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ABSTRACT:
Background: The success of root canal treatment depends on the removal of infected pulp tissue, necrotic material, and microorganisms
from the root canal and achieves homogeneous filling of the entire canal. Therefore, determining an accurate working length (AWL) is
one of the most important steps of endodontic therapy. Material and method: 40 single rooted completely formed freshly extracted teeth
were used for this study. After administering local anesthesia access was opened and no 15 file was used to determine the working length
with apex locators. The sequence of use of Raypex 5 and Root ZX was kept at random to remove bias. The file was sealed at this position
using permanent dental cement and the excess coronal portion was cut off using an orthodontic cutter. This was followed by atraumatic
tooth extraction and immersing in hypochlorite solution to remove organic debris. Apical 5 mm of the root apex was then shaved off with
a bur under a microscope. The last layers were removed by a BP blade. This was followed by measuring the distance of the end of the file
to the minor diameter under stereomicroscope at x10. Results: The mean distance between the instrument tip and the minor diameter was
+.0001+ 0.2054 mm for the Root ZX and +0.042 + 0.229 mm for the Raypex 5. The minor diameter was coinciding with the tip of the
instrument in 9 cases when Root ZX was used and in 10 cases when Raypex was used. In 92.5% of cases tested with Root ZX the minor
diameter was within the limit of £0.5 mm. In 95% of cases, minor diameter was within a limit of £0.5 mm with Raypex 5. No significant
difference was seen between the results of Root ZX and Raypex 5 in determining the minor diameter. Conclusion: Root ZX and Raypex
5 were almost equally effective in determining the minor diameter of teeth.
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INTRODUCTION

The exact location of the physiological root apex is a
prerequisite for the successful endodontic therapy. It is
imperative to completely clean and shape the canal in order
to prevent irritation to the periapical tissues. Failure to
determine the proper working length can result in short
working length with tissue being left in the canal or a long

working length, with possible sequelae of damage to the
periradicular tissues. This can result in patient discomfort,
reinfection and/or extrusion of irrigating solution beyond
the confines of the canal®. Working length (WL) is
defined as ‘the distance from a coronal reference point to
the point at which canal preparation and filling should
terminate®. The correct determination of the WL is a key
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factor for successful root canal treatment, because it
reduces the possibility of insufficient debridement of the
canal or damage to the periapical tissues due to over-
instrumentation®. Due to the pivotal role of WL
determinations in root canal therapy, several methods have
been introduced as follows; tactile sensation, the paper
point method, apical periodontal sensitivity, and
radiography. However, among all these methods, none of
them was singly able to accurately determine the apical
constriction. The radiographic method has long been the
most commonly used for WL determination. The most
obvious drawback to this method is that it is impossible to
accurately determine the position of the apical constriction
(AC) and the apical foramen (AF) on the basis of
conventional radiographs alone®. Electronic apex locator
(EAL) currently is being used to determine the working
length and is an important adjunct to radiographs which has
overcome its drawbacks’. This study was undertaken to
assess and compare the third generation versus fourth
generation electronic apex locators in detecting apical
constriction.

MATERIAL AND METHOD

This study was undertaken to assess and compare the third
generation versus fourth generation electronic apex locators
in detecting apical constriction. 40 single rooted completely
formed freshly extracted teeth were used for this study.
After administering local anesthesia access was opened and
no 15 file was used to determine the working length with
apex locators. The sequence of use of Raypex 5 and Root
ZX was kept at random to remove bias. The file was sealed
at this position using a permanent dental cement and the
excess coronal portion was cut off using an orthodontic
cutter. This was followed by atraumatic tooth extraction
and immersing in hypochlorite solution to remove organic
debris. Apical 5 mm of the root apex was then shaved off
with a bur under a microscope. The last layers were
removed by a BP blade. This was followed by measuring

Table 1: Distance from file tip to minor diameter.

the distance of the end of the file to the minor diameter
under stereomicroscope at x10. Entire data was recorded in
the Microsoft excel sheets. SPSS software was used for
statistical analysis. Chi square test and student T test were
used to compare the variables. P-value of less than0.05was
considered significant.

RESULTS

In the current study the minor diameter was determined in
all the teeth. The distance of the file tips from the minor
diameters as calculated by EALSs are given in table 1. The
mean distance between the instrument tip and the minor
diameter was +.0001+ 0.2054 mm for the Root ZX and
+0.042 £ 0.229 mm for the Raypex 5 (table 1).

The minor diameter was coinciding with the tip of the
instrument in 9 cases when Root ZX was used and in 10
cases when Raypex was used. In 92.5% of cases tested with
Root ZX the minor diameter was within the limit of +0.5
mm. In 95% of cases, minor diameter was within a limit of
+0.5 mm with Raypex 5 (table 1).

