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Introduction: The aim of the present in vitro study was to compare the accuracy of the working
length measurements of four foramen locators: Root ZX mini, Raypex 6, Woodpex III and Propex
Pixi in uniradicular premolars with simulated root resorption. Materials and Methods: For this
study, 30 single-rooted permanent premolars were selected. The samples were divided into two
groups: 15 teeth with simulated external root resorption and 15 teeth with internal resorption.
Each sample was immersed in containers with alginate covering only the root part. Measurements
were acquired from the four foramen locators and compared with the working length
measurements that have been previously obtained with the direct visual technique and the use of
a Digital USB Microscope under 5x. Next, the Shapiro-Wilk normality test was applied. The
ANOVA test and t-test for related samples were performed, in order to analyze the measurements
obtained. Results: In the teeth with external resorption, no statistically significant differences in
the measurements were obtained with Raypex 6 and Propex Pixi foramen locators, but there were
statistically significant differences with Root ZX mini and Woodpex III Root Zx mini [Root Zx
mini (P=0.040) and Woodpex III (P=0.000)]. On the other hand, in the samples with internal root
resorption, there were no statistically significant differences in measurements with the Root ZX
mini, Propex Pixi and Raypex 6 foramen locators. However, there were significant differences with
Woodpex III. Conclusions: Based on this in vitro study, Raypex 6 had the highest accuracy in
premolars with simulated external resorption and Root ZX mini was the most accurate in teeth
with simulated internal resorption. Furthermore, external root resorption affects the accuracy of
foramen locators more than internal resorption.
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Introduction

difficulty in interpretation because it is a two-dimensional image
[3]; and technical errors in angulation and developing made by

The determination of the working length is one of the most
important factors that contribute to the success of endodontic
treatment [1]. Thus, determining a correct working length (WL)
constitutes an essential step to avoid over-instrumentation, which
allows the passage of irritating substances beyond the apical foramen
[2]. In addition, it also avoids under instrumentation that prevents
total sealing of the root canal up to the apical constriction [1, 2].

The determination of the working length carried out with the
radiographic technique presents many limitations, such as: the

the operator [4]. This traditional method makes it impossible to
accurately determine the position of the apical constriction and
the apical foramen [5].

Currently, Foramen locators are one of the most reliable tools to
obtain a more accurate measurement of the working length [1]. These
instruments reduce the number of required radiographies and
minimize the subjectivity involved in radiographic interpretation [6].

In addition, the use of these devices has become widespread
today, proving to be indispensable in endodontic practice due to
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Figure 1. Tooth with internal resorption preparation verified by
periapical radiography

their high levels of accuracy 97.4% [7]; even under conditions in
which it would have previously been unthinkable to achieve an
accurate measurement, such as in the presence of blood,
hypochlorite or pus [7].

However, despite its accuracy in locating the apical foramen;
there are several anatomical variations such as C-shaped canals,
dens invagination, root dilaceration, efc. [8, 9] which may affect
the measurement obtained with the foramen locator. Among
these pathologies, we find root resorption.

Root resorption is a loss of hard dental tissues as a result of
clastic activity [10, 11]. Root resorption can be broadly classified
into external and internal resorption by the location of the
resorption in relation to the root surface [10, 11].

Also, external root resorption is an irreversible pathological
process [12] which can occur in situations as a dental trauma,
apical infection, internal bleaching, periodontal treatment,
ectopically erupting and most commonly in the presence of
orthodontic movements [13].

In addition, another pathology of endodontic interest is
internal root resorption that was reported as early as 1830 [11,
14]. Internal resorption is usually caused by chronic infections,
trauma, or inflammatory reactions of the pulp cells. Plus,
internal resorption is usually asymptomatic, and is detected on
routine radiographic examinations [10, 14]. Compared with root
external resorption, it has a rare occurrence, and its etiology and
pathogenesis have not been completely elucidated [11].

Furthermore, there is little information of the impact in the
accuracy of foramen locators in permanent teeth with external
root resorption [15]. Moreover, there are currently no studies on
internal resorption.

As previously explained, it is important to study foramen
locators in these types of pathology, as these may alter the
determination of the working length in our clinical practice.
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Figure 2. Bland-Altman plot in external resorption
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Figure 3. Bland-Altman plot in internal resorption

For this reason, the purpose of the present study is to compare the
accuracy of the working length measurements of four foramen
locators in single-rooted premolars with simulation of external
and internal resorption.

