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Abstract: The present paper evaluated the accuracy of two different methods for transferring working
length (WL) between manual endodontic instruments and nickel–titanium (NiTi) shaping files.
Thirty root canals of extracted permanent teeth were used. Root canals were divided according to
canal length (CL) and canal curvature (CC). The reference cusp and the root end were flattened to
provide reproducible and accurate measurements. During shaping, the WL measurements were
obtained with manual k-files (KF) and transferred to WaveOne (W1) NiTi reciprocating files using
the traditional method with the endodontic ruler (method I) and an alternative clinical procedure
based on the comparison of the instruments side by side from tip to shank (method II). For each file
and each tested method, two measures were taken by two examiners using Rhino (ver. 4.0, McNeel,
Seattle, WA, USA) software for a total of 360 (30 × 3 × 2 × 2) measures. Analysis of variance was
performed by taking the difference in length (Delta WL, DWL) between files used for the same canal.
The difference between methods I and II for WL transfer was found to be statistically significant
(df = 1; F = 71.52; p < 0.001). The DWL absolute values obtained with method II were found to be
closer to 0 mm (i.e., same length as corresponding KF) than those obtained with method I. Both CL
(df = 2; F = 1.27; p = 0.300) and CC (df = 1; F = 2.22; p = 0.149) did not significantly influence WL
measurements. With respect to WL transfer, method II seemed to better preserve the correct WL
transfer between instruments during the clinical endodontic procedures.
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1. Introduction

The determination and the maintenance of a correct working length (WL) are the most important
factors for the success of root canal treatment [1]. WL is defined as the distance from a coronal reference
to the point at which canal preparation and obturation should terminate [2]. A major concern in
the prevention of technical errors and endodontic failures is the maintenance of appropriate WL
throughout clinical practice [3].

Electronic apex locators are precise and reliable in more than 90% of cases [4,5]. They are
ergonomically advantageous, as they allow the WL to be checked several times during the clinical
procedures without increasing the overall treatment time [6]. WL should be checked three times during
treatment: first after the initial canal scouting with manual K-files (KF), then after glide path and
immediately after root canal coronal enlargement, because WL changes are expected due to straightening
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of the canal curvatures (CC) [7–9]. Therefore, WL transfer between the KF and the subsequent
mechanical shaping instruments should be extremely precise in order to equally prevent over- and
under-instrumentation. Over-instrumentation with nickel–titanium (NiTi) rotary or reciprocating
files of augmented taper may have clinical implications, including apical transportation [10] and
overfilling [11] with defective apical seal control, especially in curved canals, and greater incidence of
post-operative pain [12,13]. On the other hand, under-instrumentation may predispose the creation of
blocks and ledges, which can negatively influence the long-term prognosis of the endodontic treatment,
leaving a residual bacterial load inside the root canal [3]. Therefore, during the clinical practice, WL is
usually checked electronically and radiographically with a manual K-File (KF) and determined by
the position of a rubber stop at the coronal reference point. Afterwards, the WL is measured with a
manual endodontic gauge and transferred to the NiTi mechanical instrument selected for shaping [5,6].
A careful WL transfer procedure is required to ensure measurement reliability [14], but this clinical
procedure may be prone to errors. The objective of this study was to evaluate the accuracy of two
different clinical methods of transferring WL between endodontic instruments. This aspect could be
crucial for the optimization of clinical practice and for improvements in treatment outcomes. The null
hypothesis is that both methods are comparable in transferring WL measurements.

2. Materials and Methods

Thirty root canals of extracted permanent teeth with fully formed apex (first and second upper
molar buccal canals, and first and second lower molar mesial canals) that had not undergone prior
endodontic treatment were selected. The patients signed an informed consent for the treatment and
for the use of the extracted tooth for research purposes and the Local Scientific Committee authorized
the in vitro study. A sample size of 15 per group was calculated with G*Power 3.1.4 (Kiel University,
Kiel, Germany) with alpha error = 0.05 and ß = 0.95. After debriding the root surface, specimens were
immersed in a 0.01% NaOCl solution for 1 h and then stored in saline solution until preparation.
Pre-operative X-rays were taken (Planmeca Intra—Helsinki, Finland) using photostimulable phosphor
imaging plates and were processed and archived by a dedicated scanner and software interface
(OpTime Soredex, Helsinki, Finland). Root canals were divided according to canal curvature factor
(CC) into moderate (10◦–25◦) and severe (>25◦) groups.

