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INTRODUCTION 

 The disease process of primary interest to the endodontist is apical 

periodontitis. Research in the past three decades has established the 

importance of bacteria in the pathogenesis of apical periodontitis. Apical 

periodontitis is an inflammatory response, usually to bacteria and their 

products located within the root canal system. The bacteriological nature of 

this disease process and the association between oral bacteria, pulpal and 

periapical pathosis is well established. It has been shown that anaerobes are 

the primary etiological agent of apical periodontitis, and it seems logical that 

their elimination or reduction will lead to successful treatment of this 

condition. 
64

  

 Reducing the bacterial count in infected root canals is accomplished by 

a combination of mechanical instrumentation. The reduction in intracanal 

micro-organisms is the major goal of root canal treatment. This can be 

achieved using a proper chemo-mechanical preparation and thus essential for 

successful endodontic treatment.
9,28

 

 The success of endodontic treatment depends on both instrumentation 

and irrigation. Root canal therapy is done to eradicate microbes and to provide 

three dimensionally seal to the tooth.
48 

Instrumentation  is done either through 

hand filing or rotary, when compared with hand filing rotary produces more  

debris. 
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 To achieve complete disinfection of the root canal system 

chemomechanical debridement is used. When dentine is cut using hand or 

rotary instruments, the mineralized tissues are not shredded or cleaved but 

shattered to produce considerable quantities of debris.
48 

  Root canal instrumentation produces a layer of organic and inorganic 

material which contain bacteria and their by -products. It is made up of very 

small particles of mineralized collagen matrix which is spread over the surface 

to form a layer known as smear layer.  

 The first researchers to describe smear layer on the surface of 

instrumented root canals were Mccomb and Smith.
56

 Smear layer prevent the 

penetration of intracanal medicaments into the dentinal tubules and influence  

in adaptation of root canal filling materials.
48

 Elimination of smear  layer from 

the root canal walls is highly important to obtain long term endodontic 

success. Clinically, the shaping experience is measured by safety, cutting 

efficiency, and the fewest number of files required to minimally or fully 

prepare a root canal.
12

  

 Endodontic rotary instruments made of nickeltitanium alloy (Ni-Ti 

rotary instruments) have a number of advantages over conventional stainless 

steel instruments, such as greater flexibility more rapid and centered root canal 

preparation and working length control consistency.
69 

 The introduction of nickel titanium in endodontics has permitted the 

development of NiTi rotary instruments which are considerably more resistant 

to torsional stress and are capable of safely preparing curved canals with less 
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straightening compared with stainless steel instruments. Accordingly, 

traditional instrumentation techniques such as the step-back method are now 

phasing out because of the increasing and expanding use of NiTi instruments. 

Niti endodontic instruments made by machining orthodontic wires, due to its 

low modulus of elasticity, shape memory effect and super elasticity. The 

introduction of NiTi rotary instruments has facilitated endodontic procedures 

by reducing the time for chemo-mechanical preparation, minimizing 

procedural errors associated with hand instrumentation (Thompson 2000, 

Peters 2004) and preparing a smooth dentinal surface (Prati et al. 2004, Pirani 

et al. 2009). However, the major concern for the clinical use of NiTi 

instruments is the unexpected fracture due to torsion or flexural fatigue 

(Parashos & Messer 2006). For this reason, manufacturers are attempting to 

improve design and production processes of new alloys to minimize the risk of 

instrument fracture.
21 

 HyFlex EDM are the only endodontic instruments manufactured with 

an EDM process. HyFlex EDM, mainly composed of martensite and R phase, 

revealed peculiar structural properties, such as increased phase transformation 

temperatures and higher hardness when compared with conventional 

manufactured HyFlex CM. The different phase composition and the improved 

hardness may shed light on the enhanced mechanical behaviour of electro-

discharge machined instruments.
27,29 
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  In WaveOne (WO) NiTi file system, a single NiTi (M-Wire 

technology) file is used in a reciprocating handpiece to completely prepare the 

canal to an adequate size and taper, even in narrow and curved canals. The 

specially designed NiTi files work in a reverse “balanced force” action using a 

pre-programmed motor to move the files in a back and forth “reciprocal 

motion”. The motor is programmed such that the counter clockwise movement 

is greater than the clockwise movement; three reciprocating cycles complete 

one reverse rotation.
55

   

 On the other hand, while a repetitive CW/CCW reciprocating motion 

reduces risks associated with continuous rotation, systems that utilize equal 

CW/CCW angles have recognized limitations.
12

 WaveOne Gold will 

completely change the reciprocation shaping experience, while still fulfilling 

the 3 sacred tenets for shaping canals, namely: safety, cutting efficiency, and 

simplicity. 

 During root canal treatment irrigation plays a major role  in the 

successful debridement and disinfection . Ideal requirements of an irrigant 

includes should be a effective disinfectant  with adequate lubrication and 

flushing action, possess an antibacterial property, have  the ability to dissolve 

organic and inorganic tissue, nontoxic to surrounding tissues and not weaken 

the tooth structure. 

 It should also have low surface tension and should retain its 

effectiveness with dental hard tissue and with other irrigants when mixed with 

it. Sodium hypochlorite (NaOCl) , chlorhexidine  (CHX) and EDTA are the  
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common root canal irrigants used  widely. Unfortunately, no irrigating 

solution is capable of acting both on organic and inorganic elements of the 

smear layer. In order  to remove this layer completely, many authors suggest 

the use of several solutions (Baumgartner & Mader 1987, Abbott et al. 1991, 

Barkhordar et al. 1997). Initially NaOCl is used to remove the organic portion 

of  pulp remnants. But  Sodium hypochlorite may produce cytotoxicity and it 

also creates inflammatory reactions and Ethylenediamine-tetraacetic acid 

(EDTA) is  only effective  for removing the inorganic component of the smear 

layer.  Due to their adverse outcomes, a combination of these irrigants is not 

advisable.
48 

 QMIX  irrigating solution has been introduced as an root canal irrigant. 

Qmix is a new irrigating solution which contains EDTA, CHX, cetrimide and 

a detergent, as it’s composition. The pH  of Qmix is slightly above neutral. It 

also has both antimicrobial properties of CHX and the smear layer removing 

properties of EDTA. The addition of CHX to cetrimide before adding of 

EDTA generally prevents any precipitation formation. The purpose of adding 

a surface active agent in QMiX is to lower surface tension of solutions and 

also to  increase their wettability as  which has been reported by Giardino et al. 

2006.   Abou-Rass & Patonai  in 1982 also stated  that QMix enables better 

penetration of an irrigant in the root canal. Both Hyflex EDM and WaveOne 

Gold are single file system with different rotary movements.
68

 The aim of the 

present in vitro study  was to evaluate the smear layer removal efficacy using 

single file system with three different irrigating solutions.    
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AIM AND OBJECTIVES 

AIM: 

The aim of the study is to evaluate the smear layer removal using 

single file system along with various irrigating solutions viz Naocl, 

EDTA and Qmix. 

OBJECTIVES: 

 To compare smear layer removal using single file system, Hyflex 

EDM and Wave One Gold. 

 To evaluate smear layer removal ability of Qmix, Naocl and EDTA. 
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REVIEW OF LITERATURE 

 McComb D et al (1975)
40

 examined  the endodontically treated root 

canals  by scanninq electron microscopy. Three separate in vitro studies were 

conducted to demonstrate the effects of different instrumentation techniques, 

different irriqatinq solutions, and various chemical treatments used after 

instrumentation. The results indicated that most standard instrumentation 

techniques produced a canal wall that was smeared and often packed with 

debris. Some of the irriqants commonly used in endodontic practice were no 

more effective than water in removinq debris. These included the combination 

irriqatinq procedure usinq sodium hypo- chlorite and hydroqen peroxide. The 

use of a commercial liquid ethylenediaminetetraacetic acid (EDTA.) 

preparation (REDTA) as an irriqant or as a chemical treatmen.t produced the 

cleanest canal walls. He concluded that the most effective cleaninq procedure 

was the use of REDTA sealed in the canal for 24 hours. Canals treated in this 

way were free of a smeared layer and superficial debris. 

 Russell S. Yamada et al (1983)
70

 he tested the efficacy of 

instrumenting the root canal with 1 ml of 5.25% NaOCI solution be- tween 

each instrument and final flushing with 20 ml of various solutions or 

combinations of solutions. Forty recently extracted, single-rooted, human teeth 

with relatively straight canals were divided into a control group and seven 

experimental groups with five teeth in each group. The irrigating solutions 



Review of Literature 

 
 
 

8 
 

used in this study were: physiological saline solution, 5.25% NaOCI, 17 and 

8.5% EDTA (pH 7o7), and 25% citric acid (pH 1.6)  He concluded that the 

scanning electron microscope showed that a final flush with 10 ml of 17% 

EDTA buffered to pH 7.7 followed by 10 ml of 5.25% NaOCI solution was 

the most effective. 

 Bekir Oğuz Aktener et al (1993)
8
 he  observed the effectiveness of 

EDTA and ethylenediamine mixtures in removing the smear layer from 

prepared root canal walls following instrumentation. Thirty-five freshly 

extracted, single-rooted maxillary anterior teeth were used. After the 

preparation of access cavities and establishing the working length, the apical 

foramen of each canal was sealed with casting wax. All canals were then 

sequentially enlarged with K-type files to size 50. The sample was divided 

into seven groups of five teeth. The teeth in the control group were irrigated 

with saline solution. The specimens in the other groups were irrigated with 10 

and 20 ml of three different EDTA-ethylenediamine mixtures. A scanning 

electron microscopic evaluation of the canal walls following irrigation showed 

that the superficial layer was totally removed and the openings of the dentinal 

tubules were patent. Only at the coronal third of the teeth in group 4 and the 

apical thirds in groups 2 and 4 was a moderate smear layer observed. The most 

favorable results were obtained with groups 5, 6, and 7. He concluded  that the 

smear layer can be totally removed by using 10 ml of a four-to-three by 

javascript:void(0);
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volume mixture of EDTA and ethylenediamine for irrigation of instrumented 

root canals. 

