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Abstract

AIM AND OBJECTIVES. To evaluate and compare the accuracy of Root ZX, Raypex6, and | Root and electronic
apex locators in the presence of NaOCI (3%), Citric acid (10%), MTAD and Green tea extract as endodontic
irrigants.

MATERIAL AND METHOD. Sixty single rooted human permanent teeth were used for the study. Access
cavities were prepared and the teeth were decoronated. Teeth were divided as follows: Group I-Root ZX apex
locator (n=20), IA — NaOCI 3% endodontic irrigant (n=5), IB — Citric Acid 10% endodontic irrigant (n=5),
IC - MTAD endodonticirrigant (n1=5), ID- Green Tea extract endodontic irrigant (n=5). Group |l: Raypex 6 apex
locator (n=20). 1A — NaOCIl 3% endodontic irrigant (n=5), IIB — Citric acid 10% endodontic irrigant (n=5).
IIC - MTAD endodonticirrigant (n =5), IID — Green tea extract endodontic irrigant (n=5). Group IlI-i-ROOT apex
locator (n=20). 1A — NaOCI 3% endodontic irrigant (n=5), llIB — Citric Acid 10% endodontic irrigant (n=5),
IIC — MTAD endodonticirrigant (n=5), llID — Green tea extract endodontic irrigant (n=5). The actual working
length was determined using a 15 K file and the working model was prepared using Alginate in a rectangular
box. The teeth were embedded into the working model and the electronic measurements were made with
each electronic apex locator. The data was collected, analyzed and subjected to statistical analysis.
RESULTS. No significant difference was found when Raypex 6 apex locator was used along with all the endodon-
tic irrigants except green tea extract. Root ZXshowed statistically significant difference with green tea extract
and MTAD. I-root showed statistically significant difference with all the irrigants except green tea extract.
CONCLUSION. Citric acid 10% was consistently accurate when assessed with all the three apex locators,
whereas Green tea extract demonstrated the least accurate readings with all apex locators.

Keywords: working length, electronic apex locator, endodontic irrigants, sodium hypochlorite, MTAD, Citric
acid, Green tea extract

Article info: received — 20.06.2024; revised — 01.08.2024; accepted — 03.08.2024
Conflict of interests: The authors declare no conflict of interests.
Acknowledgments: There are no funding and individual acknowledgments to declare.

For citation: Nagrani A., Tandale A.B., Mulay S., Khade S., Shah D. Comparative evaluation of accuracy of
three different electronic apex locators in the presence of various endodonticirrigants: An in vitro study.
Endodontics Today. 2024;22(3):212-219. https://doi.org/10.36377/ET-0036

CpaBHUTeIbHAA OLleHKA TOYHOCTU

Tpex pas/iMyHbIX 3/IEKTPOHHbIX aneKCc/1I0KaTopoB

B NPUCYTCTBUMU pPa3/INYHbIX SHAOAOHTUUECKUX UPPUTrAHTOB:
in vitro uccnegosaHue
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Pe3iome

LLEJTb U BALAYN. OueHunTb 1 cpaBHUTbL TOYHOCTb Root ZX, Raypex6 u | Root, 3n1eKTPOHHbIX anekcnokaTopoB
B npucyTcTBum NaOCI (3 %), numoHHol kncnoTbl (10 %), MTAD 1 akcTpakTa 3e/IeHOro 4as B Ka4ecTBe 3HA0-
OOHTUYECKNX NPPUTAHTOB.

MATEPUAJIbl K METObI. B nccnepoBaHnm ncnofb30Banmchb WECTbAECAT NOCTOAHHbLIX OOHOKOPHEBLIX 3Yy-
60B yenoseka. bblnM NOAroToBAEHbI AOCTYMNbI K MOMIOCTSAM, U 3yObl OblIN 4EKOPOHOBaHbI. 3yObl OblIN pas-
nenexbl Ha cneaytowme rpynnsi: Mpynna | — anekcnokaTtop Root ZX (n=20), IA — SHAOAOHTUYECKUIA UPPUTAHT
NaOCI 3% (n=5), IB — 3HOO0O0OHTNYECKMA nppUraHT nMMoHHas kucnota 10% (n=5), IC — aHOOOOHTUYECKUI
nppuradT MTAD (n=5), ID — 3HOOA0HTMYECKMI MPPUraHT 3KCTPaKT 3eneHoro 4asa (n=>5). Npynna Il — anekcno-
kaTtop Raypex 6 (n=20), IA — aHgonoHTnyeckuin nppuradt NaOCIl 3% (n=5), IIB — aHOOA0HTUYECKNI nppu-
raHT nuMmoHHas kucnota 10% (n=>5), IIC — sHgogoHTUYeckni nppuradt MTAD (n=5), IID — 3HA0O0HTUYECKNIA
MppUraHT aKCcTpakT 3eneHoro Yasa (n=5). Npynna lll - anekcnokatop I-ROOT (n=20), llIA — 3HOOOOHTUYECKUI
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nppuradHT NaOCI 3% (n=5), llIB — aHOOOOHTUYECKNIA MPPUraHT NUMOoHHag kucnota 10% (n=>5), llIC — aHpo-
noHTu4ecknin uppuraiT MTAD (n=5), llID — 3HAOA0OHTUYECKMIA MPPUraHT 3KCTPaKT 3esieHoro Yas (n=5). dak-
Tnyeckasa paboyas onvHa 6bina onpeaeneHa ¢ noMmolubio darina K 15, n paboyas mogens 6bina noarotosne-
Ha C MCMNOoNb30BaHMEM aJjlbrMHaTa B NPSIMOYroJibHOM Kopobke. 3ybbl OblIM 3akpeneHbl B padoyer moaenu,
1 6bINV NPOBEAEHbI 3IEKTPOHHBIE N3MEPEHUS C KaXAbIM anekcnokatopoM. aHHblie Obinn cobpaHbl, Npo-
aHanNM3MpoBaHbI M NOABEPrHY Tl CTaTUCTUYECKO obpaboTke.

