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Research Article Arastirma Makalesi

Evaluation of the Accuracy of Two Apex
Locators for Determining the Working Length
of Endodontically Retreated Curved Mesial
Roots of Maxillary Molar Teeth: An Ex Vivo
Study

Maksillar Molar Dislerin Egimli Mesial Kanallarinin Kék Kanal
Tedavisi Tekrari Esnasinda Calisma Uzunlugu Belirlenmesinde
ki Farkli Apeks Bulucunun Dogrulugunun Degerlendirilmesi:

Ex Vivo Calisma

ABSTRACT

Objective: To evaluate the accuracy of PROPEX PiXi (Dentsply Sirona, Ballaigues, Switzerland) and Apex ID (Sybron
Endo, Orange, CA, USA) in determining the working lengths of curved mesial roots of upper molars during the
retreatment procedure.

Method: Twenty curved mesial roots of upper molar teeth were selected. Canals were shaped with ProTaper
Next instruments (Dentsply Sirona) up to X3. The canal lengths were determined with a stereomicroscope (Carl
Zeiss GmbH, Oberkochen, Germany) at 2,5X magnification (DM) and then also detected electronically (EM1P and
EM1A) with PROPEX PiXi (Dentsply Sirona) and Apex ID (Sybron Endo) in an alginate model. Specimens were then
obturated using a size X3 master gutta-percha cone and an epoxy resin-based root canal sealer. Seven days later,
the coronal part of the filling was removed with a Gates Glidden drill size 3 and for the middle part Protaper
Universal Retreatment File D2 used. Working lengths electronically were detected again by two different apex
locaters (EM2P and EM2A). Data were analysed by using the Wilcoxon Signed Rank and Mann Whitney u test. The
analyses were carried out with MedCalc Statistical Software.

Results: No significant difference was found between direct measurements (DM) and electronic measurements
before and during retreatment for PROPEX PiXi and Apex ID (P>.01). Also there was no significant difference
between two apex locaters before and during retreatment (P>.01).

Conclusion: PROPEX PiXi and Apex ID were considered accurate for the root canal length determination during
retreatment procedure.

Keywords: Apex locator, curved molar, retreatment, working lenght

6z

Amag: Bu galismanin amaci kdk kanal tedavisinin yenilenmesi islemi sirasinda Ust azi diglerinin egimli mezial
koklerinin calisma uzunluklarinin belirlenmesinde PROPEX PiXi (Dentsply Sirona, Ballaigues, isvigre) ve Apex ID'nin
(Sybron Endo, Orange, CA, ABD) dogrulugunu degerlendirmektir.

Yontem: 20 adet Ust molar disin egimli mesial kokl secildi. Kanallar ProTaper Next (Dentsply Sirona) ile X3'e
kadar sekillendirildi. Kanal uzunluklari stereomikroskopla (Carl Zeiss GmbH, Oberkochen, Almanya) 2,5X
biyiitmede (DM) belirlendi ve ardindan PROPEX PiXi (Dentsply Sirona) ve Apex ID (Sybron Endo) ile elektronik
olarak aljinat model kullanilarak (EM1P ve EM1A) tespit edildi. Daha sonra kanallar, X3 boyutunda bir ana giita-
perka konisi ve bir epoksi regine bazl kok kanal pati kullanilarak dolduruldu. Yedi giin sonra dolgunun koronal
kismi #3 Gates Glidden frez ile orta kismi ise Protaper Universal Retreatment egesi (D2) kullanilarak gikarildi.
Calisma uzunluklari elektronik olarak iki farkli apeks bulucu (EM2P ve EM2A) tarafindan yeniden tespit edildi.
Veriler Wilcoxon Signed Rank ve Mann Whitney u testi kullanilarak analiz edildi. Analizler MedCalc Istatistik
Yazihmi ile gergeklestirildi.