 R Garberoglio et al (1994)
20

 conducted a study of six endodontic 

irrigants on smear layers created by hand instrumentation was evaluated in 

vitro in the middle and apical sections of 53 root canals. The irrigants 

evaluated were: 1% and 5% sodium hypochlorite, a combination of 24% 

phosphoric acid and 10% citric acid, 0.2%, 17%, and 3% 

ethylenediaminetetraacetic acid. After instrumentation and treatment with the 

respective irrigants, the root canal specimens were examined by scanning 

electron microscopy to determine the presence or absence of smear layer. The 

two sodium hypochlorite solutions did not remove the smear layer, even when 

5% sodium hypochlorite was scrubbed on the dentinal walls. The 0.2% 

ethylenediaminetetraacetic acid solution was more effective than sodium 

hypochlorite, but it did not completely remove the smear layer, especially at 

the orifices of the dentinal tubules. The other three solutions effectively 

removed the smear layer, but no significant difference was found between 

them (p > 0.05). He concluded that the solution of 3% 

ethylenediaminetetraacetic acid was as effective as phosphoric-citric acid and 

17% ethylenediaminetetraacetic acid. Ethylenediaminetetraacetic acid, 

however, did not show the marked demineralizing effect on the dentinal walls 

and tubules as the acidic solution. 
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 F. H. Takeda et al (1999)
56

 evaluated the effects of three endodontic 

irrigants and two types of laser on a smear layer created by hand 

instrumentation in vitro in the middle and apical thirds of root canals. Sixty 

human mature extracted mandibular premolar teeth with a single root canal 

and a closed apex were distributed randomly into five groups of 12 teeth each. 

The teeth were split longitudinally and prepared for examination by scanning 

electron microscopyIt was concluded that irrigation with 17% EDTA, 

6%phosphoric acid and 6% citric acid did not remove all the smear layer from 

the root-canal system. In addition, these acidic solutions demineralized 

theinterbular dentine around tabular openings, which became enlarged. The 

CO2 laser was useful in removing and melting the smear layer on the 

instrumented root-canal walls and the Er:YAG laser was the most effective in 

removing the smear layer from the root-canal wall. 

 George B. Shuping et al. (2000)
21

 Evaluated the extent of bacterial 

reduction with nickel-titanium rotary instrumentation and 1.25% NaOCl 

irrigation. Forty-two subjects with radiographic and clinical signs of chronic 

apical periodontitis were recruited. The canals were sampled before treatment, 

during and after instrumentation, and after treatment with calcium hydroxide 

and the samples incubated anaerobically for 7 days at 37°C. The initial sample 

confirmed infection of the canals. There was a significantly greater pattern of 

reduction of bacteria when NaOCl was used as an irrigant, compared with 

sterile saline. After instrumentation with NaOCl irrigation, 61.9% of canals 
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were rendered bacteria-free. The placement of calcium hydroxide for at least 1 

wk rendered 92.5% of the canals bacteria free. The results of this study 

indicate that NaOCl irrigation with rotary instrumentation is an important step 

in the reduction of canal bacteria during endodontic treatment.  

 Duarte, Marcos Antonio Hungaro et al (2001)
39 

evaluated the apical 

leakage in teeth obturated after they had been prepared using two different 

endodontic irrigants. Group 1: was instrumented using 0.8% papain gel as an 

endodontic irrigant. Group 2 used the 1% sodium hypochlorite solution as 

irrigant. Both experimental groups were instrumented manually using the step-

back technique; the irrigation was performed after the use of each endodontic 

instrument. The samples were then obturated and immersed into a 2% 

methylene blue solution for 7 days at 37ºC. The results concluded that there 

was no statistical difference between the experimental groups (p>0.05). 

  C. S. Teixeira et al (2005)
57

 Evaluated the effect of application time of 

EDTA and NaOCl on intracanal smear layer removal by SEM analysis. 

Twenty-one extracted human permanent teeth with single straight root canals 

were included. The root canals of the teeth were instrumented and, at the end 

of preparation, were irrigated with 3 mL of 15% EDTA, followed by 3 mL of 

1% NaOCl for1 min (group 1), for 3 min (group 2), and for 5 min(group 3). 

The canals of teeth in group 4 (control) did not receive the final irrigation. The 

teeth were sectioned longitudinally and prepared for an SEM. The dentinal 

wall of cervical, middle and apical thirds was graded according to the amount 
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of debris and smear layer remaining on the walls. The results were analysed 

using the Kruskal–Wallis and Conover–Inman tests. In this limited laboratory 

study, it was concluded that canal irrigation with EDTA and NaOCl for 1, 3 

and 5 min were equally effective in removing the smear layer from the canal 

walls of straight roots.  

 Marcos PozzettiMeneghin et al (2006)
42

 evaluated the cleaning of 

apical third of root canals instrumented with nickel-titanium rotary files using 

different irrigating solutions. Twenty-seven single-rooted mandibular 

premolars were assigned to three groups (n=9), according to the irrigating 

solution used: Group I, distilled and deionized water; Group II, 1% NaOCl; 

and Group III, 3.3% Ricinus communis detergent. Biomechanical preparation 

was performed with ProtaperPlusa nickel-titanium files. After biomechanical 

preparation, the apical thirds were serially sectioned and histologically 

processed. The cross-sections were examined by an optical microscope (X40) 

connected to a computer. The study concluded that 3.3% Ricinus communis 

detergent and 1% NaOCl had similar cleaning effectiveness on removal of 

debris from root canals.  

 Khedmat S
 
et al (2007)

34
 he compared the cleaning efficacy of three 

irrigants used during and after instrumentation. Eighty-four single rooted 

human teeth were randomly divided into 7 groups, 12 cases each, and canals 

were instrumented with M two rotary systems. 5.25% sodium hypochlorite, 

Smear Clear and 17% EDTA were used for irrigation of the canal during and/ 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Khedmat%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24298289
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or after instrumentation. After completion of instrumentation, all canals were 

dried with paper points and prepared to examine by scanning electron 

microscope. All SEM photomicrographs were scored at the coronal, middle 

and apical thirds of canals in each group. The data were statistically analyzed 

using Mann-Whitney and Kruskal-Wallis tests. In the group irrigated with 

Smear Clear alone, the coronal thirds of the canals were significantly cleaner 

than middle thirds (P=0.013) and apical thirds (P=0.028). There were less 

smear layer in the coronal thirds compared to apical thirds (P=0.047) in the 

group irrigated with Smear Clear and NaOCl alternately .There were 

significantly more smear layer in the apical thirds compared to coronal thirds 

(P<0.001) and middle thirds (P=0.007) in the group that Smear Clear and 

NaOCl were used as final irrigations. There was not any significant difference 

between three-thirds of the canals in other groups. Comparison of the all 

groups showed a statistically significant difference (P<0.001) in the amount of 

debris and smear layer remaining at all three levels of the canals. He 

concluded  that a final rinsing by combination of a chelating agent like EDTA 

or Smear Clear and NaOCl is necessary to obtain favorable clean wall of root 

canals. 

 Marcos Pôrto de Arruda et al (2009)
39 conducted a study to evaluate 

the cleaning capacity of Profile .04 files combined with different irrigating 

solutions in flattened root canals using histological, morphometrical and SEM 

analyses. Eighty human mandibular incisors were prepared with Profile .04 
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instruments and randomly divided into 4 groups according to the irrigating 

solutions used (n=20): G1: distilled water (control); G2: 1% sodium 

hypochlorite (naoCl); G3: 1% naoCl alternated with 17% EdtA, and G4: 1% 

naoCl with rCPrep cream. ten teeth of each group were evaluated with an 

optical microscope to determine the percentage of root canal debris. the 

remaining teeth were evaluated under scanning electron microscopy (SEM). 

Data were analyzed statistically by ANOVA and Tukey's test (α=0.01).There 

was a significant difference (p<0.001) among the groups regarding the 

percentage of debris left in the canals .the SEM analysis showed the best 

results for 1% naoCl + 17% EdtA on smear layer removal. He concluded that 

the combination of Profile .04 rotary instrumentation and the tested solutions 

was not able to totally remove debris and smear layer from flattened root 

canals. 

 KK Wadhwani et al (2011)
67

 evaluated the ability of 17% 

ethylenediaminetetraacetic acid  solution and 19% EDTA gel to remove 

debris, and smear layer produced during root canal preparation with two NiTi 

files systems, Mtwo and Protaper. Twenty freshly extracted human anterior 

teeth with single root canal were collected. The crowns were sectioned at the 

cemento-enamel junction, and working length was measured. These samples 

were randomly divided into four groups of five samples each. In each group, 

2ml of 3 % sodium hypochlorite solution was used with first instrument. SEM 

study was done and the collected datawere submitted for statistical analysis. It 
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was concluded that both the NITI instruments produced a similar dentin 

surface on root canal wall when used with EDTA gel and EDTA solution 

Lin Dai, et al (2011)
37

 conducted a study to examine the ability of two 

versions of QMix, an experimental antimicrobial irrigant, on removal of canal 

wall smear layers and debris using an open canal design.  Cleaned and shaped 

single-rooted human root canals were  irrigated with NaOCl as the initial 

irrigant and one of the following as the final irrigant: (1) QMix I (pH = 8), (2) 

QMix II (pH = 7.5), (3) distilled water, (4) 17% EDTA, and (5) BioPure 

MTAD (Dentsply Tulsa Dental Specialties, Tulsa, OK). Smear and debris 

scores were evaluated in the coronal, middle, and apical thirds of 

longitudinally fractured canal spaces using scanning electron microscopy and 

analyzed using Cochran- Mantel-Haenszel statistic. Results: Smear 

scores,when the overall canal was considered, differences were observed 

among groups except groups 1 versus 4 and groups 2 versus 4. After adjusting 

for canal levels, all groups differed significantly from each other (p < 0.005) 

with the exception of groups 2 versus 5. For the debris scores, no significant 

difference was observed among the treatment groups when the overall canal 

was considered and after adjusting for the effect of canal level. This study 

concluded that the two experimental QMix versions are as effective as 

17%EDTA in removing canal wall smear layers after the use of 5.25% NaOCl 

as the initial rinse. 
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  S. Stojicic. et al (2011)
54

 examined the efficacy of a novel root canal 

irrigant, QMiX, against Enterococcus faecalis and mixed plaque bacteria in 

planktonic phase and biofilms, and its ability to remove smear layer. 

Enterococcus faecalis and mixed plaque bacteria were exposed to QMiX, 2% 

chlorhexidine  (CHX), MTAD and 1% sodium hypochlorite (NaOCl) for 5 s, 

30 s and 3 min. Following exposure, samples were taken, serially diluted and 

grown aerobically and anaerobically on tryptic soy agar (TSA) plates or on 

blood agar plates for 24 and 72 h, respectively, to measure killing of bacteria. 

