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ABSTRACT 

 
Root canal instrumentation is an extremely important, often time-consuming stage of endodontic 

treatment. This should be regarded as a means of facilitating the penetration of irrigation solutions in all the 

confines of the canal space, in order to efficiently clean and disinfect it. Of the irrigation solutions available for 

endodontic use and studied over time, none met the ideal requirements, each with its own advantages and 

disadvantages. A relatively new irrigant consisting of doxycycline (an antibiotic), citric acid (dentin 

demineralization) and tween 80 (for detergent action) in aqueous solution, called (Biopure) MTAD, was 

introduced in 2003 by Torabinejad for endodontic applications. Our study aimed to synthesize the most 

important properties of this irrigation solution, used alone or in combination with other substances, for the 

purpose of a more efficient mechanical debridement, followed by a subsequent direct or prosthetic restoration. 

The methods and systems used for the irrigation or the root canal preparation was not included in the analysis. A 

search of the literature with works in English published on PubMed and other sites, was conducted until 2019. 

Keywords: chemomechanical debridement, endodontic irrigant, MTAD, prosthetic 

restoration 

 

Introduction 

The main cause of endodontic 

pathology is bacterial contamination, the 

purpose of the endodontic therapy being 

the most judicious decontamination of the 

endodontic space and its subsequent 

sealing through a tight obturation. In this 

regard, obtaining the permeability of the 

canal system is essential. This goal can be 

achieved by biomechanical instrumentation 

and chemical irrigation, the irregularities 

of the canal system preventing the 

permeabilization only by mechanical 

instrumentation 
[1]

. 

Among the irrigating solutions 

available for endodontic use were 

mentioned: NaOCl, EDTA, chlorhexidine, 

potassium iodide (IKI). However, none of 

these irrigants met the ideal requirements, 

each with its own advantages and 

disadvantages. In recent years, a new 

irrigant has imposed its efficiency in 

endodontic therapy. This is a mixture of 

3% doxycillin - a bacteriostatic antibiotic 

of the tetracycline group, 4.25% citric acid 

- a demineralizing agent and 0.5% 

polysorbate 80 (Tween 80), a detergent 

that lowers the surface tension and 

increases the antimicrobial effect of the 

various irrigation solutions 
[2]

.  It is 

commercially available as a bi-component 

product under the name of BiopureMTAD, 

Dentsply. 

 

REVIEW OF LITERATURE 

Antibacterial activity 

Microorganisms considered 

responsible for pulpal and periapical 

pathology are present not only in the root 

canals, but also in the dentinal tubules, at 
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different depths
[3]

 . For clinical use, an 

ideal irrigant should have certain properties 

such as: ability to remove free debris, 

lubrication dentin walls, dissolution of 

organic matter and antimicrobial effect
[4]

. 

Since Enterococcus faecalis is the resistant 

microorganism known to be one of the 

main causes of root canal treatment failure 

in most studies on the antimicrobial 

properties of some substances, therefore 

the selected articles evaluated the MTAD's 

action on this bacteria. 

MTAD contains doxycycline, 

which has a bacteriostatic effect by 

inhibiting protein synthesis and reversible 

binding to ribosomal subunits
[5]

. The 

bacteriostatic effect may be an advantage 

by preventing bacterial cell lysis, thus 

preventing the release of endotoxins
[6]

. The 

affinity of doxycillin for hydroxyapatite 

causes the antibacterial effect to be 

prolonged.
[7] 

Torabinejad et al.
[8] 

studied the 

antimicrobial efficacy of MTAD in vitro 

on E. faecalis by comparing its efficacy 

with 2.5% NaOCl and EDTA. EDTA has 

not demonstrated antibacterial activity 

against E. faecalis, while  NaOCl and 

MTAD have shown varying degrees of 

antibacterial efficacy. NaOCl continued to 

exert its effect up to 32x dilution, while 

MTAD was effective in removing E. 

faecalis up to 200x dilution. 

Portenier et al.
[9]

 found that a 

concentration of 100% MTAD and 0.2% 

CHX rapidly eliminated E. faecalis, and 

the presence of bovine dentin or albumin 

powder significantly slowed the action 

time of both solutions. On the other hand, 

Torabinejad and Shabahang
[10] 

showed that 

the combination of 1.3% NaOCl as a canal 

irrigant with MTAD as a final irrigant was 

significantly more effective against E. 

faecalis than other application strategies. 

