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Aanvraag Tarief ten behoeve van het gebruik van Laser Technologie in de Endodontie. 

Gedurende de 35+ jaar dat ik heb gepraktiseerd in de klinische Endodontie en cursussen voor collega’s heb 
ontwikkeld en gegeven zijn er veel vernieuwingen voorbij gekomen. 
Ik noem de operatiemicroscoop die zijn introductie in Nederland in de tandheelkunde mocht beleven in mijn 
praktijk. De komst van roterend Nikkel Titanium instrumentarium, met name het Protaper gamma van de firma 
Dentsply. Ultrasoon geactiveerd instrumentarium. Mineraal Trioxy Aggregaat oftewel MTA. Om er een paar op 
een rijtje te zetten. 
Recenter is de opkomst van CBCT scans, het 3-dimensinaal desinfecteren en onderzoek naar de mogelijkheden 
van regeneratieve methoden. 

In deze aanvraag willen wij graag uw aandacht voor de PIPS Laser, oftewel de Photon Induced Photo-acoustic 
Streaming Laser. Een revolutionaire manier om geprepareerde wortelkanalen nog beter te reinigen en om 
daarna die wortelkanalen nog beter te kunnen vullen. 
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HET PROBLEEM 
 
Het probleem is de complexiteit van wortelkanaalstelsels of ook wel kanaalsytemen genoemd. Hele generaties 
tandartsen en specialisten zijn opgeleid met het idee dat er een enkelvoudige verbinding bestaat tussen 
pulpakamer en omliggend bot. Dat enkelvoudige kanaal zou hoogstens in de laatste paar millimeter wat meer 
of minder gekromd zijn. 
 
Sinds 1925 toen professor Walter Hess zijn boek uitgaf met daarin 10000 afbeeldingen van 
wortelkanaalsytemen zouden we beter moeten weten. Na Hess zijn er nog veel tandartsen geweest die zich 
bezig hebben gehouden met anatomie. Ik noem Craig Barrington, Frank Paque, Herbranson met zijn Tooth 
Atlas. 

 
Afbeelding 1:  Illustratie van een door Walter Hess doorzichtig gemaakte kies in de jaren 20 van de vorige eeuw! Hij liet al zien hoe 
ingewikkeld die anatomie is. 

 
 

HUIDIGE STAND VAN ZAKEN 
 
Met de huidige stand van zaken is het praktisch en klinisch gezien niet mogelijk om wortelkanaalsytemen te 
ontdoen van hun inhoud, hetzij weefselresten, hetzij bacteriën en bacteriële bijproducten. Er is voldoende 
onderzoek naar succespercentages van kanaalbehandelingen. Het onderzoek van b.v. L.Peters komt op een 
succespercentage van 60 a 70 %, wat uiterst teleurstellend genoemd mag worden. 
 
Dat we desondanks toch redelijk succesvol zijn, zeker op korte termijn in het doen van kanaalbehandelingen 
ligt onder meer aan het feit dat we verhoudingsgewijs ruime kanaal vormen  preparen in elementen ten einde 
er zeker van te zijn dat onze reinigingsmiddelen hun werk kunnen doen, en dat we ook ruim de tijd nemen om 
spoelmiddelen hun werk te laten doen.  
 
Dat ruim prepareren leidt in een te groot aantal gevallen tot latere fracturen van de behandelde elementen. 
Laser kan een belangrijke rol spelen bij het reinigen van systemen. 
 

 
Afbeelding 2:  Illustratie van de complicaties bij de huidige manier van prepareren. 



 

 

OVER SHAPE 
 
Hoe wordt er nu gewerkt?  
De systemen die ons nu ter beschikking staan om wortelkanaalsystemen te reinigen zijn niet perfect.  
Ultrasone activatie met metalen tips zou het moeten kunnen doen maar helaas, die kunnen niet gebruikt 
worden voorbij de bocht aangezien ze veel te agressief zijn op de wanden van de geprepareerde kanalen. 
Subsonische activatie met de Endoactivator is dan een betere keus. Het apparaat kost zelf niet zoveel maar de 
energie waarmee de vloeistoffen geactiveerd worden is gering en de range van werking strekt zich derhalve uit 
tot de onmiddellijke omgeving van de tip. 
Kortom, er valt nog veel winst te halen bij de reinigingsfase. 
 

   
Afbeelding 3: Röntgenopnames  
 
De afbeelding hierboven betreft een kies, een zeven boven, waar de interne anatomie zo lastig was dat ik geen 
van de kanalen tot op de volle lengte kon instrumenteren. 
Na laseren is duidelijk te zien dat de obturatie, ofwel de kanaalvulling tot de terminus van de kanalen reikt. 
 
Hoe werkt PIPS? 
 
PIPS is ontwikkeld door tandarts Enrico Divito uit de USA. Hij verkocht het patent aan de firma Sonendo in 
California. Fotona, een Sloveens bedrijf en een grote speler op de laser markt heeft nu een apparaat waarmee 
PIPS beschikbaar komt voor de Europese tandartsen en specialisten. 
 
Het werkt aldus, via een speciaal ontwikkelde tip wordt een laserpuls afgegeven in de waterige spoelmiddelen. 
De golflengte van de puls luistert heel nauw aangezien er gestreefd wordt naar volledige absorptie van de 
energie van de puls door de watermoleculen. Dat steekt nauw en daarom zijn de apparaten ook zo kostbaar. 
De puls veroorzaakt een vacuümbubbel in het spoelmiddel en de bubbel implodeert waarna er een schokgof 
door de hele kies gaat tot aan de terminus van de radix. 
De puls wordt frequent herhaald. 
 

 

 
Afbeelding4: Röntgenopnames  
 
 
 



 

 

 
 
HOEVEEL KOSTIE? 
 
Veel. De aanschafkosten van de laser geschikt voor dit doeleinde bedragen 65000 euro. 
Een bedrag waarbij de tandartsen niet in de rij gaan staan zolang er niet een redelijke vergoeding tegenover 
staat. 
 
 
DEZE AANVRAAG. 
 
Vandaar deze aanvraag. Er zijn aanzienlijke extra kosten te verwachten voordat een gecompliceerd apparaat 
als dit daadwerkelijk efficiënt ingezet kan worden in een praktijk. 
Dan heb ik het over instructiekosten, cursus en reiskosten voor het bezoeken van seminars etc. 
Het is geen sinecure om een apparaat als dit te leren bedienen en er de patiënten het voordeel van te laten 
hebben zonder de patiënt, of de behandelaar schade te berokkenen.  
Een laser is gevaarlijk in onoordeelkundige handen. 
 
 
HET TARIEF. 
 
Mijn insteek is om het tarief van het gebruik van dit apparaat te koppelen aan de endodontische behandeling 
net als het gebruik van de operatie microscoop. 
De Zeiss microscoop die ikzelf heb aangeschaft kostte 45000 euro. 
Het tarief voor microscopie is 64 euro. aangezien de laser een stuk duurder is en er meer bijkomende kosten 
zijn zou ik willen voorstellen om het tarief  95 te maken. 
Dat zal vooral de tandartsen specialisten kunnen verleiden om het toch maar aan te schaffen. 
 
 
DE ONDERBOUWING. 
 
Voor de wetenschappelijke onderbouwing verwijs ik graag naar de litteratuurlijst met daarachter de complete 
publicaties. De voordelen blijken daaruit evident. 
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In the 40+ years that I have practiced and taught clinical endodontics, I have observed an awakening with the 
advent of the dental operating microscope, ultrasonically-driven instrumentation, NiTi files, and MTA. Recently, 
the renaissance has continued with the emergence of CBCT, 3D disinfection methods and the promise of 
regenerative endodontics. Today, Photon-Induced Photoacoustic Streaming (PIPS) represents a leading 
advancement in laser-activated irrigation and disinfection. Any dentist who is committed to exquisitely cleaning 
root canal systems will definitely appreciate PIPS. This technology will not only send photoacoustic shockwaves 
through both minimally and fully prepared canals, but will also propagate shockwaves through our profession 
by promoting predictably successful results. 
-- Clifford J. Ruddle, DDS 
 
* Summary of PIPS references and articles attached: 
Organized alphabetically 
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(Chow 1983, Ahmad et al. 1987, de Gregorio et al.

2010, Jiang et al. 2010). These studies have shown

that positive or negative apical pressure can affect the

diffusion of the irrigant solutions into the root canal

system, improving their cleaning ability (Chow 1983,

de Gregorio et al. 2010). In addition, the use of ultra

sonic irrigation has been shown to improve the clean

ing efficacy of irrigants showing in many cases

superiority in comparison to common positive apical

pressure techniques (Burleson et al. 2007).

Lasers have been used to produce cavitation of

liquids, thereby increasing the cleaning ability of the

liquid (Lauterborn & Ohl 1997, Blanken 2007, Peel

et al. 2011). When laser pulses are focused into a lim

ited volume of fluid, plasma is generated. Plasma for

mation can lead to rapid heating of the material

followed by an explosive expansion and the emission

of a shock wave. This is possible by the high absorp

tion of the Er:YAG wavelength in water (DiVito et al.

2012). These lasers have been evaluated for the elimi

nation of the smear layer and dentinal debris (George

et al. 2008) with promising results (de Groot et al.

2009). These techniques, referred to as laser activated

irrigation (de Groot et al. 2009), have been evaluated

for endodontic irrigation applications basically using

Erbium YAG (Er:YAG) or Er, CrYSGG lasers, with

energy levels that vary from 25 to 300 mJ (Blanken

2007, George et al. 2008, Blanken et al. 2009, Peters

et al. 2011).

In this work, a novel tapered and stripped tip of a

laser activated irrigation technique called photon

induced photoacoustic streaming (PIPS) at energy levels

below those previously cited in the literature (20 mJ)

was used. It has been demonstrated that the transition

of the laser light from the tip to the fluid creates a

photoacoustic pressure wave throughout the liquid with

no thermal effects on the dentine surface (DiVito et al.

2012). The efficacy of laser activated irrigation to clean

biofilm infected dentine has not been fully evaluated.

This study compared the cleaning ability of passive

ultrasonic irrigation, Endoactivator (Dentsply Tulsa

Dental, Tulsa, OK, USA), needle irrigation and laser

activated irrigation in conjunction with 6% NaOCl to

clean in situ biofilm infected bovine dentine.

Materials and methods

Biofilm development

Fifty sterile bovine dentine sections (2 9 2 mm) were

used. The samples were treated with 17% EDTA for

3 min to eliminate the smear layer produced during

the sectioning process. To induce dentine infection,

an in situ model was selected using a Hawleys ortho

dontic device. The dentine surface exposed to the oral

cavity was fixed 1 mm above the surface to allow the

accumulation of plaque. One volunteer used the

device continuously for 72 h, except during oral

hygiene procedures, to generate biofilm (Human com

mittee and ethic research approval, CEP134/2010).

Daily food diet was maintained. After the intraoral

contamination process, each sample was incubated in

2 mL of BHI at 37 °C for 48 h in aerobic conditions.

Then, each sample was rinsed with 1 mL of distilled

water to remove culture medium and nonadherent

cells (Fig. 1).

The 50 specimens were randomly divided into five

groups according to the final irrigation protocol used.

G1: conventional needle irrigation, G2: Endoactivator

(Dentsply Tulsa Dental), G3: passive ultrasonic irriga

tion, G4 Laser activated irrigation (PIPS; Fotona,

Ljubljana, Slovenia) and G5: control (distilled water).

Root canal irrigation model

A root canal irrigation model was developed using

decoronated bovine incisors. The root canals of 10

roots, 12 mm in length, were prepared to an apical

size of 1.30 mm using Gates Glidden burs (Dentsply

Maillefer, Ballaigues, Switzerland). Thereafter, a perfo

ration (2.5 9 2.5 mm) was made 3 mm from the

apical foramen to adjust the infected dentine block to

the perforation (Fig. 1).

The infected dentine sections were fixed into the

perforation site with the infected side placed facing

the root canal. The apical foramen was sealed with

silicone (Aquasil Monophase, Dentsply, Milford, DE,

USA) to provide a closed system. This device allows

the adaption of the infected area of the intraorally

infected dentine block at the same level of the apical

area of the root canal of a bovine incisor tooth. Ten

bovine roots were used during the experiments. Each

root was used a maximum of five times. The irriga

tion protocol was divided in two steps:

All canals were irrigated with 2 mL of 6% NaOCl

(Clorox, Oakland, CA, USA) delivered by positive api

cal pressure using a 10 mL syringe and a double side

vented needle (SybronEndo, Glendare, CA, USA)

inserted until 2 mm from the apex. A flow rate of

1 mL per 10 s was used, and the NaOCl solution was

left in the canal space for 2 min. After aspiration of

the solution, this procedure was repeated once more.
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Group 4: Laser activated irrigation (LAI). An Er:

YAG laser with a wavelength of 2940 nm (Fidelis;

Fotona) was used to irradiate the root canals using

a 12 mm 400 lm quartz tip. The laser operating

parameters were: 20 mJ per pulse, 0.30 W, 15 Hz

and 50 ls pulse duration. An endodontic fibre tip

(PIPS; Fotona) was placed into the coronal access

opening of the access cavity. One millilitre of

NaOCl was applied and activated for 20 s. This

procedure was repeated two more times.

Group 5: Control, the initial irrigation procedures

were similar to group 1, except that distilled water

was used for the initial and final irrigation proce

dures. In this technique, 4 mL of distilled water

was initially used for 4 min. For the final irrigation

purposes, 1 mL of distilled water was applied using

a flow rate of 1 mL per 10 s and was left in the

root canal for 20 s. This procedure was repeated

two more times for a total period of 1 min of treat

ment.

Following irrigation, the dentine blocks were

detached from the root, treated for 1 min with 1 mL

of 5% sodium thiosulfate and then fixed in formalin

for 24 h. The samples were dehydrated with alcohol,

mounted on stubs sputter coated with platinum and

observed using a scanning electron microscope

(XL30 FEG; Phillips, Eindhoven, the Netherlands).