In the current study no precise distinction was found
between the results of the two EALs. The paired sample t-
test showed that there was no significant difference
between the results of Root ZX and Raypex 5 in
determining the minor diameter (P < 0.416).{table 2}

DISCUSSION

Since the introduction of first electronic apex locater by
Sunada, it has undergone lot of improvements. This has led
to a greater precision, fewer procedural errors, less
discomfort to the patient and faster case completion®.
Although many generations of EAL's are available for use
in clinical practice, Root ZX has become the benchmark to
which other apex locators are compared. Root ZX has been
exhaustively tested for accuracy in vivo and in vitro. Root
ZX has shown 90-100% accuracy in determining the minor
apical foramen®.

Number of teeth 1 2 3 4 5 6 7 8 9 10
Root ZX(mm) -04 06 01 00 -02 -03 00 02 -03 01
Raypex 5(mm) 05 05 01 00 01 00 -02 02 04 03
Number of teeth 11 12 13 14 15 16 17 18 19 20
Root ZX(mm) 062 03 01 -01 00 -01 01 02 00 00
Raypex 5(mm) -0 00 -02 -01 00 -02 01 02 -03 0.0
Number of teeth 21 22 23 24 25 26 27 28 29 30
Root ZX(mm) -04 06 01 00 -02 -03 00 02 -03 01
Raypex 5(mm) 05 06 01 00 01 00 -02 02 04 03
Number of teeth 31 32 33 34 35 36 37 38 39 40
Root ZX(mm) -04 06 01 00 -02 -03 00 02 -03 01
Raypex 5(mm) 00 05 01 00 06 00 -02 02 04 03
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Table 2: Statistical comparison between the two apex
locators

EAL Mean Standard deviation P-value
Root ZX(mm) .0001 .2054 416
Raypex 5(mm) .0427 .2294

The electronic apex locators (EALS) have been presented as
valid instruments for identifying the AC and determining
WL alternatively to the radiographic method. Their
advantages include higher accuracy in estimation of the
WL compared with the radiographic method as shown by
previous studies'®™, continuous monitoring of the WL in
combination with intelligent rotary systems, and reducing
the total needed radiographs and radiographic exposure as a
result'?.

In the current study the minor diameter was determined in
all the teeth. The distance of the file tips from the minor
diameters as calculated by EALSs are given in table 1. The
mean distance between the instrument tip and the minor
diameter was +.0001+ 0.2054 mm for the Root ZX and
+0.042 £ 0.229 mm for the Raypex 5 (table 1).DV Swapna
et al compared the accuracy of Root ZX and Raypex 5 in
detecting minor diameter in human permanent single-
rooted teeth. Thirty-one patients with completely formed
single-rooted permanent teeth indicated for extraction were
selected for the study. Crown was flattened for stable
reference point and access cavity prepared. Working length
was determined with both apex locators. A 15 K file
adjusted to that reading was placed in the root canal and
stabilized with cement. The tooth was then extracted
atraumatically. Following extraction apical 4 mm of root
was shaved. The position of the minor diameter in relation
to the anatomic apex was recorded for each tooth under
stereomicroscope at x10. The efficiency of two electronic
apex locators to determine the minor diameter was
statistically analyzed using paired sample t-test. The minor
diameter was located within the limits of +0.5 mm in
96.6% of the samples with the Root ZX and 93.2% of the
samples with Raypex 5. The paired sample t-test showed no
significant difference. On analyzing the results of our study
it can be concluded that Raypex 5 was as effective as Root
ZX in determining the minor diameter®.

In this study the minor diameter was coinciding with the tip
of the instrument in 9 cases when Root ZX was used and in
10 cases when Raypex was used. In 92.5% of cases tested
with Root ZX the minor diameter was within the limit of
+0.5 mm. In 95% of cases, minor diameter was within a
limit of 0.5 mm with Raypex 5 (table 1). Mehmet
Yolagiden et al compared the accuracy of four different
electronic apex locators (EALS) in detecting a position 0.5
mm short of the major foramen. The actual working length
of thirty-five extracted human teeth was determined
visually as 0.5 mm short of the apical foramen. After actual
working length measurements, electronic working length
was measured with four different EALs (Apex Pointer+,
Raypex 5, Apex ID, and Raypex 6). Measurements were

repeated three times by different operators. The data were
analyzed using the intraclass correlation coefficient (ICC),
the repeated measure analysis of variance (rANOVA) and
Bonferroni post hoc tests. The significance level was set at
p <0.05. The mean differences between electronic and
actual working length were—0.305 mm, 0.098 mm, 0.037,
and 0.144 mm for the Apex Pointer+, the Raypex 5, the
Apex ID, and the Raypex 6, respectively. Multiple paired
comparisons (Bonferroni test) also showed the Apex
Pointer+ is significantly different from the Raypex 5, Apex
ID and Raypex 6 (p = 0.000, p = 0.001, and p = 0.001
respectively). All  EALs showed an acceptable
determination of the working length between the ranges of
+ 0.5mm except for the Apex Pointer+ device, which had
the lowest accuracy. Further studies may be beneficial
especially to better evaluate the accuracy of the Apex
Pointer+,