The amount of killed bacteria in biofilms was analysed by confocal laser 

scanning microscopy using viability staining. Dentin blocks were exposed to 

Qmix and   17% EDTA for 5 min. The effectiveness of smear layer removal 

by the solution was evaluated using scanning electron microscopy. The results 

concluded that QMiX and NaOCl were superior to CHX and MTAD under 

laboratory conditions in killing E. faecalis and plaque bacteria in planktonic 

and biofilm culture. Ability to remove smear layer by QMiX was comparable 

to EDTA. 

  Colin Eliot. et al (2013)
14

 evaluated the effectiveness over application 

time of different formulations of a novel endodontic irrigant (QMixTM 2in1) 

composed of a polyaminocarboxylic acid chelating agent, a bisbiguanide 

antimicrobial agent, a surfactant and deionized water to remove the root canal 

smear layer and expose patent dentinal tubules compared to a standard 

solution of 17 % EDTA. Analysis showed all three QMix formulations were 
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superior to EDTA in smear layer removal and exposure of dentinal tubules in 

the root canal system in single-rooted teeth. 

 Veeramachaneni Chandrasekhar. et al (2013)
61

 evaluated the 

biocompatibility of a new root canal irrigant Q mix™ 2 in 1 in comparison to 

0.9% sterile saline, 3% sodium hypochlorite (NaOCl), 2% chlorhexidine 

(CHX), and 17% ethylenediaminetetraacetic acid (EDTA). The results 

concluded that QMix™ 2 in 1 was shown to be less toxic to the rat 

subcutaneous tissue than 3% NaOCl, 2% CHX, and 17% EDTA. 

  Arturo Javier Aranda-Garcia et al (2013)
4
 evaluated the efficacy of 

QMix, SmearClear, and 17% EDTA for the debris and smear layer removal 

from the root canal and its effects on the push-out bond strength of an epoxy-

based sealer by scanning electron microscopy (SEM). Forty extracted human 

canines (n510) were assigned to the following final rinse protocols:                        

G1-distilled water (control), G2–17% EDTA, G3-SmearClear, and G4-QMix. 

The specimens were submitted to a SEM analysis to evaluate the presence of 

debris and smear layer, respectively, in the apical or cervical segments. The 

study concluded that the ability to remove the debris and smear layer by 

SmearClear and QMix was as effective as the 17% EDTA.  

 Vahid Zand et al (2013)
59 

evaluated the effect of an experimental 

irrigation solution, containing two different concentrations of papain, Tween 

80, 2% chlorhexidine and EDTA, on removal of the smear layer.  Thirty-six 

single-rooted teeth were divided into two experimental groups (n=12) and two 
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positive and negative control groups of six. The canals were prepared with 

BioRaCe instruments up to BR7 (60/0.02). In group 1, canals were irrigated 

with a combination of 1% papain, 17% EDTA, Tween 80 and 2% CHX; in 

group 2, canals were irrigated with a combination of 0.1% papain, 17% 

EDTA, Tween 80 and 2% CHX. In group 3 (the negative control), the canal 

was irrigated with 2.5% NaOCl during instrumentation and at the end of 

preparation with 1 mL of 17% EDTA was used; in group 4 (positive control), 

normal saline was used for irrigation. The amount of the remaining smear 

layer was quantified according to Hulsmann method using scanning electron 

microscopy (SEM). The study concluded that combination of 1% papain, 

EDTA, 2% chlorhexidine and Tween 80 can effectively remove smear layer 

from canal walls.  

 A Kara Tuncer et al (2014)
2
 evaluated the effects of QMix, EDTA + 

CHX, EDTA + NaOCl and maleic acid on the microhardness of root canal 

dentine. Forty recently extracted human maxillary canine teeth were 

longitudinally sectioned into 80 segments and then embedded in an 

autopolymerizing acrylic resin. The microhardness of the dentine in the 

specimen was measured with a Vickers diamond indenter at the coronal, 

middle and apical thirds of the roots. Finally, the specimens were divided 

randomly into four groups: 17% EDTA 2.5% NaOCl; 17% EDTA + 2% CHX; 

QMix; and 7% maleic acid. Post-treatment microhardness values were 

obtained and the decrease in microhardness was calculated as a percentage. 
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The study concluded that maleic acid showed the greatest reduction in dentine 

microhardness, it was found that QMix, 17% EDTA + 2% CHX and 17% 

EDTA + 2.5% NaOCl cause the same reduction in the microhardness of root 

canal dentine in the coronal and middle regions. 

M.C. Prado. et al (2014)
46  

compared the effectiveness of QMix on 

Smear layer (SL) removal using passive ultrasonic irrigation (PUI). For SL 

removal, QMix was used for 1 min, with or without passive ultrasonic 

irrigation. Distilled water was used as control (DW). The groups evaluated 

were: NaOCl +DW; CHX+DW; NaOCl + QMix; CHX+ QMix; NaOCl + 

QMix + PUI and CHX+ QMix + PUI. After irrigation protocols, the teeth 

were prepared and analyzed by Scanning Electron Microscopy. The results 

concluded that the use of QMix for 1 min is effective only when associated 

with passive ultrasonic irrigation. 

  Valentina Giuliani et al (2014)
60

 compared the shaping effects of 

wave one and protaper nickel titanium files used in reciprocating and 

conventional movements. Seventy-five S-shaped canals in resin blocks were 

randomly allocated to 3 groups (n = 25): WaveOne (group 1), full sequence of 

ProTaper Universal files in conventional movements (group 2), and full 

sequence of ProTaper Universal files in reciprocating movements (group 3). 

Preoperative and postoperative photographs of the simulated canals were 

taken under standardized conditions, after which they were accurately 

superimposed. Two methods were adopted to evaluate the shaping ability of 
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the 3 approaches: measuring the differences in apical and coronal curvature 

modifications and measuring the amount of resin removed for both curvatures 

on the right and left sides of the simulated canals. He concluded that 

reciprocating motion exhibited better shaping effects than full sequence 

protaper universal Niti files used in a conventional motion. 

  S. B€urklein et al (2014)
9
 compared the shaping ability of three 

different nickel–titanium rotary instruments during the preparation of curved 

root canals in extracted teeth.  A total of 60 root canals with curvatures 

ranging between 25° and 35° were divided into three groups of 20 canals. 

Canals were prepared to a final apical size of 35 using Mtwo, Hyflex CM, and 

Revo-S. Using pre- and post-instrumentation radiographs, straightening of the 

canal curvatures was determined with a computer image analysis program. 

Preparation time, changes of working length and instrument failures were also 

recorded. These data were analysed statistically using ANOVA and Student–

Newman–Keuls test. Under the conditions of this study, Mtwo and Hyflex CM 

respected the original canal curvature well and were safe to use. The use of 

Revo-S instruments required more time to prepare the curved canals and 

resulted in more pronounced canal straightening compared with Mtwo and 

Hyflex CM. 

 Abdulrahman Mohammed Saleh et al (2015)
3
 compared the shaping 

ability of 4 different single-file systems in simulated S-shaped canals. Sixty-

four S-shaped canals in resin blocks were prepared to an apical size of 25 

using Reciproc , Wave-One, One-Shape  and F360 systems. Composite 
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images were made from the superimposition of pre- and postinstrumentation 

images. The data were statistically analyzed by using analysis of variance, 

Tukey, and chi-square tests. Under the conditions of this study, all single-file 

instruments were safe to use and were able to prepare the canals efficiently. 

However, single-file systems that are less tapered seem to be more favourable 

when preparing S-shaped canals.  

 Aby Kuruvilla et al (2015)
1
 assessed the ability of 17% EDTA and 

7% maleic acid in the removal of the smear layer from the human root canal 

system by SEM. Eighty single-rooted human anterior teeth were subjected to 

standardized root canal instrumentation (step-back technique) and were 

irrigated with 2.5% NaOCl after each instrument. After final irrigation, teeth 

were prepared for SEM analysis to evaluate the cleaning of the coronal, 

middle, and apical thirds of radicular dentin by determining the presence or 

absence of smear layer. The data was statistically analyzed using the Kruskall-

Wallis test. It was concluded that a final irrigation with7% maleic acid is more 

efficient than 17%EDTA in the removal of smear layer from the apical third of 

the root canal system, which is a crucial area for disinfection.  

 Ankur Mahesh Banode et al (2015)
5
 compared the effectiveness of 

17% ethylenediaminetetraacetic acid (EDTA) with that of 10% citric acid and 

newer irrigant QMix in the removal of smear layer from root canal wall 

dentin. Twenty single‑rooted teeth were accessed and instrumented with 

crown down technique up to protaper F3. Between each instrument used, the 
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canals were irrigated with 1 ml of 5% sodium hypochlorite (NaOCl). After 

instrumentation, the irrigants used were 1% NaOCl, 17% EDTA, 10% citric 

acid, and newer irrigant QMix. The samples were prepared and observed by 

means of scanning electron microscopy. The study concluded that 17% 

EDTA, 10% citric acid, and QMix
TM

 all chelating agent removes smear layer 

effectively from cervical and middle parts of canal as compared to apical third. 

In future, QMixTM may act as a promising chelating agent as well as 

antimicrobial irrigant. 

  Kailash Attur (2015)
31

 evaluated the efficiency of different 

endodontic irrigants in the removal of smear layer through scanning electron 

microscopic image analysis. The in vitro study was carried out on 45 single-

rooted extracted human mandibular premolar teeth with single canal and 

complete root formation. Teeth were randomly assigned to three groups with 

15 teeth in each group. Group I samples were irrigated with 17% 

ethylenediaminetetraacetic irrigation, Group II with 7% maleic acid irrigation, 

and Group III with 2% chlorhexidine irrigation. Scanning electron microscope 

evaluation was done for the assessment of smear layer removal in the coronal, 

middle, and apical thirds. Comparison of the smear layer removal between the 

three different groups was done by Kruskal-Wallis test, followed by Mann-

Whitney U test for comparing individual groups. The study concluded that 

17% EDTA efficiently removes the smear layer from root canal walls. 
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  Shilpi Gupta et al (2015)
49 

compared the smear layer removal 

efficacies of 5.25% sodium hypochlorite (NaOCl) and QMixTM (Dentsply 

Tulsa Dental Specialties, Tulsa, OK, USA) in the coronal, middle, and apical 

thirds of the root canal using a common irrigation protocol in deciduous teeth. 