Fifteen images from random areas were obtained

from each sample at 24009 magnification. One

hundred and fifty SEM pictures were evaluated for

each group. For quantification purposes, a modified

four score scale system was used based on Bhuva

et al. (2010).

Score 1: Clean dentine or residual isolated micro

bial cells that cover <5% of the dentine. Absence

of residual biofilm layers.

Score 2: Residual isolated microbial cells cover

5 33% of the dentine. There is absence of residual

biofilm layers.

Score 3: Biofilm structures and microbial cells can

be identified covering 34 66% of the dentine.

Score 4: Biofilm structures and microbial cells can

be identified covering 67 100% of the dentine.

Two evaluators with SEM experience evaluated the

pictures in a blinded manner. The evaluations were

performed in two occasions with interval of 4 weeks.

In cases of disagreement between the evaluators, the

higher score was selected.

Statistical analysis was performed using the non

parametric Kruskal Wallis and Dunn tests (P < 0.05).

Kappa test was used to measure intra and inter rater

agreement. Prisma 5.0 (GraphPad Software Inc, La

Jolla, CA, USA) was used as the analytical tool.

Results

Control specimens (distilled water irrigation) were

characterized by the presence of a thick biofilm layer

covering the dentine structure. The presence of

several morphotypes as cocci and rods could be iden

tified. From the 50 dentine blocks, 750 SEM images

were examined (15 images for each sample).

The variability between examiners as measured by

kappa coefficient was 0.78 (strong). The intraobserver

agreement was 0.82 and 0.85 for the first and second

evaluator, respectively. The mean and median scores

of the different groups are shown in Table 1. Distilled

water irrigation score was classified as 4 in all the

SEM pictures evaluated. Kruskal Wallis and Dunn’s

tests showed significant differences amongst the

groups. LAI had the lowest scores compared with

PUI, Endoactivator and needle irrigation (P < 0.05).

PUI scores were lower than both Endoactivator and

needle irrigation scores (P < 0.05). There was no dif

ference between Endoactivator and needle irrigation

(P > 0.05). The worst result was found in control

group that do not show any significant effect against

biofilm (P < 0.05). Representative SEM pictures and

distribution of the scores in the evaluated groups are

shown in Fig. 2.

Discussion

This study revealed that the disruption of biofilm by

6% NaOCl can be enhanced using LAI and PUI tech

niques. Most of the research available about cleaning

ability of these techniques has compared the efficacy

to eliminate dentine debris (de Groot et al. 2009,

Jiang et al. 2010). However, there is a lack of

evidence comparing the ability of PUI and LAI to

improve the cleaning of biofilm infected dentine (de

Moor et al. 2009, Peters et al. 2011).

Several models of biofilms are used in endodontic

research, and the efficacy of NaOCl depends on

variables such as the method of biofilm growth

(Bhuva et al. 2010), NaOCl concentration (Ordinola

Zapata et al. 2013) and exposure time (del Carpio

Perochena et al. 2011). It could also be considered

that oral mixed biofilms can be more resistant and

have a greater adhesion to dentine in comparison

with biofilms developed under laboratory conditions

(Stojicic et al. 2012). This detail can possibly explain

Biofilm removal by different irrigation techniques Ordinola Zapata et al.
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amount of residual biofilm may vary under those

conditions.

Scanning electron microscopy is commonly used as

an evaluative tool to observe infected dentine (George

et al. 2005). Although this technique allows only

bidimensional and semi quantitative analysis, it pro

vides the advantage of higher resolution and details

of the dentine surface in comparison to confocal

microscopy or stereomicroscopy used in previous

studies (de Groot et al. 2009, del Carpio Perochena

et al. 2011). To minimize bias, randomization and a

considerable numbers of images were taken of a

small predefined infected area placed at the apical

third.

Similar to previous reports, the cleaning efficacy of

the Endoactivator or sonic devices was similar to

needle irrigation (Brito et al. 2009, Uroz Torres et al.

2010, Johnson et al. 2012, Seet et al. 2012). This

observation has been made by studies using scanning

electron microscopy (Uroz Torres et al. 2010, Seet

et al. 2012), microbiological culture (Brito et al.

2009) or by histological methods (Johnson et al.

2012). In general, it is accepted that ultrasonic

irrigation provides higher frequency, and this

improves the acoustic microstreaming of NaOCl in

comparison with the Endoactivator device (Jiang et al.

2010). According to Jiang et al. (2010), the Endoacti

vator device did not improve canal cleanliness

regardless of frequency or tip size. These authors

found that the amplitude of the Endoactivator tip was

1 mm, which implies a high probability of contact

between the tip and the root canal wall, decreasing

its efficacy in comparison with the ultrasonic move

ments that is in the range of 75 lm (Jiang et al.

2010).

In the present study, minimal or negative canal

wall contact of the Endoactivator and ultrasonic

device was expected due to the diameter of the root

canal (1.3 mm). Enlarging the canal also allowed the

Endoactivator and ultrasonic file tips to be placed at

the same level of the infected dentine to maximize

their effectiveness. Conversely, the tip of the laser

technique was located in the access chamber and

activated several millimetres coronal or distant from

the target point.

The use of shockwaves has gained the attention of

some medical areas to treat biofilm related diseases.

Local deposition of energy as heat or light is

necessary to induce cavitation (Lauterborn & Ohl

1997), and photoacoustic streaming appears to be

the mechanism of cleaning at the liquid/dentine

interface (Blanken 2007, Blanken et al. 2009, de

Groot et al. 2009). A previous study has shown that

this technique was effective in disrupting Pseudomona

aureginosas and plaque derived biofilm in the absence

of antimicrobials (Krespi et al. 2008, 2011, Muller

et al. 2011). Biofilm disruption can change the

bacteria to their planktonic form, making them more

susceptible to antimicrobial agents (Kizhner et al.

2011).

One associated effect of the application of acoustic

or photoacoustic waves on chemicals systems is

sonochemistry. Previous studies in the industrial area

have shown that ultrasonics can enhance the effec

tiveness of NaOCl disinfection (Duckhouse et al.

2004, Zifu Li et al. 2012). A previous study showed

that ultrasonic and laser activation increase signifi

cantly the reactivity of NaOCl (Macedo et al. 2010).

Temperature is also a variable that can influence the

effectiveness of NaOCl (Al Jadaa et al. 2009). Two

previous reports described a rise in root canal tem

perature after the use of passive ultrasonic activation

(Cameron 1988, Al Jadaa et al. 2009), which could

increase the ability of sodium hypochlorite to remove

biofilm. Parameters used in the laser induced irriga

tion include subablative power settings (20 mJ), and

the use of the PIPS tip at the coronal level avoids

the undesired effects of the thermal energy on the

dentinal walls (DiVito et al. 2012), thus, the cleaning

ability of the laser could not be necessarily associated

to a rise in the temperature of the irrigant solution.

The significant difference with this laser induced irri

gation technique (PIPS) in comparison with PUI may

be attributed to the high peak powers created with

minimal energy (20 mJ or less) with low pulse dura

tions (50 ls) leading to pressure waves that move

irrigants in three dimensions distant to the tip posi

tion. The better cleaning ability of laser activated

irrigation is in agreement with a previous study

(Peters et al. 2011). Because the cleaning effect of

NaOCl is a time dependent phenomenon (del Carpio

Perochena et al. 2011), the results can also reflect

that there is acceleration in the dissolution and

cleaning effect of NaOCl when laser activated irriga

tion is used.

Due to the limited comparisons between acoustic

and photoacoustic induced shockwaves, future studies

are necessary for the understanding of laser activated

irrigation, including the effect of activation time, the

ability to avoid the accumulation of hard tissue debris

and the cleaning ability in the presence of pulp tissue

in complex anatomies.
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Conclusions

Under the conditions of the current study, laser acti

vated irrigation using the photon induced photoacou

stic streaming technique of 6% sodium hypochlorite

significantly improved the cleaning of biofilm infected

dentine compared with passive ultrasonic, sonic or

mere needle irrigation.

Acknowledgement

Supported by FAPESP grants 2010/16002 4 and

2011/22283 9.

References

Ahmad M, Pitt Ford TJ, Crum LA (1987) Ultrasonic debride

ment of root canals: acoustic streaming and its possible

role. Journal of Endodontics 13, 490 9.

Al Jadaa A, Paqu�e F, Attin T, Zehnder M (2009) Necrotic

pulp tissue dissolution by passive ultrasonic irrigation in

simulated accessory canals: impact of canal location and

angulation. International Endodontic Journal 42, 59 65.

Barthel CR, Zimmer S, Zilliges S, Schiller R, Gobel UB, Roulet

JF (2002) In situ antimicrobial effectiveness of chlorhexi

dine and calcium hydroxide: gel and paste versus gutta

percha points. Journal of Endodontics 28, 427 30.

Bhuva B, Patel S, Wilson R, Niazi S, Beighton D, Mannocci F

(2010) The effectiveness of passive ultrasonic irrigation on

intraradicular Enterococcus faecalis biofilms in extracted

single rooted human teeth. International Endodontic Journal

43, 241 50.

Blanken RMV (2007) Cavitation as a working mechanism of

the Er, Cr: YSGG laser in endodontics: a visualization

study. Journal of Oral Laser Applications 7, 97 106.

Blanken J, De Moor RJG, Meire M, Verdaasdonk R (2009)

Laser induced explosive vapor and cavitation resulting in

effective irrigation of the root canal. Part 1: a visualization

study. Lasers in Surgery and Medicine 41, 514 9.

Brito PR, Souza LC, Machado de Oliveira JC et al. (2009)

Comparison of the effectiveness of three irrigation tech

niques in reducing intracanal Enterococcus faecalis popula

tions: an in vitro study. Journal of Endodontics 35, 1422 7.

Burleson A, Nusstein J, Reader A, Beck M (2007) The in vivo

evaluation of hand/rotary/ultrasound instrumentation in

necrotic, human mandibular molars. Journal of Endodontics

33, 782 7.

Bystrom A, Sundqvist G (1983) Bacteriologic evaluation of

the effect of 0.5 percent sodium hypochlorite in endodon

tic therapy. Oral Surgery, Oral Medicine, and Oral Pathology

55, 307 12.

Cameron JA (1988) The effect of ultrasonic endodontics on

the temperature of the root canal wall. Journal of Endodon-

tics 14, 554 8.

Chow T (1983) Mechanical effectiveness of root canal irriga

tion. Journal of Endodontics 9, 475 9.

de Gregorio C, Estevez R, Cisneros R, Paranjpe A, Cohenca N

(2010) Efficacy of different irrigation and activation

systems on the penetration of sodium hypochlorite into

simulated lateral canals and up to working length: an in

vitro study. Journal of Endodontics 36, 1216 21.

de Groot SD, Verhaagen B, Versluis M, Wu MK, Wesselink

PR, van der Sluis LWM (2009) Laser activated irrigation

within root canals: cleaning efficacy and flow visualiza

tion. International Endodontic Journal 42, 1077 83.

de Moor RJG, Blanken J, Meire M, Verdaasdonk R (2009)

Laser induced explosive vapor and cavitation resulting in

effective irrigation of the root canal. Part 2: evaluation of

the efficacy. Lasers in Surgery and Medicine 41, 520 3.

del Carpio Perochena AE, Bramante CM, Duarte MA et al.

(2011) Biofilm dissolution and cleaning ability of different

irrigant solutions on intraorally infected dentin. Journal of

Endodontics 37, 1134 8.

DiVito E, Peters OA, Olivi G (2012) Effectiveness of the

erbium:YAG laser and new design radial and stripped tips

in removing the smear layer after root canal instrumenta

tion. Lasers in Medical Science 27, 273 80.

Duckhouse H, Mason TJ, Phull SS, Lorimer JP (2004) The

effect of sonication on microbial disinfection using

hypochlorite. Ultrasonics Sonochemistry 11, 173 6.

George S, Kishen A, Song KP (2005) The role of environ

mental changes on monospecies biofilm formation on root

canal wall by Enterococcus faecalis. Journal of Endodontics

31, 867 72.

George R, Meyers IA, Walsh LJ (2008) Laser activation of

endodontic irrigants with improved conical laser fiber tips

for removing smear layer in the apical third of the root

canal. Journal of Endodontics 34, 1524 7.

Jiang LM, Verhaagen B, Versluis M, van der Sluis LWM

(2010) Evaluation of a sonic device designed to activate

irrigant in the root canal. Journal of Endodontics 36, 143 6.

Johnson M, Sidow SJ, Looney SW, Lindsey K, Niu LN, Tay

FR (2012) Canal and isthmus debridement efficacy using

a sonic irrigation technique in a closed canal system. Jour-

nal of Endodontics 38, 1265 8.

Kizhner V, Krespi YP, Hall Stoodley L, Stoodley P (2011)

Laser generated shockwave for clearing medical device

biofilms. Photomedicine and Laser Surgery 29, 277 82.

Krespi YP, Stoodley P, Hall Stoodley L (2008) Laser disrup

tion of biofilm. The Laryngoscope 118, 1168 73.

Krespi YP, Kizhner V, Nistico L, Hall Stoodley L, Stoodley P

(2011) Laser disruption and killing of methicillin resistant

Staphylococcus aureus biofilms. American Journal of Otolar-

yngology 32, 198 202.

Lauterborn W, Ohl CD (1997) Cavitation bubble dynamics.

Ultrasonic Sonochemistry 4, 65 75.

Macedo RG, Wesselink PR, Zaccheo F, Fanali D, Van Der

Sluis LW (2010) Reaction rate of NaOCl in contact

with bovine dentine: effect of activation, exposure time,

Ordinola Zapata et al. Biofilm removal by different irrigation techniques

© 2013 International Endodontic Journal. Published by John Wiley & Sons Ltd International Endodontic Journal 7



concentration and pH. International Endodontic Journal 43,

1108 15.