Bulgular: PROPEX PiXi ve Apex ID icin kanal tekrari dncesinde ve kanal tekrari sirasinda yapilan dlgiimler ile
stereomikroskopla yapilan 6lgtimler arasinda anlamh fark bulunmadi (P>.01). Ayrica kanal tekrari 6ncesinde ve
sirasinda iki apeks bulucu arasinda anlamli bir fark yoktur (P>.01).

Sonug: PROPEX PiXi ve Apex ID'nin kanal tekrari islemi sirasinda kdk kanal uzunlugunun belirlenmesinde dogru
oldugu kabul edildi.

Anahtar Kelimeler: Apeks bulucu, kavisli azi disi, geri gekilme, ¢alisma uzunlugu

CurrRes Dent Sci 2024;34(4): 253-257 / doi: 10.17567/cunesdentsc. 1555982


mailto:dilaraendo@hotmail.com

254

INTRODUCTION

Achieving a successful root canal treatment relies on an ideal
chemomechanical cleaning, shaping and hermetic closure that
dominates the entire canal anatomy. The basis for the success of these
stages is the correct determination of the apical constriction and
working length.! The apical constriction is most commonly determined
with a radiographic technique using average distance value.?2 The
disadvantages of using this technique are encountered in cases such as
the presence of an apical lesion, root resorption etc.? In these cases,
the apical constriction is not detectable with average values from the
radiographic apex. Because radiography provides a 2D view of a 3D
object, radiography also has other technical disadvantages.® In
addition, the radiographic working length determination may be
difficult in certain cases, for example, in maxillary molars, as it is closely
related to anatomical marks .5 Thus, in addition to the radiographic
technique, the use of electronic apex locators (EALs) has become
increasingly important in determining the working length.

Many studies have shown that, in primary root canal treatment
cases, the presence of canal contents, such as debris, dentinal chips,
pulp remnants and irrigating solution, can affect the accuracy of
electronic apex locators. Because root canal preparation and root canal
filling material affect root canal impedance, in the retreatment cases,
components such as gutta- percha pieces, sealer remnants and gutta-
percha solvent may also affect the measurements.®12 In addition,
during removal of the gutta-percha, dramatic changes can occur in the
area that apex locators are trying to identify.13

Molar teeths have a more complex structure anatomically
compared to other teeth with their variable number of roots and
canals, inclined roots and isthmus.1415 |t has been reported that the
error rate in determining the working length by radiography increases
in direct proportion with the degree of curvature of the canal, and the
working length of the curved canals varies during different preparation
processses. Although EALs have a greater clinical importance in curved
canals, most EAL studies have been performed using straight single-
rooted teeth.16

The purpose of the present study was to evaluate the accuracy of
Propex Pixi (Dentsply Sirona) and Apex ID (Sybron Endo), Orange in
determining the working lengths of curved mesial roots of upper
molars during root canal retreatment. To the best of our knowledge, no
study has evaluated the accuracy of these EALs in determining working
lengths during the retreatment procedure of curved maxillary molar
canals. The null hypothesis tested was that there was no difference
between Propex Pixi and Apex ID in working lengths determination
during root canal retreatment.

METHODS

Preparation of Teeth

Twenty roots of maxillary molar teeth with mature apices extracted
for periodontal and orthodontic reasons were selected. The angle of
canal curvature was calculated by using Schneider’s technique, and a
10° to 20° degree of curvature of mesiobuccal canals was selected.’
The roots were viewed radiographically and examined with a
stereomicroscope. Roots with calcifications, multiple canals and apical
foramen, immature root tip or root canal treatment, and apical
diameter greater than 15-K file were excluded from the study. The 20
teeth selected with these inclusion criteria were immersed in 4°C
distilled water until use.

