in
the apical part of the root canal was similar among
different needle positions. Major differences were
observed between the two needle types. The side-
vented needle achieved irrigant replacement to the WL
only at the 1-mm position, whereas the open-ended
flat needle was able to achieve complete replacement
even when positioned at 2 mm short of the WL. The
maximum shear stress decreased as needles moved
away from the WL. The flat needle led to higher mean
pressure at the apical foramen. Both needles showed
a similar gradual decrease in apical pressure as the
distance from the WL increased. Conclusions: Needle-
insertion depth was found to affect the extent of irrigant
replacement, the shear stress on the canal wall, and the
pressure at the apical foramen for both needle types.
(J Endod 2010;36:1664-1668)

Key Words
Computational Fluid Dynamics, insertion depth, irriga-
tion, needle

rrigation of root canals with antibacterial solutions is an integral part of chemome-
chanical preparation, aiming at the removal of bacteria, debris, and necrotic tissue,
especially from areas of the root canal that have been left unprepared by mechanical
instruments (1). Irrigants are commonly delivered using a syringe and needle (2,
3), even before passive ultrasonic activation of the solution (4). The significance of
the needle position in relation to the apical terminus of the preparation, also described
as needle insertion depth or penetration, has been highlighted in a series of in vitro (5)
and ex vivo studies (6-9). It has been hypothesized that positioning the needle close to
the working length (WL) could in fact improve the debridement and irrigant
replacement (6, 10). However, previous studies have mainly focused on the removal
efficiency of debris and bacteria and provided little understanding of the etiology (ie,
the flow pattern developed in the root canal that leads to debridement and irrigant
replacement). Limited insight in the fluid dynamics of the flow inside the root canal
has been presented using thermal image analysis (9) because this approach could
only provide a coarse estimation of the irrigant flow.
A Computational Fluid Dynamics (CFD) model was recently introduced as
a method to study root canal irrigation (11). This model was subsequently validated
by comparison with experimental high-speed imaging data (12) and used to evaluate
the effect of needle tip design on the flow (13). In these previous studies, needles
were positioned at 3 mm short of the WL. A similar approach has also been reported
(14, 15), but the effect of needle insertion depth on the irrigant flow has not been
studied in detail. The aim of this study was to evaluate the effect of needle insertion
depth on the irrigant flow inside a prepared root canal during final irrigation with
a syringe and two different needle types using the validated CFD model.

The root canal and apical anatomy were simulated similarly to a previous study
(11), assuming a length of 19 mm, an apical diameter of 0.45 mm (ISO size 45),
and 6% taper. The apical foramen was simulated as a rigid and impermeable wall, cor-
responding to a closed system.

Two different needle types, a side-vented and an open-ended flat needle, were
modeled using commercially available 30-G needles as references, similar to a previous
study (13). The external and internal diameter and the length of the needles were stan-
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Abstract

Boutsioukis C, Lambrianidis T, Kastrinakis E, Bekiaro-
glou P. Measurement of pressure and flow rates during
irrigation of a root canal ex vivo with three endodontic needles.
international Endodontic Journal, 40, 504-513, 2007.

Aim Tomonitor ex vivointra-canal irrigation with three
endodontic needles (25, 27 and 30 gauge) and compare
them in terms of irrigant flow rate, intra-barrel pressure,
duration of irrigation and volume of irrigant delivered.
Methodology A testing system was constructed to
allow measurement of selected variables with pressure
and displacement transducers during ex vivo intra-
canal irrigation with a syringe and three different
needles (groups A, B, C) into a prepared root canal. Ten
specialist endodontists performed the irrigation proce-
dure. Each operator performed ten procedures with
each needle. Data recorded by the transducers were
analysed using Friedman's test, Wilcoxon Signed Rank
test, Mann—Whitney U-test and Kendall's Ty, test. The
level of significance was set to 95%.

Results Significant differences were detected among
the three needles for most variables. Duration of
delivery and flow rates significantly decreased as the
needle diameter increased, whilst pressure increased up
to 400-550 kPa. Gender of the operator had a signi-
ficant impact on the results. Experience of the operators
(years) were negatively correlated to volume of irrigant
(all groups), to the duration of delivery (groups A, B)
and to the average flow rate (group A).
Conclusions Finer diameter needles require
increased effort to deliver the irrigant and result in
higher intra-barrel pressure. The syringe and needles
used tolerated the pressure developed. Irrigant flow rate
should be considered as a factor directly influencing
flow beyond the needle. Wide variations of flow rate
were observed among operators. Syringe irrigation
appears difficult to standardize and control.

Keywords: irrigant flow rate, irrigation, needle,
pressure.
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Introduction

Irrigation of the root canal with antibacterial solutions
is considered an essential part of chemo-mechanical
preparation (Haapasalo et al. 2005). Irrigation is com-
plementary to instrumentation in facilitating removal
of bacteria, debris and necrotic tissue (Lee et al. 2004),
especially from areas of the root canal that remain
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unprepared by mechanical instruments (Gulabivala
et al. 2005).

Although the effectiveness of irrigation relies on both
the mechanical flushing action and the ability of
irrigants to kill bacteria (Gulabivala et al. 2005) and
dissolve tissue (Lee et al. 2004), it has been suggested
that the flushing action may be the most important
factor (Baker et al. 1975). Irrigation dynamics should
then be considered when evaluating the effects of an
irrigant on root canal contents (Gulabivala et al
2005). The penetration of the irrigant and the flushing
action created by irrigation are dependent not only on
the anatomy of the root canal system, but also on the

© 2007 International Endodontic Journal
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Abstract

Introduction: The purpose of this investigation was to
determine the effect that apical preparation size and
preparation taper had on the volume of irrigant deliv-
ered to the working length of a root canal preparation
in a clinically relevant amount of time. Methods: Forty
intact human single-rooted teeth were randomly distrib-
uted into 2 separate phases. The first phase aimed to
determine the smaller apical size that will allow more
volume of irrigant at working length. All samples had
the same taper and were sequentially instrumented to
sizes of 30.06, 35.06, 40.06, and 45.06. The second
phase aimed to determine the taper that will allow
more volume of irrigant at working length. Teeth were
sequentially instrumented to 40.02, 40.04, 40.06, and
40.08. All samples were irrigated by using the micro-
cannula, and the volume of sodium hypochlorite suc-
tioned at working length under negative pressure was
measured during a period of 30 seconds by using
a custom recovery device. Results: An increase in size
from 150 #35 to ISO #40 resulted in a percentage gain
of approximately 44% in mean irrigant volume, whereas
an increase in size from IS0 #40 to 1SO #45 resulted in
a percentage gain of approximately 4%. An increase
in taper from 0.02 through 0.08 resulted in percentage
gains of approximately 74%, 5.4%, and 2.4% increase,
respectively. Conclusions: The data demonstrated that
an increase in apical preparation size and taper resulted
in a statistically significant increase in the volume of
irrigant. In addition, an apical enlargement to 1SO #40
with a 0.04 taper will allow for tooth structure preserva-
tion and maximum volume of irrgation at the apical
third when using the apical negative pressure irrigation
system. (J Endod 2010;36:721-724)

Apical negative pressure irrigation, apical preparation,
taper, volume

he role of microorganisms in the pathogenesis of endodontic infections has been

well-established (1). These microorganisms and the by-products they produce
cause inflammation and bone resorption (2), and there is a clear correlation between
periradicular healing and presence of bacteria in the root canal system before filling
(3-5). Mechanical instrumentation alone is ineffective at completely removing residual
bacteria and necrotic debris (6). Therefore, thorough cleaning and disinfection of the
root canal system are essential for the success of nonsurgical root canal therapy.

Historically, irrigation has been achieved by using a positive pressure technique
whereby irrigant is expressed under positive pressure into the root canal system.
However, the effectiveness and safety in delivering the irrigant have been questioned
(7-9). Recently, the use of negative pressure irrigation techniques has been reported
(9) to be superior to positive pressure irrigation. Negative pressure irrigation systems
have been shown to deliver irrigant to the apical portions of the root canal system in
a safe and effective manner (9—11). It has also been suggested that negative pressure
irrigation achieves better microbial control than traditional irrigation delivery systems,
regardless of the amount of preparation taper (12).

EndoVac (Discus Dental, Culver City, CA) is a commercially available negative
pressure irrigation system that combines a master delivery tip that delivers irrigant to
the access cavity while drawing irrigant into the canal space by using macro- and
micro-cannulas to clean and disinfect the canal system.

Whereas the volume of irrigant has been shown to be directly related to effective-
ness of disinfection and root canal cleanliness when using traditional irrigation tech-
niques (13), there is little evidence demonstrating the real volume of irrigant that
can be delivered when using both positive and negative pressure. Even though the irri-
gant expressed through a positive pressure irrigation syringe system reaches the tip of
the irrigation needle, it is difficult to measure the volume of irrigant being expressed
because the rate/pressure of expression varies among practitioners. Moreover, it is
difficult to determine whether that irrigant is actually reaching the apical third of the
prepared canal (10). Nielsen and Baumgartner (9) reported the volume of irrigant
delivered by the master delivery tip of the negative pressure irrigation system, but
they did not measure the volume being suctioned back by the cannula within the canal.
1tis clinically important to know the volume of irrigant reaching the working length and
the effect that preparation size and taper have on these volumes. The purpose of this
investigation was to determine the effect that apical preparation size and preparation
taper have on the volume of irrigant delivered to the working length of a root canal prep-
aration by using negative pressure irrigation technique.
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Abstract

Boutsioukis C, Verhaagen B, Versluis M, Kastrinakis E,
van der Sluis LWM. Irrigant flow in the root canal: experi-
mental validation of an unsteady Computational Fluid Dynam-
ice model using high-speed imaging. International Endodontic

Journal 43, 393-403, 2010.

Aim To compare the results of a Computational Fluid
Dynamics (CFD) simulation of the irrigant flow within a
prepared root canal, during final irrigation with a
syringe and a needle, with experimental high-speed
visualizations and theoretical calculations of an iden-
tical geometry and to evaluate the effect of off-centre
positioning of the needle inside the root canal.

Methodology A CFD model was created to simu-
late irrigant flow from a side-vented needle inside a
prepared root canal. Calculations were carried out
for four different positions of the needle inside a
prepared root canal. An identical root canal model
was made from poly-dimethyl-siloxane (PDMS). High-
speed imaging of the flow seeded with particles and

Particle Image Velocimetry (PIV) were combined to
obtain the velocity field inside the root canal exper-
imentally. Computational, theoretical and experimen-
tal results were compared to assess the validity of the
computational model.

Results Comparison between CFD computations and
experiments revealed good agreement in the velocity
magnitude and vortex location and size. Small lateral
displacements of the needle inside the canal had a
limited effect on the flow field.

Conclusions High-speed imaging experiments to-
gether with PIV of the flow inside a simulated root
canal showed a good agreement with the CFD model,
even though the flow was unsteady. Therefore, the CFD
model is able to predict reliably the flow in similar
domains.

Keywords: Computational Fluid Dynamics, high-
speed imaging, irrigation, needle, Particle Image
Velocimetry.
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Introduction

Irrigation of root canals with antibacterial solutions is
considered an essential part of chemo-mechanical
preparation (Haapasalo et al. 2005). Irrigation with
a syringe and needle remains the most commonly
used irrigation procedure (Ingle et al. 2002, Peters
2004). However, there is a general uncertainty about
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the efficiency of this procedure in the narrow, most
apical part of the root canal (Senia et al. 1971, Vande
Visse & Brilliant 1975, Ram 1977). It has been
argued that the limiting factor of the irrigation
procedure is the difficulty to flush the apical root
canal with large volumes of fresh irrigant (Druttman
& Stock 1989).

To study this problem, attempts to evaluate the
irrigant flow within the root canal have been attem-
pted, based on macroscopic observations (Kahn et al.
1995, Peters & Peters 2005, Zehnder 2006). However,
these studies of the fluid dynamics were limited because

International Endodontic Journal, 43, 393-403, 2010
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Needle Types by an Unsteady Computational Fluid Dynamics
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Introduction: The aim of this study was to evaluate the
effect of needle tip design on the imigant flow inside
a prepared root canal during final irrigation with
a syringe using a validated Computational Fluid
Dynamics (CFD) model. Methods: A CFD model was
created to simulate the irrigant flow inside a prepared
root canal. Six different types of 30-G needles, three
open-ended needles and three close-ended needles,
were tested. Using this CFD model, the irrigant flow in
the apical root canal was calculated and visualized. As
a result, the streaming velocity, the apical pressure,
and the shear stress on the root canal wall were evalu-
ated. Results: The open-ended needles created a jet
toward the apex and maximum irrigant replacement.
Within this group, the notched needle appeared less effi-
cient in terms of irrigant replacement than the other two
types. Within the close-ended group, the side-vented
and double side-vented needle created a series of
vortices and a less efficient irrigant replacement; the
side-vented needle was slightly more efficient. The
multi-vented needle created almost no flow apically to
its tip, and wall shear stress was concentrated on
a limited area, but the apical pressure was significantly
lower than the other types. Conclusions: The flow
pattern of the open-ended needles was different from
the close-ended needles, resulting in more irrigant
replacement in front of the open-ended needles but
also higher apical pressure. (J Endod 2010;36:875-879)

Computational Fluid Dynamics, irrigation, needle, tip

he irrigation of root canals with antibacterial solutions is considered an essential

part of chemomechanical preparation (1). Irrigation with a syringe and a needle
remains the most commonly used procedure (2, 3). However, there is an uncertainty
about the efficiency of this procedure in the apical part of the root canal (4-6).

To increase the efficiency of syringe irrigation, different needle types have been
proposed (7-13). Previous studies of the resulting flow (7, 8, 10, 12) were limited
because an indirect or a macroscopic approach can only provide a coarse and incom-
plete estimation of the irrigant flow. Consequently, there is still no consensus on the
superiority of any of these types.

Computational Fluid Dynamics (CFD) represents a powerful tool to investigate
flow patterns by mathematical modeling and computer simulation (14, 15). CFD simu-
lations can provide details of the velocity field, shear stress, and pressure in areas in
which experimental measurements are difficult to perform. Recently, a CFD model
was proposed for the evaluation of irrigant flow in the root canal (16) and was subse-
quently validated by comparison with experimental high-speed imaging data (17). The
aim of this study was to evaluate the effect of needle tip design on the apical irrigant flow
inside a prepared root canal during final irrigation with a syringe using this validated
CFD model.

Materials and Methods

The root canal and apical anatomy were simulated similarly to a previous study
(16), assuming  length of 19 mm, an apical diameter of 0.45 mm (ISO size 45),
and 6% taper. The apical foramen was simulated as a rigid and impermeable wall.

Six different needle types were modeled using commercially available 30-G nee-
dles as a reference (Fig. 1). The needle types can be divided in two main groups:
open-ended (Fig. 14-C) and close-ended (Fig. 1D-F). The external and internal diam-
eter and the length of all needles were standardized (D ,; = 320 um, D, = 196 um, I =
31 mm, respectively) in order to isolate the effect of needle tip design. These values
correspond closely to the real geometry of the needles, which was determined accord-
ing to a previous study (18). The two outlets of the double side-vented needle were
modeled identical to the outlet of the side-vented needle to exclude the possible effect
of the outlet design. The needles were fixed and centered within the canal, 3 mm short of
the working length (WL).
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Following Hand-Rotary Instrumentation in Human
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Abstract

This study histologically compared the in vivo debride-
ment efficacy of hand/rotary canal preparation versus a
hand/rotary/ultrasound technique in mesial root canals
of vital mandibular molars. Group 1 consisted of 16
teeth prepared with a hand/rotary technique whereas
group 2 consisted of 15 teeth prepared in similar fash-
ion but followed by 1 min of ultrasonic irrigation, per
canal, utilizing an ultrasonic needle in a MiniEndo unit.
Five uninstrumented mandibular molars served as his-
tologic controls. After extraction and histologic prepa-
ration, 0.5 wm cross-sections, taken every 0.2 mm from
the 1- to 3-mm apical levels, were evaluated for per-
centage of tissue removal. Nonparametric analysis re-
vealed mean percent canal and isthmus cleanliness
values to be significantly higher for group 2 at all levels
evaluated, except one. In conclusion, the 1 min use of
the ultrasonic needle after hand/rotary instrumentation
resulted in significantly cleaner canals and isthmuses in
the mesial roots of mandibular molars.
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Success in endodontic treatment depends on adequate preparation of the root canal
space (1-3). Related factors in achieving this success, such as reduction in the
number of organisms and obturation of the root canal system, are dependent on thor-
ough root canal debridement (4, 5). The goal of cleaning and shaping is the removal of
all vital or necrotic tissue, microorganisms, and their by-products.

The intricate nature of root canal anatomy has complicated the cleaning and
shaping procedure (6—12). Small isthmuses and irregularities within the root canal
system harbor tissue, microbes, and their by-products (8 —10). These areas have been
shown to be inaccessible to conventional hand and rotary instrumentation (13-23).

The use of ultrasonics as a primary cleaning and shaping technique has not been
shown to resultin better canal debridement as compared to hand instrumentation alone
(24-29). These results have been attributed to constraint of the ultrasonic file within
the nonflared root canal space (30).

Other researchers have studied the effectiveness of an ultrasonically activated file
after hand instrumentation. The results showed greater canal and isthmus cleanliness
values (13-16, 23, 31). For example, in vivo studies by Haidet et al. (16) and Archer et
al. (23) histologically compared the tissue removal of step-back versus step-back/
ultrasound (3 min using an ENAC piezoelectric unit) in the mesial roots of mandibular
molars. Haidet et al. (16) reported that at the apical 1-mm level, canals and isthmuses
were both significantly cleaner with the combination method. Archer et al. (23) found
canal and isthmus cleanliness values to be significantly higher at the 1-, 2-, and 3-mm
apical levels when the step-back/ultrasound method was used.

Clinicians have been slow to adopt ultrasound as an addition to endodontic clean-
ing and shaping. The major reasons for this are the need for three additional minutes
per canal for adequate debridement, and file breakage at high levels of ultrasound
activation.

We have developed an ultrasonically activated irrigating needle as an adjunctive
device for canal debridement. The irrigating needle, when connected to a MiniEndo
piezoelectric ultrasonic unit, can be activated at the highest power setting without
needle breakage. Additionally, sodium hypochlorite can be delivered apically through
the needle rather than adding the irrigating solution to the coronal access. Because
more energy is produced at a higher power setting, perhaps the time of ultrasound
treatment can be reduced from 3 min to 1 min. A 1-min treatment time per canal is more
acceptable clinically.

Therefore, the purpose of this in vivo, prospective, randomized, single-blinded
study was to histologically compare debridement efficiency of a hand/rotary cleaning
and shaping technique versus a hand/rotary cleaning and shaping /ultrasound tech-
nique in the mesial roots of human mandibular molars.

Materials and Methods
Thirty-six healthy, adult volunteer subjects participated in this study. The Human
Subjects Review Committee of The Ohio State University approved the study, and we
obtained written informed consent from each subject.
Pulp vitality of the 36 test teeth was initially established with Green Endo-Ice
refrigerant spray (Hygenic Corp., Akron, OH) and a Kerr Vitality Scanner (Kerr Dental,
West Collins Orange, CA) digital electric pulp tester. Onlyvital teeth were included in this
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Abstract

Introduction: The purpose of this study was to evaluate
the penetration of 5.25% sodium hypachlorite alone or in
combination with 17% EDTA in simulated lateral canals
using sonic and ultrasonic activation. Methods: Four
hundred and eighty simulated lateral canals were
created in 80 single rooted cleared teeth by inserting
06 K-files at 2, 4.5 and 6 mm of working length. Samples
were mounted on clear silicon to simulate the presence
of surrounding periodontal tissues and its effects on fluid
dynamics and then randomly assigned to four experi-
mental groups: 1 (n = 20) 5.25% NaOCl + sonic activa-
tion; 2 (n = 20) 5.25% NaOCl + ultrasonic activation;
3 (n =20) 5.25% NaOCl + 17% EDTA + sonic activation
and 4 (n = 20) 5.25% NaOCl + 17% EDTA + ultrasonic
activation. Sonic activation was delivered using the En-
doactivator® inserted 2 mm short of working length
and activated for 1 minute. Ultrasonic activation was
performed with a stainless steel ultrasonic file inserted
2 mm short of working length and passively activated
for 3 cycles of 20 seconds each. Samples were evaluated
by direct observation of the images recorded under the
operating microscope and by radiographic evaluation
after irrigation with a contrast solution. Results: Sonic
and ultrasonic activation resulted in a better irrigation
of thelateral canals at 4.5 and 2 mm from working length
compared to traditional needle irrigation alone. Tradi-
tional needle irrigation alone demonstrated significantly
less penetration of irrigant into the lateral canals and
was limited to the level of penetration of the needle.
Conclusion: The addition of EDTA did not result in better
penetration of irrigants into the lateral canals. (J Endod
2009;35:891-895)

Key Words
Passive ultrasonic irrigation, root canal irrigation, senic
irrigation

Recognizing the predominant role of microorganisms in producing pulpal and peri-
apical pathosis, endodontic treatment is aimed at the elimination of microorganisms
from the root canal system (1—4). Sjogren et al (5) showed that endodontic success was
directly related to the presence of negative bacterial culture before root canal filling.
Despite all efforts to achieve a root canal system free of bacteria, to date it is evident
that bacteria can still survive in areas that are not accessible to current cleaning and
shaping procedures. Thus, research should be oriented to improve cleaning and disin-
fection of root canals.

Mechanical instrumentation is the establishment of a specific cavity form that
permits instruments and irrigants easy access into the canal space creating a tapered
shape in order to obtain optimal final irrigation and obturation (6). Irrigation acts
as a flush to remove organic and inorganic debris as well as a bactericidal agent, tissue
solvent and lubricant. Bystrom et al established that mechanical instrumentation of the
root canal followed by saline irrigation alone leaves bacteria in the canal system and
the supporting actions of disinfectants such as sodium hypochlorite (NaOCl) are still
necessary (7, 8).

The tissue-dissolving properties of NaOCl have been well documented; however, its
ability to remove smear layer has not been showed to be effective (9). Therefore, NaOCl
has been used in association with EDTA, which acts on the inorganic debris formed in
instrumented root canals (10, 11). The removal of the smear layer facilitates the diffusion
of the chemical substances, itrigants, and medications delivered to the root canal system,
thus allowing a more predictable disinfection and seal of the canal system (12, 13).

Other factors may also play a role on the efficacy of root canal irrigation (14-17).
Chow (18) showed that the efficacy of apical irrigation is directly related to the depth of
insertion of the needle, which in some cases presents a challenge to the clinician. The
apical third of the root canal system is particularly difficult to clean because of the
complicated anatomy, apical deltas, narrow isthmus, and lateral canals (19, 20).
Some studies have reported a clear correlation between lateral canals obturation
and healing of periapical lesions (21, 22). However, in order to fill lateral canals, these
should be thoroughly cleaned (23).

The effective delivery of irrigants to the apical third can be enhanced by using ultra-
sonic and sonic devices (24—31) as well as apical negative-pressureirrigation (32, 33).
Activation with sonic devices generates mechanical oscillation, mainly at the tip of the
file, with frequency ranging from 1 to 6 KHz. Ultrasonic activation combines acoustic
waves with the chemical action of the irrigant and generates 2 microstreaming along
the file and secondary acoustic streaming with frequency ranging from 45 and 40
KHz (34). This microstreaming moves the solution against the root canal surfaces,
enhancing mechanical cleansing of the canal walls and bacterial destruction.
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Ahstract

Introduction: Effective irrigant delivery and agitation
are prerequisites for successful endodontic treatment.
Methods: This article presents an overview of the irri-
gant agitation methods currently available and their
debridement efficacy. Results:Technological advances
during the last decade have brought to fruition new
agitation devices that rely on various mechanisms of irri-
gant transfer, soft tissue debridement, and, depending
on treatment philosophy, removal of smear layers. These
devices might be divided into the manual and machine-
assisted agitation systems. Overall, they appear to have
resulted in improved canal cleanliness when compared
with conventional syringe needle irrigation. Despite the
plethora of in vitro studies, no well-controlled study
is available. This raises imperative concerns on the
need for studies that could more effectively evaluate
specific irrigation methods by using standardized debris
or biofilm models. In addition, no evidence-based study
is available to date that attempts to correlate the clinical
efficacy of these devices with improved treatment
outcomes. Thus, the question of whether these devices
are really necessary remains unresolved. There also
appears to be the need to refocus from a practice
management perspective on how these devices are
perceived by clinicians in terms of their practicality and
ease of use. Conclusions: Understanding these funda-
mental issues is crucial for clinical scientists to improve
the design and user-friendliness of future generations
of irrigant agitation systems and for manufacturers’
contentions that these systems play a pivotal role in
contemporary endodontics. (J Endod 2009;35:791-804)

Key Words
Agitation, debris, irrigation, machine-assisted, manual,
smear layer
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Remuval of vital and necrotic remnants of pulp tissues, microorganisms, and micro-
bial toxins from the root canal system is essential for endodontic success (1-3).
Although this might be achieved through chemomechanical debridement (4—6), it is
impossible to shape and clean the root canal completely (7-16) because of the intri-
cate nature of root canal anatomy (17-19). Even with the use of rotary instrumenta-
tion (20), the nickel-titanium instruments currently available only act on the central
body of the canal, leaving canal fins, isthmi, and cul-de-sacs untouched after comple-
tion of the preparation (9-11, 20—24). These areas might harbor tissue debris,
microbes, and their by-products (17-19), which might prevent close adaptation of
the obturation material (25-27) and result in persistent periradicular inflammation
(28, 29). Therefore, irrigation is an essential part of root canal debridement because
it allows for cleaning beyond what might be achieved by root canal instrumentation
alone (8, 30). Ideal root canal irrigants should meet all the conditions described
above for endodontic success (31). However, there is no one unique irrigant that
can meet all these requirements, even with the use of methods such as lowering
the pH (32—34), increasing the temperature (35-39), as well as addition of surfac-
tants to increase the wetting efficacy of the irrigant (40, 41). Thus, in contemporary
endodontic practice, dual irrigants such as sodium hypochlorite (NaOCI) with ethyl-
enediaminetetraacetic acid (EDTA) or chlorhexidine (CHX) (42—44) are often used
as initial and final rinses to complement the shortcomings that are associated with the
use of a single irrigant. More importantly, these irrigants must be brought into direct
contact with the entire canal wall surfaces for effective action (31, 42, 45), particularly
for the apical portions of small root canals.

