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Abstract
Objective
The aim of this study is to determine the apical level of the root canal, whether it is the apical foramen or a
level coronal to it, that Root ZX (J. Morita Co., Kyoto, Japan) targets and to identify its employment protocol
that provides better accuracy.

Methods
Actual lengths (ALs) of 75 extracted single-rooted teeth were obtained by inserting a K-file size 8 until its tip
was in level with the most coronal border of the apical foramen. Reference length (RL) was calculated by
deducting 0.5 mm from AL. Roots were placed in porous sponge block soaked with Ringer’s solution, and
canals were irrigated with 2 mL of 5% sodium hypochlorite. The blinded operator used Root ZX to measure
lengths with K-file size 8. In the first tested employment protocol, the file was advanced to the “APEX mark”
of the digital display, and the length was obtained. The second employment protocol followed the
manufacturer’s recommendations by inserting the file until the “APEX mark” followed by its withdrawal to
the “0.5 mark.” Stability of the digital meter for 5 seconds was mandatory before recording the lengths. All
measurements were repeated one week later and then both measurements were averaged to represent
“APEX mark” and “0.5 mark,” respectively. Data were analyzed using t-test, with significance set at 0.05.

Results
Regardless of the employment protocol, most registered lengths were longer than targeted. The mean “APEX
mark” was significantly longer than the mean AL (P=0.000), and the mean “0.5 mark” was significantly
longer than the mean RL (P=0.000). Although the mean “0.5 mark” was longer than the mean AL, the
difference was not significant (P=0.07).

Conclusion
The apical level of the root canal targeted by the Root ZX was the apical foramen. The most accurate
employment protocol to achieve that is to use the Root ZX according to the manufacturer’s
recommendations.

Categories: Dentistry
Keywords: reference length, root canal working length, root zx, employment protocol, electronic apex locator, digital
measurements

Introduction
The potential for detecting the root canal’s apical termination limit using electrical circuits was initially
explored more than 100 years ago [1]. The first electronic apex locator was a single-frequency, resistance-
based device [2]. Since then, many apex locators based on a variety of electrical principles have been
developed [3-5]. Of these, the Root ZX (J. Morita Co., Kyoto, Japan) has been extensively tested and
established itself as a standard against which new devices are compared [6]. The Root ZX calculates the
impedance ratio of two simultaneously produced frequencies (0.4 and 8 kHz). This ratio decreases as the
apical foramen is approached, and it has a value of 0.72 at 0.5 mm coronal to the apical foramen where the
apical constriction is located [7].

Comprehensive literature review on studies evaluating the accuracy of Root ZX highlighted their variability
regarding the apical reference limit used to assess the performance of the device, involving its ability to
locate the apical constriction, the apical foramen, and/or the level 0.5 mm coronal to the apical foramen. The
digital display mark adopted to manipulate the Root ZX also differed between studies. Several studies
followed the manufacturer’s recommendations stating that the file should be extended to the “APEX mark”
and then withdrawn to the “0.5 mark.” Others obtained their measurements either by extending the file to
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the “APEX mark” or limiting the file’s apical advancement to the “0.5 mark.” Consequently, conflicting
results have been reported [3,6]. When the “0.5 mark” of the digital display was used to locate the level 0.5
mm coronal to the apical foramen, the mean range of Root ZX length was 0.16 ± 0.23 mm coronal to that
level to 0.29 ± 0.32 apical to it. Range of readings within ± 0.5 mm was 74-97.4%. When the same digital
display limit was used to locate the apical foramen itself, the mean Root ZX length ranged from 0.23 ± 0.39
mm coronal to the apical foramen to 0.72 ± 0.09 mm apical to it. Between 50% and 97.4% of the readings
were within ± 0.5 mm from the apical foramen, while 94% to 100% of the readings were within ± 1 mm.
Locating the apical foramen with the “APEX mark” yielded a mean Root ZX length range of 0.03 ± 0.22 mm
coronal to the apical foramen to 0.5 ± 0.42 mm apical to it. Between 61.5% and 100% of the readings were
within ± 0.5 mm from the apical foramen, with at least 97.4% of the readings within ± 1 mm [6].

