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When root canals are instrumented during 
endodontic therapy, a layer of material com 
posed of dentine, remnants of pulp tissue and 
odontoblastic processes and bacteria is al 
waysformed on the canal walls. This layer has 
been called the smear layer. It has an amor 
phous, iregular and granular appearance 
under scanning electron microscope. The ad 
vantages and disadvantages of the presence 
of smear layer, and whether it should be re 
moved or not from the instrumented root 
canals, are still controversial. Once this layer 
is removed, it should be borne in mind that 
there is a risk of reinfecting dentinal tubules 
if the seal fails. Further studies are needed to 

establish the clinical importance of the ab 
sence or presence of smear layer. This article 
provides anoverview of the smear layer, fo 
cusing on its relevanceto endodontics. Con 
flictstill remains regarding the removal of 
thesmear layer before filling root canals, with investigationsrequired to determine the role 
of the smear layerin the outcomes of root 
canal treatment. 

The term 'smear layer' applies to any debris 
produced iatrogenically by cuttingof dentine 
of root canal wall. Whenever dentine 

is cut 

using hand or rotary instruments mineral 
ized tissues are not shredded or cleaved 

but 

shattered to produce considerable quantities 
of debris 1. 

It was not until the advent of scanning 
electron microscopy that the grinding debris 
was first referred to as ̒ smear layer' by Boyde, 
Switsur and Stewart2 and further defined by 
Eick and others3 who referred to it as 

'smeared layer'.Eicket al reported that smear 
layer was made of particles ranging in size 
from less than 0.5-15um.Scanning electron 
microscopic studies by Bra"'nnstro"m & 
Johnson 4 estimated it to be 2-5um thick ex 
tending a few micrometers into the dentinal 
tubules.The question of keeping or removing 
smear layer is controversial as some authors 

suggest that maintaining the smear layer may 
block the dentinal tubules and may limit bac 

terial or toxin penetration by altering denti 
nal permeability. Others believe that smear 

layer being a loosely adherent structure 

should be completely removed as it can har 
bour bacteria and provide an avenue for leak 
age. It may also limit the disinfection of 
dentinal tubules by preventing sodium 
hypochlorite, calcium hydroxide or any in 
tracanal medicament from penetrating the 
dentinal tubules; it may act as a substrate for 
bacteria allowing their deeper penetration in 
the dentinal tubules. It may also act as barrier 
between filling material and root canal wall 
and thus compromise the formation of a sat 
isfactory seal5. 

MORPHOLOGY OF SMEAR LAYER 

Cameron6 and Mader et al. 7 discussed the 

smear material in two parts: first,superficial 
layer and second, adeep layer in which the 
material is packed into the dentinal tubules. 
Packing of smear debris was present in the 
tubules to a depth of40 um. From a chemical 
point of view smear layer has two compo 
nents, organic and inorganic. Organic part of 
smear layer contains dentine collagen fibers 

and glycosaminoglycane, originating from extracellular matrix. This part presents a base 
for the dominant inorganic component con 
sisting of calcified tissue. 

Bra"nnstro"m & Johnson4 and Mader et 
al.concluded that packing of debris in the 
dentinal tubules isdue to the action of instru 
ments. Components of the smear layer can 
be forced into dentinal tubules to varying dis-
tances to form smnear plugs. In early stages of 
instrumnentation, smear layer on walls of 
canals have a relatively high organic content 
because of necrotic and or viable pulp tissue 
in root canal. 8 

However, it was proposed that penetra 
tion of smear material into dentinal tubules 
could also be caused by capillary actionas ex 
plained by the packing phenomenon ob 
served by Aktener et al.9, who showed that 
penetration could increase up to 1 10 um 
when using surface-active reagents in canal 
during endodontic instrumentation. 