Newberry et al.
[11] 

found that MTAD 

associated with 1.3% NaOCl was effective 

in completely inhibiting growth for 7 of 8 

subtypes of E. faecalis. CMI tests showed 

that MTAD inhibited most E. faecalis 

serotypes when diluted 1: 8192 and killed 

most serotypes when diluted 1: 512. 

Similarly, Davis et al.
[12]

 found that MTAD 

showed significantly more areas of 

microbial inhibition for E. faecalis than 

NaOCl, CHX. 

In contrast to the aforementioned 

studies, subsequent research has shown 

less than optimal microbial activity. Kho 

and Baumgartner
[13]

 demonstrated that 

there is no difference between 

antimicrobial efficacy in irrigation with 

5.25% NaOCl / 15% EDTA versus 

irrigation with 1.3% NaOCl / MTAD in the 

last 5 mm apically infected with E. 

faecalis. 

Dunavant et al.
[14] 

found that 6% 

and 1% NaOCl were significantly more 

effective in removing E. faecalis biofilms 

than other irrigants such as 2% CHX, 

MTAD and REDTA. 

A study by Baugmartner et al.
[15] 

indicated that there was no growth of E. 

faecalis in irrigated canals with 5.25% 

NaOCl / 15% EDTA, while 50% of 

irrigated canals with 1.3% NaOCl / MTAD 

showed an increase of  E. faecalis. 

Giardino et al.
[16]

 comparing the 

antimicrobial efficacy of 5.25% NaOCl, 

MTAD and Tetraclean on E. faecalis 

biofilms found that only 5.25% NaOCl 

could disintegrate the biofilm at any time, 

and Tetraclean showed a higher degree of 

biofilm disintegration any interval 

compared to MTAD. 

Stojic S et al.
[17]

 showed that 

MTAD and CHX are inferior to 2% 
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NaOCl and QMix in terms of antibacterial 

activity against planktonic E. faecalis and 

biofilm. Ruff showed that 6% NaOCl and 

2% CHX irrigation solutions were equally 

efficient and superior to MTAD and 17% 

EDTA in terms of antifungal activity
[18]

. 

However, Mohammadi
[19]

 found a higher 

MTAD substantivity versus 1.3% NaOCl 

and 2% CHX. The antifungal substance of 

MTAD was kept in the root canal dentin 

for at least 28 days. 

In 2009, a randomized clinical 

study was published on the antibacterial 

efficacy of MTAD in teeth with apical 

periodontitis. Gevik Malkhassian et al.
[21]

 

concluded that final irrigation with MTAD 

and medication with CHX 2% did not 

reduce the number of bacteria at levels 

lower than those obtained by irrigating the 

canals with NaOCl. 

In a more recent study, Lei Lei et 

al.
[20]

 evaluating the effect of MTAD 

associated with endosonic irrigation on the 

disintegration of E. faecalis biofilm found 

that after 30 seconds of MTAD ultrasound 

application, it presented more viable 

bacteria versus 5.3% NaOCl / groups. 17% 

EDTA and 1.3% NaOCl / MTAD. 

However, at a 60-second application of 

ultrasound, there was no statistically 

significant difference between the 3 

groups. 

Effect on smear layer (SL) 

In a study on the effect of MTAD 

on the smear layer, Torabinejad et al.
[22]

 

showed that MTAD effectively removes 

SL and does not significantly change the 

structure of the dentinal tubules when used 

after 5.25% NaOCl compared to irrigation 

given by EDTA and 5.25% NaOCl. Park et 

al.
[23]

 evaluating the effect of SL removal 

with MTAD on coronal percolation of 

dentinal tubules, found that teeth treated 

with MTAD indicated lower microleakage 

than teeth treated with EDTA, although the 

difference was not statistically significant. 

In their turn, neither Ghoddusi et 

al.24 found a difference in percolation in 

the teeth where SL was removed with 

MTAD or EDTA. However, De-Deus et 

al.25 reported significantly faster 

dissolution of inorganic material by 5% 

citric acid and MTAD compared to 17% 

EDTA. Beltz et al.
[26]

 found that MTAD 

has a solubilization capacity of organic and 

inorganic dentin material as well as pulp 

organic material similar to EDTA. 