Muller P, Guggenheim B, Attin T, Marlinghaus E, Schmidlin

PR (2011) Potential of shock waves to remove calculus

and biofilm. Clinical Oral Investigations 15, 959 65.

Ordinola Zapata R, Bramante CM, Brandao Garcia R et al.

(2013) The antimicrobial effect of new and conventional

endodontic irrigants on intra orally infected dentin. Acta

Odontologica Scandinavica 71, 424 31.

Peel CS, Fang X, Ahmad SR (2011) Dynamics of laser induced

cavitation in liquid. Applied Physics A 103, 1131 8.

Peters OA, Bardsley S, Fong J, Pandher G, DiVito E (2011)

Disinfection of root canals with photon initiated

photoacoustic streaming. Journal of Endodontics 37,

1008 12.

Seet AN, Zilm PS, Gully NJ, Cathro PR (2012) Qualitative

comparison of sonic or laser energisation of 4% sodium

hypochlorite on an Enterococcus faecalis biofilm grown in

vitro. Australian Endodontic Journal 38, 100 6.

Siqueira JF Jr, Rocas IN (2008) Clinical implications and

microbiology of bacterial persistence after treatment proce

dures. Journal of Endodontics 34, 1291 301.

Stojicic S, Shen Y, Qian W, Johnson B, Haapasalo M (2012)

Antibacterial and smear layer removal ability of a novel

irrigant, QMiX. International Endodontic Journal 45, 363

71.

Uroz Torres D, Gonzalez Rodriguez MP, Ferrer Luque CM

(2010) Effectiveness of the EndoActivator System in

removing the smear layer after root canal instrumenta

tion. Journal of Endodontics 36, 308 11.

Vera J, Siqueira JF Jr, Ricucci D et al. (2012) One versus

two visit endodontic treatment of teeth with apical peri

odontitis: a histobacteriologic study. Journal of Endodontics

38, 1040 52.

Zifu Li XZ, Deng F, Jin X, Hao W (2012) Experimental

study on secondary effluent disinfection with ultrasound

and chlorine. Advanced Materials Research 383 90, 3786

91.

Biofilm removal by different irrigation techniques Ordinola Zapata et al.

© 2013 International Endodontic Journal. Published by John Wiley & Sons LtdInternational Endodontic Journal8



10.14219/jada.2014.46
2014;145(8):843-848JADA 

Signore and Stefano Benedicenti
Vassilios Kaitsas, Francesca Angiero, Antonio 
Giovanni Olivi, Enrico DiVito, Ove Peters,
study
infected with Enterococcus faecalis: An ex vivo
photoacoustic streaming on root canals 
Disinfection efficacy of photon-induced

25, 2014):
online at jada.ada.org (this information is current as of August 
The following resources related to this article are available

http://jada.ada.org/content/145/8/843
can be found in the online version of this article at: 

including high-resolution figures,Updated information and services 

http://jada.ada.org/content/145/8/843/#BIBL
, 0 of which can be accessed free:30 articlesThis article cites 

http://jada.ada.org/cgi/collection/endodonticsEndodontics 
: subject collectionsThis article appears in the following 

http://www.ada.org/990.aspxat: 
permission to reproduce this article in whole or in part can be found 

 of this article or aboutreprintsInformation about obtaining 

Association. The sponsor and its products are not endorsed by the ADA. 
republication strictly prohibited without prior written permission of the American Dental 

Copyright © 2014 American Dental Association. All rights reserved. Reproduction or

 on August 25, 2014jada.ada.orgDownloaded from  on August 25, 2014jada.ada.orgDownloaded from 





ORIGINAL CONTRIBUTIONS 

844 JADA 145(8) http://jada.ada.org August 2014  

activated irrigation (LAI) by means of an erbium laser 
(2,780 nanometers and 2,940 nm) was more effective in 
removing dentin debris and the smear layer, respectively, 
compared with passive ultrasonic irrigation or hand ir-
rigation.17-19 The use of laser energy also has been shown 
to enhance the decontaminating action of NaOCl.20 
During the LAI process, photons are emitted in a short 
time (50 microseconds) to pulse subablative energy levels 
of laser light (20 millijoules) to generate photoacoustic 
shockwaves into liquid-filled root canals.

With the irrigant continuously delivered by means 
of a syringe into the pulp chamber during the laser-
activation process, the resultant shock wave travels three 
dimensionally in the fluid and effectively debrides and 
removes both vital and necrotic tissue remnants.21

We conducted a study involving NaOCl to determine 
the efficacy of LAI using photon-induced photoacoustic 
streaming (PIPS) by using an erbium:yttrium-alumi-
num-garnet (Er:YAG) laser with a quartz radial and 
stripped tip to disinfect root canals. We compared the 
results of LAI with those of conventional hand irrigation.

MEthODS
The ethics committee at the University of Genoa, Italy, 
approved the study protocol (protocol GE-15-011).

In the study, we used 26 single-root human anterior 
central and lateral incisors and canines (with the excep-
tion of mandibular central and lateral incisors) extracted 
for periodontal reasons with patients’ written consent. 
We stored all of the teeth in 0.1 percent thymol solution 
at 4°C during the collection process and until use.

Root canal treatment. We prepared access cavities 
on all 26 teeth by using a tapered diamond bur and then 
created a glide path to working length by using a size 
10 K file. We then prepared root canals by using nickel 
titanium rotary files in a sequential crown-down method 
to a size International Organization for Standardiza-
tion 20 tip with a .06 taper (Profile GT, Dentsply Tulsa 
Dental, Tulsa, Okla.). We manually completed the apical 
preparation by using a size International Organization 
for Standardization 25/06 (size 25 tip and size .06 taper) 
master apical file. We provided copious irrigation by 
using 5 percent NaOCl during the instrumentation. We 
performed a final flush by using sterile distilled water. 
We dried the canals by using air and sterile paper points 
and placed the teeth individually in sterilizer pouches, 
autoclaved them at 134°C for 17 minutes and stored them 
until use. We did not infect three teeth, which consti-
tuted the negative control group.

Bacterial sampling and enumeration. We sealed the 
apical foramina by using a three-step bonding system 
(Adper Scotchbond, 3M ESPE, St. Paul, Minn.) and a 
flowable composite (Ena Flow, Micerium, Genova, Italy), 
and then we isolated the entire root surfaces by using 
nail polish to prevent lateral and apical bacterial leakage.

We used a pure culture of vancomycin-resistant En-

terococcus faecalis grown in brain-heart infusion broth. 
This culture originated from a single colony of a clini-
cal isolate of E. faecalis previously identified by means 
of biochemical tests by using the Vitek 2 AES system 
(bioMèrieux, Marcy l’Etoile, France). We inoculated 
root canals with 10 microliters of a bacterial suspension 
(approximately 5 × 108 colony-forming units [CFUs] per 
milliliter) by using a micropipette.

We then incubated the specimens at 37°C for four 
weeks in individual test tubes, while adding fresh tryptic 
soy broth every 12 hours. After the incubation period, we 
withdrew 10 µL of suspension fluid from the root canal 
by means of a micropipette and serially diluted it by using 
a physiological solution. To enumerate the bacteria, we 
spread 0.1-mL aliquots of appropriate dilutions of each 
specimen onto Columbia agar plates supplemented with 
vancomycin (40 milligrams per liter) and incubated them 
for 24 hours at 37°C in an atmosphere with 5 percent car-
bon dioxide. In this study, the detection limit for bacterial 
growth was approximately 100 CFU/mL sampling fluid.

We did not treat three of the 23 infected teeth, and they 
constituted the positive control group. We divided the 
remaining 20 teeth randomly into two groups of 10 each.

Canal disinfection with manual irrigation or laser 
activation. We performed LAI by following a 2,940-nm  
Er:YAG laser (LightWalker AT, Fotona, Ljubljana, Slove-
nia) and PIPS protocol. The laser was equipped with a 
9-millimeter, 600-μm quartz tip (PIPS tip) (Figure 1A). 
The tip was tapered and had 4 mm of the polyamide 
sheath stripped back from its end. We used laser operat-
ing parameters of 20 mJ per pulse at 15 hertz (average 
power 0.3 watts), 50 μs pulse duration for all of the treat-
ment groups in which we used lasers. We set the coaxial 
air-water spray feature of the handpiece to off. We placed 
the tip into the coronal access opening of the pulp cham-
ber only and kept the tip stationary and did not advance 
it into the root canal system (Figure 1B).

We subjected the root canals of teeth in group A to two 
cycles of 5 percent NaOCl (3 mL each) irrigation and PIPS 
laser activation for 30 seconds, with a resting time of 30 
seconds between each cycle. After irrigating the teeth for 
30 seconds with sterile water, we subjected the root canals 
to 17 percent ethylenediaminetetraacetic acid (EDTA) ir-
rigation and PIPS laser activation for 30 seconds.

We subjected the root canals of teeth in group B to two 
cycles of 5 percent NaOCl (3 mL each) for 30 seconds by 
using a Max-I-Probe needle (Dentsply Rinn, Elgin, Ill.) 
placed into the middle one-third of the root canal without 
any activation and with a resting time of 30 seconds 

abbrEVIatION KEY. CFU: Colony-forming units. EDTA: 
Ethylenediaminetetraacetic acid. Er:YAG: Erbium:yttrium-
aluminum-garnet. LAI: Laser-activated irrigation. NaOCl: 
Sodium hypochlorite. NG: No growth detected. PIPS: Photon-
induced photoacoustic streaming. SEM: Scanning electron 
microscopy.
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between cycles. We irrigated the teeth with distilled water 
for 30 seconds to avoid any chemical reaction between 
different irrigant solutions. We then flushed the teeth with 
3 mL of 17 percent EDTA for 30 seconds.

In both groups, we performed a final flush with 3 
mL sodium thiosulfate for 30 seconds to inactivate the 
chemical microbicidal and tissue-dissolving action of the 
irrigants. An expert operator (G.O.) who was familiar 
with this laser-activated technique deposited the 3 mL of 
irrigant during the 30-second periods. Using a syringe 
with a 25-gauge needle positioned above the laser tip 
in the coronal access opening, he provided continuous 
irrigation with 3 mL of fluid during the laser-activation 
cycles to maintain fluid levels (Figure 1B).

We sealed the specimens with parafilm and vortexed 
them for 10 seconds (MSE Clinomixer, MSE Scientific 
Instruments, Milan, Italy). We performed this step to en-
sure maximum sampling efficacy. We introduced a sterile 
ringer solution into the root canal and obtained aliquots of 
10 µL of solution from the main root canal of each speci-
men and performed an immediate bacterial count.

Assessment of bacterial recontamination. After we 
performed irrigation and immediate bacterial count, we 
incubated the specimens in groups A and B for 48 hours 
at 37°C in an atmosphere with 5 percent carbon dioxide. 
We added fresh tryptic soy broth every 12 hours. After 
the incubation period, we obtained 10-mL aliquots of 
solution as above and performed a new bacterial count.

Scanning electron microscopy (SEM). We catego-
rized all of the teeth in groups A and B into the posi-
tive (E. faecalis infection) and negative (sterile) control 
groups by using SEM to determine the presence of 
bacterially infected matter in canal cross-sections and 
dentin tubule penetration. We dried the tooth roots for 
24 hours at 21°C, sectioned them longitudinally by using 
a diamond disk with water spray and split them into 
two halves. The samples were dried for an additional 24 
hours at 21°C, and we sputter-coated them with gold and 
examined them by using a scanning electron microscope 
(Philips XL30/CP, Philips, Eindhoven, Netherlands) at  
20 kilovolts. We examined the entire root canal area  
(1-8 mm from the apex) in each sample.

Statistical analysis. We measured bacterial counts in  
CFUs by using log calculations to conform to normal 
distribution for bacterial counts. We then performed sta- 
tistical analyses by using statistical software (JMP 10, SAS, 
Cary, N.C.). We used one-way repeated-measure analysis-
of-variance testing for the statistical calculations. We pre-
sented data as mean, median and range of absolute bacte-
rial counts or as percentages. We considered a P value 
(two sided) of less than .05 to be statistically significant.

RESultS
SEM images of the split root sections indicated that 
bacterial biofilm was present in all of the positive control 
specimens (Figure 2, A1-A3). Overall, the SEM images 

were suggestive of a qualitative reduction of bacteria in 
group A (Figure 2, B1-B3) and group B (Figure 2, C1-C3) 
compared with the positive control specimens. Also evi-
dent in group B were the lack of a smear layer, bacteria 
and open dentin tubules in addition to the absence of 
laser-induced thermal damage.

To provide a quantitative assessment, we enumerated 
CFUs of bacterial suspensions. We performed subsequent 
analyses of variance for repeated measures (before treat-
ment, immediately after treatment and 48 hours after 
treatment) to evaluate the level of disinfection attained  
by means of each of the treatment methods. Both irriga-
tion regimens significantly reduced bacterial growth  
(P < .0001). Immediately after the treatment, LAI in group 
A resulted in no detectable growth in all 10 samples, 
whereas there was no detectable growth in six of the 10 
samples in group B. When we compared bacterial counts, 
this difference was statistically significant (P < .05).

After 48 hours, we detected no bacterial growth in 
any of the incubated samples in group A (Table, page 
847) compared with the 10 of 10 samples in group B that 
had bacterial growth. The results of statistical analy-
sis revealed a significant overall difference (P < .0001) 
between group A (PIPS laser activation and irrigation) 
and group B (conventional irrigation with NaOCl) after 
48 hours. The negative control samples had no detectable 
bacterial growth.

DISCuSSIOn
In this ex vivo study, we compared the effectiveness of  
laser-activated root canal disinfection by using PIPS with 
the conventional hand irrigation method.