The observed methodological variations in the studies and the consequent disparities in their findings could
explain why many recommended using the Root ZX to locate the apical foramen [8-11], while others
endorsed the manufacturer’s claim on the ability of Root ZX to accurately locate the apical constriction
[7,12-14]. Precise location of the apical constriction requires histological assessment [15]. It is not clear if
this approach was followed when the Root ZX was introduced [7]. Thus, it is more appropriate to consider
that the Root ZX detects the level at which the impedance ratio is 0.72, which, in fact, should be 0.5 mm
coronal to the apical foramen. The apical constriction may or may not be located at that level [6].

Hence, the aim of this in vitro study was to assess the accuracy of the Root ZX in locating the apical foramen
and the level 0.5 mm coronal to it when used according to the manufacturer’s recommendations or when its
“APEX mark” of its digital display is adopted.

Materials And Methods
A total of 75 single-rooted extracted human premolars were used. All teeth featured single canals based on
bucco-lingual and mesio-distal digital periapical radiographs. Teeth were stored in 5% sodium hypochlorite
(NaOCl) for 24 hours to remove any adherent organic tissue. Hand scalers were used to remove calculus.
Teeth were numbered and decoronated at the level of the cemento-enamel junction to produce flat reference
points, and any caries and restorations were removed. The coronal third of the root canals was enlarged
using Gates-Glidden drills in sizes 4, 3, and 2 (MANI Inc, Tochigi, Japan) in a crown-down manner, and the
canals were irrigated with 2 mL of 5% NaOCl. Under 4x magnification, canal patency was checked by
introducing a size 8 K-file (Dentsply Maillefer, Ballaigues, Switzerland) just beyond the apical foramen. Teeth
with blocked canals or broken apices were discarded and replaced. Teeth were stored in sterile saline.

Under 4x magnification, a single operator measured the actual canal length by introducing a size 8 file with
two rubber stoppers until its tip was aligned with the most coronal border of the apical foramen [8,9] (Figure
1). The stoppers were adjusted to the reference point, the file was withdrawn from the canal, and the length
was measured using a caliper (Mitutoyo, Corp., Tokyo, Japan) to an accuracy of 0.01 mm. The operator
obtained the first reading for the 75 teeth and then a second reading was taken. Average of the two readings
represented the actual length for every canal. The reference length was obtained by subtracting 0.5 mm from
the actual length.

FIGURE 1: Measurement of the actual length of a decoronated premolar.

The in vitro model used comprised plastic containers filled with a porous block (Oasis Floral Foam, Kedah,
Malaysia) soaked with Ringer’s solution. A pool of solution in the base of the container ensured adequate
conductivity [16]. Two small holes were made in a medium dental dam sheet (one for the tooth and one for
the lip clip). The lip clip and the teeth were firmly placed in the block (one tooth at a time) with the dam
stretched over the assembly (Figure 2).
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FIGURE 2: Experimental setup.
1. Decoronated premolar. 2. Double stoppers. 3. Size 8 K-file. 4. Rubber dam sheet covering a porous block
soaked with Ringer’s solution. 5. Lip clip. 6. File clip.

The blinded operator measured the canals with Root ZX following a standard protocol. Canals were irrigated
with 2 mL of 5% NaOCl delivered by a 27-gauge needle inserted as deeply as possible without engagement,
and excess irrigant was removed with cotton pellets. All measurements were taken using a size 8 file with
two rubber stoppers [8,9]. The first tested employment protocol comprised attaching the file to the file clip
and introducing it in the canal until the display reached the “APEX mark.” If the meter gauge was stable for 5
seconds, stoppers were adjusted to the reference point, and the file was withdrawn and measured using the
caliper under 4x magnification. The file was clipped back to Root ZX to test the second employment protocol
and reinserted to the previous length followed by its withdrawal to the 0.5 mark of the display, which
followed the manufacturer's recommendations. When the meter was stable for 5 seconds, the stoppers were
adjusted to the reference point, and the length of insertion was measured as described earlier. All readings
were taken twice and then averaged to represent “APEX mark” reading and “0.5 mark” readings,
correspondingly. The operator determined the first set of readings for all the teeth and then the second set
was obtained one week later. Data analysis using t-test was conducted, with level of significance set at 0.05.