Throughout the history of endodontics, endeavors have continuously been made
to develop more effective irrigant delivery and agitation systems for root canal irrigation.
These systems might be divided into 2 broad categories, manual agitation techniques
and machine-assisted agitation devices (Fig. 1). The objective of this review was to
present an overview of contemporary irrigant agitation methods available in endodon-
tics and to provide a critique of their debridement efficacy.

Manual Agitation Techniques

Syringe Irrigation with Needles/Cannulas

Conventional irrigation with syringes has been advocated as an efficient method of
irrigant delivery before the advent of passive ultrasonic activation (46). This technique
is still widely accepted by both general practitioners and endodontists. The technique
involves dispensing of an irrigant into a canal through needles/cannulas of variable
gauges, either passively or with agitation. The latter is achieved by moving the needle
up and down the canal space. Some of these needles are designed to dispense an irrigant
through their most distal ends, whereas others are designed to deliver an irrigant later-
ally through closed-ended, side-vented channels (47). The latter design has been
proposed to improve the hydrodynamic activation of an irrigant and reduce the chance
of apical extrusion (48). Itis crucial that the needle/cannula should remain loose inside
the canal during irrigation. This allows the irrigant to reflux and causes more debris to
be displaced coronally, while avoiding the inadvertent expression of the irrigant into
periapical tissues. One of the advantages of syringe irrigation is that it allows compar-
atively easy control of the depth of needle penetration within the canal and the volume of
irrigant that is flushed through the canal (46).
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Abstract

Boutsioukis C. Kastrinakis E. Lambrianidis T,
Verhaagen B, Versluis M, van der Sluis LWM.
Formation and removal of apical vapor lock during syringe
irrigation: a combined experimental and Computational Fluid
Dynamics approach. International Endodontic Journal, 47,
191-201, 2014.

Aim (i) To evaluate the effect of needle type and
insertion depth, root canal size and irrigant flow rate
on the entrapment of air bubbles in the apical part of
a root canal (apical vapor lock) during syringe irriga-
tion using experiments and a Computational Fluid
Dynamics (CFD) model, (ii) to investigate whether the
irrigant contact angle affects bubble entrapment,
(iii) to examine if an established vapor lock can be
removed by syringe irrigation.

Methodology Bubble entrapment during irrigation
of straight artificial root canals of size 35 or 50 was
evaluated by real-time visualizations. The irrigant was
delivered by a closed-ended or an open-ended needle
positioned at 1 or 3 mm short of working length
(WL) and at a flow rate of 0.033-0.260 mL s '.

Results were analysed by nonparametric tests at 0.05
significance. Selected cases were also simulated by a
two-phase CF) model.

Results A vapor lock was observed in 48% of the
cases investigated experimentally. Increasing the
apical size, using an open-ended needle, positioning
the needle closer to WL and delivering the irrigant at
higher flow rate resulted in significantly smaller vapor
lock. An increased contact angle resulted in the
entrapment of a larger bubble when a low flow rate
was used. Both brief insertion of the needle to WL
whilst irrigating at a flow rate of 0.083 mL s~"
delivering the irrigant at 0.260 mL s™'
changing the needle position were capable of remov-
ing an established vapor lock.

Conclusions Apical vapor lock may occur under
certain conditions, but appears to be easily prevented
or removed by syringe irrigation.

and
without

Keywords: Apical vapor lock, bubble, Computa-
tional Fluid Dynamics, needle, root canal irrigation,
syringe.
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Irrigation of root canals with antibacterial solutions is
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Abstract

Root canal treatment is a common dental operation aimed at removing the
contents of the geometrically complex canal chambers within teeth; its purpose
is to remove diseased or infected tissue. The complex chamber is first enlarged
and shaped by instruments to a size sufficient to deliver antibacterial fluids.
These irrigants help to dissolve dying tissue, disinfect the canal walls and
space and flush out debris. The effectiveness of the procedure is limited
by access to the canal terminus. Endodontic research is focused on finding
the instruments and clinical procedures that might improve success rates by
more effectively reaching the apical anatomy. The individual factors affecting
treatment outcome have not been unequivocally deciphered, partly because of
the difficulty in isolating them and in making the link between simplified,
general experimental models and the complex biological objects that are
teeth. Explicitly considering the physical processes within the root canal can
contribute to the resolution of these problems. The central problem is one of
fluid motion in a confined geometry, which makes the dispersion and mixing
of irrigant more difficult because of the absence of turbulence over much of
the canal volume. The effects of treatments can be understood through the
use of scale models, mathematical modelling and numerical computations. A
particular concern in treatment is that caustic irrigant may penetrate beyond
the root canal, causing chemical damage to the jawbone. In fact, a stagnation
plane exists beyond the needle tip, which the irrigant cannot penetrate. The
goal is therefore to shift the stagnation plane apically to be coincident with
the canal terminus without extending beyond it. Needle design may solve
some of the problems but the best design for irrigant penetration conflicts with
that for optimal removal of the bacterial biofilm from the canal wall. Both
irrigant penetration and biofilm removal may be improved through canal fluid
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Comparison of the Volume of Root Canal Irrigant
Collected by 2 Negative Pressure Needles at
Different Flow Rates of Delivery

Diana Moreno, DDS,* Antonio J. Conde, DDS,* Gaizka Lorono, DDS,* Carlos G. Adorno, DDs,’
Roberto Estevez, DDS, PbD,* and Rafael Cisneros, DDS*

Abstract

Introduction: A greater irrigant volume improves the
effectiveness of root canal irrigation. The purpose of
this study was to compare 2 negative pressure systems
regarding the volume of irrigant collected from the apical
area in moderately curved canals at 3 different flow rates
of delivery in vitro. Methods: The mesiobuccal canals
of 30 molars with a curvature between 20* and 40°
were prepared to size #40.04 taper. A closed system
was created. The canals were irrigated at 3, 6, and
12 mL/min for 30 seconds using EndoVac (SybronEndo,
Orange, CA) and the INP needle (Mixnus Fine Engineer-
ing Co Ltd, Nagano, Japan) (both independent vari-
ables). A recovery trap was used to collect the
irigant aspirated by the negative pressure needles. Ir-
rigant volume (dependent variable) was measured in
milliliters. Data were analyzed using mixed analysis
of variance. Results: There was a statistically signifi-
cant interaction between the negative pressure system
and the irrigant volume collected (P < .0005). The
mean irrigant volume collected by the different nega-
tive pressure systems was greater for INP at 3
(P < .001), 6 (P < .001), and 12 mUmin (P < .001)
flow rate. Both negative pressure needles showed sta-
tistically significant differences (P < .001) between
mean irrigant volume collected at different flow rates.
Conclusions: A greater volume was collected by
increasing the flow rate of irrigant delivery for both En-
doVac and INP. The INP needle could collect a greater
volume of irrigant from the apical third compared with
EndoVac at all 3 different flow rates. (J Endod 2018; Il
:1-4)

Irrigant replacement, negative pressure irrigation, root
canal irrigation, volume

thorough debridement
of the root canal system - e —————— ]
cannot be achieved through y increasing the flow rate of delivery, agreater vol-

ume of sodium hypochlorite can be collected from
the apical region when using negative pressure irri-
gation. This would allow replenishment with fresh
irigant at the working length and potentially
cleaner canals.

instrumentation alone (1).
Previous studies reported
residual pulp tissue ranging
from 3%—20% of the apical
3 mm of mandibular mo-
lars (2) and 4%—100% of
untreated canal areas of maxillary molars (3). This reinforces the notion of using chem-
ically active irrigation solutions as a necessary adjunct to mechanical preparation. When
irrigating solutions are delivered to the most apical region of the root canal system, the abil-
ity to dissolve organic tissues, kill microbes, remove microbial by-products, and remove the
smear layer is better achieved (4—0). Ideally, the solutions should come into contact with
the biofilm/organic tissue/canal wall (7, 8). However, when this happens, a gradual
weakening or inactivation of the irrigating solution occurs (4, 8-12). Therefore,
frequent replenishment and a greater volume of the irrigating solution are
recommended to improve the effectiveness of the irrigating solution (9, 13, 14).

The ability of the irrigant solution to reach the working length by using negative
pressure irrigation with EndoVac (SybronEndo, Orange, CA) and, more recently,
with the INP needle (Mixnus Fine Engineering Co Ltd, Nagano, Japan) has been shown
previously (15-19). The negative pressure concept is relatively simple. When the
negative pressure needle is placed within the canal during aspiration, the pressure
generated in the apical region of the canal is lower in comparison with the
atmospheric pressure. The pressure gradient created results in a net force directed
toward the lower pressure area, which affects the irrigant solution deposited in the
pulp chamber directing it toward the apical region from where it is collected by the
aspirating tip (16). Minimal to no extrusion can be expected (20-22) because of
the negative pressures developed within the root canal (23).

The volume of irrigating solutions reaching the apical third of the canal by negative
pressure systems has been previously investigated using EndoVac (24-26) and both
EndoVac and the INP needle (16). Influencing factors such as apical preparation
size (25, 20), taper (25), root curvature (26), and type of needle (16) were identified.
However, the influence of the flow rate of delivery has not been previously investigated.
Therefore, the purpose of this study was to compare 2 negative pressure systems
regarding the volume of irrigant collected from the apical area in moderately curved
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Postoperative Pain after the Application of Two Different
Irrigation Devices in a Prospective Randomized Clinical Trial

Eudes Gondim Jr, DDS, MS, PbD,* Frank C. Setzer, DMD, PhD, MS,*
Carla Bertelli dos Carmo, DDS,r and Syngcuk Kim, DDS, PhD*

Abstract

Introduction: The extrusion of irigation solutions
beyond the apical constriction may result in postoperative
pain. Sodium hypochlorite can cause severe tissue irrita-
tion and necrosis outside the root canal system if extruded
into the periodontal ligament (PDL) space. Different
delivery technigues were discussed to reduce this poten-
tial risk. The aim of this study was to compare the post-
operative level of pain after root canal therapy using
either endodontic needle irrigation or a negative apical
pressure device. Material and Methods: In a prospective
randomized clinical trial, 110 asymptomatic single-rooted
anterior and premolar teeth were treated endodontically
with two different imigation technigues. The teeth were
randomly assigned to twe groups. In the MP group
(n = 55), procedures were performed using an
endodontic imigating syringe (Max-i-Probe; Dentsply
Rinn, Elgin, IL). The EV group (n = 55) used an irrigation
device based on negative apical pressure (EndoVac;
Discus Dental, Culver City, CA). Postoperatively, the
patients were prescribed ibuprofen 200 mg to take every
8 hours if required. Pain levels were assessed by an
analog scale questionnaire after 4, 24, and 48 hours.
The amount of ibuprofen taken was recorded at the
same time intervals. Results: During the 0- to 4-, 4- to
24-, and 24- to 48-hour intervals after treatment, the
pain experience with the negative apical pressure device
was significantly lower than when using the needle irriga-
tion (p < 0.0001 [4, 24, 48 hours]). Between 0 and 4 and
4 and 24 hours, the intake of analgesics was significantly
lower in the group treated by the negative apical pressure
device (p < 0.0001 [0-4 hours], p = 0.001 [4-24 hours]).
The difference for the 24- to 48-hour period was not
statistically different (p = 0.08). The Pearson correlation
coefficient revealed a strongly positive and significant
relationship for the MP group (r = 0.851, p < 0.001)
and the EV group (r = 0.596, p < 0.0001) between
pain intensity and the amount of analgesics. Conclusion:
The outcome of this investigation indicates that the use of
a negative apical pressure irrigation device can result in

a significant reduction of postoperative pain levels in comparison to conventional needle
irigation. (J Endod 2010;36:1295-1301)

EndoVac, irrigation, negative apical pressure, postoperative pain

ostoperative pain is an unwanted yet unfortunately common sensation after

endodontic treatment. The incidence of postoperative pain was reported to range
from 3% to 58% (1). Even severe pain may occur within 24 to 48 hours after therapy
(2). After the treatment was finished, 12% of patients experienced severe pain within
this time interval according to a visual analog scale (VAS) (2). The factors for postop-
erative pain are many-fold and can include microbial factors, the effects of chemical
mediators, phenomena related to the immune system, cyclic nucleotide changes,
psychological factors, and changes in the local adaptation and the periapical tissue
pressure (3). Irritants to the periapical tissues that can evoke pain sensation include
medications or irrigating solutions (3).

Antimicrobial debridement is a key step in root canal therapy. Bacteria play
a primary role in the development of pulp necrosis, periapical pathosis, and posttreat-
ment disease (4). Mechanical instrumentation alone is not enough to render canals free
from microorganisms (5). Several studies have proven the effectiveness of sodium
hypochlorite for bacterial reduction in addition to mechanical cleaning and shaping
(6). Other irrigants with similar antimicrobial effects include chlorhexidine (7) and
MTAD (8). Only sodium hypochlorite, however, has also proven highly effective in tissue
dissolution (9) and the removal of bacterial biofilm (10). Because tissue dissolution is
a prerequisite for antimicrobial action (11), sodium hypochlorite is considered the
most important antimicrobial irrigant in root canal therapy (9). Sodium hypochlorite
works because of its ability to hydrolyze and oxidize cell proteins, its release of free
chlorine, and its pH of 11 to 12 (7).

Because of the strong cell toxicity, an associated risk with the use of sodium hypo-
chlorite is the inadvertent injection into the periapical tissues through the apical
constriction of the root canal, leading to severe, painful postoperative complications.
Sodium hypochlorite accidents have been reported in the literature (12). Teeth with
wide open foramina or with apical constrictions damaged by resorptive processes or
by iatrogenic errors during instrumentation are at an elevated risk for the extrusion
of sodium hypochlorite (13). Moreover, if excessive pressure is used during irrigation
or the irrigation needle is bound within the root canal and prevents the safe coronal
outflow of the solution, large quantities of sodium hypochlorite may be pushed out
into the periapical tissues and subsequently lead to tissue necrosis and postoperative
pain (13). This causes a dilemma because it is known that a high volume and frequency
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The Self-adjusting File (SAF). Part 1: Respecting the Root
Canal Anatomy—A New Concept of Endodontic Files and Its

Implementation

Zvi Metzger, DMD,* Ebud Teperovich, DMD,” Raviv Zary, DMD,” Raphaela Coben, DMD,”

and Rafael Hof. MSc (Eng)”

Abstract

Aim: To introduce a new concept, the self-adjusting file
(SAF), and discuss its unigue features compared with
current rotary nickel-titanium file systems. The New
Concept: The SAF file is hollow and designed as
a thin cylindrical nickel-titanium lattice that adapts to
the cross-section of the root canal. A single file is used
throughout the procedure. It is inserted into a path
initially prepared by a # 20 K-file and operated with
a transline- (in-and-out) vibration. The resulting circum-
ferential pressure allows the file's abrasive surface to
gradually remove a thin uniform hard-tissue layer from
the entire root canal surface, resulting in a canal with
a similar cross-section but of larger dimensions. This
holds also for canals with an oval or flat cross-section,
which will be enlarged to a flat or oval cross-section
of larger dimensions. The straightening of curved canals
is also reduced because of the high pliability of the file
and the absence of a rigid metal core. Thus, the original
shape of the root canal is respected both longitudinally
and in cross-section. The hollow SAF file is operated
with a constant flow of irrigant that enters the full length
of the canal and that is activated by the vibration and is
replaced continuously throughout the procedure. This
results in effective cleaning even at the cul de sac apical
part of the canal. The SAF has high mechanical endur-
ance; file separation does not occur; and mechanical
failure, if it occurs, is limited to small tears in the lattice-
work. Conclusion: The SAF represents a new step
forward in endodontic file development that may over-
come many of the shortcomings of current rotary
nickel-titanium file systems. (J Endod 2010;36:679—690)

Key Words

Canal preparation, curved root canals, endodontic files,
flat root canals, micro-computed tomography scan,
nickel-titanium, SAF, scanning electron microscopy,
self-adjusting file

he cleaning and shaping of the root canal is the key step in root canal treatment.

Its aim is to remove all tissue debris from the root canal space while removing
the inner layers of root canal dentin (1). For many years, it has been a common
practice to enlarge the root canal to at least three ISO sizes larger than the first file
to bind at the apical part of the canal (2, 3). It was assumed that such preparation
will remove the inner layers of the dentin while allowing the irrigant to reach the
entire length of the root canal for a thorough cleaning and disinfection of the root
canal space (4, 5). This goal is easier to achieve today, even in curved root canals,
because of the introduction and use of rotary nickel-titanium file systems. Because
of their elasticity, these files can preserve the location of the root canal axis, thus
largely preventing its transportation and ledging, which were major problems with
stainless steel hand files. Rotary nickel-titanium files do this more efficiently and
apparently require less operator expertise. The resulting root canal filling radio-
graphs are impressive, yet the third dimension of the root canal is commonly
ignored (6).

The goal of cleaning and shaping may be easily and reproducibly achieved with
rotary files as far as relatively straight and narrow root canals with a round cross-section
are concerned. In such canals, completion of the file sequence may result in a clean
canal with no tissue debris and with removal of all or most of the inner layer of the
heavily contaminated dentin. Nevertheless, in flat oval-shaped root canals and in curved
ones, this goal is not easy attainable (7, 8).

Flat oval root canals are common in the distal roots of lower molars, upper and
lower bicuspids, and lower incisors and canines. Asymmetrical, flat, tear-shaped
cross-sections are another challenge. Such canals are common in most roots that
contain two root canals in the same root and a potential isthmus. This includes ante-
rior roots of lower molars, mesiobuccal roots of upper molars, first upper bicus-
pids, and some lower incisors. A systematic and comprehensive study by Wu et al
(9) has shown that oval or flat root canal morphology is present in up to 25%
of root canals, and in certain root groups it may exceed 50%. The flatness or asym-
metry in these canals is usually in the buccolingual dimension; therefore, it fails to
be recognized on clinical radiographs, which represent a buccolingual projection
(Fig. 1).

The buccal and lingual areas of such flat root canals and the area facing the
isthmus in tear-shaped ones cannot be adequately prepared by current rotary files.
All current rotary files have one or another type of spiral blade and helical formation
that when rotating machines the root canal into a form that has a round cross-section.
Substantial untouched areas may be left on the buccal and lingual sides of a flat root
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A Comparative Study of Biofilm Removal with Hand, Rotary
Nickel-Titanium, and Self-Adjusting File Instrumentation
Using a Novel /n Vitro Biofilm Model

James Lin, DDS, MSc, Ya Shen, DDS, PbD, and Markus Haapasalo, DDS, PbD

Abstract

Introduction: This study sought to present a standard-
ized biofilm model in extracted teeth with an artificial
apical groove to quantify the efficacy of hand, rotary
nickel-titanium, and self-adjusting file (SAF) instrumen-
tation in biofilm bacteria removal. Methods: Thirty-six
extracted single-rooted teeth with oblong canals were
selected. Each tooth was split longitudinally, and
a 0.2-mm-wide groove was placed in the apical 2 to 5
mm of the canal. After growing mixed bacteria biofilm
inside the canal under an anaerobic condition, the split
halves were reassembled in a custom block, creating an
apical vapor lock. Teeth were randomly divided into 3
treatment groups (n = 10 per group) using the K-file,
ProFile (Dentsply Tulsa Dental Products, Tulsa, OK),
and the SAF (ReDent-Nova, Ra'anana, Israel). Irrigation
consisted of 10 mL 3% NaOCl and 4 mL 17% EDTA. Six
teeth received no treatment. Areas inside and outside
the groove were examined using a scanning electron
microscope. Results: The scanning electron microscope
showed a consistently thick layer of biofilm grown in the
canals of the control group after 4 weeks. Within the
groove, a smaller area remained occupied by bacteria
after the use of the SAF compared with the ProFile
and the K-file (3.25%, 19.25%, and 26.98%, respec-
tively; P < .05). For all groups, significantly more
bacteria were removed outside the groove than inside
(P < .05). No statistical differences were found outside
the groove (P > .05). Conclusions: Although all tech-
niques equally removed bacteria outside the groove,
the SAF reduced significantly more bacteria within the
apical groove. No technique was able to remove all
bacteria. This biofilm model represents a potentially
useful tool for the future study of root canal disinfection.
() Endod 2013;39:658-663)

Key Words
Biofilm, endodontic instrument, irrigation, nickel-tita-
nium, ProFile, self-adjusting file

C olonizing microorganisms such as those found in the infected root canal space are
present either as free-floating (planktonic) single cells or attached to each other or
to the root canal walls to form (sessile) biofilms. Although planktonic microorganisms
can be eliminated more readily by a variety of different methods, the removal of sessile
biofilm bacteria from the root canal remains a major challenge (1, 2). A biofilm is
a community of microorganisms embedded in a matrix of extracellular polymeric
substance and attached to a solid surface. It has been accepted that within this
community the biofilm bacteria express different phenotypes, often with different
characteristics, than do the same bacteria in their planktonic state. Notable among
these differences is the increased resistance to antimicrobial agents that can be 100-
to 1000-fold greater for a species in a mature biofilm relative to that same species grown
planktonically (3). Microbial invasion of the root canal system can eventually lead to
pulpal necrosis and apical periodontitis. Because the bacteria in the necrotic root canal
grow mostly in sessile forms, the success of endodontic treatment will depend on the
effective elimination of such biofilms (1).

Currently, the eradication of a microbial infection is accomplished mainly through
mechanical instrumentation and chemical irrigation. Although mechanical preparation
of the infected root canal has been shown to be most effective in reducing the number of
bacteria, it alone is unreliable in achieving adequate disinfection (4, 5). Irrigation
allows for cleaning beyond what might be achievable through instrumentation
because it enhances further bacterial elimination, facilitates necrotic tissue removal,
and prevents the packing of infected debris apically (2). Nonetheless, the anatomic
complexities of the root canal system present physical constraints that pose a serious
challenge to adequate root canal disinfection using currently available techniques
such that residual bacteria are often found in areas such as fins, isthmuses, ramifica-
tions, deltas, accessory and lateral canals, and dentinal tubules (6, 7). Recently,
a new instrumentation and irrigation device, the self-adjusting file (SAF) system, was
introduced by ReDent-Nova (Ra'anana, Israel) (8). Different from the traditional
nickel-titanium (NiTi) rotary files, the SAF system uses a hollow reciprocating instru-
ment that allows for simultaneous irrigation throughout the mechanical preparation.
When inserted into the root canal, the manufacturer claims that the SAF is capable of
adapting itself to the canal shape 3-dimensionally (9). The instrument is used in a trans-
line (in-and-out) motion, and the abrasive surface of the lattice threads promotes
a uniform removal of dentin (8). Siqueira et al (10) found that SAF preparation and
continuous irrigation of long oval canals were more effective than rotary NiTi instru-
mentation and syringe/needle irrigation in reducing intracanal Enferococcus faecalis
counts.
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The Self-adjusting File (SAF). Part 3: Removal of Debris and
Smear Layer—A Scanning Electron Microscope Study

Zvi Metzger, DMD,*" Ebud Teperovich, DMD,” Raphaela Coben, DMD,” Raviv Zary, DMD,"
Frank Paqué, DMD,’é and Michael Hiilsmann, DMD”

Abstract

Aim: The aim of this study was to evaluate the cleaning
ability of the Self-Adjusting File (SAF) system in terms of
removal of debris and smear layer. Methodology:
Root canal preparations were performed in 20 root
canals using an SAF operated with a continuous imiga-
tion device. The glide path was initially established
using a size 20 K-file followed by the SAF file that was
operated in the root canal via a vibrating motion for
a total of 4 minutes. Sodium hypochlorite (3%) and
EDTA (17%) were used as continuous irrigants and
were alternated every minute during this initial 4-minute
period. This was followed by a 30-second rinse using
EDTA applied through a nonactivated SAF and a final
flush with sodium hypochlorite. The roots were split
longitudinally and subjected to scanning electron
microscopy (SEM). The presence of debris and a smear
layer in the coronal, middle, and apical thirds of the
canal were evaluated through the analysis of the SEM
images using five-score evaluation systems based on
reference photographs. Results: The SAF operation
with continuous irrigation, using alternating irrigants,
resulted in root canal walls that were free of debris in
all thirds of the canal in all (100%) of the samples. In
addition, smear layer—free surfaces were observed in
100% and 80% of the coronal and middle thirds of
the canal, respectively. In the apical third of the canal,
smear layer—free surfaces were found in 65% of the
root canals. Conclusions: The operation of the SAF
system with continuous irrigation coupled with alter-
nating sodium hypochlorite and EDTA treatment re-
sulted in a clean and mostly smear layer—free dentinal
surface in all parts of the root canal. (J Endod
2010;36:697-702)

Key Words
Apical third of root canal, cleaning debris, irrigation, irri-
gation protocol, SAF, self-adjusting file, smear layer

he cleaning and shaping of root canals is a key step in root canal treatment proce-

dures. Unless all tissue remnants and debris are removed, the subsequent stage of
root canal obturation may also be jeopardized, leading to the potential failure of treat-
ment (1, 2). Any material left between the canal wall and the root canal filling may
prevent intimate adaptation between the two and may provide a space for bacterial
leakage and bacterial proliferation.