We used a vancomycin-resistant strain of E. faecalis 
to infect the root canals of extracted teeth. This micro-

Figure 1. A. Image of typical photon-induced photoacoustic 
streaming tip (PIPS) with a tapered end and 4-millimeter stripped 
section. B. Correct positioning of the PIPS tip in the coronal access 
opening only with the irrigation tip supplying continuous solution 
during irrigation.

a b
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organism is a commonly isolated bacterium found in 
teeth in which root canals have failed, and it is difficult 
to eradicate it from the canals.22 We used an incubation 
period of four weeks to enhance bacterial penetration 
into dentin tubules and promote bacterial biofilm forma-
tion. After irradiation, irrigation or both and before sam-
pling, we vortexed the specimens to move any remaining 
bacteria to the main root canal, where we collected and 
counted them. 

We used NaOCl, the most commonly used root canal 
irrigation solution, activated by an Er:YAG laser with a 
quartz radial and stripped PIPS tip.19,20 When we acti-
vated 5 percent NaOCl via the Er:YAG laser for two 
cycles of 30 seconds each, we found a greater reduction 
in bacterial infection compared with using conventional 
hand irrigation.

This LAI protocol introduced several modifications 
to currently used laser-assisted techniques and proto-

cols that involve higher laser energy, longer laser pulse 
duration, different tip designs and different positioning 
of the tip or fiber within the canal.16-18,23-26 The 2,940-
nm wavelength of the Er:YAG laser was chosen for its 
high absorption in water. We used a subablative pulsed 
energy (20 mJ at 15 Hz, average power 0.3 W) to produce 
an effective activation and streaming of fluids within 
the canal while reducing the thermal side effects of laser 
irradiation on the dentin walls.19,27 Investigators in a 
previous study measured continuously during the ir-
radiation period the temperature change on the external 
root surface of the tested samples by using a modified 
thermocouple measurement sensor to determine the ab-
sence of thermal effect.19 They observed minimal average 
temperature increases (1.2°C and 1.5°C for the 20-second 
and 40-second irradiation time groups, respectively) at 
the root surfaces during laser irradiation.

The use of a short pulse duration of 50 µs produced 

Figure 2. Scanning electron micrographs showing representative areas of the radicular wall in groups A and B and the positive control 
samples. Positive control samples (A1-A3) images (at ×1,250, ×2,000 and ×10,000 magnification, respectively) showing that bacterial 
biofilm growth is present in all of the control specimens before treatment. Group A (B1-B3) images (at ×1,000, ×2,000 and ×10,000 
magnification, respectively) showing the remaining smear layer and bacteria at the 4-millimeter level after needle irrigation. Group B 
(C1-C3) images (at ×1,000, ×2,000 and ×10,000 magnification, respectively) showing no bacteria or smear layer after the use of photon-
induced photoacoustic streaming (PIPS) at the 4-mm level. The collagen fibers and organic structure of dentin walls appear preserved, the 
dentin tubules are clean after the use of laser activation with PIPS and there is no evidence of thermal damage.

a1 a2 a3

b1 b2 b3

c1 c2 c3
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[19,20]. The combination of varying tip size and taper continues 
to be studied, aimed at improving canal disinfection while 
conserving dentin. As apical preparation size increases, irrigant 
replacement was enhanced, providing space existed between 
the needle and the canal wall [21]. Increased canal taper also 
improved fluid interchange and reduced the risk of extrusion; 
minimal taper with large apical preparations also improved 
irrigant replacement [22]. Ex vivo investigation of the optimal 
tip size taper combination for laser activated irrigation have yet 
to be determined. The objective of this study was to examine the 
disinfection of intentionally contaminated Type II canals in the 
mesial root of mandibular molars by comparing needle flushing 
versus PIPS activation during endodontic irrigation of complex 
Vertucci Type II canal systems of two different sizes and taper. The 
null hypothesis was that no difference exists between bacterial 
disinfection present in #20/.04 taper and #25/.06 flared taper 
preparations using either PIPS or needle irrigation.

Methods and Materials
Tooth collection conformed to the protocols approved by the 

Institutional Review Board of the University of Tennessee Health 
Science Center with no identifiable data associated with samples 
obtained (IRB 10-00832-XP). Digital radiographs were used to 
identify mandibular molars with similar root lengths and fully-
formed apices, with two distinctly separate canals from orifice 
to apex, with a common apical segment [23]. This canal system 
is notable for having cul-de-sacs and communicating isthmuses. 
A coronal reservoir with sufficient volume of irrigant is essential 
to photoacoustic wave propagation by the Er: YAG laser and 
PIPS tip. Samples that had broken down walls that would allow 
irrigant to flow out of the chamber were repaired with composite 
(ParaCore, Coltène Whaledent, Altstätten, Switzerland) such that 
all chambers were of similar height and anatomical dimension. 
Polyalkenoate cement (GC Fuji IX, GC America, Alsip, Ill.) was 
used to seal the orifice of each distal canal to prevent establishing 
a biofilm in the distal system. Mixed bacterial plaque samples 
were collected from laboratory personnel and grown in Todd 
Hewitt Broth (BD Diagnostics, Sparks, Md.) at 37° C for 24 hrs in 
the presence of 5% CO2 [24]. A standard bacterial suspension (1 
× 108 cells/ml) was prepared by measuring the optical density 
at 600 nm and confirmed by the plate dilution method. All teeth 
were kept in saline throughout the experiment and sterilized 
between uses by steam autoclave. Once sterilized, samples were 
transferred to sterile glass vials containing 15 ml of sterile Todd 
Hewitt Broth (THB) and incubated at 37º C for 24 hours. No 
bacterial growth confirmed sample sterility. Each sample was 
repeatedly used in the different subgroups, outlined below, as 
sterility was achievable with the teeth serving as a control. Each 
sub-group was repeated twice.

Canal instrumentation technique

Twenty-four mandibular molars were divided into either 
a minimal canal (20/.04) or fully-flared (25/.06) preparation. 
Irrigation protocols further subdivided the samples into four 
subgroups per preparation technique, each comprised of an 
irrigation delivery mechanism and irrigant (Table 1). The mesial 

canals were negotiated to their apical terminus and a minimum 
pathway developed with size 10 K-files (Roydent, Johnson City, 
Tenn.). Canals were enlarged to an apical matrix of 0.20 mm at 
a length 0.05 mm short of observing a file at the canal terminus. 
Crown-down preparation was completed using a complete series 
of rotary nickel-titanium (NiTi) instruments (ProFile Vortex, 
Dentsply Tulsa Dental Specialties, Tulsa, Okla.) in either .04 taper 
(#40/.04 to 20/.04) or .06 taper (40/.06 to 25/.06). Additionally, 
Vortex Orifice Openers (Dentsply Tulsa Dental Specialties) were 
used to create coronal flare in the fully-flared group. Each canal 
had to demonstrate resistance with the last NiTi instrument in the 
apical third to guarantee correct group allocation.
Table 1: Irrigation protocol followed in disinfection of infected root 
canals, in vitro.

Saline Protocol Sodium Hypochlorite Protocol

6ml Saline over 30 sec 6ml Hypochlorite over 30 sec

Wait 30 seconds Wait 30 seconds

6ml Saline over 30 sec 6ml Hypochlorite over 30 sec

Wait 30 seconds Wait 30 seconds

6ml Saline over 30 sec 6ml Hypochlorite over 30 sec

Wait 30 seconds Wait 30 seconds

6ml Saline over 30 sec 6ml Saline over 30 seconds

6ml 17% EDTA over 30 sec 6ml 17% EDTA over 30 seconds

6ml Saline over 30 sec 6ml Saline over 30 seconds

6ml Saline over 30 sec 6ml Saline over 30 seconds
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Creating mature intracanal biofilms

All prepared teeth were infected by injecting 40 µl of the 
standard bacterial suspension (1 × 108 cells/ml) equally into both 
mesiobuccal and mesiolingual canals. An established protocol 
for the creation of a 3 week biofilm was followed, with the 
addition of 0.5 ml fresh THB to each sample every 2 days during 
the incubation cycle [24]. Following incubation, but prior to 
irrigation, the external apical third of each mesial root was coated 
with sticky wax (Kerr Dental Laboratory Products, Orange, Calif.).

Irrigation

Sterile saline (Baxter International Inc., Deerfield, Ill.) or 6.0% 
sodium hypochlorite (diluted from 8.25% stock solution; The 
Clorox Company, Oakland, Calif.) were delivered using PIPS or 
SNI, followed by 17% EDTA (Roth International Ltd., Elgin, Ill.) 
as irrigating solutions. The irrigation regimen required 18 ml of 
irrigant (saline or 6% NaOCl), 6 ml of sterile saline, 6 ml of 17% 
EDTA and 18 ml of additional saline delivered over a period of 
6 minutes (Table 2), a protocol documented previously [18]. The 
9 mm long, 600 µm diameter PIPS tip was moved in a constant 
circular motion within the chamber while irrigants were delivered 
by syringe. The PIPS tip did not touch the chamber walls or enter 
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groove of 4 mm in length, 0.5 mm deep and 0.2 mm

wide, situated at 2 6 mm from working length, was

cut in the wall of one half of each root canal with an

ultrasonically driven tip (Fig. 1b,c) (P5 Booster, Sat

elec, Acteongroup, Mérignac cedex, France). The

dimension of the groove was comparable with that of

an oval extension of a root canal. Each groove was

filled with dentine debris mixed with 2% NaOCl to

simulate a situation in which dentine debris accumu

lates in uninstrumented canal extensions (Lee et al.

2004). This model was introduced to standardize the

root canal anatomy and the amount of dentine debris

present in the root canal before the irrigation proce

dure, in order to increase the reliability of dentine

debris removal evaluation. The methodology is sensi

tive and the data are reproducible (van der Sluis et al.

2007b).

Three irrigation protocols were tested. In all

groups, the needle, wire and fibre were inserted

1 mm short of the working length and were moved

slowly up and down 4 mm in the apical half of the

root canal; the activation time was 20 s, the total

irrigation time was 50 s and the total irrigant

volume was 4 mL. In group 1 (n 20) syringe

irrigation with 4 mL of 2% NaOCl solution was

performed with a 10 mL syringe and a 30 gauge

needle (Navitip, Ultradent, South Jordan, UT, USA).

In group 2 (n 20), the 2% NaOCl solution was

activated by ultrasound using PUI. A stainless steel

noncutting wire (size 20) (Irrisafe, Satelec, Acteon

group) was used, driven by an ultrasonic device

(Suprasson Pmax Newtron, Satelec, Acteongroup) at

power setting ‘blue 4’ (frequency 30 KHz, displace

ment amplitude ca. 30 lm according to the manu

facturer). Subsequently the canal was flushed with

2 mL of 2% NaOCl solution using a 10 mL syringe

and a 30 gauge needle. In group 3 (n 20), the 2%

NaOCl solution was activated by laser radiation

(KEY2 laser, KaVo Dental GmbH, Biberach, Germany)

from an optical fibre laser tip with outer diameter

280 lm and length 30 mm (type Gr. 30 · 28, Kavo

Dental GmbH). Calibration by the manufacturer

showed that the optical fibre has a reduction factor

of 0.36, which results in a fluence of 146 mJ mm)2

for a laser pulse energy setting of 100 mJ. The

Er:YAG laser emits at a wavelength of 2.94 lm
which coincides with the major absorption band of

water (Robertson & Williams 1971). A pilot study

demonstrated that the optimal settings for dentine

debris removal from the root canal are a low power

setting of 80 mJ per pulse and a pulse repetition

frequency of 15 Hz. Finally, the canal was flushed

with 2 mL of 2% NaOCl solution using a 10 mL

syringe and a 30 gauge needle.

After irrigation the root canals were dried with paper

points. Subsequently, the two halves were separated

and the amount of debris in the groove was evaluated.

Before and after the irrigation, a digital image was

taken of the groove, using a Photomakroskop M400

microscope with a digital camera (Wild, Heerbrugg,

Switzerland) at 40· magnification. The quantity of

dentine debris in the groove before and after irrigation

was scored double blind and independently by three

dentists using the following scores: score 0: the groove

is empty, score 1: less than half of the groove is filled

with dentine debris; score 2: more than half of the

groove is filled with dentine debris; score 3: the groove

is completely filled with dentine debris. The differences

in dentine debris scores between the different groups

were analysed by means of the Kruskal Wallis and

Mann Whitney tests (level of significance a 0.05).

High-speed imaging experiments

An optical setup was constructed in order to visualize

the effect of the Er:YAG laser radiation in an artificial

root canal containing water or NaOCl. Optical record

ings were made at a pulse repetition rate of the Er:YAG

laser of 1 Hz and a pulse energy between 80 and

250 mJ per pulse. The laser fibre tip was inserted up to

1 mm from the apical end of a glass root canal model.

The canal was 12 mm in length with an apical

diameter of 0.35 mm and taper 0.06. Imaging was

performed using a high speed camera (FastCam APX

RS, Photron, Tokyo, Japan), recording at a frame rate

of 14 000 frames per second, attached to a microscope

with 12· magnification (SZX12, Olympus, Tokyo,

Japan). The root canal model was illuminated in

bright field by a continuous wave light source (ILP 1,

Olympus).

Results

Dentine debris removal

The debris scores before and after irrigation are

presented in Table 1. The difference between the

groups was statistically significant (Kruskal Wallis test,

P < 0.0001). The debris score in group 3 was signif

icantly lower than group 2 (P 0.002) and group 1

(P < 0.0001), and the score in group 2 was signifi

cantly lower than group 1 (P < 0.0001).
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Abstract

Arslan H, Akcay M, Capar ID, Saygili G, Gok T,

Ertas H. An in vitro comparison of irrigation using photon

initiated photoacoustic streaming, ultrasonic, sonic and needle

techniques in removing calcium hydroxide. International

Endodontic Journal.

Aim To evaluate the effect of various techniques

including photon initiated photoacoustic streaming

(PIPS), ultrasonic, sonic and needle irrigation on the

removal of calcium hydroxide [Ca(OH)2] from artificial

grooves created in root canals.

