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Abstract: Background: preparation of root canals is an important step in root canal treatment. Mechanical 

instrumentation of root canals cause an irregular layer of debris, known as the smear layer. As a result, several 

studies reported that preferring the removal of the smear layer. Objective: To study the influence of the energy (100 

mJ) of Erbium, Chromium: Yttrium Scandium Gallium Garnet (Er,Cr:YSGG) laser at short pulse duration (60 μs)  

on smear layer removal of apical third after using Photon induced photoacoustic streaming technique. Materials 

and methods: Eighteen straight single-rooted mandibular premolars were used. The roots length were uniform to 

14mm from the anatomic apex and instrumented using Protaper Gold Rotary NiTi file system to size 40 taper 0.06. 

Er,Cr:YSGG pulsed laser (waterlase iplus Biolase, CA, USA) 2780 nm was used at short pulse duration (60 μs, 5 Hz 

,air and water off) delivered by MD/iplus Glass Tips (MZ6) 600 μm in diameter, length=6 mm, calibration factor= 

1.00. Ultrasonic activator ENDO1 (Guilin Woodpecker Medical Instrument Co., Ltd.china) was used with 

Ultrasonic activator tip ED98 (25#, 2% taper, 18.5mm) (Guilin Woodpecker Medical Instrument Co., Ltd.china). 

The samples were arbitrarily divided into three groups (n=6) and used as follows: (A) conventional irrigation with 5 

ml of 17 % EDTA, (B) passive ultrasonic irrigation with 5 ml of 17 % EDTA,  (C) Er,Cr:YSGG induced 

photoacoustic streaming  with 5 ml of 17 % EDTA. After final irrigation with normal saline and drying, the roots 

were painted with nail varnish externally, and 2% methylene blue dye injected into canal until the canal filled with 

dye. The tooth was splitted at the fourth millimeters from root apex with a diamond disc representing the apical 

third. Picture was taken by Professional Digital SLR camera (Nikon D7100, Nikon Corporation, Thailand) with 40X 

magnification. The dye penetration was measured by using analytical software (measure picture CAD-KAS Kessler 

Germany). ANOVA test was used to analyse repeated measure mean between tested concentration (5.25% NaOCL, 

17% EDTA) and control. Data was expressed as mean±SD. LSD (Least Significant Difference) test was used to 

calculate the significant differences between tested mean. Results: The mean values of the percentage of dye 

penetration area in two experimental groups was higher than the control group, as the follow (20.79±1.15control, 

34.5453±0.45 ultrasonic group, 85.9804±2.69 Er,Cr.YSGG+17%EDTA at 0.5 W). The Percentage of dye 

penetration in Er,Cr:YSGG laser induced photoacoustic streaming with 17% EDTA was significantly high (P value 

0.001), followed by ultrasonic activated group, while control group result in less Percentage of dye penetration than 

both study groups.  Conclusion: In this study, we concluded that Er,Cr:YSGG  pulsed laser  (0.5 W,5 Hz , air and 

water off) at short pulse duration (60 μs) with 17% EDTA using PIPS technique for activation of irrigant in 

endodontic treatment give better result than ultrasonic activation  in smear layer removal.  
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1. Introduction 

   One of the main requirements to reach 

successful root canal treatment is cleaning and 

shaping of root canals. In addition to 

chemomechanical preparation of the root canal, 

hermetic three dimensional filling of the root 

canal is also considered a key factor in successful 

endodontic therapy (Zand et al., 2019). Many 

causes contribute to unsuccessful endodontic 

treatment consist of presence of bacteria in the 

root canals and dentinal tubules, in addition to 

irregular and apical canal (Aksel and Serper, 

2017). Thus, chemical cleansing is required by 

irrigant alongside mechanical preparation. 

Numerous progressions have been existing in 

endodontics field like hand- and engine-

determined instruments and altered irrigating 

solution (Mittal et al., 2018). Study by Plotino et 

al (Plotino et al., 2019) used endodontic files with 

different sizes and tapers concluded that all basic 

root canal preparation techniques were 

accompanying with less smear layer and debris on 

the canal walls in coronal and the middle thirds, 

without variances between them. While in the 

apical third debris and smear layer were always 

present, an apical size of 25 compared to a size 20 

and resulted in significantly cleaner canals walls. 

