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1.Resumen 

 

Introducción 

 

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 inclinación y desinfección, a la complejidad anatómica del conducto radicular, a 

las soluciones de irrigación y a las técnicas de instrumentación. Por tanto, la técnica adecuada, 

una buena solución de irrigación y un buen diagnóstico del tratamiento de conducto son la 

clave del éxito. Como a veces la instrumentación mecánica no toca muchas superficies y no 

puede llegar a la zona apical, se introduce diferentes técnicas y equipos de irrigación para 

mejorar la desinfección química y mejorar la limpieza del canal a través de la instrumentación. 

 

Materiales y métodos 

 

Con el fin de llevar a cabo este estudio, aprovechamos como base de datos PubMed, Medline, 

Google scholar, Cochrane para encontrar información basada en la evidencia para este artículo 

utilizando palabras clave como ¨ conducto radicular¨, ¨activación de irrigantes¨, ¨soluciones de 

riego¨, ¨ técnica de riego¨, ¨Biopelícula microbiana¨, ¨ Eliminación de la capa de frotis¨. Con el 

propósito de enfocar en este estudio, contamos con los artículos que contenían estas palabras 

claves . Además, analizamos 65 artículos y un libro para realizar este trabajo de investigación. 
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Discusión y conclusión 

Conocer las ventajas y desventajas de cada técnica de activación y solución irrigante fue la 

clave principal para elegir la mejor técnica y la más frecuente de activación que se puede 

utilizar en la clínica dental para tener una limpieza óptima y un tratamiento exitoso. Estudiamos 

y analizamos las múltiples técnicas en diferentes situaciones y utilizamos distintas soluciones 

como la Técnica de Activación Dinámica Manual (MDA) con hipoclorito de sodio (NaOCl) y 

el ácido Etilendiaminotetraacético (EDTA) que es una de las técnicas más comunes y rentables 

utilizada en la odontología, y luego, en un segundo lugar concluimos que el sistema de 

activación por ultrasonidos es el líder en este campo. Además, la Terapia Fotodinámica para la 

desinfección del conducto radicular (TFD) se concluyó como una novedosa técnica de 

irrigación. 
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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 
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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 

(NaOCl) 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) 
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2.2 Irrigation solutions 

 

2.2.1 Sodium Hypochlorite (NaOCl) 

 

One of the most widely utilized and typical root canal irrigation solutions is Sodium 

Hypochlorite (NaOCl), 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 NaOCl 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 NaOCl and cause staining among other undesirable effects such as eliminating the 

anti-bacterial effect of the NaOCl 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) 
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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 NaOCl 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) 
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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 technique (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) 

 

 



 11 

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) 

 

 

 



 13 

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)  

 

 

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 

(LAI) in the 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. 
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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 Chacón” 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 (NaOCl) 

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 (NaOCl). (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 NaOCl 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 NaOCl under the Scanning electron microscope (SEM) and the 
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3% and 6% NaOCl demonstrated absence of the biofilm and the 1% NaOCl 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 

NaOCl as a final irrigant , because studies showed the moment that NaOCl 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 NaOCl 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 NaOCl in RCT, After the using NaOCl 

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 NaOCl we need to 
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carefully clear away the NaOCl 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 NaOCl 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 NaOCl place of last rinse with EDTA to remove the smear 

layer (37); according to research , Citric Acid is more erosive than EDTA. If NaOCl is used 

after Citric Acid, the corrosion is more obvious than the EDTA-NaOCl 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 NaOCl 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 Techniques 

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 NaOCl 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) 
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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)  



 26 

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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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 NaOCl 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 NaOCl 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)  
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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 NaOCl 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 NaOCl (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  NaOCl  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 
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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/UAI.(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 NaOCl's sonic agitation on tissue 

dissolution. They reported that rising the NaOCl 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 NaOCl, there was no difference between needle rinsing and 

EndoActivator® to clear the smear layer.  

They pointed out that when only NaOCl is used, no smear layer will be removed. Rödig et al. 

(78) reported that the addition of PUI/UAI or EndoActivator® activated rinsing fluids (NaOCl 

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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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% NaOCl 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% NaOCl 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 + NaOCl 6% was more 

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

NaOCl 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) 

 

 

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 NaOCl 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 

NaOCl 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 NaOCl and 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 NaOCl 

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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