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Abstract

Aim: The purpose of this study aimed to evaluate the amount of apically extruded debris after canal preparation using M-Pro (CM) 
and ProTaper Next rotary system files.

Methodology: Forty extracted human, single-rooted mandibular premolars were divided into two groups (n=20) in each group. 
The root canal instrumented by G1 ProTaper Next (Dentsply Maillefer, Baillagues, Switzerland) and G2 M-Pro (CM) (Guangdong, 
shanghai, China) according to the manufactures' instructions. Distal water was used as the irrigant. The apically extruded debris was 
collected in preweighted glass vials. The vials were stored in an incubator for 5 days. The vials were weighed to obtain the final dry 
weight of the extruded debris. The amount of apically extruded debris was calculated from the difference between the weights of the 
glass vials with dried debris and prewighted of the empty glass vial. The data were statistically analyses.

Result: All specimens were associated with apical debris extrusion. No significant difference was noted among the PTN and M-Pro 
(CM) systems (P > 0.05). 

Conclusion: All instrumentation systems extruded debris apically. However, M-pro (cm) NiTi rotary system had comparable value 
compared to the PTN regarding the debris apically extruded, but this was not statistically significant difference. 

Keywords: Apical Extrusions; Rotary File System; ProTaprt Next; Controlled Memory; Root Canal Preparation; Mandibular 

Premolars Teeth

Introduction 
One of the most important goals of endodontic procedures is 

to complete debridement of root canals using files and irrigation 

[1]. For successful treatment vital and necrotic tissue, microorgan-
ism and dentinal debris should be removed from the root canal 
system [2]. However, during root canal preparation, some of these 
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dentin chips, pulp tissue remnants, and microorganism extruded 
into the periapical area thus, causing some clinical complication as 
pain, flare up or swelling leading to delayed periapical healing [1]. 
The incidence of these complications is reported to range between 
1.4% and 16% [3]. 

This extrusion is an undesired result of the mechanical instru-
mentation of the root canal, and none of the obtainable instrumen-
tation systems of the root canal can avoid apical debris extrusion 

[4]. All instrumentation systems tend to extrude debris beyond the 
foramen, the amount of debris extrusion into the periapical area 
depends on many factors as; influence of the preparation tech-
nique, the influence of the file system design [5], the coronal pre-
flaring, the working length and disruption of apical diameter and 
the irrigation type and techniques. 

Recently, several instruments and techniques for cleaning and 
shaping are available. Most of the recent techniques include nickel-
titanium (NiTi) instruments. As nickel-titanium (NiTi) rotary in-
struments vary in their design, cross-section shapes, taper, cutting 
blade, alloy and methods of use, the amount of apically extruded 
debris also are different; the design of rotary files with the motion 
used tends to extrude the debris direct coronal toward the orifice 
[6]. 

ProTaper Next (PTN) rotary system (Dentsply Maillefer, Balai-
gues, Switzerland) this system is made with M-wire Nickel-titani-
um alloy. The features of this M-wire alloy are increased flexibility 
and greater resistance to cyclic fatigue of the instrument. The PTN 
files were designed with variable tapers and an off-centered rect-
angular cross-section, which create a swaggering effect. This de-
sign makes it possible to completely prepare root canals by fewer 
files [2]. The offset design maximizes the auguring of debris out of 
the canal compared with a centered mass and axis of rotation [7]. 

New endodontic system has been introduced to the market 
called M-Pro files (Guangdong, shanghai, China), multiple-file sys-
tem, continuous taper, this alloy Controlled Memory (CM) wire 
thermo-mechanical surface treatment, that controls the materials 
memory. The unique design features of the CM instrument provide 
resistance to fatigue and superior flexibility compared to M-wire 
and conventional NiTi alloys. Furthermore, these files can be pre-
bent similarly to stainless steel.

The current study compares the amount of apically extruded 
debris during preparation with ProTaper Next (Dentsply Maillefer, 
Balaigues, Switzerland) and M-Pro (Guangdong, shanghai, China). 
The null hypothesis was that there is no difference between Pro-
Taper Next and M-Pro systems regarding apically extruded debris.

Materials and Methods
Sample size calculation

Based on a previous study by Yılmaz and Sa. (2014) [5]. The 
Sample size was calculated using the (G power software) t-test. 
As regarding the outcome (apical extruded debris), we found that 
selecting 20 extracted teeth per group was appropriate sample 
size for the study with a total sample size of 40 extracted teeth (2 
groups). 

Random allocation sequence generation will be done using 
computer random sequence generator and formulated into two 
columns to get the sequence.