PE3YJIbTATbI. He 661510 0O0Hapy>XeHO 3HAYUTENbHbLIX PA3ANYMIA NPY NCNOJIb30BaHUK anekcnokaTopa Raypex 6
C NOOLIMU SHAOAOHTUYECKUMN MpPUraHTamMm, 3a UCKNIOYEHNEM 3KCTPakTa 3efieHoro Yas. Root ZX nokasan
CTaTUCTUYECKM 3HAYMMBbIE PA3INYNSA NPU UCNOSIb30BAHNKM C SKCTPaKTOM 3eneHoro 4asa n MTAD. I-Root noka-
3ai CTaTUCTUYECKN 3HAYMMbIE PA3/INYMA CO BCEMU MPPUraHTaMK, KPOME 9KCTpakTa 3e/1IeHOro vyas.
3AKJIOYEHUE. JNTumoHHasa kucnota 10 % nokasana ctabuibHYIO0 TOYHOCTb NPU OLLEHKE C UCMONb30BaHMEM
BCEX TPEX anekcnokaTopoB, TOraa Kak 3KCTPakT 3eIEHOro Yyasi N(POAEMOHCTPMPOBA HAaMMEHEE TOYHbIE MO-
Ka3aHu1s nNpm UCNosb30BaHMKM C N0ObIMKY anekcokaTtopamu.

Knwuessble cnoBa: paboyas AnMHa, 3/IEKTPOHHbLIN anekcnokaTop, 3HA0A0HTUYECKME UPPUTraHTbl, FMAOXJI0-
puT HaTtpus, MTAD, nMMOHHas KNCOTa, 3KCTPAKT 3EJIEHOro 4yasd

UHdopmauumsa o ctatbe: noctynuna — 20.06.2024; ucnpasneHa — 01.08.2024; npuHaTta — 03.08.2024
KoHAUKT uHTepecoB: ABTOPLI cO06LaloT 06 OTCYTCTBUM KOHPINKTA UHTEPECOB.
BnarogapHocTu: PMHaHCMpPOBaHUE N MHOMBUAYaASbHbIE G1aroAapHOCTY AN1A AEKapUPOBaHNS OTCYTCTBYIOT.

Ana umtupoBauua: Harpaun A., Tanpane A.b., Mynan C., Xage C., WWax [. CpaBHUTeNbHAsa OLEHKaA TOY-
HOCTW Tpex PasfiInyHbIX 3NIEKTPOHHbIX anekCc/iokaTOPOB B MPUCYTCTBUM Pa3siNyHbIX 3HOO0OO0HTUYECKUX
MPPUraHToB: in vitro nccnepoBaHne. 3HaoaoHTus Today. 2024;22(3):212-219. (Ha aHnrn. s3.) https://doi.

org/10.36377/ET-0036

INTRODUCTION

Appropriate working length determination plays
a critical role in determining the accuracy and success
of endodontic treatment. A routine endodontic proce-
dure can plague the operator in cases of poorly deter-
mined working length [1].

Use of traditional approaches such as radiographs,
considering anatomical averages, relying on tactile
sensation and using paper points do provide an ap-
proximate working length to some degree, but they
do have their limitations [2]. Cluster and Suzuki intro-
duced Electronic Apex Locators to overcome these
limitations and to standardize the working length de-
termination in endodontics [3]. The 1tand 2" genera-
tion of apex locators provided adequate reading but
their efficiency was limited to dry canals. After some
modifications, the 3" and 4'" generation apex locators
were introduced [4].

Root ZX (J Morita) is a third generation apex loca-
tor and it uses the ratio method for measuring the root
canal length which was introduced by Kobayashi et al in
1991. It is a dual frequency electronic apex locator. This
electronic apex locator has been studied extensively for
its accuracy and its efficacy in the presence of various
endodontic irrigants [5].

An apex locator with different frequencies of 5 KHz
and 500 Hz is the i-Root (S-Denti Co. Ltd Seoul, Korea)
apex locator. According to the manufacturer, its accu-
racy is good, irrespective of canal contents [6].

Raypex 6 (VDW, Munich, Germany) is the last mem-
ber of Raypex series whose clinical performance was
previously found to be successful with the evaluation of
Raypex 4 and 5 [7].

It is important to remove the tissue debris and mi-
croorganisms within the root canal and hence a wide
range of irrigants are used to facilitate proper chemo-
mechanical preparation of the root canal treatment.
The most routinely used irrigants in the root canal are
sodium hypochlorite, saline, EDTA and Chlorhexidine,
MTAD, citric acid.
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Sodium hypochlorite (NaOCI) is considered gold
standard for root canal irrigation. It is used in various
percentages like 1%, 3%, 5.25%. However, it is has cer-
tain disadvantages such as irritation, injury to periapical
tissues after extrusion from the apical foramen.

Torabinejad and co-workers [8] developed MTAD
(mixture of tetracycline, acid and detergent) as a fi-
nal endodontic irrigant [9; 10] to disinfect the canal
[11-14], remove smear layer [15; 16] and to solubilize
pulp tissue [17], particularly when used after sodium
hypochlorite [10].

In the recent years, there has been a search for
herbal alternatives in order to overcomethe shortcom-
ings of conventional irrigants and increase in antibiotic
resistant strain.

Natural plant origin compounds like Green tea are
proven to be less toxic and less irritant to the tissues
and significantly effective against E. faecalis [18].

Green tea polyphenols is prepared from the tender
shoots of the tea plant Camellia sinensis is the custom-
ary drink of Japan and China. Green tea polyphenols
antibacterial activity against E. faecalis biofilm formed
on tooth substrate which showed statistically signifi-
cant. Complete eradication of E. faecalis was achieved
within 6 min [18].

In a study by Prabhakar et al, antimicrobial efficiency
of green tea polyphenols and 3% sodium hypochlorite
were evaluated against E. faecalis. The authors con-
cluded that green tea exhibited significantly higher anti-
bacterial effect against 2 week biofilm [19].

There is a concern regarding the effect of various ir-
rigating solutions on the accuracy of electronic apex lo-
cators. To the best of our knowledge, there are not many
studies assessing the precision of Root ZX apex locator,
Raypex 6 apex locator, i-Root apex locators in the pres-
ence of Sodium hypochlorite, Citric acid, MTAD, and
green tea extract. Hence, the purpose of this study was
to investigate whether the presence of such endodontic
irrigants affected electronic working length measure-
ments by various apex locators.

Endodontics
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MATERIAL AND METHODS

Sixty human permanent teeth single rooted were
selected for the study after excluding specimens with
curved roots, resorption, caries or calcification. The
teeth were than safely stored in a 2% Buffered Formalin
solution.