It has been observed that neither manual 
nor mechanical instrumentation techniques 
achieve total debridement of the root canal. 
Manual instrumentation is more effective 
than mechanical instrumentation when cre 
ating a well shaped root, although contradic 

et al concluded that manually filled canals 
had less debris than those cut with rotary techniques10.While comparing various ro 
tary systems, Shariar shahi et alll concluded 
that RaCe instruments leave smear layer with 

lower grades in comparison to FlexMaster 
and ProFile instruments.Dhanyakumar et 
all2concluded that there was no significant 
difference in smear layer production with 
K3, endowave and protaper rotary instru 
mentation.Foschi et al13 also compared and 

concluded that there was no significant dif 
ference between Mtwo and protaper rotary 
NITi instruments for smear layer production. 
A number of investigations have shown 

that pulpal and periradicular pathosis do not 
develop without presence of bacteria. Perez 
et all4 found a mean penetration depth of 
479 um for Streptococcus sanguis after 28 
days of incubation, with a maximum pene 
tration of 737 um. Peters et al15 reported 
presence of bacteria in more than half of their 
samples close to cementum. Drake et al 16 
showed that removal of smear layer opened 
the tubules, allowing bacteria to colonize in 
tubules to a much higher degree (10-fold) 
compared with roots with an intact smear 
layer. 

MICROLEAKAGE OF ROOT CANAL 
FILLINGS WITH AND WITHOUT A 
SMEAR LAYER 
Smear layer act as a reservoir or substrate for 
microorganisms, but it can also obstruct the 
extension of sealer tags into dentinal tubules 
and thereby decreasing adhesion by micro 
mechanical forces. 5 

Studies have shown a significant increase 
in adhesive strength and resistance to mi 
croleakage of AH26 sealer when smear layer 
was removed17. Ayce Unverdi Eldeniz et al 
(2005)18 concluded that AH Plus sealer 
showed highest bond strength in smear layer 
removed surfaces. 

Other investigators have reported that re 
moval of smear layer did not have any signit 
icant effect on microleakage of root canals 
when various sealers and obturation teci 
niques were used19. In contrast to these find 
ings, Timpawat et al (2001 )20 have reporteu 
that remnoval of smear laver has adverse er tory results have also been reported.Ahlquist fects on microleakage of filled root 

canals. 
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These conflicting results might be attributa 
ble to differences in types of sealer and obtu 
ration techniques, means of producing a smear layer, and the diversity of bacteria. 
A meta-analysis by Shahravan et al21, 

41.5% reported a significant diference in 
favour of removing smear layer and 4.7% 
found a significant difference in favour of 
keeping smear layer. Several authors support 
the idea of removing smear layer as it has an 
unpredictable diameter and volume, because 
a great portion of it consists of water22. It 
contains bacteria and necrotic tissue23. It 
may act as a substrate for the bacteria, letting 
them penetrate deeper into dentinal 
tubules24. It may also limit optimum pene 
tration of disinfecting agents, medicaments, 
and root canal filling materials into dentinal 
tubules25.On the other hand, some authors 
believe in keeping smear layer during canal 
preparation, because it can block the dentinal 
tubules, preventing inward and outward 
movement of bacteria and other irritants26. 
However, Williams and Goldman27 re 
ported that smear layer is not a complete 
barrier and can only delay bacterial penetra 
tion. 

NELUENCE OF SMEAR LAYER ON THE 
APICAL SEALING ABILITY OF MTA 
MTA is currently used as a root-end filling 
material or to obturate teeth with open 
apices. The smear layer might act as a "cou 
pling agent" enhancing the bond between the 
MTA and root canal dentine. MTA is a type 
fhydraulic cement that can set in the pres 
nce of water. The reaction results in the for 
mation of hydrated compounds whose 
strength increases with time. The smear layer 
is a more or less moist layer. The moist envi 
ronment caused by the smear layer might 
have a positive effect on the adaptation of 
MTA to the root canal wall. Thus,Tahsin 
Yildirim et al28 concuded that, whenleft in-
tact, smearlayer decreases the microleakage 
of MTA when used as an orthograde root 
canal filling material. 

