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ABSTRACT… For successful endodontic outcome, accurate working length has to be determined. 
Even with improved systems of working length (WL) measurement, different readings may be 
recorded in different electrolytes present in the canal. Methodology: Total 90 patients were 
selected for this prospective in vivo study resented at Department of Operative Dentistry, Liaquat 
University of Medical & Health Sciences, Jamshoro, during 6 months i.e. from 1st Sep 2014 to 
28th Feb 2015, with single rooted permanent mandibular first premolars with matured apices. 
After extirpated pulp tissue a file was inserted in the canal and WL was obtained by radiograph 
as well as by electronic apex locator (EAL). The measurements determined by both methods 
were compared by applying paired sample t-test. SPSS 18 was used for data analysis. Results: 
Among 90 subjects 37 were males. Mean±SD WL obtained radiographically was 19.8±1.03-m 
whereas mean±SD WL obtained electronically was 18.9±1.05 mm. Mean difference between 
measurements of both methods was 0.87-mm, which was statistically significant (P <0.05). 
Conclusion: The electronic apex locator was better than the radiograph in determining working 
length of root canal at statistically significant level.
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INTRODUCTION
Determination of precise working length (WL) 
is of great importance for achieving success in 
treating endodontic patients, to reduce the risk 
of inadequate cleaning of root canals or injury to 
periapical tissues due to over instrumentation, re-
moval of necrotic tissues and precise preparation 
of canals become easy by working length in treat-
ment of root canals.1, 2

WL is described as the distance between coronal 
point of reference and the end point where canal 
must be prepared and obturated.3

Different approaches are practiced to determine 
WL including conventional or digital radiography, 
tactile sensation and presence of fluid on paper 
point. Each of these approaches has its own re-
strictions, e.g. distorted and magnifying issues in 
radiographs with correct position of root apices.2, 

4 These techniques have sensitivity of exploring 
and interpreting, providing 2-dimensional image 

of a 3-dimensional structures, making unable to 
signify actual location on the bases of conven-
tional radiographs.5, 6 Difficulty in making accu-
rate WL increases when radiographs superim-
pose the root canal system due to its anatomy. 
The preferred technique in this situation is elec-
tronic apex locator.2 Electronic apex locator (EAL) 
was first time used to determine WL by Sunada 
in 1962. These are being improved with time to 
achieve more accurate evaluation of root canal 
length.7

Disadvantages of radiography were overcome by 
electronic techniques, e.g. the canal length can 
be determined to the apical foramen’s end.8 EALs 
have advantages of simple and rapid application, 
reduced risk of radiation, detection of perforated 
tissues, safe use in pregnancy, and in patients 
with vomiting reflex, and mentally retarded.9, 10 

The present study was carried out to find out 
another method to determine WL in endodontic 
therapy that is superior than currently practiced 
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radiographic imaging so that the number of cas-
es of endodontic failures due to inaccurate work-
ing length measurement is reduced.

METHODOLOGY 
This prospective in vivo study was done at De-
partment of Operative Dentistry, Liaquat Universi-
ty of Medical & Health Sciences, Jamshoro. The 
duration of study was 6 months from 1st Sep 2014 
to 28th Feb 2015 with sample size of 90 Patients. 
All cases of both gender presented with irrevers-
ible pulpitis with Permanent first mandibular right 
or left premolar teeth required endodontic treat-
ment. Mandibular 1st premolar teeth were (Vital 
and non vital). Teeth with sound cusp anatomy 
and normal architecture were included.

The Patients that used cardiac pace maker or with 
contributing medical history, metallically restored 
teeth, canal that is not visible in radiographs, with 
open apices, with root resorption, with fractured 
roots were eliminated from this study. Detailed 
medical and dental history was recorded. Written 
informed consent was obtained from all patients 
who were included in the study.

Standardized radiography was performed in ev-
ery patient to sort out the cases who did not meet 
the inclusion criteria.

Xylocaine with adrenaline 2% (Medicaine, Made 
in Korea) was administered. Access was done for 
the cleaning, shaping and obturation, preparation 
were carried out for conventional endodontic ac-
cess, high speed hand piece with a number (02) 

round bur and number (02) tapered fissure bur 
(Alpha Dental Diamond burs USA Certified ISO 
9002) was used to serve this purpose. Tooth vi-
tality was determined by the direct observation 
of presence of bleeding from the pulp chamber 
and the root canal after access opening, Pulpal 
tissue was extirpated using H file no 15 and so-
dium hypochlorite (Micko Industrial Chemicals 
Co. Pvt. Ltd. PO Box 1917, Lahore) was used in 
27 gauge needle to irrigate the canal, which was 
dried then by using paper points (Aceonedent, 
Korea Industrial Company, 103-606 Technopark, 
346 Samjung-dong, Ojung gu, Buchon-si, Kyo-

nggi-do, Korea). In Electronic working length de-
termination it was done prior to inserting working 
length file in the canal to overcome the measure-
ment errors due to moist canal.