In the current study no precise distinction was found
between the results of the two EALSs. The paired sample t-
test showed that there was no significant difference
between the results of Root ZX and Raypex 5 in
determining the minor diameter (P < 0.416).{table 2}
Hamid Mosleh et al compared electronic apex locators
(EAL) with others root canal determination technigues and
evaluate other usage of this devices. "Tooth apex," "Dental
instrument," "Odontometry," "Electronic medical,” and
"Electronic apex locator" were searched as primary
identifiers via Medline/PubMed, Cochrane library, and
Scopus data base up to 30 July 2013. Original articles that
fulfilled the inclusion criteria were selected and
reviewed. Out of 402 relevant studies, 183 were selected
based on the inclusion criteria. In this part, 108 studies are
presented. Under the same conditions, no significant
differences could be seen between different EALs of one
generation. The application of EALs can result in lower
patient radiation exposure, exact diagnosing of fractures,
less perforation, and better retreatment. EALs were more
accurate than other techniques in root canal length
determination™.

CONCLUSION

From the above study the author concluded that both root
ZX and Raypex 5 were almost equally effective in
determining the minor diameter of teeth. Further studies are
recommended.

REFERENCE

1. Ingle J, Himel T, Hawrish C, Glickman G, Serene T,
Rosenberg P, et al. Endodontic cavity preparation. In: Ingle J,
Bakland L, editors. Endodontics. 5th ed. Hamilton, Ontario:
BC Decker; 2002. pp. 517-25.

2. Spangberg SF. 8th ed. Missori: Moshy; 2002. Instruments,
materials, and devices. Cohen's Pathways of Pulp; pp. 521-
72.

3. Smith CS, Setchell DJ, Harty FJ. Factors influencing the
success of conventional root canal therapy — A five-year
retrospective study. Int Endod J. 1993;26:321-33.

116

Journal of Advanced Medical and Dental Sciences Research |Vol. 8|Issue 3| March 2020


https://www.ncbi.nlm.nih.gov/pubmed/?term=Swapna%20D%5BAuthor%5D&cauthor=true&cauthor_uid=26180412
http://www.dentalhypotheses.com/searchresult.asp?search=&author=Hamid+Mosleh&journal=Y&but_search=Search&entries=10&pg=1&s=0

Sharma AK et al. Third versus fourth generation apex locators.

10.

Glossary of endodontic terms, 7th edn. http://aae.org/
uploadedFiles/Publications  and Research/  Member

Publications/03GlossaryofEndoTerms_Web(1).pdf. American
Association of Endodontists, 2003.

Sjogren U, Hagglund B, Sundgvist G, Wing K. Factors
affecting the long-term results of endodontic treatment. J
Endod. 1990 Oct;16(10):498-504.

ElAyouti A, Weiger R, Lost C. Frequency of
overinstrumentation with an acceptable radiographic working
length. J Endod. 2001 Jan;27(1):49-52.

Kim S. Modern endodontic practice: Instruments and
techniques. Dent Clin North Am. 2004;48:1-9.

Kim E, Lee SJ. Electronic apex locator. Dent Clin North Am
2004,48:35-54.

Gordon MP, Chandler NP. Electronic apex locators. Int Endod
J 2004;37:425-37.

Kim E, Marmo M, Lee CY, Oh NS, Kim IK. An in vivo
comparison of working length determination by only root-ZX
apex locator versus combining root-ZX apex locator with
radiographs using a new impression technique. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod. 2008 Apr;105(4): 79-83.

12.

13.

14.

15.

. Smadi L. Comparison between two methods of working

length determination and its effect on radiographic extent of
root canal filling: a clinical study. BMC Oral Health. 2006
Feb;6:4.

Altenburger MJ, Cenik Y, Schirrmeister JF, Wrbas KT,
Hellwig E. Combination of apex locator and endodontic motor
for continuous length control during root canal treatment. Int
Endod J. 2009 Apr;42(4):368-374.

Swapna DV, Krishna A, Patil AC, Rashmi K, Pai VS, Ranjini
MA. Comparison of third generation versus fourth generation
electronic apex locators in detecting apical constriction: An in
vivo study.J Conserv  Dent.  2015;18(4):288-291.
doi:10.4103/0972-0707.159726

Yolagiden M, Ersahan S, Suyun G, Bilgec E, Aydin C.
Comparison of Four Electronic Apex Locators in Detecting
Working Length: An Ex Vivo Study. J Contemp Dent Pract,
2018;19(12):1427-1433

Mosleh H, Khazaei S, Razavian H, Vali A, Ziaei F. Electronic
apex locator: A comprehensive literature review - Part I:
Different generations, comparison with other techniques and
different usages. Dent Hypotheses 2014;5:84-97

117

Journal of Advanced Medical and Dental Sciences Research |Vol. 8|Issue 3| March 2020


http://aae.org/