Teeth selection

Freshly extracted human lower premolars with completely 
formed apices and straight single canals with no previous root 
canal treatment, free of caries, fractures, external or internal root 
resorption and cracks, as verified by visual inspection using dental 
operating microscope. Teeth were scraped with curette to remove 
blood, residual tissue and calculus. Teeth were placed in 2.5% Na-
OCl for 30 min to disinfect the tooth surface then stored in distilled 
water. 

Standardization for samples

Apical size standardization for debris extrusion assessment 
was obtained by inserting file size 25 in each canal to ensure that it 
did not by passing the foramen. Discarding samples will not follow 
these criteria and replaced with another specimen.

Preparation of samples

Pre-operative periapical radiographs of the teeth were taken in 
the buccolingual and mesiodistal directions for the presence of a 
single canal. All teeth were accessed using a diamond round bur 
and endo access bur in high-speed hand piece under water spray 
cooling. Decoronation was done to achieve a final length of 16 mm 
for each sample Apical patency was checked with a size 10 k-file 
until the tip will be just visible in the apical foramen. This length 
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was noted and 1 mm was subtracted to calculate the working 
length (WL) of each tooth.

Grouping of samples

•	 Group A: Comparator group, n = (20) teeth were prepared 
With ProTaper Next (Dentsply Maillefer, Ballaigues, Switzer-
land) up to X3 (30/0.06 Taper). 

•	 Group B: Intervention Group, n = (20) teeth were prepared 
with M-Pro (Guangdong, shanghai, chain) up to # 35 files 
(0.04 Taper).

Root canal preparation

•	 Group (A) was instrumented by ProTaper Next (Dentsply 
Maillefer, Ballaigues, Switzerland) rotary instruments fol-
lowing the manufacturer's instructions, including SX (Size 
19/4% taper) was used to 2/3 of the working length at speed 
300 rpm with a torque of 3-4 N/cm to shape the coronal por-
tion of the root canal, followed by X1 (size 17/4% taper), X2 
(25/6% taper) then X3 (30/7%) to the full working length. 
All the ProTper Next instruments were used at 300 rpm with 
a torque of 2-5.2 N/cm. 

•	 Group (B) was instrumented by M-Pro (Guangdong, shang-
hai, chain) rotary instruments following the manufacturer's 
instructions including File (18/4% taper) was used to2/3 
of the working length at speed 500 rpm with a torque 3N/
cm followed by Files (20/4% taper), (25/6% taper) then 
(35/4% taper) to the full working length at speed 450 rpm 
with a torque of 1.5 N/cm.

All instruments were mounted on hand piece of X-SMART 
(Dentsply, Maillefer, Ballaigues, Switzerland) endodontic motor 
used with a gentle in-and-out motion until the instrument had 
reached into the full working length. Irrigation was performed 
using 1 ml distilled water after each instrument using 30-gauge 
double side-Vented needle. After instrumentation 1 ml, distilled 
water was used as a final rinse with a total of 5 ml for each sample. 
All irrigation solutions were delivered 2 mm short of the working 
length. The irrigation kinematics for all samples was static without 
any movements.

Evaluation of apically extruded debris

A similar method was used with previous studies Myers and 
Montgomery. (1991) [8], the cover was removed and the empty 

glass vials were weighed with an analytical balance three times and 
the average weight was calculated, then, using a hot instrument to 
create a hole in the center of the stopper (caps) of rubber stopper 
of glass vials. Two coats of nail varnish were applied to the external 
surface of all root specimens to prevent debris and irrigant extru-
sion through lateral canals or other discontinuities in the cemen-
tum except 1 mm around the apical foramen.

Each tooth was inserted into these holes under pressure up 
to the cement-enamel junction, then fixed with cyanoacrylate to 
prevent the leakage of irrigation solution through the hole and a 
27-gauge needle was inserted through the stopper beside the tooth 
to equalize the air pressure, the whole apparatus was assembled 
into a glass vial holder and the vials were covered with aluminum 
foil, these tubes served as collectors for this debris produced dur-
ing instrumentation.

After instrumentation and irrigation, separated stopper with 
the root was removed from the pre-weighed glass vials; the exter-
nal root surface was flushed with 1ml distilled water to collect de-
bris adhering to the surface.

The amount of apically extruded debris collected in pre-weighed 
glass vials were weighed again for each sample, these glass vials 
containing the extruded debris were stored in an incubator at 700C 
for 5 days to evaporate the moisture before weighing the dry de-
bris.