Methods The root canals of 48 extracted single

rooted teeth with straight canals were prepared using

ProTaper rotary instruments up to size 40. After the

specimens had been split longitudinally, a standard

ized groove was prepared in the apical part of one

segment that was filled with Ca(OH)2 powder mixed

with distilled water. Each tooth was reassembled and

the apices closed with wax. The specimens were irri

gated for 60 s with one of the following techniques:

needle irrigation using 17% EDTA, PIPS with 17%

EDTA, ultrasonic irrigation using 17% EDTA and

sonic irrigation (EndoActivator) using 17% EDTA.

The root segments were then disassembled, and the

amount of remaining Ca(OH)2 evaluated under a ste

reomicroscope at 259 magnification. A pixel count of

Ca(OH)2 remaining on the artificially created grooves

was recorded as a percentage of the overall groove

surface. The data were evaluated statistically using

one way analysis of variance and the least significant

difference post hoc tests at 95% confidence level

(P 0.05).

Results Photon initiated photoacoustic streaming

was superior in removing Ca(OH)2 as compared to

needle irrigation (P < 0.001), sonic irrigation

(P < 0.001) and ultrasonic irrigation (P 0.046).

Conclusion Photon initiated photoacoustic stream

ing provided complete removal of Ca(OH)2 from artifi

cial grooves in straight root canals. Ultrasonic

irrigation enhanced the Ca(OH)2 removal capacity of

irrigating solution but did not provide complete

removal from artificial grooves.

Keywords: calcium hydroxide, endodontics,

photoacoustic streaming, PIPS, sonic, ultrasonic.
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Introduction

Calcium hydroxide [Ca(OH)2] is used in root canal

treatment and has good antimicrobial properties

against the majority of endodontically relevant patho

gens (Athanassiadis et al. 2007). Research has shown

that remnants of Ca(OH)2 on dentine walls can affect
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the penetration of sealers into the dentinal tubules

and increase apical leakage (Kim & Kim 2002).

Therefore, complete removal of Ca(OH)2 placed inside

the root canal prior to root filling is recommended.

However, several studies have demonstrated that it is

difficult to completely remove Ca(OH)2 from root

canals using irrigating solutions alone (Lambrianidis

et al. 1999, R€odig et al. 2010, Arslan et al. 2012, Ca

par et al. 2013).

Sonic, ultrasonic and laser activation of irrigating

solutions has been widely used to improve their

chemical and mechanical effectiveness (van der Sluis

et al. 2007a, De Moor et al. 2009, Jiang et al. 2010,

Macedo et al. 2010, Arslan et al. 2013a,b). A novel

laser agitation technique, photon initiated photoacou

stic streaming (PIPS), has been proposed. This tech

nique differs from other agitation techniques as only

the tip of the device is placed into the orifice. In this

technique, an erbium : yttrium aluminium garnet

(Er : YAG) laser is used with a radial and stripped tip

of novel design at subablative power settings. There is

limited information about the effect of PIPS on the

removal of Ca(OH)2 in the literature. The current

study evaluated the effect of various techniques (PIPS,

ultrasonic, sonic and needle) on the removal of Ca

(OH)2 from an artificial groove created in a root

canal. The null hypothesis was that there is no differ

ence between the techniques.

Materials and methods

Forty eight single canal, noncarious human mandibu

lar premolar teeth with straight roots were selected

from a collection of teeth that had been extracted for

orthodontic reasons or periodontal diseases with

mature apices and stored in distilled water until use.

The specimens were decoronated to obtain a stan

dardized root length of 14 mm using a diamond disc.

The working length was determined by subtracting

1 mm from the length at which the tip of a size

10 K file (Dentsply Maillefer, Ballaigues, Switzerland)

extruded apically. ProTaper rotary instruments

(Dentsply Maillefer) were used for root canal shaping

procedures. The instrumentation sequence was as fol

lows: Sx, S1, S2, F1, F2, F3 and F4 (size 40, 0.06

taper). The first three shaping files were used with a

brushing motion, and the finishing files were used

with a nonbrushing action until the working length

was reached. The root canals were flushed with 1 mL

of 1% NaOCl solution between each instrument

change.

After instrumentation, the specimens were fixed in

modified Eppendorf vials (Eppendorf Elkay, Shrews

bury, MA, USA) with a silicone material (Optosil; He

raeus Kulzer, Hanau, Germany). After removal from

the impression material, all the roots were grooved

longitudinally on the buccal and lingual surfaces with

a diamond disc under copious water irrigation, avoid

ing penetration into the root canal. The roots were

then split into two halves with a small chisel. A longi

tudinal groove of approximately 3 mm long, 0.5 mm

wide and 0.2 mm deep was then cut in the root canal

wall of one half of each tooth at a distance of 2

5 mm from the apex with a scaler adapted on an

ultrasonic device (Anthos u PZ6, Imola, Italy) to sim

ulate an uninstrumented canal extension in the apical

region. A toothbrush was used to remove debris from

the root halves and grooves. A final flush was applied

using 5 mL of 17% EDTA and 5 mL of 2.5% NaOCl,

each for 1 min. The root canals were then dried with

paper points.

Powder of Ca(OH)2 (Kalsin; Spot Dis Deposu A.S�.,
Izmir, Turkey) was mixed with distilled water, and

the grooves were filled with Ca(OH)2. The root halves

were reassembled, and the specimens remounted in

the Eppendorf vials. Access to the root canals was

temporarily sealed with a cotton pellet and Cavit

(Espe, Seefeld, Germany), and the specimens were

then kept at 37 °C with 100% humidity for 1 week.

The specimens were divided randomly into four

groups (n 12) defined by irrigation technique (nee

dle, PIPS, ultrasonic and sonic) and irrigated as fol

lows.

Needle irrigation with EDTA

Five millilitres of 17% EDTA (Werax; Spot Dis Deposu

A.S�., Izmir, Turkey) via a size 27 gauge blunt tip nee

dle (Ultradent; South Jordon, Utah, USA) was used for

60 s. The needle was placed at a distance of 1 mm

from working length, and it was moved backwards

and forwards. The average pressure was 69.6 kPa,

and the flow rate was 0.083 mL s�1.

Photon-initiated photoacoustic streaming

The laser irradiation protocol was performed by an

Er : YAG laser with a wavelength of 2940 nm (Fidelis

AT; Fotona, Ljubljana, Slovenia). A 14 mm long,

300 lm diameter quartz tip was applied with 0.9 W,

30 Hz and 30 mJ per pulse with the laser system

water and air turned off. One millilitre of 17% EDTA

Efficacy of PIPS on calcium hydroxide removal Arslan et al.
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In the present experiment, the PIPS tip had a positive

effect in removing Ca(OH)2 from an artificial groove

created in the apical third of the straight root canals,

and this result is compatible with those of aforemen

tioned studies.

Activation of the irrigant in the ultrasonic system

has been shown to be more effective than syringe irri

gation in removing Ca(OH)2 from the root canal walls

(Maalouf et al. 2013, Yucel et al. 2013). As men

tioned above, in the present study, ultrasonic irriga

tion was superior to needle irrigation. However, PIPS

and ultrasonic irrigation techniques are based upon

the transmission of acoustic energy to an irrigant in

the root canal space (Ahmad et al. 1987, DiVito et al.

2012), and the PIPS tip was more effective than the

ultrasonic system in terms of removing Ca(OH)2 from

an artificial groove created in the apical third of the

straight root canals in this study.

Jiang et al. (2010) reported that no cavitation seemed

to take place either on the sonic tip itself or on the wall

of the glass model of the root canal. They explained this

by the velocity of the sonic tip, which was below the

threshold needed for cavitation. Recently, Macedo et al.

(2014) confirmed this result. In the present study, the

cavitation effects of the techniques were not directly

evaluated. However, sonic irrigation was found to be

similar to needle irrigation in removing Ca(OH)2 from

artificially created grooves and had no perfect score for

any sample. The ineffectiveness of sonic irrigation could

result from its inability to create cavitation.

R€odig et al. (2010) compared the efficacy of different

irrigating solutions in the removal of Ca(OH)2 from

root canals. According to the their results, chelating

agents such as citric acid and EDTA showed the best

results, and the addition of NaOCl to the chelators did

not result in significant improvement of Ca(OH)2
removal. Thus, in the present study, the control group

included the single use of a chelating agent (EDTA)

followed by irrigation with distilled water. EDTA irriga

tion with needle was not able to completely remove the

Ca(OH)2 from artificially created grooves. This finding

was in accordance with those of R€odig et al. (2010).

The design of this study was based on studies

described by Lee et al. (2004), van der Sluis et al.

(2005a, b, 2007b) and R€odig et al. (2010). The stan

dardized size and location of the grooves are advanta

ges of the in vitro model. In addition, in the present

study, a pixel count of Ca(OH)2 remaining on the arti

ficially created grooves was recorded as a percentage

of the overall groove surface. The design provides

researchers with a standardized evaluation that has

high reproducibility, and discrimination between

mechanical removal of the medicament and influence

of the irrigant alone is enhanced. However, the com

plexity of a natural root canal system cannot be sim

ulated by standardized grooves (R€odig et al. 2010).

Moreover, this experimental design does not address

medicament that diffused into the dentinal tubules.

Conclusion

Photon initiated photoacoustic streaming provided

complete removal of Ca(OH)2 from artificial grooves

in straight root canals. This technique could be bene

ficial in endodontics for activating irrigating solutions.

Ultrasonic irrigation enhanced the Ca(OH)2 removal

capacity of irrigating solution but did not provide

complete removal. Sonic irrigation was inefficient and

similar to needle irrigation. Further studies should be

conducted to determine apical extrusion during acti

vation procedures.
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Abstract

Arslan H, Capar ID, Saygili G, Gok T, Akcay M. Effect

of photon initiated photoacoustic streaming on removal of

apically placed dentinal debris. International Endodontic

Journal.

Aim To compare the efficacy of photon induced

photoacoustic streaming (PIPS) technique with con

ventional, sonic and ultrasonic irrigation on the

removal of apically placed dentinal debris from an

artificial groove created in a root canal.

Methodology Root canal preparation was per

formed up to size 40 on 48 extracted single rooted

teeth using ProTaper rotary instruments. The speci

mens were then split longitudinally, and a standard

ized groove was prepared in the apical part of each

segment. Each groove was filled with dentinal debris

mixed with 5% NaOCl. Each tooth was reassembled

and irrigated as follows: (i) conventional irrigation

with 1% NaOCl, (ii) sonic, (iii) ultrasonic irrigation,

and (iv) PIPS. The root segments were disassembled,

and the amount of remaining dentinal debris was

evaluated under a stereomicroscope at 209 magnifi

cation, using a four grade scoring system. The data

were evaluated statistically using Kruskal Wallis and

Mann Whitney U tests with a 95% confidence level

(P 0.05).

Results Photon induced photoacoustic streaming

removed significantly more dentinal debris than con

ventional irrigation (P < 0.001), sonic irrigation

(P < 0.001) or ultrasonic irrigation (P 0.005).

There was no significant difference between sonic and

ultrasonic irrigation (P 0.377).

Conclusions Photon induced photoacoustic stre

aming was more effective than conventional, sonic

and ultrasonic irrigation in the removal of apically

placed dentinal debris.

Keywords: EndoActivator, endodontics, photoa

coustic streaming, PIPS, sonic, ultrasonic.
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Introduction

The goal of biomechanical preparation is to clean,

shape and disinfect the root canal system. However,

chemomechanical preparation leaves untouched

zones, debris, the smear layer and microorganisms

and their by products, which can result in persistent

inflammation (Vertucci 1984, Wu & Wesselink

2001b, Wu et al. 2001a). That is why irrigation plays

an essential role in root canal treatment. However,

because irrigating solutions can be ineffective in

removing material from the root canal walls (Tora

binejad et al. 2003, Mancini et al. 2009), improved

irrigation agitation methods such as sonic and ultra

sonic devices have been proposed (Guerisoli et al.

2002). Recently, agitation of irrigants using lasers

has gained popularity (De Moor et al. 2009, de Groot

et al. 2009, Moon et al. 2012).

A novel laser agitation technique, photon induced

photoacoustic streaming (PIPS), has been proposed.

This technique differs from other agitation techniques

in that only the tip is placed into the canal orifice
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(DiVito & Lloyd 2012a). In this technique, an

erbium/yttrium aluminium garnet (Er/YAG) laser is

used with a radial and stripped tip of novel design at

subablative power settings (0.3 W). Although it has

been shown that this technique has no additional

benefit for the reduction in bacteria from the root

canals (Peters et al. 2011, Pedulla et al. 2012, Zhu

et al. 2013), DiVito et al. (2012b) demonstrated that

it results in significantly better removal of the smear

layer. Peeters & Suardita (2011) used a plain fibre tip

to activate the irrigating solution in the pulp chamber

and demonstrated that the use of a laser with a plain

fibre tip can produce cavitation in the irrigant and

has potential as an improved alternative method for

the removal of the smear layer. In another study, it

was reported that the plain fibre tip in the pulp cham

ber can drive the irrigation solution to the end of the

canal without harming the apical tissues (Peeters &

Mooduto 2013).

Previously, it has been shown that large amounts

of debris remain in root canal irregularities after the

use of conventional syringe irrigation (Goodman et al.

1985, Wu & Wesselink 2001b). If these untouched

zones with debris remaining after conventional tech

niques are not well cleaned, it is not possible to pro

vide direct contact for the medicaments with bacteria

or to fill the root canal completely (Siqueira & Lopes

1999). There is limited information on PIPS and its

ability to remove dentinal debris from root canals.

Thus, the aim of this study was to compare the effi

cacy of PIPS in removing dentinal debris from an arti

ficial groove created in the apical third of the root

canals. The null hypothesis was that there is no

difference between PIPS and the other irrigation

techniques.