Accordingly, the cleaning efficacy of any endodontic file system is of major impor-
tance and has been studied intensively (3, 4). The presence of a significant amount of
debris is commonly encountered when either rotary or hand files are used in root
canals with flat cross-sections. The debris accumulation in the uninstrumented
“fins” may not allow for proper disinfection and may prevent the root canal filling
from reaching these recesses, even when warm gutta-percha compaction is applied
(1, 2). Such a gross accumulation of debris may readily be visualized even when using
light microscopy at a magnification of x50 (1, 2).

Furthermore, the smear layer and some amounts of debris may be present on the
walls of the root canals, even with the simplest morphology. A 5-um-thick smear layer
represents a potential gap between the root canal filling and the root canal wall that may
be capable of accommodating approximately five layers of bacteria. Moreover, the
smear layer may block or prevent the free access of antibacterial agents to the bacteria
that may have penetrated into the dentinal tubules. The evaluation of fine debris and the
presence of the smear layer require higher magnification levels (200x-1,000x) that
are achievable only through the use of scanning electron microscopy (SEM).

SEM has been applied by numerous investigators to study the efficacy of various
rinsing protocols and file systems in the removal of debris and smear layer (5-16).
Every available file system generates a smear layer and leaves debris in the root canal,
and rinsing with sodium hypochlorite alone is unable to render the canal free of debris
and smear layers (5-13, 15, 16). In addition, the application of chelating agents such as
EDTA may dramatically improve the overall efficiency of the procedure (8-13). Finally,
even when the coronal and middle thirds of the canal are relatively clean, the apical
third of the root canal always presents a problem in regard to the ability to achieve
the same level of cleanliness (5, 6, 9, 12). This may be of great importance because
the presence of a smear layer and debris may prevent sealer adaptation to the canal
walls and allow penetration of itritants into the periradicular tissues, initiating or
sustaining periradicular inflammation (17, 18).

The Self-Adjusting File system (SAF; ReDent-Nova, Ra’anana, Israel) is different
from any available file system in two major respects (19). First, the SAF is a hollow
and flexible file that adapts itself three-dimensionally to the shape of the root canal,
including the ability to adapt to its cross-section (19). The SAF vibrates when
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Root Canal Preparation of Maxillary Molars With the
Self-adjusting File: A Micro-computed Tomography Study

Ove A. Peters, DMD, MS, PbD,* and Frank Paqué, Dr med dent’

Introduction: The aim of this study was to describe the
canal shaping properties of a novel nickel-titanium
instrument, the self-adjusting file (SAF), in maxillary
molars. Methods: Twenty maxillary molars were
scanned by using micro—computed tomography at 20-
um resolution. Canals were shaped with the SAF, which
was operated with continuous irrigation in a handpiece
that provided an in-and-out vibrating movement.
Changes in canal volumes, surface areas, and cross-
sectional geometry were compared with preoperative
values. Canal transportation and the fraction of unpre-
pared canal surface area were also determined. Data
were normally distributed and compared by analyses
of variance. Results: Preoperatively, mean canal
volumes were 2.88 + 1.32, 1.50 + 0.99, and 4.30 +
1.89 mm? for mesiobuccal (MB), distobuccal (DB), and
palatal (P) canals, respectively; these values were statis-
tically similar to earlier studies with the same protocol.
Volumes and surface areas increased significantly in
MB, DB, and P canals; mean canal transportation scores
in the apical and middle root canal thirds ranged
between 31 and 89 um. Mean unprepared surfaces
were 25.8% =+ 12.4%, 22.1% +12.0%, and 25.2% +
11.3% in MB, DB, and P canals, respectively (P > .05)
when assessed at high resolution. Conclusions: By
using SAF instruments in vitro, canals in maxillary
molars were homogenously and circumferentially
prepared with little canal transportation. (J Endod
2011,37:53-57)

Key Words
Micro-computed tomography, nickel-titanium instru-
ments, root canal preparation, self-adjusting file
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leaning and shaping of root canals successfully require the presence of irrigation

solutions that can only be applied to the apical root canal third after enlargement
with instruments (1—4). Nickel-titanium (NiTi) rotary instruments have become an
important adjunct for root canal shaping, and outcomes with these instruments are
fairly predictable (5). However, rotary instruments perform comparably poorly in
long-oval canals such as distal canals in lower molars, specifically because they do
not mechanically prepare 60% or more canal surface under these conditions (6).

Very recently a new concept, the so-called self-adjusting file (SAF), has emerged
that might allow uniform dentin removal along the perimeter of oval canals. Root canal
preparation with this file has been quantitatively described only in anterior teeth (7) but
not in molar root canals.

The effects of root canal shaping were assessed, besides other approaches, from
double-exposure radiographs (8), from cross sections by using the Bramante tech-
nique (9), and more recently by using micro—computed tomography (MCT) data
(10). The latter technique allows nondestructive quantitative analyses of variables
such as volume, surface areas, cross-sectional shape, taper, and the fraction of affected
surface (11).

Earlier studies had indicated that differences in canal anatomy between palatal
(P), mesiobuccal (MB), and distobuccal (DB) canals would play a significant role
for shaping outcomes (12). More ribbon-shaped or flat canals such as the MB canal
would have more unprepared canal area; moreover, on average, smaller more curved
MB canals would have greater canal transportation than P canals.

On the basis of the fact that the SAF is capable of addressing non-round canal cross
sections, we hypothesized that various canals in maxillary molars can be prepared to
similar outcomes with respect to canal transportation and amount of prepared surface.

Studies based on MCT done in our laboratory during the last decade provided data
on preparation effects for hand and rotary instruments in maxillary molars (10, 12—
14). Therefore, the aim of this study was to describe the canal shaping properties of
the SAF in maxillary molars.

Materials and Methods

Selection of Teeth

From teeth that had been extracted for reasons unrelated to the current study, 20
human maxillary molars were collected and stored in 0.1% thymol solution at 4°C until
further use. Teeth had mature apices and were free of fractures and artificial alterations.
They were mounted on scanning electron microscopy stubs and then scanned in
a desktop MCT unit at an isotropic resolution of 20 um (uCT 40; Scanco Medical, Briit-
tisellen, Switzerland) by using previously established methods (10, 15). Care was taken
to specifically select teeth that did not have a distinct fourth canal orifice so as to include
a buccolingually flat mesiobuccal canal, as judged from a preoperative MCT scan in low
resolution. Teeth were then accessed by using high-speed diamond burs, and patency of
the coronal canal was confirmed. Coronal flaring was accomplished with #2 Gates Glid-
den burs (Dentsply Maillefer, Ballaigues, Switzerland) placed to 2—3 mm below the
cemento-enamel junction. Subsequently, canal lengths and patency were determined
with size 10 K-files (Dentsply Maillefer) and radiographs; working lengths (WLs)
were set 1 mm shorter than the radiographic apex. Each canal was then probed with
#20 K-Afile. If it reached the WL, no further preparation was done. If the canal was nar-
rower than that, it was prepared until #20 K-file could freely reach the WL to provide
a glide path.
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Ultrasonics in Endodontics: A Review of the Literature

Gianluca Plotino, DDS,* Cornelis H. Pameijer, DMD, DSc, PbD,” Nicola Maria Grande, DDS,*

and Francesco Somma, MD, DDS*

Abstract

During the past few decades endodontic treatment has
benefited from the development of new techniques and
equipment, which have improved outcome and predict-
ability. Important attributes such as the operating mi-
croscope and ultrasonics (US) have found indispensable
applications in a number of dental procedures in peri-
odontology, to a much lesser extent in restorative den-
tistry, while being very prominently used in endodon-
tics. US in endodontics has enhanced the quality of
treatment and represents an important adjunct in the
treatment of difficult cases. Since its introduction, US
has become increasingly more useful in applications
such as gaining access to canal openings, cleaning and
shaping, obturation of root canals, removal of intraca-
nal materials and obstructions, and endodontic surgery.
This comprehensive review of the literature aims at
presenting the numerous uses of US in clinical endo-
dontics and emphasizes the broad applications in a
modern-day endodontic practice. (J Endod 2007;33:
81-95)
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he use of ultrasonics (US) or ultrasonic instrumentation was first introduced to

dentistry for cavity preparations (1-3) using an abrasive slurry. Although the tech-
nique received favorable reviews (4, 5), it never became popular, because it had to
compete with the much more effective and convenient high-speed handpiece (6).
However, a different application was introduced in 1955, when Zinner (7) reported on
the use of an ultrasonic instrument to remove deposits from the tooth surface. This was
improved upon by Johnson and Wilson (8), and the ultrasonic scaler became an
established tool in the removal of dental calculus and plaque. The concept of using US
in endodontics was first introduced by Richman (9) in 1957. However, it was not until
Martin etal. (10—12) demonstrated the ability of ultrasonically activated K-type files to
cut dentin that this application found common use in the preparation of root canals
before filling and obturation. The term endosonics was coined by Martin and Cunning-
ham (13, 14) and was defined as the ultrasonic and synergistic system of root canal
instrumentation and disinfection.

Ultrasound is sound energy with a [requency above the range of human hearing,
which is 20 kHz. The range of frequencies employed in the original ultrasonic units was
between 25 and 40 kHz (15). Subsequently the so-called low-frequency ultrasonic
handpieces operating from 1 to 8 kHz were developed (16—21), which produce lower
shear stresses (22), thus causing less alteration to the tooth surface (23).

There are two basic methods of producing ultrasound (24-26). The first is mag-
netostriction, which converts electromagnetic energy into mechanical energy. A stack of
magnetostrictive metal strips in a handpiece is subjected to a standing and alternating
magnetic field, as a result of which vibrations are produced. The second method is
based on the piezoelectric principle, in which a crystal is used that changes dimension
when an electrical charge is applied. Deformation of this crystal is converted into
mechanical oscillation without producing heat (15).

Piezoelectric units have some advantages compared with earlier magnetostrictive units
because they offer more cycles per second, 40 versus 24 kHz. The tips of these units work in
alinear, back-and-forth, “piston-like” motion, which is ideal for endodontics. Lea etal. (27)
demonstrated that the position of nodes and antinodes of an unconstrained and unloaded
endosonic file activated by a 30-kHz piezon generator was along the file length. As a result the
file vibration displacement amplitude does not increase linearly with increasing generator
power. This applies in particular when “troughing” for hidden canals or when removing
posts and separated instruments. In addition, this motion is ideal in surgical endodontics
when creating a preparation for a retrograde filling. A magnetostrictive unit, on the other
hand, creates more of a figure eight (elliptical) motion, which is not ideal for either surgical
ornonsurgical endodontic use. The magnetostrictive unitsalso have the disadvantage that the
stack generates heat, thus requiring adequate cooling (15).

Appiications of US in Endodontics
Although US is used in dentistry for therapeutic and diagnostic applications as well
as for cleaning of instruments before sterilization (28), currently its main use is for
scaling and root planing of teeth and in root canal therapy (15, 28, 29). The concept of
minimally invasive dentistry (30, 31) and the desire for preparations with small dimen-
sions has stimulated new approaches in cavity design and tooth-cutting concepts, in-
cluding ultrasound for cavity preparation (32).
The following is a list of the most frequent applications of US in endodontics, which
will be reviewed in detail:
1. Access refinement, finding calcified canals, and removal of attached pulp
stones
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Abstract

Lee S-J, Wu M-K, Wesselink PR. The effectiveness
of syringe irrigation and ultrasonics to remove debris
from simulated irregularities within prepared root canal walls.
International Endodontic Journal, 37, 672-678, 2004.

Aim To compare the ability of syringe irrigation and
ultrasonic irrigation to remove artificially placed den-
tine debris from simulated canal irregularities within
prepared root canals.

Methodology After canal enlargement, twelve
canines were split longitudinally into two halves. On
the wall of one half of each root canal a standard
groove of 4 mm in length, 0.2 mm in width and
0.5 mm in depth was cut, 2-6 mm from the apex, to
simulate uninstrumented canal extensions. On the wall
of the other half, three standard saucer-shaped depres-
sions of 0.3 mm in diameter and 0.5 mm in depth were
cut at 2, 4 and 6 mm from the apex to simulate
uninstrumented canal irregularities. Bach groove and
depression were filled with dentine debris mixed with
2% NaOCl to simulate a situation when dentine debris
accumulates in uninstrumented canal extensions and
irregularities during canal preparation. Each tooth was
re-assembled by reconnecting the two halves, using

wire and an impression putty material. Two per cent
NaQCl was then delivered into each canal either using
syringe irrigation (n = 8) or using ultrasonic irrigation
(n = 8). Before and after irrigation, images of the two
halves of the canal wall were taken, using a microscope
and a digital camera, after which they were scanned
into a PC as TIFF images. The amount of remaining
dentine debris in the grooves and depressions was
evaluated by using a scoring system between 0-3: the
higher the score, the more the debris. The data were
analysed by means of the Mann—Whitney U-test.
Results Both forms of irrigation reduced the debris
score significantly. The debris score was statistically
significantly lower after ultrasonic irrigation than after
syringe irrigation (P = 0.002 for grooves, P = 0.047
for depressions).

Conclusion Ultrasonic irrigation ex vivo is more
effective than syringe irrigation in removing artificially
created dentine debris placed in simulated uninstru-
mented extensions and irregularities in straight, wide
root canals.

Keywords: dentine debris, irrigation.
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Introduction

One of the most important procedures in root canal
treatment is chemomechanical preparation of the canal
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system. Irrigation is complementary to instrumentation
in facilitating removal of bacteria, debris and thera-
peutic materials such as gutta-percha, sealer and
medicaments from root canals.

The effectiveness of irrigation relies on both the
mechanical flushing action and the ability of irrigants
to dissolve tissue. Sodium hypochlorite (NaOCl) has
been used as an endodontic irrigant for at least six
decades (Walker 1936). Irrigation with NaOCl has been

@ 2004 International Endodontic Journal
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The Effectiveness of Ultrasonics and Calcium
Hydroxide for the Debridement of Human Mandibular

Molars

Randy S. Metzler, DDS, and Steve Montgomery, DDS

This study evaluated the ability of ultrasonics and
calcium hydroxide to remove pulp tissue debris from
the mesial root canals of human mandibular molars.
All teeth were instrumented using a standard filing
technique and irrigated with an equal volume of
2.6% sodium hypochlorite before the application of
the experimental debridement methods. Debride-
ment comparisons were made of both instrumented
and uninstrumented controls at the 3-mm and 1-mm
levels of the canals and isthmuses. Statistical analy-
sis showed no differences among the experimental
groups or the instrumented controls in the canals at
either level or isthmuses at the 3-mm level. In the
isthmuses at the 1-mm level, no differences were
found among the experimental groups, but they
were all significantly cleaner than the instrumented
controls. These results indicate that calcium hydrox-
ide and ultrasonics are equally effective in debriding
the root canal system, and that both are significantly
better than standard instrumentation alone in the
isthmuses at the 1-mm level.

Debridement of the root canal system is accepted as being of
vital importance to the success of endodontic treatment (1).
Any tissue left within the root canal system can act as a
bacterial substrate, and the protein degeneration products
themselves can be very irritating to the periradicular tissues
(1). In addition, tissue remaining in the canal can protect the
bacteria from the bacteriocidal and flushing effects of irrigat-
ing solutions, including sodium hypochlorite (2). The com-
plex nature of the root canal system has been demonstrated
(3). Fins, isthmuses, culs-de-sac, and other irregularities act as
harbors for the retention of soft tissue debris, making com-
plete debridement with conventional instruments all but im-
possible (4). Senia et al. (5) speculated that incomplete de-
bridement was due to the narrowness and irregularities of the
canal in the apical areas. These anatomical problems made it
very difficult for the irrigant to come into contact with the
tissue in high enough concentrations and with enough volume
to adequately dissolve the tissue.

373

In the past several years, ultrasonic instruments have been
investigated as means of instrumenting and debriding root
canals. Martin and Cunningham (6-8) investigated ultrasonic
instrumentation of root canals and found it had advantages
over conventional instrumentation and irrigation. Some of
their findings were supported by Cameron (9). Other investi-
gators, however, found that the method has shortcomings
including transportation of canals (10), lack of cavitation (11,
12), and longer preparation times (13). Langeland et al. (14)
and Cymerman et al. (15) found that ultrasonic instrumen-
tation was no better in removing soft tissue debris than hand
instrumentation. Weller et al. (16) found that using ultrasonics
after hand instrumentation increased the amount of debris
removed. This seems to agree with the finding of Walmsley
(17) that significant oscillations of the ultrasonic instrument
tip only occurs if it is not hitting the canal wall.

Goodman et al. (18) compared the cleanliness of canals
prepared with a step-back technique to those prepared in the
same manner but which, in addition, had ultrasonics applied
after preparation. They demonstrated a significant improve-
ment in cleanliness within the latter group. Stamos et al. (19)
compared the cleanliness of canals and isthmuses prepared
with hand, sonic, and ultrasonic instrumentation and con-
cluded that the ultrasonic method provided better debride-
ment than either the hand or sonic methods at the 1-mm
level. Lev et al. (20) compared the debridement achieved by
a hand instrumentation technique to debridement utilizing
ultrasonics for 1 and 3 min following hand instrumentation.
Their results indicated that both of the ultrasonic groups were
cleaner than the hand-instrumented group and that 3 min
was better than 1 min in removing debris.

A practical problem is that ultrasonic endodontic equip-
ment is expensive. If a Cavi-Endo insert (Dentsply Interna-
tional, York, PA) would function effectively in a regular
Cavitron unit (Dentsply International), perhaps more practi-
tioners would use it for debridement of root canals. The PEC
insert (Dentsply International) is now available for use in the
Cavitron but only water can be used as the irrigant.

Martin and Crabb (21) suggest several uses for calcium
hydroxide in endodontics. Among these are aid in bacterio-
logical control of the canal environment, promotion of heal-
ing of periapical lesions, promotion of drying of weeping
periapical lesions, and usc as a temporary root canal filling
material. Matsumiya and Kitamura (22) were able to dem-
onstrate the disappearance of bacteria in canals treated with
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An In Vitro Comparison of the Step-back Technique
Versus a Step-back/Ultrasonic Technique for 1 and 3

Minutes

Raymond Lev, pps, Ms, Al Reader, DDs, Ms, Mike Beck, DDs, MA, and William Meyers, bMD, MEd

This study compared the debridement efficacy of
the step-back preparation versus a step-back/ultra-
sonic preparation, for 1 and 3 min, in the mesial root
canals of extracted human mandibular molars. Sta-
tistical analysis indicated no significant differences
in canal cleanliness, at the 1- and 3-mm levels,
between the step-back or step-back/ultrasound
groups (1 or 3 min). All techniques achieved a high
level of canal cleanliness. The step-back/3-min ul-
trasound preparation significantly cleaned isth-
muses, at the 1- and 3-mm levels, more effectively
than the step-back or step-back/1-min ultrasound
techniques.

It is generally recognized that proper debridement of
the root canal space is a critical phase of endodontic
therapy (1-4). As the root canal is debrided and en-
larged, the substrates essential for microbial growth
are reduced. However, the complete removal of all
tissue present in the canal system, although a goal for
successful endodontics, is difficult. Many studies (5-
10) have shown that one of the complicating factors is
the complex root canal anatomy with its ramifications,
fins, grooves, and other irregularities.

Recently, ultrasonic technology has provided an
exciting potential for root canal debridement. Martin,
Cunningham, and colleagues, in a series of studies (11~
15), found that ultrasonically prepared teeth were sig-
nificantly cleaner than teeth prepared with hand instru-
ments. Weller et al. (16) demonstrated that the use of
ultrasonics following hand instrumentation was the
most effective method of canal debridement. Goodman
et al. (17) reported that a step-back/ultrasound prepa-
ration debrided the canals at the 1-mm level and isth-
muses more effectively than the step-back preparation
alone. Other authors (18-20) have reported no differ-
ence between hand instrumentation and ultrasonic in-
strumentation.
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Until recently no commercially marketed ultrasonic
dental unit has been available. Since the Cavi-Endo unit
has been introduced to the dental profession, research
should be done to determine if this instrument can
improve on present debridement techniques. There-
fore, the purpose of this study was to histologically
compare the debridement efficacy of a step-back prep-
aration versus a step-back preparation followed by the
use of the Cavitron Cavi-Endo dental unit, for 1 or 3
min, in the mesial root canals of extracted human
mandibular first and second molars.

MATERIALS AND METHODS

Approximately 400 extracted human first and second
mandibular molar teeth were collected and stored at
—7°C until ready for use. The age, sex, pulpal status,
or reason for extraction was not recorded. Radiographs
were taken from the buccal direction and the degree of
curvature of the mesial roots was determined using
Schneider’s method (21). In order to standardize canal
curvature, only those roots demonstrating a 15 to 45
degree of curvature were used in this study. Standard
root canal access openings were made using a #701
high-speed bur. After irrigation with normal saline, the
pulp chamber of each tooth was visually examined and
probed in order to verify the presence of pulp tissue.
Only those teeth which exhibited coronal pulp tissue
were used in this study. Each tooth was placed in an
empty 11-dram amber vial which was labeled with a 4-
digit random number code. The vials were kept at —7°C
until approximately 1 h prior to instrumentation. They
were then removed and allowed to thaw at room tem-
perature. For evaluation and standardization purposes,
only those mesial roots demonstrating a type Ill canal
configuration were used in the study. This was verified
during working length determination when the initial file
tips were seen just protruding from two separate apical
foramina. The experimental teeth were randomly di-
vided into three groups of 20 teeth, with both mesial
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Abstract

de Gregorio C, Paranjpe A, Garcia A, Navarrete N,
Estevez R, Esplugues EO, Cohenca N. Efficacy of irrigation
systems on penetration of sodium hypochlorite to working
length and to simulated uninstrumented areas in oval shaped
root canals. International Endodontic Journal, 45, 475-481, 2012.

Aim To assess the ability of sodium hypochlorite
(NaOCl) to penetrate simulated lateral canals and to
reach working length (WL) when using the self-
adjusting file (SAF).

Methodology Seventy single-rooted teeth with
oval-shaped canals were used. Upon access, presence
of a single canal was confirmed by direct visualization
under a dental-operating microscope. Canal length and
patency were obtained using a size 10 K-file and root
length standardized to 18 mm. Pre-enlargement was
restricted to the coronal one-third. The apical size of
each canal was gauged at WL and samples larger than
size 30 were excluded. Canals were instrumented for
5 min using the SAF system while delivering a total of
20 mL of 5.25% NaOCl and 5 mL of 17% EDTA. Then,
the apical diameters were standardized to size 35 using
hand files. Four hundred and twenty simulated lateral
canals were then created during the clearing process
and roots coated with wax to create a closed system. All
samples were then cleared and randomly assigned to

four experimental groups: 1 (n = 15) positive pressure;
2 (n=15) SAF without pecking motion; 3 (n = 15)
SAF with pecking motion; 4 (n = 15) apical negative
pressure (ANP) irrigation and (n = 10) control groups.
Samples were scored on the basis of the ability of the
contrast solution to reach WL and permeate into the
simulated lateral canals to at least 50% of the total
length. The Kruskal-Wallis test was used to analyse
irrigant penetration and the Tukey test to determine
statistical differences between groups (P < 0.05).
Results All samples irrigated with ANP were associ-
ated with irrigant penetration to WL (Table 1). The
differences between group 4 (ANP) and all other groups
were significant in penetration to WL (P < 0.05). The
pecking motion allowed for further penetration of the
irrigant when using the SAF system but failed to irrigate
at WL. None of the experimental groups demonstrated
predictable irrigation of simulated lateral canals.
Conclusions In this laboratory model, ANP was the
only delivery system capable of irrigating consistently
to full WL. None of the systems tested produced
complete irrigation in artificial lateral canals.