The study required reduction of the occlusal plane
to produce an even surface for a stable and retraceable
reference point as required in working length (WL) deter-
mination. This was achieved by sectioning the teeth at the
cemento-enamel junction using a diamond disc(DSK).
Preflaring of the canal orifices using Gates Glidden drills
from #1 to #3. The pulpal tissue was extirpated using
a barbed broach. (Spirocolorinox, Dentsply).

The specimens were divided into three groups.

Group I-Root ZX apex locator (n=20)

IA NaOCl 3% endodonticirrigant )

IB Citric Acid 10% endodonticirrigant (n=5)

IC MTAD endodonticirrigant )

ID Green Tea extract endodontic irrigant )

Group ll: Raypex 6 apex locator )

IIA NaOCI 3% endodontic irrigant (n=5)

IIB Citric acid 10% endodonticirrigant (n=5)

IIC MTAD endodonticirrigant )

IID Green tea extract endodontic irrigant )

Group llI-i-ROOT apex locator )

1A NaOCI 3% endodonticirrigant (n=5)

1B Citric Acid 10% endodonticirrigant (n=5)

[IC MTAD endodonticirrigant (n=5)

IIID Green tea extract endodonticirrigant (n=5)

The actual working length of the root canal was de-
termined using a #15 K file (MANI)into the canal until the
tip of the file was visible at the apex. To obtain a stand-
ardized value 0.5 mm was subtracted from the actual
working length for each tooth sample [6].

For measurement of electronic working length,
a customized model for the three study groups were
prepared using rectangular plastic boxes. The teeth
samples were glued and stabilized to the plastic frame
using modelling wax. Alginate was mixed and poured
into the box and the frame was embedded into the al-
ginate. To complete the circuit, the lip clip of the apex
locator was immersed in the alginate, fixed to the plastic
box. The model was constructed and within 2 hours all
measurements were made.
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The working length measurements were conducted
in the presence of Sodium hypochloride (NaOCI) (3%),
Citric acid (10%), MTAD and Green tea extract root ca-
nal irrigants.

The root canals were first irrigated with 3% NaOCI
using a 26 gauge bevelled needle in a 2 ml syringe
(Unolok, Hindustan Syringes and Medical devices Itd,
India). A #15K file (MANI) with the file clip was then in-
serted into the canal until the apex locator showed the
reading of the “APEX”. The Silicon stopper was then
adjusted and the K file was removed. The distance be-
tween the base of the silicon stopper and file tip was
measured to the nearest 0.5mm mark.

The “APEX” as indicated by all devices was chosen
as the apical reference. The electronic working length
measurements for teeth were recorded with Root ZX
followed byRaypex 6 and i Root apex locators.

The above procedure was repeated using10%Citric
acid, TAD and Green tea extract root canal irrigants.
Each measurement was repeated thrice, and the aver-
age was calculated. To prevent cross contamination,
each set of the instruments were conducted in a fresh
mixture of alginate. Results were then subjected to sta-
tistical analysis.

STATISTICAL ANALYSIS

Statistical analysis was done by descriptive statis-
tics as mean, SD, percentage / proportions.

Comparisons was done by applying Student’s Un-
paired ‘t’ test at 5% (p,0.05) and 1% (p,0.01) level of sig-
nificance.

Also, one way ANOVA test with Tukey Kramer mul-
tiple comparison test was applied to test the compari-
son of all groups together at 5% (p,0.05) and 1% (p,0.01)
level of significance.

Statistical analysis software namely SYSTAT ver-
sion 12 (By Cranes software, Bangalore) was used to
analyze the data.

RESULTS

Root ZX apex locator (Group I) showed no significant
difference in actual and electronic working length when
used with NaOCI and citric acid as endodontic irrigant.
However with MTAD and Green tea extract irrigants
there was a significant difference.

Table 1. Comparison of mean and SD values of Actuallength (AL) and Electronic Length (EL)
in Group A, B, C and D root canal irrigants using Root ZX, Raypex 6 and Iroot apex locators

Ta6nuua 1. CpaBHeHMe CpeaHUX 3HAYEHUIA N CTaHAAPTHbLIX OTKJIOHEHUI pakTnieckon anvHsbl (AL)
M anekTpoHHo anuHbl (EL) B rpynnax A, B, C n D 3HAOAOHTUYECKMX NPPUIrAHTOB C UCMNOJIb30BaHNEM

anekcnokaTtopoB Root ZX, Raypex 6 n IRoot

Root ZX apex locator

Raypex 6 apex locator

I Rroot apex locator

. . | Group C: | Group D: ) . | Group C: | Group D: . . | Group C: | Group D:
GroupA: | GroupB: | “ypap " | GreenTea| GrOUPA: | GroupB: | ‘ypap " | GreenTea| GroUPA: | GroupB: | “yipin " | Green Tea
NaOCl |Citric acid - NaOCl |Citric acid . NaOCl |Citric acid .
(n=5) (n=5) QMix extract (n=5) (n=5) QMix extract (n=5) (n=5) QMix extract
(n=5) (n=5) (n=5) (n=5) (n=5) (n=5)

Mean+=SD | Mean+SD |Mean+SD | Mean*SD|Mean+SD | Mean+SD Mean+SD|Mean+SD|Mean*=SD | Mean+SD | Mean+SD | Mean*SD

Actual

14.64+1.01(12.36+1.64|13.84+0.84|14.40+2.23|11.08+2.12(12.92+1.13/14.48+1.03| 11.24+1.41|16.82+2.12|14.94+£2.76|16.32+ 1.87| 18.14+2.10

Length

E;C;trﬁ”'c 14.38+0.97|12.04%1.75(13.04£0.91|12.20+2.37|12.26£2.04| 12.82+ 1.43| 14.86 £ 1.69|12.04= 1.39| 15.40+ 1.88|13.72+2.36|14.98+ 1.85| 17.88+2.03
Unpaired 1.38 0.52 1.41 0.24 0.66 1.09 0.31

4 _ i _ ; 4.83, 1.96, _ ’ _ ) _ ! 2.07, 2.01, _ ) 1.96, Y

t test‘ , p=0.987, | p=0.248, £=0.0014 | p=0.046, p=0.579, | p=0.311, | p=0.102, p=0.019, | p=0.0017 p=0.311, p=0.012, p=0.19,
value, 'p Not Not Significant | Significant Not Not Significant | Significant Not Significant Not
value significant | significant significant | significant | significant significant significant
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In Group Il i.e. Raypex 6 apex locator there was no
significant difference in actual and electronic working
length using NaOCI, citric acid and MTAD as endodon-
tic irrigant. Where asGreen tea extract irrigant showed
a significant difference.

