
The abrasive action of endodontic files against dentin produces a “smear layer” that coats 
the instrumented surface [2] of the root canal walls (figure 1).  Effective removal of this film-like 
layer and elimination of the bacteria secreted within or below the smear layer is paramount 
for a successful procedure [3]. 

Smear layer consists of both organic and inorganic biological material [4].  Vital and necrotic 
pulp tissues, embedded bacteria and bacterial fragments form the bulk of the organic com-
ponent of smear layer.  Remnant dentin fragments form the inorganic component.  Presence 
of the smear layer prevents contact of a sealant with the dentinal walls, hindering the forma-
tion of an effective internal seal [5]. 

 

Sodium hypochlorite has excellent utility as a primary irrigant on account of its ability to 
dissolve both vital and necrotic remnant pulp tissues [6]. Its ability to disinfect the exposed 
surfaces of the root canal system is limited, however, by its inability to act on the inorganic 
components that support the smear layer.  Bacteria embedded within or below the smear 
layer may be isolated from the effects of this irrigant, and may gradually repopulate the root 
canal system, necessitating future retreatment. 

When planning the treatment of a tooth with a diseased root canal, the overriding goal of the clinician—as any student of dentistry 
can tell you—is to “save the tooth”.  The goal of any patient lying in the dentist’s chair is to leave the operatory with precisely the 
same number of teeth as when they arrived. 

The primary treatment option for saving a tooth with a diseased root canal is endodontic therapy.  The procedure involves excising 
the diseased contents of an otherwise structurally intact tooth, cleaning and shaping the root canal system, then disinfecting, sealing, 
obturating and finally restoring the tooth.  The procedure not only saves the tooth but is generally considered to be the only 
aesthetically acceptable option with the minimum number of patient appointments.  

Cleaning and shaping of the root canal following a pulpotomy is generally performed with metallic instruments in the presence of a 
suitable lubricating medium which may have disinfecting or debris-removing properties.  Use of the right disinfecting agent to irrigate 
the root canal system after instrumentation, however, is key to a successful procedure [1].  

This White Paper reviews the most common options for irrigation available to clinicians performing root canal procedures. The  
paper also presents QMix® 2in1, a novel irrigating solution that can help clinicians more effectively meet their needs for cleansing 
and disinfecting the root canal system prior to obturation.

FIGURE 1:
Smear layer (*) formed on the instrumented 
part of the root canal wall (P)
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Irrigants comprised of chelating agents such as 17% EDTA [7] or Citric Acid [8] can be used 
to remove the smear layer. These types of irrigants are often fortified with detergents to en-
hance their effectiveness. While EDTA dismantles smear layer by chelating calcium ions from 
remnant dentin fragments, Citric Acid dissolves the dentin fragments via a combination of 
chelation and acidic dissolution due to its low pH.  Both irrigants may continue to dissolve 
calcium ions present in the canal walls below the smear layer, potentially weakening the 
underlying dentin [9].   

FIGURES 2A – 2C: 
Smear layer was completely removed from the 
dentinal walls of instrumented teeth following 
a final rinse with QMix® 2in1 at the coronal, 
mid and apical sections of the teeth (a , b, and 
c, respectively).
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A second disinfection step facilitates more complete cleaning of the root canal system once 
free of smear layer.  Due to the tissue-dissolving properties of sodium hypochlorite, however, 
this solution can erode the collagen matrix of the underlying dentin [10].  Other antibacterial 
agents, such as 2% Chlorhexidine [11], may be used in place of NaOCl to leave the dentinal 
walls otherwise unaffected.  Furthermore, chlorhexidine arrests the release of MMPs from the 
dentin. These substances, which are held “in check” in dentin in the presence of the dental 
pulp, can be released upon pulp and smear layer removal and prevent adherence of root 
filing materials to the cleaned dentin [11].  It is generally accepted that a minority of clinicians 
incorporate Chlorhexidine into every root canal procedure [12].