Endodontic access cavities were prepared using a fissure bur, and a
stable reference point was created by smoothing the mesiobuccal

cusps. A 10 K-file was advanced in the canal until it was just visible, the
stopper was seated at the reference point and the file was removed
from the canal. The working length was determined to be 0.5 mm
shorter than the distance between the stopper and the tip of the file.
The canals were prepared with ProTaper NEXT instruments (Dentsply
Sirona,) up to X3 with 2 mL of 2.5% sodium hypochlorite (NaOCl)
irrigation between each instrument.

Measurement Using the Direct Method (DM)

Once canal preparation was complete, the working lengths were
determined with a microscope (Carl Zeiss GmbH, Oberkochen,
Germany) at 2.5X magpnification using the DM, the same way as before
the preparation. The distance from the stopper to the file tip was mea-
sured with a digital ruler to the nearest 0.25 mm. These values were
reduced by 0.5 mm and recorded as the direct measurement (DM).

Measurement Using the EAL (EM1A and EM1P)

An alginate model defined by Kaufman et al. was used.!® The mesial
canals of the teeth placed in the alginate model were irrigated with
2.5% NaOCl and dried with paper points. Apex ID (Sybron Endo) and
Propex Pixi (Dentsply Sirona) were used in accordance with the
manufacturers’ instructions. For the Apex ID, a size 25 K-file (Dentsply
Sirona) was advanced until the ‘APEX’ signal was seen on the LCD
display and then withdrawn until a flashing bar showing ‘0.5’ had been
reached (the third green bar). For Propex Pixi, the file was advanced
within the root canal until the ‘OVER’ bar appeared and was then
withdrawn until the 0.0 mark signal appeared.

The stopper was seated at the reference point, and the file was
removed from the canal. The distance between the tip of the file and
the stopper was measured with a digital ruler and noted as EM1A
(Apex ID) and EM1P (Propex Pixi).

Root Canal Filling

The canals were irrigated with 2 mL 5.25% of NaOCI, dried with
paper points and then obturated with a single cone technique using a
size X3 master gutta-percha cone (Dentsply Sirona) and an epoxy resin-
based root canal sealer (AH Plus; Dentsply DeTrey, Germany).
Endodontic cavities were filled with temporary filling material (Cavit;
3M ESPE Dental Products, USA). The roots were stored at 100%
humidity to set the sealer.

Electronic Measurement after Removal of Root Filling (EM2A and
EM2P)

After seven days, the coronal part of the filling material was
removed using a Gates Glidden drill size 3 and than the Protaper
Universal Retreatment File D2 was used for the middle part. The teeth
were placed back into the alginate model. 0.1 mL of Eucalyptus oil was
introduced into the root canal for 2 min the soften the gutta-percha at
the apical third of the roots after using D2 .Number #20 and #15 K-files
were advanced through the softened apical gutta until reaching the
working length. After the root canal was negotiated a 25 K-file was
inserted into the canal and the working length was achieved, electronic
measurements were repeated as described prior to the root canal
filling. Measurements were recorded as EM2A and EM2P.

Electronic measurements were performed to insure that the
alginate was kept fresh. These measurements were made at 2-h inter-
vals, and the alginate was refreshed each time. The signals that flashed
continuously for 5 s were taken into consideration. Measurements
were made by a single operator to maintain consistency. All measu-
rements were repeated three times, and average values were taken.

Evaluation Criteria

Electronic measurements obtained before and after root filling
(EM1A/P and EM2A/P) were compared with the direct measurement
(DM), and EAL devices were compared with each other.
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The differences were noted with a negative sigh when the direct
measurement was greater than the electronic measurements.
Indicating that, in the electronic measurement, the file tip was inside
the canal and did not reach the foramen. When the DM was less than
the EM1A/P or EM2A/P, the difference was given as a positive sign,
indicating the file tip had passed beyond the foramen. The means of
differences between DM/EM1A,P and DM/EM2A,P were then
calculated, and data was analysed by using the Wilcoxon signed-rank
and Mann-Whitney U tests. Statistical significance was accepted at the
alpha level of 5% (P < .05).

