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ABSTRACT  

Aim of the study: the purpose of this study is to compare the two rotary systems in terms of efficiency and 

quality of curved root canals instrumentation. Material and methods: to perform this study, 20 molars with 

fully formed apexes and root canals with curves between 25 and 35 degrees were used.Subsequently, all teeth 

were divided into two groups, each group having a number of 10 root canals: Group A - Mtwo system (VDW) 

was used, Group B - ProTaper Next system was used (Dentsply Maillefer). 

Results All teeth were x-rayed initially and after the canal fillings were completed. During the study, the 

following were noted: working length, apical diameter, working time, the degree of widening of the canals given 

by each rotary system, the ability of each system to respect the initial anatomy of the canals, the quality of the 

canal fillings, possible accidents during instrumentation. 

Conclusions The ability of Ni-Ti rotary instruments to remove dentin and pulpal debris is closely related to the 

design features of the instruments, in particular the cross-sectional appearance and the cutting blades. 

Key words: ProTaper Next system, Mtwo system, curved root canals instrumentation 

 

1. INTRODUCTION 

Root canal instrumentation is an essential 

step in any endodontic treatment. According 

to the principles developed by Schilder, 

following mechanical instrumentation, the 

canal must have a uniformly progressive taper 

to the apex, must preserve the anatomy and 

original curvature of the canal, must maintain 

the original position of the apical foramen 

and the size of the apical foramen must be 

minimal, but clinically effective [1]. 

Traditionally, manual stainles steel files 

were used to achieve this goal. Especially in 

the case of curved canals, manual 

instrumentation can lead to iatrogenics such 

as straightening of a curved canal, 

transportation of the apex, the creation of 

ledges or perforations. The main cause of 

these iatrogenics is considered to be the 

increased rigidity of these instruments [2]. 

Iatrogenics often have a negative impact on 

the quality of fillings and on the success of 
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the entire endodontic treatment. 

The introduction of rotary instruments 

made of nickel-titanium (Ni-Ti) in the field of 

endodontics has eliminated much of the 

inconvenience of using stainless steel 

instruments. Compared to stainless steel files, 

Ni-Ti files present increased flexibility and 

fracture resistance, resulting in fewer 

procedural errors during root canal 

instrumentation. Also, many of the NiTi 

instruments have greater tapers than the ISO 

standard [3]. 

The basic sequence of the Mtwo system 

(VDW, Munich) consists of 4 files. These 

files have a S-shape in cross section and a 

non-cutting tip. The two cutting edges have 

positively inclined angles to effectively cut 

the dentin. The pitch of the coils increases 

progressively from the tip to the handle. It is 

assumed that this design eliminates the risk of 

screwing into the dentin during continuous 

rotation and reduces the transport of dentinal 

detritus to the apex. 

The ProTaper Next system (Dentsply 

Maillefer) consists of 5 files - X1, X2, X3, X4 

and X5, of which only the first two are used 

for the usual instrumentation of the root 

canals. The instruments of the system are 

made of a modified Ni-Ti alloy, called M-

wire. Through its qualities, this alloy gives 

the instruments increased flexibility as well as 

increased fracture resistance. The cross 

section of these instruments is quadrilateral, 

non-centered, and during rotation, the 

instruments show a winding motion. The 

manufacturers claim that this design 

generates more space to remove dentinal 

detritus. 

The ability of NiTi rotary instruments to 

remove dentin and pulpal debris is closely 

related to the design features of the 

instruments, in particular the cross-sectional 

appearance and the cutting blades [3]. 

The purpose of this study is to compare 

the two rotary systems in terms of efficiency 

and quality of curved root canals 

instrumentation. 

The objectives of this study were: 

1. Radiological analysis of the quality 

of the canal preparation with the two 

rotary systems 

2. Tracking the working time 

3. Radiological analysis of the degree 

of apical transportation 

4. Detection of errors and accidents 

that occurred during instrumentation 

and root canal filling 

2. MATERIAL AND METHODS 

To perform this study, 20 molars with 

fully formed apexes and root canals with 

curves between 25 and 35 degrees were used. 