Irrigation is a critical part of successful 

endodontic treatment as it performs numerous 

important chemical, mechanical and (micro) 

biological functions. Irrigation is similarly the 

only method to reach areas of the root canal wall 

that are not touched and cleaned via mechanical 

instrumentation. The effect of irrigation on the 

smear layer attracted by most of the research on 

endodontic irrigation (Dioguardi et al., 2018). 

Ideal chemical irrigant should have bactericidal 

factor and act as a tissue solvent and lubricant in 

addition to physical flush for debris exclusion 

(Kamble et al., 2017). 

   A mixture of two or more irrigant is vital for 

safe and effective irrigation because no single 

solution has totally desired effects (Topbas and 

Adiguzel, 2017). Sodium hypochlorite (NaOCl) 

irrigation is critical for the success of endodontic 

treatment and several agitation techniques 

developed to improve the efficacy of this 

irrigation (Peeters et al., 2018). Ethylene Diamine 

Tetra-acetic Acid (EDTA) was irrigant of choice 

for smear layer removal, assisted in the removal 

of the inorganic constituents of the smear layer, 

acting as an aide to irrigation (da Silva Beraldo et 

al., 2017)). EDTA decalcifies dentine to a distance 

of 20–30 µm in 5 min(Doumani et al., 2017). 

Using irrigation solutions especially 17% EDTA + 

5.25% NaOCl have been effective in smear layer 

removal, although the mechanical pressure of 

saline was somewhat able to remove smear layer 

(Mirseifinejad et al., 2017). An ultrasonic unit for 

endodontic use for debridement of root canals, 

which designed by Martin et al (Martin et al., 

1980) became available commercially. Root canal 

irrigants agitation or activation by the use of lasers 

is a new conception in endodontic. The 

mechanism of interaction between dental hard 

tissue (enamel, dentine) and Erbium lasers family 

is explosive thermo-mechanical ablation or water-

mediated ablation, the procedure that occurs with 

wavelengths between 2.7 and 3 μm and leads to 

expulsion of mineral particles with conservation 

of their mineral structure (Brugnera Jr et al., 

2003). Paloma et al performed a study in 

comparisons of smear layer and debris removal 

with EDTA and Erbium, Chromium:Yttrium 

Scandium Gallium Garnet (Er,Cr:YSGG) laser. 

They concluded that Er,Cr:YSGG laser displayed 

a better cleanliness in the middle third, with 

statistically significance differences compared to 

17% EDTA (Montero-Miralles et al., 2018) . The 

laser effect in smear layer removal can be more 

efficient way than other conventional agitation 

(Grinkevičiūtė et al., 2019). In 2020, Ayca Yilmaz 

et al have considered the efficiency of many final 

irrigation methods on penetration of sealer by 

using a confocal laser scanning microscopy. They 

found that higher penetration rates in all the 

experimental groups than the control group with 

maximum penetration depth of 652 μm  (Yilmaz 

et al., 2020). The current study was investigated 

the influence of the energy of Erbium, Chromium: 

Yttrium Scandium Gallium Garnet (Er,Cr:YSGG) 

laser at short pulse duration on smear layer 

removal of apical third using single-rooted human 

mandibular premolars with (17%EDTA). 

2. Material and method: 

   Eighteen single-rooted and canal completely 

formed, mandibular premolar straight teeth were 

extracted for orthodontic or periodontics 

purposes. The teeth were examined clinically and 
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radiographically to ensure that there is no root 

fracture, open apex, and/or root resorption. Then, 

they were stored in a plastic container containing 

0.1% thymol solution until the performing of the 

experiment.   

   The roots length was standardized to 14 mm 

from the anatomic apex. The exact apical 

foramen location and canals patency were 

recognized by using a stainless steel K-file #10 

(dentsply, Maillefer, Ballaigues, Switzerland) 

and the correct working length was standard by 

deducting 1mm from the length previously 

determined.  