Results
Table 1 lists the mean ± standard deviation for actual length, reference length, and Root ZX lengths at the
“APEX mark” and the “0.5 mark.” The mean “APEX mark” was significantly longer than the mean actual
length (P = 0.000), and the mean “0.5 mark” was significantly longer than mean reference length (P = 0.000).
Although the mean “0.5 mark” was longer than the mean actual length, the difference was not significant (P
= 0.07). Majority of the “APEX mark” readings were longer than the actual length (Table 2), and majority of
the “0.5 mark” readings were longer than the reference length and actual length. However, the “0.5 mark”
registered higher accuracy in locating the apical foramen within ± 0.5 mm and ± 1 mm compared to its ability
to locate the reference length (Table 3).
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Measurement Mean ± standard deviation (mm)

Actual length 13.32 ± 1.34

Reference length 12.82 ± 1.33

APEX mark 14.27 ± 1.49

0.5 mark 13.74 ± 1.45

TABLE 1: Mean ± standard deviation (mm) for the actual length, reference length, and Root ZX
lengths at the “APEX mark” and the “0.5 mark”

Root ZX measurement Compared to the actual length

APEX mark (%)

Shorter 4.0

Equal 1.33

Longer 94.67

Within ± 0.5 mm 17.0

Within ± 1 mm 57.0

TABLE 2: Frequency distribution of Root ZX measurements at the “APEX mark” in relation to the
actual length (%)

Root ZX measurement Compared to the reference length Compared to the actual length

0.5 mark (%)

Shorter 4.0 16.0

Equal 1.33 4.0

Longer 94.67 80.0

Within ± 0.5 mm 19.0 53.0

Within ± 1 mm 58.0 86.0

TABLE 3: Frequency distribution of Root ZX measurements at the “0.5 mark” in relation to
reference and actual lengths (%)

Discussion
The objective of this in vitro investigation was to determine whether the Root ZX should be used to locate
the apical foramen or to detect the level coronal to the apical foramen by 0.5 mm. Furthermore, we intended
to establish which employment protocol would allow for higher precision when using Root ZX. Results
showed that Root ZX should be used following the manufacturer’s recommendation to preferably locate the
apical foramen instead of locating the level coronal to the apical foramen by 0.5 mm (Tables 1, 3). Adopting
the “APEX mark” of the digital display led to frequently establishing the file tip far beyond the apical
foramen (Tables 1, 2).

The results of the current study were in line with previous studies recommending the use of Root ZX to
locate the apical foramen [8-11], and that the best approach to achieve this was using the Root ZX in
accordance to the manufacturer’s recommendations as 86% of theses readings were within ± 1 mm from the
apical foramen (Table 3). The lenient tolerance limit of ± 1 mm provides a clinically suitable range to report
the accuracy of electronic apex locators [17,18].
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Coronal pre-flaring of the canals was done before using Root ZX because this step improves the device’s
accuracy [19-21]. In many teeth, the apical foramen was inclined in a bucco-lingual direction. Thus, the most
coronal border of the apical foramen was chosen as a guide to standardize measurements. The use of double
stoppers was intended to reduce potential errors from movement while measuring file length [8,9,17]. All
measurements were taken twice [9,22,23]. Following this protocol, a total of 450 readings were obtained: 150
recordings to determine the actual length and 300 measurements acquired by the Root ZX. In order to avoid
bias, the operators obtained the first set of readings for the entire sample and then went through them again
to obtain the second set instead of obtaining both readings for each tooth consecutively. This was done to
reduce the chance of remembering the recorded length. Furthermore, the operator who used Root ZX was
blinded to the reference lengths. We used the Root ZX with K-file size 8 since this size provided significantly
higher accuracy compared to size 15 [9]. The use of 5% NaOCl should not have affected our results since the
accuracy of Root ZX was not affected by the different concentrations of NaOCl [22,24]. Overall, rigorous
efforts were implemented to standardize and control potential factors that could impact the results of the
current study. Yet, the reported accuracy of Root ZX was lower than previously stated [6].

