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ABSTRACT  
Aim: To compare the accuracy of apex locators with con-
ventional techniques in determining the root canal length in 
primary teeth.

Materials and methods: This in vitro study was conducted 
on twenty extracted primary incisors. After endodontic access 
preparation, root canals were irrigated with physiological saline 
solution. The access cavities were dried with cotton pellets 
and, the roots were dried with paper points before performing 
the electronic measurement. One operator determined the 
actual working length (AWL) of the canal and another ope-
rator measured working length using conventional F-speed  
radiographs, digital radiography (Dr suni plus digital radiogra-
phy system, model no 900-0540) and electronic apex locator-
Raypex 5 (VDW GmbH postfach) 5th generation apex locator. 
The mean value of differences was obtained and statistical 
analysis was performed using analysis of variance (ANOVA) 
and the paired t-test.

Results: There was no statistically significant difference  
between tooth lengths estimate on conventional, digital and 
apex locators. 0.5 to 1 mm of clinically acceptable discrepancy 
was found between three techniques.

Conclusion: Although there was no significant statistical diffe- 
rence, electronic apex locator (EAL) has more advantage over 
other techniques, it is considered accurate in determining the 
working length in primary teeth. 
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INTRoduCTIoN    

Patient cooperation is very important in performing 
primary teeth pulpectomies; however, it in turn depends 
on the procedure and its duration.1 Determining working 
length is a necessary step to perform the procedure.2 
The root canal anatomy of primary teeth is difficult to 
predict because of physiologic root resorption and in the 
presence of pulp and periodontal inflammation it may 
further complicate the anatomy.3

 The principal objective of pulpectomies in pedia tric 
dentistry is to maintain the integrity and function of the 
primary teeth until physiologic exfoliation.4 In pulpecto-
mies, the accurate length of the root canal should be deter-
mined in order to minimize the perio dical injury and risk 
of damage to the underlying successor.5 Therefore, one of 
the major concerns in the root canal treatment of primary 
teeth is to determine the accurate working length. Most 
commonly used techniques for determination of working 
length include tactile sensation, conventional or digital 
radiography. But, each of these methods has their own 
limitations.6 The tactile sensation requires, the clinician 
be well trained and have good experience. Disadvantages 
with radiographic methods include distortion of images 
over position of roots of adjacent structures, two-dimen-
sional view of a three-dimensional image, difficulty in 
identification of apical foramen due to resorption.7-9 One 
more important limitation with conventional radiography 
is it radiation exposure, need of child cooperation and 
bulkier/expensive devices.10

 These limitations led to the shift of choice toward elec-
tronic apex locators (EALs). Electronic apex locators were 
developed by Suzuki (1942) and Sundae (1962).10,11 They 
offer the potential to reduce patient exposure to ionizing 
radiation and lessen procedure time both of which contri-
bute to patient cooperation. However, accuracy of deter-
mination of working length with apex locator in primary 
dentition is believed to be limited because of complicated 
root anatomy and various stages of physiologic resorption.
 Therefore, the aim of this study was to evaluate the 
accuracy of conventional radiograph, digital radiographs 
and electronic apex locators in determining root canal 
length in primary anterior teeth. 
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MATeRIALS ANd MeThodS

A total of 20 primary single-rooted teeth extracted for 
periodontal reasons were obtained (Fig. 1). The teeth 
were kept in 37% aqueous formaldehyde solution with 
10% methanol at room temperature until use. Initial pre-
operative radiograph of each tooth was taken. Access 
cavities were prepared using ISO no. 001 round bur in 
a high speed hand price. Any remnants of pulp tissue 
were removed using no. 15 barbed broach. Irrigation 
and debridement of root canal was performed using 3% 
hydrogen peroxide and 5.25% NaOCl and finally with 
normal saline. Canals are dried with absorbent paper 
points. As it is a double blind study where one examiner 
measured the actual working length (AWL) of the tooth 
using a no. 20 k file (Fig. 2). Each tooth was measured 
twice with a metal scale (Fig. 3) and the average was 
recorded as actual working length of root canal.
 The root portion of the teeth were embedded in algi-
nate (Fig. 4) with 0.9% NaCl which acts as a conducting 
gel simulating the periodontium.12,13 The readings with 
RVG, conventional radiograph and electronic apex locator 
were recorded by another trained examiner.

Conventional Radiography (CR)

Using preoperative radiograph, initial length was taken 
with a node speed intraoral periapical radiograph using 
paralleling technique. Determination of working length 
was done using Ingle’s radiographic technique. After 
developing the film in an automatic X-ray processor it 
was observed under the view box by magnifying lens 
and the newly calculated root canal length was recorded.