RESULTS

The differences between measurements detected by direct and
electronic measurements before and after root canal filling are shown
in Table 1 and Figure 1. It can be seen that the mean values of the
differences between all electronic measurements and direct
measurement are positive. In general, the electronic measurements
were very close to the direct measurements, but they were found to be
higher. According to these results, no statistically significant difference
was found between direct measurements and electronic
measurements before and after retreatment for Propex Pixi and Apex
ID (P>.01). Also, there was no significant difference between the two
apex locaters before and during retreatment (P>.01).

clinicians to perform over instrumentation and overfilling. Cimilli et al.
19 determined significant differences and indicated that Dentaport ZX (J
Morita Corp, Kyoto, Japan) cannot detect the minor foramen accurately
in molars during the root canal retreatment procedure. To the best of
our knowledge, there is no information about comparing the accuracy
of Apex ID and Propex Pixi devices during retreatment procedures.
Therefore, the present study contributes valuable insights as it
evaluated the accuracy of these two devices in establishing the working
lengths of curved mesial roots of maxillary molars during the root canal
retreatment.

While most EAL studies have preferred straight canal anatomy, in
our study, we preferred to use the curved mesial roots of upper molars
where root filling removal can be more complex.?20-21

In this study, the alginate model, frequently used in EAL studies and
described by Kaufman et al. 18 was performed. Alginate is a conductive
medium which imitates the human periodontium by means of
wrapping tooth roots during measurements and providing electricity
transmission.2? The referenced canals length measurement (DM) was
obtained just before the root canal filling because the shaping
procedures can affect the channel length.20

The study showed that there was no significant differences
between two apex locaters before and during root canal retreatment.
The null hypothesis can be accepted. Yolagiden et al. .2 stated that the
ApexID showed acceptable measurements similar to Raypex 5 and 6 of
the working length. Serna-Pefia et al. 24 showed that no statistically

Table 1. Means, Standart Deviations, Minimum and Maximum of difference and ratio values of between electronic measurements before and after root canal

filling and direct measurements

Measures DM EM1A EMIP EM2A EM2P EMI1A- EM1P- EM2A- EM2P- Ratio Ratio Ratio Ratio

DM DM DM DM EM1A/DM EM1P/DM EM2A/DM  EM2P/DM
Mean 182 183 18.4 18.4 18.6 0.1 0.2 0.2 0.4 1.0 1.0 1.0 1.0
SD 1.6 1.7 1.6 1.8 1.8 0.5 0.3 0.4 0.4 0.03 0,02 0.02 0.02
Minimum 16.2 16 16.2 15.9 16.2 -0.54 -0.09 -0.6 -0.19 0.97 0.99 0.97 0.99
Maksimum 216 21.1 21.7 22.1 22.1 1.8 1.4 1.1 1.4 1.1 1.1 1.1 1.1

DM, direct measurements; EM,electronic measurements; SD,standart deviation; 1,before root filling; 2,after root filling; A,apex ID; P, propex pixi

Median differences between the measurements
B omv W emir M EmM2pP EM1A H EM2A

25

20

15

10

Measurements

Figure 1. Mean differences between the all measurements, Bold lines Show
median values.

DISCUSSION

Studies have shown that retreatment procedures affect the success
of the EALs. Mancini et al. ! showed that measurements obtained with
Root ZX (J Morita Corp, Kyoto, Japan) during retreatments can lead

