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Abstract The aim of this study is to evaluate the effec-

tiveness 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 den-

tinal tubules compared to a standard solution of 17 %

EDTA. Eighty human tooth roots from extracted, single-

rooted teeth were instrumented (size 40.06) using 0.2 mL of

sodium hypochlorite (6.15 %) between each file size with a

3 mL water rinse after final instrumentation. Eight groups

of 10 roots were irrigated with 3 mL of different formula-

tions of QMix: QMix A, QMix B, and QMix C, or 17 %

EDTA for 60 and 90 s, respectively, then rinsed with 5 mL

of sterile water. The roots were irrigated using a standard

irrigation syringe and a 30 ga side-vent needle with an

apical-coronal motion to within 1 mm of the working

length. The coronal, middle and apical thirds of one canal

surface of each root was evaluated at 10009 using scanning

electron microscopy. The presence of smear layer was

scored using a 5-point scale. Data were analyzed with the

Kruskal–Wallis rank sums test, the Steel–Dwass, all-pairs

comparison test, and the Steel method (with control) test.

Irrigant type was highly significant (p \ 0.007). Combined

60 and 90 s exposure data indicated QMix A (p = 0.014)

and QMix C (p = 0.028) were superior to EDTA. While at

the 90 s exposure time, smear layer removal by solutions

QMix A (p = 0.043), QMix B (p = 0.018), and QMix C

(p = 0.011) was superior to EDTA. All irrigants removed

smear layer more effectively at the coronal and middle

levels compared to the apical level (p \ 0.001). Analysis

showed all three QMix formulations were superior to

EDTA in smear layer removal and exposure of dentinal

tubules in the root canal system in single-rooted teeth.

Keywords Irrigant � Smear layer � QMix

Introduction

Application of root canal instruments, in particular rotary

instruments to the root canal wall during enlarging and

shaping of the canal results in variable-thickness smear

layer formation that covers the dentinal tubules and fills

canal irregularities. This packed layer is composed of

inorganic debris, dentin particles, and organic materials

including pulp tissue remnants, bacteria (and their by-

products) and blood cells, which has been described in
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depth by multiple authors [1, 2]. Furthermore, smear layers

are usually packed into dentinal tubules at various depths

up to 40 lm, which are known as smear plugs [3, 4]. The

composition and morphology of the smear layer and smear

plugs suggest that their removal during root canal proce-

dures is necessary to achieve the desired outcomes of

debris removal and disinfection [5, 6] although this rec-

ommendation has been controversial for many years [7]. If

removed not only is the bacteria-laden dentinal and soft

tissue debris removed, but also the dentinal tubules are

exposed for further bacterial control through the use of

disinfecting solutions [8].

Presently cleaning and disinfection of the root canal

system requires the use of inorganic and organic solvent

addition to an antimicrobial agent. However, no single

solution is able to achieve these goals and the combined,

concomitant or sequential use of two or more irrigating

solutions is required. Currently, sodium hypochlorite

(NaOCl) (0.5–6.15 %) and EDTA (15–17 %) are the two

most commonly used intracanal irrigants [9–11]. 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 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 [9, 12].

Furthermore, if the NaOCl is used as a final rinse or soak

following the use of EDTA, the structural integrity of the

dentin may be compromised [10, 13–15].

Elimination of an additional rinse or soak after smear

layer removal with EDTA has been shown to preserve the

integrity of the dentin [16]. 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 [17–19] due to its com-

patibility with dentin [20] and the potential for lasting

residual antimicrobial effects [21]. However, it also may

result in a precipitate of para-chloroaniline, which is

potentially toxic, on contact with residual NaOCl [22–25].

Therefore, it is necessary to purge any remaining NaOCl

from the root canal with copious quantities of sterile water,

alcohol, or saline [24, 26] prior to the use of chlorhexidine.

To meet these challenges in the irrigation of the root

canal system, a novel irrigating solution, QMixTM 2in1

(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. fae-

calis, in one application [8]. QMixTM is composed of a

polyaminocarboxylic acid chelating agent, a bisbiguanide

antimicrobial agent, a surfactant and deionized water [11].

