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Abstract

Background: Electronic apex locators (EALs) are modern devices used to determine the working length during
root canal preparation. The newest endodontic motors provide an integrated EAL with auto-stop function to
prevent instrumentation beyond the predefined working length during rotary root canal preparation. The aim of
this study was to compare the accuracy of the auto-stop function of the VDW.Gold RECIPROC motor (VDW, Munich,
Germany), the EndoPilot motor (Schlumbohm, Brokstedt, Germany) and the manual measurement with Raypex 6
(VDW, Munich, Germany) to detect the apical constriction (AC).

Methods: Ninety human teeth were chosen and randomly assigned to three experimental groups (30 teeth each):
VDW.Gold RECIPROC motor continuous measuring (RCM), EndoPilot continuous measuring (ECM) and Raypex 6
manual measuring (RMM). When the measurement file reached the AC, the file was fixed in the tooth. The tooth
was embedded in acrylic resin and the root tip was exposed, so that the histologic structure of the root canal and
the file tip was visible for microscopic analysis. Afterwards, the distance of the file tip to the AC (Dac) was
automatically computed with a specially developed software tool.

Results: The mean Dac were —13.18 um (SD 88.46 um) for RMM, —22.70 um (SD 91.57 um) for RCM and 18.74 um
(SD 88.11 um) for ECM. The differences were not statistically significant (P =0.181). The rates for instrumentation
beyond the AC were not statistically different (Chi?=4.753, p =0.096).

Conclusions: All measurement methods showed a high accuracy in detecting the AC. The auto-stop function of
these endodontic motors is a reliable addition to the endodontic armamentarium.
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Background

Loss of working length (WL) during preparation of root
canals can lead to instrumentation beyond the prede-
fined WL [1-3]. This effect is mainly attributed to
straightening of the root canal during instrumentation.
Some studies showed, that this kind of over instrumen-
tation as well as under instrumentation can negatively
affect the outcome of the endodontic treatment [4—6],
while it remains unclear what exactly is the most
favourable extent of the apical limit of root canal
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preparation [7, 8]. Moreover, all endodontic instruments
produce apically extruded debris [9-11], even when the
preparation stays within the confines of the root canal.
Therefore, preparations ending in the periapical tissue
will lead to a greater amount of extruded debris that
could trigger a neurogenic inflammatory response result-
ing from an irritation of the periodontal ligament [12]
with following postoperative symptomatic apical peri-
odontitis. For this reason, it seems favourable to control
the determined WL during root canal preparation to
avoid preparations ending in the periapical tissue.

The most commonly practiced electronic determin-
ation of endodontic WL is done manually. Usually a
small sized stainless steel hand instrument, e.g. an ISO
10 or 15 K-file, is connected to an electronic apex
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locator (EAL) and introduced into the root canal. When
the WL is determined, this length is transferred to the
subsequent instruments, e.g. rotary nickel-titanium
(NiTi) instruments. Normally WL must be repeatedly
controlled manually from time to time to prevent instru-
mentation beyond the WL [7]. Endodontic motors with
integrated apex locators offer a solution to the described
problem. These motors continuously measure the WL
during canal preparation and contain an auto stop func-
tion when WL is reached.

It has been demonstrated in many studies that WL
determination with apex locators is generally reliable
[13-16]. Some older endodontic devices with continuous
WL control have been evaluated earlier [17-20]. The
TriAuto ZX (] Morita, Tokyo, Japan) endodontic hand
piece as well as the Root ZX II (] Morita, Tokyo, Japan)
showed acceptable results in determining the WL during
rotary root canal preparation [17, 18]. Recently, a study
evaluated the accuracy of the newer VDW.Gold
RECIPROC motor (VDW, Munich, Germany) WL deter-
mination during reciprocating motion and found no dif-
ferences to other apex locators [21]. The EndoPilot
(Schlumbohm, Brokstedt, Germany) is another new gen-
eration endodontic motor with continuous WL measur-
ing function. The implemented apex locator uses a new
detection method based on an impulse measuring sys-
tem that should allow a greater accuracy to detect the
apical constriction (AC), especially in the presence of so-
dium hypochlorite (NaOCI) in the root canal [22].

The aim of this study was to compare the accuracy to
detect the AC during rotary root canal preparation with
the VDW.Gold RECIPROC motor, the EndoPilot and
the manual detection of the AC with Raypex 6 (VDW,
Munich, Germany) and the following transfer of the
measured length to rotary preparation. Our null hypoth-
esis was: The detection of the AC with the three
methods shows no differences.