   The canals were instrumented mechanically by 

Rotary Protaper Gold NiTi endodontic files (SX, 

S1, S2, F1, F2, F3, and F4) (Fanta, China) to size 

F4 (size 40, 0.06 taper). The canal was irrigated 

by 2.0 ml of 5.25% NaOCl (Chloraxid Extra, 

PPH Cerkamed, Stalwa Wola , Poland) at each 

instrument change. 

   Ultrasonic activator ENDO1 (Guilin 

Woodpecker Medical Instrument Co., Ltd.china) 

was used with Ultrasonic activator tip ED98 

(25#, 2% taper, 18.5 mm) (Guilin Woodpecker 

Medical Instrument Co., Ltd.china). Er,Cr:YSGG  

pulsed laser (waterlase iplus Biolase, CA, USA) 

2780 nm was used at short pulse duration (60 μs) 

delivered by MD/iplus Glass Tips (MZ6) 600 μm 

in diameter , length=6 mm, calibration factor= 

1.00.setting was Power=0.5 W for EDTA group, 

pulse duration: 60 μs, repetition rate: 5 Hz. water 

and air was off. We did pilot study on different 

laser powers (0.25 W, 0.5 W, 0.75 W, 1 W, 1.25 

W) and conclude that the best power for  

activation of 17% EDTA irrigant using PIPS  is 

0.5 W.  

   The specimens were arbitrarily divided into 

three groups:  

G1:- control group (n=6)  

   The samples were irrigated with 5 ml  of 17% 

EDTA (Disodium edetate, PPH Cerkamed, 

Stalwa Wola, Poland) for 1 min  by Side-vented 

irrigation needle which was positioned shorter 

than  2 mm of the working length of the root 

canal. Then we deliverd 5 ml of distilled water 

by same type of syringe and with paper point F4 

(Diadent, Korea) the canal was dried.   

G2:-ultrasonic activation (n=6)  

   The samples were irrigated with 5 ml of 17% 

EDTA for 1 min. The ultrasonic system was used 

according to the instructions of manufacturer.  

After injection of the solution into root canal the 

Ultrasonic, activator tip ED98 was fitted 

passively inside canal, 2 mm lesser than the 

working length, then the tip was move up and 

down motion in a small range. after 20 seconds , 

we stop to clean the root canal .A root canal  was 

irrigated for 3 times and each time takes 20 

seconds. Then we delivered the final rinse (5 ml 

of distilled water) and with paper point F4 the 

canal was dried.  

G3:- 17% EDTA+ pulsed Er,Cr:YSGG laser 

2780 nm (n=6).   

   The samples were irrigated with 5 ml EDTA 

17% and agitated with Er,Cr:YSGG pulsed laser 

2780 nm for 1-minute .The delivery was by 

MD/iplus Glass Tips (MZ6). The fiber tip was 

inserted just into canal orifice. Then we delivered 

the final rinse (5 ml of distilled water) and with 

paper point F4 the canal was dried. Each fiber tip 

was used for only one canal, after that discarded. 

3. Permeability test experiment 

  The test was prepared to assess the dye 

penetration area in apical third of root canal. The 

wax was used to seal Root apex. Two layers of 

nail paint were covered the surface of roots and 

left to dry. Then 2% methylene blue dye (India) 

was introduced into the canal by hypodermal 

syringe with needle gauge 23, by placing the 

needle 2 mm inside the canal until the canal filled 

with dye. Then k-file # 20 (dentsply, Maillefer, 

Ballaigues, Switzerland)  was inserted and 

withdrawn one time to confirm that the dye was 

reached to the apical root third (Esteves-Oliveira 

et al., 2010)  

   (Zmener et al., 2008). After that, the dye was  

left inside the canal for 20 min. at (27-29 
ₒ
c). 

