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ABSTRACT 
Background: Accurate determination of working length is crucial for successful 
root canal treatment, with periapical radiographs and electronic apex locators 
being the primary methods. While both techniques are widely used, their 
comparative impact on postoperative pain remains inconclusive. 
Objective: This study aimed to evaluate the effect of working length 
determination using periapical radiographs and electronic apex locators on 
postoperative pain intensity and resolution in patients undergoing root canal 
treatment. 
Methods: A randomized controlled trial (n = 110) was conducted on systemically 
healthy patients requiring root canal treatment for single-rooted teeth. Patients 
were randomly assigned to either the radiographic or apex locator group. 
Standardized chemomechanical preparation was performed using ProTaper 
rotary files, and pain intensity was assessed at multiple intervals (4, 6, 12, 24, and 
48 hours) using a validated 4-point pain scale. Statistical analysis was performed 
using SPSS v27, with chi-square, Mann–Whitney U, and Friedman tests applied (P 
< 0.05). Ethical approval was granted. 
Results: No statistically significant difference in postoperative pain was 
observed between groups at any time point (P > 0.05). The mean pain resolution 
time was 3.37 ± 2.79 days for the radiographic group and 2.79 ± 3.34 days for the 
apex locator group (P > 0.05). Clinically, both methods were equally effective in 
managing pain. 
Conclusion: Working length determination using periapical radiographs or 
electronic apex locators does not significantly impact postoperative pain. Given 
their comparable efficacy, apex locators may be preferred due to reduced 
radiation exposure. Further research should explore outcomes in multi-rooted 
teeth and necrotic pulp cases. 

INTRODUCTION 
Accurate determination and maintenance of working length 
during endodontic treatment are critical for successful 
outcomes. Working length is defined as the distance from a 
coronal reference point to the apical limit where canal 
preparation and obturation should terminate (1). The apical 
constriction, often referred to as the minor diameter, is 
recognized as the ideal location for instrumentation and 
obturation, as it represents the histological transition 
between pulpal and periodontal tissues at the 
cementodentinal junction (2,3). Various methods have been 
employed to establish working length, including periapical 
radiographs and electronic apex locators, with emerging 
evidence suggesting that cone-beam computed 
tomography (CBCT) may offer additional precision (4). 
However, CBCT is not widely adopted due to concerns 
regarding cost and radiation exposure. Periapical 
radiographs remain the most commonly used technique for 
determining working length, offering the advantage of 
providing insight into periapical conditions, root canal 
morphology, and proximity to critical anatomical structures. 
However, the inherent limitation of radiographic techniques 

is the superimposition of a three-dimensional structure 
onto a two-dimensional image, which may reduce accuracy 
(5). 
The electronic apex locator, initially conceptualized by 
Custer in 1918 and further developed by Suzuki in 1942, 
introduced an alternative method based on the principle of 
electrical resistance between the periodontal ligament and 
oral mucosa (6). Although early devices were affected by the 
presence of fluid electrolytes in the canal, advancements in 
apex locator technology have improved their reliability, 
allowing accurate measurements irrespective of canal 
moisture (3). Previous studies comparing these techniques 
have demonstrated varying results, with some suggesting 
that electronic apex locators may be equally or more precise 
than radiographs for working length determination (7). 
Despite these findings, the impact of working length 
measurement methods on postoperative pain remains 
unclear. 
Postoperative pain is a frequent complication following root 
canal treatment, with incidence rates ranging from 3% to 
58% (8). This pain can result from mechanical, chemical, or 
microbial irritation of the periradicular tissues, leading to an 
inflammatory response and subsequent nociception (9). 
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The accuracy of working length determination may 
influence postoperative discomfort, as over-
instrumentation or under-instrumentation of the root canal 
can exacerbate periapical inflammation. While previous 
research has explored the accuracy of working length 
measurement techniques, there is limited evidence 
regarding whether one method results in less postoperative 
pain than the other (10). Given that the apex locator is 
associated with reduced radiation exposure, understanding 
its clinical efficacy and impact on patient-reported pain 
outcomes is essential. 
The present study aims to compare postoperative pain 
levels in patients undergoing root canal treatment using 
working length measurements obtained with periapical 
radiographs versus an electronic apex locator. It is 
hypothesized that the apex locator may cause less irritation 
to periradicular tissues than the radiographic technique, 
potentially leading to reduced postoperative discomfort. By 
evaluating the relationship between working length 
determination methods and postoperative pain, this study 
seeks to provide clinicians with evidence-based insights to 
optimize endodontic treatment protocols. 

MATERIAL AND METHODS 
This study was designed as a randomized controlled trial 
(RCT) to evaluate the effect of working length determination 
using periapical radiographs and electronic apex locators 
on postoperative pain in patients undergoing root canal 
treatment. A total of 110 volunteer patients aged 25 to 60 
years were recruited, all of whom were systemically healthy 
and had not taken analgesics within 12 hours before 
treatment. Only single-rooted teeth with vital pulp, a single 
straight root canal, and cases diagnosed with asymptomatic 
irreversible pulpitis due to carious exposure or requiring 
endodontic treatment for prosthetic reasons were included. 
Exclusion criteria comprised patients with periapical 
pathology, previous endodontic treatment, calcified canals, 
root resorption, periodontal disease, or anatomical 
variations such as multiple apical foramina. Pregnant 
women and individuals with systemic conditions affecting 
healing, such as diabetes or immunosuppression, were also 
excluded. All participants provided written informed 
consent before enrollment, and the study was approved by 
the Institutional Review Board (IRB No. [insert IRB number]). 
The research adhered to the ethical principles outlined in 
the Declaration of Helsinki. Confidentiality of patient data 
was maintained by assigning unique identification codes to 
participants and securely storing all collected data. 
Following a thorough medical and dental history, all 
participants underwent clinical and radiographic 
examinations, including periapical radiographs, periodontal 
evaluations, percussion, palpation, electric pulp testing, 
and thermal sensitivity tests. Eligible patients were 
randomly allocated into two groups: the radiographic group 
and the electronic apex locator group. The working length 
was determined either by periapical radiographs or by an 
electronic apex locator, depending on group assignment. 