Materials and Methods

The present study was approved by the Ethics Committee of
Universidad Cientifica del Sur University in the City of Lima,
Pera with Evidence N 193-CIEI-SCIENTIFIC-2020. A sample
size was determined from the results of the pilot test, after
which it was considered to use 30 freshly extracted teeth.
Moreover, these had indication for tooth extraction for
orthodontic, periodontal or pulp disease reasons and were
donated for this study. Plus, periapical radiographs were taken
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in buccolingual and mesiodistal directions in each tooth to
verify the presence of a single root.

Afterwards, they were subjected to dental calculus removal
using an ultrasonic device (UDS-J; Woodpecker, Guangzhou,
China). Then, they were disinfected in 5.25% sodium
hypochlorite for 2 h to remove traces of organic tissue from the
outer surface of the root. Finally, they were stored in a sterile
0.9% saline solution until evaluation [15].

The samples were divided into two groups: 15 teeth with
external resorption and 15 with simulated internal resorption
(n=15). Standard endodontic access was performed with a high
speed medium round and fissure diamond burs (Micro
Diamonds Technology, Israel) with water cooling.

After endodontic access, the cusps edges of the teeth were
flattened with a medium round diamond bur (Micro Diamonds
Technology, Israel) by approximately one millimeter, to facilitate
measurements by means of a stable reference point [5].

Next, the coronal portion of each canal was flattened [5] using SX
rotary files (Denstply Maillefer, Ballaigues, Switzerland). Then, a # 10
k-file (Dentsply Maillefer, Ballaigues, Switzerland) was passed into
the canal until the tip of the file emerged from the apical foramen, to
determine the location of the apical foramen (central or lateral).

Each of the teeth was stored and codified with correlative
numbers to identify them.

Table 1. Comparison of the measurement of the working length using
the apical locators with respect to the real length, in single-rooted
teeth with external apical resorption

Locators Mean (SD) T P* ICCs** P
Propex pixi 19.26 (1.95) 193 0.074 0.96 0.00
Root ZX mini  19.25 (2.00) 226 0.040 0.97 0.00
Woodpex I11 19.88 (1.99) -5.40 0.000 0.97 0.00
Raypex 6 19.39 (2.08) 056 0583 0.95 0.00
AWL 19.48 (1.92)

* Statistical Analysis with ANOVA test (P<0.05); ** ICCs: Interclass
correlation coefficient (P<0.05)

Table 2. Comparison of the measurement of the working length
using the apical locators with respect to the real length, in single-
rooted teeth with internal resorption

Locators Mean (SD) T P* ICCs*™ P

Propex pixi 21.35(1.99) -1.96 0.07 0.98 0.00

Root ZX mini 21.33(2.14) -1.40 0.18 0.97 0.00

Woodpex I11 21.44 (2.02) -2.50 0.02 0.97 0.00

Raypex 6 21.38 (2.04) 0.97 0.00
-2.12 0.05

AWL 21.17 (2.06)

* Statistical Analysis with ANOVA test (P<0.05); ** ICCs: Interclass
correlation coefficient (P<0.05)

First, to create the artificial internal resorptions, the roots
were horizontally sectioned with a 7.0/2.0 thick diamond disc
(New Technology Instruments, Germany) at a distance of 7 mm
from the apex. Then, semicircular cavities were made with No.
016 low speed steel bur (Denstply-Maillefer, Tulsa, Okla, USA)
near the periphery of each sectioned piece. Plus, they were glued
with Superglue (Pelikan cyanoacrylate adhesive; Istanbul,
Turkey). Finally, the resorption was verified by means of a
periapical radiograph [16] (Figure 1).

Furthermore, to simulate external apical resorption, a 45-
degree oblique cut was made at the root apex with a thin 7.0/2.0-
thick diamond disc (New Technology Instruments, Germany),
in such a way that the palatal wall is shorter than the vestibular
by 3 mm [15].

Actual working length

All the canals were measured with a # 10 k-file (Maillefer) to
have an actual working length (AWL) with the direct vision
technique and the use of a digital USB microscope with a
magnification of 50x (Fuzhou Conic Industrial Co., Fuzhou,
Fujian, China):

First, in premolars with external resorption, the file was
passively introduced through the canal until the tip of the file
was visible through the palatal wall [15]. Second, the silicone
stop was carefully adjusted to the reference point and proceeded
to remove the file from the root canal. Third, it was measured
with an Ubermann digital vernier caliper a digital vernier caliper
(Ubbermann®, Chile) from the silicone stop to the tip of the file.
From this measurement obtained, 1 mm was subtracted
manually and the measurement was registered.