The in vitro model used in the current study has been used only once before and showed that using Tri Auto
ZX established the file tip coronal to the apical foramen by a mean length of 0.78 ± 0.47 mm, while using
Raypex 5 combined with Endo IT motor established the file tip coronal to the apical foramen by a mean
length of 0.66 ± 0.44 mm. Neither device led to violation of the apical foramen [16]. Such results differ from
the findings of the current study and could be attributed to the inherent differences between the operation
mode of Root ZX compared to controlling the length while mechanically enlarging the canals. Besides using
rotary files, which have larger size and taper compared to hand files, the latter approach leads to auto-
reversing the file once it reaches a certain limit instead of identifying a precise working length. Hence, the
possibility of violating the apical foramen is minimized. The extent to which the type of the embedding
medium has influenced our results is unknown. Circuits of electronic apex locators might be subjected to
different and multiple factors affecting their readings in vivo. Thus, the extent to which in vitro findings
could be clinically applicable is undetermined [25]. Nevertheless, in vitro/ex vivo assessments of electronic
apex locators have been validated and considered comparable to in vivo evaluations [26-28].

A high frequency of readings longer than targeted has been observed in the present study (Tables 2, 3).
Deciding the final working length might differ from case to case consequent to the possible need for
adjustment of the length indicated by the electronic apex locators. Confirming the length specified by the
electronic apex locator with a periapical radiograph decreased the frequency of over-instrumentation
[17,29]. Another approach to reduce the chance for over-instrumentation is to enlarge the canals to a level
shorter than (coronal to) the length indicated by the electronic apex locator by 0.5 to 1 mm [30]. Further
studies are needed to verify protocols to reduce the potential for frequent long readings recorded by
electronic apex locators. Such studies could compare the accuracy of electronic working length
determination with the length obtained by preoperative cone-beam computed tomography images.

Potential limitation of this study could be that it was conducted in vitro. Despite our laborious efforts to
replicate clinical situations while obtaining Root ZX measurements, it is still possible that certain
unaccountable factors under in vivo conditions might lead to altered precision. Hence, the results of this
study should be cautiously extrapolated to the clinical setting, and every effort should be taken to accurately
determine the working length. Furthermore, the results obtained might vary if another electronic apex
locator was used as these devices differ in their electrical circuits and principles.

Conclusions
Within the limitations of this study, the Root ZX targeted the apical foramen. This was best attained when it
was used according to the manufacturer’s recommendations. Additional measures to prevent the chance for
possible over-instrumentation should be undertaken.

Additional Information
Disclosures
Human subjects: All authors have confirmed that this study did not involve human participants or tissue.
Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Custer LE: Exact methods of locating the apical foramen . J Natl Dent Assoc. 1918, 5:815-9.

10.14219/jada.archive.1918.0368
2. Sunada I: New method for measuring the length of the root canal . J Dent Res. 1962, 41:375-87.

