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Abstract 
Background and Aim: Radiography is the most commonly used technique for root canal 
length determination; but its application in pedodontics is difficult due to problems name-
ly the radiation hazards, superimposition of permanent teeth buds and uncooperative 
children. Electronic apex locator (EAL) is used for determination of root canal length. 
The aim of this study was to assess the accuracy of an Electronic Apex Locator (Ipex) in 
measuring the root canal length of primary teeth in-vivo. 
Materials and Methods: This clinical study was conducted on 50 root canals of primary 
teeth that had to be extracted. After local anesthesia induction and caries removal, access 
cavities were prepared and the length of root canals was measured using Ipex Electronic 
Apex Locator. After the extraction of teeth, the actual length of canals was measured us-
ing a #15 K file from a reference point. Data were analyzed using paired t-test and intra-
class correlation coefficient. 
Results: The accuracy of Ipex was 20% for accurate determination of actual root canal 
length, 66% for estimation within ±0.5mm of the apex and 80% for estimation within ±1
mm of the apex. Paired t-test revealed a significant difference between the actual root 
canal length and the length displayed by Ipex (p<0.001). A direct strong correlation ex-
isted between the length measured by Ipex and the actual root canal length (r=0.957). 
Conclusion: Ipex had a tendency to underestimate the actual root canal length. Since the 
working length is shorter than the actual root canal length, Ipex may be used for endodon-
tic treatment of primary teeth. 
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Introduction 
Preservation of primary teeth is important because 
their loss will cause malocclusion, impaired masti-
cation and future orthodontic problems [1]. Endo-
dontic treatment of permanent teeth has specific 
principles. But, in primary teeth, the root apex 
changes due to resorption and deposition of hard 
tissue. Anatomy of the root canals of primary teeth 
cannot be precisely determined. As the resorption 

advances, apical foramen looses its relation to the 
anatomic apex and is coronally repositioned. Thus, 
radiographic confirmation of canal length may be 
erroneous [2-4]. Resorption may extend into the 
root canals and more connections other than 
through the apical foramen or accessory canals 
may be established between the root canal system 
and periapical tissue. This occurs in all root surfac-
es [2]. The effects of endodontic treatment of pri-
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mary teeth on development of permanent teeth 
buds are among the concerns of clinicians. Inap-
propriate manipulation of primary tooth apex may 
compromise and damage the permanent tooth buds 
[5]. In order to prevent the passage of material or 
instruments through the apex, the working length 
has to be considered 2-3 mm shorter than the radi-
ographic apex [2]. For measurement of canal 
length, long-cone paralleltechnique and electronic 
apex locator can be used to ensure maximum pre-
cision.  
Radiography is commonly used for working length 
determination. However, this method is associated 
with some problems in children due to their poor 
cooperation and small mouth. Use of apex locator 
has made root canal therapy of permanent teeth 
easier [6]. Considering the problems associated 
with working length determination in primary teeth 
and introduction of new versions of electronic apex 
locators into the market, we sought to assess the 
accuracy of an electronic apex locator for working 
length determination of primary teeth. 
Electronic apex locator for determination of root 
canal length was invented by Coster. This inven-
tion was re-evaluated by Suzuki in 1942 [7].  
Katz et al, in 1996 evaluated the efficacy of Root 
ZX electronic apex locator for measurement of 
root canal length in primary teeth with partial re-
sorption in an alginate model imitating in vivo 
conditions. Measurements made by Root ZX and 
on radiograph were compared in both wet and dry 
canal environments. They concluded that Root ZX 
is a preferred adjunct for measurement of root can-
al length in primary teeth [8]. In 2003, Kielbassa et 
al. evaluated the accuracy of Root ZX for mea-
surement of root canal length in primary teeth. The 
Pearson’s correlation test confirmed its adequate 
accuracy with a tendency to underestimate the can-
al length.They stated that Root ZX can be success-
fully used for primary teeth working length deter-
mination especially in uncooperative children [4]. 
Heidari and Yekta in an experimental study in 
2007 evaluated the accuracy of Dentaport ZX elec-
tronic apex locator for working length determina-
tion in resorbed primary teeth and recommended 
its use particularly for uncooperative children [9].  
In 2008, Ghaemmaghami et al, clinically assessed 
the accuracy of Root ZX for determination of root 
canal length of primary incisors and concluded that 

it can be definitely used for this purpose [10]. In 
2009, Leonardo et al, measured the canal length of 
primary teeth at different stages of resorption ex-
vivo using digital signal processing system and 
reported its high efficacy [11]. Beltram et al, in 
2011 investigated the accuracy of Root ZX for use 
in primary teeth ex-vivo and in-vivo and concluded 
that it is very well capable of measuring the work-
ing length of primary teeth regardless of the pres-
ence or absence of root resorption with ±1 mm 
precision in over 90% of cases [12]. Odabas et al, 
in 2011 concluded that electronic apex locator was 
beneficial for root canal length determination in 
primary teeth with and without root resorption 
[13]. Considering the increasing use of apex loca-
tors and problematic measurement of root canal 
length of primary teeth, this study aimed to deter-
mine the accuracy of an electronic apex locator for 
root canal length measurement in primary teeth.