In the case of teeth with internal root resorption, the file was
introduced until the tip was visible through the apical foramen.
Then, the silicone stop was then adjusted to the reference point
and the file was removed from the canal. Next, it was measured
with an Ubermann digital caliper (China) from the top to the tip
of the file. Finally, from this measurement, 1 mm was subtracted.

Subsequently, all the teeth were placed in an alginate mold,
in which once the impression material had set, the labial
electrode of the locator was inserted in the mold in order to
perform the measurements. These measurements are performed
within the first 30 min of preparing the models to ensure that
alginate retains enough moisture. [17]

Prior to electronic measurement, training and calibration
intra and inter-observer were performed in the pilot study. The
inter-observer calibration was carried out with a professor of
endodontics with more than 10 years of experience from
Universidad Cientifica del Sur.
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Electronic measurement

Before electronic measurement, the canal was irrigated with 0.5
mL of 2.5% sodium hypochlorite to maintain humidity. The
excess solution present in the root canal was dried using a #50
paper cone [18].

For electronic measurement, we used the following foramen
locators: Raypex 6 (VDW, Munich, Germany), Woodpex III
(Guilin Woodpecker Medical Instrument Co., Guilin, Guangxi,
China), (Dentsply  Maillefer,
Switzerland) and Root ZX mini (] Morita Corp, Tokyo, Japan)
with K-files #15 (Dentsply Maillefer, Ballaigues, Switzerland).
All foramen locators were calibrated according to the

Propex Pixi Ballaigues,

manufacturers’ instructions before measurements.

The foramen locator electrode was attached to a file and
carefully inserted into the root canal. The measurements were
taken according to the manufacturers' instructions:

In the Root ZX mini, which is based on the same functioning
method of the Root ZX mini but has a compact size [18], the file
was carefully inserted into the canal until it passed through the
apical foramen; in this case a single sustained beep will sound, and
the word “APEX” and the little triangle next to the Flash Bar will
start to flash on and off. Then the file is moved back until the LCD
screen shows us that the file is in the first green bar (the bar color
changes to green to indicate you have reached a critical area), that
indicates the file tip reaches a position near the apex [19].

In the case of the Propex Pixi, the file was carefully inserted
into the root canal until it passed the apical foramen, which was
showed in the foramen locator with a red “OVER” segment and
an audio warning signal (rapid intermittent signal), and the file
was moved back where the Propex Pixi indicates ‘0.0’. Then the
file was placed onto an endodontic ruler and the apical length
was measured. Finally, a minimum of 0.5 mm was subtracted
from the measured file length. This is a safety precaution
suggested by the manufacturer to avoid over-instrumentation
and allowed us to make sure that we are in the apical zone [20].

In the case of Raypex 6, the file was carefully inserted into
the canal until it passed through the apical foramen, this was
indicated on the screen by the appearance of a red warning
point underneath the apical zoom image and brief warning
sounds. Then, the file was moved backward until the locator
screen indicated that we were within the first two green bars.

Table 3. Comparison of the accuracy obtained by foramen locators in
teeth with external resorption

Locators Mean (SD) F p
Propex pixi -0.27 (0.49)
Root ZX mini  -0.23 (0.49)

7.32  0.00
Woodpex III  0.46 (0.28)
Raypex 6 -0.64 (0.61)
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This corresponds to the section of the apical constriction up to the
apical foramen, that is the relevant region for determining the
working length [21].

In Woodpex I1I, the file was carefully inserted into the root
canal until it passed through the apical foramen. This is
indicated when red bars are displayed on the foramen locator,
along with a continuous sound “beep” sound. The file was
retracted until the screen indicated that the file is within the first
green bar, which indicates the file has gone the position near by
the apical foramen [22].

All the measurements were considered valid if the reading
remained stable for 5 sec [18]. The file was then removed and
measured with an Ubermann digital caliper (China) from the
silicone stop to the tip of the file.

Statistical methods

Each sample was evaluated twice: one for measuring the actual
working length and then using the four foramen locators. Later,
we proceeded to compare both measurements.