Methods

Samples

Ninety caries-free, unrestored permanent adult teeth
with completely formed roots, which were extracted for
surgical or periodontal reasons without the option of
conservation, were chosen for this study. All teeth were
collected with written consent of the patients and under
an ethic protocol approved by the IRB of the Christian-
Albrechts-University Kiel (Ethics committee of the
Christian-Albrechts-University Kiel D444/10).

The teeth were block-randomized to three experimen-
tal groups. In every group 10 single rooted, 10 double
rooted and 10 molar teeth were used. In multi-rooted
teeth only the mesiobuccal or mesiolingual root canal
was used. Therefore in every group the shares of straight
and curved and single and multiple rooted teeth were
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equal. The teeth were allocated to the three groups (each
N=30): VDW.Gold RECIPROC motor continuous
measuring (RCM), EndoPilot continuous measuring
(ECM) and Raypex 6 manual measuring (RMM).

In all teeth the primary access cavity was prepared with
diamond-coated burs (Brasseler, Lemgo, Germany) and an
occlusal plateau was prepared as a clear reference. All root
canal orifices were initially preflared with Gates Glidden
burs #2 and #3 (Brasseler, Lemgo, Germany). The pulp
chambers were irrigated with 3% NaOCI Then the root
canals were scouted with ISO 06 and 08 K-Files (VDW,
Munich, Germany) down to the apical third.

Electronic measurements of the working length

An established model was used to perform the working
length (WL) measurements [14]. The teeth were fixed in
a measurement device that was filled with 0.9% NaCl-
solution. The roots were completely covered by the solu-
tion (Fig. 1).

In the Raypex 6 group (RMM) an ISO 10 K-hand file
(VDW, Munich, Germany) was used for manual detec-
tion of the apical constriction (AC). According to the
manufacturer’s instructions, this is the case when the
display screen indicates the third green line. The length
to AC was marked with the rubber stopper at the ISO
10 K-file and measured with an endodontic Minifix ruler
(VDW, Munich, Germany) and rounded off to a preci-
sion of 0.25 mm to avoid instrumentation beyond WL.
Then the measured length was transferred with the same
ruler to a #10/04 Mtwo-file (VDW, Munich, Germany).
This file was used in rotary motion to the transferred
length. So we mimicked the generally established clinical
protocol for WL determination.

Fig. 1 Experimental setting with tooth fixed for detecting the apical

constriction. The roots were covered with 0.9% NaCl solution
- J
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In the VDW.Gold RECIPROC (RCM) and Endopilot
(ECM) groups, #10/04 Mtwo-files (VDW, Munich,
Germany) were used in rotary motion until the auto-
stop function of these motors indicated that the AC was
reached. This is the case when the third green LED on the
VDW. Gold RECIPROC motor lights and accordingly for
the EndoPilot when the apex line is reached and the apex
value is 36 on the display screen of the device.

When the AC was reached, the files were fixed in the
tooth with a flowable composite (Tetric EvoFlow, Ivoclar
Vivadent, Ellwangen, Germany). Afterwards, the teeth
were embedded in acrylic resin (Technovit 4071, Heraeus
Kulzer, Wehrheim, Germany) to fix them for further
processing. The acrylic blocks with the embedded teeth
were ground (ATM Saphir 360 E, ATM, Mammelzen,
Germany) under microscopic control (STEMI, Zeiss,
Oberkochen, Germany) until the maximum width of the
root canal was visible. The apical region with the tip of the
measurement file was photographed with a digital camera
(CFW 1312 M, Scion, Frederick, USA) mounted to a
microscope (Axiophot 2, Zeiss, Jena, Germany). The
images were adjusted and scaled with AxioVision (Zeiss,
Jena, Germany).

Measurements of the apical region

All adjusted images were further edited with Adobe
Photoshop CS 5.1 (Adobe, Munich, Germany). The root
canal walls were traced with a red coloured line (RGB
255,0,0). An experimental software detected the smallest
distance between the two root canal walls (Fig. 2) and
measured the diameter of the AC. Now it was possible to
measure the distance of the instrument tip to the intersec-
tion with the AC. For these metrical analyses the correct
pum per pixel relation was used to calculate the distances
in pm. The exact analytical procedure was already
described in an earlier publication [23].