Radiovisiography (RVG)

It was performed by replacing the film with digital 
sensor (Dr Suni Plus digital radiography system, model 
no. 900-0540). Tooth was placed parallel to the tube at a 
distance of 15 cm. Tooth length was measured directly 
on the screen of a high resolution monitor with 100% 
zoom magnification.

electronic Apex Locator

Raypex 5 (VDW GmbH Postfach) 5th generation apex 
locator was used in this study. The labial clip was inserted 
in alginate prior to its setting. Root canal was moistened 

Fig. 1: teeth collected for the study Fig. 2: Actual working length measurement 

Fig. 3: Actual working length measured using metal scale Fig. 4: teeth embedded in alginate  
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with 1% NaOCl. K-file is clamped to the file clip and is 
inserted into the root canal (Fig. 5). The position of the 
file can be read on the display. The file movement along 
the apical region is accompanied by audio signals which 
increase in frequency the deeper the file advances. As 
soon as its tip reaches the apical foramen, constant beep 
will sound and red segment appears on the display. If 
the readings are stable, the silicone stop was placed at 
the coronal reference and the electronic root canal length 
was measured using an endodontic ruler.
 The measurements obtained with conventional  
radio graphy and EAL was compared to the actual  
working length. 

STATISTICAL ANALySIS

Data were summarized and the mean reading was calcu-
lated for each technique. The paired t-test was used to 
test the significance of difference of means between each 
technique and actual canal length.

ReSuLTS

Mean reading that was obtained with RVG is 13.68. IOPAR 
gave a mean reading of 13.45 and Raypex 5 resulted in a 
mean of 13.03. These readings are presented in Table 1 and 
Graph 1.
 The difference of the mean values of each technique 
from the mean value of AWL (13.58) are not statistically 

significant (p > 0.5) indicating the similarity of mean 
values of all the techniques to the actual canal length.

dISCuSSIoN

Various technical aspects like quality of equipment in 
the clinic and time taken in obtaining a radiograph and 
good chairside assistance all play a major role in faster 
completion of the treatment.
 Digital radiography has benefits in pediatric endo-
dontics. It can be able to enhance the contrast and bright-
ness of the image and magnify the apical zone. It can be 
stored and can be transmitted. Other advantage is patient 
education, elimination of chemical usage and decreased 
exposure time. But, the major disadvantage with digital 
radiography is difficult to place the rigid  sensor in a child’s 
mouth and it may cause gag and patient may become 
uncooperative. Mariane ES et al14 compared digital and 
conventional radiography and concluded that both pro-
vided similar tooth measurements and were equivalent 
to actual working length, which validates both techniques 
for endodontic image acquisition in primary teeth.
 In recent years, EAL is developed for determining root 
canal length with minimum patient discomfort. It is also 
helpful to overcome the shortcomings of radiographic 
examination in teeth with resorption.15 Moreover, the 
new generation of frequency dependant apex locators is 
based on electrical principles that can direct narrowest 
diameter of canal. It can detect the root canal even in the 
presence of moisture and other conductive fluids. It is 
also useful in children who gag during radiography. 
 Raypex 5 is a 5th generation apex locator which shows 
five basic advantages, such as reliability accurateness, 
user friendliness, patient friendliness and safety.16

 The results of the present study confirm that no signi- 
ficant difference found between the primary root  
canal working lengths obtained with RVG, conventional  

Fig. 5: K-file is clamped to the file clip and is inserted into  
the root canal

Table 1: Mean values of working length determined by  
four techniques

 
N Mean

Std. 
deviation f-value p-value 

AWL 20 13.58 1.641 0.628 0.599
Raypex 5 20 13.03 1.923
RVG 20 13.68 1.407
CR 20 13.45 1.432
Total 80 13.43 1.602

Graph 1: Mean values of working length in graph
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radiography and EAL (Raypex 5). Most root canal  
working length measurements were overestimated or  
underestimated by less than 1 mm for all these tech-
niques. This minor difference can be considered as clini-
cally acceptable.
 The results of the present study agree with other 
clinical studies. Katz et al17 evaluated the root canal 
length of primary teeth obtained with Root ZX and 
with conventional radiography in vitro. They did not find 
statistically significant results comparing both methods 
with actual length and recommended the use of these 
devices in primary teeth as an efficient, fast and comfort-
able method that should be preferred over radiography. 
Subramaniam et al18 conducted an in vitro study on  
20 extracted single rooted primary teeth comparing the 
digital tactile sensation technique, apex locator, conven-
tional and digital radiography with the actual length 
measured under stereomicroscopy. Santos-Pinto et al19 in 
an in vivo study compared the accuracy of the determina-
tion of the canal length using digital radiography with 
actual length. They did not find statistically significant 
difference after comparing all the techniques.
 Sivadas et al20 conducted an ex vivo study to determine 
the accuracy of apex locator for root canal length deter-
mination of deciduous molars compared to conventional 
radiograph and found that apex locators can thus be 
used in resorbed root canals of deciduous molars, with 
no radiation hazards and processing difficulties. Mello 
et al13 conducted an ex vivo performance of five methods 
for root canal length determination in primary anterior 
teeth and concluded that the EAL method performed 
best for root canal length determination in primary 
teeth. Krishnan12 performed an in vitro study comparing 
electronic and radiographic determination of root canal 
length in primary teeth and concluded that EAL proved 
to be more accurate in determining root canal length than 
the radiographic method. 