Materials and methods

A total of 48 single rooted, noncarious, freshly

extracted, maxillary human anterior teeth with fully

formed apices were used. Soft tissues and calculus

were mechanically removed from the root surfaces

with a periodontal scaler. The teeth were verified

radiographically as having a single root canal without

calcification. The teeth were then stored in distilled

water at room temperature until use. Specimens were

decoronated with a diamond disc under water coolant

to obtain a standardized root length of 13 mm. Root

canal shaping procedures were performed with ProTa

per rotary instruments (Dentsply Maillefer, Ballaigues,

Switzerland) up to an F4 (size 40, .06 taper) master

apical file size. Root canals were irrigated with 2 mL

1% NaOCl (ImidentMed, Konya, Turkey) between

instrument changes. All the specimens were grooved

longitudinally on the buccal and lingual surfaces with

a diamond disc under copious water irrigation, avoid

ing penetration into the root canal. The roots were

then split into two halves with a small chisel.

Next, a standardized longitudinal groove (3 mm in

length, 0.5 mm in width and 0.2 mm in depth) was

cut into the root canal wall of one half of each tooth

at a distance of 2 5 mm from the apex to simulate

an uninstrumented canal extension in the apical

region. A toothbrush was used to remove debris from

the root halves and grooves. A final flush was applied

using 5 mL of 17% EDTA for 1 min and 5 mL of

2.5% NaOCl for 1 min. The root canals were then

dried with paper points.

Dentinal debris application

To obtain dentine powder, a number of teeth were

split longitudinally and dentinal debris was obtained

using round burs. The debris was mixed with 5%

NaOCl 5 min before use. The standardized grooves

were filled with dentinal debris using a spreader. The

root halves were reassembled, and all gaps along the

tooth and the apices were sealed with wax to prevent

the overflow of the irrigating solution and to create a

closed end channel so as to obtain a vapour lock

effect (Alfredo et al. 2009, Pedulla et al. 2012). The

specimens were divided randomly into four groups

(n 12) and irrigated as follows:

Conventional irrigation: 6 mL of 1% NaOCl via a size

27 gauge blunt tip needle (Ultradent, South Jordan,

UT, USA) was used for 1 min. The needle was

inserted into the root canal within 1 mm of the work

ing length without binding. The flow rate of the irri

gating solution was 0.1 mL s�1.

Sonic irrigation: 0.5 mL of 1% NaOCl was flushed

into the root canal using a needle; a red (size 25, .04

taper) sonic tip was then inserted 2 mm short of the

working length, and the sonic handpiece (EndoActiva

tor; Dentsply Tulsa Dental Specialties, Tulsa, OK,

USA) was activated for 1 min at 10 000

cycles min�1 (Klyn et al. 2010). During the activation

procedure, irrigation was gently continued through

the root canal opening using 5.5 mL of irrigating

solution.

Ultrasonic irrigation: 0.5 mL of 1% NaOCl was

placed into the canal as in the sonic group; a smooth

ultrasonic file (size 15, .02 taper) was then inserted

Effect of PIPS on debris removal Arslan et al.
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the groups (P < 0.001). The Mann Whitney U-test

revealed that PIPS removed more dentinal debris than

conventional irrigation (P < 0.001), sonic irrigation

(P < 0.001) and ultrasonic irrigation (P 0.005). In

the PIPS group, the majority (75%) of specimens were

assessed to be totally free from debris. The percent

ages of complete removal of dentinal debris (Score 0)

for conventional, sonic and ultrasonic irrigation

techniques were 0%, 8.3% and 25%, respectively.

Conventional irrigation had the most remaining

debris, although there were no significant differences

between conventional irrigation and sonic

(P 0.309) and ultrasonic irrigation (P 0.061).

There was also no significant difference between sonic

and ultrasonic irrigation (P 0.377). Intraindividual

reproducibility was 98% (47/48) for each examiner.

The reliability between the examiners was good (j
value 0.971), and the difference between the

matched scores never exceeded one unit.

Discussion

This study compared the removal of apically placed

dentinal debris with conventional, sonic and ultra

sonic irrigation to that obtained using PIPS. PIPS

removed more debris compared with the other agita

tion techniques. Therefore, the null hypothesis that

there is no difference between PIPS and the other irri

gation techniques can be rejected.

DiVito et al. (2012b) demonstrated that laser acti

vated irrigation using PIPS tips resulted in a signifi

cantly better cleaning of the root canal walls in

comparison with the conventional irrigation proce

dures. In a recent study, Lloyd et al. (2013) also

showed that laser activated irrigation using PIPS tips

eliminated organic debris from canal isthmus at a sig

nificantly greater level compared with standard needle

irrigation. The results of the present study revealed

that laser activated irrigation with PIPS tip had a

positive effect in removing dentinal debris from an

artificial groove created in the apical third of the root

canals, and this result is harmonious with those of

aforementioned studies.

Bubbles, the formation of an empty space in a

liquid, are the basis of cavitation. Er/YAG laser irradi

ation is highly absorbed by hydroxyapatite and water

(Paghdiwala 1991, Armengol et al. 1999). When Er:

YAG laser irradiation is absorbed by water, the energy

causes evaporation (Brugnera et al. 2003, Kivanc

et al. 2008). The vapour bubble starts to expand and

form a void in front of the laser light. Matsumoto et al.

(2011) demonstrated that the bubble increased in size

and reached up to 1800 lm in 220 microseconds

when a 300 lm laser tip was used, as in the present

study. They stated that when the laser tip was inserted

2 and 5 mm short of the bottom of an artificial glass

root canal model, the second cavitation bubbles were

clearly observed at the bottom of the artificial root

canal. Therefore, they suggested that it is not always

necessary to insert the laser tip up to the terminus of

the canal, because the cavitation bubbles also assist in

cleaning the apical region. In the present study, this

finding has been confirmed. The PIPS optic tip was

inserted only in the coronal part of the root canals,

and the apically placed dentinal debris was effectively

removed.

Photon induced photoacoustic streaming tips have

been used at subablative levels with specific models

and settings and with a radial and stripped tip of

novel design. This technique uses low energy levels

and short microsecond pulse rates (50 ls) to generate

peak power spikes. The profound photoacoustic shock

wave it induces facilitates three dimensional move

ment of the irrigation solutions (DiVito & Lloyd

2012a). Previous studies have shown that the use of

erbium lasers in the root canal may result in side

effects. Matsuoka et al. (2005) observed carbonization

and cracks on the root canal walls when the laser tips

were used for root canal preparation. Kimura et al.

(2002) monitored a temperature increase of up to

6 °C. The subablative parameters in the PIPS tech

nique result in a photomechanical effect, which

occurs when the light energy is pulsed in a fluid,

rather than thermal effect (Peters et al. 2011, DiVito

et al. 2012b).

The traditional laser applications necessitate con

ventional preparation for at least up to size 30 and

the laser tip need to reach apical third of the root.

However, the PIPS tip does not need to reach the

canal terminus, and it is placed into the coronal res

ervoir only of the root canal. Therefore, this tech

nique allows for minimally invasive preparation of

the root canal (DiVito & Lloyd 2012a, DiVito et al.

2012b). The effect may be explained by the increased

NaOCl reaction kinetics with laser activation (de

Groot et al. 2009, Macedo et al. 2010).

Both PIPS and ultrasonic irrigation techniques are

based upon the transmission of acoustic energy to

an irrigant in the root canal space (Ahmad et al.

1987, DiVito et al. 2012b). The acoustic streaming

effect of the irrigant in the ultrasonic has been

shown to be more effective than syringe irrigation in

Effect of PIPS on debris removal Arslan et al.
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removing artificially created dentine debris placed in

simulated uninstrumented extensions and irregulari

ties in root canals (Lee et al. 2004). In a recent

study, De Moor et al. (2010) evaluated the efficacy of

laser activated irrigation with erbium lasers and pas

sive ultrasonic irrigation in terms of removing artifi

cially placed dentine debris in root canals. They

showed that the application of the laser activated

irrigation technique for 20 s was as efficient as pas

sive ultrasonic irrigation for 3 9 20 s. Similarly, de

Groot et al. (2009) revealed that laser activated irri

gation was significantly more effective in removing

dentine debris from the apical part of the root canal

than passive ultrasonic irrigation when the irrigant

was activated for 20 s. In the present study, laser

activated irrigation with PIPS tip removed more den

tinal debris than ultrasonic irrigation. This result can

be explained by the high amounts of energy being

transferred to the irrigant with laser activation com

pared with passive ultrasonic irrigation (de Groot

et al. 2009).

Conclusion

Photon induced photoacoustic streaming technique

was significantly more effective than both sonic and

ultrasonic irrigation in removing apically placed den

tinal debris.
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Effectiveness of Sonic, Ultrasonic, and Photon-Induced
Photoacoustic Streaming Activation of NaOCl

on Filling Material Removal Following Retreatment
in Oval Canal Anatomy

Shan Jiang, MDS,1 Ting Zou, MSc,2 Dongxia Li, DDS,2,3 Jeffery WW Chang, BDS, MDS,2
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Abstract

Objective: This study aimed to assess the effectiveness of sonic, ultrasonic and laser [photon-induced photo-
acoustic streaming (PIPS)] irrigation activation in removing filling remnants from oval root canals after standard
canal retreatment procedures with the ProTaper universal rotary retreatment system. Methods: Twenty-eight
maxillary first premolars were instrumented with ProTaper NiTi rotary instruments and obturated with gutta-
percha and AH Plus sealer using the continuous wave of condensation technique. After storage at 37�C and 100%
humidity for 1 week, the specimens were retreated with the ProTaper universal retreatment system for the removal
of filling material. Teeth were then randomly assigned into four groups (n 7): group 1, positive control; group 2,
retreated with sonic irrigation; group 3, retreated with ultrasonic irrigation; and group 4, retreated with laser
irradiation. The specimens were scanned using micro-CT before instrumentation, after obturation and mechanical
retreatment, and after additional activation procedures. The percentage volume of the filling remnants was
measured. Specimens were split longitudinally after micro-CT scan, canal walls were examined using scanning
electron microscopy (SEM), and the amount of residual filling material was scored.Results: The filling materials’
removal efficacy in the three experimental groups was higher than that of the control group ( p< 0.05), whereas
filling materials ranging from 1.46– 0.30 to 2.21 – 0.46mm3 remained in the canal in all three experimental
groups. Additionally, there was a significantly greater reduction in the amount of filling remnants in the PIPS
group than in the sonic and ultrasonic groups (both p< 0.05), and significantly greater reduction in the ultrasonic
group than the sonic group ( p< 0.05). Conclusions: Activation of NaOCl with PIPS showed significantly better
performance than sonic and ultrasonic techniques in removing the filling remnants following mechanical re-
treatment of oval root canals. The ultrasonic technique also performed better than the sonic technique. However,
none of the additional activation procedures was able to completely eliminate the filling remnants.

Introduction

Endodontic retreatment aims at completely remov-

ing the previous root canal filling materials (gutta-
percha and endodontic sealer) and creating the necessary
pathways, which will facilitate further shaping, cleaning, re-
disinfection and re-obturation of the canal system to establish
healthy periapical tissues.1 The remnants of the infected root
canal filling materials could compromise the effectiveness of
cleaning and disinfecting using mechanical and chemical

methods.2 Therefore, the complete removal of obturation
materials from previously filled root canals may be consid-
ered an important step for endodontic retreatment outcomes.
With appropriate instruments and their corresponding pro-
cedures to enhance the removal of gutta-percha and end-
odontic sealer, an improved disinfection of the root canal
system could be achieved.3

Traditionally, numerous strategies including mechanical
(stainless steel hand files, NiTi rotary systems), chemical
(solvents), and thermal (heat carrying instruments) techniques,

1Department of Endodontics and Operative Dentistry I, School and Hospital of Stomatology, Fujian Medical University, Fujian, China.
2Comprehensive Dental Care, Endodontics, Faculty of Dentistry, The University of Hong Kong, Prince Philip Dental Hospital, Hong

Kong SAR, China.
3Department of Stomatology, Air Force General Hospital of the PLA, Haidian District, Beijing, China.

Photomedicine and Laser Surgery
Volume 34, Number 1, 2016
ª Mary Ann Liebert, Inc.
Pp. 1 8
DOI: 10.1089/pho.2015.3937

1



and the combination of these techniques have been reported to
eliminate root filling materials.4,5 However, none of these
techniques alone or in combination can completely remove the
filling materials from the root canals.6–11 In addition, these
methods may present some serious side effects, such as peri-
apical tissue irritation, periapical inflammation, and postoper-
ative flare-ups caused by excessive apical extrusion of root
filling materials.12 Therefore, more effective techniques are
still requiring future investigations.

Additional methods, such as sonic, ultrasonic, and some
laser devices, have been reported to improve the removal
efficacy of root canal filling materials.13–15 Within laser-
activated approaches, photon-induced photoacoustic stream-
ing (PIPS) is a technique that was primarily developed for
cleaning and debriding the root canal system.16 This system
uses a short pulse rate (50ms) to create peak power spikes,
which do not seem to cause thermal damage.16 Previous
studies showed that PIPS was significantly better than tradi-
tional techniques in debriding the root canal and removing
calcium hydroxide paste medication.16–18 Therefore, PIPS
may effectively remove filling remnants after the standard
retreatment procedures.

To our knowledge, no studies have investigated the effi-
cacy of PIPS in removing filling material residues from oval
root canals. Therefore, the aim of this in vitro study was to
evaluate the efficacy of PIPS, EndoActivator (sonic), and an
ultrasonic technique for removal of gutta-percha and end-
odontic sealer after mechanical retreatment of oval root
canals, using high-resolution micro-CT and scanning elec-
tron microscopy (SEM).

Materials and Methods

Twenty-eight freshly extracted human maxillary first pre-
molars with completely developed apices and a single
straight, oval-shaped root canal were selected and stored in a
0.1% thymol solution until further processing. Periapical ra-
diographs were taken in the buccolingual and mesiodistal
directions at 80 kV and 100mA to confirm the presence of a
single straight root canal and calculation of the canal diameter
ratio. The oval root canal was defined as a cross-section ratio
of long (buccolingual): short (mesiodistal) diameter ‡ 2.5 at
5mm from the apex.19 Teeth that presented previous end-
odontic treatment or fracture lines were excluded.