Fig. 2 Detection of the apical constriction (AC) (distance a — b) and
measurement from instrument tip to AC
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Statistical analysis

The statistical analysis was performed with GraphPadPrism
6 (GraphPad Software, Inc. La Jolla, CA, USA). Analysis of
variance (ANOVA) was used to compare the different
groups concerning mean Dac. Pearson-Chi-Square test was
used to compare the groups for the frequencies of instru-
mentation beyond WL. The a-type error was set to 0.05.

Results

In the RMM group 28 teeth, in the RCM group 29 and
in the ECM group 30 teeth were included for statistical
analysis. Three teeth were excluded, because the apical
foramen was too large and did not allow a reproducible
measurement.

The mean distances Dsc were -13.18 um (SD
88.46 pum) for RMM, -22.70 pm (SD 91.57 pm) for RCM
and 18.74 pym (SD 88.11 pum) for ECM. The differences
were not statistically significant (P=0.181) (Table 1).
Negative values indicate a position of the root canal
instrument beyond (apical to) the AC and positive values
indicate a position above (coronal to) the AC. There were
no statistically significant differences in the frequencies of
preparation beyond WL (Chi® = 4.753, P = 0.096).

We also conducted a statistical analysis of the diameters
of the ACs in all three test groups. The mean diameters
were in the RCM group 43.64 pm (SD 30.61 um), in the
ECM group 41.46 pm (SD 26.72 pm) and in the RMM
group 46.01 pm (SD 23.25 pum). There were no significant
differences between the groups (Kruskal-Wallis test with
Dunn’s multiple comparisons test all p > 0.94) showing an
equal distribution of the diameters of the ACs.

Discussion

The manual technique with RMM as well as the auto-
stop methods of RCM and ECM with rotary instruments
detected the AC very precisely. There were no statistical
differences between the different experimental groups in
the mean aberrations from the AC. Therefore our null
hypothesis was not rejected.

A lot of studies evaluate the electronically determined
WL as the aberration within 0.5 mm to a predefined target
area [24—27], as this is a unit that can be measured clinic-
ally. In this study, the mean values of aberration from the

Table 1 Mean distance of file tip from the apical constriction
(Dad) in pm and frequency of instrumentation beyond the apex
(FbA)

RCM ECM RMM
Dac (SD) -22.70 (91.57) 18.74 (88.11)° —13.18 (88.46)°
FbA (%) 17 (59)° 12 (40 19 (68)°
N 29 30 28

Values with the same superscript letter (a) in rows were not statistically
different (P > 0.05)
ANOVA for Dac and Pearson-Chi-Square for FbA
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AC were within the range of about +10 to 20 um and even
the maximum aberrations in all test groups were well
within the range of +0.5 mm. One review reported mean
aberrations of 0.25 mm (SD 0.17 mm) to 1.36 mm (SD
0.41 mm) from the instrument tip to the AC for manual
measurements [8]. But the reviewed measurement devices
were of older generations. One study compared the accur-
acy of the integrated apex locator of the RCM in recipro-
cating mode with two other manual apex locators [21].
There were no statistical differences between different
measurement techniques, which is in concordance with
our results. However, the target area was not the AC but a
root canal with a standardized length. So far there is only
one study of our research group that assessed the EAL
function of the EndoPilot device [23]. Mean distances to
the AC were not different for manual Raypex and EndoPi-
lot measurements as well as for EndoPilot in rotary mode.
But EndoPilot in rotary mode made significantly more
preparations beyond WL than the other methods. In this
study, ECM showed less tendency towards such over
preparation than RCM and RMM, but the overall frequen-
cies of preparation beyond WL were not statistically
different.

Earlier generations of endodontic handpieces or motors
with integrated EALs and auto-stop function have already
shown acceptable results in different studies [17, 18, 25, 28].
Two studies found that the Tri Auto ZX endodontic hand-
piece (Morita, Kyoto, Japan) when used in the auto reverse
mode with certain settings, lead to enlargement of the AC
in a high frequency [17, 18]. We also detected a tendency to
preparation beyond WL in continuous measuring mode
with RCM (59%) and less pronounced with ECM (40%).
Moreover, with ECM the mean Duc had a positive value,
indicating a position of the instrument tip coronal to the
AC. Perhaps this can be explained by the higher frequency
of measurements (that is about 50 times higher) compared
to the other devices, so that the auto-stop function is being
triggered faster. However, all preparations beyond WL were
within a limit of 250 um apical of the AC.