Forty extracted human single‑ rooted deciduous teeth were prepared to 40 K 

file. Prepared teeth were randomly divided into two groups (n = 8); 5.25% 

NaOCl (group 1) and QMixTM (group 2). Following final irrigation with 

tested irrigants, the decoronated teeth were split into two halves longitudinally 

and evaluated and assessed for the amount smear layer present under a 

scanning electron microscope (SEM). The SEM images were analyzed for the 

amount of smear layer present using a score system criteria by Rome et al. 

The results showed groups 1 and 2 had statistically significant differences in 

the coronal (P = 0.001) and middle thirds (P = 0.032); however, in the apical 

third the canal surfaces were cleaner in samples from group 2 (P = 0.046) as 

compared to group 1. The study concluded that QMixTM is effective as a final 

irrigation agent for the removal of smear layer in the coronal, middle, and 

apical thirds of the root canals in deciduous teeth. 

  
E Kalyoncuoglu et al (2015)

32
 evaluated and compared in vitro the 

antifungal efficacy of QMix 2in1, 5.25% NaOCl, 2% CHX, and 17% EDTA 

as a final rinse against Candida albicans (C. albicans). Following root canal 

preparation, teeth were inoculated with C. albicans and incubated for 72 h. 

Teeth were irrigated with one of the following solutions as a final irrigant: (1) 
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5.25% NaOCl, (2) 2% CHX, (3) QMix 2in1, and (4) 17% EDTA.  The results 

concluded that QMix 2in1 proved to be effective against C. albicans when 

used as a final rinse. 

 Ying Liu et al (2015)
68  

investigated and compared the antibacterial 

efficacy of QMix and other four final irrigation regimens in reducing 

Enterococcus faecalis within human root canals. Single-canal human teeth 

contaminated with E. faecalis for 4 weeks were prepared chemomechanically 

with sodium hypochlorite (NaOCl). The teeth were randomly assigned into six 

groups according to the final irrigation protocols: (1) EDTA/NaOCl, 17% 

EDTA followed by 5.25% NaOCl; (2) EDTA/chlorhexidine (CHX), 17% 

EDTA followed by 2% CHX; (3) EDTA/cetrimide (CTR), 17% EDTA 

followed by 2% CTR; (4) MTAD; (5) QMix; and (6) control, 0.9% saline. 

Bacterial samples collected before instrumentation and after final irrigation 

were cultured and the colony-forming units (CFUs) were counted. The results 

concluded that the antimicrobial activity of QMix was comparable to that of 

EDTA/CHX and EDTA/CTR and more effective than that of EDTA/NaOCl 

against intracanal E. faecalis.   

 Harpreet singh et al (2016)
27

 estimated that Success in endodontic 

therapy relies on thorough cleaning and shaping of root canal system followed 

by its complete obturation. With increase in number of cases reporting for 

endodontic therapy, dental professionals have to deal with more complicated 

cases such as those with very fine and curved canals. Standard Nickel 
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Titanium rotary endodontic files, because of their shape memory property and 

larger tapers can often not serve well for such difficult cases. He concluded 

that introduction of controlled memory files (Hyflex, Coltene) and the new 

generation Electrical discharge machine files (EDM, Coltene) have 

revolutionized Endodontics. 

  Nidambur Vasudev Ballal et al (2016)
45

 evaluated the canal wall 

smear layer removal capacity and mineral content distribution of root canal 

dentine after irrigation with QMix, 7% maleic acid (MA) and 17% 

ethylenediaminetetraacetic acid(EDTA). Forty singlerooted teeth were 

subjected to root canal instrumentation and divided into four groups: [1] 7% 

MA + 2.5% sodium hypochlorite (NaOCl), [2] 17% EDTA+ 2.5% NaOCl, [3] 

QMix + 2.5% NaOCl and [4] 0.9% saline (negative control). After irrigation, 

the teeth were examined byscanning electron microscopy (SEM) to determine 

the presence or absence of smear layer. There was no significant difference 

between QMix, MA and EDTA in removal of smear layer from coronal and 

middle third of the canal spaces. In the apical third, MA performed better. It 

was concluded that 7% MA had superior smear layer removal ability 

compared with QMix and 17% EDTA. Calcium level was decreased more 

with QMix while phosphorus level was decreased more with 7% MA and 

QMix respectively. 
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 F. Iacono, C. Pirani et al (2016)
29

 evaluated the phase transformation 

behaviour in the microstructure, the nano-hardness and the surface chemistry 

of electro-discharge machined HyFlex EDM instruments with conventionally 

manufactured HyFlex CM.  Raman spectroscopy and field emission scanning 

electron microscope were used to assess the surface chemistry of Hyflex 

EDM. Even Hyflex CM were subjected to  the same investigation and then 

compared with the previous method. Nano indentation data were statistically 

analysed with student’s t-test. XRD analysis on Hyflex EDM revealed the 

presence of martensite and austenite was present in Hyflex CM.This study 

revealed that HyFlex EDM has peculiar structural properties, such as 

increased phase transformation temperatures and hardness. 

  Clifford J.Ruddle et al (2016)
12

 conducted a study to identify the 

critical distinctions between shaping canals using continuous rotation versus a 

reciprocation method. A brushing motion should be utilized to eliminate 

coronal interferences, remove internal triangles of dentin or to enhance 

shaping results in canals which exhibit an irregular cross section.  He added 

that wave one gold will fullfill the 3 sacred tenets for shaping canals. He 

concluded that  WaveOne Gold promises to take the shaping experience to 

profoundly to greater heights. 

 Shaheen Venghat et al (2016)
51

 studied in vitro the effects of four 

endodontic irrigants and on a smear layer created by hand and rotary 

instrumentation  in the middle and apical thirds of root canals. Cleaning and 
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shaping up to size F5 using Protaper Universal System; the root canals were 

irrigated with 3 mL of 5.25% NaOCl, between each file size. Group 1 (G1) 

were irrigated with a final flush of QMix 2in1. The teeth in group 2 (G2) were 

irrigated with a final flush of 0.2%Chitosan, group 3 (G3) with Smear Clear 

and group 4 (G4) with Glyde. The teeth were split longitudinally and prepared 

for examination by scanning electron microscopy. The results of this study 

concluded  irrigation with QMix 2in1, Smear Clear, 0.2%Chitosan, and Glyde 

and 6% did not remove all the smear layer from the root canal system. All 

these irrigants showed less effectiveness in removal of smear layer from apical 

3rd. 

  Sayesh Vemuri et al (2016)
48

 compared the smear layer removal 

efficacy of different irrigating solutions at the apical third of the root canal. 

Forty human single-rooted mandibular premolar teeth were taken and 

decoronated to standardize the canal length to 14 mm. They were prepared by 

ProTaper rotary system to an apical preparation of file size F3. Prepared teeth 

were randomly divided into four groups (n = 10); saline (Group 1; negative 

control), ethylenediaminetetraacetic acid (Group 2), BioPure MTAD (Group 

3), and QMix 2 in 1 (Group 4). After final irrigation with tested irrigants, the 

teeth were split into two halves longitudinally and observed under a scanning 

electron microscope (SEM) for the removal of smear layer. The SEM images 

were then analyzed for the amount of smear layer present using a three score 

system. The results showed that the groups had a statistically significant 
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difference in the smear layer removal efficacy of irrigants tested. The study 

concluded that QMix 2 in 1 is most effective in removal of smear layer when 

compared to other tested irrigants. 

  Yohei Fukumori, et al (2018)
69

 compared the mechanical properties 

of differently-tapered EndoWave nickel-titanium endodontic rotary 

instruments (size #30/0.04 taper and #30/0.06 taper; Group 0.04 and 0.06, 

respectively) no significant differences weredetected in the median counter 

clockwise torque and apical force values (p>0.05). This study revealed that, 

0.04- and 0.06-tapered EndoWave instruments exhibited different mechanical 

properties. 

  Clifford J Ruddle, et al (2018)
12

 measured the shaping experience  

by safety, cutting efficiency, and the fewest number of files required to 

minimally or fully prepare a root canal. The cost associated with preparing any 

given canal is a factor that is influenced by the market, and the clinical and 

business practice models. Methods should be utilized that promote the 

exchange of irrigant, 3-D disinfection, and filling root canal systems. This 

study resulted that WaveOne Gold will completely change the reciprocation 

shaping experience, while still fulfilling the 3 sacred tenets for shaping canals, 

namely: safety, cutting efficiency, and simplicity. 

 Sonali Taneja et al (2018)
53

 assessed the effect of different chelating 

agents on the calcium loss and its subsequent effect on the microhardness of 

the root dentin. Ten single rooted lower premolars were selected. The teeth 

were decoronated and thick transverse sections of 2 mm were obtained, each 
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section was then divided into four quarters, each part constituting a sample 

specimen from the same tooth for each group. The calcium loss of the samples 

was evaluated using the Atomic Absorption Spectrophotometer followed by 

determination of their microhardness using Vickers Hardness Tester. Data was 

analyzed using one–way ANOVA, Post hoc Tukey test and Pearson 

correlation. It was concluded that irrigation with NaOCl + 2.25% PAA caused 

the maximum calcium loss from root dentin and reduced microhardness.  

 Janhavi Balasaheb Jagzap et al (2018)
30

 evaluated and compared 

smear layer removing ability among 17% ethylenediaminetetraacetic acid, 

QMIX, and phytic acid by scanning electron microscopy. This in vitro 

experimental study assessed smear layer removal using three different 

irrigants. Thirty single rooted freshly extracted human permanent premolars 

were collected, disinfected, and decoronated to a standardized root length of 

13 mm. Root canals were cleaned and shaped till F2 universal rotary protaper 

at working length 1 mm short of the apex. They were randomly divided into 

three groups, and final irrigation was done accordingly. It was concluded that 

17% EDTA showed better and promising results followed by QMIX and then 

phytic acid.  