The objective was to determine the length at 
which the canal should be prepared and then 
obturated afterwards. The length of 1-2mm short 
of apex at radiographs is optimum whereas in 
electronic technique length of 1-2mm short of 
apical constriction is optimum. To determine WL 
radiographically John Ingle method was used. In 
this technique preoperative radiography is used 
to calculate WL, and then a file of appropriate 
size introduced in root canal up to 2-mm of ra-
diographic apex. To mark the coronal reference 
point a rubber stop fixed appropriately at the end 
of buccal or lingual cusps and then radiography 
is performed for the diagnosis. The file was with-
drawn after the exposure of radiograph. Finally, 
WL was measured on the basis of this radiograph. 
If WL was found to be >2-mm on this radiograph, 
the process was repeated after readjustment of 
the file to achieve accurate WL.

During the development time of the radiograph, 
the length of root canal was obtained by using 
apex locator as per standard instructions of man-
ufacturer through following steps.

In order to complete a circuit of apex locator one 
pin of connecting wire was inserted into apex lo-
cator and from second part of connecting wire 
the clip as lip holder was applied to the patients 
lip and the file holder was attached to the file. Be-
fore inserting a file into the canal first same coro-
nal reference point in radiographic technique was 
fixed than outside surface of tooth was dried by 
air from triple syringe. Pulp chamber was dried 
by cotton pellet and using paper points dried root 
canal Reading was determined by inserting a file 
into the canal and pushing it apically until the 
apex locator show bar reading in apical constric-
tion zone (green bar). Sometime file was pushed 
more apically than apex locator show bar reading 
in apex zone (red bar). In this condition file was 
pulling back until bar reading reached in apical 
constriction zone (green bar). The file was with-
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drawn once the digital reading was recorded. The 
length of WL file was measured to calculate the 
electronic WL.

All measurements were recorded on data sheet. 
The results of both methods were compared and 
the data were analyzed by using SPSS 18. 

Minimum Maximum Mean Standard deviation
Radiographic Working length 18.0mm 22.0mm 19.8mm 1.03

Electronic working length 17.0mm 21.5mm 18.9mm 1.05

Table–I. Illustrate data mean and standard deviation for radiographic and electronic working length determination 
(n = 90)

Paired t test applied        t-value = 32.02           p = 0.001

Mean Standard deviation t-value Sig. P-value
Radiographic and Electronic working length 0.87 0.27 32.02 0.001

Table–II. Paired test mean difference between radiographic and electronic working length

Quantitative variables like WL for both methods 
were analyzed for mean with standard deviations. 
To compare the results of both methods statis-
tically, paired sample t-test was used whereas 
P-value up to 0.05 was considered significant.

RESULTS
Total 90 cases were recruited for this study. 
Among them 53 were females and 37 were males 
(Figure 1). The age distribution of the subjects is 
detailed in (Figure 2). The mean±SD age of the 
subjects was 27±7 years. Forty-two teeth were 
right first premolars whereas 48 teeth were left 
first premolars (Figure III). The mean±SD WL was 
19.5±1.03 mm when measured radiographically 
whereas it was 18.9±1.05 mm when measured 

electronically, as detailed in Table-I.

The mean difference of WL between both meth-
ods was 0.87-mm (P <0.05) which was statistical-
ly significant, as detailed in Table-II.

DISCUSSION
The exact obtainment of WL is essential for suc-
cessful endodontic therapy, because if it is not 
measured accurately it may cause adverse ef-
fects upon the treatment results.11, 12 Precision of 
WL has major contribution to a harmless and ef-
fective instrumentation.13, 14

Ideally Root canal preparation should be carried 
out to the apical constriction or cemento-dentinal 

Figure-1. Showing Gender Distribution (n=90) Figure-3. Tooth distribution of Cases (n=90)

Figure-2. Age Distributions of Patients (n=90)
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junction.15 Apical constriction is an ideal spot to 
determine WL.2

In the present study we compared the results of 
measuring WL by two methods i.e. radiography 
and electronic method, considering all possible 
errors that may encounter during clinical prac-
tice. The results of the present study revealed 
that electronically measured WL is different from 
radiographically measured WL most of the time, 
and this difference (0.8-mm) is statistically signif-
icant (P <0.05). 

The results of the present study concur with oth-
er studies. In a similar study the authors attempt-
ed to associate the location of cementodentinal 
junction with constriction of apex to the foramen 
of apex. They determined WL electronically as 
well as radiographically and compared the re-
sults of both methods by locating different points. 
The electronic method was proved to be superi-
or to radiographic method with statistical signifi-
cance.16 

As already stated that for WL the ideal location is 
apical constriction for treating root canal, which is 
at the distance of 0.5-1 mm from main foramen.2 
The results of the present study show that EAL is 
better than radiograph for locating the main fora-
men as well as a point between apical constric-
tion and foramen.17, 18

CONCLUSION AND SUGGESTIONS
It was concluded by the results of the present 
study that electronic apex locators (EALs) have 
significantly higher accuracy and reliability within 
1-mm than radiographs. We suggest that when 
appropriately used, EAL only is sufficient to de-
termine WL. Hence, the radiographs should be 
avoided in order to prevent unnecessary expo-
sure to radiation as well as to save time and to 
make patient feel less uncomfortable.
Copyright© 11 Nov, 2015.
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