The teeth used in the study are second and 

third molars, both maxillary and mandibular. 

The number of root canals included in the 

study is 20, of which palatal - 9 and distal - 

11. The root surfaces were cleaned of soft 

tissue and bone tissue, as well as calculus 

using ultrasonic means. 

For disinfection, all teeth were kept in a 

5.25% sodium hypochlorite solution for 48 

hours, and for the rest of the study they were 

kept in saline. 

The access cavities were made with 

diamond spherical high-speed burs, of sizes 

corresponding to the dental crowns and Endo-

Z (Dentsply Maillefer) bur for the complete 

removal of the pulp chamber ceiling. 

Permeabilization of all root canals was 

performed with Kerr-files ISO 06, 08 and 10, 

along the entire length of the channels. The 

landmarks for determining the working length 

were established as the tip of the occlusal 

cusp and the apical foramen. By measuring 

this length and subtracting 0.5mm, the final 

working length was determined. For each 

tooth, on each root canal, a glide path was 

created prior to rotary instrumentation. 

Subsequently, all teeth were divided into 

two groups, each group having a number of 
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10 root canals 

Group A - Mtwo system (VDW) was used 

Group B - ProTaper Next system was used 

(Dentsply Maillefer) 

Group A: Mtwo 

The permeabilization of the root canals 

was performed with manual Kerr-files of ISO 

size 10. The instrumentation sequence 

involved 4 files, as follows: 10/.04, 15/.05, 

20/.06 and 25/.06, used successively. The 

files were mounted on the VDW Silver 

Reciproc endodontic motor and were used in 

continuous rotation, at the default endomotor 

program for the Mtwo system. Each 

instrument has the specific torque counter 

included in the endomotor program, as well 

as the speed set at 280 rpm. 

The technique used was the single-length, 

recommended by the manufacturers, and it 

involved the use of each file along the entire 

working length, through brushing 

movements. Thanks to this technique, each 

files creates a glide path for the next in the 

series. During the rotary instrumentation, 

after each file use, irrigation with sodium 

hypochlorite concentration 5.25% was 

performed, as well as recapitulations with the 

permeabilization file to check the 

maintenance of the working length. 

Group B: ProTaper Next 

The glide path in the case of group B teeth 

was made with manual Kerr-files of ISO size 

10 and 15. The rotary instrumentation with 

the ProTaper Next system was made by the 

single-length technique, using the file 

sequence X1 - 17/.04 and X2 - 25/.06 by 

brushing movements, along the entire 

working length. The same endomotor, VDW 

Silver Reciproc, was used, in continuous 

rotation, at the speed recommended by the 

manufacturers, of 300rpm/minute. After the 

use of each file, the working root canal was 

irrigated with 5.25% sodium hypochlorite and 

recapitulated with ISO 15 Kerr files. 

After completion of the rotary 

instrumentation, all root canals were 

subjected to a final irrigation with 5.25% 

sodium hypochlorite and then dried with 

paper cones. The method by which all canals 

were filled was cold lateral condensation. The 

gutta-percha master cone was chosen 

according to the size of the master apical file, 

which coincides in the case of both rotary 

systems. 

The sealing material used in the study was 

Sealapex (Kerr Endodontics), in the form of a 

two-component paste-paste presentation. 

All teeth were x-rayed initially and after 

the canal fillings were completed. During the 

study, the following were noted: 

- Working length 

- Apical diameter 

- Working time 

- The degree of widening of the canals given 

by each rotary system 

- The ability of each system to respect the 

initial anatomy of the canals 

- The quality of the canal fillings 

- Possible accidents during instrumentation. 

