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Abstract

Koc�ak MM, C� ic�ek E, Koc�ak S, Sa�glam BC, Yılmaz N.

Apical extrusion of debris using ProTaper Universal and

ProTaper Next rotary systems. International Endodontic

Journal.

Aim To assess and compare the amount of extruded

debris after canal preparation using ProTaper Univer-

sal and ProTaper Next files.

Methodology Forty extracted mandibular premo-

lars with single canals and of similar lengths were

instrumented using the ProTaper Universal F3 or the

ProTaper Next X3. The extruded debris during instru-

mentation was collected into pre-weighed Eppendorf

tubes. The tubes were stored in an incubator for

5 days. The tubes were weighed to obtain the final

dry weight of the extruded debris. The amount of api-

cally extruded debris was calculated by subtracting

the initial weight of the tube from the final weight.

The distribution of the data was examined using the

Shapiro–Wilks test. Continuous variables were com-

pared with an independent-samples t-test for two

groups.

Results All specimens were associated with apical

debris extrusion. The ProTaper Universal group pro-

duced a significantly greater amount of debris extru-

sion (P < 0.001). The lowest and highest amounts of

debris for PTU and PTN groups were recorded as

0.00117–0.00165 g and 0.00017–0.00067 g,

respectively.

Conclusion ProTaper Next files was associated with

significantly less extruded apical debris when com-

pared to ProTaper Universal files.
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Introduction

The extrusion of debris from the apical foramen may

trigger an inflammatory reaction in the apical region

(Ruiz-Hubard et al. 1987). Various studies on the

extrusion of intracanal debris, microorganisms and

irrigants through the periapical region with differing

preparation techniques and root canal instruments

have been reported (Ferraz et al. 2001, Kus�tarci et al.
2008a). It has been shown that rotary instruments

are associated with less debris extrusion compared

with hand files (Reddy & Hicks 1998, Kustarci et al.

2008b). Additionally, full-sequence rotary instrumen-

tation has been reported to be associated with less

debris extrusion compared with reciprocating single-

file systems (B€urklein & Sch€afer 2012).

Previous studies reported that ProTaper Universal

(Dentsply Maillefer) (PTU) rotary files generated large

amounts of debris (Tanalp et al. 2006, Altundasar

et al. 2011) that has been related to their aggressive

cutting ability (Logani & Shah 2008). Recently, the

ProTaper Next system (PTN, Dentsply Maillefer) has

been introduced.

Limited data concerning PTN files are currently

available. Thus, the aim of this laboratory study was

to compare the amount of apically extruded debris

after the preparation of root canals using the PTU

and PTN in extracted human teeth. The null hypothe-

sis tested was that there is no difference between the

amounts of apically extruded debris associated with

two ProTaper systems.
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Materials and methods

A total of 40 extracted human mandibular premo-

lars with single canals were collected. Soft-tissue

remnants and calculi on the external root surface

were removed mechanically. The top of the buccal

cusp was flattened to create a reference point. Coro-

nal access was prepared using a high-speed bur.

Canal patency was controlled with a size 15-K file

(Dentsply Maillefer, Ballaigues, Switzerland). A size

15-K file was inserted into the root canal until the

tip was visible at the apical foramen to determine

the real length (RL), and the working length (WL)

was recorded as 1 mm less than that distance.

An experimental model described by Myers &

Montgomery (1991) was used to determine the

amount of extruded debris. The cover of an Eppen-

dorf tube was removed, and the tube was weighed

using an analytical balance (Radwag, Radom,

Poland) with an accuracy of 10�4 g to give the ini-

tial weight. Three consecutive weights were

obtained for each tube, and the mean value calcu-

lated. A hole was created on the cover of Eppendorf

tube, and a tooth was inserted under pressure

through this cover up to the cementoenamel junc-

tion. A 27-gauge needle was also forced alongside

the cover to equalize the internal and external air

pressure, and the unit including tooth and needle

was fixed to the cover with cyanoacrylate. This set-

up was placed into an Eppendorf tube. The tube

was fitted into a vial to hold the device during

instrumentation. The operator was shielded from

seeing the root apex during instrumentation by an

aluminium leaf that covered the vial. All root canal

preparations were completed by one operator, whilst

the assessment of debris was carried out by a

second examiner who was blind with respect to all

experimental groups. In each sample, a total of

4-mL distilled water was used as the irrigant

solution between files.

The specimens were randomly divided into two

experimental groups (n = 20). The groups were as

follows:

Group 1: PTU files were used according to the

manufacturer’s instructions using a gentle in–and-

out motion with an electric and torque-controlled

endodontic motor (X–Smart, Dentsply Maillefer). The

instrumentation sequence was SX at two-thirds of

the WL, S1 and S2 at WL –1 mm and F1, F2 and

F3 at the WL. Once the instrument had negotiated

the full WL and rotated freely, it was removed.

Each file was used with a brushing motion.

Group 2: PTN files were used in the sequence PU

SX, PN X1, X2 and X3 at a rotational speed of

300 rpm and 200 g cm torque, according to the

manufacturer’s instructions, with the same electric

and torque-controlled endodontic motor. Each file was

used with a brushing motion.