Materials and Methods 
This was a clinical experimental study. The study 
design was approved by the Ethics Committee of 
Khorasgan Azad University. Patients were selected 
among children presenting to this university seek-
ing dental treatment. After establishing the need 
for primary molar tooth extraction due to ortho-
dontic or clinical purposes and radiographic con-
firmation of diagnosis, the teeth were selected. 
Teeth with resorption less than 1/3 of the root 
length were selected since primary tooth RCT is 
only recommended when at least 2/3 of the root 
length is present [9]. Written informed consent was 
obtained from parents. The required sample size 
was 50 root canals. Anesthesia was induced, the 
tooth was isolated, caries were removed using 
#330 carbide round bur (Brasseler, Savannah, GA, 
USA) for high-speed and #6 carbide round bur 
(Brasseler, Savannah, GA, USA) for low speed 
handpiece. Pulp chamber roof was removed, canal 
orifices were found and access cavity was pre-
pared. If the pulp was vital, pulpotomy was done 
by excavation of pulp tissue from the pulp chamber 
using an excavator and #6 round carbide bur for 
low-speed hand piece. Pulp chamber was rinsed 
with saline solution and dried with sterile cotton 
pellet.  The area was isolated by cotton rolls. In 
case of vital pulp, pulp tissue of the canals was 
removed as much as possible (based on patient 
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cooperation) using #15 and #20 K files (Mani Inc., 
Tochigi, Japan) in order to match the patients in  
terms of absence of vital pulp tissue and minimiz-
ing the confounding factors. Ipex electronic apex 
locator (NSK, Japan) was then used. Its lip clip 
was attached to the lip commissure contralateral to 
the respective tooth. This specific device (Ipex) 
was selected since it is highly popular in Iran and 
not many studies have evaluated its efficacy. 
Number 15 K file (Mani Inc., Tochigi, Japan) was 
introduced into the canal and the file clip was at-
tached. The display monitor of Ipex shows the path 
of file into the canal towards the apex. The root 
length is displayed in sections on the monitor to 
2mm to the apical foramen or where the canal and 
periapical tissue meet. Each section indicates 0.1 
mm. In our study, working length was calculated to 
0.5 mm (5 sections) to the actual length. A stable 
point on the occlusal surface was selected as the 
reference point and marked with nail varnish sepa-
rately for each canal. After measuring the lengths 
of all available canals, the tooth was extracted by 
forceps. Attention was paid not to fracture the 
crown or roots. 
After tooth extraction, the actual length of canals 
was measured using a #15 K file and the marked 
reference point. File was introduced into the canal 
until the tip was visible at the apex. The file was 
extracted and the distance from the tip to the stop 
was measured by a gauge and recorded as the ac-
tual canal length. Working length was also calcu-
lated by subtracting 1 mm from the actual canal 
length from the most-distant beveled point. For 
each primary root canal, 3 values were recorded: 
working length, actual canal length and length 
measured by Ipex. A total of 150 obtained values 
were statistically analyzed using paired t-test,  
 

Pearson’s correlation test and linear regression 
analysis.  
 
Results 
Canal length of 50 primary teeth was clinically 
measured using Ipex apex locator. Their actual 
length and working length were also measured af-
ter their extraction. The obtained data are summa-
rized in Table 1. This study showed that the accu-
racy of Ipex for measurement of actual canal 
length was 20%. This rate was66% forestimation 
in the range of ±0.5 mm of the apical foramen and 
80% for estimationin the range of ±1mm of the 
apical foramen. Pearson’s correlation test showed a 
strong direct linear correlation between the meas-
ured canal length by Ipex and the actual canal 
length (Diagram 1). The regression line indicated 
the actual canal length in relation to the value ob-
tained by Ipex (Diagram 1).  
The mean actual canal length was 11.65±2.48 mm 
and the value measured by Ipex was 11.07±2.35 
mm. Paired t-test showed that this difference was 
statistically significant (r=0.957, p=0.001). 
The working length in this study was considered 
1mm shorter than the actual root canal length. The 
mean working length was approximately 0.42 mm 
shorter than the mean length measured by Ipex. 
The actual canal length was 0.58±0.7202 mm 
longer than the length measured by Ipex (Table 1). 
The accuracy of Ipex for exact determination of 
canal length was 20% and this device tended to 
underestimate the canal length (its accuracy was 
88% for length estimation within 2 mm of the 
apical foramen; in 68% of cases, the estimated 
length was shorter, in 20% was equal and in 12% 
was longer than the actual canal length) (Table 2). 
 