When i-Root apex locator (Grouplll) was used there
was significant difference in NaOCl and MTAD as endo-
dontic irrigants, while citric acid and green tea extract
irrigants gave no significant difference between actual
and electronic working length (Table 1 and Figure 1).

DISCUSSION

The development of apex locators has revolutio-
nized endodontics as it is imperative to obtain a high
success rate, which allows the clinician to clean, shape,
and fill the three- dimensional root canal system as
close as possible to the apical constriction. These de-
vices have helped overcome the shortcomings of con-
ventional radiographs [20] while reducing the time and
effort by the operator.

Irrigants can augment mechanical debridement by
flushing out debris, dissolving tissue, and disinfecting
the root canal system. Chemical debridement is espe-
cially needed for teeth with complex internal anatomy
such as fins or other irregularities that might be missed
by instrumentation [18].

However, the presence of any fluids may hamper
the use of apex locators and thus achieving precise
measurements. The study included NaOCI, Citric acid,
MTAD and green tea extracts to evaluate the accuracy
of apex locators. Three modern electronic apex loca-
tors, namely, Root ZX Mini, i-Root and Raypex 6 were
used in this in-vitro study to estimate the length of the
root canal. The design of this in vitro study was to allow
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determination of the length of the tooth easily. In order
to achieve accurate readings, the media for mounting
the teeth should have an electrical resistance similar to
that of the periodontal ligament. The ideal medium for
embedding teeth and being a conducting medium is al-
ginate due to its relatively high viscosity which prevents
blockage of substance into the apical foramen and
withstands forces that are exerted by the movement of
the file, enabling the operator to precisely assess the
working length [6].

Alginate allows ions to circulate despite its firm
consistency [21]. The main disadvantage of alginate is
its limited working time because the alginate tends to
desiccate unless itis kept moist. Hence, the electronic
calculations were carried out within 2 hours after the
apparatus was prepared as this allows to achieve suf-
ficient humidity of the alginate for the conductivity.

To evaluate the accuracy of apex locators, a range
of £0.5 was used in the study. This range is clinically ac-
ceptable and highly accurate [6].

In the current study, Root ZX Mini provided working
length close to actual length readings when used with
3%NaOCl (p=0.987) and 10% Citric acid (p=0.248)
asirrigants, andasignificant difference in working length
determination was observed with the use of MTAD
(p=0.0014) and green tea extract (p=0.056).

These results are in accordance with a study done
by Khattak O et al which concluded that the accuracy of
Root ZX apex locator was consistently high in the pre-
sence of normal saline, 0.2% chlorhexidine and 2.5%
NaOCI. They inferred that 2.5% sodium hypochlorite
had no effect on accuracy of Root ZX apex locator which
was more precise than the iPex in achieving the working
length [22].

40
35+
30+
25+

20 '8 13.04

12.04

12.20
12.26

Mean Values

154

10

1464 1236 13.84 14.40

11.08

12.82

12.92

17.88

15.40 14.98

14.86 13.72

12.04

16.82 16.32 18.14

14.94

14.48 11.24

0 T T T T T

Group A: GroupB: GroupC: GroupD: GroupA: GroupB: GroupC: GroupD: GroupA: GroupB: GroupC: Group D:

NaOCI Citric

acid

MTAD/ GreenTea NaOCI
QMix extract

Root ZX used as the apex locator

Actual Length

Citric
acid

Raypex used as the apex locator

Citric
acid

MTAD/ GreenTea NaOCI
QMix extract

MTAD/ GreenTea
QMix extract

I root used as the apex locator

Electronic Length

Fig. 1. Comparison of mean and SD values of Actuallength (AL) and Electronic Length (EL)
in Group A, B, C and D root canal irrigants using Root ZX, Raypex 6 and Iroot apex locators

Puc. 1. CpaBHeHne cpegHnx 3Ha4eHnin 1 CTaHOapPTHbIX OTKJIOHEHWIA pakTUYeckom anunHbl (AL)
M anekTpoHHoM anuvHbl (EL) B rpynnax A, B, C n D aHOOA0OHTUYECKMX MPPUTraHTOB
C ncnonb3oBaHMeM anekcnokatopoB Root ZX, Raypex 6 n IRoot
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Certain authors [23-26] accept that the least re-
markable discrepancy is obtained while using NaOCI
irrigant no matter what the concentration is. The rea-
lity is this irrigant has a high electrical conductivity and
has the capability to seep into the dentinal tubules and
reduce electrical impedance of the root canal bounda-
ries along with generating better electrical contact with
periapical tissues [27].

Raypex 6 (VDW) is the sixth variant in the Raypex
series of apex locators and there are not many studies
evaluating its accuracy in the presence of various en-
dodontic irrigants and thus it was used in the present
study.

This study has shown Raypex 6 with close to ac-
curate readings when used with 3% NaOCI (p=0.579),
10% Citric acid (p=0.311) or MTAD (p=0.102) as the
endodonticirrigants. The results showed significant dif-
ference in the working length when it was used in the
presence of green tea extract (p=0.019).

However, in a study done by Luca Mariago et al, Ray-
pex 6 demonstrated poor mean results in the presence
of sodium hypochlorite [28]. Other than a study done
by Reynoso RF, some studies showed higher accuracy
with Raypex 6 [29].

Research by Tamil Selvan used Root ZX Mini and
Raypex 6 electronic apex locators in the presence of 5%
NaOCI, 2% chlorhexidine and normal saline. They in-
ferred that both the apex locators had similar accuracy
and the irrigating solutions did not affect the accuracy of
the apex locators [20].

J.A. Kang, S.K. Kim [30] tested the precision of se-
ven apex locators under clinical conditions. The apex
locators used were Apit, Bingo-1020, Apex Finder 7005,
ProPexi-Root, Smarpex and Root ZX. The measure-
ments were acquired with dry canals and the canals
irrigated successively with saline, 5.25% NaOCI, 15%
EDTA and 0.1% chlorhexidine. The tested apex locators
were validated in the presence of the irrigants.