EFFECT OF SMEAR LAYER ON EN-
DODONTIC SURGICAL TECHNIQUES 
Root end resection results ina smear layer on 
exposed dentine surface. Traditionally a 30 
to 45-degree oblique angle was prepared at 
root end to facilitate visibility and placement 
of root-end flling materials. Recently, appli 
cation of surgical operating microscopes and 
ultrasonic instrumentation systems allow for 
a more conservative root-end preparation, 
resulting in a 0-degree bevel angle at root 
end As root end bevel angle increases, den 
tine permeability increases. Removal of 
smcar laver has been demonstrated to en 

hance cementogenesis and dentoalveolar 
healing as it produces a varied surface topog 
raphy by exposing dentinal tubules at díffer 
ent angles corresponding to the angles of 
root.29 

Zhu et al30 reported that there was no dif 
ference with or without a smear layer for 
growth of osteoblasts on the dentine surface. 
SMEAR LAYER REMOVAL 
To date, no single irrigant has been demon 
strated to be capable of dissolving organic 
pulpal material and predentin as well as dem 
ineralisingorganic calcified portion of canal 
wall. Thuscombinations of various irrigants 
have been recommended to accomplish these 
goals. 

SODIUM HYPOCHLORITE (NaOCI) 
Sodium hypochlorite is considered as an ir 
rigant of choice in contemporary endodontic 
therapy. It is available in concentrations of 
0.5-5.25%.lt cannot completely remove 
smear layer (other than superficial layer), and 
therefore it is used in combination with 
chelate solutions (Ethylene diamine tetracetic 
acid and citric acid) 31. 

CHELATING AGENTS 
It has been reported that EDTA decalcified 
dentine to a depth of 20-30 um in 5 minutes. 
32However, Fraser33 stated that chelating ef-
fect was almmost negligible in the apical third 
of root canals. Different formulations of 
EDTA have been used as root canalirrig 
ants.O'Connell et al 34compared ability of 
various salts of EDTA to remove smear layer. 
They showed that all salts of EDTA were ca pable of removing smear layer from coronal 
two thirds of root canals. Sidney ricardo 
dotto et al 35 stated that there was no statis 
tical significant difference between EDTA so 
lution and gel for smear layer removal. A 
quaternary ammonium bromide (cetrimide) 
has been added to EDTA solutions to reduce 
surface tension and increase penetrability of 
the solution32.McComb & Smith 36reported 
that when this combination (REDTA) wa 
sused during instrumentation, there was no 
smear layer remaining except in apical part 
of canal. 

Calt & Serper37 compared the effects of 
ethylene glycol-bis (B-amino ethyl ether) 
NN,N, N-tetraacetic acid (EGTA) with 
EDTA. The smear layer was completely re 
moved by EDTA, bur it caused erosion of the peritubular and intertubular dentine. 

Tetracyclines are antibiotics effective 
against a wide range of microorganisms. 
Barkhordar et al. 38 reported that doxycy 
cline hydrochloride was effective in removing 
the smear layer from the surface of instru 
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mented canals and root-end cavity prepara 
tions. 

Torabinejad et al. 39developed a new ir 
rigating solution containing a mixture of ate -
tracycline isomer, an acid, and a detergent 
(MTAD). Their work concluded MTAD to 
be an effective solution for the removal of the 
smear layer. It does not significantly change 
the structure of the dentinal tubules when the 
canals are irrigated with sodium hypochlorite 
and followed with a final rinse of MTAD40. 

Chlorhexidine has also been studied as a 
material which helps in removal of smear 
layer. It was observed that Chlorhexidine was 
not effective in smear layer removal, in 
factYamashita et al (2003) concluded that 
worst cleaning was seen with Chlorhexidine 
when compared to sodium hypochlorite and 
EDTA41. 

ORGANIC ACIDS 
The effectiveness of citric acidas a root canal 
irrigant has been confirmed to be more ef 
fective than NaOCl alone in removing smear 
layer. Citric acid removed smear layer better 
than polyacrylic acid, lactic acid and phos 
phoric acid42. Yamada et al (1983)43 ob 
served that 25% citric acid-NaOCl was not 
as effective as a 17% EDTA-NaOCl combi 
nation. To its detriment, citric acid left pre 
cipitated crystals in root canal which might 
be disadvantageous to root canal filling. 

Canal walls irrigated with 25% tannic acid 
solution removed smear layer. Sabbak & 
Hassanin44 refuted these findings and ex 
plained that tannic acid increased the cross 
linking of exposed collagen with smear layer 
and within the matrix of the underlying den 
tine, therefore increasing organic cohesion to 
the tubules. 

