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ABSTRACT 
Objective: The aim of the present study was to evaluate the effect of   Er-YAG laser activated irrigation 
of sodium hypochlorite solution on the push-out bond strength of furcal perforations repaired with MTA 
and Biodentine.  
Materials and Method: 50 freshly extracted human mandibular teeth with divergent roots were 
selected. Furcal perforations were created with the help of number three round diamond bur. Half of 
the samples were repaired with MTA and the other half with biodentine. Each group was divided into 
five subgroups. 1) Normal saline 2) 3% NaOCl 3) Normal saline with laser activated irrigation 4) 3% 
NaOCl with laser activated irrigation 5) no irrigation (control group). Push-out bond strength test 
assessed the bond strength of the specimens.  
Results: Biodentine showed significantly higher push-out bond strength than pro root MTA (p< 0.05). 
Laser-activated irrigation of 3% NaOCl and normal saline did not significantly influence the push-out 
bond strength (p> 0.05).  
Conclusion: Biodentine presented significantly higher resistance to dislocation than MTA as repair 
material in furcation defects. ErYAG laser activated irrigation did not significantly influence the push-out 
bond strength of bio dentine or MTA.   
Introduction: 
Perforation in furcation area is one of the common procedural complication that can occur during root 
canal treatment or post space preparation, and this requires skillful management.1 Prognosis of 
perforated tooth depends on several factors, which mainly includes the location of perforation, delay in 
perforation repair, contamination of perforated area and biomaterial used for perforation repair.2In 
order to improve the prognosis of the tooth, perforation should be repaired prior to the endodontic 
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treatment.3,4Repair is carried out with a biocompatible material that can provide adequate seal and 
good resistance to dislodgment.5,6 
MTA has been widely used and accepted as furcation defect repair material. It has shown satisfactory 
results with long term follow up in many studies.7, 8 MTA has various properties which favour its clinical 
use, however it has disadvantages, such as long setting time and discoloration potential.9Biodentine, a 
calcium based cement was introduced to overcome the drawbacks associated with MTA. It has superior 
handling property, reduced setting time and improved mechanical strength.10, 11 Therefore biodentine 
can be used in most of the cases indicated for MTA, including perforation repair.11 
Perforation repair should be carried out prior to completion of endodontic treatment which requires 
irrigation of the root canal system.4 Studies have shown that contact with irrigating solution may alter 
the properties, and adhesion of the set material to the dentine.12 Therefore, it can be presumed that the 
use of device-assisted irrigation can have a more pronounced effect on the properties of the repair 
material. 
Laser activation of irrigating solution produces transient cavitation effect causing an optical breakdown 
in irrigating solution through absorption of laser energy.13, 14 Cavitation is the process of formation of 
bubbles in the fluid which result in the agitation of liquid and production of shock waves leading in 
depth cleaning and disinfection of root canal system.15 This process makes the irrigation more effective 
in comparison to needle irrigation and passive ultrasonic irrigation. Dostalova et al.showed that Er: YAG 
laser (100mJ energy, 30 pulses, and 4Hz) is effective in disinfecting canals.16Perin et al. evaluated the 
antimicrobial impact of Er: YAG laser and 1% sodium hypochlorite in reducing four types of bacteria and 
one type of fungus. Food and Drug Administration (FDA) in 1997had approved erbium-doped yttrium 
aluminum garnet (Er:YAG) laser (wavelength 2,940nm) for cleaning, shaping, and enlarging the root 
canal.18 
Previous studies investigated the effect of different irrigating solutions on the adhesion and strength of 
perforation repair material.4, 19 But effect of Er-YAG laser has not been evaluated. Therefore, the 
objective of the present study was to assess the effect of laser activated irrigation on pushout bond 
strength of MTA and Bio dentine.  
 