 

3. RESULTS  

The total number of teeth (second and 

third molars) used was 20. Only the palatal 

and distal canals of the molars were included 

in the study, in order to avoid the overlapping 

of the canals on the radiological film. The 

working length was established for each 

channel and radiologically checked. (Table 1) 

 

Table 1 – The measured working lenghts 
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Rotary system 
Number of 

canals 
Mean value 

Maximal 

value 

Minimal 

value 

Group A – Mtwo system 10 18,5mm 23mm 16mm 

Group B – ProTaper Next 

system 
10 17,3mm 19mm 16mm 

 

Apical diameter 

The apical diameter of all instrumented 

canals was ISO 25, for both systems using as 

apical master the last file in the series, 

respectively the 25/.06 file (Mtwo) and the 

X2 file (ProTaper Next). 

Working time 

During the rotary instrumentation with 

each system, the working time necessary to 

complete the preparation for each canal was 

followed, by timing. The Mtwo system has a 

sequence of four files, while the ProTaper 

Next system uses only two files to reach the 

same apical diameter. Included in the total 

duration were the time required to change the 

files and the time allocated for irrigation of 

the canal. (Table 2) 

 

Table 2 – Working time comparison of the rotary systems 

 

Rotary system Mean value Maximal value Minimal value 

Group A – Mtwo system 6,05 minutes 6,65 minutes 5,04 minutes 

Group B – ProTaper Next system 4,47 minutes 5,27 minutes 3,82 minutes 

 

The difference in the average working 

time between the two systems is justified by 

the number of filesin the sequence used for 

each canal: four files in the case of the Mtwo 

system, respectively two in the case of the 

ProTaper Next system. 

Degree of enlargement 

The degree of canal widening resulting 

from rotary instrumentation with each of the 

two systems was analyzed by overlapping the 

initial and final radiological images, as well 

as by digital distance measurement. For each 

tooth, the initial and final measurements were 

performed at the same level, in the coronal, 

middle and apical thirds. The initial and final 

radiographs were made from the same 

incidence, making it possible to compare the 

results. The images were brought to the same 

scale, and the diameter measurements were 

performed using the Autodesk AutoCad 2018 

software program. (Tables 3,4,5 and Figures 

1,2,3)

 

 

Table 3 – Results for the coronal third of the root canals 

 

Rotary system 
Number 

of canals 

Degree of 

widening (mean) 

Maximal 

value 

Minimal 

value 

Group A – Mtwo system 10 0,46 mm 0,73mm 0,16mm 

Group B – ProTaper Next 

system 
10 0,35mm 0,49mm 0,21mm 
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Figure 1: Initial and final radiographs, brought to the  

same scale 

 

 
 

Figure 2: Establishment of landmarks for the initial and 

final diameter measurements for the distal canal 

 

 

Table 4 – Results for the middle third of the root canals 

 

Rotary system 
Number 

of canals 

Degree of 

widening (mean) 

Maximal 

value 

Minimal 

value 

Group A – Mtwo system 10 0,32 mm 0,41mm 0,13mm 

Group B – ProTaper Next 

system 
10 0,15mm 0,38mm 0,11mm 
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Figure 3: The values of initial and final diameters of the 

distal canal (Group B, ProTaper Next instrumentation), 

measured with the AutoDesk AutoCad 2018 software 

program 

 

 

Following the values obtained, it was 

found that the degree of widening of the root 

canals was higher in group A compared to 

group B. The noticeable difference between 

the two systems was observed in the middle 

third of the canals, where the Mtwo system 

recorded a degree of widening almost double 

that of the ProTaper Next system. Mtwo 

instrumentation was also found to produce a 

uniformly progressive degree of enlargement, 

while with the ProTaper Next system a more 

pronounced degree of enlargement in the 

coronal third was recorded. (Chart 1) 

Table 5 – Results for the apical third of the root canals 

 

Rotary system 
Number 

of canals 

Degree of 

widening (mean) 

Maximal 

value 

Minimal 

value 

Group A – Mtwo system 10 0,22mm 0,44mm 0,09mm 

Group B –ProTaper Next 

system 
10 0,14mm 0,24mm 0,07mm 
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Chart 1: Graphical representation of the widening degree of both 

rotary systems 

 

