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Evaluation of compatibility of file and gutta-percha cones in
three different endodontic systems using scanning electron

microscopy
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Purpose: The aim of this study was to evaluate the matching properties of the gutta-percha (GP) cones
and different file systems with variable tapers.

Methods: Fifteen files and GP cones TruNatomy Prime (TRN-P), WaveOne Gold Primary (WOG-P), and
Reciproc Blue (Rec-B R25) systems were examined under a scanning electron microscope. Diameter
measurements of files and GP cones were made from D1 to D16 using AutoCAD software. Data were
analyzed with independent samples t-tests. Statistical significance was determined as p< 0.05.

Results: The diameters of the file and GP cones were within the acceptable tolerance range. The file
diameter was larger than the GP diameter at all points of incompatibility in the TRN-P system (p< 0.05).
In the WOG-P group, the file diameter was wider up to the D10 level, while the GP cone diameter was
wider at the D11 point and beyond p<0.05. In the Rec-B group, the file diameter was wider up to the D6
level, while the GP cone diameter was wider at the D7 point and beyond p<0.05.

Conclusion: Three file systems are largely incompatible with the GP cones. In the TRN file system, unlike
the other two groups, the GP cone had a narrower diameter than the file at each point.
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Introduction

Nickel-titanium (Ni-Ti) rotary files have been used in root
canal treatment and are evolving to allow for more effec-
tive cleaning and shaping of root canals. The dimensions
of endodontic instrument must be accurate and precise for
an effective and predictable cleaning and shaping of the
root canal system. Ingle created the standardization of the
instruments used in root canal treatment, and although
the standards were revised over time in this system, it is
still used today (1).

In the updated ISO 3630-1 standards, there is no limita-
tion for file systems with variable taper angles, and prod-
ucts are presented to clinicians according to the references
determined by the manufacturer (2). Despite the devel-
opment of production methods and the standardization
of endodontic files, there are still great differences in the
same dimensions within the produced file and gutta-per-
cha (GP) cone systems themselves. According to the cur-
rent standards, tolerances range from 0.02 mm for files up
to #60, while 0.04 mm for files larger than #60. The range
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for GP cones is from 0.05 mm to 0.07 mm, depending on
the cone size (3).

According to the manufacturer’s data, Reciproc-Blue
(VDW, Munich, Germany) (Rec-B), WaveOne Gold
(Dentsply Maillefer, Ballaigues, Switzerland) (WOG), and
TruNatomy (Dentsply Maillefer, Ballaigues, Switzerland)
(TRN) are file systems that allow preparation in three dif-
ferent sizes. In these systems, the file and GP cones have
variable tapers. It is stated that because the file and GP
of the same size are fully compatible with each other, it
provides optimum obturation (4-6). Many clinicians use
an obturation technique that depends on the taper of the
canal being the same for instrumentation and obturation
(7). If the dimensions of file and GP differs from the man-
ufacturer’s claims, preparation of the root canal may not
be appropriate. Therefore, incompatible files and GP cone
sizes will affect the quality of the canal filling and the lon-
gevity of the teeth (1).

Studies on rotary file systems have examined factors such
as fracture resistance, shaping ability, and extrusion of de-
bris from the root canal system (8-10). However, a very
few studies have evaluated the compatibility of rotary in-
strument file systems and GP cones suitable for these sys-
tems (7,11,12). The aim of this study was to evaluate the
compatibility of the diameters of rotary file systems with
their own GP cones. The null hypothesis of the study was
that there is no difference in diameter from D1 to D16
levels between file and GP cones for three different rotary
file systems.

Fig. 1. File and GP cone images of the TRN-P, WOG-P, and Rec-B R25 groups

Materials and Methods

After a sample size calculation with G*Power 3.1 soft-
ware (Heinrich Heine University, Dusseldorf, Germany),
in Rec-B R25, Wave One Gold Primary (WOG-P), and
TruNatomy Prime (TRN-P) groups, 15 files and GP cones
were included. The samples were kept at 23 + 2°C for at
least 1 h before processing, and the samples were coated
with gold-palladium (Au-Pd) (4.0 min, 18.0 mA, 1.0/
mbar) ions for better imaging. After the samples were pre-
pared, they were placed in a scanning electron microscope
(SEM) (EVO MAI10., Zeiss, Oberkochen, Germany) for
examination, and images were obtained at 35X magnifica-
tion (Fig. 1).