2023 Alothmani et al. Cureus 15(9): e44659. DOI 10.7759/cureus.44659 5 of 6

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.14219/jada.archive.1918.0368
https://dx.doi.org/10.14219/jada.archive.1918.0368
https://dx.doi.org/10.1177/00220345620410020801


10.1177/00220345620410020801
3. Nasiri K, Wrbas KT: Accuracy of different generations of apex locators in determining working length; a

systematic review and meta-analysis. Saudi Dent J. 2022, 34:11-20. 10.1016/j.sdentj.2021.09.020
4. Nekoofar MH, Ghandi MM, Hayes SJ, Dummer PM: The fundamental operating principles of electronic root

canal length measurement devices. Int Endod J. 2006, 39:595-609. 10.1111/j.1365-2591.2006.01131.x
5. Tsesis I, Blazer T, Ben-Izhack G, Taschieri S, Del Fabbro M, Corbella S, Rosen E: The precision of electronic

apex locators in working length determination: a systematic review and meta-analysis of the literature. J
Endod. 2015, 41:1818-23. 10.1016/j.joen.2015.08.012

6. Alothmani OS: The accuracy of Root ZX electronic apex locator . Saudi Endod J. 2012, 2:115-30.
10.4103/1658-5984.112702

7. Kobayashi C, Suda H: New electronic canal measuring device based on the ratio method . J Endod. 1994,
20:111-4. 10.1016/S0099-2399(06)80053-1

8. Guise GM, Goodell GG, Imamura GM: In vitro comparison of three electronic apex locators . J Endod. 2010,
36:279-81. 10.1016/j.joen.2009.09.016

9. Siddiqui AY, Alothmani OS: Influence of hand file size on the accuracy of Root ZX and iPex electronic apex
locators: an in vitro study. Cureus. 2023, 15:e39662. 10.7759/cureus.39662

10. Stoll R, Urban-Klein B, Roggendorf MJ, Jablonski-Momeni A, Strauch K, Frankenberger R: Effectiveness of
four electronic apex locators to determine distance from the apical foramen. Int Endod J. 2010, 43:808-17.
10.1111/j.1365-2591.2010.01765.x

11. Tinaz AC, Sevimli LS, Görgül G, Türköz EG: The effects of sodium hypochlorite concentrations on the
accuracy of an apex locating device. J Endod. 2002, 28:160-2. 10.1097/00004770-200203000-00004

12. Aydin U, Karataslioglu E, Aksoy F, Yildirim C: In vitro evaluation of Root ZX and Raypex 6 in teeth with
different apical diameters. J Conserv Dent. 2015, 18:66-9. 10.4103/0972-0707.148899

13. D'Assunção FLC, Silva JRS, Arnaud KCL, Leite TB, dos Santos JP, de Almeida AC: Evaluation of the effect of
irrigants on the accuracy and repeatability of three electronic apex locators: an ex vivo study. Res Soc Dev.
2021, 10:e599101321636-e599101321636. 10.33448/rsd-v10i13.21636

14. Versiani MA, Santana BP, Caram CM, Pascon EA, de Souza CJ, Biffi JC: Ex vivo comparison of the accuracy
of Root ZX II in detecting apical constriction using different meter's reading. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod. 2009, 108:e41-5. 10.1016/j.tripleo.2009.03.009

15. Alothmani OS, Chandler NP, Friedlander LT: The anatomy of the root apex: a review and clinical
considerations in endodontics. Saudi Endod J. 2013, 3:1-9. 10.4103/1658-5984.116273

16. Altenburger MJ, Cenik Y, Schirrmeister JF, Wrbas KT, Hellwig E: Combination of apex locator and
endodontic motor for continuous length control during root canal treatment. Int Endod J. 2009, 42:368-74.
10.1111/j.1365-2591.2008.01535.x

17. Mahmoud O, Awad Abdelmagied MH, Dandashi AH, Jasim BN, Tawfik Kayali HA, Al Shehadat S:
Comparative evaluation of accuracy of different apex locators: Propex IQ, Raypex 6, Root ZX, and Apex ID
with CBCT and periapical radiograph-in vitro study. Int J Dent. 2021, 2021:5563426. 10.1155/2021/5563426

18. Serna-Peña G, Gomes-Azevedo S, Flores-Treviño J, Madla-Cruz E, Rodríguez-Delgado I, Martínez-González
G: In vivo evaluation of 3 electronic apex locators: Root ZX Mini, Apex ID, and Propex Pixi . J Endod. 2020,
46:158-61. 10.1016/j.joen.2019.10.035