Once instrumentation was complete, the cover, nee-

dle and tooth were removed. The debris adhered to

the root surface was collected by washing the apical

part with 1 mL distilled water in the tube. Before

weighing the dry debris, the tubes were stored in an

incubator at 70 °C for 5 days to evaporate the dis-

tilled water.

The Eppendorf tubes were weighed using the same

analytical balance to obtain the final weight of the

tubes including the extruded debris. Three consecu-

tive weights were obtained and averaged. The

amount of apically extruded debris was calculated by

subtracting the initial weight of tube from the final

weight.

Statistical analyses were performed with the SPSS

software (ver. 18.0; SPSS Inc., Chicago, IL, USA). The

distribution of the data was examined using the Shap-

iro–Wilks test. Variables are expressed as

means � SD. Continuous variables were compared

with an independent-samples t-test for two groups. A

P value of <0.05 was considered to indicate statistical

significance in all tests.

Results

All specimens were associated with apical debris

extrusion. A significant difference was found between

the groups (P < 0.001). The PTU group had signifi-

cantly greater amounts of extruded debris than the

PTN group (P < 0.001). The lowest and highest

amounts of debris for PTU and PTN groups were

recorded as 0.00117–0.00165 g and 0.00017–

0.00067 g, respectively. The mean values and stan-

dard deviations for both groups are listed in Table 1.

Table 1 Mean weights and standard deviations (SD) of api-

cally extruded debris by instrument

Group N Mean SD

PTU 20 0.0013945 �0.00015466

PTN 20 0.0003780 �0.00015760
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Discussion

Two different ProTaper NiTi file systems were com-

pared in an experimental model that collected apically

extruded debris. This methodology is generally

accepted and has been used previously (Ghivari et al.

2011, B€urklein & Sch€afer 2012, B€urklein et al. 2013,

Koc�ak et al. 2013). The main disadvantage of the

method is that vital periapical tissues cannot be mim-

icked. Although the technique allows a comparison of

the file systems under identical conditions, it does

have limitations (Tanalp & G€ung€or 2014).

The selection of irrigation solution could effect the

quantitive values of the extruded debris. The use of

irrigants selected during routine endodontic proce-

dures, such as NaOCl, seems more logical and reflects

clinical conditions more precisely (Tanalp & G€ung€or

2014). However, sodium crystals cannot be separated

from debris and might adversely affect the reliability

of the experimental methodology (Tanalp & G€ung€or

2014). Therefore, distilled water was used as an irri-

gant to prevent misleading weight measurements as a

result of possible crystallization of sodium hypochlo-

rite solution. According to Fairbourn et al. (1987),

the weight of extruded debris might increase due to

hydration from moisture in the air. In the present

study, weighing procedures were repeated three times

and averaged for more precision. Periapical tissues

and the pressure at the apex that act as a barrier

against apical extrusion cannot be mimicked under

laboratory conditions (Tanalp & G€ung€or 2014).

Because of previously mentioned shortcomings of the

methodology, numerical comparisons could not reflect

the clinical situations. However, standardization of

methodology could provide information to compare

the tested instruments in terms of apical extrusion.

The extrusion of intracanal debris can lead to post-

operative pain and swelling after root canal treatment

(Ruiz-Hubard et al. 1987). Consequently, a reduction

in debris extrusion during canal preparation is desir-

able to help prevent postoperative pain following end-

odontic treatment. As is well known, the amount of

debris varies according to the preparation technique

and the cross-sectional design of the instrument

(B€urklein & Sch€afer 2012).

The two files tested have different alloy properties

and cross-sectional designs. The PTU instruments

have a convex triangular cross-sectional design, a

non–cutting safety tip and a flute design that com-

bines multiple tapers within the shaft (Sch€afer &

Vlassis 2004). Instruments with such a cross-

sectional design are claimed to cut dentine more

effectively (Bergmans et al. 2003) and are composed

of conventional NiTi alloy, whereas the PTN files are

made of M–Wire to increase flexibility and to improve

cyclic fatigue.

According to the results of the present study, apical

debris extrusion occurred with both ProTaper sys-

tems. Both instruments had a tip diameter equivalent

to a size 30. Tanalp et al. (2006) reported an amount

of 0.00153-g apical debris using a PTU system. Using

the same methodology and instrument sequence, the

present results were similar. In another recent study,

the PTU F2 file produced the greatest mean extrusion

value when compared with other instrument systems

(Koc�ak et al. 2013). The mean value of extruded deb-

ris was 0.000471 g. However, in the present study,

the mean value of debris was 0.0013945 g. The

amount of extrusion recorded was higher than these

previous results. It must be taken into consideration

that for the PTU group, the final instrument used for

canal preparation had a tip diameter equivalent to a

size 30, and it is possible that the higher mean value

could be related to the size of the final instrument.

The amount of debris extrusion was significantly

lower in the PTN than the PTU group. This could be

related to the design of the apical portion of the PTN

files and their off-centred rectangular cross-section,

which provides the nonuniform and reduced contact

points between the instrument and the root canal

wall (Elnaghy 2014). This plus the lower taper could

lead to the removal of more debris in the coronal

direction and result in less debris extrusion.

Conclusions

ProTaper Next files were associated with significantly

less apically extruded debris when compared to Pro-

Taper Universal files.
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