 Sreeha K Kolanu et al (2018)
52

 compared the smear layer removal 

efficacy of different final irrigating solutions at the apical third of the root 

canal through scanning electron microscopic (SEM) image analysis. Forty 

human single-rooted mandibular premolar teeth were taken and decoronated to 

standardize the canal length. Each tooth was prepared endodontically with 
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same chemomechanical technique and the teeth were randomly divided into 

four groups based on the final irrigation regimen. Group I: saline, group II: 

Tubulicid Plus, group III: BioPure MTAD, and group IV: QMix. After final 

irrigation, SEM evaluation was done for the assessment of removal of the 

smear layer at apical third, and data were analyzed using the Kruskal–Wallis 

test and Mann–Whitney U test. He concluded that QMix is the most effective 

final irrigating  solution for smear layer removal followed by MTAD and 

Tubulicid Plus. 
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MATERIALS AND METHODS 

Armamentarium: 

 Sixty extracted single rooted premolar. 

 15 K-file (DENTSPLY Maillefer; Ballaigues, Switzerland) 

 Hyflex EDM file (Coltene/Whaledent, Switzerland) 

 WaveOneGold  file (DENTSPLY Tulsa Dental Specialties Inc., Tulsa)  

 2.5% sodium hypochlorite  irrigating solution (Prime dental PVT LTD 

India) 

 EDTA 

 Qmix 2in 1 irrigating solution (DENTSPLY Tulsa ,USA) 

 Endomotor (X Smart plus) (DENTSPLY) 

 SEM analysis machine. (SEM-S-3400N-HITACHI) 

SELECTION AND PREPARATION OF THE SAMPLES 

 A total of Sixty single rooted human mandibular premolars which 

showed no caries or any developmental defects were used in this study.  Teeth 

were extracted  for orthodontic purpose and it has been approved to be used 

for invitro research. The teeth were then stored in 10% formalin until use. The 

teeth were decoronated and roots were standardized using a diamond disc to 

13mm in length. ISO size #15 K file was used for working length 

determination of each root canal. Before instrumentation, the specimens were 
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divided into two group of 30 teeth each. Under Group A  - thirty teeth were 

prepared using Hyflex EDM file. Under Group B – thirty teeth were prepared 

using WaveOneGold files. 

 Again after instrumentation the specimens were further subdivided 

according to irrigants used  under Group A into three subgroups A1-Naocl, 

A2-EDTA & A3-Qmix. Under Group B it is subdivided into three subgroups 

B1-Naocl, B2-EDTA & B3-Qmix. 

 

The experimental groups are as follows:    

                          

                                                                                             A1 Naocl (10 teeth) 

GROUP A- Hyflex EDM files (30 teeth)                            A2 EDTA (10 teeth) 

                                                                                              A3 Qmix (10 teeth) 

 

                                                                                              B1 Naocl (10 teeth) 

GROUP B- WaveOneGold (30 teeth)                                  B2 EDTA (10teeth) 

                                                                                              B3 Qmix (10 teeth) 
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EVALUATION BY SCANNING ELECTRON MICROSCOPY 

 The prepared teeth were split along the longitudinal axis into two 

halves and they are used for further analysis. The root was then dehydrated in 

the ascending alcohol series for 24 hours. Then, the specimens were left dry 

overnight and then mounted on copper stubs. The samples were then examined 

and photographed using a scanning electron microscope. Then the photo 

micrographs were taken at 2000x magnification at coronal, middle and apical 

thirds of the root canals using the SEM analysis software (Smart SEM User 

Interface). 

CRITERIA FOR SMEAR LAYER EVALUATION: 

The smear layer was scored according to the criteria given by Hulssman 

et al 1997.
 

 Score 1:  indicates no smear layer, and all dentin tubules are open and 

clean. 

 Score 2: indicates a small amount of smear layer, and some dentin 

tubules are open.  

 Score 3: indicates a homogenous smear layer covering the root canal 

wall, and only a few dentin tubules are open.  

 Score 4: indicates a complete root canal wall covered by a 

homogenous smear layer, and no dentin tubules are open.  

 Score 5: indicates a heavy, non-homogenous smear layer covering the 

complete root canal wall. 
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STATISTICAL ANALYSIS 

Data obtained were obtained systematically in Microsoft Excel 

spreadsheet. The dataset was subdivided and distributed and presented as 

graphs and tables. Statistical analyses were done using a personal computer 

with Social Sciences software (SPSS version 22, USA). Normality distribution 

of the data was analyzed and statistical tests were used to find out the 

statistical significance of the results obtained. 
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Collection of Samples (60 single rooted premolars) 

Decoration of the teeth (60 roots) 

Working length determination  (using ISO # 15K file 

Cleaning and shaping done initially up to 20 size (K file) 

Teeth randomly divided into 

2 groups (60 teeth) 

GROUP A (30  TEETH) 

Prepared with HYFLEX EDM 

GROUP B (30  TEETH) 

Prepared with WAVE ONE GOLD 

30 TEETH are further divided into 3 groups 30 TEETH are further divided into 3 groups 

SCANNING ELECTRON MICROSCOPY 

STATISTICAL ANALYSIS 

RESULTS 

A1 

Naocl 

A2 

EDTA 

A3 

Q MIX 

B2 

EDTA 

B1 

Naocl 

B3 

Q MIX 
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ARMAMENTARIUM 

FIGURE 1: TEETH SAMPLES 

 

FIGURE 2:  DECORONATED TEETH SAMPLES 
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FIGURE 3: HAND FILES AND ENDOBLOC 

 

 

 

 

 

 

 

 

 

 

FIGURE 4: ROTARY FILES HYFLEX EDM & WAVEONE GOLD 
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FIGURE 5: ENDODONTIC IRRIGANTS 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 6: ENDOMOTOR (X SMART PLUS) 
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FIGURE 8: CLEANING AND SHAPING WITH SINGLE FILE SYSTEM 

 

 

 

 

 

 

 

 

 

FIGURE 7: CLEANING AND SHAPING WITH #15 FILE 
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FIGURE 9: IRRIGATING WITH ENDODONTIC IRRIGANTS 

 

 

 

 

 

 

 

 

 

 

FIGURE 10: LONGITUDINALLY SECTIONEDTEETH SAMPLES 
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FIGURE 11: SEM ANALYSIS MACHINE 
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SCANNING ELECTRON MICROSCOPY IMAGE 

 

FIGURE 12: HYFLEX- NaOCl GROUP (A1) 

CORONAL THIRD 

APICAL THIRD 

MIDDLE THIRD 
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CORONAL THIRD 

APICAL THIRD 

MIDDLE THIRD 

FIGURE 13: HYFLEX- EDTA GROUP (A2) 
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FIGURE 14: HYFLEX- QMIX GROUP (A3) 
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MIDDLE THIRD 
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FIGURE 15:WAVEONEGOLD - NaOCl GROUP (B1) 
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CORONAL THIRD 

MIDDLE THIRD 

APICAL THIRD 

FIGURE 16: WAVEONEGOLD - EDTA GROUP(B2) 
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CORONAL THIRD 

MIDDLE THIRD 

APICAL THIRD 

FIGURE 17: WAVEONEGOLD – QMIX GROUP (B3) 
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RESULTS 

 This study was carried out to evaluate the smear layer removal ability 

of two different single file system namely Hyflex and Waveone gold system 

using three different irrigating solutions. Then the samples were viewed under 

SEM (scanning electron microscope) and their scores were given according to 

the Hulssman et al criteria (1997). 

The two experimental groups are A- Hyflex  file group, B-Waveone gold file 

group. Each group were subdivided into three divisions, then the samples were 

subjected to three different irrigating solutions namely (Naocl, EDTA and 

Qmix). 

The result of the present study showed that the, distribution of smear layer 

scores in (A1) (Hyflex -Naocl) group were 4(20.0%) and 5(80.0%) in the 

apical third of the root canal, in the middle third of the root canal the scores 

were 4(50.0%) and 5(50.0%) and in the coronal third of the root canal the 

scores were 4(80.0%) and 5(20.0%) (table 1 and graph 1). 

The distribution of smear layer scores in (B1) (WaveOne Gold – Naocl) were 

4(40.0%) and 5(60.0%) in the apical third of the root canal, in the middle third 

of the root canal the scores were 3(20.0%) and 4(80.0%) and in the coronal 

third of the root canal the scores were 3(60.0%) and 4(40.0%) (table 2 and 

graph 2). 
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 The distribution of smear layer scores in (A2) (Hyflex -EDTA) were 

3(70.0%) and 4(30.0%) in the apical third of the root canal, in the middle third 

of the root canal the scores were 2(10.0%) and 3(90.0%) and in the coronal 

third of the root canal the scores were 2(70.0%) and 3(30.0%) (table 3 and 

graph 3). 

 The distribution of smear layer score in (B2) (WaveOne Gold – 

EDTA) were 3(80.0%) and 4(20.0%) in the apical third of the root canal, in 

the middle third the scores were 2(10.0%) and 3(90.0%) and in the coronal 

third of the root canal the scores were 2(70.0%) and 3(30.0%) (table 4 and 

graph 4). 

 The distribution of smear layer score in (A3) (Hyflex – Qmix) were 

2(10.0%) and 3(90.0%) in the apical third of the root canal, in the middle third 

the scores were 2(40.0%) and 3(60.0%) and in the coronal third of the root 

canal the scores were 2(90.0%) and 3(10.0%) (table 5 and graph 5). 

 The distribution of smear layer score in (B3) (WaveOne Gold – Qmix) 

were 2(40.0%) and 3(60.0%) in the apical third of the root canal, in the middle 

third the scores were 1(20.0%) and 2(80.0%) and in the coronal third of the 

root canal the scores were 1(70.0%) and 2(30.0%) (table 6 and graph 6). 

 The mean smear layer score in (Hyflex- Naocl) group were 4.2(0.4), 

4.5(0.5) and 4.2 (0.4) in the apical, middle and coronal third of the root canal. 

The mean smear layer score in the Waveone Gold – Naocl group were 

4.4(0.5), 3.8(0.4) and 3.8(0.4) in the apical, middle and coronal third of the 
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root canal respectively. There was satistically significant difference at the 

middle and coronal third between the groups (p value = 0.0215 and 0.0089). 

whereas there was no significant difference at the apical third between the 

groups (p value = 0.2314) (table 7 ). 

 The mean smear layer score in Hyflex – EDTA were 3.6 (0.4898), 

3.2(0.6), 2.6(0.4898) in the apical, middle and coronal third of the root canal. 