Interestingly, also the transfer of the manually deter-
mined root canal length with RMM to the rotary file
and the following rotary preparation without auto-stop
function did not lead to a higher inaccuracy in detecting
the AC than the preparation techniques with auto-
stop function. As the transfer of the measurements was
done under simulated clinical conditions with only a
precision of 0.25 mm of the endodontic ruler, a higher
rate of inaccurate preparations was expected. To the
authors’ best knowledge, there are no studies so far
that investigated the transfer error from manual WL
determination to rotary instrumentation.

A weakness of our study may be the in vitro study
design. The clinical situation can alter the function of
apex locators because of patient related factors like tooth
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morphology, metallic restorations, bleeding, suppuration
of the root canal or even the irrigant used [28]. But
models for evaluation of electronic apex locators are
described widely in literature [14, 18, 29] and simulated
the clinical situation sufficiently [30]. Moreover, the use
of different types of roots may raise some concerns if
the experimental conditions for the different test groups
were homogenous enough. But it should be considered
that under clinical conditions there is no possibility to
assess the exact type of the measured AC. Therefore, the
operator has to rely on the measurement of the apex
locator regardless of the type of root. In this experimen-
tal model such different situations were simulated. The
homogeneity of the groups was secured by block
randomization of the different root types. Additionally,
we observed a mean precision in our measurements
being more accurate than the precision of previously
published studies [8].

The strength of this study is the precision of our spe-
cially developed measurement method. It allows the
detection of the tip of the measurement instrument in
relation to the AC in terms of pum instead of mm. The
method has also a high reproducibility [23] because of
the automatically computed measurements and is there-
fore not prone to subjectivity, but does not necessarily
reflect the imprecision of the clinical situation.

Conclusions

The manual detection of the AC with RMM as well as
the detection of the AC during continuous measurement
of WL in rotary mode with RCM and ECM resulted in a
high degree of accuracy with only small aberrations from
the targeted area. Therefore, the auto-stop function of
the tested devices is a valuable addition to the endodon-
tic armamentarium and enhances the safety of rotary
root canal preparation.

Abbreviations

AC: Apical constriction; Dac: Distance from apical constriction; EAL: Electronic
apex locator; ECM: Experimental group: EndoPilot motor in continuous
measuring mode; FbA: Frequency of instrumentation beyond the apex;
NaCl: Sodium chloride; NaOCI: Sodium-hypochlorite; NiTi: Nickel-titanium;
RCM: Experimental group: Reciproc motor in continuous measuring mode;
RMM: Experimental group: Raypex 6 manual measuring mode; WL: Working
length

Acknowledgements

The authors would like to thank VDOW (Munich, Germany) and Schlumbohm
(Brokstedt, Germany) for supplying Raypex 6, the Reciproc Gold motor and
the Endopilot.

Funding

There was no funding for the experimental part of this study. We
acknowledge financial support by Land Schleswig-Holstein within the
funding programme "Open Access Publikationsfonds" for the open access
publication process.

Availability of data and materials
Datasets of the current study are available from the corresponding author on
reasonable request.



Christofzik et al. BMC Oral Health (2017) 17:141

Authors’ contributions

DC, BGS and CD conceived and designed the experiments. DC performed
the experiments. DC, AB and MK analysed the data. DC, BGS and CD
contributed reagents, materials and analysis tools. DC and AB wrote the
paper. MK, BGS and CD revised the manuscript. All authors read and
approved the final manuscript.

Ethics approval and consent to participate

All extracted teeth used in the study were collected with written consent of
the patients and under an ethic protocol approved by the IRB of the
Christian-Albrechts-University Kiel (Ethics committee of the Christian-
Albrechts-University Kiel D444/10).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 24 February 2017 Accepted: 19 November 2017
Published online: 29 November 2017

References

1. Bane K Faye B, Sarr M, Niang SO, Ndiaye D, Machtou P. Root canal shaping
by single-file systems and rotary instruments: a laboratory study. Iran Endod
J.2015;10(2):135-9.

2. Khurana P, Nainan MT, Sodhi KK, Padda BK. Change of working length in
curved molar root canals after preparation with different rotary nickel-
titanium instruments. J Conserv Dent. 2011;14(3):264-8. https.//doi.org/10.
4103/0972-0707.85809.

3. Schroeder KP, Walton RE, Rivera EM. Straight line access and coronal flaring:
effect on canal length. J Endod. 2002;28(6):474-6. https://doi.org/10.1097/
00004770-200206000-00015.