SODIUM HYPOCHLORITE AND EDTA 
Numerous authors have agreed that the re 
moval of smear layer as well as soft tissue and 
debris can be achieved by alternate use of EDTA and NaOCI. Goldman et al28exam 
ined effect of various combinations of EDTA 
and NaOCl, and the most effective final rinse 
was 10 ml of 17% EDTA followed by 10 ml 
of5.25% NaOCL. Used in combination with 
EDTA, NaOCl is inactivated with EDTA re 
maining functional for several minutes. 

The effect of application time is very es 
sential on smear layer removal.C.S.Teixeira 
et al 45 concluded that canal irrigated with 
EDTA and NaOCd for 1, 3 and 5 minutes were equally effective in removing smear 
layer although they were more effective in re 
moving smear layer in cervical and middle 
thirds than apical third. Another factor es 
sential in removal of smear layer is 'volume' 
of irrigant. Larger volumes of NaOCl and 
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EDTA yielded cleaner canals than smaller 
volumes (Yamada 1993) 43 

ULTRASONIC SMEAR LAYER 
REMOVAL 
Ultrasonic devices were first introduced in 
endodontics by Richman in 1957.A contin 
uous flow of NaOCI activated by an ultra 
sonic delivery system was used for 
preparation and irrigation of canals. Smear 
free canal surfaces were observed using this 
method. While concentrations of 2-4% 
sodium hypochlorite in combination with 
ultrasonic energy were able to remove smear 
layer, lower concentrations of the solutions 
were unsatisfactory46. 

Cameron7 also compared the effect of 
different ultrasonic irrigation periods on re 
moving smear layer and found that a 3 
minute and 5-minute irrigation produced 
smear-free canal walls, whereas an l-minute 
irrigation was ineffective. Whereas, Hong 
Guan Kuah et al 47concluded that lminute 
use of EDTA With ultrasonics is efficient in 
removal of smear layer and debris removal in 
the apical region of root canal. In contrast to 
these results, other investigators found ultra 
sonic preparation unable to remove smear 
layer48. 

LASERS 
Lasers can be used to vaporize tissues in the 
main canal, remove the smear layer and elim 
inate residual tissue in apical portion of root 
canals. The effectiveness of lasers depends on 
many factors, including the power level, the 
duration of exposure, the absorption of light 
in the tissues, the geometry of the root canal 
and the tip-to-target distance 49. 

Tewfik et al. 50 used variants of 
neodymium-yttrium-aluminium-garnet 
(Nd: YAG) laser and reported a range of 
findings from no change or disruption of 
smear layer to actual melting and recrystal 
lization of dentine. 

Takeda et al5 lusing erbium yttrium- alu 
minium-garnet (Er: YAG) laser, demon 
strated optimal removal of smear layer 
without mnelting, charring or recrystallization 
associated with other laser types.Kimura et 
al. 52also demonstrated the removal of the 
smear layer with an Er: YAG laser. Although 
they showed removal of smear layer, pho 
tomicrographs showed destruction of per 
itubular dentine. 

OXIDATIVE POTENTIAL WATER 
Oxidative potential water (OPW) has bacte 
ricidal activity.According to Becking et al ,the 
scientific basis for the development of OPW 
is that microorganisms cannot survive in an 
aqueous environment with both low pH (less 

than 3) and high oxidation-reduction poten 
tial (greater than 0.9 V) 53. 

Hataet al54 showed that OPW effectively 
removed smear layer from instrumented 
canal walls when used as an irrigant. They 
concluded that ultrasonic irrigation with 
OPW was less effective in removing smear 
layer than syringe irrigation. 
CONCLUSION 
Root canal instrumentation produce a layer 
of organic and inorganic material called the 
smear layer that may also contain bacteria 
and their by-products. The question of keep 
ing or removing smear layer is controversial. 
Although most authors suggestthat re 
movalof smearlayer can result in a more 
thorough disinfection of root canal system 
and the dentinal tubules, whichwould ensure 
a better adaptation between obturationma 
terials and root canal walls .Some debate also 
exists on how to best remove the smear layer. 
Current methods of smear layer removal in 
clude chemical, ultrasonic and laser tech 
niques etc but the method of choice seems to 
be the alternate use of EDTA and sodium 
hypochlorite solutions.Further,clinical inves 
tigations are needed to determine the role of 
smear layer in the outcome of root canal 
therapy. 
REFERENCES 
1. William R Cotton .Smear layer on dentine 
introduction. Operative Dentistry Supple 
ment 3,1984,1-2 