When time passed, they was washed 

comprehensively below running tap water to 

clean external root surface and with absorbent 

paper cone, the root canal was dried constantly 

until the cone appears white.  
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Root sectioning for permeability test    

   The tooth was split transversally at the fourth 

millimeters from root apex with the aid of 

diamond disc (China) just below the guiding line 

representing the apical third. Pictures were taken 

by Professional Digital SLR camera (Nikon 

D7100, Nikon Corporation, Thailand) for each 

sample with 40X magnification.  

Radicular dentin permeability measurements 

and evaluation    

   The images were opened with measure pictures 

V 1.0 software (CAD-KAS Kassler Computer 

software GbR, Germany) (Figure1), for 

computing of radicular dentin Permeability. The 

dye penetration area and the total root section 

area were calculated then subtract the root canal 

whole area from both earlier mentioned areas to 

acquire the actual area of dye penetration and 

root section figure (2).  

First, calibration done by numerical scale to 

change pixel unit into millimetre figure (1).  

 
Figure (1): Calibration to change pixel unit into 

millimeter by using numerical scale. 
 

Measurement of dye penetration area in square 

millimeter unit was done as seen in figure (2).  
 

 
Figure (2): measurement of dye penetration area 

in square millimeter unit. 

   The dye penetration area shown in figure (3) as 

follow:  

 
Figure (3): Image after transversal cuts and dye 

solution penetration for control group (A), 

17%EDTA+ultrasonic  group  (B), 

17%EDTA+pulsed Er,Cr.YSGG group (C). 

   Statistical analysis: The statistical analysis 

done by SPSS (v 20). ANOVA test was used to 
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analyse dye penetration area between study and 

control groups. Data were expressed as 

mean±SD. LSD test was done to analyse the 

significant differences between tested mean, the 

letters (A, B, and C) represented the levels of 

significant, highly significant start from the 

letter (A) and decreasing with the last one. 

Similar letters mean there are no significant 

differences between tested mean. Values of 

p>0.05 were reflected statically non-significant 

while p≤0.05 and <0.01, 0.001 were reflected 

significantly different, highly significantly 

different correspondingly. Estimate of 

correlation coefficient between difference 

parameters in this study.   

4. Results:   

Permeability test: Dye Penetration in Root 

Section = (Net Dye Penetration Area / Net Total 

Root Third Area) × 100. The Data of permeability 

of root canal dentin stated as percentage of dye 

penetrating area at apical third of root canal.   

   After descriptive and statistical test for the dye 

penetrating percentage, the highest mean 

percentage were presented in activate Erbium 

laser group with 17%EDTA followed by 

ultrasonic group respectively and the lowest mean 

percentage were appeared in control group with 

highly significant difference among groups.  

   In figure (4) the mean values of the dye 

penetration area percentage  among all three 

groups were shown that  the percentage of dye 

penetration area will be increase in ultrasonic 

group and became the highest in 17%EDTA+ 

Er,Cr:YSGG .  

 
Figure (4): Bar chart showing mean percentage of 

dye penetration area. 

   The summary of descriptive and statistical test 

for the dye penetrating area percentage between 

control and experimental groups are shown in 

Table (1).  

Table (1): Descriptive and statistical test of 

Permeability among groups 
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5. Discussion: 

   It is important that the irrigants brought into 

direct contact with the entire canal wall surfaces 

for effective action particularly in the apical 

portions of root canals because of the typically 

challenging complexity of the root canal 

morphology (Karade et al., 2017).  

   Using rotary instruments and chemical irrigation 

in existing instrumentation techniques stay fail of 

successful removal of the smear layer. This result 

seen in the control group (group1) in which the 

conventional method used.  

   The Er,Cr:YSGG laser in the study was  used 

with 600 µm diameter Glass Tips (MZ6) by means 

of subablative parameters ( power 0.5 W)  at short 

pulse duration (60 µs) shown best effect than 

conventional and ultrasonic methods for the smear 

layer removal. The reason could be due to the 

photomechanical effect, which occur after light 

energy is pulsed in liquid (Blanken et al., 2009, 

De Groot et al., 2009). 