CoNCLuSIoN

The use of EAL is more equally reliable compared to other 
methods and it can prove as a best method in pediatric 
endodontics as it is safe, painless, less fear evoking, no 
risk of radiation exposure and timesaving.

RefeReNCeS 

 1. Bodur H, Odabaş M, Tulunoglu O, Tinaz AC. Accuracy of 2 
different apex locators in primary teeth with and without 
root resorption. Clin Oral Investig 2008;12(2):137-141.

 2. Leonardo MR, Silva LA, Nelson FP, Silva RA, Raffaini MS. Ex 
vivo evaluation of the accuracy of 2 electronic apex locators 

during root canal length determination in primary teeth. Int 
Endod J 2008;41(4):317-321.

 3. Kielbassa AM, Muller U, Munz I, Monting JS. Clinical evalu-
ation of the measuring accuracy of Root ZX in primary teeth. 
Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2003;95(1): 
94-100.

 4. AAPD. Guideline on pulp therapy for primary and young 
permanent tooth. Pediatr Dent 2004;26(7):115-119. 

 5. Dandashi MB, Nazif MM, Zullo T, Elliott MA, Schneider 
LG, Czonstkowsky M. An in vitro comparison of the three 
endodontic techniques for primary incisors. Pediatr Dent 
1993;15(4):254-256.

 6. Goldberg F, De Silvio AC, Manfre S, Nastri N. In vitro meas-
urement accuracy of an electronic apex locator in teeth with 
simulated apical root resorption. J Endod 2002;28(6):461-463.

 7. Milano NF, Silva CA. Lengths and distortion in root canal 
measurements of upper premolars and upper and lower 
molars. RGO 1988;36(2):97-98. 

 8. Plotino G, Grande NM, 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.

 9. Horner K, Shearer AC, Walker A, Wilson NH. Radiovisio-
graphy: an initial evaluation. Br Dent J 1990;168(6):244-248.

 10. Suzuki K. Experimental study on iontophorosis. J Jpn Stomatol 
1942;16:411-429.

 11. Sunada I. New method for measuring the length of the root 
canal. J Dent Res 1962;41:375-387.

 12. Krishnan IS, Shreedharan S. A comparative evaluation of 
electronic and radiographic determination of root canal 
length in primary teeth: an in vitro study. Contemp Clin 
Dent 2012 Oct-Dec;3(4):416-420.

 13. Mello AC, Moura NC, Araki AT, Guedes-Pinto AC, Mendes 
FM. Ex vivo performance of five methods for root canal 
length determination in primary anterior teeth. Int Endod J 
2010;43(2):142-147. 

 14. Mariane ES, Maria DB, Marcela AG, Rita de cassia LC, Santos 
PL. Digital versus conventional radiography for determina-
tion of primary incisor length. Braz J Oral Sci 2009 Apr-Jun; 
8(2):101-104.

 15. Athar A, Angelopoulos C, Katz JO. Williams KB, Spencer P. 
Radiographic endodontic working length estimation: com-
parison of three digital image receptors. Oral Surg Oral 
Pathol Oral Radiol Endod 2008;106(4):604-608.

 16. Chopra V, Grover S, Prasad SD. In vitro evaluation of the  
accuracy of two electronic apexlocators. J Conserv Dent 
2008;11(2):82-85.

 17. Katz A, Mass E, Kaufman AY. Electronic apex locator: a use-
ful tool for root canal treatment in the primary dentition.  
ASDC J Dent Child 1996;63(6):414-417.

 18. Subramaniam P, Konde S, Mandanna DK. An in vitro com-
parison of root canal measurement in primary teeth. J Ind 
Soc Pedod Prev Dent 2005;23:124-125.

 19. Santos-Pinto L, CordeiroRde C, Zuanon AC, Basso MD, 
Gonçalves MA. Primary tooth length determination in 
direct digital radiography: an in vivo study. Pediatr Dent 
2007;29:470-474.

 20. Sivadas G, Sudha P, Shenoy R, Rao A, Suprabha BS. Accu-
racy of apex locators for root canal length determination of 
deciduous molars compared to conventional radiograph.  
J Interdisciplinary Dentist 2013 Sep-Dec;3(3):163-166.