2. Boyde A,Switsur VR,Steward ADG.An as 
sessment of two new physical methods ap 
plied to the study of dental 
tissues.Advances in fluorine research and 
dental caries prevention 1963;1:185-193. 

3. Eick JD,Wilko RA,Anderson CH,Sorenson 
SE.Scanning electron microscopy of cut 
tooth surfaces and identification of debris 
by use of the electron microprobe.J Dent 
Res 1970;49:1359-1368. 

4. Brannstom& Johnson G Effects of various 
conditioners and cleaning agents on pre 
pared dentin surfaces: a scanning electron 
microscopic investigation. J Prosthet Dent 
1974;31: 422-430 

5.D.R.Violich&N.P. Chandler The smear 
layer in endodontics-a review Int Endod 
J:43:2-15; 2010 

6. Cameron JA .The use of ultrasonics in the 
removal of the smear layer: a scanning 
electron microscope study. J Endod 
1983;9, 289-292. 

7.Mader CL, Baumgartner JC, Peters DD. 
Scanning electron microscopic investiga 
tion of the smeared layer on root canal 
walls. J Endod 1984 ;10: 477-483. 

8. Barnes IE (1974) The production of inlay 

cavity bevels. Br Dent J 137, 379-90. 
9. Aktener BO, Cengiz T, Piskin B.The pen 

etration of smear material into dentinal 
tubules during instrumentation with sur 
face-active reagents: a scanning electron 
microscopic study. J Endod 1989;15: 588 
590. 

10. M. Ahlquist, O. Henningsson, K. Hul 
tenby& J. Ohlin. The effectiveness of 
manual and rotary techniques in the 
cleaning of root canals: a scanning elec 
tron microscopy study. Int Endod J 
2001;34: 533-537 

11. Shahriar Shahi, Hamid R. Yavari, Saeed 
Rahimi, Mohammad F. Reyhani,Zahra 
Kamarroosta and Majid Abdolrahimi. A 
comparative scanning electron micro 
scopic study of the effect of three different 
rotary instruments on smear layer forma 
tion, J Oral Sci 2009; 51(1): 55-60 

12. Dhanyakumar NM ,Vasundhara Shiv 
anna ,Saurabh garg. SEM evaluation of 
smear layer formation after using three 
different nickel titanium rotary instru 
ments-endowave, K3 and protaper - An 
invitro study. Endodontology 2010. 28 
38 

13.F Foschi,C. Nucci . SEM evaluation of 
canal wall dentine following use of Mtwo 
and protaper niti rotary instruments. nt 
Endod J 2004;37:832-839 

14. Perez F, Rochd I, Lodter J-P, Calas P, 
Michel G. In vitro study of penetration 
of three bacterial strains into root dentin. 
Oral Surg Oral Med Oral Pathol 
1993;76:97-103. 

15.Peters LB, Wesselink PR, Buijs JF, van 
Winkelhoff AJ. Viable bacteria in root 
dentinal tubules of teeth with apical peri 
odontitis. J Endod 2001;27:76-81. 

16. Drake DR, Wiemann AH, Rivera EM, 
Walton RE. Bacterial retention in canal 
walls in vitro: effect of smear layer. J 
Endod 1994;20:78-82 

17.Gettleman BH, Messer HH, EIDeeb ME. 
Adhesion of sealer cements to dentin with 
and without smear layer. 
Endod1991;17:15-20 

18. Ayce Unverdi Eldeniz, Ali Erdemir, and 
Sema Belli. Shear Bond Strength of Three 
Resin Based Sealers to Dentin With and 
Without Smear Layer.J Endod 
2005;3 1(4): 293-296 

19. Saunders WP, Saunders EM. The effect of 
smear layer upon the coronal leakage of 
gutta percha root filling and a glass 
ionomer sealer. Int Endod J 1992;25:245 
249 

20.Timpawat S,Vongsavan N,Messer HH.Ef 
fect of removal of smear layer on apical 
microleakage.J Endod 2001;27:351-358. 