significant differences were observed amongst the Apex ID, Propex Pixi
and Root ZX. Also, de Vasconcelos et al. 12 showed that Apex ID
measurements were not affected by foraminal obstruction. Ustun et
al. 3 indicated that there were no significant measurement differences
between the Raypex 6 and Propex Pixi. Saxena et al. 2> found that
similar accuracy results were obtained amongst the iRoot, iPex Il, and
Propex Pixi apex locators. In our study, the analysis of the results of the
electronic measurement performed before the canal filling was similar
to those found in these studies. In their work on mesial curved canals
of mandibular molar teeth, Piasecki et al. 14 showed that the Root ZX
and Apex ID devices were equally accurate in determining the working
length and stated that the 0.5-mm mark on both EALs were more
acceptable than subtracting 0.5 mm from the 0.0-mark. In our study,
we used the value of 0.5-mm mark as a reference in EM1A and EM2A
measurements. Although, there is no retreatment study comparing
Apex ID and Propex Pixi, there are few studies examining the
measurements of Propex Pixi during root canal retreatment. Tufenkci
and Kalayci, examined the accuracy of Dentaport ZX, Propex Pixi and
iPex Il devices in root canal retreatment and found their accuracy at
%83.3,-%83.4-%80 respectively, even if there was no statistical
significance between them.2¢ Similarly, our study gave safe results in
the application of Propex pixi during root canal retreatment. Tejaswi et
al.?7 reported that Dentaport Root ZX apex locator showed more
accuracy in detecting the apical and middle root canal perforation
when compared with the Propex pixi apex locator during root canal
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treatment. This result is inconsistent with our study, this might be the
due to presence of irrigating solutions or penetration of the conducting
media into the root canal.

The most significant goal of this study was to identify the reliability
of two untested devices in determining the working length in a canal
with the most complex mixture of contents, such as debris, dentin
chips, organic remnants, gutta-percha pieces, sealer and solvent.
However, according to our analysis, no significant difference was found
between DM and electronic measurements before and after
retreatment with Propex Pixi and Apex ID or between EALs.

CONCLUSION

Within the limitations of this study, it can be concluded that the
accuracy of Apex ID is similar to that of Propex Pixi when used with
curved mesial roots in the retreatment process and that both devices
can be safely used in endodontic treatment.

Etik Komite Onayi: Bu makale, insan veya hayvan katilimcilar ile
yapilan herhangi bir arastirma icermemektedir.

Hasta Onami: Hasta tizerinde ¢alisma yapilmadigindan onam formu
alinmamigtir.

Hakem Degerlendirmesi: Dis bagimsiz.

Yazar Katkilani: Fikir — D.A.; Tasarim- D.A., M.B.G.; Denetim- D.A.,
M.B.G.; Kaynaklar — D.A, M.B.G.; Malzemeler — M.K.B., F.K.; Veri
Toplama ve/veya isleme — M.B.G.; Analiz ve/veya Yorum — M.K.B., F.K,;
Literatiir Taramasi — M.K.B., F.K.; Yazma -D.A. .; Elestirel inceleme —
D.A., M.K.B., F:K., M.B.G.

Cikar Catigmasi: Yazarlar, c¢ikar ¢atismasi olmadigini beyan etmistir.
Finansal Destek: Yazarlar bu ¢alismanin herhangi bir finansal destek
almadigini beyan etmislerdir.

Ethics Committee Approval: This article does not contain any
studies with human or animal participants.

Informed Consent: A consent form was not obtained because no
study was conducted on the patient.

Peer-review: Externally peer-reviewed

Author Contributions: Concept -D.A.; Design- D.A.,, M.B.G,;
Supervision - D.A.,, M.B.G.; Resources — D.A, M.B.G.; Materials —
M.K.B., F.K.; Data Collection and/or Processing — M.B.G.; Analysis
and/or Interpretation — M.K.B., F.K.; Literature Search — M.K.B., F.K;
Writing Manuscript— D.A.; Critical Review — D.A., M.K.B., F:K., M.B.G
Conflict of Interest: The authors have no conflicts of interest to
declare.

Financial Disclosure: The authors declared that this study received
no financial support.

