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Accuracy of different methods to determine working length in teeth 

with open apex – an ex-vivo comparative study 
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 ABSTRACT 
Teeth with open apices present difficulty in estimation of working length because of 

extensive apical resorption and thin dentinal walls coupled with long-standing 

infection.    

Aim: To comparatively evaluate the accuracy of a 6th generation apex locator, digital 

radiograph, paper point and tactile technique for their ability to determine the 

working length in teeth with open apices. 

Methodology: Forty single-rooted maxillary anterior teeth were selected after 

excluding the teeth with curved roots. To simulate immature open apices, the apical 

3–5 mm of the roots were removed such that ISO #80 file passed through the canal 

without any hindrance. The differences between dentinal-wall lengths in the same 

root was created using fine diamond round burs. Based on the method used to 

determine the working length, teeth were divided into five study groups and one 

control group as follows – Group I - radiographic measurement using paralleling 

technique, Group II - electronic working length measurement using Raypex 6 apex 

locator, Group III – tactile working length, Group IV – paper point working length 

and Group V - combination of apex locator, tactile and paper point techniques. In 

control group, actual working length was determined using direct observation of 

apical exit of file at shortest distance under dental operating microscope. Accuracy of 

all the methods to determine the working length was compared with the control 

group. The data was compiled and subjected to statistical tests and results were 

compiled.  

Results: Within ±0.5 mm, combined electronic, tactile and paper point working 

length (CETPPWL) method showed 99.5% of accuracy. Radiographic working length 

(RWL) using paralleling technique gave the least accurate result (around 78%) (n=40 

for all groups). 

Conclusion: In teeth with open apices working length determination is a challenge. 

No single method is accurate. Combination of use of apex locator, tactile and paper 

point method is recommended. 

Key words: Open Apex, Working Length, Electronic Working Length, Tactile 

Working Length, Paper Point Technique. 

 

 
INTRODUCTION 

The term ‘open apex’ is used to indicate the presence 

of an exceptionally wide root canal at the apex. It is 

seen in immature teeth when root development ceases 

as a sequel of pulp necrosis due to trauma or caries.
1 

In 

mature apex extensive apical resorption, root end 

resection
2 

or over instrumentation may result in 

formation of open apex. It is clinically determined if an 

ISO size 80 file passes beyond the confines of the canal 

without any hindrance.
3,4 

Accurate working length 

determination is necessary in achieving optimal healing 

as is evident in epidemiological
5,6

 and histological 

studies.  
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Confinement of instrumentation and filling materials to 

the limits of the canal increases the success rate of root 

canal treatment as failure to do so may result in 

accidental extrusion of irrigant, dressing or filling with 

persistent periapical inflammation and postoperative 

pain.
7,8,9

 Open apices pose difficulties to contemporary 

methods of canal length determination. 

In open apex, dentinal walls have irregular margins 

ending at different levels resulting in overestimation of 

the radiographic working length.
10

 Such teeth show 

shorter electronic working length than the actual canal 

length because wide root canal associated with open 

apices adversely influences the function of apex 

locators.
11,12,13,14

  Tactile technique can be used in open 

apices with better accuracy; however it has steep 

learning curve with vast inter- operative difference in 

measurement and difficulties 

in disengaging of the file tip from dentinal wall.
15

 In 

paper point technique, the canal needs to be completely 

dry and the periapical tissues to be relatively moist.
10

 

The contact area of paper point to the inflamed 
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periapical tissues is large, and excess moisture is 

common hence this technique results in measurement 

error.  

Hence, there is a need to evaluate various methods to 

accurately determine working length with wide or 

immature apex. Aim of this study was to comparatively 

evaluate the accuracy of digital radiograph exposed 

with paralleling technique (RWL), 6
th

 generation apex 

locator (EWL), tactile method (TWL), paper point 

method (PPWL), combined electronic and radiographic 

working length (CERWL) and combined electronic, 

tactile and paper point working length (CETPPWL) 

method to determine the working length in teeth with 

open apex.  