4. Ng YL, Mann V, Gulabivala K. A prospective study of the factors
affecting outcomes of nonsurgical root canal treatment: part 1:
periapical health. Int Endod J. 2011;44(7):583-609. https://doi.org/10.
1111/j.1365-2591.2011.01872.x.

5. Stoll R, Betke K, Stachniss V. The influence of different factors on the
survival of root canal fillings: a 10-year retrospective study. J Endod.
2005;31(11):783-90.

6. Akisue E, Gavini G, de Figueiredo JA. Influence of pulp vitality on length
determination by using the elements diagnostic unit and apex locator. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod. 2007;104(4):.e129-32. https.//
doi.org/10.1016/j.triple0.2007.04.018.

7. Simon S, Machtou P, Adams N, Tomson P, Lumley P. Apical limit and
working length in endodontics. Dent Update. 2009;36(3):146-50. 53

8. Tsesis |, Blazer T, Ben-Izhack G, Taschieri S, Del Fabbro M, Corbella S, et al.
The precision of electronic apex locators in working length determination: a
systematic review and meta-analysis of the literature. J Endod. 2015/41(11):
1818-23. https//doi.org/10.1016/jjoen.2015.08.012.

9. Al-Omari MA, Dummer PM. Canal blockage and debris extrusion with eight
preparation techniques. J Endod. 1995;21(3):154-8.

10.  Reddy SA, Hicks ML. Apical extrusion of debris using two hand and two
rotary instrumentation techniques. J Endod. 1998;24(3):180-3. https://doi.
0rg/10.1016/50099-2399(98)80179-9.

11. Ghivari SB, Kubasad GC, Chandak MG, Akarte N. Apical extrusion of debris
and irrigant using hand and rotary systems: a comparative study. J Conserv
Dent. 2011;14(2):187-90. https://doi.org/10.4103/0972-0707.82622.

12.  Caviedes-Bucheli J, Moreno JO, Carreno CP, Delgado R, Garcia DJ, Solano J,
et al. The effect of single-file reciprocating systems on substance P and
Calcitonin gene-related peptide expression in human periodontal ligament.
Int Endod J. 2013;46(5):419-26. https://doi.org/10.1111/iej.12005.

13. Hor D, Attin T. The accuracy of electronic working length determination. Int
Endod J. 2004;37(2):125-31.

14. Hor D, Krusy S, Attin T. Ex vivo comparison of two electronic apex locators
with different scales and frequencies. Int Endod J. 2005,38(12):855-9. https://
doi.org/10.1111/j.1365-2591.2005.01004.x.

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Page 5 of 5

Khandewal D, Ballal NV, Saraswathi MV. Comparative evaluation of accuracy
of 2 electronic apex locators with conventional radiography: an ex vivo
study. J Endod. 2015;41(2):201-4. https://doi.org/10.1016/jjoen.2014.10.011.
Versiani MA, Santana BP, Caram CM, Pascon EA, de Souza CJ, Biffi JC. Ex vivo
comparison of the accuracy of root ZX Il in detecting apical constriction
using different meter's reading. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 2009;108(1):e41-5. https://doi.org/10.1016/j.tripleo.2009.03.009.
Campbell D, Friedman S, Nguyen HQ, Kaufman A, Keila S. Apical extent of
rotary canal instrumentation with an apex-locating handpiece in vitro Oral
Surg Oral Med Oral Pathol Oral Radiol Endod. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod. 1998;85(3):319-24.

Felippe WT, Felippe MC, Reyes Carmona J, Crozoe FC, Alvisi BB. Ex vivo
evaluation of the ability of the ROOT ZX Il to locate the apical foramen and
to control the apical extent of rotary canal instrumentation. Int Endod J.
2008:41(6):502-7. https;//doi.org/10.1111/}.1365-2591.2008.01386.x.
Barthelemy J, Gregor L, Krejci I, Wataha J, Bouillaguet S. Accuracy of
electronic apex locater-controlled handpieces. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod. 2009;107(3):437-41. https://doi.org/10.1016/j.
tripleo.2008.11.010.

Erdemir A, Eldeniz AU, Ari H, Belli S, Esener T. The influence of irrigating
solutions on the accuracy of the electronic apex locator facility in the tri
auto ZX handpiece. Int Endod J. 2007;40(5):391-7. https://doi.org/10.1111/j.
1365-2591.2007.01234.x.