21. Shahravan A, Haghdoost AA, Alireza AL, 

20 JOURNAL OF INTERNATIONAL COLLEGE OF DENTISTS, VOL. 59, ISSUE NO. 182, DECEMBER 2014 



Rahimi H, and Shadifar F .Effect of 
Smear Layer on Sealing Ability of Canal 
Obturation: A Systematic Review and 
Meta-analysis.J Endod 2007;33(2) :96-105 

22. Cergneux M, Ciucchi B, Dietschi JM, 
Holz J.The influence of smear layer on 
sealing ability of canal obturation. Int 
Endod J.1987; 20, 228-32. 

23. Cunningham WI, Martin H.A scanning 
electron microscope evaluation of root 
canal de'bridement with the endosonic 
ultrasonic synergistic system. Oral Surg, 
Oral Medicine and Oral Pathol 1982; 53, 
527-31. 

24. George S, Kishen A, Song KP.The role of 
environmental changes on monospecies 
biofilm formation on root canalwall by 
Enterococcus faecalis. J Endod 2005; 31, 
867-72. 

25. Wayman BE, Kopp WM, Pinero GJ, Laz 
zari EP.Citric and lactic acids as root 
canal irrigants in vitro. J Endod 1979; 5, 
258-65. 

26. Drake DR, Wiemann AH, Rivera EM, 
Walton RE. Bacterial retention in canal 
walls in vitro: effect of smear layer. J 
Endod 1994;20:78-82 

27. Williams S, Goldman M. Penetrability of 
the smeared layer by a strain of Proteus 
vulgaris. J Endod 1985;11:385–388. 

28. Yildirim T, Oruçoglu H and 
Çobankara FK. Long-term Evaluation of 
Influence of Layer on the Apical Sealing 
Ability of MTA.J Endod 2008;34(12) 
1537-1540 

29. Craig KR, Harrison JW. Wound healing 
following demineralization of resected 
root ends in periradicular surgery. J En 
dodon 1993;19:339-347. 

30. Zhu Q, Haglund R, Chiou JL, and Dean 
JW .Effect of Smear Layer and Direction 
of Dentinal Tubules on Osteoblast Adhe 
sion to Human Dentin Tissue.J Endod 
2000;26(6):318-320 

31. Silva IA, Leonardo MR, Assed S, 
Tanomaru FM. Histological study of the 
effect of some irrigating solutions on bac 
terial endotoxin in dogs. Braz Dent J 
2004; 15:109-114. 

32. von der Fehr FR, Nygaard-o" stby B 
(1963) Effect of EDTAC and sulfuric acid 
on root canal dentine. Orl Surg Orl Med 
Orl Patho; 16, 199-205. 

33. Fraser JG.Chelating agents: their soften 
ing effect on root canal dentin. Oral Surg, 
Oral Med and Oral Pathol 1974;37: 803 
811. 

34. O°Connell M, Morgan LA, Beeler WJ 
and Baumgartner JC A Comparative 
Study of Smear Layer Removal Using 
Different Salts of EDTA J Endod 
2000;26(12): 739-743 

35. Dotto SR,Travassos RMC, de Oliveira 
EPM, Machado ME, and MartinJL.Eval 
uation ofethylenediaminetetraacetic acid 
(EDTA) solution and gel for smear layer 
removal.Aust EndodJ 2007; 33: 62-65 

36. McComb D, Smith DC .A preliminary 
scanning electron microscopic study of 
root canals after endodontic procedures. 
J Endod 1975; 1: 238-242 

37. Calt S, Serper A. Smear layer removal by 
EGTA. J Endod 2000;26: 459-461. 

38. Barkhordar RA, Watanabe LG, Marshall 
GW, Hussain MZ.Removal of intracanal 
smear by doxycycline in vitro. Oral Surg, 
Oral Med, Oral Pathol, Oral Radiol and 
Endod 1997; 84:420-423. 