Keywords: irrigation, penetration, SAF.
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Introduction

Adequate instrumentation combined with effective
irrigation is required to achieve sufficient disinfection
during root canal treatment (Bystrom & Sundqvist

International Endodontic Journal, 45, 475-481, 2012
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Acoustic Hypochlorite Activation in Simulated Curved Canals
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and Matthias Zebnder, PD, Dr. med. dent., PhD

Introduction: It was the goal of this study to compare
different NaOCI activation schemes regarding a desired
and an untoward outcome. Ultrasonic tips and a
currently marketed sonic system were used in conjunc-
tion with a 2.5% sodium hypochlorite solution. Necrotic
pulp tissue dissolution in simulated accessory canals
and transportation of the main canal were assessed.
Methods: Epoxy resin models (10 per group) with
a curved simulated main root canal and two simulated
accessory canals filled with necrotic bovine pulp tissue
were irrigated passively with one of three ultrasonic
setups (straight stainless steel files, prebent stainless
steel files, or nickel-titanium tips) or a sonic device in
conjunction with a plastic tip. Activation was performed
four times for 30 seconds with replenishment of the
NaOCl solution in between. All the files/tips had a 2%
taper and a 0.15-mm tip diameter according to the
manufacturer. Data from superimposing and analyzing
digital photos before and after treatment were statisti-
cally analyzed using one-way analysis of variance
followed by Bonferroni's correction for multiple compar-
isons (alpha < 0.05). Results: Passive ultrasonic irriga-
tion (PUI) in all the groups dissolved significantly more
tissue than sonic activation (p < 0.05). No detectable
canal transportation with sonic activation was observed.
The difference in this outcome was not significant
compared with ultrasonically activated nickel-titanium
tips, whereas the straight stainless steel files caused
significantly more ledging compared with these setups
(p < 0.05). Conclusion: Under the current conditions,
PUI with a nickel-titanium tip promoted superior
tissue-dissolving effects over sonic irrigant activation
while maintaining simulated canal anatomy. (J Endod
2009;35:1408-1411)

Key Wonis
Canal transportation, passive ultrasonic irrigation, pulp
tissue dissolution, sodium hypochlorite, sonic, ultrasonic
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I t has become evident over the past decades that complete debridement of an infected
root canal system is a goal that is impossible to achieve. Mechanical preparation does
obviously not suffice to clean necrotic root canals (1). Thus, it has been suggested to use
acoustic irrigant activation to improve cleanliness and disinfection of root canal systems
before root filling (2, 3). The synergistic effects of ultrasonic energy and sodium hypo-
chlorite in aqueous solution appear to be especially useful in that context (2, 4, 5).
Currently, passive ultrasonic irrigation (PUI) is probably the most established method
to activate a sodium hypochlorite irrigant after root canal instrumentation (6-8). PUI
relates to the activation of an irrigant by an ultrasonically activated file or tip that is not
used for canal preparation. The term can refer to both the placement of the irrigant by
a syringe with subsequent activation and delivery of the irrigant through the ultrasonic
handpiece. PUI has shown promising results in the removal of debris from root canals.
Previous studies, however, were mostly performed in straight simulated canals (9, 10),
which are rarely encountered in teeth. One study showed no impact of canal width,
taper, or curvature in disinfecting the root canal system using ultrasonic sodium hypo-
chlorite activation after canal preparation (11). On the other hand, there is evidence
that the performance of ultrasonically activated files or tips will be dramatically reduced
in the case of instrument restriction (12, 13). A straight instrument placed in a curved
canal will have at least three contact points with root canal walls. This might stress the
need of bending the instrument to follow the canal curvature and ensure maximum effi-
ciency and to avoid the risk of canal transportation (14). Alternative measures to avoid
canal transportation and maintain instrument efficacy during acoustic irrigant activation
include the use of a smooth wire in an ultrasonic device (15, 16) or a plastic tip in
a sonic handpiece (17). There is, however, limited information regarding the effective-
ness of these approaches. One reason for this has been the lack of model systems that
allow comparative studies on desired and untoward effects of acoustic irrigant activa-
tion methods. The term acoustic activation was chosen in this communication to have
2 common denominator for both sonic and ultrasonic activation. With both methods,
compression waves, albeit of different frequencies, are generated in the irrigant.
Using a modification of a recently introduced epoxy resin model (10), it was the
goal of the currentstudy to compare the effects of different ultrasonic tips and a currently
marketed sonic system on necrotic pulp tissue dissolution in conjunction with a 2.5%
sodium hypochlorite solution and transportation of the simulated main canal.

Materials and Methods

Model Fabrication

Fifty epoxy resin (Stycast; Emerson & Cuming, Westerlo, Belgium) models were
fabricated with minor modifications as previously described (10). Each model was
used for just one experiment. The simulated main canal was cast using a size D spreader
(Dentsply Maillefer, Ballaigues, Switzerland). This instrument had a length of 25 mm,
atip diameter of 0.35 mm, and a.06 taper. The design modification was that the spreader
was bent and controlled by a scale drawing on a sheet of paper representing the targeted
curvature of 2 20° angle between the long axis of the main canal and a line passing the
apex to the start of the curvature, representing the transition point between moderately
curved and severely curved canals (18). The curvature started in the last 10 mm of the
total canal length, which was 25 mm. A coronal space simulating a pulp chamber was
created using a rubber tube placed over the spreader coronally and sealed before model
casting. The tube was 3 mm high with a 3-mm internal diameter. Two simulated acces-
sory canals of 0.2-mm diameter opposing each other and forming a 45° angle with the
simulated main canal tangent at 3 mm from the apex were created. A millimetric paper
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Abstract

Macedo RG, Verhaagen B, Wesselink PR, Versluis M,
van der Sluis LWM. Influence of refreshment/activation
cycles and temperature rise on the reaction rate of sodium
hypochlorite with bovine dentine during ultrasonic activated

irrigation. International Endodontic Journal.

Aim To evaluate the effect of multiple refreshment/
activation cycles and temperature on the reaction rate
of sodium hypochlorite (NaOCl) with bovine dentine
during ultrasonic activated irrigation (UAI) under
laboratory conditions.

Methodology The root canal walls of 24 standard-
ized root canals in bovine incisors were exposed to a
standardized volume of NaOCl at different tempera-
tures (24 °C and 38 °C) and exposure times (20, 60
and 180 s). The irrigant was refreshed and ultrasoni-
cally activated four times for 20 s followed by a 40 s
rest interval, with no refreshment and no activation
as the controls. The reaction rate was determined by

measuring the amount of active chlorine in the NaO-
Cl solution before and after being exposed to dentine
during the specific experimental conditions. Calorime-
try was used to measure the electrical-to-sonochemi-
cal conversion efficiency during ultrasonic activation.
Results Refreshment, activation and exposure time
all increased the reaction rate of NaOCl (P < 0.05).
During activation, the temperature of the irrigant
increased up to 10 °C. Such temperature rise was
insufficient to enhance the reaction rate of NaOCl
(P> 0.125).

Conclusions The reaction rate of NaOCl with den-
tine is enhanced by refreshment, ultrasonic activation
and exposure time. Temperature rise of irrigant dur-
ing ultrasonic activation was not sufficient to alter
the reaction rate.

Keywords: dentine, irrigation, reaction rate,
sodium hypochlorite, ultrasonic activated irrigation.
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Introduction

Sodium hypochlorite (NaOCl) is the main irrigation
solution used in endodontics because of its
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antimicrobial activity, tissue dissolving capacity and,
when properly used, the absence of clinical toxicity
(Zehnder 2006). Sodium hypochlorite is highly reac-
tive by nature (Dychdala 1977). In the root canal
system, NaOCl reacts with pulp tissue, microorgan-
isms, biofilm and organic components of the root
canal wall, resulting in loss of its available chlorine
(Moorer & Wesselink 1982).

The reaction rate (chemical efliciency) and/or tissue
dissolution capacity (chemical efficacy) of NaOCl are
significantly influenced by the concentration,
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Ahstract

Introduction: The aims of this study were to evaluate
dentin debris removal from the root canal during
ultrasonic activation of sodium hypochlorite (2% and
10%), carbonated water, and distilled water and to
determine the influence of 3 ultrasonic refreshment/acti-
vation cycles of the irrigant by using the intermittent
flush technigue. Methods: Root canals with a standard-
ized groove in 1 canal wall, which was filled with dentin
debris, were irrigated ultrasonically. The irrigant was
refreshed and ultrasonically activated 3 times for 20
seconds. The quantity of dentin debris after irrigation
was determined after each refreshment/activation cycle.
Results and Conclusions: Ultrasonic activation of the
irrigant combined with the intermittent flush method
produces a cumulative effect over 3 refreshment/activa-
tion cycles. Sodium hypochlorite as an irrigant is signif-
icantly more effective than carbonated water, which is
significantly more effective than distilled water, in
removing dentin debris from the root canal during
ultrasonic activation. (J Endod 2010;36:737-740)

Cavitation, irrigation, root canal, streaming, ultrasonic
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he aim of irrigation of the root canal system is to remove pulp tissue and/or micro-

organisms, smear layer, and dentin debris from the root canal system, neutralize
endotoxins, and lubricate canal walls and instruments (1). Irrigation of the root canal
system allows the irrigant to be chemically active (chemical aspect) and permits the
flushing of debris (mechanical aspect).

Passive ultrasonic irrigation (PUI) is ultrasonic activation of an irrigant in the root
canal via a small, ultrasonically oscillating instrument (#15 or #20) placed in the center
of the root canal after the root canal has been shaped up to the master apical file (2).
PUI can induce acoustic streaming and/or cavitation of an irrigant, thereby enhancing
the flushing effect (mechanical) (2, 3). Furthermore, PUI results in an increase in the
temperature of the irrigant (4), which will enhance the tissue-dissolving capacity of
Na0Cl (chemical) (5, 6). These factors facilitate the removal of pulp tissue, bacteria,
the smear layer, dentin debris, and Ca(OH); from the root canal (2, 7, 8). However,
whether this is due to the acoustic streaming, cavitation, or both is unknown.

The mechanical effect of irrigation is not similar for all irrigants activated by ultra-
sound. For example, distilled water is less effective than 2% NaOCl (8). However,
whether ahigher concentration of NaOCl or carbonated water (water with CO; bubbles)
is more effective than distilled water or 2% NaOCl is unknown. In this study we have
chosen for a 10% NaOCl solution to make the difference with the 2% more significant.

To refresh the irrigant during PUL, the intermittent flush method (IntFM) can be
used. During the IntFM, a syringe is used to deliver the irrigant into the root canal; then
the irrigant is activated ultrasonically (4). Depending on the irrigation time, this method
is equally or more effective than refreshment with a continuous flow of irrigant in the
pulp chamber (9). In previous studies, 3 refreshment/activation cycles were used (8),
but it is not clear whether a cumulative effect occurs. In another study, however, that
used the IntfM in removing bovine pulp tissue from lateral canals, a cumulative effect
was reported with a plateau of efficiency after the third activation cycle (6).

Therefore, the purposes of this study were (1) to measure the fluidic properties of
2% and 10% NaOCl and carbonated and distilled water, (2) to evaluate the effect of
these irrigants on the removal of dentin debris from the root canal during passive ultra-
sonic irrigation, and (3) to evaluate the effect of 3 ultrasonic refreshment/activation
cycles during the IntFM.

Materials and Methods

Fluidic Properties Measurements

Density was measured on a balance (Sartorius LE324S, Elk Grove, IL). Surface
tension was measured by using a tensiometer (Kriiss K11, Hamburg, Germany) by
submerging a plate into the fluid, slowly pulling it out, and measuring the resultant
force. Viscosity was measured by using a rheometer (Haake RheoStress 600; Thermo
Scientific) by measuring the stress during rotation at speeds of 10-200 s~". The exper-
iments were done at room temperature (21°C).

Twenty canines (maxillary and mandibular) were instrumented with the GT system
(Dentsply Maillefer, Ballaigues, Switzerland) until size 30, taper 0.06 (master apical file

Mechanical Cleaning Efficiency of the Irrigant n1
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A Comparison of the Cleaning Efficacy of Short-
Term Sonic and Ultrasonic Passive Irrigation after
Hand Instrumentation in Molar Root Canals

Ronald A. Sabins, DDS, MS, James D. Johnson, DDS, MS, and John W. Hellstein, DDS, MS

A total of 100 maxillary molar canals were hand
instrumented to a master apical file size #35 and
flared to a size #60 file. The canals were randomly
divided into 5 groups of 20 each. Group 1 received
no further treatment. Groups 2 and 3 received pas-
sive sonic irrigation for 30 and 60 s, respectively.
Groups 4 and 5 received passive ultrasonic irriga-
tion for 30 and 60 s, respectively. The roots were
split longitudinally and photographed with a digital
camera. The apical portion of the root was magni-
fied to 100%. A debris score was calculated for the
apical 3 and 6 mm. The debris score was calcu-
lated as a percentage of the total area of the canal
that contained debris as determined by pixels in
Adobe Photoshop 5.0. Passive sonic or ultrasonic
irrigation, for as little as 30 s, resulted in signifi-
cantly cleaner canals than hand filing alone. Ultra-
sonic passive irrigation produced significantly
cleaner canals than passive sonic irrigation, when
sonic and ultrasonic passive irrigation were com-
pared with only each other.

Cleansing and shaping the canals is a well-known fundamental
necessity for the success of any root-canal treatment (1). Obtaining
the cleanest canal possible before obturation is one of the goals of
endodontic treatment. The activation of endodontic files by ultra-
sonic or sonic energy has been shown, in some studies, to be
effective in both cleaning and shaping of root-canal systems.
Richman (2) first introduced ultrasonics as a means of canal
debridement. Martin et al. (3) demonstrated the ability of ultra-
sonically activated K-type files to cut dentin. In another study, the
same authors showed that canals that were cleaned and shaped with
ultrasonic instrumentation were significantly cleaner than those
instrumented with conventional root-canal filing (4).

Stamos et al. (5) showed that canals were significantly cleaner
at the 1-mm level, after the use of ultrasonics and 2.6% NaOCI,
than those cleaned using hand instrumentation alone. Tronstad et
al. (6) evaluated sonic activation of files to shape and cleanse
canals. Their results showed no significant difference between
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sonically cleaned canals and those cleaned by hand filing with
regard to cleanliness.

Acoustic streaming, as described by Ahmad et al. (7), has been
shown to produce sufficient shear forces to dislodge debris in
instrumented canals. When files were activated with ultrasonic
energy in a passive manner, this acoustic streaming was sufficient
to produce significantly cleaner canals in human maxillary teeth
than those produced by hand filing alone. They deducted that to
maximize acoustic streaming for debridement purposes, the best
results were to have a freely vibrating file of small size subjected
to a high-power setting on the ultrasonic unit. The smaller file
would be less likely to contact the canal walls and reduce the
acoustic-streaming effect. They found greater removal of debris
and smear layer in the apical third of canals because of more
intense magnitude and velocity at the apical end of the file.

Lev et al. (8) compared the cleaning ability of ultrasonics and a
step-back technique. They concluded that a 3-min ultrasonic step-
back technique produced a significantly cleaner isthmus between
canals in the mesial roots of mandibular first molars. Their study
also looked at a 1-min ultrasonic step-back technique. The 1-min
technique was not significantly better than hand filing for remov-
ing debris.

Hiadet et al. (9) found that step-back preparation followed by 3
min of ultrasonic preparation provides superior cleanliness at both
the apical 1-mm level and in the isthmus compared with step-back
preparation alone. Archer et al. (10) found that step-back prepa-
ration followed by 3 min of ultrasonics resulted in significantly
cleaner canals and isthmuses in mandibular molars compared with
step-back preparation alone. The ultrasonic instrumentation was
performed by placing the file 1-mm short of the working length
and activating the ultrasonic unit for 3 min using a push-pull
circumferential motion.

Torabinejad (11) described a passive step-back instrumentation
technique where ultrasonic files were used as part of the instru-
mentation technique. Ultrasonic files were used 1-mm short of
resistance, and used circumferentially, not allowing the tip to
penetrate into dentin. The ultrasonic files were alternated with
K-type files. The final step used the #15 ultrasonic file 1- to 2-mm
short of the working length for 1 to 2 min before the final irrigation
with NaOCL.

Cameron (12) found, under the conditions of his study, that the
most effective regimen for smear layer and debris removal, at 1, 5,
and 10 mm from the apical seat, was a 1-ml rinse of EDTAC after
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Objectives: This study examined débridement efficacy as a result of wall shear stresses
created by different irrigant delivery/agitation techniques in an inaccessible recess of a
curved root canal model.
Methods: A reusable, curved canal cavity containing a simulated canal fin was milled into
mirrored titanium blocks. Calcium hydroxide (Ca(OH),) paste was used as debris and loaded
into the canal fin. The titanium blocks were bolted together to provide a fluid-tight seal.
Sodium hypochlorite was delivered at a previously-determined flow rate of 1 mL/min that
produced either negligible or no irrigant extrusion pressure into the periapex for all the
techniques examined. Nine irrigation delivery/agitation techniques were examined: Navi-
Tip passive irrigation control, Max-i-Probe® side-vented needle passive irrigation, manual
dynamic agitation (MDA) using non-fitting and well-fitting gutta-percha points, EndoActi-
vator™ sonic agitation with medium and large points, VPro™ EndoSafe™ irrigation
system, VPro™ StreamClean™ continuous ultrasonic irrigation and EndoVac apical nega-
tive pressure irrigation. Débridement efficacies were analysed with Kruskal-Wallis ANOVA
and Dunn’s multiple comparisons tests (a = 0.05).
Results: EndoVac was the only technique that removed more than 99% calcium hydroxide
debris from the canal fin at the predefined flow rate. This group was significantly different
(p < 0.05) from the other groups that exhibited incomplete Ca(OH), removal.
Conclusions: The ability of the EndoVac system to significantly clean more debris from a
mechanically inaccessible recess of the model curved root canal may be caused by robust
bubble formation during irrigant delivery, creating higher wall shear stresses by a two-
phase air-liquid flow phenomenon that is well known in other industrial débridement
systems.

© 2013 Elsevier Ltd. All rights reserved.
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Objective. The aim of this study was to compare the efficacy of hydrodynamic and ultrasonic-activated irrigation to
conventional syringe irrigation in removing dentin debris in straight and curved root canals.

Study design. Twelve human teeth were selected for study. The root canals of 6 single-rooted premolars with straight
canals and 6 molar roots with curved canals were prepared to a size of 45 and split longitudinally. To simulate canal
irregularities, 3 standardized holes were cut in 1 canal wall. The canals and holes were then covered with debris.
After reassembly, 3 irrigation techniques were compared: syringe irrigation, hydrodynamic irrigation, and ultrasonic

irrigation. The amount of debris that remained was evaluated microscopically and graded with a 4-score system.
Results. The hydrodynamic and ultrasonic irrigation techniques were significantly (P < .001) more efficient as

compared with syringe irrigation in both the straight and curved root canals. Ultrasonic irrigation demonstrated a
higher efficiency in the straight root canals (P < .01), whereas hydrodynamic irrigation was more efficient in the

curved canals (P < .01).

Conclusions. In the straight canals, ultrasonic irrigation was the most effective, but in the curved root canals,
hydrodynamic irrigation was superior. (Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2011;111:529-534)

Recently, the impact of root canal irrigation has been
identified as an important issue. This has been reflected
in the development of new irrigation methods and an
increasing number of scientific studies on this topic.
Most of this research has been conducted using in vitro
studies on single-rooted extracted teeth' or artificial
canals.® Unfortunately, these studies do not appropri-
ately reflect the general clinical environment. Most root
canal treatments are performed on multirooted teeth,
where clinicians must treat curved canals.*>

Chemo-mechanical preparation of the root canal sys-
tem aims to remove microorganisms,® remaining pulp
tissue, and dentin debris.” The root canal contains ac-
cessory canals, canal wall irregularities, and cavities.?
These anatomical structures are not accessible by hand
or rotary instruments in many cases.’

The instruments used in root canals produce dentin
debris that might be pressed into existing irregulari-
ties.'” Dentin debris is composed of dentin chips, bac-
teria, and necrotic pulpal tissue. Debris accumulation is
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a side effect of root canal instrumentation, and it may
interfere with the primary objectives of root canal treat-
ment. Complete removal of debris is essential to pro-
viding direct contact of the irrigant solution with the
root canal wall and to producing adequate disinfec-
tion.'® Furthermore, debris-filled extensions may lead
to leakage of the root canal filling."'

Besides instrumentation, irrigation is the other im-
portant step in preparing root canals. The effectiveness
of irrigation depends on both mechanical flushing and
chemical action. With syringe irrigation, the ability to
flush the root canal is limited and primarily depends on
the depth and placement of the irrigation cannula.'? The
efficiency of irrigation can be increased by activating
the solution with an ultrasonic or hydrodynamic de-
vice."* Passive ultrasonic irrigation, as used in the
present study, is defined as the activation of rinsing
solution in the root canal using an ultrasonic file with-
out continuous flow.'* In combination with sodium
hypochlorite, this method has been shown to be more
effective than conventional hand irrigation in removing
dentin debris from the root canal.' The hydrodynamic
irrigation system (RinsEndo, Diirr Dental, GmbH & Co
KG, Bietigheim-Bissingen, Germany) is based on
pressure-suction technology and has been shown in a
few studies to be effective.'* A recent review con-
cluded that irrigant agitation plays an important role
in contemporary endodontics. Recently, the effi-
ciency of different irrigation systems, including ul-
trasonic, hydrodynamic, and syringe irrigation, was
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Aim: Sodium hypochlorite is the most commonly used
endodontic irrigant because of its antimicrobial and
tissue-dissolving activity. The aim of this study was to
evaluate and compare the effects of concentration,
temperature, and agitation on the tissue-dissolving
ability of sodium hypochlorite. In addition, a hypochlorite
product with added surface active agent was compared
with conventional hypochlorite solutions. Methods:
Three sodium hypochlorite solutions from two different
manufacturers in concentrations of 1%, 2%, 4%, and
5.8% were tested at room temperature, 37°C, and
45°C with and without agitation by ultrasonic and sonic
energy and pipetting. Distilled and sterilized tap water
was used as controls. Pieces of bovine muscle tissue
(68 + 3 mg) were placed in 10 mL of each solution
for five minutes. In selected samples, agitation was per-
formed for one, two, or four 15-second periods per each
minute. The tissue specimens were weighed before and
after treatment, and the percentage of weight loss was
calculated. The contact angle on dentin of the three
solutions at concentrations of 1% and 5.8% was
measured. Results: Weight loss (dissolution) of the
tissue increased almost linearly with the concentration
of sodium hypochlorite. Higher temperatures and agita-
tion considerably enhanced the efficacy of sodium hypo-
chlorite. The effect of agitation on tissue dissolution was
greater than that of temperature; continuous agitation
resulted in the fastest tissue dissolution. Hypochlorite
with added surface active agent had the lowest contact
angle on dentin and was most effective in tissue disso-
lution in all experimental situations. Conclusions: Opti-
mizing the concentration, temperature, flow, and surface
tension can improve the tissue-dissolving effectiveness
of hypochlorite even 50-fold. (J Endod 2010,36:1558-1562)
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uccess in endodontic treatment depends to a great extent on chemomechanical

debridement of the canals. Although instruments remove most of the canal contents
in the main root canal area, irrigation plays an indispensable role in all areas of the root
canal system, in particular those parts that are inaccessible for instrumentation (1). The
most favorable features of irrigants are their flushing action, tissue-dissolving ability,
antimicrobial effect, and low toxicity (2, 3). Sodium hypochlorite is the most
commonly used endodontic irrigant because of its well-known antimicrobial and
tissue-dissolving activity (4-6).

The dissolving capability of sodium hypochlorite relies on its concentration,
volume, and contact time of the solution but also on the surface area of the exposed
tissue (7). However, high concentrations are potentially toxic for periapical tissue
(8-10). Also, changes in mechanical properties such as decreased microhardness
and increased roughness of radicular dentin have been reported after exposure to
sodium hypochlorite in concentrations of 2.5% and 5.25% (11).

Possible ways to improve the efficacy of hypochlorite preparations in tissue disso-
lution are increasing the pH (12) and the temperature of the solutions, ultrasonic acti-
vation, and prolonged working time (13). Although there is a general consensus that
increased temperature enhances the effectiveness of hypochlorite solutions, there
are only a few published articles about this (14-16). It has been suggested that
preheating low-concentration solutions improves their tissue-dissolving capacity with
no effect on their short-term stability. Also, systemic toxicity is lower compared with
the higher-concentration solutions (at a lower temperature) with the same efficacy
(15). The impact of mechanical agitation of the hypochlorite solutions on tissue disso-
lution was found to be very important by Moorer and Wesselink (7) who emphasized
the great impact of violent fluid flow and shearing forces caused by ultrasound on the
ability of hypochlorite to dissolve tissue. However, the mechanisms involved are not
completely understood (13). Despite several separate reports of the various ways to
improve the effectiveness of tissue dissolution by sodium hypochlorite, the relative
importance of temperature, concentration, and agitation remains unclear. In the
present study, all these factors were examined under controlled conditions to allow
comparison of their role. Finally, 2 hypochlorite product with an added surface active
agent was compared with conventional products in the different experimental settings.