N. Sakkir et al. [31] demonstrated that statistically
no difference was found between the apex locators
tested (i-Root, Root ZX II, Triauto ZX, Endo Master,
Elements and Triauto ZX) and the working length which
was obtained manually.

In another study by A.B. Prasad et al. demonstra-
ted approximate results in comparison to the working
length obtained manually. Most accurate results were
obtained with i-Root and Root ZX [6].

However, in this study, i-Root provided inaccurate
readings with the use of 3% NaOCI (p=0.0017) and
MTAD (p=0.0102); whereas the readings were accurate
when tested with 10% citric acid (p=0.311) and green
tea extract (p=0.19).

A confounding factor for inaccurate readings in the
study could be the tested endodontic irrigants. A. Rana
et al. [32] compared the accuracy of different electronic
apex locators in the presence of herbal irrigants and
they concluded that the contents of the root canal sys-
tem affected the results of the electronic apex locators,
but the differences were not statistically significant.

There is paucity of literature on research assessing
the accuracy of apex locators in the presence of green
tea extract and hence it was used in this study.

Biopure MTAD consists of a powder-liquid system.
Part A is the liquid which is supplied in the form of sy-
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ringes and consists of 4.25% citric acid and 0.5% poly-
sorbate 80 detergent (Tween 80). Part B is the powder
which contains 3% doxycycline hyclate. It is highly bio-
compatible and least cytotoxic. Also it demonstrated
the greatest antibacterial efficacy against E. faeca-
lis [10]. The pH of MTAD is 2.15 and plays an important
role in chelating calcium ions.

Not many studies have assessed the accuracy of
MTAD with electronic apex locators. Most of the studies
assessed the accuracy of apex locators in the presence
of routinely used endodontic irrigants such as sodium
hypochlorite and chlorhexidine.

In a study done by E. Cicek et al., the accuracy of
Root ZX mini and Propex |l was 89.3% in the presence of
MTAD while with Raypex 5 the accuracy in the presence
of MTAD was 83.3% [33].

Citric acid is a chelating agent and studies have
shown that 10% citric acid removes the smear lay-
er better than 17% EDTA. lis effect has not been
widely studied along with the use of electronic apex
locators.

M. Janeczek et al. [27] comparedEndopilot® and
iPex® apex locators. The following irrigation solutions
were used: 2.0% sodium hypochlorite, 5.25% sodium
hypochlorite, 40.0% citric acid, 0.2% chlorhexidine di-
gluconate, 0.9% NaCl, 3.0% hydrogen peroxide, 15.0%
disodium edentate, and 70.0% isopropyl alcohol -
2-propanol. The study demonstrated the highest stabi-
lity of working length readings in NaOCI environment
in both 2.0% and 5.25% concentration.

Researchers inferred that the least significant dif-
ference was achieved when NaOCI endodontic irrigant
was used in any concentration. As sodium hypochlorite
solution has high electrical conductivity and it has the
potential to infiltrate into dentinal tubules and reduces
electrical impedance of root canal walls along with gen-
eration of better electrical contact with periapical tis-
sues.In the 40% citric acid group, electrical conductivity
was altered which increased the distance between the
file tip and apical foramen [27].

Electronic apex locator (EAL) and gold standard
(GS) technique was compared by Jha et al with respect
to working length determination method using various
endodontic irrigants. They inferred that the least effect
on accuracy of EAL was noted with chlorhexidine 2%,
followed by 17%EDTA, then 3% NaOCI and the highest
effect was recorded with 5% NaOCI [34].

Sanda lleana Cimpean in their research found that
rise in the concentration of the irrigation solution had
direct impact on the accuracy of Root ZX Il and Apex ID
apex locators. The highest precision in working length
determination was observed in Root ZX Il when using
2% NaOCI solution and Dual Pex for 5.25% NaOCI solu-
tion. However comparison of both showed no statisti-
cally significant difference [35].

Evaluationof the effect of 2% chlorhexidine (CHX)
and 2.5% sodium hypochlorite (NaOCI) on the accu-
racy and consistency of three Electronic Apex Loca-
tors (EALs)was done by Fabia et al. The study results
revealed that 2% chlorhexidine gluconate and 2.5%
sodium hypochlorite had no influence on the perfor-
mance of Mini, iPex or Root ZX Il apex locators. These
apex locators were found to detect apical constriction
predictably [36].
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Alothmani OS et al in their publication suggested
that the most accurate estimation of root canal working
length was obtained when using Root ZX apex locator,
according to the manufacturer’s protocol and recom-
mendations [37].

However, there are certain limitations of this study
which include inability to fully simulate in vivo condi-
tions for determining working length of root canal and
relatively small sample size.

REFERENCES

1. Inoue N., Skinner D.H. A simple and accurate way of mea-
suring root canal length. J Endod. 1985;11(10):421-427.
https://doi.org/10.1016/s0099-2399(85)80079-0

2. Plotino G., Grande N.M., Brigante L., Lesti B.,, Somma F.
Ex vivo accuracy of three electronic apex locators: Root
ZX, Elements Diagnostic Unit and Apex Locator and
ProPex. Int Endod J. 2006;39(5):408-414. https://doi.
org/10.1111/j.1365-2591.2006.01095.x

3. Ingle J.l., Bakland L.K. Endodontic cavity preparation.
5™ ed. Elsevier Inc; 2002. 405 p.

4. Ushiyama J. New principle and method for measuring
the root canal length. J Endod. 1983;9(3):97-104.
https://doi.org/10.1016/s0099-2399(83)80105-8

5. Mull J.P., Manjunath V., Manjunath M.K. Comparison
of accuracy of two electronic apex locators in the pre-
sence of various irrigants: An in vitro study. J Cons
Dent. 2012;15(2):178-182. https://doi.org/10.4103/0972-
0707.94585

6. Prasad A.B., Srivastava H., Srivastava A.A., Raisin-
gani D. An in vitro evaluation of the accuracy of two
electronic apex locators to determine working length
in the presence of various irrigants. Ethiop J Health
Sci. 2016;26(5):457-462. https://doi.org/10.4314/ejhs.
v26i5.7

7. Aydin U., Emrah K., Aksoy F., Yildirim C. In vitro evalua-
tion of Root ZX and Raypex 6 in teeth with different apical
diameters. J Cons Dent. 2015;18(1):66-69. https://doi.
org/10.4103/0972-0707.148899