Furthermore, QMixTM 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 [8].

Multiple variations of the QMixTM 2in1 irrigant have

been compared to BioPure MTAD (DENTSPLY Tulsa

Dental Specialties, Tulsa, OK, USA) and EDTA with

regards to canal smear layer and debris removal [27].

According to the study, one version of the QMixTM solu-

tion evaluated was statistically comparable to BioPure

MTAD following 60 s usage versus 5 min for BioPure

MTAD, and the solution was more effective than 17 %

EDTA at removing smear layer. Initial developmental

research with QMixTM showed different levels of efficacy

for smear layer removal when formulations were adjusted

and time frames of usage were considered.

Therefore, the purpose of this study was to compare

different formulations of QMixTM at two different appli-

cation times with 17 % EDTA to evaluate these formula-

tions for clinical use and to establish a protocol that

facilitates the most efficacious removal of smear layer from

the smear-laden root canal walls and canal irregularities.

The three versions of QMixTM tested were identical in the

ratios of active ingredients but varied slightly in pH, a

secondary chemical property, as a means to identify a target

formulation range for production. The solutions are prin-

cipally composed of a polyaminocarboxylic acid chelating

agent, a bisbiguanide antimicrobial agent, a surfactant and

deionized water. The null hypothesis tested is that there is

no statistical difference in smear layer removal performance

between the various QMixTM solutions and EDTA.

Materials and methods

Preparation of tooth root model

Eighty single-rooted extracted human teeth (n = 20) were

selected for this study. A diamond bur was used to remove

the clinical crown of each tooth and to standardize the root

length at 15 mm. Subsequently, a #10 K-file was inserted

beyond the apex to confirm patency; 1 mm was subtracted

from this length to establish the length to which the canals

would be instrumented. The canals were enlarged and a glide

path established with hand instruments to a size #20 K-file.

In the presence of 6.15 % NaOCl (The Clorox Co., Oakland,

CA, USA), ProTaper� Universal (DENTSPLY, Tulsa Den-

tal Specialties, Tulsa, OK, USA) nickel-titanium rotary
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instruments were used to shape the canal to an apical size

40/0.06 (F4). Instruments were rotated at 300 rpm and

allowed to progress without applying apical pressure to the

established length, which was 1 mm short of the apex.

Between each file the canals were rinsed with 0.2 mL 6.15 %

sodium hypochlorite using a 30 ga side-vented needle

(Max-i-Probe�, DENTSPLY RINN, Elgin, IL, USA).

Irrigation groups

Following final instrumentation and rinsing with NaOCl

the canals were irrigated with 3 mL of sterile water. The

specimens were divided into eight groups of ten teeth and

irrigated with 3 formulations of QMixTM 2in1, designated

QMix A, QMix B, and QMix C, and with EDTA as fol-

lows: (1) 3 mL of QMix A for 60 s; (2) 3 mL of QMix A

for 90 s; (3) 3 mL of QMix B for 60 s; (4) 3 mL of QMix

B for 90 s; (5) 3 mL of QMix C for 60 s; (6) 3 mL of

QMix C for 90 s; (7) 3 mL of 17 % EDTA (Roydent

Dental Products, Johnson City, TN, USA) for 60 s; (8)

3 mL of 17 % EDTA for 90 s.

To ensure adequate and even distribution of the solu-

tions, the roots were irrigated using a standard irrigation

syringe and a 30 ga side-vented needle with an apical-

coronal motion to within 1 mm of the working length.

Finally, the roots were rinsed thoroughly with 5 mL sterile

water after the experimental exposure time to remove any

excess solution and/or debris.

Scanning electron microscopy

For scanning electron microscopy (SEM) analysis, each

specimen had their apical foramen and coronal opening

sealed prior to longitudinal grooving and splitting into two

halves using a hammer and chisel, along the coronal-apical

axis. All specimens were washed briefly in cold 0.2 M

potassium phosphate buffer, pH 7.2. The specimens were

fixed in 2 % glutaraldehyde in 0.2 M potassium phosphate

buffer, pH 7.2, at 4–6� C, for 18 h and then were washed

gently in 0.2 M potassium phosphate buffer, pH 7.2, for

15 min. Dehydration of the specimens was completed using

an acetone series as follows: 30 % acetone for 10 min,

60 % acetone for 10 min, 100 % acetone overnight (18 h).