Wigler R, Huber R, Lin S, Kaufman AY. Accuracy and reliability of working
length determination by gold Reciproc motor in reciprocating movement. J
Endod. 2014;40(5):694-7. https://doi.org/10.1016/jjoen.2013.09.002.
Schlumbohm GDI. Verfahren zum Bestimmen der Position einer in einen
Zahnwurzelkanal eingeftihrten Messelektrode. Google Patents; 2008.
Christofzik D, Schwendicke F, Flérke C, Hartl A, Dorfer C, GréBner-Schreiber
B. In vitro comparison of Raypex 6 and Endopilot using a novel, computer-
aided measurement system, for determining the working length. PLoS One.
2015;10(8):e0134383. https://doi.org/10.1371/journal.pone.0134383.

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. 2014;40(1):2-5. https://doi.org/10.
1111/3ej.12010.

Grimberg F, Banegas G, Chiacchio L, Zmener O. In vivo determination of
root canal length: a preliminary report using the tri auto ZX apex-locating
handpiece. Int Endod J. 2002;35(7):590-3.

Kustarci A, Arslan D, Altunbas D. In vitro comparison of working length
determination using three different electronic apex locators. Dent Res J
(Isfahan). 2014;11(5):568-73.

Lucena C, Lopez JM, Martin JA, Robles V, Gonzalez-Rodriguez MP. Accuracy
of working length measurement: electronic apex locator versus cone-beam
computed tomography. Int Endod J. 2014;47(3):246-56. https://doi.org/10.
1111/iej.12140.

Duran-Sindreu F, Gomes S, Stober E, Mercade M, Jane L, Roig M. In vivo
evaluation of the iPex and root ZX electronic apex locators using various
irrigants. Int Endod J. 2013;46(8):769-74. https;//doi.org/10.1111/iej.12057.
Krajczar K, Marada G, Gyulai G, Toth V. Comparison of radiographic and
electronical working length determination on palatal and mesio-buccal root
canals of extracted upper molars. 2008;106(2):e90-e93. doi:https://doi.org/10.
1016/j.tripleo.2008.04.007.

Lipski M, Trabska-Swistelnicka M, Wozniak K, Dembowska E, Drozdzik A.
Evaluation of alginate as a substitute for root-surrounding tissues in
electronic root canal measurements. Aust Endod J. 2013:39(3):155-8.
https://doi.org/10.1111/j.1747-4477.2012.00367 X.


http://dx.doi.org/10.4103/0972-0707.85809
http://dx.doi.org/10.4103/0972-0707.85809
http://dx.doi.org/10.1097/00004770-200206000-00015
http://dx.doi.org/10.1097/00004770-200206000-00015
http://dx.doi.org/10.1111/j.1365-2591.2011.01872.x
http://dx.doi.org/10.1111/j.1365-2591.2011.01872.x
http://dx.doi.org/10.1016/j.tripleo.2007.04.018
http://dx.doi.org/10.1016/j.tripleo.2007.04.018
http://dx.doi.org/10.1016/j.joen.2015.08.012
http://dx.doi.org/10.1016/s0099-2399(98)80179-9
http://dx.doi.org/10.1016/s0099-2399(98)80179-9
http://dx.doi.org/10.4103/0972-0707.82622
http://dx.doi.org/10.1111/iej.12005
http://dx.doi.org/10.1111/j.1365-2591.2005.01004.x
http://dx.doi.org/10.1111/j.1365-2591.2005.01004.x
http://dx.doi.org/10.1016/j.joen.2014.10.011
http://dx.doi.org/10.1016/j.tripleo.2009.03.009
http://dx.doi.org/10.1111/j.1365-2591.2008.01386.x
http://dx.doi.org/10.1016/j.tripleo.2008.11.010
http://dx.doi.org/10.1016/j.tripleo.2008.11.010
http://dx.doi.org/10.1111/j.1365-2591.2007.01234.x
http://dx.doi.org/10.1111/j.1365-2591.2007.01234.x
http://dx.doi.org/10.1016/j.joen.2013.09.002
http://dx.doi.org/10.1371/journal.pone.0134383
http://dx.doi.org/10.1111/aej.12010
http://dx.doi.org/10.1111/aej.12010
http://dx.doi.org/10.1111/iej.12140
http://dx.doi.org/10.1111/iej.12140
http://dx.doi.org/10.1111/iej.12057
http://dx.doi.org/10.1016/j.tripleo.2008.04.007
http://dx.doi.org/10.1016/j.tripleo.2008.04.007
http://dx.doi.org/10.1111/j.1747-4477.2012.00367.x

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Samples
	Electronic measurements of the working length
	Measurements of the apical region
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