8. Torabinejad M., Khademi A.A., Babagoli J., ChoY., John-
son W.B., Bozhilov K. et al. A new solution for the removal
of the smear layer. J Endod. 2003;29(3):170-175. https://
doi.org/10.1097/00004770-200303000-00002

9. Mello I., Coil J., Antoniazzi J.H. Does a final rinse to
remove smear layer interfere on dentin of root ca-
nals? Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 2009;107(4):E47-E51. https://doi.org/10.1016/j.
tripleo.2008.12.007

10. Torabinejad M., Cho Y., Khademi A.A., Bakland L.K.,
Shabahang S. The effect of various concentrations of
sodium hypochlorite on the ability of MTAD to remove
the smear layer. J Endod. 2003;29(4):233-239. https://
doi.org/10.1097/00004770-200304000-00001

11. Newberry B.M., Shabahang S., Johnson N., Apre-
cio R.M., Torabinejad M. The antimicrobial effect of bio-
pure MTAD on eight strains of Enterococcus faecalis: An
in vitro investigation. J Endod. 2007;33(11):1352-1354.
https://doi.org/10.1016/j.joen.2007.07.006

12. Shabahang S., Pouresmail M., Torabinejad M. In
vitro antimicrobial efficacy of MTAD and sodium hy-
pochlorite. J Endod. 2003;29(7):450-452. https://doi.
org/10.1097/00004770-200307000-00006

13. Shabahang S., Torabinejad M. Effect of MTAD on Entero-
coccus faecalis-contaminated root canals of extracted

Volume 22, no. 3/ 2024

Wccnenosanus / Scientific researches ‘ 217/

CONCLUSION

Within the limitations of this study, it can be con-
cluded that Root ZX and Raypex 6 apex locators are
accurate in the presence of 3% NaOCI endodonticir-
rigant. Raypex 6 was highly accurate with 3% NaOCI,
MTAD and 10% Citric acidirrigants. Citric acid 10% was
consistently accurate when assessed with all the three
apex locators, whereas Green tea extract demonstra-
ted the least accurate readings with all apex locators.

human teeth. J Endod. 2003;29(9):576-579. https://doi.
org/10.1097/00004770-200309000-00008

14. Torabinejad M., Shabahang S., Aprecio R.M., Kette-
ring J.D. The antimicrobial effect of MTAD: An in vitro
investigation. J Endod. 2003;29(6):400-403. https://doi.
org/10.1097/00004770-200306000-00005

15. Mozayeni M.A., Javaheri G.H., Poorroosta P., Asha-
ri M.A., Javaheri H.H. Effect of 17% EDTA and MTAD on
intracanal smear layer removal: A scanning electron
microscopic study. Aust Endod J. 2009;35(1):13-17.
https://doi.org/10.1111/j.1747-4477.2007.00111.x

16. Mohammadi Z., Abbott P.V. On the local applications of an-
tibiotics and antibiotic-based agents in endodontics and
dental traumatology. Int Endod J. 2009;42(7):555-567.
https://doi.org/10.1111/j.1365-2591.2009.01564.x

17. Beltz R.E., Torabinejad M., Pouresmail M. Quantitative
analysis of the solubilizing action of MTAD, sodium hy-
pochlorite, and EDTA on bovine pulp and dentin. J Endod.
2003;29(5):334-337. https://doi.org/10.1097/00004770-
200305000-00004

18. Kandaswamy D, Venkateshbabu N. Root canal irri-
gants. J Cons Dent. 2010;13(4):256-264. https://doi.
org/10.4103/0972-0707.73378

19. Prabhakar J., Senthilkumar M., Priya M.S., Mahalaksh-
mi K., Sehgal P.K., Sukumaran V.G. Evaluation of antimi-
crobial efficacy of herbal alternatives (Triphala and green
tea polyphenols), MTAD, and 5% sodium hypochlorite
against Enterococcus faecalis biofilm formed on tooth
substrate: an in vitro study. J Endod. 2010;36(1):83-86.
https://doi.org/10.1016/j.joen.2009.09.040

20.Selvan T. Comparison of the accuracy of root ZX mini
and Raypex 6 in detecting apical constriction in human
permanent maxillary anterior teeth in the presence of
various irrigants using Stereomicroscope: An In Vitro
study. Tamil Nadu Dr MGR Medical University, May 2015.

21. Baldi J., Victorino F., Bernades R., Moraes |., Bra-
mante C., Garcia R., Bernardineli N. Influence of em-
bedding media on the assessment of electronic apex
locators. J Endod. 2007;33(4):476-479. https://doi.
org/10.1016/j.joen.2006.12.024

22.Khattak O., Raidullah E., Francis M.L. A comparative
assessment of the accuracy of electronic apex locator
(Root ZX) in the presence of commonly used irrigating
solutions. J Clin Exp Dent. 2014;6(1):e41-e46. https://
doi.org/10.4317/jced.51230

23. Jenkins J.A., Walker W.A., Schindler W.G., Flores C.M. An
in vitro evaluation of the accuracy of the root ZXin the pre-
sence of various irrigants. J Endod. 2001;27(3):209-211.
https://doi.org/10.1097/00004770-200103000-00018

24.Tinaz A.C., Maden M., Aydin C., Turkoz E. The accuracy
of three different electronic root canal measuring devi-
ces: an in vitro evaluation. J Oral Sci. 2002;44(2):91-95.
https://doi.org/10.2334/josnusd.44.91