Materials and Method 
Preparation of specimen: 50 freshly extracted, sound human mandibular molars with divergent roots 
were selected. Access opening was done after confirming canal patency by radiograph. Working length 
was recorded with number 10 k file  by subtracting 1 mm from the root apex. The distal and mesial 
canals were enlarged up to ProTaper Next file size X3 (0.30mm tip; Dentsply Maillefer, Ballaigues, 
Switzerland) and ProTaper Next X2 (0.25mm tip), respectively. The tooth was then decoronated 5 mm 
above from the pulpal floor. (Fig 1)Furcal perforations were created by number three diamond bur in 
the pulp chamber floor. The defect was then instrumented with Gates Glidden drill till no 3 to 
standardize the diameter of the defect up to  0.9 mm. The height of the defect was adjusted to 2mm by 
wheel shaped diamond bur. (Fig 2) 



 

15141 
 

      
Fig 1. Showing decoronated sample                 Fig 2. Showing artificial furcal perforation 

 

      
            Fig 3. Mounting in the acrylic block      Fig 4. Tool to apply pressure on universal Testing machine 

 
Teeth were mounted on the acrylic block leaving at least 3 mm space below the furcation for packing of 
gelatin foam against which repair material can be placed.20 (Fig 3)  Perforation defect was created by 
using no 3 round diamond bur at high speed. The pulp chamber and perforation defect were irrigated 
with normal saline. The specimens were then randomly divided into two groups of 20 teeth according to 
two repair material MTA and Bio dentine. Perforations were repaired, and then specimens were stored 
at 37o C for one week. Specimen were then subdivided according to irrigation protocol. a) 5 ml of normal 
saline per canal by the side vented 30 gauze needle by placing the needle tip 1 mm from the apex. b) 5 
ml of 3% NaOCl per root canal by the side vented needle. c) An Er: YAG laser with a wavelength of 2,940 
nm (Fidelis; Fotona) was used to irradiate the root canals with a newly designed 12 mm long, 400 μm 
quartz tip. The laser operating parameters employed for all the samples were as follows: 40 mJ per 
pulse, 20 Hz, at very short pulse mode. The tip was placed into the coronal access opening of chamber 
only and was kept stationary and not moved into the orifice of the canal. During the laser irradiation 
cycles, the root canals were continuously irrigated with normal saline. d) Laser activated irrigationdone 
with the same protocol as with 3%NaOCl as irrigant. e) No irrigation. 
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Push out test: Loading test was applied by the universal testing machine (Instron, Model 1334; Instron 
Corp, Canton, MA). A stainless steel plunger of 0.7 mm diameter was customized to apply force on the 
prepared specimen at the cross head speed of 1mm/ min. (Fig 4) 
Statistical evaluation: Values were analyzed by using SPSS v11.5 software (SPSS, Inc., Chicago, IL). Multi 
variance analysis was used to determine the effect of different factors: repair material (MTA and bio 
dentine), irrigating solutions (normal saline and NaOCl), and skillful technique (needle irrigation and 
laser activated irrigation). 
 

Table 1. Push out bond strength of control and experimental group 

Groups  n Mean ± SD (Mpa ) 