After access cavity preparation, the appropriate reference cusp and the root terminus were
flattened using 3.5× Galilean loupes with a grinding/polishing wheel to provide reproducible and
accurate measurements. A flat glass surface was placed in contact with the flattened root end and the
WL was established by an expert endodontist under microscopic vision (OPMI Pro Ergo, Carl Zeiss,
Oberkochen, Germany) at 10× magnification when the tip of a #10 k-file was visible at the root tip
that was in contact with the glass surface. WL was obtained with K-files (KF) and the silicone stop
position was fixed with cyanoacrylate cement. Root canals were divided according to canal length
factor (CL) into short (15.56–17.88 mm), medium (17.89–19.29 mm) and long (19.48–20.45 mm) groups.
Afterwards, WL was transferred to the NiTi reciprocating files (WaveOne Primary, W1) using both
clinical methods.

In method I, WL was checked with a traditional endodontic millimetric gauge with a bar for each
millimeter; the reference K-file was measured using a graduated ruler (Endo M Block, Densply Sirona,
York, PA, USA) and then a W1 instrument was set to the same length with the same gauge.

In method II, corresponding files were matched by placing them side by side from tip to shank in
opposite directions in order to compare the length of the two instruments. The silicone stop position
was adjusted until the right measure was reached (Figure 1).

The digital images of the KF and the corresponding two W1 files, one for each method,
were acquired by a digital reflex camera (Canon EOS 350D (8 Mpx resolution, ISO 100, f/18, 1/60 s)).
For each instrument and method, two measures were taken by two examiners using Rhino (ver. 4.0,
McNeel, Seattle, WA, USA) software for a total of 360 measures. The agreement between operators was
calculated by applying the Cohen weighted kappa coefficient (SPSS v.24.0; IBM Corp, Armonk, NY,
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USA). The kappa results were interpreted as follows: values ≤0 indicated no agreement, 0.01–0.20 none
to slight agreement, 0.21–0.40 fair agreement, 0.41–0.60 moderate agreement, 0.61–0.80 substantial
agreement and 0.81–0.99 almost perfect agreement. Analysis of variance was performed by taking the
difference in length (Delta WL, DWL) between files of the same canal. For each canal, seven DWL were
independently performed for each method, which resulted in a total of 420 DWL measures. A balanced
hierarchical ANOVA was used to evaluate the influence of the three main factors (method, CC, and CL).
Other root canal properties included in CC and CL were considered by taking into account a further
random factor canal (C). The significance level was set to 5% (p < 0.05). All statistical analyses were
performed using the Minitab 15 software package (Minitab Inc., State College, PA, USA).
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Figure 1. Experimental method (method II). Corresponding files are matched by placing them side by
side from tip to shank in opposite directions in order to compare the length of the two instruments.

3. Results

The difference between methods I and II for transferring WL was found to be statistically significant
(df = 1; F = 71.52; p < 0.001). Figure 2 shows that method I tended to underestimate reported WL,
leading to a mean error of 0.20 mm. On the contrary, method II overestimated WL by approximately
0.09 mm. Therefore, the DWL absolute values obtained with method II were found to be closer to
0 mm (i.e., the same length as the corresponding KF) than those obtained with method I.
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The parameters CL (df = 2; F = 1.27; p = 0.300>0.05), CC (df = 1; F = 2.22; p = 0.149 > 0.05) and
the interactions involving them (method*CC (df = 1; F = 4.06; p = 0.055 > 0.05); method*CL (df = 2;
F = 2.31; p = 0.121 > 0.05); CC*CL (df = 2; F = 0.20; p = 0.823>0.05); and method*CC*CL (df = 2;
F = 0.75; p = 0.482 > 0.05)) did not significantly influence the WL measurement. However, as shown in
Figure 3, moderate CC generally led to smaller DWL absolute values, while severe CC led to larger
negative DWL (i.e., W1 length was smaller than the corresponding KF length). It is worth noting
that the random factor C was found to significantly influence the DWL response (df = 24; F = 5.16;
p < 0.001), as expected. The overall kappa coefficient was 0.88 (asymptotic standard error of 0.03),
corresponding to an almost perfect agreement between observations.
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4. Discussion