Endodontics


https://doi.org/10.1016/s0099-2399(85)80079-0
https://doi.org/10.1111/j.1365-2591.2006.01095.x
https://doi.org/10.1111/j.1365-2591.2006.01095.x
https://doi.org/10.1016/s0099-2399(83)80105-8
https://doi.org/10.4103/0972-0707.94585
https://doi.org/10.4103/0972-0707.94585
https://doi.org/10.4314/ejhs.v26i5.7
https://doi.org/10.4314/ejhs.v26i5.7
https://doi.org/10.4103/0972-0707.148899
https://doi.org/10.4103/0972-0707.148899
https://doi.org/10.1097/00004770-200303000-00002
https://doi.org/10.1097/00004770-200303000-00002
https://doi.org/10.1016/j.tripleo.2008.12.007
https://doi.org/10.1016/j.tripleo.2008.12.007
https://doi.org/10.1097/00004770-200304000-00001
https://doi.org/10.1097/00004770-200304000-00001
https://doi.org/10.1016/j.joen.2007.07.006
https://doi.org/10.1097/00004770-200307000-00006
https://doi.org/10.1097/00004770-200307000-00006
https://doi.org/10.1097/00004770-200309000-00008
https://doi.org/10.1097/00004770-200306000-00005
https://doi.org/10.1097/00004770-200306000-00005
https://doi.org/10.1111/j.1747-4477.2007.00111.x
https://doi.org/10.1111/j.1365-2591.2009.01564.x
https://doi.org/10.1097/00004770-200305000-00004 
https://doi.org/10.1097/00004770-200305000-00004 
https://doi.org/10.4103/0972-0707.73378
https://doi.org/10.4103/0972-0707.73378
https://doi.org/10.1016/j.joen.2009.09.040
https://doi.org/10.1016/j.joen.2006.12.024
https://doi.org/10.1016/j.joen.2006.12.024
https://doi.org/10.4317/jced.51230
https://doi.org/10.4317/jced.51230
https://doi.org/10.1097/00004770-200103000-00018
https://doi.org/10.2334/josnusd.44.91

218 |

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

26.Kustarci A., Arslan D., Altunbag D. In vitro comparison of
working length determination using three different elec-
tronic apex locators. Dent Res J. 2014;11(5) 568-573.

27. Janeczek M., Kosior P., Piesiak-PanczyszynD., Dudek K.,
Chroészcz A., Czajczynska-Waszkiewicz A. et al. The ef-
fect of file size and type and irrigation solutions on the
accuracy of electronic apex locators: An in vitro study
on canine teeth. Biomed Res Int. 2016;2016:8594087.
https://doi.org/10.1155/2016/8594087

28. Marigo L., Gervasi G.L., Somma F., Squeo G., Castagno-
la R. Comparison of two electronic apex locators on hu-
man cadavers. Clin Oral Investig. 2016;20(7):1547-1550.
https://doi.org/10.1007/s00784-015-1644-8

29.Reynoso R.F., Nazario R.N., Rodriguez J., Bitten-
court B.F., Dominguez J.A. Influence of irrigant solu-
tions and apex locators in working length determination.
J Oral Health Dent Sci. 2017;1(1):1-4.

30.Kang J.A., Kim S.K. Accuracies of seven different apex
locators under various conditions. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod. 2008;106(4):E57-E62.
https://doi.org/10.1016/j.tripleo.2008.04.001

31. Sakkir N., Asifulla M., Chandra V., Idris M., Razvi S., Gee-
tal. Invitro evaluation of the accuracy of five different elec-
tronic apex locators. Saudi Endod J. 2015;5(3):177-181.
https://doi.org/10.4103/1658-5984.163622

INFORMATION ABOUT THE AUTHORS

NccnepoBaHus / Scientific researches

32.Rana A., Parekh V., Patel B., Somani M. Comparative
Evaluation of Accuracy of two Different Electronic Apex
Locators In Presence of Various Herbal Irrigating Solu-
tions: An in Vitro Study. IOSR JDMS. 2017;16(7):40-44.
https://doi.org/10.9790/0853-1607094044

33.Cicek E., Akkocan O., Furuncuoglu F. Comparison of
apically extruded debris associated with several nickel-
titanium systems after determining working length by
apex locator. J Cons Dent. 2016;19(1):68-71. https://doi.
org/10.4103/0972-0707.173203

34.Jha P., Nikhil V., Raj S., Ravinder R., Mishra P. Accuracy
of electronic apex locator in the presence of different ir-
rigating solutions. Endodontology. 2021;33(4):232-236.
https://doi.org/10.4103/endo.endo_122_21

35.Cimpean S.l., Chisnoiu R.M., Burtea A.L.C., Rotaru R.,
Bud M.G., Delean A.G., Pop-Ciutrild I.S. In vitro evalu-
ation of the accuracy of three electronic apexlocators
using different sodium hypochlorite concentrations.
Medicina. 2023;59(5):918. https://doi.org/10.3390/
medicina59050918

36.D’Assuncédo F.L.C., Salazar-Silva J.R., Arnauld
K.C.L., Leite T.B., Santos J.P., D’Assuncao V.C.S.C.,
Almeida A.C. de. Evaluation of the effect of irrigants
on the accuracy and repeatability of three elec-
tronic apex locators: an ex vivo study. Res Soc Dev.
2021;10(13):599101321636. https://doi.org/10.33448/
rsd-v10i13.21636

37 Alothmani O.S., Siddiqui AY. Accuracy of Root ZX Electro-
nic Apex Locator in Relation to Two Different Employment
Protocols: An In Vitro Study. Cureus. 2023;15(9):e44659.
https://doi.org/10.7759/cureus.44659

Ankita Nagrani - Former Postgraduate Student, Department of Conservative Dentistry and Endodontics, Dr.
D.Y. Patil Dental College and Hospital, Dr. D.Y. Patil Vidyapeeth, Pimpri, Pune-18, Maharashtra, India; https://orcid.

org/0009-0004-0830-8090

Anita B. Tandale - Professor, Department of Conservative Dentistry and Endodontics, Dr. D.Y. Patil Dental College
and Hospital, Dr. D.Y. Patil Vidyapeeth, Pimpri, Pune-18, Maharashtra, India; https://orcid.org/0000-0001-8912-8585

Sanjyot Mulay - Professor, Department of Conservative Dentistry and Endodontics, Dr. D.Y. Patil Dental College
and Hospital, Dr. D.Y. Patil Vidyapeeth, Pimpri, Pune-18, Maharashtra, India; https://orcid.org/0000-0003-1628-8646

Shruti Khade - Former Postgraduate Student, Department of Conservative Dentistry and Endodontics, Dr. D.Y. Patil
Dental College and Hospital, Dr. D.Y. Patil Vidyapeeth, Pimpri, Pune-18, Maharashtra, India; https://orcid.org/0000-

0002-5113-6659

Dhwani Shah - Former Postgraduate Student, Department of Conservative Dentistry and Endodontics, Dr. D.Y. Patil
Dental College and Hospital, Dr. D.Y. Patil Vidyapeeth, Pimpri, Pune-18, Maharashtra, India; https://orcid.org/0009-

0001-4256-5849

UWHOOPMALIUA OB ABTOPAX

HarpaHu, AHKUTa — aCnNpaHT-BbINYCKHWK, Kadeapa TepanesTUieckon CTOMaTonorn 1 9HA0A0HTUKM, CTomaTono-
rM4eckmnin konneax u 6onsHuua um. 4.W. Natuna, 4.W. Natun Bugsanut, Mumnpu, Nyna-18, MaxapawTpa, MHaus;

https://orcid.org/0009-0004-0830-8090
Tanpane, Auuta b.