REFERENCES

1. Sjogren U, Figdor D, Persson S, Sundqvist G. Influence of infection
at the time of root filling on the outcome of endodontic treatment
of teeth with apical periodontitis./nt Endod J. 1997;30(5):297-306.
doi:10.1046/}.1365-2591.1997.00092.x

2. Kuttler Y. Microscopic investigation of root apexes. J Am Dental
Assoc. 1955;50(5):544-552. doi:10.14219/JADA.ARCHIVE.1955.0099

3. Ustiin Y, Aslan T, Sekerci AE, Sagsen B. Evaluation of the Reliability
of cone-beam computed tomography scanning and electronic apex
locator measurements in working length determination of teeth
with large periapical lesions. J Endod. 2016;42(9):1334-1337.
doi:10.1016/j.joen.2016.06.010

Martinez-Lozano MA, Forner-Navarro L, Sanchez-Cortés JL,
Llena-Puy C. Methodological considerations in the determination of
working length. Int Endod J. 2001;34(5):371-376.
doi:10.1046/j.1365-2591.2001.00400.x

Tamse A, Kaffe |, Fishel D. Zygomatic arch interference with correct
radiographic diagnosis in maxillary molar endodontics. Oral Surg
Oral Med Oral Pathol. 1980;50(6):563-565. doi:10.1016/0030-
4220(80)90441-7

6. Al-bulushi A, Levinkind M, Flanagan M, Ng Y -l., Gulabivala K. Effect

10.

11.

12.

13.

14.

15.

16.

17.

of canal preparation and residual root filling material on root
impedance./Int Endod J. 2008;41(10):892-904. do0i:10.1111/j.1365-
2591.2008.01450.x

Aggarwal V, Singla M, Kabi D. An In Vitro Evaluation of Performance
of Two Electronic Root Canal Length Measurement Devices during
Retreatment of Different Obturating Materials. J Endod.
2010;36(9):1526-1530.doi:10.1016/j.joen.2010.04.016

Er O, Uzun O, Ustun Y, Canakci BC, Yalpi F. Effect of solvents on the
accuracy of the Mini Root ZX apex locator. Int Endod J.
2013;46(11):1088-1095. doi:10.1111/iej.12111

Ebrahim AK, Wadachi R, Suda H. In vitro evaluation of the accuracy
of five different electronic apex locators for determining the
working length of endodontically retreated teeth. Aust Endod J.
2007;33(1):7-12. doi:10.1111/j.1747-4477.2007.00049.x

Goldberg F, Marroquin BB, Frajlich S, Dreyer C. In Vitro evaluation
of the ability of three apex locators to determine the working
length during retreatment. J Endod. 2005;31(9):676-678.
doi:10.1097/01.don.0000155226.03483.ff

Mancini M, Palopoli P, lorio L, Conte G, Cianconi L. Accuracy of an
electronic apex locator in the retreatment of teeth obturated with
plastic or cross-linked gutta-percha carrier-based materials: an ex
vivo study. J Endod. 2014;40(12):2061-2065.
doi:10.1016/j.joen.2014.07.035

De Vasconcelos BC, Chaves RDV, Vivacqua-Gomes N, et al. Ex Vivo
Evaluation of the Accuracy of Electronic Foramen Locators in Root
Canals with an Obstructed Apical Foramen. J Endod.
2015;41(9):1551-1554. doi:10.1016/j.joen.2015.06.009

Nekoofar MH, Ghandi MM, Hayes SJ, Dummer PM. The
fundamental operating principles of electronic root canal length
measurement devices. Int Endod J. 2006;39(8):595-609. doi:
10.1111/j.1365-2591.2006.01131.x.

Piasecki L, Reis PJD, Jussiani El, Andrello AC. A Micro—computed
Tomographic evaluation of the accuracy of 3 electronic apex
locators in  curved canals of mandibular molars. J
Endod.2018;44(12):1872-1877 doi:10.1016/j.joen.2018.09.001
Vasconcelos BC, Bastos LM, Oliveira AS, Bernardes RA, Duarte MA,
Vivacqua-Gomes N, Vivan RR. Changes in root canal length
determined during mechanical preparation stages and their
relationship with the accuracy of root ZX Il. J Endod. 2016
Nov;42(11):1683-1686.