The specimens were taken from the 100 % acetone bath and

critical point dried. Each specimen was examined grossly to

determine the more appropriate half to be examined under

SEM. The side of the specimen that appeared to have more

canal space visible for examination was selected. The

chosen specimens were mounted on SEM stubs and sputter-

coated with gold then stored under vacuum.

SEM was performed using a SU 6600 Hitachi Scanning

Electron Microscope, (Hitachi High-Technologies Corpo-

ration, Japan). All specimens were examined at 10009

magnification to evaluate smear layer and debris in the

coronal (10–12 mm from the apex), middle (6–7 mm from

the apex), and apical (apical 1–2 mm from the apex) thirds.

Fifteen microscopic fields per segment were viewed and

photomicrographs were taken for a total of 45 fields per

tooth. Viewing of the photomicrographs was blinded and

scored for the presence of smear layer using the following

ordinal criteria [28] (Fig. 1):

1 = 100 % of the tubules in the sections examined were

patent and there was no smear layer.

2 C 75 % \ 100 % of the tubules in sections examined

were patent and small area of smear layer were present

3 C 50 % \ 75 % of the tubules in sections examined

were patent and larger areas of smear layer were present

4 C 25 % \ 50 % of the tubules in sections examined

were patent and up to 50 % of the surfaces were covered

with smear layer

5 B 25 % to 0 % of the tubules in sections examined

were patent and the majority if not all surfaces were

covered with smear layer

For the 60- and 90-second irrigations with the four

treatments (QMix A, QMix B, QMix C, and EDTA),

median smear layer scores were calculated from the raw

data for the three tooth areas (apical, middle and coronal)

and entered into statistical analyses (that is, for the 80

teeth, there were 80 median values for the apical areas, 80

median values for the middle areas, and 80 median values

for the coronal areas.

Statistical analysis

For the four treatments (QMix A, QMix B, QMix C, and

EDTA), and the three tooth areas (apical, middle and

coronal) box plots were created and descriptive statistics

(median, minimum, and maximum values) were calculated.

To test for differences among groups, the Kruskal–Wallis

rank sums test was used, and to test for differences between

groups, the Steel–Dwass, all-pairs comparison test was

used (this is a nonparametric version of the all pairs, Tukey

honestly significant difference test). The Steel method was

used to test for differences between QMix treatments and

the control (EDTA). This test is a nonparametric version of

the Dunnett’s test used to compare each level with a con-

trol. Alpha was set at 0.05. Statistical analyses were per-

formed with JMP Statistical Software Release 10.0.0 (SAS

Institute, Inc., Cary, NC).

Results

Statistical analysis, Fig. 2, contains box plots and summary

statistics (medians, minimums, and maximums) for smear
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layer removal recorded in the apical, middle and coronal

areas of the teeth. Figure 2 also contains box plots for

median smear layer removal for the various treatments

(QMix A, QMix B, QMix C, and EDTA). For these box

pots, 60- and 90-second irrigations were combined. Median

smear layer scores ranged from 1.0 to 5.0 in the middle and

coronal areas and 2.0 to 5.0 in the apical areas. These

combined data from all irrigants revealed significant dif-

ferences among the smear layer scores in the three root

areas (Kruskal–Wallis rank sums test, p \ 0.001) and

between tooth areas (Steel–Dwass, all-pairs comparison,

p \ 0.001) with smear layer levels in the apex [ mid-

dle [ coronal. There were significant differences among

the treatments (Kruskal–Wallis rank sums test, p = 0.007).