 

MATERIALS AND METHODS 

Sample collection and sample preparation: Forty 

single-canalled maxillary anterior teeth were selected 

after excluding the teeth with curved roots (>10 

degrees). All the extracted teeth were kept in 5.25% 

sodium hypochlorite for 2 hours and then stored in 

sterile 0.9% saline solution. The teeth were decoronated 

at the cementoenamel junction with a diamond disc to 

simplify access to the root canal and to obtain a fix 

occlusal landmark. To simulate immature open apices, 

the apical 3–5 mm of the roots was removed using 

diamond disc with slow speed such that ISO size 80 file 

passed through the canal without any hindrance. The 

apical resorption was simulated by creating irregular 

differences between dentinal-wall lengths in the same 

root using fine diamond round burs and ultrasonic tips.  

The differences between dentinal-wall lengths in the 

same root ranged from 2 to 5 mm. 

 

Working lengths determination: 

Control - Actual working length (AWL) 

A size 15 K-file was progressed through the root canal 

to the level of the shortest dentinal wall (sdw) under 

X16 magnification in an endodontic microscope. A 

silicon stopper was adjusted to a coronal reference 

point. The length between file tip and stopper was taken 

as AWL. 

 

Group I - Radiographic working length (RWL) 

Each specimen was kept on the platform and was 

exposed to digital radiography keeping all parameters 

constant. XCP-DS digital sensor positioning devise 

(Rinn XCP Instrument Kit, Dentsply, Elgin, IL 

Densply) was adapted to the X ray machine tube and 

was used for all teeth to keep uniformity in paralleling 

technique.  ISO size 25 file was placed inside the root 

canal and was exposed to radiograph. Ingles method 

was used to determine the working length wherein it is 

kept 1-2mm short of radiographic apex. 

 

Group II - Electronic working length (EWL)  

Freshly mixed Alginate was poured into the disposable, 

plastic cylindrical container keeping space for tooth 

insertion and lip clip. Canal of each tooth was packed 

with cotton up to the root apex so as to prevent any 

unwanted retrograde entry of Alginate into the canal 

(Fig. 2). Excess alginate around the teeth and mould 

was trimmed with a scalpel blade. ISO size 15 size K-

File was used to determine working using Raypex 6 as 

per manufacturer instructions. 

 

Group III - Tactile working length (TWL) 

The aim of the Tactile Method is to circumferentially 

probe the dentinal walls with the bent tip of the file to 

determine the length of the shortest dentinal wall. ISO 

size 25 K-File file was bent at the tip (0.5–1 mm) to a 

90° angle using an endodontic gauge (Dentsply 

Maillefer, Ballaigues, Switzerland). The bent file was 

placed against a dentinal wall in the root canal and 

displaced apically until it engaged the edge of dentinal 

wall at the apex (Fig. 1). The silicon ring was adjusted 

to a coronal reference point and the file was then rotated 

to disengage the bent tip. The same procedure was 

repeated to circumferentially to probe all dentinal walls. 

When a shorter length was detected the silicon ring was 

readjusted and is kept as a tactile working length 

(TWL). 

 

Group IV - Paper point working length (PPWL) 

Red dye was prepared using erythrosine. Sponge 

soaked in red dye was adapted in plastic cylindrical 

container and alginate was poured on top of it so as to 

stabilize the tooth, keeping a space for tooth in the 

centre. Tooth was inserted in the centre in such a way 

that apical third of root was in the sponge. ISO size 80 

paper point was slowly inserted in the canal and re-

checked till the tip of paper point just becomes red. 

This was measured and kept as PPWL. 

 

Group V – Combined electronic and radiographic 

working length (CERWL)  

Working lengths were determined using Raypex 6 and 

digital radiographs and average of two values was 

taken. 

 

Group VI – Combined electronic, tactile and paper 

point working length (CETPPWL) 

Working lengths were determined using Raypex 6, 

tactile method and paper point techniques individually 

and average of all three values was taken as final 

reading. 