All the measurements were collected in a database in Excel.
Then, all the data was recorded in the STATA statistical
program (STATA version 14; STATA, Texas, USA) and
statistical analysis was performed.

A descriptive analysis was carried out in which the
measurements obtained with the different locators were
described: means, standard deviation and range were obtained.
Subsequently, an inferential analysis was performed, where the
working length measurements were compared with the
measurements obtained with all the foramen locators in both
types of resorption. First, the Shapiro-Wilk normality test was
applied. Then, as the results were within a normal distribution,
the ANOVA test was performed, and t-test for related samples,
in order to analyze the measurements obtained.

Results

In the comparison of the measurement of the working length
obtained with the foramen locators, regarding the actual length
in the teeth with external resorption. It was found that there were
no statistically significant differences in measurements obtained
with Raypex 6 (P=0.58) and Propex Pixi (P=0.07) locators; while
there were significant differences in the measurements of the Root

Table 4. Comparison of the accuracy obtained by the foramen locators
in teeth with internal resorption

Locators Mean (SD) F P
Propex pixi 0.12(0.42) 0216 0.885
Root ZX mini  0.13 (0.44)

Woodpex I1I 0.20 (0.36)

Raypex 6 0.21 (0.39)
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ZX mini (P=0.04) and Woodpex III (P=0.00) compared to the
AWL. The most accurate foramen locator in this group was the
Raypex 6. In the Interclass correlation coefficient all the values
obtained with all the foramen locators were more than 0.90
(P=0.00), that means that there is a good correlation between the
foramen locators (Table 1). Bland and Altman plots show the
accuracy of the foramen locators in relation to the actual working
length, proving to be a good estimator of the real value of the
variable (Figure 2).

On the other hand, in the comparison of the measurement of
the working length obtained with the foramen locators related to
the actual working length in teeth with internal root resorption, it is
evident that there were no statistically significant differences in the
measurements obtained with the foramen locators Root ZX mini
(P=0.18), Propex Pixi, (P=0.07), Raypex 6 (P=0.05), but there were
significant differences in the measurements obtained with the
Woodpex IIT (P=0.02) compared to the actual working length in
this group. Root ZX mini was the most accurate foramen locator in
this group. In the interclass correlation coefficient all the foramen
locators obtained values more than 0.90 (P=0.00), that means that
there is a good correlation between the foramen locators (Table 2).
Bland and Altman plots show the accuracy of the foramen locators
in relation to the reference measurements, proving to be a good
estimator of the real value of the variable (Figure 3).

Furthermore, regarding the accuracy obtained by the
foramen locators in teeth with external root resorption, there is
a statistically significant difference (P=0.00) between the four
foramen locators (Table 3).

Finally, according to the accuracy obtained by the foramen
locators in teeth with internal resorption, there is no statistically
significant difference (P=0.88) between the four foramen
locators (Table 4).

Discussion

The purpose of this study was to determine the accuracy in the
measurements of the working length of four foramen locators in
premolars with two different pathological variants. Likewise, there
is little research in the use of foramen locators in teeth with external
resorption and no studies in teeth with internal root resorption.
Therefore, this study is of relevance for being the first to investigate
the accuracy of foramen locators in teeth with internal resorption.
The methodology for preparing the teeth with external root
resorption in this research is based on the study of Jadhav et al.
[15] who performed the simulation of the external resorption
through a 45 degrees cut in the apex, and alginate was used as an
electro conductive medium. Moreover, they obtained the

accuracy of Raypex 6, Root ZX and iPex (NSK, Nakanishi Inc.,
Tochigi, Japan). As a result, it was found that Raypex 6 showed
significant accuracy in teeth with simulated external root
resorption. Plus, this finding matches the results of the present
study in which the Raypex 6 show the greatest accuracy in teeth
with simulated external root resorption.

Various factors may influence the accuracy of foramen locators
such as the diameter of the apical foramen [23], the foramen locator
used [24] and the moisture content of the root canal [25].

In a study of Herrera et al. [23], artificial enlargement of the
diameter of the apical constriction was made in 10 single-rooted
teeth. They found that the accuracy of Root ZX varies depending
on the diameter of the apical constriction. This study coincides
that of Aydin et al. [26], which found that the accuracy of Root
ZX decrease with the increase of the apical diameter.
Furthermore, according to the manufacturer of the Root ZX
mini, this locator can show short measurements in the presence
of an exceptionally large apical foramen [19].