Fig. 1 Scanning electron microscope photomicrographs of root canal

walls (original magnification 10009). a Representative specimen

with a score of 1 = 100 % of the tubules in the sections examined are

patent and there is no smear layer; b 2 C 75 % \ 100 % of the

tubules in sections examined are patent and small area of smear

layer are present; c 3 C 50 % \ 75 % of the tubules in sections

examined are patent and larger areas of smear layer are present;

d 4 C 25 % \ 50 % of the tubules in sections examined are patent

and up to 50 % of the surfaces are covered with smear layer;

e 5 B 25 % to 0 % of the tubules in sections examined are patent and

the majority of not all surfaces are covered with smear layer
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The Steel method used to test for differences with EDTA

(control) demonstrated that QMix A and QMix C removed

significantly more smear layer than EDTA (p = 0.014 and

0.028) but QMix B did not (p = 0.085). No significant

difference in smear layer removal among the three QMix

formulations was demonstrated (Kruskal–Wallis rank sums

test, p = 0.283).

To determine the effects of a longer exposure time, the

90-second smear layer removal data was analyzed sepa-

rately, Fig. 3. Significant differences were demonstrated

among the irrigants (Kruskal–Wallis rank sums test,

p = 0.005). While the Steel method used to test for dif-

ferences with EDTA (control) demonstrated that QMix A,

QMix B and QMix C removed significantly more smear

layer than EDTA (p = 0.043, 0.018, and 0.011); no dif-

ference in smear layer removal among the three QMix

formulations was demonstrated (Kruskal–Wallis rank sums

test, p = 0.623). Altogether, these data indicate that,

especially at the 90-s irrigation time, all of the QMix for-

mulations are superior to EDTA.

Discussion

When compared to the positive EDTA control all of the

QMix formulations were superior at removing smear layer

in instrumented tooth roots. However, there was no defin-

itive evidence that a single QMix formulation removed

significantly more smear layer than the other two. It is

possible that a larger sample size would reveal differences.

Another limitation may be the use of nonparametric sta-

tistics for analysis of the data collected through this com-

plex experimental design. Statisticians do not agree with

regard to whether parametric or nonparametric procedures

should be used with ordinal scale measurements [29, 30].

The main problem associated with using parametric

A B

Area N Median Minimum Maximum Treatment N Median Minimum Maximum

Coronal 80 2 1 5 Qmix A 20 3 1 5
Middle 80 3 1 5 Qmix B 20 3 2 5
Apical 80 4 2 5 Qmix C 20 3 2 4

EDTA 20 3 2 5

Fig. 2 For 60- and 90-second irrigations combined, box plots of

median values for coronal, middle, and apical areas of the teeth

(a) and median values for treatments (b). To better illustrate the

distribution of the data points; they are spread horizontally to

minimize their overlapping one another. The ends of the boxes are the

25th and 75th quantiles (quartiles). The lines across the middles of the

boxes are the medians. The interquartile range is the difference

between the quartiles. The lines (whiskers) extend from the boxes to

the outermost points that fall within the distance computed as 1.5

(interquartile range)

Fig. 3 For 90-second irrigations, box plots of median values for

treatments. To better illustrate the distribution of the data points; they

are spread horizontally to minimize their overlapping one another.

The ends of the boxes are the 25th and 75th quantiles (quartiles). The

lines across the middles of the boxes are the medians. The

interquartile range is the difference between the quartiles. The lines

(whiskers) extend from the boxes to the outermost points that fall

within the distance computed as 1.5 (interquartile range)
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procedures is the assumption that ordinal intervals are

consistent. Advocates of using parametric procedures with

ordinal data argue that parametric procedures are robust for

even major violations of assumptions [31, 32]) and that

parametric procedures are more powerful and versatile

with complex designs. Although the ordinal rankings of

this study appeared to fulfill the assumption that ordinal

intervals are consistent and although our study had a fairly

complex design, we elected to use conservative parametric

procedures. Because of this, we limited the number of tests

performed to lessen the likelihood of committing a type I

error (declaring a difference when none exists). We

acknowledge that using nonparametric procedures, we do

increase the risk of a Type II error (declaring no difference

when one exists). To balance risks of type I and II error

rates, we used tests to adjust for multiple comparisons.

The results of this study demonstrate that QMixTM 2in1

has promise as a one-step irrigant for smear layer removal.