Krajczar K, Marada G, Gyulai G, Téth V. Comparison of radiographic
and electronical working length determination on palatal and
mesio-buccal root canals of extracted upper molars. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod. 2008;106(2):e90-e93.
doi:10.1016/j.tripleo.2008.04.007

Schneider SW. A comparison of canal preparations in straight and
curved root canals. Oral Surgery Oral Medicine Oral Pathology.
1971;32(2):271-275. doi:10.1016/0030-4220(71)90230-1

CurrRes Dent Sci 2024;34(4): 253-257 / doi: 10.17567/cunesdentsc. 1555982



257

18.

19.

20.

21.

22.

23.

Kaufman AY, Keila S, Yoshpe M. Accuracy of a new apex locator: an
in vitro study. Int Endod J. 2002;35(2):186-192. d0i:10.1046/].1365-
2591.2002.00468.x

Cimilli H, Aydemir S, Arican B, Mumcu G, Chandler N, Kartal N.
Accuracy of the Dentaport ZX apex locator for working length
determination when retreating molar root canals. Aust Endod J.
2012;40(1):2-5. do0i:10.1111/aej.12010

Alves AMH, Felippe MCS, Felippe WT, Rocha MIC. Ex vivo
evaluation of the capacity of the Tri Auto ZX to locate the apical
foramen during root canal retreatment.Int Endod .
2005;38(10):718-724. doi:10.1111/j.1365-2591.2005.01007.x
DAssungdo FLC, De Albuquerque DS, De Queiroz Ferreira LC. The
Ability of two apex locators to locate the apical foramen: an in vitro
study. J Endod. 2006;32(6):560-562.d0i:10.1016/j.joen.2005.11.011
Baldi JV, Victorino FR, Bernardes RA, et al. Influence of embedding
media on the assessment of electronic apex locators. J Endod.
2007;33(4):476-479. doi:10.1016/j.joen.2006.12.024

Yolagiden M, Ersahan S, Suyun G, Bilgec E, Aydin C. Comparison of
Four Electronic Apex Locators in Detecting Working Length: An Ex
Vivo Study. The Journal of Contemporary Dental Practice.
2018;19(12):1427-1433. doi:10.5005/jp-journals-10024-2444

24.

25.

Serna-Pefia G, Gomes-Azevedo S, Flores-Trevifio J, Madla-Cruz E,
Rodriguez-Delgado |, Martinez-Gonzalez G. In Vivo Evaluation of 3
Electronic Apex Locators: Root ZX Mini, Apex ID, and Propex Pixi. J
Endod. 2020;46(2):158-161. doi:10.1016/j.joen.2019.10.035

Saxena D, Saha S, Bharadwaj A, Vijaywargiya N, Dubey S, Kala S. A
comparative evaluation of accuracy of three electronic apex
locators using histological section as gold standard: An ex vivo
study. J Conservativ Dent. 2017;20(4):251.
doi:10.4103/jcd.jcd_175_16

26. Tufenkci P, Kalayci A. Evaluation of the accuracy of different apex

27.

locators in determiningthe working length during root canal
retreatment. J Dent Res Dent Clin Dent Pros. 2020;14(2):125-129.
doi:10.34172/joddd.2020.026

Tejaswi S, Viresh GA, Singh A, Shetty S, Ambikathanaya UK,
Manglekar SB. To evaluate the accuracy between two different
electronic apex locators to detect the root canal perforation during
retreatment - an ex-vivo study. Indian J Sci Technol.
2022;15(42):2259-2266. doi:10.17485/ijst/v15i42.1582

CurrRes Dent Sci 2024;34(4): 253-257 / doi: 10.17567/cumresdentsci. 1555982