 

Statistical evaluation 

Data were analyzed using the Stata 11.0 software (Stata 

Corp, College Station, Texas, U.S.A.). Bland and 

Altman analysis was performed.
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Fig. 1: All teeth were de-coronated at the cement-enamel junction (a) with a diamond disc (dd). (b) - 

Immature open apices were simulated by removing the apical 3–5 mm of the roots using a diamond disc with 

slow speed and the apical resorption was simulated by creating irregular differences (id) between dentinal-

wall lengths using fine diamond round burs and ultrasonic tips 

 

 
Fig. 2: (a) - A size 15 K-file was progressed through the root canal to the level of the shortest dentinal wall 

(sdw) under magnification. (b) - XCP-DS digital sensor positioning devise (pd) was adapted to the X ray 

machine tube and digital sensor (ds) was adapted in devise. (c) - ISO size 25 file was placed inside the root 

canal and was exposed to radiograph and the working length was determined using Ingles method  

 

 
Fig. 3: (a) - ISO size 15 K-File was used to determine working using Raypex 6. (b) - ISO size 25 K-File file 

bent at the tip (0.5–1 mm) to a 90° angle was used in tactile method 
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Fig. 4: (a) - Sponge soaked in red dye was adapted in plastic cylindrical container. (b) Alginate was poured on 

top of it so as to stabilize the tooth, keeping a space for tooth in the centre. (c) Tooth was inserted in the centre 

in such a way that apical third of root was in the sponge. ISO 80 paper point was slowly inserted in the canal 

and re-checked till the tip of paper point just becomes red. (d) Paper point showing red tip 

 

 
Fig. 5: In CETPPWL technique, Raypex 6 (a), tactile method (b) and paper point techniques(c) were used  

 

Results 
The mean (mm), standard deviations (mm) and accuracy (in percentage) of each working length techniques are 

shown in Table 1. The difference of mean of distance measurement of AWL was found to be 0.8 for RWL, 0.78 mm 

for the Raypex 6, 0.5 mm for TWL, 0.6 mm for PPWL, 0.44 mm for CERWL and 0.2 mm for CRTPPWL (Graph 1). 

Bland and Altman analysis was done to compare all working length measurement techniques.  

CRTPPWL technique was found to be the nearest match with the AWL. Within ±0.5 mm, the accuracies were 78% 

for radiographic working length (RWL using paralleling technique), 80% for electronic working length (EWL using 

Raypex 6, a sixth generation apex locator), 93.5% for tactile working length (TWL using ISO 25 K file), 90% for 

paper point working length method (using ISO size 80 paper point), 95% for combined electronic and radiographic 

working length (CERWL) and 99.5% for combined electronic, tactile and paper point working length (CETPPWL) 

method (Graph 2) (n=40 for all groups). 

Table 1: Table showing accuracy and mean difference of all working lengths with AWL 
 

Method Mean difference with AWL 

Mean ± S.D 

95% Conf. Interval Accuracy (%) 

RWL 0.8±0.44 (0.7- 0.92) 78 

EWL 0.7±0.32 (0.61 - 0 .89) 80 

TWL 0.5±0.20 (0.40 - 0 .72) 94.5 

PPWL 0.6±0.23 (0.43 – 0.75) 90 

CERWL 0.44±0.27 (0.24-0.57) 95 

CEPTWL 0.2±0.18 (0.09 - 0.35) 99.5 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4241610/table/T1/
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Graph 1: Mean difference of evaluated methods compared to Actual Working Length (±0.5 mm) 

 
 

Graph 2: Accuracy of evaluated methods (in %) 

 
 

Discussion 
The open apex defination varies according to authors 

and is decided by the minimum ISO size file that can be 

passed freely through the apical foramen as ISO 100
16

 

ISO 80
3,4

 ISO 60
15,17

, ISO 45
18

 or ISO 40.
19

 Open 

apices can be classified based on a radiographic 

analysis as divergent, parallel and tapering.
[3]

 