The mean smear layer score in the Waveone Gold – EDTA were 3.3(0.4582), 

2.6(0.4898), 2.5(0.5) in the apical, middle and coronal third of the root canal 

respectively. There was satistically significant difference at the middle third 

between the groups (p value = 0.029). Whereas there was no significant 

difference at the apical and the coronal thirds between the groups (p value = 

0.187 and 0.383) (table 8). 

 The mean smear layer score in Hyflex – Qmix were 2.9 (0.3), 

2.6(0.4898) and 2.1 (0.3) in the apical, middle and coronal third of the root 

canal. The mean smear layer score in Waveone Gold – Qmix were 2.6 

(0.4898), 1.8(0.4) and 1.3 (0.4582) in the apical, middle and coronal third of 

the root canal respectively. There was statistically significant difference at the 

middle and coronal third between the groups ( p value = 0.0089 and 0.0089). 

whereas there was  no significant difference at the apical third between the 

groups (p value = 0.112) (table 9).   

 The difference between the mean smear layer score in the Hyflex 

group using Naocl irrigating solution and Waveone Gold group using Naocl 



Results 

 

39 

 

irrigating solution method in the middle and in the coronal third of the root 

canal was statistically significant difference among the two groups (P = 

0.0039 and 0.0255). There is no significant difference among the groups at the 

apical third (P = 0.091) (table 10). 

 The difference between the mean smear layer score in Hyflex group 

using EDTA irrigating solution and Waveone Gold group using EDTA 

irrigating solution method in the apical and in the coronal third of the root 

canal was not statistically  significant (P = 0.1074 and 0.3445). There was 

significant difference  among the two groups at the middle third (P = 0.0192) 

(table 11). 

 The difference between the mean smear layer score in Hyflex group 

using Qmix irrigating solution and Waveone Gold group using Qmix irrigating 

solution method in the apical third of the root canal was not statistically 

significant (P =0.1271). There was significant difference among the two 

groups at the middle third and at the coronal third of the root canal (P = 0.0018 

and 0.0006) (table 12). 
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Table 1: Distribution of smear scores (in %) in the apical, middle and 

coronal thirds of the root canal in the Naocl, HYFLEX EDM group. 

Smear layer 

score 

Apical third Middle third Coronal third 

1 - - - 

2 - - - 

3 - - - 

4 2(20%) 5(50%) 8(80%) 

5 8(80%) 5(50%) 2(20%) 

 

Graph 1:  Distribution of smear scores in the apical, middle, and coronal 

thirds of the root canal in the Naocl, HYFLEX EDM group. 
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Table 2: Distribution of smear scores (in %) in the apical, middle, and 

coronal thirds of the root canal in the Naocl, WaveOne Gold group 

Smear layer 

score 

Apical third Middle third Coronal third 

1 - - - 

2 - - - 

3 - 2(20%) 6(60%) 

4 4(40%) 8(80%) 4(40%) 

5 6(60%) - - 

 

Graph 2: Distribution of smear scores in the apical, middle, and coronal 

thirds of the root canal in the Naocl , WaveOne Gold group 
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Table 3:  Distribution of smear scores (in %) in the apical, middle, and 

coronal thirds of the root canal in the EDTA , Hyflex EDM group. 

Smear layer 

score 

Apical third Middle third Coronal third 

1 - - - 

2 - 1(10%) 7(70%) 

3 7(70%) 9(90%) 3(30%) 

4 3(30%) - - 

5 - - - 

 

Graph 3:  Distribution of smear scores in the apical, middle, and coronal 

thirds of the root canal in the EDTA, HyflexEDM group 
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Table 4: Distribution of smear scores (in %) in the apical, middle, and 

coronal thirds of the root canal in the EDTA , WaveOne Gold group 

Smear layer 

score 

Apical third Middle third Coronal third 

1 - - - 

2 - 1(10%) 7(70%) 

3 8(80%) 9(90%) 3(30%) 

4 2(20%) - - 

5 - - - 

 

 

Graph 4: Distribution of smear scores in the apical, middle, and coronal 

thirds of the root canal in the EDTA , WaveOne Gold group 
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Table 5: Distribution of smear scores (in %) in the apical, middle, and 

coronal thirds of the root canal in the Qmix , Hyflex  group 

Smear layer 

score 

Apical third Middle third Coronal third 

1 - - - 

2 1(10%) 4(40%) 9(90%) 

3 9(90%) 6(60%) 1(10%) 

4 - - - 

5 - - - 

 

Graph 5: Distribution of smear scores in the apical, middle, and coronal 

thirds of the root canal in the Qmix , Hyflex group 
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Table 6: Distribution of smear scores (in %) in the apical, middle, and 

coronal thirds of the root canal in the Qmix , WaveOne Gold group 

Smear layer 

score 

Apical third Middle third Coronal third 

1 - 2(20%) 7(70%) 

2 4(40%) 8(80%) 3(30%) 

3 6(60%) - - 

4 - - - 

5 - - - 

 

Graph 6: Distribution of smear scores in the apical, middle, and coronal 

thirds of the root canal in the Qmix , WaveOne Gold group 
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Table 7: Mean smear layer score in  Hyflex – Naocl and Waveone – Naocl 

gold group
 

 Hyflex - Naocl 

Group         

(Mean ± SD) 

WaveOne gold – 

Naocl Group 

(Mean ± SD) 

p value 

Apical 4.2(0.4) 4.4(0.5) 0.2314
 

Middle 4.5(0.5) 3.8(0.4) 0.0215* 

Coronal 4.2(0.4) 3.8(0.4) 0.0089* 

#
Wilcoxson signed rank test, 

*
Statistically significant 

 

Table 8: Mean smear layer score in Hyflex - EDTA and  WaveOne Gold - 

EDTA group
 

 

Hyflex  - EDTA 

group 

(Mean ± SD) 

WaveOne Gold - 

EDTA group 

(Mean ± SD) 

p value 

Apical 3.6(0.4898) 3.3(0.4582) 0.187 

Middle 3.2(0.6) 2.6(0.4898) 0.029
*
 

Coronal 2.6(0.4898) 2.5(0.5) 0.383 

#
Wilcoxson signed rank test, 

*
Statistically significant 
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Table 9: Mean smear layer score in Hyflex – Qmix and  WaveOne Gold – 

Qmix group
 

 

Hyflex – Qmix 

group 

(Mean ± SD) 

WaveOne Gold - 

Qmix group 

(Mean ± SD) 

p value 

Apical 2.9(0.3) 2.6(0.4898) 0.112 

Middle 2.6(0.4898) 1.8(0.4) 0.0089
* 

Coronal 2.1(0.3) 1.3(0.4582) 0.0089
*
 

#
Wilcoxson signed rank test, 

*
Statistically significant 

 

 

Table 10: Mean smear layer score in  Hyflex – Naocl  and  WaveOne Gold 

-  Naocl group
 

 
Hyflex – Naocl 

group 

(Mean ± SD) 

Waveone Gold - 

Naocl group 

(Mean ± SD) 

p value 

Apical 4.2(0.4) 4.4(0.5) 0.091
 

Middle 4.5(0.5) 3.8(0.4) 0.0039
*
 

Coronal 4.2(0.4) 3.8(0.4) 0.0255
*
 

#
Mann Whitney Test, 

*
Statistically significant 
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Table 11: Mean smear layer score in  Hyflex - EDTA and WaveOne Gold 

- EDTA group.
 

 Hyflex - EDTA 

group 

(Mean ± SD) 

WaveOne Gold – EDTA 

group 

(Mean ± SD) 

p value 

Apical 3.6(0.4898) 3.3(0.4582) 0.1074
 

Middle 3.2(0.6) 2.6(0.4898) 0.0192
*
 

Coronal 2.6(0.489) 2.5(0.535) 0.3445 

#
Mann Whitney Test, 

*
Statistically significant 

Table 12: Mean smear layer score in  Hyflex - Qmix and WaveOne Gold - 

Qmix group.
 

 

Hyflex – Qmix  group 

(Mean ± SD) 

WaveOne Gold - 

Qmix group 

(Mean ± SD) 

p value 

Apical 2.9(0.3) 2.6(0.48) 0.1271
 

Middle 2.6(0.489) 1.8(0.4) 0.0018
*
 

Coronal 2.1(0.3) 1.3(0.45) 0.0006
*
 

#
Mann Whitney Test, 

*
Statistically significant 
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DISCUSSION 

 The Endodontic therapy encompasses treatment of diseased coronal 

and radicular pulp, such that it retains natural tooth in its form, function and 

aesthetics. It is mainly directed to  cure or prevent periapical periodontitis . As  

Gutmann described, this aim is achieved by debridement of the root canal 

space and neutralization of any remaining tissue, bacteria, bacterial by-

products or inflammatory products within the root canal system by cleaning, 

shaping and subsequent filling of the canal space thus preventing any chances 

of reinfection. The success of Endodontics depends on proper cleaning and 

shaping followed by three dimensional obturation. Chemo-mechanical 

preparation of root canal is done to get a bacterial free environment.
53 

 The concept of cleaning and shaping was introduced by Schilder. 

Cleaning refers to removal of contents of root canal system before and during 

mechanical shaping process, which involves organic substrates, pulp tissue, 

microorganism, necrotic dentin, debris etc. Efficacy of subsequent procedures 

is determined by proper shaping of the canals which includes mechanical 

debridement, creating space for medicaments and optimized canal geometry 

for adequate obturation.   