Materials and Methods

Solutions

Sodium hypochlorite solutions in concentrations of 1%, 2%, 4%, and 5.8% were
tested. Stock solution of 6 % sodium hypochlorite (Regular 1; EMD Chemicals Inc,
Gibbstown, NJ) and 5.8% sodium hypochlorite (Regular 2; Inter-Med, Inc/Vista Dental
Products, Racine, WI) were obtained from the manufacturers. Two different hypochlo-
rite products with 5.8% sodium hypochlorite were included in the experiments: one
conventional solution (Regular 2, Vista-Dental) and one with a surface active agent
added (Chlor-Xtra, Vista-Dental). The amount of available chlorine was obtained by
the manufacturers. The solutions were kept at 4°C following the recommendations
of the manufacturer and brought to room temperature (RT) before use. One percent,
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Abstract

Introduction: This study examined the effect of
different root canal irrigant agitation protocols in the
penetration of an endodontic irrigant into dentinal
tubules. Methods: Fifty-six human single-rooted teeth
were shaped with nickel-titanium instruments, and
a final rinse of 5% sodium hypochlorite labeled with
0.2% alizarin red was performed. Specimens were
assigned to 7 groups (N = 8) and submitted to the
following rinse activation protocols: no agitation
(control group), K-File or gutta-percha agitation, or
different sonic (EndoActivator [Advanced Endodontics,
Santa Barbara, CA] and Plastic Endo, Lincolnshire, IL)
and ultrasonic (Satelec [Acteongroup, Merignac,
France] and EMS, Nyon, Switzerland) agitations.
Specimens were sectioned at 1, 3, and 5 mm from
the apex in 1-mm-thick slabs, ground, and prepared
for fluorescence microscopy at 100x with a wave-
length of 450 milliseconds. Irrigant penetration into
dentinal tubules was analyzed by using Kruskal-Wallis
analysis of variance followed by post-hoc compari-
sons. Results: Groups were ranked in the following
order: control = K-file = gutta-percha < EndoActivator
= Plastic Endo < Satelec = EMS. At 1 mm from the
apex, the highest score was found for the EMS group
compared with the control, K-file, gutta-percha,
EndoActivator, and Plastic Endo groups, whereas
no difference was found with the Satelec group.
Conclusion: The results support the use of an ultrasonic
agitation to increase the effectiveness of the final rinse
procedure in the apical third of the canal walls. (J Endod
2010;36:282-285)

Key Words
Cleaning, endodontic treatment, irrigation, sodium
hypochlorite, ultrasound

M icroorganisms and their end products are considered the main causes of pulp and
periapical diseases (1), and their elimination by biomechanical procedures is
crucial (2). Organic residues and bacteria located within the dentin tubules cannot
be properly cleaned because of the anatomic complexities of many root canals, even
after meticulous mechanical instrumentation and is a major concern for the clinical
outcome (3).

Among currently used solutions, sodium hypochlorite (NaOCl) appears to satisfy
most of the requirements for a root canal irrigant (4). It has the unique capacity to
dissolve necrotic tissue (5) and the organic components of the smear layer (6). It
also kills sessile endodontic pathogens organized in biofilms and in dentinal tubules
as efficiently as chlorhexidine or iodine at a comparable concentration (7). It inacti-
vates endotoxins (8) and also disintegrates endodontic biofilms (9, 10).

The application time of NaOCl solution is a factor that has gained little attention in
endodontic studies. Even fast-acting biocides such as NaOCl require an adequate
working time to reach their full potential (11). Because rotary root canal preparation
techniques have expedited the shaping process, the optimal time that NaOCl at a given
concentration needs to remain in the canal system is an issue yet to be resolved.

Apart from contact time, the mode of application is a matter of concern for clini-
cians. Moorer and Wesselink (12) opined that mechanical agitation or fluid flow was
more important in the ability of NaOCl to dissolve tissue than the initial percentage of
available active chlorine. The use of an irrigant in conjunction with ultrasonic vibration
is directly associated with the cleaning effectiveness of the canal space (13, 14). This
could reduce the time needed for the antimicrobial efficacy of the irrigating solution.

Different techniques have been proposed for the final rinsing step to reduce the
time needed for an irrigant to be effective. Huang et al (15) showed that agitation of
a canal irrigant using hand files or irrigation needles could significantly remove
more test album medium or allow better apical irrigant replacement. In addition,
manual dynamic irrigation (push-pull agitation) with a well-fitting gutta-percha point
can improve the penetration and exchange of irrigant at the apical level (16). The
use ofa plastic file in conjunction with sonic and ultrasonic devices has also been tested.
However, a recent Cochrane review (17) revealed insufficient evidence on ultrasonic
instrumentation effectiveness either when it is used alone or in conjunction with
hand instrumentation (18—20).

Alizarin red is a fluorescent organic compound used in biomorphologic assays for
quantifying the presence of calcific depositions (21). The purpose of this study was to
assess the penetration of 5% NaOCl labeled with 0.2% alizarin red into dentinal tubules
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Effectiveness of the EndoActivator System in Removing the
Smear Layer after Root Canal Instrumentation
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Abstract

Introduction: Elimination of the smear layer after root
canal instrumentation requires the use of irrigating solu-
tions. This cleaning can be completed with passive ultra-
sonic or sonic irrigation. The aim of this study was to
evaluate the effectiveness of the EndoActivator System
in removing the smear layer after rotary root canal
instrumentation, with and without a final flush of 17%
ethylenediaminetetraacetic acid (EDTA) solution, in
coronal, middle, and apical thirds. Methods: Forty
single-canal teeth were decoronated and randomly
divided into 4 groups (n = 10). The groups were instru-
mented by using Mtwa System. EndoActivator was used
with a final rinse of 1 mL of 17% EDTA or 4% NaOC| for
1 minute. The roots were longitudinally split and were
grooved in the coronal, middle, and apical thirds. Scan-
ning electron microscopy digital photomicrographs at
400 were taken to evaluate the amount of smear layer
in each third. Results: The NaOCI/EndoActivator group
did not remove any smear layer of the root canal wall
(100% in the coronal, middle, and apical thirds). In
the groups that used 17% EDTA (with or without En-
doActivator), the smear layer was eliminated completely
(100%) in the coronal third, but the amount of removal
was less in the other two thirds. The comparisons
between NaOCl versus NaOCIEndoActivator groups
and EDTA/NaOC| wversus EDTA/EndoActivator/NaOCI
groups showed no significant differences in root canal
thirds. Conclusions: The EndoActivator System did
not enhance the removal of smear layer as compared
with conventional Max-I-Probe irrigation with NaOC|
and EDTA. {J Endod 2010;36:308-311)

Key Words
EDTA, EndoActivator System, scanning electron micros-
copy, smear layer, sodium hypochlorite
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and and rotary instrumentation techniques produce an irregular, granular, and

amorphous layer covering the dentin root canal. Subsequent smear layer removal
requires the use of irrigating solutions that can dissolve both organic and inorganic
components to eliminate microorganisms (1) and improve the hermetic sealing of
the root canal system (2).

Different studies have shown that the use of 5.25%, 2.5%, or 1% sodium hypochlo-
rite (NaOCl) with ethylenediaminetetraacetic acid (EDTA) solutions is effective in
removing the smear layer during root canal instrumentation (3—5). It has also been
seen that 1 ml of 17% EDTA for 1 minute was just as effective as 3 and 10 mlL of
this solution in smear layer removal with a 28-gauge Max-1-Probe (Dentsply Rinn, Elgin,
IL) irrigating tip after rotary instrumentation (0). Less irrigation time (15 or 30
seconds) with | mL of 17% EDTA significantly decreased smear layer removal when
compared with a 1-minute rinse (7), whereas a longer time of 2 minutes (10 mL
17% EDTA), followed by final irrigation with 10 mL of 5% NaOCL, caused intertubular
and peritubular erosion (8).

After root canal shaping, cleaning might be completed with several irrigant agita-
tion techniques (9) such as passive ultrasonic irrigation (PUI), sonic irrigation, or
a final flush by syringe irrigation. It has been established that PUI in combination
with NaOCl is more effective in removing dentin debris from the root canal (10-12),
particularly in areas of complex root anatomy, as compared with the routine syringe
delivery of the irrigant (13), in which the needle size and the depth of insertion of
the needle can influence the effectiveness of irrigants (14).

Different results have been reported when comparing the effectiveness of PULand
sonic irrigation in the cleanliness of root canals (15-17). Studies of smear layer
removal are inconclusive (9) and have heen shown only with PUT (15, 18, 19).
However, there is a gap in our knowledge of whether sonic agitation could reproduce
the smear layer removal effect found with PUI.

Recently, the EndoActivator System (Dentsply Tulsa Dental Specialties, Tulsa, OK)
was introduced to improve the irrigation phase. It is a sonically-driven canal irrigation
system that comprises a portable handpiece and 3 types of disposable flexible polymer
tips of different sizes that do not cut root dentin. Its design allows for the safe activation
of various intracanal reagents and could produce vigorous intracanal fluid agitation
(20). The EndoActivator System has been shown to better irrigate the simulated lateral
canals at 4.5 and 2 mm from working length as compared with traditional needle irri-
gation alone (21}, and it reportedly removed the smear laver used with demineralizing
agents like EDTA and dislodged clumps of simulated biofilm within the curved canals of
molar teeth (22).

The aim of this study was to evaluate the effectiveness of the EndoActivator System
in removing the smear layer after rotary instrumentation, both with and without a final
flush of 17% EDTA solution, in coronal, middle, and apical thirds.

Materials and Methods
Specimen Preparation
Forty single-canal maxillary human teeth extracted for periodontal reasons were
stored in a 2% thymol solution until use. The specimens were decoronated to obtain
a standardized root length of 15 mm by using a diamond disk in an Accutom 50 cutting
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Abstract

Introduction: The aim of this study was to evaluate the
cleaning efficacy of different irigant agitation tech-
nigues on debris and smear layer removal in curved
root canals. Methods: Mesiobuccal root canals of 108
mandibular molars were shaped with nickel-titanium
instruments, and a final rinse of NaOCl and ethylenedia-
minetetraacetic acid was performed. Specimens were
assigned to 4 groups (n = 20) and submitted to the
following irrigation agitation techniques: no agitation
(control), ultrasonic, EndoActivator, and CanalBrush.
Root canals were split longitudinally and subjected to
scanning electron microscopy. The presence of debris
and smear layer at coronal and apical levels was evalu-
ated by using a S-grade scoring system with 200« and
1000 magpnification, respectively. Results: Concemn-
ing debris removal, no significant differences among
groups were detected. In the coronal region, agitation
of the irrigants resulted in significantly more smear layer
removal than the control. EndoActivator was signifi-
cantly more effective than ultrasonic agitation and Ca-
nalBrush. Conclusions: In curved root canals,
activation of NaOCl and ethylenediaminetetraacetic
acid did not enhance debris removal but resulted in
significantly more effective smear layer removal at
coronal levels. () Endod 2010;36:1983—-1987)

Key Words
Agitation, curved root canals, debris, irrigation, smear
layer
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ebridement of the root canal system is essential for endodontic success (1). Never-

theless, chemomechanical preparation does not predictably remove pulp tissue,
dentin debris, and smear layer because of the complex nature of root canal anatomy
(2, 3). In cases of infected root canals, residual debris and smear layer harbor
microorganisms and their by-products. Whereas debris removal is mandatory, removal
of the smear layer remains a controversial issue (4, 5). Some authors suggest that the
smear layer acts as 4 barrier and prevents bacterial invasion of the dentinal tubules (6,
7). However, bacteria might survive and multiply in the smear layer (5) and can also
penetrate into dentinal wbules (8). In addition, the smear layer might decrease the anti-
microbial effectiveness of medicaments (4) or the sealing ability of the root canal filling
(9). Despite the lack of clinical data on treatment outcome, a recent review concluded
that smear layer removal is recommended for more thorough disinfection of the root
canal system and better adaptation of filling materials to canal walls (10).

For optimal effectiveness, irrigants must be brought into direct contact with the
entire root canal wall (11), and it was stated that enhancement of the flushing action
is necessary to improve root canal cleanliness (12). Different agitation techniques
have been proposed to improve the efficacy of irrigation solutions, including agitation
with hand files, gutta-percha cones, plastic instruments, and sonic and ultrasonic
devices (13). However, conflicting results regarding the effectiveness of these agitation
protocols in removing smear layer and debris have been published (14-17), and most
of the studies on the effectiveness of irrigation are limited to straight root canals (15,
16). For this reason, improvement of irrigation techniques is necessary to achieve
better debridement especially in the apical area of curved root canals.

Although sodium hypochlorite (NaOCI) has been recommended as the main irri-
gant during endodontic therapy (11), itis not able to dissolve the inorganic components
of dentin debris. Therefore, NaOC in association with a chelating agent such as ethyl-
enediaminetetraacetc acid (EDTA) has been recommended for smear layer removal (4,
5).

The purpose of this investigation was to evaluate the efficacy of different irrigant
agitation techniques in removing debris and smear layer from curved root canals.

Materials and Methods

Preparation of Specimens

One hundred eight extracted human mandibular molars with curved mesial roots
obtained from no particular age group and collected from several dental offices were
randomly selected and stored in tap water throughout the study. Teeth with intact
apices, no previous endodontic treatment, and small restorations were included. Exclu-
sion criteria were as follows: root length shorter than 19 mm, extensive restorations,
root caries, or [ractures. After preparation of the access cavity, a size 10 stainless sieel
file (VDW, Munich, Germany) was inserted into the mesiobuceal root canals until the tip
of the instrument was just visible at the apical foramen. Radiographs were taken in buc-
colingual direction, and the degree of root canal curvature was determined according to
the method of Schneider (18). Teeth with root canal curvatures of less than 20 degrees,
calcified root canals, or root canals allowing introduction of an instrument exceeding
180 size 20 to the apical foramen were excluded. The remaining 80 teeth were
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Abstract

Aim To compare the removal of biofilm utilizing four irrigation techniques on a bovine root
canal model.

Methodology Fifty dentine specimens (2x2 mm) were infected with biofilm. The samples were then

adapted to previously created cavities in the bovine model. The root canals were irrigated twice with 2
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Abstract

The effectiveness of sonic activation, laser activation and syringe irrigation of
4% sodium hypochlorite in removing an Enterococcus faecalis biofilm was com-
pared. Biofilms were grown in extracted human single rooted teeth using a
flow cell apparatus. After 4 weeks’ growth, teeth were subjected to each
treatment using 4% sodium hypochlorite and radicular dentinal surfaces of the
root canals were analysed by scanning electron microscopy. Results showed
that sonic activation and syringe irrigation with sodium hypochlorite showed
reduced numbers of bacterial cells on the radicular dentine but were not
effective in eliminating E. faecalis in the dentinal tubules. Laser activation of
sodium hypochlorite resulted in clean dentine walls and undetectable levels of
bacteria within dentinal tubules. Qualitatively, sonic or laser activation of 4%
NaOCl resulted in greater bacterial reduction compared with syringe irrigation,

with laser activation producing the greatest overall reduction.

Introduction

It is well established that the causative agent of endodontic
disease is the presence and growth of bacteria in either
coronal dentine, the root canal space or radicular dentine
(1,2). Therefore, the eradication of bacteria from all of
these locations is the ideal in preventing or eliminating
apical periodontitis. Studies have shown that teeth with no
recoverable bacteria prior to obturation have resulted in a
more favourable outcome for endodontic therapy (3), and
that when endodontic treatment fails, bacteria are often
isolated from the root canals of these teeth (4,5). There are
many reasons for endodontic failure, but in teeth in which
canals have been well treated and exhibit post-treatment
disease, the presence of Enterococcus faecalis has been impli-
cated as a primary reason for failure (4,5). As such,
endodontic therapy is founded upon three principles:
mechanical instrumentation; irrigation with antimicrobial
agents; and placement of an intracanal medicament (6).
The complex anatomy of the root canal system often
prevents the penetration of irrigants and medicaments
into recesses that cannot be accessed by mechanical instru-
mentation. The advent of sonic, ultrasonic and laser
instruments has led to many investigations looking into
their potential for the energising of irrigants (7-9).
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However, most of these studies have concentrated on the
removal of dentinal debris and smear layer.

There has been a resurgence of interest in the energising
of irrigants in endodontic treatment (10). Recently, a
new sonic instrument, the EndoActivator® (Dentsply,
Maillefer, Ballaigues, Switzerland), has been introduced
which reportedly produces ‘vigorous intracanal fluid agi-
tation’ by both ‘acoustic streaming and cavitation’ (11). de
Gregorio et al. (7) compared this instrument with passive
ultrasonicirrigation and found no significant differences in
the ability to remove debris from simulated lateral canals
of single-rooted extracted teeth. Jiang et al. (12) also found
that the EndoActivator® was less effective than ultrasonic
activation of a 2% sodium hypochorite (NaOCl) solution.

Laser-induced energising of irrigants causes cavitation
and subsequent implosions which produce pressure
waves accelerating fluid to a velocity of up to 20 ms™
(13). Laser-energised irrigation has been shown to
remove dentinal debris more effectively when com-
pared with conventional syringe irrigation and ultra-
sonic energised irrigation (13,14). However, there are
considerations with regard to safety as apical extrusion of
the irrigant can occur (15).

Sodium hypochlorite is the most widely used endodon-
tic irrigant in contemporary endodontic practice, and is

®© 2012 The Authors
Australian Endodontic Journal ® 2012 Australian Society of Endodontology
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Abstract

Introduction: This study reports the antimicrobial
effect of photodynamic therapy (PDT) combined with
endodontic treatment in patients with necrotic pulp in-
fected with microflora resistant to a previous antibiotic
therapy. Methods: Thirty anterior teeth from 21
patients with periapical lesions that had been treated
with conventional endodontic treatment and antibiotic
therapy were selected. Microbiological samples were
taken (1) after accessing the root canal, (2) after
endodontic therapy, and (3) after PDT. Results: All
the patients had at least 1 microorganism resistant to
antibiotics. PDT used polyethylenimine chlorin(e6) as
a photosensitizer and a diode laser as a light source
(P = 40 mW, t = 4minutes, E = 9.6 J). Endodontic
therapy alone produced a significant reduction in
numbers of microbial species but only 3 teeth were
free of bacteria, whereas the combination of endodontic
therapy with PDT eliminated all drug-resistant species
and all teeth were bacteria-free. Conclusions: The
use of PDT added to conventional endodontic treatment
leads to a further major reduction of microbial load. PDT
is an efficient treatment to kill multi-drug resistant
microorganisms. (J Endod 2010;36:1463-1466)
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Antibiotic resistant bacteria, endodontic re-treatment,
laser, photodynamic therapy
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I n the case of endodontic treatment failure, retreatment, surgical treatment, or extrac-
tion usually is carried out with the use of antibiotics and antiseptics as adjunctive ther-
apies, but the long-term use of these agents can be rendered ineffective by resistance
developing in the target organism (1). Currently, there is an emergence of bacteria
with multiple resistances, and there is a need for alternative antimicrobial approaches
(2-6).

The combination of conventional endodontic therapy and photodynamic therapy
(PDT) has been shown as an effective approach in reducing bacterial load in in vitro
and in vivo models (7-11).

This study investigated the combination of PDT with endodontic treatment in
patients with necrotic pulp harboring microflora resistant to a previous antibiotic
therapy.

Materials and Methods

Thirty teeth from 21 patients with periapical lesions who had been previously
treated with endodontic treatment associated with antibiotic were selected. The
patients were in good health and between the ages of 17 and 52 years. All the teeth
presented sights and symptoms of periapical periodontitis and apical bone lesion
detected by radiography, and some patients had pain by vertical percussion and/or
local edema, all requiring root canal retreatment on teeth with closed apices. The
same practitioner carried out this study in a private dental office in Sdo Paulo, Brazil.
The protocol was approved by the Institutional Review Board of the Sao Paulo Univer-
sity, and all procedures were conducted according to the principles of the Declaration
of Helsinki.

Endodontic Treatment

Thirty root canals from anterior teeth were re-treated and received endodontic
treatment followed by PDT. Microbiological samples were taken after accessing the
root canal, after endodontic therapy, and after PDT. The first microbiological sample
confirmed that all the patients had at least 1 microorganism resistant to antibiotic medi-
cation.

A periapical radiograph was taken for each case to determine the presence of
apical lesion, the canal morphology, and its length.

The access to the pulp chamber was gained after installation of a rubber dam, and
then the surrounding area received prophylactic asepsis and was irrigated with 5 mL of
chlorhexidine solution at 2% to ensure that the crown of the tooth had minimal micro-
bial load (8).

Once the canal was accessed, a Hedstrom file #15 (Maillefer Instruments SA, Bal-
laigues, Switzerland) was inserted inside the canal to remove the gutta-percha and root
canal sealer obturation; then the root canal was irrigated with 1 mL of sterile saline solu-
tion. The canal was dried with 3 sterile paper points (Dentsply Latin America, Petrop-
olis, Brazil) and left inside the root canal for 1 minute each. All 3 paper points were
combined for microbiological analysis. This procedure was the first microbiological
sampling representing the initial contamination. The paper points were deposited in
a fresh sterile bottle with sterile nutrient broth.

Antimicrobial Effect of PDT Combined with Endodontic Treatment 1463
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Abstract

Objective: The purpose of this study was to determine the effectiveness of laser-activated irrigation by photon-
induced photoacoustic streaming (PIPS) using Er:YAG laser energy in decontaminating heavily colonized root
canal systems in vitro. Materials and methods: Extracted single-rooted human teeth (n=60) were me-
chanically and chemically prepared, sterilized, inoculated with Enterococcus faecalis for 3 weeks, and
randomly assigned to four groups (n=15): Group I (control, no decontamination), Group II (PIPS+6%
NaOCl), Group III (PIPS + saline), and Group IV (6% NaOC]l). PIPS settings were all preset to 50 usec pulse,
20ml, 15 Hz, for an average power of 0.3 W. After decontamination, the remaining live microbes from all
specimens were collected and recovered via plate counting of the colony-forming units (CFUs). Randomized
root canal surfaces were examined with scanning electron microscopy and confocal laser microscopy. Mean
variance and Dunnett’s ¢ test (post-hoc test) comparisons were used to compare mean scores for the three
groups with the control group. Results: The CFU analysis showed the following measurements (mean £ SE):
Group I (control), 336.8+1.8; Group II (PIPS +NaOCl), 0.27+0.21; Group I (PIPS +saline), 225.0+21;
and Group IV (NaOCl), 46.9 £20.29. Group II had significantly lower CFUs than any other groups (p <0.05).
Both imaging analyses confirmed levels of remaining bacteria on examined root surfaces. Conclusions: The
use of the PIPS system along with NaOCl showed the most efficient eradication of the bacterial biofilm. It
appears that laser-activated irrigation (LAI) utilizing PIPS may enhance the disinfection of the root canal
system.

Introduction

EFFECTIVE CLEANING AND SHAPING of the root canal
system to maximally eliminate microbes is a prerequisite
for successful endodontic treatment.' One important aspect
of successful treatment involves the irrigant selected as well
as how it is delivered and agitated.* Various approaches to
agitate the irrigant have been tested. Sonic and ultrasonic
irrigation techniques appear to be more effective than syringe
irrigation alone.** Laser-activated irrigation (LAI) utilizing
laser energy has been found to enhance the irrigation efficacy

of NaOCL”# This is because the Er:'YAG's wavelength is
absorbed more effectively by the water molecules within the
irrigants, resulting in more aggressive irrigant agitation.’!!

A new LAI system device that has been recently intro-
duced, photon-induced photoacoustic streaming (PIPS), uses
a very low power source (subablative) to rapidly pulse laser
light energy, which is absorbed by the molecules within the
irrigant. This transfer of energy results in a series of rapid and
powerful shockwaves, capable of forcefully propelling the
irrigant throughout the entire root canal system.'>'> The
specially designed Er:'YAG laser-based PIPS tip utilizes a
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Abstract

Objectives This study aimed to compare fluid movements
generated from photon-induced photoacoustic streaming
(PIPS) and passive ultrasonic irrigation (PUI).

Materials and methods Particle Image Velocimetry (PIV) was
performed using 6-um melamine spheres in water. Measure-
ment areas were 3-mm-long sections of the canal in the coro-
nal, midroot and apical regions for PIPS (erbium/yttrium-alu-
minium garnet (Er:YAG) laser set at 15 Hz with 20 mlJ), or
passive ultrasonic irrigation (PUL, non-cutting insert at 30 %
unit power) was performed in simulated root canals prepared
to an apical size #30/0.04 taper. Fluid movement was analysed
directly subjacent to the apical ends of ultrasonic insert or fiber
optic tips as well as at midroot and apically.