The AutoCAD 2023 Educational Version (Autodesk Inc.,
San Rafael, CA, USA) program was used to measure the
files and GP cones in the images. The 1 mm scale on the
SEM images was referenced in the AutoCAD program.
The end regions of the files and GP cones were accepted
as the starting point (D0) while the measurements were
made. Diameter measurement lines were drawn perpen-
dicular to the length lines every 1 mm. The diameters of
the file and GP cones per millimeter from point D1 to
point D16 were measured and recorded by a single opera-
tor (Fig. 2).

Statistical Analysis

The mean and standard deviation values were calculated
for the file and the corresponding GP cones at all diam-
eters. The Shapiro-Wilk test revealed a normal distribu-
tion. Data were analyzed using the independent samples t-
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tests using SPSS 21.0 software (IBM Corp, Armonk, NY).
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Fig.2. Measurement of D3 diameter of TRN-P file with AutoCAD

In the literature, there are studies measuring the diameter
at different levels of the file and GP cones, as well as stud-
ies measuring it at all levels (7,12,16,18). Although the
diameter should be measured at 3 and 16 mm from the
tip of the file and GP cones according to the ISO 3630-1,
the diameters were measured at every mm, since the rotary
file and GP cone system used in our study had variable ta-
pers (2). Methods such as caliper, optical microscope, and
SEM have been used in prior studies to measure the size
of the GP subject and file (7,12,16,18). In our study, the
samples were taken under an SEM with a sensitivity of 0.1
mm using 35X magnification for optimal measurement.
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Fig.3. Differences between the file and the corresponding GP cone
diameter and direction of the differences (in millimeters)

The AutoCAD program has been used in various studies
in endodontics (11,19,20). AutoCAD was used for the
measurements in our study because the images can be en-
larged at desired levels, allowing precise measurements,
repeat measurements, and different metric systems.

In the evaluated samples, there were statistically significant
and insignificant differences between the file and GP cones
for the Rec-B R25, WOG-P, and TRN-P groups at various
levels for all diameters; however, the measurements of the
file and GP cones were within the tolerance levels. In a
study by Haupt et al., the diameter of the Reciproc system
was evaluated at all levels, and they found that the D14—
D16 diameters of the GP cones were larger than the file
(12). The results of this study coincide with our results
for the Rec-B file, which has the same design, but which
the manufacturer offers to the market with the claim that
it is more flexible with heat treatment. According to the
findings of a similar study in which the WOG-P system
was examined, the results at the D11 level were similar to
the results obtained in our study. However, although the
authors stated that GP cones at the D3 level had a larger
diameter than the files, in our study, it was found that the
file diameter at the same level was larger than the GP cone
(18). GP cones were found to be larger than files at D11,
D14, and D16 in two studies, which is similar to our find-
ings (12,18). If the diameters of the GP cones are larger
than the file systems, this can lead to premature binding
with the root canal walls, especially in the apical region of
teeth with long root anatomy, and thus insufficient root
canal obturation (12).

For TRN-D, the fit between the file and GP cones was
within the tolerance levels, while the file size was found
to be significantly larger than GP cones in all dimensions.



Eskibaglar et al. Compatibility of file systems with gutta

19

This may cause the GP extrusion from the root canal sys-
tem during obturation process in preparations using the
TRN-P system, and the root canal system cannot be three-
dimensionally obturated. In a TRN study, fewer GP cones
were found in the single-cone technique, which is consis-
tent with our research (21). This study evaluates the com-
patibility of files and GP cones used only in the root canal
system. As a result of the complex structure of this system,
further studies using micro-CT are necessary.

Conclusion

It should be noted that there may be a diameter mismatch
between the file systems used and GP cones. Obturation
should be undertaken by adhering to the working length,
and the root canal system should be hermetically filled us-
ing different compaction techniques.
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