Canal instrumentation

The selected teeth were decoronated using round diamond
burs in a high-speed hand piece at a length of *16mm. A
stainless steel size 10K-file (Dentsply Maillefer, Ballaigues,
Switzerland) was inserted into the canal until the tip of the
file just reached the apical foramen. The working length
(WL) was determined to be 0.5mm shorter than this length.
All canals were prepared using the crown-down technique,
using ProTaper NiTi rotary instruments (Dentsply Maillefer,
Ballaigues, Switzerland) following manufacturer’s instruc-
tions. The canal instrumentation was completed with an F2
ProTaper file. Canals were irrigated with 2mL of 3% so-
dium hypochlorite solution (NaOCl) using a 30-gauge blunt-
tip needle (Terumo Corporation, Leaven, Belgium) at every
change of file. After completion of canal instrumentation,
canals were irrigated with 6mL of 17% ethylenediamine-
tetraacetic acid (EDTA) solution, followed by flushing with

2mL of 3% NaOCl. After aspiration of irrigation solution in
the pulp chamber, the canals were dried using sterile paper
points (Dentsply/Herpo, Petrópolis, Rio de Janeiro, Brazil).

Canal filling

Obturation of all root canals was performed using the
continuous wave of condensation technique and the Touch’n
Heat device (SybronEndo, Orange, CA), according to man-
ufacturer’s specifications. Briefly, a size 35 taper 0.06 gutta-
percha master point (Dentsply, Rio de Janeiro, Brazil) coated
with AH Plus sealer (Dentsply De Trey, Konstanz, Germany)
was fitted with tug-back to the WL. The root canals were
subsequently filled with Obtura II (SybronEndo). To obtain
approximately the same volume of gutta-percha filling, a
14mm length was uniformly filled from the apex of the root
in each canal. The quality of the root canal filling was as-
sessed using both mesiodistal and buccolingual direction ra-
diographs. Specimens showing any voids in the obturation
mass were discarded and replaced. The access cavities were
sealed with Caviton (GC, Tokyo, Japan). All specimens were
stored at 37�C and 100% relative humidity for 1 week to
ensure that the sealer was completely set.

Removal of canal filling material

After the temporary fillings were removed, the mechanical
re-instrumentation of all root canals was removed using a
standard protocol. First, the 3mm length of filling materials
from the cervical part of the root canal was removed using
Gates Glidden burs size #3 (Dentsply, PA, USA). Then, the
ProTaper universal retreatment system (Dentsply Maillefer,
Ballaigues, Switzerland) was used to remove the filling ma-
terial. The D1 (ISO 30, 0.09 taper), D2 (ISO 25, 0.08 taper)
and D3 (ISO 20, 0.07 taper) files were sequentially used for
the coronal, middle, and apical thirds, respectively. The
ProTaper Ni-Ti rotary retreatment files (Dentsply Maillefer,
Ballaigues, Switzerland) were used at 300 rpm and with a
torque of 2N/cm in a crown-down motion. The canals were
irrigated between files with 2mL of 3% NaOCl, followed by
final irrigation with 5mL of 17% EDTA. The criteria for
completion of mechanical retreatment were as following: (1)
the last file D3 reached the full WL, (2) no filling material
covered the flutes of the files, and (3) the final irrigation
solution was free of visible debris.20 The specimens were
then randomly divided into four groups of seven teeth each,
and processed as follows.

Group 1 (n = 7): Control group. No further procedure was
performed, and samples were ready for evaluation.

Group 2 (n = 7): PIPS procedure. Each specimen was
irradiated using a 2940nm Er.YAG laser (Fidelis AT, Fotona,
Ljubljana, Slovenia), 1W, 20Hz, and 50mJ per pulse with a
14mm long and 300lm diameter quartz tip. The pulse du-
ration was 50ls. The water and air spray of the laser units
were turned off. The laser tip was fixed in place in the coronal
part of the canal without touching the inner surface of the
main canal wall and activated for 20 sec (3· 20 sec).

Group 3 (n=7): Sonic (EndoActivator) procedure. Each
specimen was activated using EndoActivator (setting: head-
pieces 10,000 cycles/min) with a sonic tip (size 20, taper 0.02)
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(Dentsply Tulsa Dental Specialties, Tulsa OK). The sonic tip
was placed into the canal 1mm short of the WL without
touching the walls and activated for 20 sec (3 · 20 sec).

Group 4 (n= 7): Ultrasonic procedure. Each root canal
was activated using an ultrasonic device on a 25% power set-
ting in E mode 28kHz (EMS, Le Sentier, Switzerland) and
delivered using an ultrasonic tip (size 20, taper 0.02) (ESI In-
strument, EMS, Le Sentier, Switzerland). A smooth ultrasonic
file was placed into the canal to 1mm short of the WL without
touching the walls and activated for 20 sec (3· 20 sec).

Irradiation and activation

Before irradiation or activation in groups 2, 3, and 4, the root
canal was filled with 2mL of 3% NaOCl solution. During
irradiation or activation, the pulp chamber was refreshed using
3% NaOCl solution when the coronal reservoir level became
low. The above-described irradiation/sonic/ultrasonic proce-
dures were repeated three times for a total of 60 sec. All pro-
cedures were performed by the same endodontist.

Micro-CT measurement and evaluation

A high-resolution micro-CT (SkyScan 1172, Aartselaar,
Belgium) was used at 80 kV, 100mA and an isotropic
resolution of 20 lm to scan the sample before instru-
mentation (scan 1), after gutta-percha filling (scan 2), after
mechanical re-instrumentation (scan 3) and after a second
re-instrumentation (scan 4). Each sample was placed in to a
microcentrifuge tube (SPL Life Sciences, Pocheon-Si,
Korea) that served as a sample container during the scanning
procedure. A series of cross-section images were acquired
with 20 lm pixel sizes. The region of interest was selected
from the cementoenamel junction to the apex of the root.
The original gray scale images in TIFF format were then
processed using NRecon software (Version 1.6.9.18 Bruker
micro-CT, Kontich, Belgium) to build a three-dimensional
(3D) reconstruction of the sample. The reconstructed images
in BMP format were then further processed using the Sky-
Scan Analyzer software package (Bruker micro-CT, Kon-
tich, Belgium) including a CT-analyzer program (CTAn,
Version 1.14.4.1) for 2D and 3D quantitative analysis of
reconstructed volumes, and a CT-volume program (CTVol,
Version 2.2.3.0) for 3D visualization of scanned objects.
The volume (in mm3) of the root canal, the filling materials
after canal filling, the remaining filling materials after me-
chanical retreatment, and the remaining filling materials after
additional irrigation/irradiation procedures were obtained

from scans 1, 2, 3, and 4, respectively. The cleaning volume
for the filling materials used in the additional irrigation/
irradiation procedures was calculated by subtracting the
volume of the remaining filling materials after the additional
irrigation/irradiation procedures from the volume of the re-
maining filling materials after the mechanical retreatment.

SEM evaluation

After micro-CT scanning, all samples were grooved lon-
gitudinally in a buccolingual direction using a diamond disc
and a high-speed hand piece, and then root canals were split
into halves using a bone hammer. Samples were then dehy-
drated using increasing ethanol concentrations, dried at the
critical point and sputter-coated with gold (Magnetron Ion
Sputter Metal Coating Device, Msp-2S, IXRF System, Inc.
MA, Japan). The presence of sealer remnants in the coronal,
middle and apical thirds of each sample were evaluated using
SEM (Hitachi, Tokyo, Japan) at 1000· magnification. The
SEM imageswere rated by two calibrated examiners using the
following scale: 0, no residue; 1, small amount of residue
(£20% of the surface covered); 2, moderate amount of residue
(20 60% of the surface covered); and 3, large amount of
residue (>60% of the surface covered).21

Statistical analysis

Statistical analysis was conducted using SPSS software
(SPSS 20.0 for Windows, SPSS, Chicago, IL). The nor-
mality and the equality of the data’s variance were evaluated
using the Shapiro Wilk test and Levene’s test, respectively.
The effectiveness of retreatment among the groups was com-
pared using Kruskal Wallis H and Mann Whitney U tests.
The differences of the remaining filling material before and
after additional activation techniques within each group was
compered using Wilcoxon signed rank test. The level of
significance was set as p < 0.05.

Results

Micro-CT imaging and evaluation

The percent volume of the remaining filling materials in the
full root canal length and all thirds (coronal,middle, and apical)
are shown in Table 1. The filling material volume reductions
are summarized in Table 2. Overall, the PIPS technique was
superior in removing filling materials compared with the
sonic (EndoActivator), ultrasonic, andcontrol groups ( p< 0.05).
However, none of the retreatment techniques completely
eliminated all filling materials from the root canal (Fig. 1).

Table 1. Remaining Filling Materials Volume (mm
3
; Mean –SD) for Overall and Each Third

of the Canal After Mechanical Retreatment and Additional Activation Techniques

Mechanical retreatment Activation techniques

Control Sonic Ultrasonic PIPS Control Sonic Ultrasonic PIPS

Overall 2.43 – 0.56 2.37 – 0.49 2.46 – 0.57 2.39 – 0.48 2.43 – 0.56IV 2.21 – 0.46III 1.98 – 0.39II 1.46 – 0.30I
Coronal 1.12 – 0.28 1.09 – 0.25 1.15 – 0.31 1.12 – 0.29 1.12 – 0.28IV 1.02 – 0.23III 0.90 – 0.25II 0.76 – 0.19I
Middle 0.93 – 0.23 0.92 – 0.24 0.94 – 0.22 0.89 – 0.25 0.93 – 0.23IV 0.86 – 0.21III 0.78 – 0.19II 0.65 – 0.17I
Apical 0.38 – 0.11 0.36 – 0.12 0.37 – 0.10 0.38 – 0.13 0.38 – 0.11III 0.33 – 0.10II 0.26 – 0.12I 0.25 – 0.09I

I IVRanking: there were significant differences ( p < 0.05) between groups with different ranks at the same level.
PIPS, photon induced photoacoustic streaming.
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middle thirds compared with the apical third of the canal.
Conversely, Abramovitz et al. reported that a self-adjusting
file was more effective in removing residual gutta-percha
from the apical section than the coronal and middle sections
of the mesial canals of mandibular molar after using Pro-
Taper Universal retreatment files.30 This is likely because of
the different techniques applied. When the PIPS tip was
placed only in the coronal part, its photoacoustic shock
wave may weaken over the distance to the apical one third,
and, therefore, the effectiveness of PIPS in removing filling
materials from the apical part was decreased. Similarly, Zhu
et al. found that PIPS was more effective in removing the
smear layer and debris in the coronal and middle thirds than
in the apical third.47 It is expected that ultrasonic and sonic
techniques will be less effective in removing filling material
in the apical region, and this was likely a result of the re-
duction in the acoustic microstreaming and/or cavitation
effect after the ultrasonic file or sonic tips entered the apical
vapor lock.41,42 As mentioned, the optic tip of the PIPS
device was only placed in the coronal third of the canal,
which was likely to preserve the root structure.16 To suffi-
ciently remove the filling materials in the apical third of the
root canal, further studies shoud be conducted to optimize
PIPS parameters and the PIPS tip location in the root canal.

Limitations

Limitations of the present study should be noted. First, this
study was conducted on teeth with straight oval root canals,
and the findings cannot be directly applied to teeth with
curved root canal systems, because root curvature is a crucial
factor in affecting the efficacy of root canal instrumentation.9

Second, similar to other similar studies,24,31,35 decoronating
teeth, which is impossible in the daily practice, were done in
the present study in order to standardize the specimens;
therefore, the conclusion of the current study cannot be di-
rectly extended to clinical conditions. Further research is
needed to complement the results of the present study.

Conclusions

The additional use of PIPS for the activation of NaOCl was
superior to sonic and ultrasonic techniques in removing the
remaining filling materials after standard retreatment proce-
dures using the ProTaper universal retreatment system. How-
ever, none of the experimental techniques completely removed
the filling remnants from the root canal of the maxillary first
premolars.
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can negatively affect the bond strength of other sealers to root
canal walls [16].

In the past decade, new silicate-based root canal filling
materials—MTA Plus (Prevest Denpro, Heidelberg,
Njemačka), MTA Fillapex (Angelus, Londrina, Brazil),
iRoot SP (Innovative Bioceramix, Vancouver, Kanada), and
EndoSequence BC (Brassler, Savannah, SAD) have been in-
tensively researched. They are bioactive, non-toxic, biocom-
patible, have dimensional stability, and cause less pain and
inflammation in the case of overfilling [17–21]. They offer
superior bond strength to dentin compared to zinc oxide–eu-
genol-based cements [22]. Some of them stimulate biominer-
alization which strengthens the bond between dentin and seal-
er even more [23, 24]. Those features explain the recent re-
ports about difficult complete removal of calcium-based
sealers using rotary techniques [25, 26].

Laser-activated irrigation (LAI) is a photo-thermal, photo-
acoustic, or photo-mechanic activation of irrigant in root canal
system using erbium-lasers (Er:YAG, Er, Cr:YSGG laser). If
Er:YAG laser is used with small energy (20 mJ) and very short
pulses (50 μs), intracanal cavitations and shock waves gener-
ated as a result of photo-acoustic and photo-mechanical effect;
the protocol is called photon-initiated photoacoustic streaming
(PIPS) [27]. Until now, the efficacy of the PIPS has been
extensively researched in the removal of the smear layer, de-
bris, and biofilm [28–30]. However, there have been only two
studies so far on the use of the PIPS in root canal retreatment,
both of them evaluating the retreatment of epoxy resin-based
sealer [31, 32].

The aim of this study was to evaluate the effect of the PIPS
in the removal of the remnants of three filling materials (epoxy
resin and two calcium silicate-based materials) after a rotary
phase of the retreatment. The difference in the amount of the
remaining filling materials after rotary phase of the
retreatment was analyzed and compared.