Results During PUI, measured average velocities were around
0.03 m/s in the immediate vicinity of the sides and tip of the
ultrasonic file. Speeds decayed to non-measureable values ata
distance of about 2 mm from the sides and tip. During PIPS,
typical average speeds were about ten times higher than those

B4 Ove A. Peters
opeters(@pacific.edu

Department of Mechanical and Aerospace Engineering, Allen School
of Engineering, Trine University, Angola, [N, USA

Department of Endodontics, University of Texas Health Science
Center at Houston, School of Dentistry, Houston, TX, USA

Private Practice, Arizona Center for Laser Dentistry, Scottsdale, AZ,
USA

4 Arizona School of Dentistry and Oral Health, Mesa, AZ, USA

3 Department of Endodontics, University of the Pacific Arthur A.
Dugoni School of Dentistry, 155 5th St, San Francisco, CA 94103,
UusAa

Published online: 26 August 2015

144

measured for PUI, and they were measured throughout the
length of the canal, at distances up to 20 mm away.
Conclusions PIPS caused higher average fluid speeds when
compared to PUIL both close and distant from the instrument.
The findings of this study could be relevant to the debriding
and disinfecting stage of endodontic therapy.

Clinical relevance Irrigation enhancement beyond needle ir-
rigation is relevant to more effectively eradicate microorgan-
isms from root canal systems. PIPS may be an alternative
approach due to its ability to create high streaming velocities
further away from the activation source compared to ultrason-
ic activation.

Keywords Particle image velocimetry - Photon-induced
photoacoustic streaming - Ultrasonics - Endodontics -
Irrigation

Introduction

An important aim of root canal treatment is the elimination or
prevention of periradicular periodontitis; it is well established
that bacteria and their toxins are the cause of this disease [13]
and therefore eradication, or at least reduction to a biologically
acceptable number, of intracanal microorganisms is required
[23]. Enlargement of root canals with current root canal in-
struments reduces bacterial counts even in the case of
buccolingually wide root canals [24]. However, preparation
does not eliminate all microorganisms from the root canal
system. Therefore, antimicrobial irrigants are commonly used
and it is believed that enhancement of the flushing action is
effective in improving root canal cleanliness [2, 11]. Different
agitation techniques have been proposed to improve the effi-
cacy of irrigation solutions, including agitation with hand
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Enhanced Removal of Enterococcus faecalis Biofilms
in the Root Canal Using Sodium Hypochlorite Plus
Photon-Induced Photoacoustic Streaming:

An In Vitro Study

Mohammed Al Shahrani, BDS! Enrico DiVito, DDS?® Christopher V. Hughes, DMD, PhD**
Dan Nathanson, DMD, MSD? and George T.-J. Huang, DDS, MSD, DSc'”

Abstract

Objective: The purpose of this study was to determine the effectiveness of laser-activated irrigation by photon-
induced photoacoustic streaming (PIPS) using Er:YAG laser energy in decontaminating heavily colonized root
canal systems in vitro. Materials and methods: Extracted single-rooted human teeth (n=60) were me-
chanically and chemically prepared, sterilized, inoculated with Enterococcus faecalis for 3 weeks, and
randomly assigned to four groups (n=15): Group I (control, no decontamination), Group II (PIPS +6%
NaOCl), Group III (PIPS + saline), and Group IV (6% NaOCl). PIPS settings were all preset to 50 usec pulse,
20 mJ, 15 Hz, for an average power of 0.3 W. After decontamination, the remaining live microbes from all
specimens were collected and recovered via plate counting of the colony-forming units (CFUs). Randomized
root canal surfaces were examined with scanning electron microscopy and confocal laser microscopy. Mean
variance and Dunnett’s ¢ test (post-hoc test) comparisons were used to compare mean scores for the three
groups with the control group. Results: The CFU analysis showed the following measurements (mean = SE):
Group I (control), 336.8+1.8; Group II (PIPS +NaOCl), 0.27+0.21; Group III (PIPS +saline), 225.0+21;
and Group IV (NaOCl), 46.9 +20.29. Group II had significantly lower CFUs than any other groups (p <0.05).
Both imaging analyses confirmed levels of remaining bacteria on examined root surfaces. Conclusions: The
use of the PIPS system along with NaOCl showed the most efficient eradication of the bacterial biofilm. It
appears that laser-activated irrigation (LAI) utilizing PIPS may enhance the disinfection of the root canal
system.

Introduction

EFFECTIVE CLEANING AND SHAPING of the root canal
system to maximally eliminate mlcrobes is a prerequisite
for successful endodontic treatment.' One important aspect
of successful treatment involves the irrigant selected as well
as how it is delivered and agitated.* Various approaches to
agitate the irrigant have been tested. Sonic and ultrasonic
irrigation techniques appear to be more effective than syringe
irrigation alone.* Laser-activated irrigation (LAI) utilizing
laser energy has been found to enhance the irrigation efficacy

of NaOCL”® This is because the Er:YAG’s wavelength is
absorbed more effectively by the water molecules within the
irrigants, resulting in more aggressive irrigant agitation.”
A new LAI system device that has been recently intro-
duced, photon-induced photoacoustic streaming (PIPS), uses
a very low power source (subablative) to rapidly pulse laser
light energy, which is absorbed by the molecules within the
irrigant. This transfer of energy results in a series of rapid and
powerful shockwaves, capable of forcefully propelling the
irrigant throughout the entire root canal system.'”'® The
specially designed Er:'YAG laser-based PIPS tip utilizes a
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including pulpal pathology.
bacteria free.

disinfect the canals predictably and consistently.

conventional techniques have failed to do so.

@ Bacteria are responsible for the most commonly encountered dental diseases

VERIFIABLE
CPD PAPER

@ The success rate of endodontics relies on the root canal system being rendered
@ Conventional chemo-mechanical canal preparation techniques are unable to

@ PAD offers potential to eliminate bacteria from the root canals especially where

Microbiological evaluation of photo-activated
disinfection in endodontics (An in vivo study)

S.J. Bonsor,! R. Nichol,2 T. M. S. Reid® and G. J. Pearson*

Objective To determine the microbiological effect of photoactivated
disinfection (PAD) as an adjunct to normal root canal disinfection in vive.
Design Arandomised trial carried out in general dental practice.
Subjects and methods Patients presenting with symptoms of
irreversible pulpitis or periradicular periodontitis requiring endodontic
therapy were selected at random. A microbiological sample of the canal
was taken on accessing the canal, after conventional endodontic therapy,
and finally after the PAD process (photosensitiser and light) had been
carried out on the prepared canal. All three samples from each canal
were plated within 30 minutes of sampling and cultured anaerobically
for five days. Growth of viable bacteria was recorded for each sample to
determine bacterial load.

Results Thirty of the 32 canals were included in the results. Cultures
from the remaining two did not reach the laboratory within the target
time during which viability was sustained. Of the remaining 30, 10 canals
were negative to culture. These were either one of the canals in multi
rooted teeth where the others were infected or where a pre-treatment
with a poly-antibiotic paste had been applied to hyperaemic vital tissue.
Sixteen of the remainder were negative to culture after conventional
endodontic therapy. Three of the four which had remained infected
cultured negative after the PAD process. In the one canal where
culturable bacteria were still present, a review of the light delivery
system showed a fracture in the fibre reducing the effective light

output by 90%.

Conclusions The PAD system offers a means of destroying bacteria
remaining after using conventional irrigants in endodontic therapy.

INTRODUCTION

It is well established that the elimination of pathogens from root
canals during endodontic treatment is difficult> and current
endodontic techniques are unable to consistently disinfect the
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canal.>* Mechanical preparation of the canal leaves a smear
layer on the surface of the canal wall occluding the entrances to
any patent dentinal tubules.® Furthermore it is a site for accu-
mulation of bacteria within the layer itself. This together with
the irregular cross section of the canal and complex internal
anatomical morphology® result in areas where residual bacteria
can accumulate and adversely affect the outcome of any
endodontic therapy.” To assist in the cleaning and debridement
of the canal a range of irrigating and disinfecting solutions have
been used. The one which predominates is sodium hypochlorite
used in concentrations ranging from 0.2-5%.% Chelating agents
such as EDTA and citric acid are used as adjuncts to remove the
smear layer allowing access to the tubules.” Additionally disin-
fectants such as iodine potassium iodide (IKI) are also known to
penetrate into the dentine.'

The choice of sodium hypochlorite as an irrigating solution is in
part because of its effect on any residual soft tissue, as well as
destroying bacteria with the free chlorine in the solution. However
since this free chlorine is used up during this process, the volume
of solution required is large, the process slow!! and there is still a
substantial risk of bacterial contamination.'?

There are only a limited number of references to the presence of
bacteria leading to higher incidence of failed endodontic treat-
ments: this is primarily because of the difficulty of carrying out
microbiological culture work. However, studies have shown that in
those cases where negative cultures have been obtained at time of
obturation, there is a 94% success rate. When obturation is per-
formed and the cultures are positive, the success rate is reduced to
68%* confirming previous studies showing that failure of healing
is more likely when the canals are obturated in the presence of per-
sistent infection.'*14

Recently a novel method of disinfection for use in both caries
and endodontics has become available. This is photo activated dis-
infection — PAD™. The principle on which it operates is that photo-
sensitiser molecules attach to the membrane of the bacteria. Irradi-
ation with light at a specific wavelength matched to the peak
absorption of the photosensitiser leads to the production of singlet
oxygen, which causes the bacterial cell wall to rupture killing the
bacteria.!® Extensive laboratory studies have shown that an
important aspect of this system is that the two components when
used independently of one another produce no effect on bacteria
or on normal tissue. It is only the combination of photosensitiser
and light which produces the effect on the bacteria.!>17
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REVIEW

Photodynamic therapy for localized
infections—State of the art
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KEYWORDS Summary Photodynamic therapy (PDT) was discovered over 100 years ago by observing the
killing of microorganisms when harmless dyes and visible light were combined in vitro. Since
then it has primarily been developed as a treatment for cancer, ophthalmologic disorders and in
dermatology. However, in recent years interest in the antimicrobial effects of PDT has revived
and it has been proposed as a therapy for a large variety of localized infections. This revival
of interest has largely been driven by the inexorable increase in drug resistance among many

Photodynamic
therapy;
Photosensitizer;
Localized infection;

S;alrzl::rla, classes of pathogen. Advantages of PDT include equal killing effectiveness regardless of antibi-
Fungus; otic resistance, and a lack of induction of PDT resistance. Disadvantages include the cessation of
Skin: the antimicrobial effect when the light is turned off, and less than perfect selectivity for micro-
Wound; bial cells over host tissue. This review will caver the use of PDT to kill or inactivate pathogens
i in ex vivo tissues and in biological materials such as blood. PDT has been successfully used
to kill pathogens and even to save life in several animal models of localized infections such
as surface wounds, burns, oral sites, abscesses and the middle ear. A large number of clinical
studies of PDT for viral papillomatosis lesions and for acne refer to its antimicrobial effect,
but it is unclear how important this microbial killing is to the overall therapeutic outcome.
PDT for periodontitis is a rapidly growing clinical application and other dental applications are
under investigation. PDT is being clinically studied for other dermatological infections such as
leishmaniasis and mycobacteria. Antimicrobial PDT will become more important in the future

as antibiotic resistance is only expected to continue to increase.

© 2009 Elsevier B.V. All rights reserved.
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Antimicrobial Photodynamic Therapy for the Treatment
of Teeth with Apical Periodontitis: A Histopathological

Evaluation

Lea Assed Bezerra Silva, DDS, MSc, PbD,* Arthur B. Novaes, Jy, DDS, MSc, PbD,f
Rafael R. de Oliveira, DDS, MSc, PbD,” Paulo Nelson-Filbo, DDS, MSc, PhD,*
Milton Santamaria, Jr, DDS, MSc, PhD,* and Raquel Assed Bezerra Silva, DDS, MSc, PhD*

Introduction: This study evaluated the in wvivo
response of apical and periapical tissues of dogs' teeth
with apical periodontitis after one-session endodontic
treatment with and without antimicrobial photodynamic
therapy (aPDT). Methods: Sixty root canals with exper-
imentally induced apical periodontitis were instru-
mented and assigned to 4 groups receiving aPDT and
root canal filling (RCF) or not: group aPDT+/RCF+ (n =
20): aPDT (photosensitizer phenothiazine chloride at
10 mg/mL for 3 minutes and diode laser [A = 660 nm,
60 mW/em?] for 1 minute) and RCF in the same session;
group aPDT+RCF— (n = 10); group aPDT—/RCF+ (n =
20), and group aPDT—/RCF— (n = 10). Teeth were
restored, and the animals were killed after 90 days.
Sections from the maxillas and mandibles were stained
with hematoxylin-eosin and Mallory trichrome and
examined under light microscopy. Descriptive (ie, newly
formed apical mineralized tissue, periapical inflamma-
tory infiltrate, apical periodontal ligament thickness,
and mineralized tissue resorption) and quantitative (ie,
periapical lesion size and number of inflammatory cells)
microscopic analysis was performed. Quantitative data
were analyzed by the Kruskal-Wallis and Dunn tests
(o = .05). Results: In the aPDT-treated groups, the peri-
apical region was moderately/severely enlarged with no
inflammatory cells, moderate neoangiogenesis and fi-
brogenesis, and the smallest periapical lesions. Conclu-
sions: Although apical closure by mineralized tissue
deposition was not achieved, the absence of inflamma-
tory cells, moderate neoangiogenesis, and fibrogenesis
in the periapical region in the groups treated with
aPDT indicate that this can be a promising adjunct
therapy to cleaning and shaping procedures in teeth
with apical periodontitis undergoing one-session
endodontic treatment. (J Endod 2012;38:360-366)

Antimicrobial photodynamic therapy, apical periodontitis, endodontic treatment

he effective control of bacterial infection in the root canal system is critical for the

post-treatment success of endodontic therapy. It has been shown that the endodontic
infection in teeth with pulp necrosis and apical periodontitis is of a polymicrobial nature
with a high prevalence of anaerobic microorganisms, particularly gram-negative
bacteria (1), which ultimately disseminate throughout the root canal system and reach
the outer root surface (apical biofilm) (2). The extraradicular infection is inaccessible
to the cleaning and shaping procedures, allowing persistence and multiplication of
microorganisms and leading to low success rates when no antibacterial medication
is used and one-appointment endodontic therapy is performed (3).

Photodynamic therapy (PDT) has emerged as a treatment strategy for eradicating
target cells, involving the use of light of a specific wavelength to activate a nontoxic light-
sensitive compound (known as photosensitizer) in the presence of oxygen (4, 5). The
absorption of photons from the light source by the activated photosensitizer leads it to
a triple state of excitation, resulting in energy or electron transfer to available molecular
oxygen with consequent formation of highly reactive oxygen species (ROS), such as
singlet oxygen and free radicals. This action produces a cascade of oxidative events
that ultimately kill microorganisms by causing irreversible damage to essential
intracellular molecules including proteins, membrane lipids, and nucleic acids (6).
Photodynamic inactivation of microorganisms by local application of photosensitizer
and light limits the action of ROS and avoids systemic harmful effects on “friendly”
bacterial flora (7). In addition, unlike antibiotics, which have a single target in the
microbial cell, ROS generated from the photodynamic reaction has a multifunctional
nature and can damage multiple cellular structures, reducing the chances of the devel-
opment of PDT-resistant bacterial strains (8).

As any treatment modality, antimicrobial PDT (aPDT) should ideally have the
capacity to destroy the microorganisms responsible for the disease without causing
damage to the host’s surrounding healthy tissues. Low toxicity and rapidity of effect
are desirable qualities of aPDT (9). It has been established that photosensitizers, which
have a strong cationic charge, can rapidly bind and penetrate bacterial cells, and, thus,
these compounds show a high degree of selectivity for microorganisms over host cells
(10). However, even though studies (11, 12) have concluded that aPDT is less
damaging to the host tissues, the concentration used for cytotoxicity assessment in
these studies is usually lower than that of bacterial killing. Selectivity toward bacteria
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Augmenting the Antibiofilm Efficacy of Advanced
Noninvasive Light Activated Disinfection with Emulsified
Oxidizer and Oxygen Carrier

Saji George, PbD, and Anil Kishen, MDS, PhD

Abstract

In this study, we tested the hypothesis that the inclu-
sion of an oxidizer and oxygen carrier in the photosen-
sitization formulation would facilitate comprehensive
disinfection of matured endodontic biofilm by light-
activated disinfection (LAD). Photosensitizing formula-
tions containing methylene blue (MB) and an oxygen
carrier alone (perfluorodecahydronaphthalene) (PF1) or
in combination with oxidizer (H,0,) (PF2) or their emul-
sions formed with triton-X100 (Bio-Rad Laboratories,
Hercules, CA) in different proportions (PF3 and PF4)
were tested for photochemical properties and damage
to the biofilm structure using confocal laser scanning
microscopy. Conventional chemomechanical prepara-
tion, LAD using MB in water, and LAD using MB in
emulsion (PF4) were also conducted on 10-week-old
Enterococcus faecalis biofilm within root canals. MB in
emulsion (PF4) was overall the most effective photo-
sensitizer formulation for photooxidation, generation of
singlet oxygen (p = 0.001), and in disinfecting biofilm
bacteria. Advanced noninvasive LAD using a photosen-
sitizer formulation containing oxidizer and oxygen
carrier disrupted the biofilm matrix and facilitated
comprehensive inactivation of biofilm bacteria. This
modified photosensitizer formulation will have po-
tential advantages in endodontic disinfection. (J
Endod 2008;34:1119-1123)

Key Words
Biofilm, emulsion, endodontics, oxidizer, oxygen car-
rier, photodynamic therapy
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acterial biofilm in the root canal system that evokes inflammatory response can lead

to apical periodontitis (1, 2). Conventionally, disinfection of the root canal is sought
bya “chemomechanical” approach that involves cleaning and shaping of the root canal
system by the application of a chemical disinfectant and mechanical instrumentation
(3). Nonetheless, this technique often fails to eradicate bacterial biofilms completely,
mostly because of various microbiological and anatomical factors (2, 4—6). Endodon-
tic pathogens such as Enterococcus faecalis have been reported to form a biofilm even
on medicated root canals, which is regarded as one of the reasons for its persistence in
the posttreatment endodontic environment (7). The phenotypic and genotypic variation
of biofilm bacteria when compared with their “free-floating” counterparts, comple-
mented by the structure and composition of biofilm matrix, contribute to their high
antimicrobial resistance (8—10).

Recently, many #z vitro and in vivo studies have highlighted the potential of
light-activated disinfection (LAD) that involves the use of a photosensitizer and
low-level light for treating localized bacterial infections (11-13). During LAD, the
photoactivated photosensitizer molecule can either transfer an electron to the
neighboring molecule (type-1 reaction) or its energy to molecular oxygen (type-2
reaction) to generate highly reactive oxygen species, mostly singlet oxygen. The
killing of bacteria by LAD can be induced by either of these photoreactions; how-
ever, a type 2 reaction, which generates highly reactive singlet oxygen (,0%), is
regarded as the principle bactericidal agent. Unlike antibiotics, the emergence of
“LAD-resistant” bacterial strains is highly unlikely because the oxygen-based free
radicals act on multiple targets in a bacterial cell (14, 15).

LAD conducted on endodontic biofilms has very often failed to achieve complete
eradication, prompting many workers to combine LAD with conventional antimicrobial
strategies for superior performances (16—21). Nevertheless, many workers have over-
looked the necessity of designing “tissue-specific LAD conditions.” This is because the
physicochemical environment existing at the site of application may influence the “pho-
todynamic effect” during light activation of a photosensitizer. For example, the “hy-
pooxygenic” nature of bacteria-infected anatomic sites such as a root canal may ad-
versely affect the outcome of LAD because molecular oxygen is 2 prerequisite for the
generation of singlet oxygen (1, 22). In addition, the cumulative increase in the thick-
ness and calcification of biofilm matrix during maturation would create a photosensi-
tizer and oxygen-concentration gradients across the thickness of biofilm (1,9, 10, 22).

Consequently, a combination of a photosensitizer and light may not be sufficient
for the effective eradication of endodontic biofilm. We had previously reported the
advantages of an advanced noninvasive light-activated disinfection (ANILAD) strategy
for the eradication of endodontic biofilm (13, 23). In the first step of this dual-staged
approach, sensitization was performed by using a photosensitizer dissolved in a formu-
lation that enhanced not only the photochemical properties of photosensitizer but also
allowed better diffusion of a photosensitizer into the anatomic complexities of the root
canal system. In the second step, an oxygen-carrier solution was applied to enhance the
oxygen availability and to facilitate light propagation during the irradiation phase. Al-
though ANILAD performed better than conventional LAD, the bactericidal effect was
significantly less in matured biofilm models (24). The increased thickness and calcifi-
cation of matured biofilm matrix was thought to contribute to its resistance (9).

Augmenting Antibiofilm Efficacy of LAD with Emulsified Oxidizer and Oxygen Carrier 1119
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Photophysical, photochemical, and photobiological
characterization of methylene blue formulations
for light-activated root canal disinfection

Saji George

Anil Kishen

National University of Singapore
Faculty of Dentistry
Biophotonics-Microbiology Laboratory
Singapore, Singapore 119074

Abstract. Tissue-specific modification of treatment strategy is pro-
posed to increase the antimicrobial activity of light-activated therapy
(LAT) for root canal disinfection. Methylene blue (MB) dissolved in
different formulations: water, 70% glycerol, 70% poly ethylene glycol
(PEG), and a mixture of glycerol:ethanol:water (30:20:50) (MIX), is
analyzed for photophysical, photochemical, and photobiological
characteristics. Aggregation of MB molecules, as evident from mono-
mer to dimer ratio, depends on the molar concentrations of MB,
which is significantly higher in water compared to other formulations.
MIX-based MB formulation effectively penetrates the dentinal tubules.
Although, the affinity of MB for Enterococcus faecalis (gram positive)
and Actinomycetes actinomycetemcomitans (gram negative) was
found to be high in the water-based formulation, followed by MIX, the
MIX-based formulation significantly enhanced the model substrate
photooxidation and singlet oxygen generation compared to MB dis-
solved in other formulations. Finally, the efficacy of LAT is evaluated
on biofilms produced by both organisms under in vitro and ex vivo
conditions. A dual-stage approach that applies a photosensitization
medium and an irradiation medium separately is tested. The MIX-
based photosensitization medium in combination with dual-stage ap-
proach demonstrates thorough disinfection of the root canal with bac-
terial biofilms. This method will have potential application for root

canal disinfection. © 2007 Society of Photo-Optical Instrumentation Engineers.
[DOI: 10.1117/1.2745982]

Keywords: photodynamic therapy; lasers in medicine; endodontic infection;
dentine; antimicrobial.
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1 Introduction of the root canal, and the inability of the antimicrobial agents
to eliminate certain species of bacteria and bacterial
biofilm.** The biochemical composition of biofilm matrix
and the altered physiology of biofilm bacteria may contribute
toward the observed resistance to antimicrobial agents.*" In
fact, Enterococcus faecalis has shown the ability to produce
biofilm on root canal wall medicated with calcium hydroxide,
one of the most widely used intracanal medicament." In ad-
dition to the preceding shortcomings, the indiscriminate use

Root canal infection, also known as apical periodontitis in-
volves inflammation and destruction of periradicular tissues
adjacent to the root apex of a tooth. This is primarily caused
by the presence of bac[ena.l biofilms within the root canal
system of the tooth." Aplca.l penodontms is not self-healing,
since microbes established in the “secluded” sanctuaries of
the root canal system cannot be completely resolved by the
host immune defense.’ The principal treatment involves the

elimination of microbial flora from the root canal system.
Conventionally, disinfection of the root canal is achieved by
combmmg mechanical instrumentation with caustic
chemicals’ (the chemomechanical approach). Nevertheless,
complete disinfection of the root canal is not achieved, though
in most cases the clinical symptoms recede.*® Major factors
limiting the elimination of bacteria by conventional treatment
are the inability of chemical disinfectant to destroy bacteria
residing in the dentinal tubules and anatomical complexities
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of caustic chemicals has been reported to adversely affect the
chemical and mechanical properties of dentine.'>"

Recently, light-activated therapy (LAT), generally known
as photodynamic therapy, is showing great potential in the
treatment of localized bacterial infections."*"” The killing of
bacteria by LAT can be induced by two photoreactions: (1) a
type I reaction, where the electron transfer between the triplet
state sensitizer and biomolecules results in the generation of
several radical species, which can cause cell damage, and (2)
a type II reaction, where the energy transfer from the triplet
state sensitizer to molecular oxygen produces singlet oxygen
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Abstract

The aims of this study were to investigate the effects of
photodynamic therapy (PDT) on endodontic pathogens
in planktonic phase as well as on Enterococcus faecalis
biofilms in experimentally infected root canals of ex-
tracted teeth. Strains of microorganisms were sensi-
tized with methylene blue (25 pg/ml) for 5 minutes
followed by exposure to red light of 665 nm with an
energy fluence of 30 J/cm?. Methylene blue fully elim-
inated all bacterial species with the exception of E.
faecalis (53% killing). The same concentration of meth-
ylene blue in combination with red light (222 J/em?)
was able to eliminate 97% of E. faecalis biofilm bac-
teria in root canals using an optical fiber with multiple
cylindrical diffusers that uniformly distributed light at
360 degrees. We conclude that PDT may be developed
as an adjunctive procedure to kill residual bacteria in
the root canal system after standard endodontic
treatment. (J Endod 2006;32:979-984)
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'he goal of endodontic treatment is to prevent and, when required, to cure endodon-

tic disease, apical periodontitis (1). This principle is supported by classic studies
that demonstrate significantly higher success rates, by approximately 10% in teeth that
are minimally infected at the time of treatment, compared to grossly infected teeth with
necrotic pulps (2). Similarly, teeth that give 2 negative culture for bacterial growth at the
time of root canal filling have a higher success rate than teeth that are culture positive
12-26% higher) (3). Although the bulk of the infecting microorganisms are removed
during endodontic instrumentation, residual bacteria are readily detectable in approx-
imately one-half of teeth at the time of placement of a filling material, despite extensive
irrigation with sodium hypochlorite (NaOCl) (4). Recently, Nair et al. (2005) detected
histologically biofilm bacteria in intercanal isthmi and accessory canals of the apical 3
mm in 14 of 16 teeth, which was surgically removed on completion of the root canal
treatment in a single visit (5). Scanning electron microscopic investigations have dem-
onstrated bacterial penetration up to 1000 pm into dentinal tubules in a laboratory
model (6). The presence of 2 smear layer after instrumentation reduces the effective-
ness of irrigants and temporary dressings in disinfecting dentinal tubules (7). Addition-
ally, the complexity of the root canal system with its isthmuses, ramifications, and
dentinal tubules make complete debridement of bacteria with instrumentation and
irrigation alone almost impossible (8).