Plus, according to Pawar et al. [27] the Raypex 6 is the locator
with the best performance in teeth with wide apical diameters.
This agrees with our results in which the accuracy of the Raypex
6 was not altered in teeth with external resorption.

Teeth with external root resorption offer difficulties to
contemporary methods of determining working length.
Moreover, apical constriction, which is considered the most
appropriate place to end endodontic therapy, is not present in
teeth with root resorption and open apices [28, 29]. Thus, it can
be infer that with the increase of the apical foramen, the taper
towards the apex disappears and the walls of the root canal
become more parallel [26], this may be the reason that the
accuracy of the Root ZX mini was altered.

Other factor that influence the measurement of the foramen
locator is the device used. Root ZX mini is a fourth locator
generation which measures the impedance of tooth at two
different frequencies [30]; and it disadvantage is that it need to be
in a relatively dry or partially dry canal. In some cases additional
drying is required; and it cannot function in a root canal with high
exudate and blood [19, 31].

Raypex 6 is a sixth generation foramen locator [32] that
overcome the disadvantages of 4th generation foramen locators.
The foramen locator sixth generation adapts immediately in a dry
or wet canal. In this way, it can be used in dry and wet canals, root
canals with blood or exudates [33].

All the samples both with internal and external root
resorption followed the same irrigation and drying protocols
previous to the electronic reading. Root canals with external
resorption are more difficult to dry, because the roots canals at
the apical level are wider than the root canals with internal
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resorption. In this study, the moisture content in the canal at the
apical level possibly modified the results. For this reason, the
Raypex 6 locator obtained the best accuracy in teeth with
external root resorption.

On the other hand, in regard to teeth with internal root
resorption, the Root ZX mini was the locator that achieved the
highest accuracy. Morita's Root ZX mini, which is considered
the gold standard of locators, has obtained excellent results in
studies on permanent teeth with mature apices [34].

In an in vivo study by Serna-Pena et al. [18] the accuracy of
the Root ZX mini and Propex Pixi in single rooted teeth was
studied. They found that the accuracy of the Root ZX mini in
establishing the AWL was 100% range of +Imm. Then, the
accuracy of Propex Pixi in establishing the AWL was 89.99%
range of £1mm. This result coincides with our study in which
the Root ZX mini was the most accurate foramen locator,
followed by Propex Pixi in teeth with internal resorption.

Additionally, in
morphological variants such as C-shaped canals and root

clinical practice we find various
curvatures. The Root ZX mini foramen locator has also been
shown to have good accuracy against these anatomical variants
[35-37] where the diameter of the apical foramen was not altered.

Even though there is loss of surrounding dentine and this
tissue is thinner in the site of the resorption, internal resorption
did not affect the accuracy of the foramen locators. The reason
is the presence of dentin. Root canals are surrounded by dentine
and cementum that are insulators to electric current. Plus,
insulators cannot conduct electric currents because all their
electrons are tightly bound to their atoms [38]. In the present
study, internal resorption has no communication with the
periodontal ligament that is a conductor of electric current.
Further studies with perforating internal root resorption are
necessary, in these cases where there is communication with the
periodontal ligament.

On the other side, when comparing the accuracy obtained by
all the foramen locators in this study, it can be seen that the four
foramen locators obtained greater accuracy in teeth with
internal resorption than with teeth with external resorption.

Underestimation of length by apex locator may be explained
by the fact that the device alarms when the file tip contacts the
periapical tissue. In many cases, the periapical tissue penetrates
into the canal to some extent. This penetration is greater in open
apex teeth and those with a wide apex and thus file tip contacts
the tissue penetrated into the canal before reaching the apical
foramen resulting in underestimation of the length [39].

All in all, the results of this study will guide the operator in
selecting the ideal foramen locator to use in teeth with external
root resorption and internal dentin resorption; and in this way,
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provide the dentist with greater accuracy in determining the
working length, which is the key factor in the success of root
canal treatment [40]. In addition, this study will encourage an
increase in the use of foramen locators in the management of
various clinical situations such as pathological variants.

Conclusions

Based on this in vitro study, the most accurate locator in teeth
with external resorption is the Raypex 6 and the most accurate
foramen locator in teeth with internal resorption is the Root ZX
mini. External root resorption affects more the accuracy of the
foramen locators than internal resorption.
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