The ability of each system to respect the 

initial anatomy of the canals 

The extent to which the initial anatomy of 

the canals was respected was quantified by 

assessing the degree of straightening of the 

canals. For this evaluation, the curves of each 

root canal were measured before and after 

rotary instrumentation, using the Schneider 

 

technique. This method involves marking 

three points on the root canal: point A at the 

root canal orifice, point B at the level at 

which the root canal path begins to deviate 

and point C at the apical foramen. By joining 

points A with B and B with C, two lines are 

obtained at the intersection of which is the 

angle of curvature. (Figures 4, 5) 

 

 
Figure 4: Marking the A, B and C points, drawing the lines and 

representing the angle of curvature on the initial and final 

radiographs 
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Figure 5: Measurement of the angle of curvature of the root 

canals 

 

The initial and final angle measurements were performed digitally, using the MB-Ruler 

software, using the protractor. The degree of straightening was determined as the difference 

between the values of the initial and final angles of curvature. (Tables 6,7,8) 

 
 

Group A – Mtwo system 

Initial 
Post 

instrumentation 

Degree of 

straightening 

32,26˚ 30,57˚ 1,69˚ 

33,57˚ 30,94˚ 2,63˚ 

30,88˚ 29,60˚ 1,28˚ 

29,38˚ 27,86˚ 1,52˚ 

35,11˚ 32,09˚ 3,02˚ 

31,42˚ 29,63˚ 1,79˚ 

26,53˚ 26,39˚ 0,14˚ 

29,65˚ 28,48˚ 1,17˚ 

29,41˚ 28,85˚ 0,56˚ 

28,14˚ 27,72˚ 0,42˚ 

Table 6 – The values obtained from the 

measurement of the initial and final angles of 

curvature, as well as the determination of the 

degree of straightening of the root canals 

instrumented with the Mtwo system 

 

 

Group B – ProTaper Next system 

Initial 
Post 

instrumentation 

Degree of 

straightening 

28,59˚ 27,25˚ 1,34˚ 

31,47˚ 29,75˚ 1,72˚ 

27.31˚ 27,02˚ 0,29˚ 

28,75˚ 27,74˚ 1,01˚ 

29,42˚ 27.95˚ 1,47˚ 

31,84˚ 29,71˚ 2,13˚ 

26,29˚ 26,21˚ 0,08˚ 

29,33˚ 28,10˚ 1,23˚ 

33,68˚ 30,82˚ 2,86˚ 

26,96˚ 26,34˚ 0,62˚ 

Table 7 – The values obtained by 

measuring the initial and final angles of 

curvature, as well as determining the degree 

of straightening of the root canals 

instrumented with the ProTaper Next system 
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Table 8 – Degree of straightening of root canals, measured in degrees 
 

Rotary system Mean value 
Minimal 

value 

Maximal 

value 

Group A – Mtwo system 1,42˚ 0,14˚ 3,02˚ 

Group B – ProTaper Next system 1,27˚ 0,08˚ 2,86˚ 

 

It was observed that both rotary systems 

maintained the initial anatomy of the canals, 

the average values obtained for both groups 

being similar. 

As for the homogeneity of the fillings, it 

was not perfect. Small gaps in the gutta-

percha mass were observed in most filled 

canals, the most common being in the middle 

and coronal third. All root canals were filled 

along the entire working length. 

 

 
Figure 6: The presence of gaps in 

the mass of the canal filling is 

observed 

 

Accidents during instrumentation 

During the preparation of the canals, a 

series of accidents were registered: 

- Fracture of manual and rotary instruments 

a. Fractures of 2 ISO 08 and 10 manual 

files were observed during the 

permeabilization of some mesial root 

canals of accentuated curves, as well 

as the fracture of a 15/.05 file (Mtwo) 

and an X1 file (ProTaper Next). 