— npodgeccop, kadenpa TepaneBTU4ECKON CTOMATONONMN U 3HAOAOHTUK, CTOoMaToNnorun-

yeckuit konneax un 6onbHuua M. 4.M. Natuna, .M. Natun Buabanur, Mumnpw, MyHa-18, MaxapawTpa, NHaus;

https://orcid.org/0000-0001-8912-8585

Mynaun, CaHpxnort — npodeccop, kadeagpa TepaneBTUYECKON CTOMATONOrMM U 3HA0AO0HTMKM, CToMaTonoru-
yeckui konneax u 6onbHuua um. 4.WU. Natuna, 4.U. Natnn Bugeanut, Mumnpu, MyHa-18, MaxapawTpa, NHaus;

https://orcid.org/0000-0003-1628-8646

Kxape, LWUpyTn — acnupaHT-BbINYCKHUK, kKadenpa TepaneBTUY4eCckon CTOMaTONOrMm N aHA0A0HTUM, CToMaTono-
rmyeckuii konnenx v 6onsHmua um. 4.V, Natuna, 4.W1. Natun Bugeanut, Mumnpu, MNyHa-18, Maxapaiwtpa, NHons;

https://orcid.org/0000-0002-5113-6659

LWax, iIxBaHn — acn1paHT-BbINYCKHUK, kKadeapa TepaneBTUYeCKON CTOMAToNOrmm n aHaoa0HTUM, CTOoMaTtonormn-
yeckui konnenx n 6onbHuua um. O.WU. Natuna, O4.U. Natun Bugpanut, NMumnpu, MyHa-18, MaxapawTpa, NHaus;

https://orcid.org/0009-0001-4256-5849

JndodoHmusa
— T

Tom 22, N 3/ 2024


https://orcid.org/0009-0004-0830-8090
https://orcid.org/0009-0004-0830-8090
https://orcid.org/0000-0001-8912-8585 
https://orcid.org/0000-0003-1628-8646 
https://orcid.org/0000-0002-5113-6659
https://orcid.org/0000-0002-5113-6659
India; https://orcid.org/0009-0001-4256-5849
India; https://orcid.org/0009-0001-4256-5849
https://orcid.org/0009-0004-0830-8090
https://orcid.org/0000-0001-8912-8585
https://orcid.org/0000-0003-1628-8646
https://orcid.org/0000-0002-5113-6659
https://orcid.org/0009-0001-4256-5849
https://doi.org/10.1111/j.1747-4477.2007.00049.x
https://doi.org/10.1111/j.1747-4477.2007.00049.x
https://doi.org/10.1155/2016/8594087
https://doi.org/10.1007/s00784-015-1644-8
https://doi.org/10.1016/j.tripleo.2008.04.001
https://doi.org/10.4103/1658-5984.163622
https://doi.org/10.9790/0853-1607094044
https://doi.org/10.4103/0972-0707.173203
https://doi.org/10.4103/0972-0707.173203
https://doi.org/10.4103/endo.endo_122_21
https://doi.org/10.3390/medicina59050918
https://doi.org/10.3390/medicina59050918
https://doi.org/10.33448/rsd-v10i13.21636
https://doi.org/10.33448/rsd-v10i13.21636
https://doi.org/10.7759/cureus.44659

Wccneposanus / Scientific researches ‘ 219

AUTHOR’S CONTRIBUTION

Ankita Nagrani — has made a substantial contribution to the concept or design of the article; the acquisition, analysis,
or interpretation of data for the article; drafted the article or revised it critically for important intellectual content and
approved version to be published.

Anita B. Tandale — has substantially contributed to the concept or design of the article; acquisition, analysis and
interpretation of data for the article; drafted the article and revised it critically for important intellectual content;
approved version to be published.

Sanjyot Mulay — has contributed to the design of the article; drafted the article and revised it critically for intellectual
content; approved version to be published.

ShrutiKhade — has drafted the article and revised it critically for intellectual content; approved version to be published.

Dhwani Shah — has drafted and revised the article critically for intellectual content and approved version to be
published.

BKJA ABTOPOB

A. HarpaHm — BHEC/1a 3Ha4YNTENbHbIN BKJ1ad B KOHUENUWNIO Nnn )J,VI3aI7IH cTatbn, B C60p OaHHbIX, UX aHaNN3 NN NHTep-
npeTtauunto; noaroToBuaa NnPoekT CTaTtb N KPUTUYECKN NepecMoTpesia ero ¢ y4eTomM Ba>XXHOro MHTeJIekTyaJibHO-
ro cogepxaHus n ogobpuna Bepcuio onsa nyénmkauum.

A.B. TaHOane — BHecna 3Ha4yMTesbHbI BK1a B KOHLEMNLMIO UV AN3aiH cTaTby; B COOP AaHHbIX, X aHaNn3 U HTep-
npeTauuio; NoAroToBMIa NPOEKT CTaTbl U KPUTUHECKM NEePecMoTpesa ero ¢ y4eToM BaxXHOro MHTENNEKTYyanbHOro
copepxaHus; ogobpuna Bepcuio ANa nyeankaunn.

C. Mynau — BHecna Bknag B AM3aiiH cTaTby; NOArOTOBUIA NPOEKT CTaTby N KPUTUYECKM NEepecMoTpena ero ¢ yye-
TOM VHTENNEKTYyalbHOro coaepxaHus; o0o6puna Bepcuto ansa nyénmkauun.

L. Kxage — noarotoeuaa NnpoeKkT cTaTbM U KPUTUHECKM MePeCcCMOTPEeNa ero C y4eTOM MHTENNEeKTYaslbHOro Coaepxa-
HUS; ogobpuna Bepcuto ans nyénukaunu.

[. Wax — noarotoBuna NpoekT cTaTbl U KPUTUHECKN NEPECMOTPENA Ero C YHETOM UHTENNEKTYasIlbHOro coaepxa-
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Volume 22, no. 3 /2024 | Endodontics