The weights of the debris for each sample were calculated from 
the difference between weights of the glass vial with dried debris 
and pre-weighted of the empty glass vial three consecutive mea-
surements were taken for each sample. All measurements were 
done using analytical balance (Satorius balance and scale, Poland); 
the analytical balance was calibrated before each weighing.

Statistical analysis

Numerical data were presented as mean and standard devia-
tion values and were explored for normality by checking the data 
distribution, calculating the mean and median values and using 
Kolmogorov-Smirnov and Shapiro-Wilk tests. Intergroup compari-
sons for parametric data were done utilizing independent t-test. 
The significance level was set at p≤0.05 within all tests. Statistical 
analysis was performed using IBM® SPSS® Statistics Version 26 for 
Windows. 
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Results 

The results of this study are statistically presented as mean and 
standard deviation (SD) values for extruded debris apically shown 
in table 1 and figure 2.

Descriptive statistics

Figure 1: Box plot showing values apically extruded debris (g) 
for different groups.

Group A (ProTaper Next): The maximum weight of debris in 
grams (0.168) while the median weight (0.014) and the minimum 
weight (-0.111).

Group B (M-Pro): The maximum weight of debris in grams 
(0.151) while the median weight (0.018) and the minimum weight 
(-0.101).

Intergroup comparison

Mean and standard deviation (SD) values of apically extruded 
debris (g) for different groups are presented in table 1 and figure 2. 

Independent t-test results showed that there was no signifi-
cant difference between the amount of apically extruded debris in 
group (A) (PTN) (0.012 ± 0.068) (g) and group (B) (M-Pro) (0.022 
± 0.059) (g) (p = 0.631). 

Discussion
This study was performed to compare and evaluate the amount 

of extrusion of debris created after cleaning and shaping by new 

Figure 2: Bar chart showing the mean apically extruded debris 
(g) for different groups.

Apically extruded debris (mean ± SD)
p-value

Group (A) PTN Group (B) M-Pro
0.012 ± 0.068 0.022 ± 0.059 0.631ns

Table 1: Mean ± standard deviation (SD) of apically extruded 
debris (g) for different materials. 

ns; non-significant (p > 0.05).

NiTi rotary instruments (ProTaper Next and M-Pro) in permanent 
mandibular premolars teeth.

Post operative pain and mid treatment flare up are common 
problems that occur during root canal treatment. A major cause for 
such problems is the extrusion of debris apically through the apical 
foramen during root canal instrumentation into the periapical tis-
sues, resulting in persistent periapical inflammation [9]. 

There are two types of factors that affect the extrusion debris 
apically; natural physical factors, such as the anatomy of apical 
constriction [10], and mechanical factors such as the selection of 
the final apical size of instruments, technique and the design of the 
instruments and irrigation solution [11].

The instruments used in this study were engine driven as this 
technique extruded a smaller amount of debris and irrigant due 
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to rotary motions, which tend to direct debris toward the orifice 
avoiding its complication in the root canal [6]. Most rotary instru-
ment systems compared to hand stainless steel K-files lead to less 
apical extrusion and postoperative pain due to their rotary action 

[12].

Nickel-Titanium engine driven instruments for the crown-down 
technique extruded less debris and irrigant as early flaring of the 
coronal part of the preparation improving instrument control dur-
ing the preparation of the apical third [13]. 

As well Nickel-Titanium (NiTi) instruments differ in their de-
sign, cross section, taper and application methods, resulting in 
varying amounts of debris extrusion apically into the periapical 
region, which leads to a different level of postoperative pain. Pro-
Taper Next rotary file system was selected as compotator due to its 
off-centered rectangular cross-section lead to the removal of more 
debris in the coronal direction and result in less debris extrusion 

[2]. The asymmetric design reduces the stress on the instruments 
during canal instrumentation so minimizing the engagement be-
tween the files and dentin, and increase the available volume for 
upward debris removal [7]. The M-wire technology of PTN enhanc-
es file flexibility and cutting efficiency [14]. It has been successfully 
used over years, and can be present as a reference for comparison 
[15]. 

On the other hand the selection of M-Pro NiTi rotary system was 
due to introduced to the market as a new rotary system consisting 
of three shaping files, which have been heat-treated representing 
the CM (Control Memory) wire technology, which increases the 
efficiency and flexibility of the files. Extracted human mandibular 
premolars were used in this study rather than stimulated canals in 
resin blocks to provide real life conditions. Where, simulated artifi-
cial canals have different micro-hardness and surface texture com-
pared to root dentin [16,17]. The major drawbacks of using rotary 
instruments in resin blocks are the heat generated which soften the 
resin material and leads to binding of cutting blades and separation 
of the instrument [18].