Microorganisms associated with endodontic failures can be detected in the ma-
jority of failing cases using cultural methods, and can be identified in virtually all cases
using PCR amplification of the microbial 168 rRNA genes (9, 10). The data indicate that
the bacteria present in treatment failures are distinct from those present in infected root
canals before endodontic treatment. Failing cases are associated with high proportions
of gram-positive aerobic and facultative organisms, versus the predominance of strict
anaerobes at presentation. This scenario has been substantiated in controlled studies
that examined changes in residual root canal bacteria after treatment; facultative bac-
teria were more resistant to treatment than anaerobes in a monkey model (11). En-
terococcus faecalis, which is rarely found in large proportions in untreated root
canals, is highly associated with failures (12). However, some studies have failed to
detect E. faecalis and have implicated other taxa including Pseudomonas, Staphylo-
cocci, and Streplococei as causative of failures (9, 13). 168 rRNA analyses have given
an even more diverse picture of bacteria associated with failure, with species including
Pseudoramibacter, Proprionibacterium, Dialister, and Filifactor in addition to En-
terococcus (10). Large numbers of isolates including Actinomyces, Streptococci,
Peptostreptococcus, and Prevotella in addition to Enferococci have also been re-
ported (14).

Photodynamic therapy (PDT) has been used as a treatment for cancer and other
nonmalignant diseases (15). PDT is based on the concept that a certain, nontoxic,
photosensitizing agent known as photosensitizer (PS) can be preferentially localized in
certain tissues and subsequently activated by light of the appropriate wavelength to
generate singlet oxygen and free radicals that are cytotoxic to cells of the target tissue
(16). Although visible light can also kill bacteria after their treatment with an appro-
priate PS (17), PDT has never been used to treat any specific bacterial infections in
humans. Gram-negative bacteria are less susceptible to photoinactivation compared
with gram-positive species (18); however, PS bearing a cationic charge can increase
their killing (19, 20). A wide range of oral bacteria could be killed by red light after
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endodontic treatment to be successful.

solution.

® Bacteria must be eliminated from the root canal system prior to obturation for

VERIFIABLE
CPD PAPER

® Sodium hypochlorite solution is the most effective endodontic irrigant in current usage,
but it is not effective against all the bacteria found in the root canal system.

® pPhoto-Activated Disinfection (PAD) offers the potential to effectively kill endodontic
bacteria with fewer toxic effects and more quickly than with sodium hypochlorite

An alternative regimen for root canal

disinfection

S.J. Bonsor,' R. Nichol 2 T. M. S. Reid3and G. J. Pearson*

Objective To compare the effect of a combination of 20% citric acid
solution and photo-activated disinfection with the use of 20% citric
acid and 2.25% sodium hypachlorite solutions on bacterial load on the
dentine walls in prepared canals in vivo.

Subjects and methods Sixty-four randomly selected cases were
evaluated and allocated to one of two groups. In Group 1, after gaining
access to the root canal, bacterial load on the canal walls was sampled
using endodontic files. A further sample was taken after apex location
and initial widening of the canal had been completed and the photo-
activated disinfection process carried out. A final sample was taken

after completion of the canal preparation using citric acid and sodium
hypochlorite solutions. In Group 2, the initial sample was taken as
described previously. A second sample was taken after canventional
preparation using 20% citric acid and sodium hypochlorite solutions

as co-irrigants. A final sample was then taken after a subsequent PAD
treatment. All samples were cultured for facultative anaeraobic bacteria.
Results Of the canals treated in Group 1 only two of the 23 canals
infected showed culturable bacteria after the use of citric acid and
photo-activated disinfection. Of these two canals, one was free of
culturable bacteria on completion of conventional treatment but the
other still contained culturable bacteria. In Group 2, four canals of the 23
infected initially, remained contaminated after conventional treatment.
After subsequent photo-activated disinfection three of these four canals
were free of culturable bacteria.

Conclusion Results indicate that the use of a chelating agent acting as a
cleaner and disrupter of the biofilm and photo-activated disinfection to
kill bacteria is an effective alternative to the use of hypochlorite as a root
canal cleaning system.
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INTRODUCTION

In the preparation of a root canal both the efficient instru-
mentation to shape and the effective cleaning and disinfect-
ing of the walls and lumen of the canal are essential for a
successful outcome to treatment.! It is widely recognised that
residual bacterial contamination of the canals is likely to lead
to failure.>-* Therefore bacteria remaining within a canal after
chemo-mechanical preparation must be reduced to a minimum
for successful treatment.

It is generally accepted that the effective elimination of bacteria
requires the initial cleaning of the canal by removal of the smear
layer™>® and the subsequent break up of the biofilm leaving the
bacteria accessible to the disinfecting agent. There are a range of
materials which will remove the smear and/or disturb the biofilm
structure. These include sodium hypochlorite, EDTA, citric acid and
polyacrylic acid.”-!? Of the irrigants used, sodium hypochlorite is
currently preferred by most clinicians as it exhibits a proteolytic
effect as well as being a disinfectant.

However, for its bactericidal effect, sodium hypochlorite relies
heavily on the duration of time retained in the canal and the use of
copious volumes of the solution since it is the free chlorine which
acts as the disinfecting agent and this is used up rapidly. It has
been shown that 20-30 minutes is required to clean and debride a
canal.’® A small volume used for a short contact time will have a
limited effect. Furthermore, there is evidence that hypochlorite is
not effective against all pathogenic bacteria specifically Entero-
coccus _faecalis which is associated with recalcitrant canals.'*

Further complications of conventional disinfecting agents are
toxicity and microbial resistance'*"!” since most which have effec-
tive bactericidal activity are used at concentrations where normal
tissue toxicity is becoming a significant factor. This can lead to
adverse tissue reactions.

Despite sodium hypochlorite being regarded as the irrigant of
choice, the substantial dwell time for effective elimination of bac-
teria and the risk of swelling and haematoma formation if extrud-
ed into the soft tissue beyond the apex are potential disadvantages
which has been reported in a number of cases.'®!° Furthermore, at
the concentrations recommended, its bactericidal level and tissue
damage level are relatively close together.”:8

Additionally, the more concentrated the solution, its surface
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Abstract

This study analyzed the antimicrobial effect of photo-
dynamic therapy (PDT) in association with endodontic
treatment. Twenty patients were selected. Microbiolog-
ical samples were taken after accessing the canal,
endodontic therapy, and PDT. At the end of the first
session, the root canal was filled with Ca(OH),, and
after 1 week, a second session of the therapies was
performed. Endodontic therapy gave a mean reduction
of 1.08 log. The combination with PDT significantly
enhanced the reduction (1.83 log, p = 0.00002). The
second endodontic session gave a similar diminution to
the first (1.14 log), and the second PDT was signifi-
cantly more effective than the first (p = 0.002). The
second total reduction was significantly higher than the
second endodontic therapy (p = 0.0000005). The total
first + second reduction (3.19 log) was significantly
different from the first combination (p = 0.00006).
Results suggest that the use of PDT added to endodon-
tic treatment leads to an enhanced decrease of bacte-
rial load and may be an appropriate approach for the
treatment of oral infections. (J Endod 2008;34:
138-142)
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gate, red laser, root canal
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limination of the pathogenic microflora from the root canal system during endodon-

tic therapy is one of the main goals of endodontic treatment. Microbial infection
plays an important role in the development of necrosis in the dental pulp and the
formation of periapical lesions (1). It is well established that the eradication of bacteria
from root canals is difficult, and current endodontic techniques are unable to consis-
tently disinfect the canal systems (2). Accepted treatment procedures to eliminate the
infection include root canal debridement and mechanical shaping or smoothing (3),
irrigation with disinfectant agents such as sodium hypochlorite or hydrogen per-
oxide, the application of an interappointment dressing containing an antimicrobial
agent, and sealing of the root canal (4). In case of infection, the use of antibiotics
and antiseptics is an alternative approach, but the long-term use of chemical
antimicrobial agents, however, can be rendered ineffective by resistance develop-
ing in the target organisms (5-7).

Studies have shown that in cases when a negative microbiological culture has been
obtained from the root canal at the time of obturation, there is 2 94% success rate. On
the other hand, when obturation is performed in a positive culture, the success rate is
reduced to 68%. Previous studies have shown that the shoddier healing of periapical
lesions is more likely in obturated root canals with positive cultures by the end of the
endodontic treatment (8, 9).

Novel approaches to disinfecting root canals have been proposed recently that
include the use of high-power lasers (10) as well as photodynamic therapy (PDT) (11,
12). High-power lasers function by dose-dependent heat generation, but, in addition to
killing bacteria, they have the potential to cause collateral damage such as char dentine,
ankylosis roots, cementum melting, and root reabsorption and periradicular necrosis
if incorrect laser parameters are used (13).

PDT is 2 new antimicrobial strategy that involves the combination of a nontoxic
photosensitizer (PS) and a light source (14). The excited photosensitizer reacts with
molecular oxygen to produce highly reactive oxygen species, which induce injury and
death of microorganisms (15, 16). It has been established that PS, which possess a
pronounced cationic charge, can rapidly bind and penetrate bacterial cells, and, there-
fore, these compounds show a high degree of selectivity for killing microorganisms
compared with host mammalian cells (17, 18). PDT has been studied as a promising
approach to eradicate oral pathogenic bacteria (19, 20) that cause diseases such as
periodontitis (21), peri-implantitis (22), and caries (23). We recently reported on the
use of PDT using a polyethyleneimine (PEI) chlorin (e6 [ce6]) conjugate and fiberoptic
delivered red light to combat endodontic infection caused by bioluminescent bacteria in
an ex vivo model using extracted human teeth (24). When PDT followed conventional
endodontic therapy, there was significantly more killing and less bacterial growth than
was seen after endodontic therapy alone. Therefore, the aim of the present study was to
test this combination of conventional endodontic therapy followed by antimicrobial PDT
in a clinical trial in patients requiring endodontic treatment.

Materials and Methods
Photosensitizer
The PS used was a conjugate between PEI and ce6, and the synthesis and charac-
terization has been previously described in detail (24, 25). Briefly, high—molecular-
weight—branched PEI (MWt %410,000-25,000; Aldrich Chemical Catalog #40,872-7, Mil-
wankee, MI) was reacted with ce6 (Porphyrin Products, Logan, UT) in the presence of
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Abstract

We investigated the photodynamic effects of methylene
blue on multispecies root canal biofilms comprising
Actinomyces israelii, Fusobacterium nucleatum subspe-
cies nucleatum, Porphyromonas gingivalis, and Pre-
votella intermedia in experimentally infected root ca-
nals of extracted human teeth in vitro. The 4 test
microorganisms were detected in root canals by using
DNA probes. Scanning electron microscopy showed the
presence of biofilms in root canals before therapy. Root
canal systems were incubated with methylene blue (25
pg/mL) for 10 minutes followed by exposure to red
light at 665 nm with an energy fluence of 30 J/cm?.
Light was delivered from a diode laser via a 250-um
diameter polymethyl methacrylate optical fiber that
uniformly distributed light over 360 degrees. Photody-
namic therapy (PDT) achieved up to 80% reduction of
colony-forming unit counts. We concluded that PDT can
be an effective adjunct to standard endodontic antimi-
crobial treatment when the PDT parameters are
optimized. (/ Endod 2008;34:728-734)
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blue, photodynamic therapy, root canals
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he purpose and ultimate goal of endodontic treatment are to eliminate the bacterial

infection in the root canal system and allow healing of apical periodontitis. Primary
root canal therapy is a highly predictable procedure; however, inability to sufficiently
disinfect the root canal system might lead to failure or persistent apical pathosis (1).
Although mechanical debridement combined with chemical irrigation removes the bulk
of infecting microorganisms, residual bacteria are readily detectable in approximately
one half of teeth just before obturation (2). Certain operative problems such as inad-
equate instrumentation, a missed canal, or an inadequate restoration might lead to
post-treatment endodontic disease (3). In addition, the anatomic complexity of the root
canal system makes complete debridement of bacteria almost impossible, even if con-
ventional methods of chemomechanical debridement are performed to the highest
technical standards (4). Because there is 2 marked decrease in the prognosis of end-
odontic retreatment, we sought adjuncts to standard endodontic antimicrobial proce-
dures that might increase the effectiveness of orthograde endodontic treatment/retreat-
ment (1).

The bacterial microflora of primary endodontic infection differs from that of
post-treatment endodontic disease. Both cultural methods and polymerase chain reac-
tion—based methods have demonstrated that primary endodontic infections are asso-
ciated with polymicrobial and strictly anaerobic microorganisms (4—6). Endodontic
treatment failures, however, are frequently associated with gram-positive aerobic and
facultative microorganisms (6). The presence of Enterococcus faecalis in failed end-
odontic treatment is extensively covered in the literature (3, 7) and is rarely detected in
primary infected and untreated cases. Yet, one cannot discount the presence or signif-
icance of other microorganisms belonging to the genera Actinomyces, Propionibac-
terium, Porphyromonas, and Prevotella, which have been frequently detected in end-
odontic treatment failures (3, 7, 8).

Photodynamic therapy (PDT) was developed as a therapy for cancer and is based
on the concept that a nontoxic photosensitizing agent, known as photosensitizer, can be
preferentially localized in premalignant and malignant tissues and subsequently acti-
vated by light of the appropriate wavelength to generate singlet oxygen and free radicals
that are cytotoxic to cells of the target tissue (9). Several studies have shown that oral
bacteria are susceptible to PDT (10, 11). In recent years, PDT has been used to target
microorganisms in root canals in vitro (12-20) and in vive (21-23). These studies
suggested the potential of PDT as an adjunct to standard endodontic antimicrobial
treatment. Methylene blue (MB), a well-established photosensitizer, has been used in
PDT for targeting endodontic bacteria (12, 15, 18, 19). The hydrophilicity of MB (24),
along with its low molecular weight and positive charge, allows passage across the
porin-protein channels in the outer membrane of gram-negative bacteria (25). MB
predominantly interacts with the anionic macromolecule lipopolysaccharide, resulting
in the generation of MB dimers (25), which participate in the photosensitization pro-
cess (25).

The present in vifro study evaluated the response of multispecies root canal
biofilms of single-rooted extracted human teeth to PDT after sensitization with MB and
exposure to red light at 665 nm. For the development of root canal biofilms, 4 bacterial
species were used: the gram-positive rod Actinomyces israelii, and the gram-negative
rods Fusobacterium nucleatum subspecies nucleatum, Porphyromonas gingivalis,
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Photodynamic therapy involves the use of nontoxic dyes called photosensitizers and visible light to produce
reactive oxygen species and cell killing. It is being studied as an alternative method of killing pathogens in
localized infections due to the increasing problem of multiantibiotic resistance. Although much has been
learned about the mechanisms of microbial killing, there is still uncertainty about whether dyes must bind to
and penetrate various classes of microbe in order to produce effective killing after illumination. In this report,
we compare the interactions of three antimicrobial photosensitizers: rose bengal (RB), toluidine blue O (TBO),
and a poly-L-lysine chlorin(e6) conjugate (pL-ce6) with representative members of three classes of pathogens;
Escherichia coli (gram-negative bacteria), Staphylococcus aureus (gram-positive bacteria), Candida albicans
(yeast). We compared fluence-dependent cell survival after illumination with the appropriate wavelengths of
light before and after extracellular dye had been washed out and used three 10-fold dilutions of cell concen-
tration. pL-ce6 was overall the most powerful photosensitizer, was equally effective with and without washing,
and showed a strong dependence on cell concentration. TBO was less effective in all cases after washing, and
the dependence on cell concentration was less pronounced. RB was ineffective after washing (except for S. aureus)
but still showed a dependence on cell concentration. The overall order of susceptibility was S. aureus > E. coli > C.
albicans, but C. albicans cells were 10 to 50 times bigger than the bacteria. We conclude that the number and mass

of the cells compete both for available dye binding and for extracellularly generated reactive oxygen species.

Considerable progress has been made in treatment of infec-
tions; however, the increasing worldwide occurrence of antibi-
otic-resistant bacteria is a considerable concern. Therefore,
there is a significant need for new antimicrobial techniques.
Photodynamic therapy (PDT) uses light-activatable dyes
termed photosensitizers (PS) and visible light that, when com-
bined in the presence of oxygen, produce cytotoxic species and
tissue destruction (6, 8). It has been approved for treatment of
age-related macular degeneration and certain types of cancer
and premalignant lesions (7). Antimicrobial therapy is one of
the possible future applications of this technique. PDT is
known to be effective against viruses, bacteria, and fungi and
therefore has been proposed to be used as a therapy for local-
ized infections (10). The development of microbial resistance
to PDT is not known and is thought unlikely to be developed
(15). Although antimicrobial PDT has been known for about a
century (22), the underlying mechanisms of its action are not
completely understood. Nonetheless, some parameters impor-
tant for bacterial inactivation are established.

It is known that gram-positive bacteria are generally more
susceptible to PDT as compared to gram-negative species (17,
24). This difference is explained by the structural differences in
the cell walls. Gram-negative cells have a complex outer bar-
rier structure including two lipid bilayers, while gram-positive
cells have only one lipid bilayer and a relatively permeable
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Hospital, BAR314B, 40 Blossom Street, Boston, MA (02114-2698.
Phone: (617) 726-6182. Fax: (617) 726-8566. E-mail: hamblin@helix
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outer coat. The yeasts such as Candida albicans are even more
resistant to photodynamic inactivation (PDI) due to the pres-
ence of a nuclear membrane that may present an additional
barrier for PS penetration (29); therefore, higher doses of PS
and light have to be used. It was shown previously (12, 26) that
a positive charge on the PS molecule (such as a poly-L-ly-
sine-PS conjugate or a cationic substitution-containing por-
phyrin) allows it to bind to, and in some cases penetrate, the
microbial permeability barrier. Therefore, positively charged
PS are generally more efficient and can act at lower concen-
trations than neutral and anionic PS molecules. Negatively
charged PS are not able to penetrate this gram-negative barrier
but may still be effective (although at higher concentrations);
in this case, singlet oxygen generated during the irradiation at
the outer surface or in solution in close proximity to the cell is
thought to diffuse into bacteria and produce fatal damage to
lipids and proteins in the inner membrane (4, 5).

We formed the hypothesis that there are three groups of
antimicrobial PS: those that are tightly bound and penetrate
into microorganisms, those that are only loosely bound, and
those that do not demonstrate binding. In order to confirm this
hypothesis, we employed three PS thought to be representative
of these PS classes—a poly-L-lysine chlorin(e6) conjugate (pL-
ce6), toluidine blue O (TBO), and rose bengal (RB)—with
representative species from different microbial groups: gram-
negative bacterium Escherichia coli, gram-positive bacterium
Staphylococcus aureus, and yeast Candida albicans. Fluence-
dependent cell survival after illumination with the appropriate
wavelength of light before and after extracellular PS had been
washed out from the cell suspension was compared. Using the
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Third, 2a caline stody peide permits students 1o roview key papers in pecpanson

abatract of e catite paper citod & Be tibles (10¢ Discunaion for detalls),

Metdods

Oae posrntial proNem lo Sovelopiog o calioe sady palde wis % provide 3
sumemary of magor pupers St contnbeted 10 3 piven 1opic 3eea. The inchusion of 8l
possible papers 0a 2 ghven Sopic woold lead o 3a sawieidy collection that falled 1o
chearly ideatsdy kiey pupers ia the area. Of conrse, the exchesion of key papers b also
prodlemutic. Yo addross this bage, the JOE Edsorial Board dovelopod the overall
Bist o s0pécs 10 be conered 2ad then for each 1opic generated 1a lainial ubalison of
ey hhstorical 1nd costemporasy papety 0o hat topic, This list wis then sest 8o two
outside reviewers who were both eapericaced edecators 1ad Diplomutes of the
Assericaa Board of Endodonticn. These fovicnnts then ocomennded addmions
2nd deletons of papers 1o the propaned topéc It

s cedier o ssaintsda currendy, B JOE Edtorial Bound peopones ¥ periodically
wpdate ech oplcall sady pakde wdng B¢ same poorroicsnd peoces 2 docrided
ove

Resulls
The results of the sindy guide (1-109) pertain 8 artides ndssed % root canal
matemy inchedag dredboason nsiems, indhidenl wedh reviews, forcation camaly,

spicd anatoeny, dental sooenlon, 30d Semograplic/poprapbic astnds b phes bn
Tables | dhrough 6.

Dtscussion

The josracy 0o clisical exorlionce roguines oot oaly oststasdiag
St also that special knowledge Bat accrees from a stedy of the endodoatic haer-
#ste. The parpose of the JOE caline stody pubde I 10 serve 23 0oe sosrce for
icienty reviewing key papers that are organired by topic area and presentod with
e advastapes of oaline lasernet uechaology.

Ndhough JOE readers are undosdtodly familar with masy aspects of the
lsacenet, there are special feateres peadlable 2t JOE oadine that provide partcelsr
sdvantages In Shele application for a stedy guide. Tor example, if this particelar
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Canal Configuration in the Mesiobuccal Root of the Maxillary
First Molar and Its Endodontic Significance

Franklin S. Weine, BS, DDS, MSD,* Harry J. Healey, BA, DDS, MSD,? Harold Gerstein, BS, DDS,’

and Leonard Fvanson, BS, DDS, MS*
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prepared root canal space with an inert saterfal in order 1 restore the istegrity 2nd
stte of good health of the treated 100th i the dental arch (1). According 1o Ingle (2), the
most common cause of endodootic filure is apical percolsfion, with the st
percentage of cases fling due o incomplcte canal obliserasion. Other reasons for failure
In this category Include leaving 2 canal completely uaiBed and Inadveriently remoring
a siiver polot. Quite often a canal bs ket waBied because the operator has failed 1o recog-
nize its peesence. Rankine-Wilson and Henry (3) and oers (4, 5) have described the not
uncoenmon finding of 2 bifurcated canal in mandibalar incisors, cuspids, and premolars.
Green (6) gave an exhaustive description of the presence of awdliary and secondary
canals among all e teed in the dental arch, Thereore, it is the obligation of those inter-
ested in endodoatics 10 be thoroughly miliar with root canal anatoamy, in both noemsal
and shoormal siesations, in oeder 10 keep this cause of endodontic failure 10 2 misdmum.

In Ingle’s (2) chan listing the froquency of treatment of ieth, compiled from 1957
10 1962, the maxillary first molar represented 5.45 per cent of endodontic cases. Ia
Weine's (7) study, however, that tooth represented 31,6 per cent of pulpal exposures.
With 2n increased desire of the patient for tooth retention 25 well 25 the availibiliey of
impeoved instruments and sechniques, it can be assumed that mudlkary Sirst molars will
be treated more and more (8-10), Also contributing 1o this frequency s the
endodontic-periodoatic therapy collaboration, since the maxiliury molar &s one of the
most frequent candidates for root amputation (11, 12).

We were impeessed by the fact that maxiary first mobars that did not respoad prop-
edy 1o routine surgical and/or nomsungical treatment were brought 1o successéal coaclu-
sloas by the discowery and treatment of 2 second mesioboccal camal. (See case
histories.) Therefore, we decided 10 section the mesobuccal roots of extracied mandliary
first mokars 10 desermine canal configuration and the incidence of 2n addiSoaal canal,

Method
Themesioboccal roots of 208 extracted mallary first molars were sectioned from
2 mestal approach in 2 buccolingual direction, using a coarse sandpaper disk. The root
canal or canals were exposed, when possidle, from the roof of the pulp chamber 1o the
2pex, 204 the hpical conliguraions were chissibied and ubulsed.