39. Torabinejad M, Khademi AA, Babagoli J 
et al. A new solution for the removal of 
the smear layer. J Endod 2003 ;29: 170 
175. 

40. De-Deus G, Reis C, Fidel S, Fidel R, Pa 
ciornik S.Dentin demineralization when 
subjected to BioPure MTAD: a longitu 
dinal and quantitative assessment. J 
Endod 2007;33: 1364-1368. 

41. JC Yamashita,M Tanomaru Filho,MR 
Leonardo,MA Rossi.Scanning electron 
microscope study of cleaning ability of 
chlorhexidine as a root canal irrigant.Int 
Endod J 2003;36:391-394 

42. Baumgartner JC, Brown CM, Mader CL, 
Peters DD, Shulman JD .A scanning elec 
tron microscopic evaluation of root canal 
debridement using saline, sodium 
hypochlorite, and citric acid. J Endod 
1984;10: 525-531 

43. Yamada RS, Armas A, Goldman M, Lin 
PS A scanning electron microscopic 
comparison of a high volume final flush 
with several irrigating solutions J Endod 
1983; 9: 137-142. 

44. Sabbak SA, Hassanin MB A scanning 
electron microscopic study of tooth sur 
face changes induced by tannic acid. J 
Pros Dent 1978:79: 169-174. 

45. Teixeira CS,Felippe MC,Felippe WTThe 
effect of application time of EDTA and 
NaOCI on intracanal smear layer re 
moval:an SEM analysis .Int Endod J 2005; 
38(5):285-90 

46. Llyod Baum,Ralph W Philips .Textbook 
of operative dentistry,3rd edition 

47. Hong-Guan Kuah, Jeen-Nee Lui Patrick 
S.K. Tseng, and Nah-Nah Chen.The Ef 
fect of EDTA with and without Ultrason 
ics on Removal of the Smear Layer.J 
Endod 2009 ;35(3): 393-396 

48. Goldberg F, Soares I, Massone EJ, Soares 
IM .Comparative debridement study be 
tween hand and sonic instrumentation of 
the root canal. Endod Dent Traumatol 
1988 ;4:229-234. 

CLINICAL SECTION 

49. Moshonov J, Sion A, Kasirer J, Rotstein I, 
Stabholz A.Efficacy of argon laser irradi 
ation in removing intracanal debris. Oral 
Surg, Oral Med, Oral Pathol, Oral Radiol 
and Endod 1995; 79: 221-225. 

50. Tewfik HM, Pashley DH, Horner JA, 
Sharawy MM. Structural and functional 
changes in root dentin following expo 
sure to KTP/532 laser. J Endod 1993; 19: 
492- 497. 

51. Takeda FH, Harashima T, Kimura Y, 
Matsumoto K .A comparative study of 
the removal of smear layer by three en 
dodontic irrigants and two types of laser. 
Int Endod J 1999;32: 32-39. 

52. Kimura Y, Yonaga K, Yokoyama K, Ki 
noshita J, Ogata Y, Matsumoto K .Root 
surface temperature increase during 
Er:YAG laser irradiation of root canals.J 
Endod 2002;28: 76-78. 

53. Becking LGMB, Kaplan IR, Moor D 
Limits of the natural environment in 
terms of pH and oxidation-reduction po 
tentials.J Geol 1960; 68, 243--284. 

54. G. Hata, S. Hayami, F. S. Weine & T. 
Toda Effectiveness of oxidative potential 
water as a root canal irrigant.Int Endod j 
2001;34 :308-317 

DR RAKESH MITTAL, 
HEAD OF THE DEPARTMENT 
DR HEMANSHI KUMAR, SENIOR 
LECTURER; DEVIKA DHAWAN (POST 
GRADUATE STUDENT) 

DEPARTMENT OF CONSERVATIVE 
DENTISTAY & ENDODONTICS, 
SUDHA RUSTAGI DENTAL COLLEGE. 
FARIDABAD. 

JOURNAI OF INTERNATIONAL COLLEGE OF DENTISTS, VOL. 59, ISSUE NO. 182, DECEMBER 2014 1 



{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