   Er,Cr:YSGG wavelength absorption in water, 

mutual with the peak power resulting after the 

short pulse duration used (60 μs), was caused in a 
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photomechanical phenomenon. We conclude that 

the resulted phenomenon was the reason for the 

smear layer elimination in (group 3). A 

reflective“shockwave-like” influence obtained 

after tips immersed in root canal filled with liquid. 

As a result, of the diminutive volume, the effect 

can remove residual tissue and the smear layer and 

decline bacterial contents with the tubules and 

accessory canals (Schoop et al., 2007) (Schoop et 

al., 2009) (Gordon et al., 2007). 

   In this study the smear layer was removed by 

means of photomechanical flowing of the liquids 

where laser activation in coronal access of the root 

and not by thermal vaporization. This light energy 

phenomenon describe as photon induced 

photoacoustic streaming (PIPS). The irradiation 

influence of the Er,Cr:YSGG laser at subablative 

power settings enhanced by the existence of 

EDTA as seen in (group 3). This leads to 

significantly better percentage of dye penetration 

area than all group  because when the specimens 

cleaned with EDTA, the  delivering  and 

transforming of  the laser energy  to thermal 

energy directly into the dentin matrix that existing 

a low mineral constitute because of the effect of 

EDTA (Hülsmann et al., 2003).   

   In conventional treatment procedures, the 

irrigation syringe becomes more active when the 

tip positioned closer to the working length. While 

in laser method, the laser tip not positioned with 

the canal, but restricted to the coronal access 

beyond the orifice to allow simple access of the 

photomechanical effects to happen inside the root 

canal. This can help in cleaning of numerous 

canals shapes.  

6. Conclusion:  

   In this study, its concluded that using 

Er.Cr:YSGG  pulse laser  (0.5 W,5 Hz , air and 

water off) at short pulse duration (60 μs), and 17% 

EDTA using PIPS technique for activation of 

irrigant in endodontic treatment give better result 

than ultrasonic activation.   
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  PIPSنفارية العاج بعذ استخذام تقنيات تنشيط مختلفة بما في رلك تقنية 

 

 حسٍٍ عهً عىاد          صبثشٌٍ صجبػ سشٍذ

 العراق  - بغذاد/ جامعة بغذاد، للذراسات العليامعهذ الليزر 

لُىاد انغزس  عُذ يعبنغخ انغزس. رسجت الأعهضح انًٍكبٍَكٍخحشىاد إعذاد لُىاد انغزس هى خطىح هبيخ فً علاط  :المقذمة

طجمخ غٍش يُزظًخ يٍ انحطبو ، رعشف ثبسى طجمخ انهطبخخ. وَزٍغخ نزنك، ركشد انعذٌذ يٍ انذساسبد أٌ ٌفضم إصانخ طجمخ 

انطجمخ انهطبخخ يٍ انضهش انمًً ( نٍضس فً يذح َجض لصٍشح عهى إصانخ Er.Cr:YSGGطبلخ ) نذساسخ رأصٍش الهذف: خ.انهطبخ

سٍ احبدي انغزس يٍ  صًبٍَخ عشش :طريقةالمىاد وال .PIPS ٌانضىئً انُبعًخ عٍ انفىرى انصىرًزذفك انثعذ اسزخذاو رمٍُخ 

حضشد لُىاد عزوس الاسُبٌ يٍكبٍَكٍب إنى حغى  .يٍ انمًخ انزششٌحٍخ  هىي 41طىل انغزوس إنى  .رى رىحٍذ انضىاحك انسفهٍخ

، كبنٍفىسٍَب، انىلاٌبد انًزحذح الأيشٌكٍخEr.Cr:YSGG  (waterlase iplus Biolase ) انُجضً انهٍضس اسزخذو .0.0614/

يهى،  3يٍكشويزش فً انمطش، طىل =  MD / iplus (MZ6) 600يع ( صبٍَخيٍكشو 34َبَىيزش فً يذح َجض لصٍشح ) 0454