This could be advantageous on two counts. Multiple

studies have demonstrated the efficacy of using NaOCl and

EDTA sequentially for smear layer removal, with NaOCl

as the final antiseptic rinse [33–36]. Following canal

enlarging and shaping, Goldman et al. [33] recommended

1 mL of 17 % EDTA followed by 10 mL of 5.25 %

NaOCl. However, additional studies have questioned the

combined use of NaOCl and EDTA in that their use may

affect the mechanical properties of the remaining dentin

[13, 37, 38]. Use of full strength NaOCl (5.25–6.15 %)

appears to weaken dentin as evidenced by a significant

increase in the surface strain of the remaining dentin.

While this affect will plateau, indicating disintegration of

the organic component, it could be hypothesized that the

use of a chelating agent to remove the inorganic layer

would expose additional organic components of the dentin,

and a final rinse with NaOCl would further weaken the

structure of the dentin. Furthermore, the combined use of

NaOCl and EDTA almost immediately reduces the avail-

able chlorine in solution [12]. This has been confirmed

previously, with negative impacts on both the tissue dis-

solution [39] and antimicrobial activity [9]. While the

calcium-chelating ability of EDTA was not impacted, the

combination of NaOCl and EDTA resulted in an almost

complete loss of free chlorine in the form of OCl- and

HOCl. As a result, Grawehr et al. [39] recommended that it

may be clinically advantageous to rinse out any remaining

EDTA with copious amounts of NaOCl. As mentioned

previously, this step would adversely affect the mechanical

properties of the remaining dentin.

Using a higher concentration (6.15 %) of NaOCl to

counteract the loss of this irrigants’ properties leads to

significantly more erosion of canal dentin [16]; 6.15 % is

currently considered the most common concentration uti-

lized by endodontists in the region in which this study was

conducted. A 3 % solution of NaOCl was reported not to

affect dentinal mechanical properties as compared to a 5 %

solution [38]. However, samples were not tested with dif-

fering volumes of NaOCl and a reduced concentration of

NaOCl would have less available chlorine. The use of a

non-hypochlorite-based antimicrobial agent following

smear layer removal may therefore be advantageous.

To prevent damage to the root dentin during disinfec-

tion, 2 % Chlorhexidine has been used in the clinical

environment [20]. On the other hand, disinfection during

the smear layer removal step, offers further advantages by

reducing the number of post-NaOCl irrigation steps to

achieve smear layer removal and disinfection to just one

step.

Removal of the smear layer and debris in the apical third

of the root canal remains challenging regardless of the

solution used. In order to be effective in the instrumented

root canal, the irrigant has to reach and be in contact with

the entire root canal system for an adequate time. The

instrumented shape of the root canal system makes this

most problematic at the apex. Irrigant dynamics related

to the canal shape, size, irrigant volume and pressure,

irrigation needle design and size as well as depth of

penetration are all significant variables [40, 41]. Three-

dimensional computational fluid dynamics modeling of

root canal irrigation demonstrates that the irrigant only

rinses a limited distance beyond the tip of the needle where

irrigant velocity (pressure) is significant [41]. However,

these factors must be tailored at the apex to limit the

possibility of apical extrusion into the periradicular tissues

[42] or the nature of the irrigant must be altered to reduce

or eliminate potential toxicity.

Comparing dentinal architecture from the coronal to

apical, the dentin becomes less tubular with more intertu-

bular dentin [42]. The action of any chelating agent may

appear to be less effective in the apical third because

intertubular dentin is less calcified than intratubular dentin

that may reflect varying degrees of sclerosis, and may give

the appearance that the agent is not effective in this area

[42]. This may be more the case when using root samples

from older individuals, which would indicate the research

in this area should consider tooth age and the use of mat-

ched tooth pairs as factors in developing treatment proto-

cols and determining outcomes. Paqué et al. [43]

demonstrated that the dentin at the apical third of teeth was

very sclerotic and impermeable, with increasing deposition

of intertubular dentin, beginning in the third decade of life

[44].