Biodentine -control 5 12.32±1.30 

Biodentine - saline 5 11.92±1.87 

Biodentine – saline LAI 5 11.59±1.20 

Biodentine – NaOCl 5 11.75±1.77 

Biodentine – NaOCl LAI 5 12.37±1.03 

MTA - control 5 7.14±2.02 

MTA - saline 5 6.48±1.60 

MTA - saline LAI 5 6.96±1.32 

MTA - NaOCl 5 6.22±1.64 

MTA – NaOCl LAI 5 5.98±1.45 

 
Result: The push-out bond strength values are summarized in a table1. Irrespective of the irrigating 
solutions and technique used, Bio-dentine yielded significantly higher push out bond strength values 
than pro root MTA (p<0.05). In comparison to control group exposure of the repair material did not 
significantly influence the push out bond strength (p> 0.05). Laser activation of the irrigating solution 
also did not have significant effect on the push out bond strength (p> 0.05).  
Discussion: An ideal perforation repair material should adhere to dentine and should resist dislocation 
under mechanical forces such as condensation forces and when the tooth is under function such as 
flexion.21 For in vitro assessment of the adhesion of test material the push-out bond strength is very 
reliable and efficient method that can be comparable to the clinical situation.22,23 In the present study 
the bond strength of MTA and Bio-dentine as a furcation repair material was tested by the push-out 
test. NaOCl was used for laser activation because it is most widely used root canal irrigation solution. In 
the present study second null hypothesis was rejected as bio dentine showed better resistance to 
dislocation than MTA in control group as well as in laser activated irrigation groups and manual 
irrigation groups. Previous studies also revealed that biodentine in the absence of any irrigating solution 
showed better dislocation resistance. 19, 24, 25 High bond strength of biodentine may result due to its 
smaller particle size which results in enhanced penetration inside dentine and ultimately improved bond 
strength.19 This micromechanical retention can be further reinforced due to crystal growth inside the 
dentinal tubule.26 The higher content of the calcium releasing substance in the bio dentine may also 
result in the increased biomineralization and bond strength.19, 27 
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The Er-YAG laser has been shown to be most effective in the smear layer removal and root canal 
disinfection.16, 17 In previous studies, laser activated irrigation resulted in the higher bond strength values 
associated with the improved cleaning efficiency on the canal walls. In earlier studies, effect on  bond 
strength of repair material has been tested, but the effect of laser activated irrigation was never tested 
30, 32 From this point of view present study was designed to verify the push-out bond strength of set 
calcium silicate based cement. The Er-YAG laser used in this study equipped with the 400µm diameter 
radial and stripped off tip. Using laser at parameters (0.8 W, 40 mJ, 20 Hz) was found to be more 
effective for smear layer removal. This effect can be attributed to the photomechanical effect achieved 
when light energy is pulsed in the liquid. 32,34When activated in a limited volume of fluid, the high 
absorption of the Er: YAG wavelength in water, combined with the high peak power derived from the 
short pulse duration results in a photomechanical phenomenon. A profound “shockwave‑like” effect is 
observed when radial and stripped tips are submerged in a liquid‑filled root canal. As a consequence of 
the very small volume, this effect may remove the smear layer and residual tissue tags and potentially 
decrease the bacterial load within the tubules and lateral canals. 35, 36, 37 In this study the bond strength 
values are very much similar to the previous studies showing that there is no effect due to NaOCl and 
saline irrigation on MTA and Bio dentine.19 It is well proven that prolonged exposure of material and 
dentine to the irrigants may cause alteration in the chemical composition of material.38, 39However, in 
this study exposure is of short duration, and the only coronal surface of the repair material comes in 
contact with theirrigant, so the effect on the bond strength was insignificant. The future studies should 
test different protocol.  
Conclusion: Within the experimental condition of the present study following conclusions are obtained. 
a) Biodentine showed greater resistance to dislocation than MTA as a furcal perforation repair 
biomaterial. b) Laser activated irrigation has no significant effect on the bond strength of MTA and 
biodentine, independent of irrigating solution used. 
 
References:  
1. Kvinnsland I, Oswald RJ, Halse A, Gronningsaeter AG. A clinical and roentgenological study of 55 cases 
of root perforation. Int Endod J 1989;22:75–84. 
2. Sinai IH. Endodontic perforations: their prognosis and treatment. J Am Dent Assoc 1977;95:90–95. 
3. Main C, Mirzayan N, Shabahang S, Torabinejad M. Repair of root perforations using mineral trioxide 
aggregate: a long-term study. J Endod2004;30:80–83. 
4. Yan P, Peng B, Fan B, Fan M, Bian Z. The effects of sodium hypochlorite (5.25%), Chlorhexidine (2%), 
and Glyde File Prep on the bond strength of MTA-dentin. J Endod2006;32:58–60. 
5. Seltzer S, Sinai I, August D. Periodontal effects of root perforations before and during endodontic 
procedures. J Dent Res 1970;49:332–339. 
6. De-Deus G, Reis C, Brandao C, Fidel S, Fidel RA. The ability of Portland cement, MTA, and MTA Bio to 
prevent through-and-through fluid movement in repaired furcal perforations. J Endod2007;33:1374–
1377. 
7. Pace R, Giuliani V, Pagavino G. Mineral trioxide aggregate as repair material for furcal perforation: 
case series. J Endod2008;34:1130–1133. 
8. Yildirim G, Dalci K. Treatment of lateral root perforation with mineral trioxide aggregate: a case 
report. Oral Surg Oral Med Oral Pathol Oral RadiolEndod 2006;102: e55–e58. 