19. Godiny M, Hatam R, Safari-Faramani R, Khavid A, Rezaei MR: Influence of apical patency, coronal preflaring
and calcium hydroxide on the accuracy of Root ZX apex locator for working length determination: an in
vitro study. J Adv Oral Res. 2022, 13:38-42. 10.1177/23202068211036139

20. Melo AM, Vivacqua-Gomes N, Bernardes RA, Vivan RR, Duarte MA, Vasconcelos BC: Influence of different
coronal preflaring protocols on electronic foramen locators precision. Braz Dent J. 2020, 31:404-8.
10.1590/0103-6440202003282

21. Saritha V, Raghu H, Kumar TH, Totad S, Kamatagi L, Saraf PA: The accuracy of two electronic apex locators
on effect of preflaring and file size: an in vitro study. J Conserv Dent. 2021, 24:46-9. 10.4103/JCD.JCD_4_19

22. Cîmpean SI, Chisnoiu RM, Colceriu Burtea AL, Rotaru R, Bud MG, Delean AG, Pop-Ciutrilă IS: In vitro
evaluation of the accuracy of three electronic apex locators using different sodium hypochlorite
concentrations. Medicina (Kaunas). 2023, 59:918. 10.3390/medicina59050918

23. Kayabasi M, Oznurhan F: Evaluation of the accuracy of electronic apex locators, cone-beam computed
tomography, and radiovisiography in primary teeth: an in vitro study. Microsc Res Tech. 2020, 83:1330-5.
10.1002/jemt.23524

24. Jha P, Nikhil V, Raj S, Ravinder R, Mishra P: Accuracy of electronic apex locator in the presence of different
irrigating solutions. Endodontology. 2021, 33:232-6. 10.4103/endo.endo_122_21

25. Venturi M, Breschi L: A comparison between two electronic apex locators: an ex vivo investigation . Int
Endod J. 2007, 40:362-73. 10.1111/j.1365-2591.2006.01229.x

26. Bernardo RC, Alves LS, Bruno AM, Coutinho TM, Gusman H: The accuracy of electronic apex locators for
determining working length: an in vitro study with artificial teeth. Aust Endod J. 2021, 47:217-21.
10.1111/aej.12455

27. Duran-Sindreu F, Stöber E, Mercadé M, Vera J, Garcia M, Bueno R, Roig M: Comparison of in vivo and in
vitro readings when testing the accuracy of the Root ZX apex locator. J Endod. 2012, 38:236-9.
10.1016/j.joen.2011.10.008

28. Soares RM, Silva EJ, Herrera DR, Krebs RL, Coutinho-Filho TS: Evaluation of the Joypex 5 and Root ZX II: an
in vivo and ex vivo study. Int Endod J. 2013, 46:904-9. 10.1111/iej.12078

29. ElAyouti A, Weiger R, Löst C: The ability of Root ZX apex locator to reduce the frequency of overestimated
radiographic working length. J Endod. 2002, 28:116-9. 10.1097/00004770-200202000-00017

30. De-Deus G, Cozer V, Souza EM, et al.: Micro-CT study of the in vivo accuracy of a wireless electronic apex
locator. J Endod. 2022, 48:1152-60. 10.1016/j.joen.2022.06.003