(Figures 7, 8) 

 

 
Figure 7: A fragment of a 15/.05 

(Mtwo) rotary file fractured in the 

middle third of the canal is 

observed 
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Figure 8: The presence of a 

fragment of a manual file fractured 

in the mesio-buccal canal in the 

apical third, during 

permeabilization, and a fragment of 

a X1 (ProTaper Next) rotary file 

fractured in the distal canal, close to 

the apical third, are observed. 

 

 

 

- Creation of perforations 

a. The creation of a lateral root 

perforation at the level of a mesio-

buccal canal was recorded, during 

permeabilization. The probable 

cause of this was the degree of 

calcification of the canal in the 

apical third. (Figures 9,10) 

 

 

 

 
Figure 9: Root perforation of the 

mesio-buccal canal, performed 

during permeabilization. The apical 

transportation of the palatal canal, 

instrumented with the Mtwo system, 

is also observed 

 

 

Figure 10: Root perforation of 

the mesio-buccal canal, highlighted 

by the introduction of a gutta-

percha cone 
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- Transportation of the apex 

a. Both rotating systems demonstrated 

different degrees of apical 

transportation; 

b. In group A, following the 

instrumentation with the Mtwo 

system, the apical transportation was 

present on a number of 3 root canals 

c. In group B, instrumented with the 

ProTaper Next system, the number of 

root canals that showed apical 

transportation was 2. (Figure 11)

 

 
Figure 11: Transportation of the apex of the palatal root (Group 

A, instrumentation with Mtwo) is observed, as well as a fragment 

of Kerr file fractured during permeabilization on the mesio-buccal 

canal 

 

4. DISCUSSIONS  

Instrumentation of root canals is one of the 

most important aspects in endodontic 

treatment, facilitating the disinfection process 

by creating space [4]. In the preparation of 

curved canals, maintaining the initial anatomy 

is often a challenge. It has been observed that 

maintaining the initial degree of curvature of 

the root canals is associated with a better 

prognosis [5]. The introduction of Ni-Ti alloy 

instruments has contributed considerably to 

reducing the risk of iatrogenics due to the 

high degree of flexibility of the alloy. The 

results obtained by using rotary systems are 

influenced by the specific design: cross-

sectional appearance, tip configuration, taper, 

number of cutting blades [4]. 

The aim of this study was to compare the 

final results of the preparation of curved 

channels using the Mtwo and ProTaper Next 

systems. Teeth with root canals of curvature 

between 25 and 35 degrees were chosen. 

After creating the access cavities and 

permeabilizing all the root canals, the teeth 

were divided into two groups: group A, 

instrumented with Mtwo and group B, 

instrumented with ProTaper Next. In both 

groups, the apical diameter was ISO 25. 

Following the preparation of both groups, 

final radiographs were performed and 

analyzed: the working time required for each 
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canal, the degree of widening of the canals 

and the degree of their straightening, as well 

as accidents recorded during instrumentation. 

The average working time recorded for the 

Mtwo system was 6.05 minutes, while the 

ProTaper Next system recorded an average of 

4.47 minutes for instrumentation. The time 

allotted for changing files, irrigating and 

cleaning the files of dentinal detritus was also 

included in the working time. The time 

difference between the two systems can be 

explained by the number of files needed to 

reach the same apical diameter: four files in 

the case of the Mtwo system, compared to 

two files in the case of the ProTaper Next 

system. The results obtained are consistent 

with previous studies, which recorded a 

shorter average working time for the 

ProTaper Next system [6]. 

Determining the degree of widening of the 

canals in each group involved performing 

digital measurements of initial and final 

diameters in the coronal, middle and apical 

thirds. The AutoDesk AutoCad 2018 program 

was used to perform these measurements. The 

mean values obtained for the group 

instrumented with the Mtwo system were 

higher than those for the group instrumented 

with the ProTaper Next system. The Mtwo 

system proved a uniformly progressive 

degree of enlargement, while the ProTaper 

Next system produced a more pronounced 

widening of the coronal third than the rest of 

the canal. 