-- Total Minimum Maximum Mean Standard 
deviation 

Canal length measured by Ipex in mm 50 6/50 16 11/066 2/3511 
Actual canal length after extraction in mm 50 6/50 16 11/646 2/4762 

Working length (in mm)* 50 5/50 15 10/646 2/4762 

RL1-AL2 50 -0/5 2 0/58 0/7202 
Valid N (list wise) 50     

Table 1. Comparison of canal length measured by different methods 

*Working length=Actual length-1mm 
 RL1= Actual canal length 
AL2= Canal length measured by apex 
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Discussion 
Root canal length determination is an important 
step in endodontic treatment of primary and per-
manent teeth. The end point of root canal therapy 
should be very well specified to prevent irritation 
of the periapical tissue and damage to the perma-
nent tooth bud in primary teeth [5].  
Before the invention of apex locators, determina-
tion of root canal length was mainly based on radi-
ographic interpretation. Estimation of the anatomy 
of primary molar teeth is difficult due to resorption 
and hard tissue deposition. In order to achieve 
aseptic conditions, root canal cleaning and shaping 
should be extended by up to 2/3 of the canal length 
[2]. Radiography is the most common method of 
root canal length measurement. However, it is not 
considered an ideal technique due to its limitations. 
Since the introduction of electronic apex locators, 
the accuracy of these systems has been the subject 
of numerous investigations. However, most of 
these studies have been conducted on permanent 
teeth [13]. Some in vitro studies have also eva-

luated their accuracy for root canal length mea-
surement in primary teeth. Apical constriction was 
not present in many of the teeth evaluated in our 
study. Thus, after extraction, a file was introduced 
into the canal until the tip was visible at the apex 
and then the working length was determined by 
subtracting 1mm from the actual length. Heidari 
and Yekta in their in vitro study evaluated the re-
sorbed primary roots and reported accuracy higher 
than our obtained value. The reason may be the 
different in-vitro conditions [9]. Our results were 
similar to those of Katz et al. However, higher ac-
curacy in their study may be due to the in-vitro 
design of their study, type of apex locator (Root 
ZX) and small number of samples [8]. Under in-
vitro conditions, the gel that simulates peri-
radicular tissues cannot penetrate into the canal 
space similar to the condition in resorbed and non-
resorbed roots. Thus, the apex locator cannot diffe-
rentiate between these two conditions (resorbed or 
non-resorbed roots) under in-vitro conditions (14, 
15). Our study found a lower accuracy for deter-
mination of the actual canal length by the Ipex 
compared to the study by Ghaemmaghami et al, 
and Ipex in our study had a tendency to underesti-
mate the canal length compared to Root ZX in 
their study [10].  
In a study by Leonard in 2009, a high correlation 
existed between the actual length and the value 
measured by apex locator. The reason could be the 
fact that the actual length was considered 1mm 
shorter than the apical foramen or apical resorption 
bevel. In the majority of teeth evaluated in their 
study some degrees of root resorption existed but 
no comparison was made between the resorbed and 
non-resorbed teeth in this respect [11]. In the study 
by Beltrame et al, no difference was found in 
length measurement between resorbed and non-
resorbed teeth with Root ZX and it had 90% accu-
racy in length determination within ±1mm of the 
actual length [12]. Angwaravong et al, in 2009 
found that despite the presence of root resorption 
in primary teeth, apex locator is capable of optimal 
canal length determination [16]. 
In our study, the difference between the visual 
measurement and the value displayed by the Ipex 
(deviation from the actual canal length) was -
0.58±0.7202 (Table 1). This finding indicates that 
Ipex tends to underestimate the canal length. This 

Obtained value Number Percentage 
Over-estimation 6 12 

Equal 10 20 
Underestimation 34 68 

Total 50 100 
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Diagram 1. The regression line of actual canal length 
relative to the value measured by Ipex 

Table 2. Frequency distribution of the canal 
length values obtained by Ipex compared to 

the actual canal length 
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finding confirms the results of Kielbassa et al and 
Katz et al [4, 8]. Underestimation of length by 
apex locator may be explained by the fact that the 
device alarms when the file tip contacts the periap-
ical tissue. In many cases, the periapical tissue pe-
netrates into the canal to some extent. This pene-
tration is greater in open apex teeth and those with 
a wide apex and thus file tip contacts the tissue 
penetrated into the canal before reaching the apical 
foramen resulting in underestimation of the length 
[14]. Since in the pulpectomy of primary teeth, 
working length is considered shorter than the ac-
tual canal length, this underestimation may be fa-
vorably acceptable.  
 
Conclusion 
Considering the study results and in order to avoid 
the drawbacks of radiography (radiation exposure 
of the children), Ipex apex locator may be used for 
working length determination in primary teeth par-
ticularly in uncooperative children to facilitate the 
treatment procedure and decrease the pulpectomy 
procedure time. 
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