2023 Alothmani et al. Cureus 15(9): e44659. DOI 10.7759/cureus.44659 6 of 6

https://dx.doi.org/10.1177/00220345620410020801
https://dx.doi.org/10.1016/j.sdentj.2021.09.020
https://dx.doi.org/10.1016/j.sdentj.2021.09.020
https://dx.doi.org/10.1111/j.1365-2591.2006.01131.x
https://dx.doi.org/10.1111/j.1365-2591.2006.01131.x
https://dx.doi.org/10.1016/j.joen.2015.08.012
https://dx.doi.org/10.1016/j.joen.2015.08.012
https://dx.doi.org/10.4103/1658-5984.112702
https://dx.doi.org/10.4103/1658-5984.112702
https://dx.doi.org/10.1016/S0099-2399(06)80053-1
https://dx.doi.org/10.1016/S0099-2399(06)80053-1
https://dx.doi.org/10.1016/j.joen.2009.09.016
https://dx.doi.org/10.1016/j.joen.2009.09.016
https://dx.doi.org/10.7759/cureus.39662
https://dx.doi.org/10.7759/cureus.39662
https://dx.doi.org/10.1111/j.1365-2591.2010.01765.x
https://dx.doi.org/10.1111/j.1365-2591.2010.01765.x
https://dx.doi.org/10.1097/00004770-200203000-00004
https://dx.doi.org/10.1097/00004770-200203000-00004
https://dx.doi.org/10.4103/0972-0707.148899
https://dx.doi.org/10.4103/0972-0707.148899
https://dx.doi.org/10.33448/rsd-v10i13.21636
https://dx.doi.org/10.33448/rsd-v10i13.21636
https://dx.doi.org/10.1016/j.tripleo.2009.03.009
https://dx.doi.org/10.1016/j.tripleo.2009.03.009
https://dx.doi.org/10.4103/1658-5984.116273
https://dx.doi.org/10.4103/1658-5984.116273
https://dx.doi.org/10.1111/j.1365-2591.2008.01535.x
https://dx.doi.org/10.1111/j.1365-2591.2008.01535.x
https://dx.doi.org/10.1155/2021/5563426
https://dx.doi.org/10.1155/2021/5563426
https://dx.doi.org/10.1016/j.joen.2019.10.035
https://dx.doi.org/10.1016/j.joen.2019.10.035
https://dx.doi.org/10.1177/23202068211036139
https://dx.doi.org/10.1177/23202068211036139
https://dx.doi.org/10.1590/0103-6440202003282
https://dx.doi.org/10.1590/0103-6440202003282
https://dx.doi.org/10.4103/JCD.JCD_4_19
https://dx.doi.org/10.4103/JCD.JCD_4_19
https://dx.doi.org/10.3390/medicina59050918
https://dx.doi.org/10.3390/medicina59050918
https://dx.doi.org/10.1002/jemt.23524
https://dx.doi.org/10.1002/jemt.23524
https://dx.doi.org/10.4103/endo.endo_122_21
https://dx.doi.org/10.4103/endo.endo_122_21
https://dx.doi.org/10.1111/j.1365-2591.2006.01229.x
https://dx.doi.org/10.1111/j.1365-2591.2006.01229.x
https://dx.doi.org/10.1111/aej.12455
https://dx.doi.org/10.1111/aej.12455
https://dx.doi.org/10.1016/j.joen.2011.10.008
https://dx.doi.org/10.1016/j.joen.2011.10.008
https://dx.doi.org/10.1111/iej.12078
https://dx.doi.org/10.1111/iej.12078
https://dx.doi.org/10.1097/00004770-200202000-00017
https://dx.doi.org/10.1097/00004770-200202000-00017
https://dx.doi.org/10.1016/j.joen.2022.06.003
https://dx.doi.org/10.1016/j.joen.2022.06.003

	Accuracy of Root ZX Electronic Apex Locator in Relation to Two Different Employment Protocols: An In Vitro Study
	Abstract
	Objective
	Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	FIGURE 1: Measurement of the actual length of a decoronated premolar.
	FIGURE 2: Experimental setup.

	Results
	TABLE 1: Mean ± standard deviation (mm) for the actual length, reference length, and Root ZX lengths at the “APEX mark” and the “0.5 mark”
	TABLE 2: Frequency distribution of Root ZX measurements at the “APEX mark” in relation to the actual length (%)
	TABLE 3: Frequency distribution of Root ZX measurements at the “0.5 mark” in relation to reference and actual lengths (%)

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