Lei Lei et al.
[20]

 studied the effect 

of MTAD associated with endosonic 

irrigation in the disintegration of E. 

faecalis biofilm and SL removal in 

confocal microscope with laser scanning. 

MTAD and 1.3% NaOCl / MTAD 

appeared to preserve the tooth surface 

structure without causing erosion, 

effectively removing the smear layer. 

 

Effect on the dental structure 

Some authors have suggested that 

irrigating solutions could affect dentin 

structure and thus adhesion power
[27]

. Tay 

et al.
[28]

 investigating intraradicular dentin 

mechanically instrumented after irrigation 

with MTAD showed that both EDTA and 

MTAD exhibited the collagenic matrix in 

the eroded dentin and around the dentinal 

tubules. MTAD being slightly more acidic, 

was more aggressive than EDTA. 

According to Garcia-Godoy et 

al.
[29]

, both MTAD and EDTA caused the 

collapse of the dentin matrix, making it 

difficult for the sealant to infiltrate and 

form a well-represented hybrid layer. But 

De-Deus et al.
[30]

, comparing the effect of 

different irrelevant chelating solutions on 

adhesion strength showed that teeth treated 
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with 17% EDTA, MTAD, or only 1.25% 

NaOCl, had lower values than teeth treated 

with a weak chelating solution, 18% 

etidronate. 

Biocompatibility 

Zhung and Torabinejad
[31]

 studied 

the cytotoxicity of MTAD, 3% H2O2 and 

5.25% NaOCl and demonstrated that 

5.25% NaOCl is 195x more cytotoxic than 

MTAD and that 3% H202, 50x more 

cytotoxic. Ring
[32]

 also found that MTAD 

cytotoxicity is slightly lower than that of 

NaOCl, indicating MTAD 

biocompatibility. Torabinejad et al.
 [33]

 

demonstrated in an in vivo study that the 

use of 1.3% NaOCl / MTAD clinical 

protocol did not have an increased 

incidence of postoperative pain compared 

to 5.25% NaOCl and 17% EDTA. 

Despite a good biocompatibility, 

MTAD showed the smallest number of 

viable dental cells attached to the root 

canal, cells that would play a role in pulp 

regeneration
[32]

. This suggests that MTAD 

may not be the election of choice in pulp 

revascularization techniques. 

 

Benefits of MTAD 

o Reasonable antimicrobial activity 

o  More efficient removal of SL 

o Fewer adverse effects on dental 

structure (reduced erosion) 

o More effective in promoting 

adhesion to dentine 

o Least cytotoxic 

Disadvantages: 

o As a tetracycline derivative it has 

the intrinsic pigmentation property 

during odontogenesis, leading to 

coloration in the temporary 

dentition; pigmentation in the final 

teeth can be prevented by washing 

the dentine treated with NaOCl with 

ascorbic acid, a reducing agent, 

before applying MTAD
 [34]

 

o It is more expensive than other 

irrigators 

o It is prepared ex tempore; once 

prepared, the availability  is 

maximum 48h even if it is 

refrigerated, smaller than other 

irrigants
[35]

 

o The antiseptic effect is potentiated 

in a positive sense if a gutta-percha / 

AH26 canal obturation is 

subsequently performed 
[36]

 

o It is not indicated in 

revascularization techniques, its 

effect on dental stem cells in 

regenerative endodontics being still 

controversially discussed 
[37]

. 

 

Conclusions: 

In vitro studies have demonstrated 

the efficacy of MTAD as an antimicrobial 

agent, but clinical trials have shown lower 

antimicrobial activity. MTAD is an 

effective solution for removing SL from 

instrumented canals when used together 

with NaOCl. It also seems advantageous to 

dissolve the pulp tissue. MTAD favors 

adhesive restorative procedures and is 

biocompatible. In the same time, it does 

not adversely affect the physical properties 

of the tooth. 

Unfortunately, there are not many 

studies that have examined the efficacy of 

MTAD against other bacteria, except E. 

faecalis. In the case of C. albicans, MTAD 

being less effective than 5% NaOCl, 3% 

NaOCl, 2% CHX and 0.12% 
[37, 

38,39,40,41,42,43,44,45]
. 

It can be concluded that MTAD is a 

promising irrigation solution, but further 

clinical studies are still needed to establish 

it as the ideal endodontic irrigant.
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