 

15144 
 

9. Parirokh M, Torabinejad M. Mineral trioxide aggregate: a comprehensive literature review—Part III: 
clinical applications, drawbacks, and mechanism of action. J Endod 2010; 36:400–413. 
10. Tran XV, Gorin C, Willig C, et al. Effect of a calciumsilicate- based restorative cement on pulp repair. J 
Dent Res2012;91:1166–1171. 
11. Han L, Okiji T. Bioactivity evaluation of three calcium silicate-based endodontic materials. Int Endod J 
2013;46: 808–814. 
12. Nagas E, Cehreli ZC, Uyanik MO, Durmaz V, Vallittu PK, Lassila LV. Bond strength of mineral trioxide 
aggregate to root dentin after exposure to different irrigation solutions. Dent Traumatol2014;30:246–
249. 
13. De Moor RJ, Blanken J, Meire M, Verdaasdonk R. Laser induced explosive vapor and cavitation 
resulting in effective irrigation of the root canal. Part 2: evaluation of the efficacy. Lasers Surg Med 
2009;41:520–523. 
14. Blanken JW, Verdaasdonk RM. Cavitation as a working mechanism of the Er,Cr:YSGG laser in 
endodontics: a visualization study. J Oral Laser Appl 2007;7:97–106. 
15. Levy G, Rizoiu L, Friedman S, Lam H. Pressure waves in root canals induced by Nd:YAG laser. J 
Endod1996;22:81–84. 
16. Dostalova T, Jelinkova H, Housova D, Sulc J, Nemec M, Duskova J. et al. Endodontic treatment with 
application of Er: YAG laser waveguide radiation disinfection. J Clin Laser Med Surg. 2002;20(3):135–9. 
17. De Moor RJ, Blanken J, MeireM, Verdaasdonk R. Laser induced explosive vapor and cavitation 
resulting in effective irrigation of the root canal: Part 2 – evaluation of the efficacy. Lasers Surg Med 
2009;41:520-3 
18. Perin FM, França SC, Silva-Sousa YT, Alfredo E, SaquyPC, Estrela C, et al. Evaluation of the 
antimicrobialeffect of Er:YAG laser irradiation versus 1% sodiumhypochlorite irrigation for root canal 
disinfection. AustEndod J 2004;30(1):20-2. 
19. Guneser MB, Akbulut MB, Eldeniz AU. Effect of various endodontic irrigants on the push-out bond 
strength of biodentine and conventional root perforation repair materials. J Endod2013;39:380–384. 
20. Ghasemi N, Reyhani MF, Salem Milani A, Mokhtari H, Khoshmanzar F. Effect of calcium hydroxide on 
the pushout bond strength of endodontic biomaterials in simulated furcation perforations. Iran Endod J 
2016;11:91–95. 
21. Vanderweele RA, Schwartz SA, Beeson TJ. Effect of blood contamination on retention characteristics 
of MTA when mixed with different liquids. J Endod2006;32:421–424. 
22. Huffman BP, Mai S, Pinna L, et al. Dislocation resistance of ProRoot Endo Sealer, a calcium silicate-
based root canal sealer, from radicular dentine. Int Endod J 2009;42:34–46. 
23. Pane ES, Palamara JE, Messer HH. Critical evaluation of the push-out test for root canal filling 
materials. J Endod2013;39:669–673. 
24. El-Ma’aita AM, Qualtrough AJ, Watts DC. The effect of smear layer on the push-out bond strength of 
root canal calcium silicate cements. Dent Mater 2013;29:797–803. 
25. Ulusoy OI, Paltun YN, Guven N, Celik B. Dislodgement resistance of calcium silicate-based materials 
from root canals with varying thickness of dentine. Int Endod J 2016;49:1188–1193. [Epub ahead of 
print]. 
26. Atmeh AR, Chong EZ, Richard G, Festy F, Watson TF. Dentin-cement interfacial interaction: calcium 
silicates and polyalkenoates. J Dent Res 2012;91:454–459. 