The degree of channel straightening 

recorded with each of the systems was 

defined as the difference between the initial 

and final angle of curvature of the root canals. 

All angles of curvature were determined by 

the Schneider technique and measured using 

the MB-Ruler program which presents a 

digital protractor. In the case of the Mtwo 

system, the average degree of straightening 

recorded was 1.42 degrees, and in the case of 

the ProTaper Next system, the average degree 

of straightening was 1.27 degrees. Both 

systems respected the initial anatomy of the 

canals, with insignificant differences between 

the values obtained. These results are 

comparable to those of previous studies based 

on groups of teeth with similar curved root 

canals. The mean values determined for the 

Mtwo system ranged from 1.08 degrees [6] to 

1.22 degrees [9]. For the ProTaper Next 

system, the average degree of straightening 

determined by other studies ranged from 0.92 

degrees [7], 1.30 degrees [8] and 1.59 degrees 

[6]. All these studies considered the degree of 

straightening of the Mtwo and ProTaper Next 

systems similar. 

Among the accidents recorded during the 

rotary instrumentation of the two groups were 

the fracture of a 15/.05 file of the Mtwo 

system and the fracture of a X1 file of the 

ProTaper Next system. A study conducted on 

similarly curved root canals concluded that 

the Mtwo system can be used safely up to a 

number of 4 canals [10]. It is possible that the 

fractures were determined by the increased 

number of instrumentations, given that they 

occurred towards the end of the study. 

The transportation of the apex could be 

observed when using both rotating systems, 

in a similar number of canals. Group A, 

instrumented with the Mtwo system, recorded 

3 root canals with apical transportation, and 

group B, instrumented with the ProTaper 

Next system, presented 2 root canals with 

apical transportation. Studies performed on 

samples of similarly curved canals showed 

similar degrees of apical transportation 

between the two systems [11], [7]. 

5. CONCLUSIONS  

1. Manual preparation of curved canals 

is often accompanied by the 

appearance of iatrogenics, such as 

straightening of a curved canal, 

transporting the apex, creating ledges 

or perforations. Due to the properties 

of the alloy, Ni-Ti instrumentation 
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reduces the risk of procedural 

accidents during rotary 

instrumentation. 

2. The ability of Ni-Ti rotary 

instruments to remove dentin and 

pulpal debris is closely related to the 

design features of the instruments, in 

particular the cross-sectional 

appearance and the cutting blades. 

3.  The studied teeth had root canals of 

curves between 25 and 35 degrees. 

4.  The apical diameter for both groups 

was created at the size ISO 25, to 

allow a degree of comparison. 

5. The average working time for the 

Mtwo system was 6.05 minutes, and 

for the ProTaper Next system 4.47 

minutes. 

6. Instrumentation with the Mtwo 

system produced a higher degree of 

widening compared to the ProTaper 

Next system. 

7. In the middle third of the canals, the 

Mtwo system registered a double 

degree of widening compared to the 

ProTaper Next system (0.32 mm 

compared to 0.15 mm - mean values). 

8. Instrumentation with the Mtwo 

system achieved a uniformly 

progressive widening along the canal, 

while the ProTaper Next system 

produced a more accentuated 

widening in the coronal third 

compared to the rest of the canal (0.46 

mm compared to 0.35 mm - mean 

values). 

9. In the case of the Mtwo system, the 

mean degree of straightening of the 

channel was 1.42 degrees, and in the 

case of the ProTaper Next system, the 

degree of straightening was 1.27 

degrees. 

10. Both systems followed the initial 

anatomy of the root canals, the 

differences not being clinically 

significant. 

11. Fractures of two manual files during 

permeabilization and two rotary files 

during instrumentation were recorded 

- a 15/.05 file (Mtwo) and a X1 file 

(ProTaper Next). 

12. Apical transportation appeared in a 

number of 3 canals instrumented with 

Mtwo and in a number of 2 canals 

instrumented with ProTaper Next. 
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