 

Currently, no single widely-accepted protocol for effective irriga-
tion during endodontic therapy is recognized.  The challenge for DENTSPLY Tulsa Dental 
Specialties was to develop an irrigating solution that combines the dual functions of smear 
layer removal and disinfection after initial irrigation with standard sodium hypochlorite 
solution. In taking the clinician’s broader needs into consideration, the irrigant would 
ideally be available as a single, premixed solution that is simple to use, has no special 
handling requirements, and that is shown to be effective in a relatively short space of time.  
In completing the wish-list of attributes that make-up an “ideal” final irrigant, it should also 
be stable at room temperature for up to two years, and free of antibiotics.  
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® 2IN

QMix 2in1 is a proprietary blend that comprises an effective smear layer-remover and a 
powerful antimicrobial agent. The solution is an FDA-cleared endodontic irrigant that is in-
dicated for the cleaning and disinfection of the root canal system in a single step following 
initial use of standard sodium hypochlorite solution.  QMix 2in1 is packaged for immediate 
use without premixing and has a working time of 60 – 90 seconds.  Aging studies have 
demonstrated the solution is effective for up to two years when stored at room temperature. 
The solution has been shown to kill bacteria on contact without the use of antibiotics.  

FIGURES 3A – 3C:

QMix® 2in1 continued to effectively remove 
smear layer after aging at 60 °C for 8 weeks 
(equivalent to 2 years’ storage at room tem-
perature) at the coronal, mid and apical levels 
of the tooth (a – c, respectively).
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The ability of the solution to remove smear layer and kill bacteria was evaluated via a 
combination of in vitro and ex vivo studies performed by academic researchers and an 
independent laboratory.  

Human extracted single-rooted teeth (n = 10) were instrumented and irrigated with 5.25% 
NaOCl as initial irrigant and finally with QMix 2in1 for a period of 60 seconds. Both irrig-
ants were delivered via a 30-gauge side-vented irrigation needle within 1mm of the apex.  
Scanning Electron Microscopy revealed clean canals and open tubules indicative of the 
complete removal of smear layer (opp. page figures 2a – 2c) [13]. 

In a further study that compared the solution to 17% EDTA the investigator observed that 
QMix 2in1 “completely removes the smear layer and smear plugs” but was “less aggressive 
than EDTA in that there is less demineralization of the intact dentin collagen” [14].  

The effectiveness of the solution in comparison with 17% EDTA was also studied by two other 
investigators. Their study also concluded that QMix 2in1 was able to completely remove 
smear layer and that it was actually “superior to 17% EDTA in removing the smear layer from 
instrumented tooth roots” [15].

The ability of the novel solution to remain effective at removing smear layer was also exam-
ined after accelerated aging. Figures 3a – 3c show the canal wall of an instrumented human 
tooth following initial irrigation with 5.25% NaOCl and final irrigation with QMix 2in1 
aged for the equivalent of two years at room temperature.  The smear layer was completely 
removed demonstrating the continued effectiveness of QMix 2in1 [14, 16].  
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The disinfection capabilities of QMix® 2in1 were tested using a standard time kill protocol 
by an independent laboratory [17].  Enterococcus faecalis extracted from human root canals 
was selected as the target bacteria due to the occurrence of this strain in the vast majority of 
secondary root canal infections.  Different batches of the solution consistently demonstrated 
a kill rate of 99.99% or greater of Enterococcus faecalis in 5 seconds (Table 1a).  

Accelerated aging of the solution for the equivalent of two years did not diminish the ability 
of QMix 2in1 to kill this resilient strain (Table 1b).
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Enterococcus faecalis, ATCC #4082 5 seconds 1.4 x 107 <2.0 x 102 >99.998 >4.83

Test Article: QMix® 2in1
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Enterococcus faecalis, ATCC #4082 5 seconds ~1.8 x 107 <2.0 x 102 >99.998 >4.96

Test Article: QMix® 2in1 — 2 YR ACCELERATED

A novel dual-function endodontic irrigating solution, QMix 2in1, was evaluated for its ability 
to remove smear layer ex vivo and kill bacteria in vitro. The proprietary solution demon-
strated the ability to completely remove the smear layer and kill greater than 99.99% of En-
terococcus faecalis (obtained from human root canals). Testing following accelerated aging 
confirmed the shelf life of the solution for two years at room temperature. 

TABLE 1A:  
QMix® 2in1 demonstrates an in vitro kill rate 

of greater than 99.99% against Enterococcus 

faecalis.

TABLE 1B:  
QMix® 2in1 continued to achieve a kill rate 

of greater than 99.99% against Enterococcus 

faecalis after aging for the equivalent of two 

years.
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