 

15145 
 

27. Han L, Okiji T. Uptake of calcium and silicon released from calcium silicate-based endodontic 
materials into root canal dentine. Int Endod J 2011;44:1081–1087. 
28. Nagas E, Cehreli ZC, Uyanik MO, Vallittu PK, LassilaLV.Effect of several intracanal medicaments on 
the push-out bond strength of ProRoot MTA and Biodentine. Int Endod J 2016;49:184–188. 
29. Collares FM, Portella FF, Rodrigues SB, Celeste RK, Leitune VC, Samuel SM. The influence of 
methodological variables on the push-out resistance to dislodgement of root filling materials: a meta-
regression analysis. Int Endod J2015 [Epub head of print]. doi: 10.1111/iej.12539. 
30. Martins MR, Carvalho MF, Pina-Vaz I, Capelas JA, Martins MA, Gutknecht N. Outcome of Er,Cr:YSGG 
laser-assisted treatment of teeth with apical periodontitis:a blind randomized clinical trial. Photomed 
Laser Surg 2014;32:3–9. 
31. Akcay M, Arslan H, Mese M, Sahin NN. The effect of photon-initiated photoacoustic streaming, 
ultrasonically and sonically irrigation techniques on the push-out bond strength of a resin sealer to the 
root dentin. Clin Oral Investig2015;19:1055–1061. 
32. AkyuzEkim SN, Erdemir A. Effect of different irrigant activation protocols on push-out bond strength. 
Lasers Med Sci 2015;30:2143–2149. 
33.Gordon W, Atabakhsh VA, Meza F, Doms A, Nissan R, Rizoiu I, et al. The antimicrobial efficacy of the 
erbium, chromium: yttrium‑scandium‑gallium‑garnet laser with radial emitting tips on root canal dentin 
walls infected with Enterococcus faecalis. J Am Dent Assoc 2007;138:992‑1002. 
34. Matsuoka E, Kimura Y, Matsumoto K. Studies on the removal of debris near the apical seats by Er: 
YAG laser and assessment with a fiberscope. J Clin Laser Med Surg 1998;16:255‑61. 
35.Takeda FH, Harashima T, Kimura Y, Matsumoto K. Efficacy of Er: YAG laser irradiation in removing 
debris and smear layer on root canal walls. J Endod1998;24:548‑51. 
36. Takeda FH, Harashima T, Kimura Y, Matsumoto K. A comparative study of the removal of smear layer 
by three endodontic irrigants and two types of laser. Int Endod J 1999;32:32‑9. 
37. Pecora JD, Brugnera‑Junior A, Cussioli AL, Zanin F, Silva R. Evaluation of dentin root canal 
permeability after instrumentation and Er: YAG laser application. Lasers Surg Med 2000;26:277‑81. 
38. Zhang K, Kim YK, Cadenaro M, et al. Effects of different exposure times and concentrations of 
sodium hypochlorite ethylenediaminetetraacetic acid on the structural integrity of mineralized dentin. J 
Endod2010;36:105–109. 
39. Sobhani OE, Gulabivala K, Knowles JC, Ng YL. The effect of irrigation time, root morphology, and 
dentine thickness on tooth surface strain when using 5% sodium hypochlorite and 17% EDTA. Int Endod 
J 2010;43:190–199. 
 
 
 
 
 