 Traditionally, the shaping of root canals was done by the use of 

stainless steel hand files. However, techniques using stainless steel hand files 

have several drawbacks. It require the use of numerous hand files and drills to 

adequately prepare the canals (Schilder 1947). Hand instrumentation with 
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stainless steel files is time consuming (Ferraz et al. 2001). Instrumentation 

done by stainless steel hand file have an increased incidence of canal 

transportation. Finally, from a clinical point, the use of hand instruments in 

root canals can be very difficult especially in teeth with difficult access. To 

overcome these clinical problems, endodontic rotary files were introduced by 

William H. Rollins in 1889 with specially designed automated needles which 

has 360 degree rotation with 100 R.P.M. Later in 1960s, the super elastic 

property which is made up of NiTi alloy was discovered by Buehler and 

Wang at US Naval Ordnance laboratory.
21,69 

 There are various types of hand and rotary driven instruments used  for 

root canal treatment . These instruments  when used produces smear layer 

which is composed of organic and inorganic substances, odontoblastic 

processes, microorganisms and necrotic material. Whenever the Dentin is cut 

using hand or rotary instruments the mineralised tissue is shredded to produce 

considerable quantities of debris .The debri contain small particles of 

mineralized collagen matrix which is spread over a surface to form smear 

layer. The smear layer in the cavity and in the root canal are different since 

there is presence of dentinal tubules in the root canal there is more amount of 

soft debris  in this zone. Eick et al, (1970) showed that the smear layer was 

made of particles ranging in size from less than 0.5–15 lm. Scanning electron 

microscope studies of cavity preparations by Bra¨nnstro¨m & Johnson (1974) 

demonstrated a thin layer of grinding debris. They estimated it to be 2–5 lm 
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thick, extending a few micrometres into the dentinal tubules. McComb & 

Smith (1975) were the first persons who described the smear layer on the 

surface of instrumented root canal. Lester & Boyde (1977) suggested that the 

smear layer consists of organic matter trapped within translocated inorganic 

dentin. Cameron (1983) & Mader et al (1984) evaluated the smear layer in 

two parts such as superficial smear layer and material packed dentinal tubules 

i.e smearplug. Having discussed about the different concepts of smear layer 

their effects in root canal are as follows : 

 1. Smear layer may block the dentinal tubules there by limiting 

bacterial / toxin penetration into the tubules. 2. the smear layer is a loosely 

adherent structure which can harbour bacteria and provide an avenue for 

leakage if incompletely removed. 3. They may also limit the efficiency of 

irrigants like NaoCl, calcium hydroxide and other intracanal medicaments also 

by preventing it's penetration into the tubules.
64

 Thus to gain successful 

clinical results in an endodontic therapy the smear layer should be efficiently 

removed. Pashley 1992 Studied that removal of smear layer would facilitate 

disinfection of root canal and  also gain access to the infected dentinal tubules.  

The amount of smear layer produced varies upon different instrument 

design.
64

   

  The use of rotary nickel-titanium instruments in endodontics brought 

significant contributions to clinical practice in terms of safety, speed, 

cleanliness and shaping of root canals. The endodontic Rotary files vary 
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according to their taper, cutting blades tip and the material by which they are 

manufactured. The use of rotary Nickel Titanium files adds a new quality to 

the root canal preparation.  The Rotary files have been subjected to constant 

changes in their form of metallurgy, design and the manner in which  these 

instruments are driven i.e rotary/reciprocation.
21 

 Additionally, a file is categorized as to whether it has a centered or 

offset mass of rotation, works with a rotary or reciprocating motion, and in the 

instance of reciprocation, whether the clockwise (CW) and counterclockwise 

(CCW), angles are equal or unequal.
12 

 A thermally treated NiTi alloy, CM was introduced to shift the 

austenite/martensite transition temperature, so that a stable martensitic 

microstructure is obtained at body temperature (Santos et al. 2013). This 

imparts to the HyFlex CM (Coltene/ Whaledent) a high fatigue resistance 

(Shen et al. 2011, Plotino et al. 2014), ease of bending and the ability to 

recover its original shape by heating above the transformation temperature 

(ASM International, 2000).
29 

 This study evaluated the amount of smear layer removal produced by 

two type of single file system i.e rotary Hyflex EDM and reciprocating Wave 

One Gold file system. 

  HyFlex EDM (Coltene/ Whaledent) instruments are manufactured 

from the same controlled memory wire as HyFlex CM but are produced via 

electro-discharge machining (EDM), a non-contact thermal erosion process 
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that partially melts and evaporates the wire by high-frequency spark 

discharges (Jameson 2001, Liu 2003). HyFlex EDM are the first endodontic 

instruments manufactured with this procedure.
29

  

 In 2011 with 4 years research, both WaveOne (Dentsply Tulsa Dental 

Specialties and Dentsply Maillefer) and Reciproc (VDW) were internationally 

launched as single-file shaping technique. In most instances, the WaveOne 

concept provides a singlefile shaping technique, regardless of the length, 

diameter, or curvature of any given canal. In fact, it has been shown that a 

single-file reciprocating shaping technique utilizing unequal CW/CCW angles 

is over 4 times safer and almost 3 times faster than using multiple rotary files 

to achieve the same final shape. Another unique design feature of the 

WaveOne files is they have a reverse helix and 2 distinct cross-sections along 

the length of their active portions. From D1-D8, the WaveOne files have a 

modified convex triangular cross-section, whereas from D9-D16, these files 

have a convex triangular cross-section. The design of the 2 WaveOne cross-

sections is further enhanced by a changing pitch and helical angle along their 

active portions. The WaveOne files have noncutting modified guiding tips, 

which enable these files to safely progress through virtually any secured canal. 

Together, these design features enhance safety and efficiency when shaping 

canals that have a confirmed, smooth, and reproducible glide path.
10,12,21 

 There are 3 major clinical advantages to WaveOne Gold’s unique 

movement. One, compared to continuous rotation, there is improved safety, as 



Discussion 

 

 

45 

 

the CCW engaging angle is designed to be less than the elastic limit of each 

file. Two, opposed to equal CW/CCW angles, unequal CW/CCW angles 

enable a file to more readily advance toward the desired working length 

without using excessive and potentially dangerous inward pressure. Three, 

compared to equal CW/CCW angles, unequal angles strategically enhance 

auguring debris out of the canal. These 3 advantages serve to improve safety, 

cutting efficiency, and simplicity, while promoting the shapes that encourage 

3-D disinfection and filling root canal systems.
3,12 

 Rotary instrumentation has the enhanced ability to collect and remove 

debris from the canal system. Whereas continued Rotary movement of Niti 

instruments will subject them to structural fatigue and lead to fracture  of the 

instrument. Even this leads to increased canal preparation and micro crack 

formation.
21,41 

 To overcome the disadvantages of rotary files the combination of axial 

and rotational reciprocating files were introduced in 1928 by Burmoos which 

had been followed by axial reciprocation in 1958 by Racer and rotational 

reciprocation in 1964 (Beasancon, France).  Roane et al in 1985,  introduced 

the balanced force technique using rotational reciprocation for the preparation 

of curved root canals.
28,44 

 The first study with an alternating movement was done by Yared in 

2008. Later it has been renewed by Dentsply in 2010, who introduced single 

file reciprocating systems Reciproc and Wave One. This system reduced the 
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number of instruments required which alleviates operator anxiety of the 

possibility of instrument failure The preparation time is reduced in these 

systems and are more efficient.
 

 Advantages of alternating Niti instruments over continuous rotation are 

as follows: 1.It reduces torsional stress by binding the instrument, to the root 

canal dentin walls less frequently. 2.It also decreases  the number of cycles 

thereby  less flexural stress on the instrument. 3.Even the risk of instrument 

fracture is reduced. Burklein et al compared the conventional rotating action 

instruments with the instruments functioning in reciprocating motion. 

Reciprocating instruments produced less residual debris when compared with 

other Rotary instruments.
24

  

 In general, continuous rotation requires less inward pressure and  it 

needs to improve on augering debris out of a canal, when compared to a 

reciprocation method that utilizes equal bidirectional angles of reciprocation. 

WaveOne Gold file is a newly designed file with semi-active guiding tip, 

which enables the file to more readily to follow and safely progress along 

manually reproduced and secured canals.
12

  

 Another entity to achieve good chemico-mechanical preparation is 

done by the use of irrigants. Irrigation has a central role in endodontic 

treatment. During and after instrumentation, the irrigants facilitate a flushing 

mechanism by removing microorganisms, tissue remnants, and dentin chips 

from the root canal system. The choice of an irrigant is of major importance 
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because there are differences in their efficacy to act as lubricants during 

instrumentation to flush out debris, smear layer, and bacteria out of the canal. 

There are a wide array of irrigants that are readily available that possess 

varying properties which in turn determines it’s efficacy. 
41,65 

 The most widely used irrigant for root canal treatment is sodium 

hypochlorite. Sodium hypochlorite (NaOCl), in 5.25% concentration is an 

irrigating solution used widely in root canal treatment because of its 

bactericidal properties and ability to dissolve organic tissues (Yamada et al. 

1983, Baumgartner & Mader 1987); but NaOCl has not been shown to be 

effective in removing the smear layer (Prati et al. 1994).
48,56 

 Decalcifying solutions such as phosphoric acid, citric acid, and EDTA 

have been reported as suitable for removing the smear layer (Wayman et al. 

1979, Francischone et al. 1984, Aktener & Bilkay 1993). On the other hand, 

studies have shown that a combination of NaOCl and EDTA removed the 

smear layer only partially (Ciucchi et al. 1989, Sen et al. 1995).
56

 Sodium 

hypochlorite (NaOCl), with its antibacterial and dissolving effects on the 

necrotic tissues, is the most popular root canal irrigant. Although it effectively 

kills bacteria, it is deleterious if accidentally expressed into the periapical 

tissues.
61

 NaOCl acts as a solvent of organic material and potent primary 

antimicrobial agent, while EDTA serves as the inorganic solvent or chelating 

agent. Using a combination of the two would represent the most optimal 

irrigation protocol.  However, these agents cannot be combined directly prior 
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to application or in situ because mixing results in an almost immediate 

complete loss of free chlorine, thus adversely affecting the antimicrobial 

properties of NaOCl. Furthermore, if the NaOCl is used as a final rinse or if it 

is combined with the use of EDTA, the structural integrity of the dentin may 

be compromised. Elimination of an additional rinse or soak after smear layer 

removal with EDTA has been shown to preserve the integrity of the dentin.
14 

 However, disinfection of the dentin surface and dentin tubules may 

still be necessary. Subsequently following smear layer removal, soaking the 

root canal with chlorhexidine (2 %) has been advocated by many researchers 

and clinicians due to its compatibility with dentin and the potential for lasting 

residual antimicrobial effects However, it also may result in a precipitate of 

para-chloroaniline, which is potentially toxic, on contact with residual NaOCl. 

Therefore, it is necessary to purge any remaining NaOCl from the root canal 

with copious quantities of sterile water, alcohol, or saline  prior to the use of 

chlorhexidine.
14,33 

 To meet these challenges in the irrigation of the root canal system, a 

novel irrigating solution, QMix  (DENTSPLY Tulsa Dental Specialties, Tulsa, 

OK, USA) has been introduced to both remove smear layer and kill bacteria. 