The technique described by Myers and Montgomery for evalu-
ation of apically extruded debris was used with some modification 
on it [8-19]. 

Many studies show that the minimal amount of extrusion of de-
bris through the apical foramen is reached using crown-down tech-

nique with engine-driven NiTi systems. This technique was used in 
this study, it allow the instruments to enlarge the coronal third of 
the root canal, which reduces the apical extrusion of debris [20].

Regarding the coronal preflaring with NiTi rotary files was used 
in this study because it was reported that canal preparation with 
coronal flaring reduced the amount of apically extruded debris [21-

22]. Coronal flaring facilitates early access of irrigants and allows ro-
tary instruments to reach the apical portion with less wall contact 
and less friction [23,24]. 

In this study, the foramen size preparation was not taken into 
consideration, although Mckendery. (1990) [25] and AL-omari., et 
al. (1995) [26] found no significant correlation between the apical 
size and the amount of debris extrusion. The amount of extruded 
debris was not affected by the canal length, curvature of the fora-
men size [27].

All rotary files were used with in and out motion following the 
manufactures instruction, as it decreases the binding of instru-
ments and torque-generated cyclic fatigue [28,29].

All samples were flattened to a length of 16 mm for standardiza-
tion [30,31]. The working length in this study was confined to 1 mm 
short of the apical foramen; Myers and Montgomery. (1991) [8] re-
ported that there was a great amount of debris extrusion when the 
canals were instrumented to a length beyond the apical foramen 
compared to 1 mm short of the foramen. Silva., et al. (2016) [32] 

showed that the working length and the apical preparation size did 
not have a significant effect on debris extrusion.

The irrigant used during chemo-mechanical preparation was 
distilled water in all experimental groups it has no solvent effect 
thus extrusion of debris depends only on mechanical preparation. 
Although NaOCl is most irrigant used during endodontic treatment 
due to the antimicrobial effect and tissue dissolving ability, NaOCl 
leads to formation of sodium crystallization phenomenon, which 
can affect the results of this study so distilled water used to avoid 
any possible weight increase due to NaOCl crystal formation [33].

A 30-gauge needle tip was used for irrigation; the needle pen-
etration was done (1-2 mm) shorter than the working length 
(passive injection) to avoid the production of high apical pressure 
increasing the risk of apical debris extrusion [34]. The irrigation 
needles may be safely used during endodontic therapy [32]. Con-
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ventional syringe with side vented needle group extruded signifi-
cantly less debris than PUI and XP-endo finisher files [35]. 

The debris apically extruded in this study was collected in vi-
als and then heated until the distilled water was completely evapo-
rated and the debris dried the collected debris must be due to me-
chanical preparation of root canals. The weight of debris for each 
sample will be calculated as the difference between the glass vial 
empty and from dried debris [5-19]. 

Concerning the results of the apically extruded debris in this 
study after weighting the debris extrusion between the two groups, 
there was no statistically significant difference between the PTN 
and M-Pro systems in agreement with Tanalp., et al. (2006 )[33], 
Topcuoglu., et al. (2016) [21], Verma., et al. (2017) [36]. However, 
the PTN showed less debris extrusion apically. These results were 
in agreement with other studies by Caper., et al. (2014) [37], Sen., 
et al. (2008) [38]. Some authors justify that the design of the ProTa-
per Next promotes better bacterial removal than other automated 
systems. This design seems to promote the removal of dentin in the 
coronary direction [39,40].

Alternatively, Control Memory (CM) wire produced less debris 
extrusion as, unwinding the spirals of rotary system occurs dur-
ing the preparation of the canal, this phenomenon may lead to de-
crease the cutting ability and cleaning efficiency for the files result-
ed in the production of dentinal chips and debris were decreased 
and the less debris extrusion apically happened [41].

Also these results showed disagreements with many studies 
comparing the amount of apically extruded debris Ustun., et al. 
(2015) [42], Dincer., et al. (2017) [43].

However, the systems that we compared in this study are differ-
ent from those mentioned in the clinical study. Thus, assessment of 
the clinical performance of these systems is necessary to make fur-
ther comments. There are no many published data on the extrusion 
of apical debris with ProTaper Next and M-Pro systems.

Conclusion
Within the limitations of this study it was concluded that all sys-

tems were associated with extrusion of debris. M-pro (CM) NiTi ro-
tary system had comparable value compared to the PTN regarding 
the debris apically extruded (No statistically significant difference).
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