Mechanical instrumentation of the immature teeth with 

blunderbuss canal is difficult as it often leads to 

weakening and fracture of thin, lateral dentinal 

walls.
20,21

 More dependence should be on the use of 

copious irrigation and intra-canal medicaments like 

triple antibiotic paste, double antibiotic paste, calcium 

hydroxide etc. to disinfect the canal. In teeth with open 

apices root development in the labio-lingual plane lags 

behind that in a mesio-distal direction, so a parallel 

apex seen on a radiograph would appear more divergent 

if the image could be taken proximally.
3
 A precise 

measurement of the working length is critical for 

success. Its underestimation can lead to insufficient 

debridement of the root canal, whereas overestimation 

may result in damage to the periapical tissues. These 

can delay or prevent healing. Hence in teeth with open 

apices, there is a need for comparing the various 

methods of working length determination and 

establishing the most accurate method. 

Despite radiography being the main method of 

determining working length in teeth with open apices, 

numerous studies have reported variations in the 

radiographic technique.
22

 Radiographic working length 

is kept 1–2 mm
23,24

 or 2–3 mm
25

 short of an estimated 

working length obtained from an undistorted pre-

operative periapical radiograph. However this method 

has not been elaborated further in detailed.
17,26

 Use of 

the paralleling radiographic technique can result in an 

up to 7.58% over-estimation of the actual canal length 

with unintentional over-instrumentation.
27

 In addition, 

variables, such as anatomical noise, the shape and 

orientation of the apex in relation to the X-ray beam, 

observer variability, film speed, and viewing conditions, 

such as the presence of extraneous light, can all 

influence the accuracy of radiographic working length 
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determination.
28,29,30

 Hence in the presented study RWL 

gave only 78% of accuracy. 

Clinical performance of Raypex 6 (VDW, Munich, 

Germany), a sixth generation apex locator, was found to 

be successful in mature teeth.
31

 However, in the current 

study, its accuracy in open apices was found to be lower 

(80% of accuracy) which is identical to previous similar 

study in open apex.
32

 Various reasons attributed to the 

lower accuracy of apex locator in tooth with open apex 

are - the instruments not touching the canal walls, the 

impedance change at the apex would be far less abrupt 

in an immature tooth than a mature tooth etc.  In the 

present study, the accuracy of tactile method was found 

to be high (93.5%) as documented in the previous 

study.
15

 However there are certain limitations of tactile 

technique such as difficulty in using file in curved 

canals, steep learning curve, difficulties in disengaging 

of the file tip from irregularly resorbed dentinal wall, 

high inter-operator discrepancy in readings etc. The 

paper point techniques may deliver accurate 

measurements provided that the periapical tissues exist 

at the same level of canal terminus and that moisture 

control is possible within the canal as well as from the 

periapical tissues which is highly impossible in every 

clinical scenario. Authors found an accuracy of 90% for 

the paper point technique when all measurements 

within ±0.5 mm from the radiographic apex were 

considered accurate.  

Radiographic method has least accuracy as the teeth 

with open apices has irregular margins and the smallest 

dentinal wall is to be considered as apical limit of 

preparation which is not possible due to 2 D 

representation of 3 D object. Electronic method has 

accuracy of 80%. Readings were higher in comparison 

to actual working length. Tactile working length had 

higher accuracy because it was able to physically verify 

the shortest wall circumferentially. However it has a 

limitation that it cannot be used in curved canal. 

Although paper point working length has high accuracy 

but it is subjected to give earliest reading due to 

continuous seepage from the canal. So, the combination 

method is accurate because it can overcome the 

shortcoming of each of the individual method. Dummer 

P et al (1984) suggested a combination of methods in 

open apex to increase the accuracy of working length 

determination. The European Society of Endodontology 

(2006) also recommended the use of an electronic apex 

locator (EAL) followed by confirmation of canal length 

with an undistorted radiograph during root canal 

treatment.
33

 Hence in the presented study authors 

combined the three most accurate methods to increase 

the accuracy of working length determination technique 

in teeth with open apex which was found to be 99.5%. 

 

Conclusion 
Teeth with open apices present difficulty in estimation 

of working length by normally accurate, efficacious, 

conventional methods. A combination of electronic, 

tactile and paper point methods in open apex increases 

the accuracy of working length determination. 
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