Results
The canal configurasions fdll into three general categories:
Type 1. A singhe canal from the pulp chamber to the apex.
Type 1L A karger boccal caml and a smaller canal located lingual 10 the former
which merged from 1 10 4 mm. from the zpex.
Type 11 Two distinct canals and two distinet apical foramiza, with the buccal canal
beiag fanger 2nd usually boager from the roof of the chamber to its apical foramen.

Of the 208 tecth sectioned, 101 (48.5 per cent) exhibised the Type | (single canal)
configeration (Fig. 1), seventy-cight (37.5 per cent) showed the Type 11 (bifurcaied
canal bet common apical foramen) appearance (Fig. 2), and twenty-nine (14.0 per
cent) were clissiied as Type 11 (two separate canals) (Fig. 3).

Camal Coofagerntion 2ad s Endoloesx: Segh 1305
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Root canal anatomy of the human

permanent teeth

Frank J. Vertucci, D.M.D.,* Gainesville, Fla.
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Two thousand four hundred human permanent teeth were decalcified, injected with dye, and cleared in
order to determine the number of root canals and their different types, the ramifications of the main root

canals, the location of apical foramina and transverse

(OrAL Sure. 58:589-599, 1984)

The main objective of endodontic therapy is the
thorough mechanical and chemical cleansing of the
entire pulp cavity and its complete obturation with
an inert filling material. According to Seltzer and
Bender,' failures in treatment occur despite rigid
adherence to this basic principle. Ingle? lists the most
frequent cause of endodontic failure as apical perco-
lation and subsequent diffusion stasis into the canal.
The main reasons for this failure are incomplete
canal obturation, an untreated canal and inadvertent
removal of a silver cone. A canal is often left
untreated because the dentist fails to recognize its
presence. The dentist must have a thorough knowl-
edge of root canal morphology before he can success-
fully treat a tooth endodontically.

In the literature, there is divergence of opinion as
to the anatomy of the pulp cavities of the human
permanent teeth.*** The incidence of two or more
root canals in the mandibular first premolar, for
example, has been reported to be as low as 2.7% and
as high as 62.5%, whereas the incidence of two or
more root canals in the mandibular second premolar
has been reported to vary between 0% and 34.3%.>"
The incidence of two canals at the apex of the
maxillary second premolar has been reported to be as
low as 4% and as high as 50%.5"

*Associate Professor and Chairman, Department of Endodon-
tics.
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, and the freq y of apical deltas.

These discrepancies are, in part, the result of the
marked variations in anatomy that are present and,
in part, the result of the very real difficulties that are
always encountered when root canal morphology is
studied. Because of the many dissimilarities in selec-
tion of material and classification of canal configura-
tions, the results of most reports cannot be compared
directly with one another.

Because the literature is inconclusive, I decided to
conduct a detailed investigation of the anatomy of
the root canals of extracted human teeth. A stan-
dardized technique that involved examination of
transparent specimens was used.

METHODS AND MATERIALS

For this investigation, 2,400 permanent teeth were
obtained from various oral surgery practices. All
teeth were obtained from adults. The age, sex, and
race of the patients and the reasons for extraction
were not recorded. Immediately after extraction, the
teeth were fixed in 10% formalin and decalcified in
5% hydrochloric acid. On completion of this process,
the teeth were washed in tap water and placed in a
5% solution of potassium hydroxide for 24 hours.
The teeth were washed in tap water for 2 hours, and
hematoxylin dye was injected into the pulp cavities
with the use of a 25-gauge needle on a Luer-Lok
plastic disposable syringe. Hematoxylin was used
because of its ability to stain fresh pulp tissue, even
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The antimicrobial efficacy of the erbium,
chromium:yttrium-scandium-gallium-
garnet laser with radial emitting tips

on root canal dentin walls infected

with Enterococcus faecalis

Wanda Cordon, DMD; Vahid A. Atabakhsh, DDS; Fernando Meza, OMD; Aaron Doms, DOS;
Ronl Nissan, DMD; loana Rizolu, MS; Roy M. Stevens, DDS, MS

acteria are the pri-
mary causative
agents in pulpal and
periapical patheals, '
The challenge of non-
surgical endodontic treatmont
is 10 achieve total disinfection
and elimination of bacteria from
the root canal system. Clinical
endodontic procedures rely on
mechanical instrumentation
and intracanal irrigants and
medicaments to disinfect the
oot canal system, Although
current instrumentation tech-
niques involving hand andor
rotary instruments as well as
ultrasonic and sonic devices can
greatly reduce the bacterial
load in the infected canal, thoy
fall ahort of the goal of 1otal dis-
infection of the root canal
system.** Irrigants such as

DISCLOSURE: The rescasch project

Background. The authors used an in vitro model 10 investigate the abdity of
an erbium, chremiusyttrium-scandium-gallium-gamet (Er,CrYSGG) laser
with radial emitting tips to disinfect Enterocoocus forcalis-infected dentin.
Materials and Methods. The in vitro infected dentin model system con.
sisted of a denttin ylinder, peeparned from a husan esterior tooth root, ceesented
220 a sealable twochamber device fabricated from a syringe scedlo cap. The
model’s Jower chamber contalned a buffer soluticn, and the dentin oylinder was
piaced between the upger and bwer chambers. After storilization, the authors
inoculated the root canal of each dentin cylinder with £ forvalis. They used an
Br,CrYSGG laser with radial emitting tips (o rvadiate the root canal of each
Infoctod dentin cylinder (varying kser power and exposure time), Afer Laser
treatoxnt, the authors machined the roct canal dentin walls and collected the
rewulting dentin filings in the buffer-neserveolr. They guantified the K. farcalis
titer of ench buffer-neservolr by using selective agar plates.

Results. Tho authoes found that bacterial recovery decroased whon laser krva-
diation duration or power increased. A greater degree of disinfection was
achieved with a 120-weccad application of laser than with sodium hypochlorite
treatment. Finally, they found that a 99.7 percent reduction in bacterial counts
could be cdiained using the laser.

Conclusion. The rosuits of this stady sugpest that the Er,CrYSGG laser
with a rodial emitting Up has a significant antimicroblal efect on dentinal
tubules infected with £ foecolis.

Clinical Implications. Er,CrYSGG laser treatment could be a valuable

Srecrided in (s article reovived ool for roct camal disinSection during eadodontic troatznent.
gmwmrnfn;r‘: Keywords. Bactoria; disinfection; endodontic therapy; lasers; root canal,
echmelogy, levine, Calf, .
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Laser Induced Explosive Vapor and Cavitation Resulting in
Effective Irrigation of the Root Canal. Part 1:

A Visualization Study
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and Rudolf Verdaasdonk, php®!

!Department of Dental Materials Sciences, Academic Centre for Dentistry Amsterdam (ACTA),
University of Amsterdam and VU University Amsterdam, Louwesweg 1, 1066 EA Amsterdam, The Netherlands
2Department of Operative Dentistry and Endodontology, Ghent Dental Laser Center, Dental School, Ghent University,

De Pintelaan 185 /P8, B-9000 Gent, Belgium

3Department of Medical Technology & Clinical Physics, University Medical Centre, PO Box 85500, 3508 GA Utrecht,

The Netherlands

Background and Objectives: Limited information
exists regarding the induction of explosive vapor and
cavitation bubbles in an endodontic rinsing solution. It
is also not clear whether a fiber has to be moved in the
irrigation solution or can be kept stationary. No informa-
tion is available on safe power settings for the use of
cavitation in the root canal. This study investigates the
fluid movements and the mechanism of action caused by an
Er,Cr:YSGG laser in a transparent root model.

Material and Methods: Glass models with an artificial
root canal (15mm long, with a 0.06 taper and apical
diameter of 400pum) were used for visualization and
registration with a high-speed imaging technique (reso-
lution in the microsecond range) of the creation of explosive
vapor bubbles with an Er,Cr:YSGG laser at pulse energies
of 75, 125, and 250 mdJ at 20 Hz using a 200 pm fiber (Z2
Endolase). Fluid movement was investigated by means of
dyes and visualization of the explosive vapor bubbles, and
as a function of pulse energy and distance of the fiber tip to
the apex.

Results: The recordings in the glass model show the
creation of expanding and imploding vapor bubbles
with secondary cavitation effects. Dye is flushed out of the
canal and replaced by surrounding fluid. It seems not
necessary to move the fiber close to the apex.
Conclusion: Imaging suggests that the working mecha-
nism of an Er,Cr:YSGG laser in root canal treatment in an
irrigation solution can be attributed to cavitation effects
inducing high-speed fluid motion into and out the canal.
Lasers Surg. Med. 41:514-519, 2009.

© 2009 Wiley-Liss, Inc.

Key words: absorption; endodontics; Er,Cr:YSGG; fiber

optics; laser dentistry; root canal; smear layer

INTRODUCTION

A wide spectrum of possible strategies exists for attaining
the goal of removing the canal contents and eliminating
infection. They all have in common that there is a chemo-

© 2009 Wiley-Liss, Inc.
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mechanical preparation for each strategy: at the basis root
canal instruments are used for shaping and cleaning, in
addition irrigants are needed for cleaning and disinfecting
and especially in these areas that cannot be reached by
instruments or are insufficiently cleaned. So irrigation is a
very important part of root canal treatment procedures.
Hand irrigation, however, is not so effective in the apical
part of the root canal, nor in oval extensions, isthmuses, and
anastomoses [1—7]. In order to enhance the spreading of the
irrigant and to activate irrigants sonic and ultrasonic
activation have been investigated and promoted [8—11].

Lasers have been proposed as or an alternative for the
conventional approach in cleaning, disinfecting and even
shaping of the root canal or as an adjuvant to conventional
chemo-mechanical preparation in order to enhance
debridement and disinfection [12—15].

Several wavelengths are associated with bactericidal
effects [16—19]. Some are used to remove or to modify
the smear layer after root canal preparation [20—24]. All
these studies have in common that the desired effects
are the result of photo-thermal effects since the laser
devices were used without air and/or water cooling and
depending on the laser-tissue/target interaction also more
or less on absorption. Because of the rather high intensities
required for disinfection and smear layer removal, poten-
tial concerns exist regarding heating of dentin. Various
coolants and irrigants can be used during intra-canal laser
treatment to reduce thermal stress to the radicular dentin
and to the periodontium [25].

Another manner to remove smear layer and to disrupt
the biofilm is the use of ultrasound: with a small file or

TAssistant Professor.

*Professor.
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Effectiveness of different laser systems to kill
Enterococcus faecalis in aqueous suspension and in

an infected tooth model
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Abstract
Maire MA, Do Prijck K Cosaye T, Nella W, De Moor
RIG. 1w o STerwt aser by "

A0 Tarats I8 Shutind maDantion and A a efeined Mooy
el Intvenational Eadosontc Avwral &2 200300, 2000

Alm To anews the anthucterial action of bacr bradi-
ation (NEVAG, KTV photo sctivated dalnfection
(FPADY and 2.5% sofum hypochlonte (NWXT) on
Enterovocose fawliv In an aqueoss suspenion and in
an infected tooh maodd,

Methodology Moot canals of 60 Bussan tocth with
single wralght canals were peopannd Lo apicad e S0,
sutoctaved. Incouiated with an £ Sl susponsion
and ncebuted for 45 b They were randomly allocated
o kur eatment and ooe contred groups. Afer
teatment, the foot canals were sampled by Bubing
with pgndclogical saline, aad the number of sunviving
bactoria in vach cenal was determined by plate cosed

and w0l phase oytometry, The same exporiemsal or
oontad trestmemts waore completed 0o agarous sus
penions of E favalte, and the number of surviving
Bacteria was determined In the same way.
Reosults In aquooen woapomdon, FAD and NaOQl
resuliod In & significant redixtion In the number of
E fovwls oells (F < 0001} whildt NEYAG or KTV
had 0o oSt n the dnted toxth modd cnly the
PAD and NaOCT trested teeth yielded sipaiicently
Affctet results relative 1o the untremtod contrels
(P <0001
Conclusions The laer 3)stemms i well s PAD were
Sess effective than NeOXT i redeciog £ feecalls, both in
aqueoans suspension and in the nfacted tooth model.

Keywords: duindection. laser. photodymamic ther-
Py, rook canal,

Racwod 27 Menh 200K avepeal 2 Deomider NOS

Introduction

The eole of microongantun and thelr by peoducts in
the pathopencts of apical periodoaniahs hat clearly beens
otablabod (Kakchashl o & 1905, Sundgvit at ol
1995, Likowise, doinfxtion of the root canal sptem
Bas deen recopnised ws an ceentlad wpect of oot
canal treatment. Tradticoally, this Is socoepdished
”A ot . Aol oL AA". B Py dl”
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mechanical atrumentation: (8) we of Ssisfxtiog
solutions foe irripation of the root canal spadce: and (18]
placeencent of intracanal molication between aggoint.
meots (Hytrdm & Sundqviat 19%1, 1983, 1984,
Nogren adad 19910 Howewer, dopite metioulous
chemomachankal coaning. oredcation of ol mkoo-
orpanbos feoen the root canal wystem is Sfouk
0gren er el 1997, Nair a1t &l 2005). Microorgan.
hms Bave dovn shown (0 penit §a the anatoesical
complexition of the roct canal syvtem and o be the
cause of trestmend Sallare (lin ot of 199). Suadgvist
ot ol 1995). Thervdore, varioos laser yystems bave boen
cxamined a3 adjunts oty owd Sxlefn

ethods In root canal treatmwet. The laser lght b
thought to by able 0 reach arves that are Inscooaidle

e [ asodoree mwra &1 WD M0
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Radiographic examination of apical extrusion of root canal
irrigants during cavitation induced by Er,Cr:YSGG laser

irradiation: an in vivo study
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Abstract

Obyjectives The purpose of the present study was 10 1ot the
Bypochesis that apical extrusion of the irrigaat occurs during
laser-driven Emigation in vivo,

Maserials and methods Theee hundred hesue root canals,
in 181 paticats, were divided into fwo groups: the no lesion
2rowp (r=140) and e lesica group (a=160), All the root
canals wore caliwpod siieg 3 srown domn sxhaiqus op %0
saze 30-30 Kofiles, depending on the onginal condition of
& root camal. For the final imigation, the tocth were imigat-
od with a mixtere of radsopaque cootrast modium and
NaOCl i solution. The soletaon was sctivased fo¢ 60 5 30
tocth with one canal or two canals and for 120 5 im tooth with

o the tp of e canal without harming the apical tissaes,

Keywords Apical extnsiaon - Cavitason - Coonrant -
Laserdeiven imngation

M Pectens (0-0)
Lasr Rosowd Comer,

1 Mooden
Dipur of Endod Schaood of Dy
Unevinsry of Awbsnges, Sersbiyn, Indicwsa
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Intreduction

Lazge arcas of the root canal wall, particelarly in the apical
tard but alio arcas m ridboa-shaped and oval canals, cannot
be cleanad mechanically. Bt has boen shown that 38 % o
moce of e root canal system (RCS) is entouchod by cod-
odoatic instruments, which means thal microorganisms
could servive in these umoached arcas (1)

Abough sduping of the 1oct canal has boem improved with
advandes = mctal sechaology, cicanmg of the canal ol rebes
hoavily on the adunctive wwo of choeical risning sad soaking
solsticen bocause of the mmatomical complenity and imegulas.
iy of toech [2]. This highlights the importance of root canal
Frigaon in the &brdement and Eunfoctoa of the RCS (1)
Endodontis arigmnts s wad 10 romove pullp Sisue, mikeooe:
ganisams, enicrobial by peoducts and debris faom e RCS {3, 4)

For optemal effectivencss of immigation, the proparation of
the oot canal should facilitate the inserton of Be irrigation
ooodlc and agitation devides 1o 1-2 e abont of e working
length (WL), In addition, the immigation sodetica should
ke direct contxt with all parts of the ¢canal wall [Sk a
Mashing action is necessary for optimal clouning of the roct
canal [6]. The problem with these sxchaiques o tha Be
deped of svedle penetration depends oo the size mnd mor-
phology of e diadual ¢canal. Prodictable delivery of
irrigants to the WL with ncodie irigation is rarcly possidle
171 1f soo Btde ponitive pressuse is used, the iemigants may
oot reach the WL If 800 moch positive pressure is wsed, the
irigasns may be foeced beyond the apical commiction,
which ¢an peocduce tissoe damage, pain and swelling: this
1 commmonly decnibed a1 3 sodiam Mypochlonse (NsOCT)
accadont [£-12]. To cobance the dispersal of e irrigant and
20 activate i, defferent agitation tochnagues have been myves-
tigated and developed. Thise inclode the wie of hand Gos,
petna-percha coaes, platic imtruments and soax snd wlvs.
wais tochaiques [13)
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and SEM Evaluation
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inracanal dentin surface by SEM analdyvs and its imterforence m the apucal seal of (ilked canads. Afler endodd [
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performed and neeth were Flled wuh vertdally condensed puime percha; i Be Lser trested proep (61 7), e root canls were nrnduted
with NEYAG laser (1.5 W, 100 m), 15 1) efoer fng o dowcridod for S cootrd groep. Two spacimncns of oxcd grovp were
porpared Sor SEM anadyrs 0 evalsate B proscoce aad oxtont of morpbologhcal chunges sad romoval of dobris; e oy spcionins
worg iemmariad in 0.3% modyiooe ble dye (p 7.2) foe 24 5 foc evaduation of O timoar &ye heukage at S apical thind SEM ssalysls
of the lasge-troatod grovp shownd dontia fakio snd roswctidfication withoot smoar Tayor ar Sobeis. The Stadont’s fost showod that the
lasee-troasod prosp had signdficantly lows Joakage in apical hind tua the cootrol growp. Widkia O limitations of thin stady, it snay be

Soded St the morpological changes oo e apkal intraradicular dontin srface cauod by N YAG lasce sowsitod in Jows lincer

Syv aploal oakage.

Key Woedn: Endodonncs, Lace, spacal leakage, mtracanal eaduson

INTRODUCTION

The fundamental part in cododontic therapry is the
removal of imorganss and onganic dedais followod by the
sppropriate fillimg of the canal space in order to seal itoff
from the surrounding ocal tissoes. The main purpose of
thas fast s2cp is 10 achiove 3 completo scal that prevents
bacterial beakage and a further recontamination of root
canal dentin in the entire root camal system, particularly
i the apacal thisd, Apacal lexkage has doen proven an
Iemportant reason foe root canal treatment failure and its
occurrence is gencrally associsted with deficient scar
layer remsonal (1-3),

A number of studics have demonstrated that the

Compgoadoace Prof Dy Cacw Mosrs-Namo, Departamants S Lndod

traditionad mcthod foe root canal peoparation prodoscs
2 significant amount of smear layer that cam adhere 0o
the dentinal walls, obliterating the dentinal tubules,
It thes reduces dentinal permscability and Rinders
peoctration of intracanal drugs into dentin, even whea
<hemical irnigation is used combinad with mechanical
instrumentation. It has been claimod that the incidence
of leakage is significantly reduced in the absence of
smear layer and that smear Lxyer removal is capable of
cobancang soal ability and hende incroasing resistance
10 bacterial penctration (4).

New sechaiques that may result in higher succcss
rates Bave recently boen developed and the uie of lasers
in Endodontics bas appoarad & an interesting adpsadt to

Facwidady de Odoeseloga, USP, Avenals Liece Provtes, 2227, 03508

000 Sho Paslo, SP, fesall Tl Fan +S400 000 T80 cmal caciomadop v
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Er:YAG 2,940-nm laser fiber in endodontic treatment: a help

in removing smear layer
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Abstract Cleaning and disinfection of the root canal sys-
tem are some of the most important goals in endodontic
therapy. The aim of this preliminary study is to assess the
effectiveness of Er:YAG laser fiber in removing the smear
layer produced during root canal walls instrumentation.
Forty-eight single-rooted teeth were prepared with manual
and rotary Ni-Ti instruments, in addition to 2.5 % NaOCl
irrigation. Samples were randomly subdivided into groups
and treated with: three irradiations of 5 s each, with 300-pum
Er:-YAG endodontic fiber, I W and 2.5 % NaOCI solution
(A Group); two laser irradiations with 17 % EDTA solution
and 2.5 % NaOCl solution (B Group); laser irradiation plus
17 % EDTA solution and 2.5 % NaOCI (C Group); only in
the final wash of 17 % EDTA (control group D). During
laser treatment, temperature variations were analyzed by
using thermocouple and thermal camera devices in order
to test both deep and superficial temperatures. Each sample
was finally observed by scanning electron microscope
(SEM) at the coronal, medium, and apical thirds at x500
magnification and blindly scored depending on the amount
of smear layer. Statistical analysis of the results was con-
ducted using the Kruskal-Wallis and Mann—Whitney test to
determine the eventual significant differences between the
quantity of smear layer in each group and between the
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groups at coronal, medium, and apical third: a p value
<0.05 was considered significant. The thermal analysis re-
alized by thermocouple with the used parameters demon-
strated that laser endodontic fiber produces an average deep
temperature increase of 3.5+0.4 °C; analysis performed
with a thermal camera showed an average superficial tem-
perature increase of 1.3+0.2 °C produced by laser endodon-
tic fiber use. Deep and superficial temperatures fall
immediately after irradiation possibly without causing struc-
tural damage or anatomical alteration inside the root canal
and neither on periodontal tissues. SEM analysis showed
that specimens of group B had the highest level of cleaning
in every third, with a significant difference with groups D
and A; group C samples showed a good percentage of
cleaned tubules in apical and middle thirds, while group D
teeth showed open dentinal tubules in coronal third, with a
statistical difference with group A samples which were the
worst cleaned. The Er:YAG fiber double irradiation with
EDTA 17 % and NaOCl 2.5 % has been demonstrated to
be effective in removing smear layer, even in the apical third
which is described as the hardest area to clean during
endodontic treatment.

Keywords Cleaning -Endodontictreatment - Er:YAGlaser -
Root canal system - Smear layer

Introduction

The etiology of pulp diseases is often due to the presence of
bacteria and their by-products within the root canal system
and periradicular area, causing chronic and acute dental
infections [1, 2]. McComb and Smith in 1975 showed that
in instrumented root canals, there always remains a residual
of smear layer composed by tooth structure, inorganic com-
ponents, and organic contaminants such as coagulated pro-
teins, blood cells, saliva, and microorganisms [3, 4].
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Comparison of dentin root canal permeability and morphology
after irradiation with Nd:YAG, Er:YAG, and diode lasers
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Abstract The amm of this stady wis 8 compare the cliects
of NEYAG, ErYAG, and dicde lasers on the morphology
and pormeshility of root canal walls, The throo e
wavelengths mentioned interact differently with dentin
and thercfore o i3 posable that the pormcadality chanpes
caaad will detormine differont indications dering codadon.
¢ treatment, Tweoty-cight buman sagle-rooted tocth wire
instrumented up 10 ESO 40 and divided into four growps:
group C, contrel (GO), non-laser eraduted; growp N (GN),
irradiasod with Nd:YAG kaer; group B (GE), with ErYAG
lasct sad grovp D (GD) with Sode luscr, After thae, the
roots weore filled widh 3 2% mxthpioos blue dye, divided
1000 two halves and then photographed. The images were
analyred using Image ) software aad the percentage of dye
penctration in the cervical, middle, and apical root thands
(SEM) analyses were also porformed. The amadysis of

i (ANOVA) showed significant permoabality differ-
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onses betwoen all groups i the maddic and corvical thirds
(p<0.05). The Tukey sest showed that in the corvical third,
ON peosenied meams of Jye peoctistion siatistically
significantly Jower than all of the other groups. In the
middle thind, GE 2ad GD sbowed statmtigally hagher dye
penctration moans than GC and GN. SEM analysis showed
melied wefaces foe GN, clean wall sfaces with open
dentinal tubdles for GE, and mostly oblserated dentinal
ndeles for GD, EnYAG (2,008 nm) lasce and diode laser
(308 am) root canal irradiation incroase dontinal porme-
bty and NEYAG (1,064 nm) laser decreses dentin
permaability, within & studiod paramctons.

Keywerds Eadodoatis - Root canal destin -

Introduction

The adogeate cloaming of the root ¢anal s based ¢a the
romoval of organic and inorganic debris, followed by
proper filkag in onder 1o scal 1 off from the srrounding
oral tissues. A mumbor of studies have demomstnased that
the conventomal wchaique of root canal pecparstion
prodeces a considenable amount of smear layer and
remameng pelp tsses that ¢ de deposatad on the dentinal
walls and obliterate the dentinal tubules (1] 1t thus rodeces
dentinal permcability and hinders penctration of mancanal
modicaments into dontin, cven when chemical smigaticn is
used i compunction with mochanical instrumentation (2],
Over e Bt fow yoars, many roscarchon Bave fmvouts
gated the poscasial application of differeat types of lasers in
dodontic therapy. Laser imadiation i the root canal is
capable of vaporizieg sofl tewsue, fusing, or glaring hard
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