Materials and methods

Selection and preparation of samples

The study was approved by the local Ethical Committee
No 05-PA-26 11/2015. The study sample consisted of 36
straight single-rooted human mandibular and maxillar sec-
ond incisors and second premolars. The teeth with previ-
ous endodontic treatment, root caries, external resorption,
or more than one root canal were not included in the
study. The teeth were stored in a 0.5% chloramine-T so-
lution at 4 °C until use.

The teeth were accessed with a water-cooled diamond fis-
sure bur no. 016 (Komet, Rock Hill, SC, USA). The tooth
crown was horizontally cut with the same bur. In order to
establish the working length (WL) of 16 mm, the K-file size

10 was inserted into the apical foramen and deducted 1 mm
from the canal length. Canal patency was confirmed by
inserting a size 10 K-file (Dentsply/Maillefer, Ballaigues,
Switzerland) through the apical foramen before and after canal
preparation.

The root canals were prepared by a single operator with
the ProTaper Next (PTN) rotary instruments (Dentsply,
Maillefer, Ballaigues, Switzerland) driven by a torque-
controlled motor (Wave One, Maillefer, Ballaigues,
Switzerland) at a speed of 300 rpm. The instruments PTN
X1, X2, and X3 (master apical file, MAF) (30/0.07) were
used up to the WL. Between each instrument, the root
canals were irrigated with 1 ml 2.5% NaOCl using a
30 G needle and a disposable syringe (BD, Microlance,
Becton Dickinson, Madrid, Spain). A coronal reservoir
for the irrigant was prepared by a water-cooled Gates
Glidden bur size no. 5 (VDW, Münich, Germany) placed
5 mm into the canal [30]. The smear layer from the root
canal walls was removed by the final irrigation protocol:
1 mL 15% ethylenediaminetetraacetic acid (Calsinase,
Lege artis, Dettenhausen, Germany) during 1 min,
1 mL 2.5% NaOCl (30 s), and 1 mL saline solution
(30 s) [30]. The root canals were dried with sterile X3
paper points (ProTaper Next, Maillefer).

Root canal filling

The prepared samples were randomly divided in three exper-
imental groups according to the filling material used (n = 12).
The canals were obturated using cold lateral condensation
technique.

Group 1

The root canals were filled with a calcium silicate-based sealer
and gut ta-percha points covered by bioceramic
(EndoSequence BC, Brassler, Savannah, USA). The sealer
was filled in the root canal with the corresponding plastic
extension tip. The master gutta-percha point size no. 30
(EndoSequence, Brassler, Savannah, SAD) was inserted into
the WL. For lateral condensation, a hand spreader size no. 25
(Anataeos, München, Germany) and additional gutta-percha
point size no. 20 (EndoSequence BC) were used. The gutta-
percha points were covered with the sealer by dipping them
into the sealer before insertion in the canal.

Group 2

The samples were filled with the MTA Fillapex material
(Angelus Solucoes Odontologicas, Londrina, Brazil) and
gutta-percha points (DiaDent, Seoul, Korea).

After mixing the two pastes, according to the manufac-
turer’s instructions, the material was inserted in the canal with
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master gutta-percha point size no. 30 (DiaDent), which was
placed to the WL. A hand spreader size no. 25 (Anataeos,
München, Germany) and additional gutta-percha point size
no. 20 (DiaDent, Seoul, Korea) were used for lateral
condensation.

Group 3

The samples were filled with AH Plus material (Dentsply
DeTrey, Konstanz, Germany) and gutta-percha points. The
filling technique was same as in the group 2.

The access cavities of all the samples were closed with
temporary material (Caviton, GC, Tokyo, Japan). The samples
were stored at 37 °C and 100% relative humidity for 2 weeks
to allow complete setting of the sealer.

Root canal retreatment

The retreatment procedure was performed with the
ProTaper Universal rotary instruments (Maillefer,
Baillaigues, Switzerland). The working parameters were
speed 300 rpm and torque 2 N/cm2. The D1 instrument
was used for the removal of the material from the cervical
part of the canal, and instruments D2 and D3 were used
for the removal of the material from the middle and apical
third of the canal. The root canals were further prepared
with instruments X3 (30/0.07) and X4 (40/0.06) to the
WL [12]. No solvent was used during the retreatment
[12]. Each instrument was used for the instrumentation
of the three root canals after which it was discarded.
The rotary phase of the retreatment was considered com-
plete when each instrument reached the WL for five
times.

After the retreatment, the root canals were irrigated
with 1 ml 2.5% NaOCl using 30 G needle and syringe,
then canals were filled with 15% EDTA, left in canal for
3 min, and finally rinsed with 1 mL 2.5% NaOCl. The
canals were dried with sterile paper points (ProTaper
Universal, Maillefer) [12].

Photon-initiated photoacoustic streaming

After mechanical retreatment phase, the root canals were
irrigated with 2.5% NaOCl and activated by the Er:YAG
laser (2940 nm, LightWalker, Fotona, Ljubljana,
Slovenia) according to the protocol of photon-initiated
photoacoustic streaming (PIPS) [30]. The root canals were
continuously irrigated with 5 mL 2.5% NaOCl using 30 G
needle (Becton Dickinson, Madrid, Spain), which was
placed in the access cavity. The solution was activated
for 60 s with the endodontic laser tip (diameter 600 μm,
Fotona, Ljubljana, Slovenia), which was placed at the
access opening in the pulp chamber, and remained

stationary during activation. The laser parameters were
pulse energy, 20 mJ; frequency, 15 Hz; pulse duration,
50 μs; and energy density, 2.06 J/cm2 [30].

Micro-CT scanning and evaluation

Specimens were scanned in a micro-CT device after the filling
procedure, after the rotary retreatment (analyzed the difference
of the filling remnants after rotary retreatment), and after the
PIPS (analyzed the difference after the PIPS).

The volume of gutta-percha was measured with an in-
dustrial micro CT (Nikon XT H 225, USA) using a target
with 0.7 μm focal spot size and 400 mm × 300 mm 14 bit
flat panel detector with 127 μm pixel size. The samples
were measured at 80 kV and 60 μA using 1600 projections
at 1 s exposure time. The geometrical magnification was
≈ 100 yielding structural resolution of 1.2 μm. All samples
were measured at the same position and at the same radia-
tion settings. Similar postprocessing was performed on all
measurement sets: beam hardening reduction was per-
formed using Hanning filter, noise reduction was applied
using median filter, and surface detection was made using
an adaptive search algorithm (Volume Graphics VGMax
2.2). During analysis, the filling material was treated as
an inclusion in base tooth material; this was possible be-
cause of very distinct grayscale values of tooth and filling
material (10,000 and 40,000, respectively). Grayscale val-
ue of tooth was used as base material, and then a simple
threshold algorithm was used to detect any occurrence of
gutta-percha in interior tooth volume. Results are
expressed as reduction of filling material volume on canal
walls after the PTU retreatment and after the PIPS.

Statistical analysis

The results between the groups were analyzed by the Kruskal-
Wallis test with additional post-hoc Mann-WhitneyU test. All
p values lower than 0.05 were considered statistically signif-
icant. The program IBM SPSS Statistics verzija 23.0 (www.
spss.com) was used.

Results

Micro-CT scans of the filling remnants on root canal walls
after the PTU retreatment and after the PIPS for all three
groups are shown in Figs. 1, 2, and 3.

Table 1 shows minimal, median, and maximal values
of the remaining filling material after rotary PTU
retreatment and PIPS, for all groups. There were no sta-
tistically significant differences in the baseline filling vol-
ume between the three materials (p > 0.05), indicating the
approximately similar volume of the root canals in all
groups. There were statistically significant differences
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(p < 0.001) in the volume of the remaining material be-
tween the groups, after the PTU retreatment and the PIPS.

Table 2 shows the reduction of the filling volume after the
PTU retreatment (compared to the initial volume) and after the
PIPS (compared to the volume after the PTU retreatment) with
the level of significance (p). There was a statistically signifi-
cant reduction of the volume of all three filling materials after

the PTU retreatment and after the PIPS (p < 0.05). After the
PTU retreatment, the MTA Fillapex group showed the least
amount of the remaining material (p < 0.001) compared to
other materials. There were no statistically significant differ-
ences in the amount of the remaining filling materials between
EndoSequence BC and the AH Plus group after rotary phase
of the retreatment (p > 0.05). The PIPS was the most

Fig. 2 Three dimensional model of a tooth with filling remnants (colored according to the volume of material under investigation) in MTA Fillapex
group. a After obturation. b After the ProTaper retreatment. c After the PIPS

Fig. 1 Three dimensional model of a tooth with filling remnants (colored according to the volume ofmaterial under investigation) in EndoSequence BC
group. a After obturation. b After the ProTaper retreatment. c After the PIPS
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successful in the removal of the MTA Fillapex material
(p < 0.05), followed by the EndoSequence BC, and the least
removed, AH Plus material (p < 0.05).

Discussion

Previous studies have shown that filling material often
remained on the root canal walls regardless of the retreatment
technique used [3, 9, 11, 33]. This was confirmed in our study,
in which bioceramic material and epoxy resin material could
not be removed completely by the use of rotary retreatment
technique without using a solvent. However, the results have
to be perceived carefully considering the fact that the partial
tooth crown removal, which was performed in order to stan-
dardize the samples, could potentially facilitate root canal
retreatment and underestimate the volume of filling remnants.

After the rotary retreatment, the least amount of the remaining
material was recorded in group filled with MTA Fillapex
(complete removal of the material in one sample). Similar
results were reported by Prasanna et al. [14], who found great-
er removal of MTA Fillapex with ProTaper rotary retreatment
technique compared toMTA Plus. The authors explained their
results by the lower adhesion capacity [34] and questionable
biomineralization [14] of the MTA Fillapex in root canal due
to the low concentration of the MTA (13.2%). Probably, it is
too small concentration of MTA for the initiation of biomin-
eralization, which could be the reason of its lower bond to the
root canal walls [14].

The results of this study did not show the difference in the
retreatability of the EndoSequence BC and AH Plus filling
material using rotary technique. Several previous studies also
showed limitations of rotary and reciprocating retreatment of
the calcium silicate-based filling material from the root canal

Fig. 3 Three dimensional model of a tooth with filling remnants (colored according to the volume of material under investigation) in AH Plus group. a
After obturation. b After the ProTaper retreatment. c After the PIPS

Table 1 Volume of filling
remnants (mm3) after the
obturation, the ProTaper
retreatment, and the PIPS

Group Minimum Maximum Percentiles

25th 50th (median) mm3 75th

Baseline volume EndoSequence 5.430 13.440 5.750 6.640 12.095

MTA Fillapex 4.130 13.740 7.433 8.600 12.830

AH Plus 5.380 16.600 6.455 7.570 11.550

ProTaper

retreatment

EndoSequence 0.370 2.810 1.270 1.480 2.470

MTA Fillapex 0.000 0.810 0.018 0.210 0.393

AH Plus 0.920 4.690 1.270 1.460 2.710

PIPS EndoSequence 0.000 1.090 0.220 0.480 1.045

MTA Fillapex 0.000 0.320 0.008 0.075 0.165

AH Plus 0.730 4.400 1.170 1.390 2.540
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compared to resin and zinc-oxide-basedmaterials [12, 13, 26].
Kim et al. [26] evaluated the retreatment ability of the
EndoSequence BC and AH Plus material with rotary tech-
nique by scanning electron microscopy. They concluded that
both materials showed similar retreatment characteristics due
to the similar penetrability in dentinal tubules. Ersav et al. [35]
also did not find a difference in the retreatment ability between
AH Plus and EndoSequence BC material, evaluated by a ra-
diograph. The similar results of the abovementioned studies
were probably due to the similar adhesion and sealing ability
of the AH Plus and the bioceramic material [36, 37].

The use of Nd:YAG and Nd:YAP lasers in root canal
retreatment has been evaluated and described in the late 90s
[38, 39]. Although the wavelengths of these lasers are well
absorbed in pigmented material (gutta-percha), the problem
was the photo-thermal effect of the irradiation on the gutta-
percha which resulted in carbonization and partial dissolution
of the material and dentin causing its difficult removal from
the canal [39]. In this study, we evaluated the efficacy of the
Er:YAG laser in combination with NaOCl (PIPS). The PIPS
protocol is based on the creation of photo-acoustic shock
waves in the irrigant in root canal which causes rapid move-
ment of the fluid and the secondary cavitation effect without
thermal effect [27]. The results of this study showed signifi-
cant additional removal of the three tested filling materials
after the PIPS protocol. Although the highest total reduction
rate was recorded in the MTA Fillapex group (median
99.25%), it is apparent (Table 2) that the EndoSequence BC
showed bigger reduction, after the PIPS, compared to the re-
duction rate after the PTU (from 78.55 to 96.43%). Therefore,
from the clinical point of view, the PIPS could be a valuable
additional technique for the retreatment of the bioceramic
material.

According to our knowledge, there have been only two
studies published so far on the use of the PIPS in the root canal
retreatment [31, 32], both of them evaluated the removal of

epoxy resin-based sealer. Keles et al. [31] compared the PIPS,
the Er:YAG laser-activated irrigation, and the Nd:YAG laser
in the removal of AH Plus material and gutta-percha after
rotary retreatment. Their results showed significant additional
removal of the material in all groups; however, the most effi-
cient protocol was with the deep position (3mm from theWL)
of the fiber tip in canal. In another study by Jiang et al. [32],
the PIPS was more efficient compared to passive ultrasonic
irrigation and sonic irrigation in the removal of the AH Plus
material after ProTaper retreatment.

Conclusion

Using the rotary retreatment technique, the MTA Fillapex was
most easily removed from the root canal, and there was no
difference between removing the EndoSequence BC and the
epoxy resin material.

The PIPS improved the removal of the remaining filling
material after the retreatment with rotary instruments.
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