انطجٍخ  ENDO1 (Guilin Woodpeckerانًُشظ ثبنًىعبد فىق انصىرٍخ واٌضب اسزخذو  . 4.44عبيم انًعبٌشح = 

( ورسزخذو عهى انُحى n =3إنى صلاس يغًىعبد )لسًذ انعٍُبد  .(يهى02،#0 ، ٪45.2) ED98انصٍٍ( يع  انًحذودح،

٪  44يم يٍ  2انشي ثبنًىعبد فىق انصىرٍخ انسهجٍخ  يع  EDTA  ،(B)٪  44يم يٍ  2انزبنً: )أ( انشي انزمهٍذي  يع 

EDTA  ،Er.Cr:YSGG(C)    44يم يٍ  2يع   انًسزحشً زذفك انصىرً انضىئانيع رمٍُخ  ٪EDTA.  ثعذ انشي

عشضٍب مسى انسٍ ٌفً انمُبح. رحمٍ ضسلبء ان٪ صجغخ انًٍضٍهٍٍ 0انغزوس يع طلاء الأظبفش خبسعٍب، و رصجغ انُهبئً وانزغفٍف، 

ًهٍُخ انشلًٍخ ان SLRكبيٍشا ث انصىسصى ربخز . انمًًًٍضم انضهش نلشص أنًبط  ثبسزخذاو عُذ انًههًٍزش انشاثع يٍ لًخ انغزس 

ثبسزخذاو انجشيغٍبد انزحهٍهٍخ )لٍبط  خصجغانمبط اخزشاق ٌ .14X، ٍَكىٌ كىسثىسٌشٍ ، ربٌلاَذ( يع انزكجٍش  D7100)ٍَكىٌ 

انُسجخ انًئىٌخ نُفبرٌخ عبط انسٍ  ثٍٍ انًغًىعبد  نزحهٍمٌسزخذو  ANOVAكٍسهش أنًبٍَب(. اخزجبس  CAD-KASصىسح 

كبٌ يزىسظ لٍى انُسجخ انًئىٌخ نًُطمخ  النتائج: الاخزلافبد انهبيخ ثٍٍ انًزىسظ.نحسبة ٌسزخذو  LSD اخزجبس انًذسوسخ.

 يغًىعخ 1.15±20.79يٍ يغًىعخ انزحكى، حٍش رشاوػ ثٍٍ ) يعُىٌب اخزشاق انصجغخ فً يغًىعزٍٍ رغشٌجٍزٍٍ أعهى

 4.2عُذ  Er,Cr.YSGG+17٪EDTA يغًىعخ2.69±85.98  يغًىعخ انًىعبد فىق انصىرٍخ، 0.45±34.54زحكى، ان

يع  انضىئٍخ  انهٍضس انًسزحش ثبنًىعبد انصىرٍخ Er,Cr.YSGG فً يغًىعخ  انُسجخ انًئىٌخ لاخزشاق انصجغخ (.واط

EDTA  لًٍخ عبنً انًعُىٌخ يشرفعب ثشكم كبٌ ٪ 44ثُسجخ(P 0.001 ، رهٍهب انًغًىعخ انًُشطخ ثبنًىعبد فىق انصىرٍخ ، )

 اخزشاق انصجغخ يٍ يغًىعزً انذساسخ.فً َسجخ ألم  يعُىٌبرسغم فً حٍٍ أٌ يغًىعخ انزحكى 

( فً يغهك هشرض، وانهىاء وانًبء 2،واط  4.2)انُجضً  انهٍضس Er.Cr:YSGGاسزخذاو َسزُزظ اٌ  فً هزِ انذساسخ :ستنتاجالا

علاط حشىاد انغزوس و فً يحهىل انشي نزُشٍظ  PIPSثبسزخذاو رمٍُخ  EDTA٪ 44(، و صبٍَخيٍكشو 34يذح انُجض انمصٍش )

 .انهطبخخ رعطً َزٍغخ أفضم يٍ انزُشٍظ ثبنًىعبد فىق انصىرٍخ فً إصانخ طجمخ

 

 

 

 

 