Based on the results from the present study, the WL transfer that matches the instruments side by
side from tip to shank in opposite directions may be more accurate than the use of a manual endodontic
gauge during endodontic clinical practice.

The correct WL should be preserved in order to avoid inner or outer apical transportation,
particularly when shaping instruments of augmented taper are used [15,16]. Over-instrumentation
may cause an irregular foramen widening, a lack of sealing with a high rate of debris extrusion and
post-operative discomfort [17,18]. Alternatively, under-instrumentation can create ledges, blocks and
other canal aberrations that may lead to inadequate shaping and filling, negatively affecting the
disinfection and the long-term prognosis of the root canal treatment [1,3,15,19]. Therefore, over- and
under-instrumentation should be both equally reduced in order to achieve antimicrobial and sealing
efficiency [10–13].

However, the canal anatomy and the coronal flaring may influence WL variations during shaping,
especially in the mesial root of the mandibular molars and in the mesio-buccal root of the maxillary
molars [20,21]. In those roots, where the original anatomy is particularly complex, the preliminary
flaring of the canal coronal portion is suggested in order to facilitate WL achievement [22–24].
Nevertheless, the electronic apex locator’s accuracy is improved by canal flaring [25–27]. However,
it can lead to a variation in the initial WL, which is independent from the root canal preparation
technique [28–31]. The present findings reported that severe canal curvatures (CC factor) may lead to
larger negative DWL, confirming the influence of canal anatomy on WL transfers, as discussed in a
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previous study [31]. Therefore, the WL measure transfer is constantly repeated during clinical practice
and a possible error may dramatically influence the quality of the endodontic treatment [31].

The precise transfer of a correct WL from the manual KF to the subsequent shaping instruments
is mandatory for an adequate shaping and filling of the root canal system. However, it could be
challenging even for an expert operator using magnification devices. No previous studies have
reported the precision of different WL transfer clinical methods between endodontic instruments.

Clinically, most operators use a manual endodontic gauge to report the WL measurement from
the KF to the following shaping instruments, but this method can lead to a mean error of 0.20 mm,
even with the use of a proper optical magnification. On the contrary, the matching of the instruments
side by side to compare the WL (method II) may decrease this discrepancy to a negligible value of
0.09 mm, which is reasonably too low to influence the clinical outcomes. Instrument matching is
intended as a visual appraisal of the position of the silicone stops for both instruments. Therefore,
the two instruments are placed side by side in order to compare the position of the silicone stops until
they are perfectly congruent and to prevent the shift in the silicone stop using the tips of the files.
This way, it is possible to prevent any risk of puncture wounds, addressing safety concerns for the
clinician. However, with respect to the maximum precision in WL maintenance, it is important to
consider the necessity to maintain the silicone stop perpendicular to the instruments’ axis and prevent
touching of the coronal reference point during shaping.

Reducing the errors in WL transfer during clinical practice may be significant for the improvement
of the endodontic long-term prognosis [32–34]. Both over- and under-instrumentation are equally
detrimental for treatment success and, therefore, they should be evenly prevented [16,17].

5. Conclusions

Within the limits of this study, endodontic WL transfer matching of the instruments side by
side may help to reduce clinical discrepancies, subsequently better preserving the correct WL during
shaping. Further studies should be encouraged to confirm these preliminary results.
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