For this study, the selection of the specimens repre-

sented a wide range of sources with some teeth having

readily visible dentinal tubules in all areas of the canal,

while others had minimal to possibly no tubule visibility at

the time of the initial survey. This latter finding is to be

Odontology (2014) 102:232–240 237

123



expected in elderly individuals and in cases where the pulp

has undergone a long-term degenerative process with irri-

tational dentin formation or the tubules have become

sclerosed. This finding has been identified as being most

pronounced in the apical area of canine teeth by Vasiliadis

et al. [44], noting that their study, whilst there may appear

to be complete mineralization, there were visible tubules

remaining partly or completely open. While this type of

tubule can and does occur and is often related just to

advancing age, there are no definitive studies that have

identified 100 % tubule occlusion through the formation of

sclerotic dentine. Therefore, when viewing and evaluating

all specimens, reasonable efforts were made to distinguish

between loose and packed dentinal and between packed

debris and solid dentinal structure in the scoring of each

section, in addition to tubule patency or visibility. While

the lack of tubule visibility may lead to misinterpretation in

specimen evaluation; [45] if the evaluator only focused in

one area, when this situation presented itself a wider field

of dentine was viewed in an attempt to report findings as

accurately as possible.

The problem of bacterial invasion into the dentinal

tubules with or without the presence of smear layer, their

viability, persistence, eradication and ability to cause fur-

ther periradicular disease has been a controversial subject

of many studies [46–52]. Within these studies, commonly

used intracanal medicaments have been shown to have no

effect on many of these microbial irritants, especially if

they have migrated deeply in the dentinal tubules. Love

and Jenkinson [52] indicated that a better understanding of

the mechanisms of dentinal tubule penetration by bacteria

is needed. Furthermore, the development of new control

strategies that would both prevent their migration or kill

them once they have penetrated the tubules is indicated.

The clinical use of techniques and materials that can

both simplify irrigation protocols while achieving thorough

removal of contaminated smear layer and disinfection of

the dentinal tubules is ideal. At the same time, minimal to

no impact on the integrity of the remaining dentin should

be evident. Some studies have shown the variable erosive

impact of specific acidic solutions (etidronic, EDTA and

peracetic) on the microstructure of the dentin during smear

layer removal when used in conjunction with NaOCl [45,

53]. Likewise, the outcome of these applications has varied

based on location of the dentin and the extent of tubular

sclerosis [45] although tubule orientation does not appear

to impact on smear layer removal [54].

While there are no evidence-based studies that provide

outcomes of treatment based solely on the removal of the

smear layer, the literature supports the removal of this

debris from the canal walls to enhance the elimination of

necrotic tissue debris and irritants, bacterial kill in the

dentinal tubules [8], and to encourage intimate adaptation

of canal filling materials to both the dentin and into the

tubules [55, 56]. However, with some of the newer obtu-

ration materials, such as calcium-silicate products, a dele-

terious outcome may occur due to the alteration in the

integrity of dentinal collagen matrix and reduction in its

flexural properties [57, 58].

In this study, the efficient and effective use of an irrigant

that can remove the smear layer, open the dentinal tubules

for disinfection and simplify the irrigation protocol has

been demonstrated. Coupled with evidence that this irri-

gant, QMixTM, can not only penetrate through and remove

the debris that is formed on the root canal walls during

enlargement and shaping, but also kill bacteria within the

tubules [8], it is reasonable to consider adaptation of this

new technology. However, it is recognized that further

clinical studies would be warranted to demonstrate the

long-term effect of this therapeutic and all-encompassing

approach to root canal cleaning and disinfection. More-

over, it seems reasonable to ascertain this novel solution’s

potential to demonstrate enhanced effectiveness when used

in conjunction with sonic and ultrasonic agitation, in its

ability to penetrate and destroy bacterial biofilms. While

initial studies into this realm have been published [59],

protocols within did not conform to the present directions

for use by the manufacturer (http://www.tulsadentalspecial

ties.com/Libraries/Tab_Content_-_Irrigation_Activation/

QMix_DFU.sflb.ashx accessed 1 September 2012), thereby

opening the door to continued research in this field.

Conclusion

The null hypothesis in this study was rejected. All three of

the modified QMixTM solutions removed significantly more

smear layer when compared with EDTA. From a clinical

perspective, QMixTM offers a reasonable and efficacious

alternative to EDTA after primary irrigation with NaOCl .
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