This irrigant has a proprietary formulation and method of preparation, and has 

been shown to remove smear layer and kill recalcitrant bacteria, such as E. 

faecalis, in one application.
14,48

 Qmix is a proprietary blend which is 

composed of polyaminocarboxylic acid chelating agent, a bisbiguanide 
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antimicrobial agent, a surfactant and deionized water is an effective smear 

layer-remover and also an powerful antimicrobial agent. The solution is an 

FDA-cleared endodontic irrigant which is indicated for the cleaning and 

disinfection of the root canal system in a single step following initial use of 

standard sodium hypochlorite solution. The solution has been shown to kill 

bacteria on contact without the use of antibiotics.
68

   

 Furthermore, QMix does not interact with remnant NaOCl to generate 

a precipitate if used as directed for the final rinse [Internal data on record with 

DENTSPLY Tulsa Dental Specialties, Tulsa, OK, USA] and its ability to 

penetrate into patent, smear-plug free dentin to kill bacteria present has been 

demonstrated using a novel model with potential significant clinical outcomes 

and implications. Ethylenediamine tetra acetic acid (EDTA) has been 

advocated as an adjunct for root canal preparation due to its chelating action; 

however, its antimicrobial efficacy is low. Sodium hypochlorite is an excellent 

irrigating solution but it has limited effect on the smear layer dissolution. 

Ethylenediamine tetra acetic acid (EDTA) is the most widely used irrigant for 

smear layer removal. In addition to the cleansing function, it acts on inorganic 

material by reacting with calcium ions in dentine, resulting in calcium 

chelation, promoting decalcification of dentine at depths of 20-30 μm within 5 

minutes.
31,51 

 EDTA produces harmful effects on periapical tissues, the search for 

more biocompatible solutions other than EDTA continues. Weak acids, such 
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as citric acid, maleic acid, and apple cider vinegar have been evaluated at 

different concentrations for the removal of smear layer. Chelating agents such 

as EDTA are used in the removal of smear layer . EDTA has been used as a 

final flush which open up the dentinal tubules and helps in filling up the lateral 

canals.
31 

 During root canal procedures, the irrigating solution will be in contact 

with pulpal and periapical tissues. Debris as well as irrigating solutions may 

also be pushed beyond the apical foramen and possibly cause periapical 

complications.
61 

  QMix  may impact on the physiological healing process anticipated 

during and following root canal treatment. QMiX is a novel endodontic 

irrigant for smear layer removal with added antimicrobial agents. It contains 

EDTA, CHX and a detergent. QMiX is a clear solution, ready to use with no 

chair-side mixing. Mixing EDTA and CHX is known to produce a white 

precipitate (Rasimick et al. 2008), whereas in QMiX those precipitate are not 

formed due to its chemical design. Another recent concern in endodontic 

irrigation is a potentially carcinogenic precipitate between sodium 

hypochlorite and CHX. Despite the CHX content, mixing QMiX with sodium 

hypochlorite does not produce any precipitate (data not shown) and the 

solution does not turn brown/orange.
32,54

   

QMiX removed smear layer as effectively as 17% EDTA based on the 

number of fully opened dentinal tubules. Similar results were obtained by Dai 
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et al. (2011) who reported that QMiX was as effective as 17% EDTA in smear 

layer removal. Abou-Rass & Patonai 1982 also reported that QMix enables 

better penetration of an irrigant in the root canal.
15,54 

 In the present study two single file system were evaluated for their 

effectiveness in removing smear layer by using three different irrigants namely 

Naocl,EDTA and Qmix. Then the smear layer removal ability was evaluated 

using, the criteria given by Hulssman et al and their scores were given 

accordingly.   

 SEM studies are necessary when comparing the efficacy of removing 

the smear layer using various instruments, irrigants and techniques. To 

compare the effectiveness of smear layer removal method needs high 

magnification from SEM. Two parallel longitudinal grooves were made with a 

diamond disc in low-speed rotation on the root outer surface, without 

penetrating into the canal. Following the orientation grooves, the roots were 

separated using a cleaver. The specimens were dehydrated by using a series of 

graded ethanol solutions (70, 80, 90, and 100%) and were sputter-coated with 

platinum after drying.
32

 The coronal, middle and apical thirds of the root 

canals were then viewed for evaluation. The representative areas for each 

group were photographed with a scanning electron microscope (JSMt220A; 

JEol, tokyo, Japan) at ×1000 magnification.
48

 The SEM micrographs were 

evaluated for the presence of smear layer. The images are then coded and 

scored by blinded evaluators with the help of qualitative or quantitative scales 
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which had been described by Hulsmann et al.
28

 In the present study (1997) 

Hulsmann et al criteria was used to score the smear layer status. This criteria is 

validated by other authors in their study where the root canal cleanliness was 

evaluated after using different endodontic rotary/ reciprocating and various 

other hand instruments. 

 The evaluation is assessed by the scoring system of 60 teeth under the 

same conditions.  Roy George et al (2008), suggested that image analysis SEM 

method for evaluating smear layer removal along with different evaluators 

across the range of the Hulsmann scores.
47 

 Data were analysed and their result of this study revealed that the 

distribution of smear layer scores in the Hyflex – Naocl group (A1) were 4 

(20%) , 5 (80%) in the apical third , in the middle third 4(50%) , 5(50%) and 

4(80%), 5(20%) in the coronal third of the root canal. The distribution of 

smear layer scores in Hyflex – EDTA group (A2) were 3(70%),4(30%) in the 

apical third, in the middle third 2(10%), 3(90%) and  2(70%), 3(30%) in the 

coronal third of the root canal. The distribution of smear layer in Hyflex – 

Qmix group (A3) were 2(10%), 3(90%) in the apical third, in the middle third 

2(40%), 3(60%) and 2(90%), 3(10%) in the coronal third of the root canal. 

 Whereas the distribution of smear layer scores in Waveone Gold – 

Naocl (B1) were 4(40%), 5(60%)  in the apical third, in the middle third 

3(20%), 4(80%) and 3(60%), 4(40%) in the coronal third of the root canal. 

The scores in WaveoneGold – EDTA group (B2) were 3(80%), 4(20%) in the 
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apical third, in the middle third 2(10%), 3(90%) and 2(70%), 3(30%) in the 

coronal third of the root canal. The distribution of smear layer in Waveone 

Gold - Qmix group (B3) were 2(40%), 3(60%) in the apical third, in the 

middle third 1(20%),2(80%) and 1(70%),2(30%) in the coronal third of the 

root canal. While comparing the mean smear layer scores , the Hyflex EDM  

group had the highest smear layer scores when compared with WaveoneGold 

group. These results were similar to the study done by ValentinaGiuliani et al, 

2014 reported significance difference between Niti reciprocating files with 

conventional rotary  files similar to the present study.
60

 Elio Berutti et al, 2012 

compared Waveone Niti with Protaper files and reported significant difference 

between the groups.
17

 In another study conducted by Purificacion Varela – 

Patino et al, 2010 reported significant difference between the groups.
46

 Results 

were similar to the study done by Taba Ozywrek et al, 2017.
55 

 While comparing the mean smear layer scores with respect to the root 

canal sites in the root canal, there was highest mean score in the apical third 

which is followed by the middle third and coronal thirds of the root canal 

among both the groups. There was significant difference at the apical third 

among all the groups.  This may be due to the peneteration of the irrigants to 

the apical third is not achieved. These results were similar to the study done by 

Burklein et al, 2011 reported significant difference  between Mtwo, Reciproc, 

Waveone with Protaper files similar to the present study.
9
 A study done by 

Venghat S et al, 2016 reported that smear layer removal was better in the 
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coronal followed by middle and the apical third. Torabinejad M et al, 2003 

also stated that smear layer is better removed in the coronal, middle third than 

the apical third.
63

 This would be due to larger diameter of the canal in the 

coronal and  middle than that of the apical third because of the dentinal tubules 

present is very less in number and small in diameter. So the irrigants 

effectiveness will be better in coronal and the middle third of the root canal.
58

   

 While comparing the mean smear layer scores with respect to the 

irrigants used in the root canal there was highest mean score in the Naocl 

group when compared with EDTA and Qmix group. There was significant 

difference between the groups. A study done by Janhai Balasasheb Jagzap et 

al, 2017 reported significant difference between EDTA, Qmix with other 

groups. These results were similar to the study done by Savesh Vemuri et al, 

2016.
48 

 In the present study showed that WaveoneGold – Qmix group showed 

better results than other groups. The use of single file system with 

reciprocating motion can both simplify the procedure and remove the smear 

layer efficiently. 

 This study demonstrated that the use of reciprocating file system can 

remove the smear layer efficiently for proper disinfection of the root canal. 
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SUMMARY 

 The purpose of the study was done to evaluate the effectiveness of 

smear layer removing ability of two single file system namely, Hyflex EDM 

and Wave One Gold system with three different irrigating solutions i.e Naocl, 

EDTA and Qmix. A total of 60 teeth were included in the study, 30 teeth in 

group A and 30 teeth in group B. Then group A is subdivided into three 

groups, A1-Naocl, A2-EDTA and A3-Qmix. Again group B is subdivided into 

three groups B1-Naocl, B2- EDTA and B3-Qmix respectively. 

Root canal instrumentation was done with K files till size # 15, then group A 

teeth were performed with Hyflex EDM and in group B it was performed with 

Wave One Gold file system. In group A, Naocl(A1), EDTA(A2) and Qmix 

(A3) have been used as an irrigant in the samples. In another group B, the 

Naocl(B1), EDTA(B2) and Qmix (B3) have been used in their respective 

samples. Teeth were split into two  longitudinal halves using diamond-coated 

disk. 

 SEM was done for done for the samples in both the groups and the 

criteria for smear layer score were given. Hulssman et al criteria have been 

used to evaluate the smear layer removal. Statistical analysis was performed 

by SPSS software. 

 The present study revealed that the scores for smear layer removal 

were significantly lesser in Wave One Gold- Qmix group (B3) when 
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compared with other groups. There was significant difference between coronal 

and the middle third, while there is no significant difference between the 

apical third of the root canal. 
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CONCLUSION 

Within the limitations of the present study the following conclusion were 

made as follows: 

1. WaveoneGold  group has better smear layer removal ability than Hyflex 

EDM group. 

2. Qmix group showed lesser score, where smear layer removal is better than 

the Naocl and EDTA group. 

3. In all the groups there was increased smear layer removal at the coronal 

and middle third when compared to the apical third of the root canal. 
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