Chemomechanical preparation of the root canals was 
performed using a crown-down technique with ProTaper 
rotary instruments, and irrigation was conducted with 2.5% 
sodium hypochlorite. A radiograph of the master cone was 
obtained for verification before obturation, which was 
completed using gutta-percha and sealer with a lateral 
compaction technique. Postoperative pain was assessed at 
multiple time intervals (4, 6, 12, 24, and 48 hours) using a 4-
point pain intensity scale, categorizing pain levels as no 
pain, mild discomfort not requiring analgesics, moderate 
pain alleviated by analgesics, or severe pain not relieved by 
standard medication. Patients were also instructed to 
document the number of days required for complete pain 
resolution. Additionally, participants were prescribed 100 
mg of flurbiprofen and advised to use it only if necessary for 
pain relief. A follow-up visit was conducted one week post-
obturation, during which participants submitted their 
completed pain assessment forms. 
Statistical analyses were performed using SPSS version 27. 
Descriptive statistics, including means and standard 
deviations, were calculated for continuous variables, while 
categorical data were presented as frequencies and 
percentages. The Fisher exact test and chi-square analysis 
were used for qualitative data, such as gender, tooth type, 
jaw location, and analgesic consumption. The Mann–
Whitney U test was employed to compare postoperative 
pain scores between groups, and the Friedman test was 
used to evaluate changes in pain intensity over time within 
each group. A significance level of P < .05 was set for all 
analyses. Missing data were handled by using multiple 
imputation techniques where appropriate, and potential 
confounding variables, such as age, gender, and tooth 
location, were considered during statistical adjustments. 
Sensitivity analysis was conducted to ensure the 
robustness of findings. 

RESULTS 
A total of 110 patients participated in the study, with 55 
allocated to the radiographic working length determination 
group and 55 to the electronic apex locator group. The 
demographic distribution and treatment characteristics of 
both groups are presented in Table 1. The gender 
distribution between the two groups was comparable (P > 
0.05), and the allocation of maxillary versus mandibular 
teeth treated was not significantly different (P > 0.05). 
Similarly, there was no statistically significant difference in 
the proportion of cases treated for carious exposure versus 
prosthetic reasons between the two groups (P > 0.05). 
Postoperative pain intensity at different time intervals is 
presented in Table 2. The highest pain intensity was 
reported at the 4-hour and 6-hour time points, gradually 
decreasing over 48 hours. While the electronic apex locator 
group showed slightly lower pain levels at most time points, 
the difference between the two groups was not statistically 
significant at any interval (P > 0.05). No severe pain cases 
were reported in either group. 
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Table 1. Demographic and Treatment Data 

Variable Radiographic Group (n=55) Apex Locator Group (n=55) p-value 

Total Patients 55 55 - 

Male Patients 31 30 1 

Female Patients 24 25 1 

Maxillary Teeth Treated 28 29 1 

Mandibular Teeth Treated 27 26 1 

Endodontic Treatment Due to Caries 39 40 - 

Endodontic Treatment for Prosthetic Reasons 16 15 - 

 

Table 2. Postoperative Pain Intensity Distribution  

Time Interval Radiographic Group (n=55) Apex Locator Group (n=55) p-value 

4 Hours 45 43 1 

6 Hours 38 35 1 

12 Hours 21 20 1 

24 Hours 12 13 1 

48 Hours 5 6 - 

 

Table 3. Pain Resolution Time 

Group Mean Days Standard Deviation Median Days p-value 

Radiographic 3.37 2.79 3 - 

Apex Locator 2.79 3.34 3 - 

The mean time for pain resolution was 3.37 ± 2.79 days in 
the radiographic group and 2.79 ± 3.34 days in the electronic 
apex locator group, as shown in Table 3. The median pain 
resolution time was three days in both groups, and no 
significant difference was observed between the two 
techniques (P > 0.05). 
These findings indicate that the method used for working 
length determination does not significantly impact 
postoperative pain intensity or resolution time. While a 
slightly lower mean pain resolution time was observed in the 
electronic apex locator group, the difference was not 
statistically significant. These results align with previous 
research suggesting that both radiographic and electronic 
techniques provide similar clinical outcomes in endodontic 
working length determination. The absence of severe pain 
cases and the rapid decline in pain intensity within the first 
24 hours suggest that both methods are effective and well-
tolerated by patients. 

DISCUSSION 
The findings of this study demonstrate that the method used 
for working length determination, whether periapical 
radiography or electronic apex locator, does not significantly 
influence postoperative pain intensity or resolution time. 
Pain levels peaked within the first 6 hours postoperatively, 
gradually declining over 48 hours, with no significant 
differences between the two groups. The mean pain 
resolution time was slightly lower in the electronic apex 
locator group; however, this difference was not statistically 
significant. These results align with previous research 
suggesting that both techniques yield comparable clinical 
outcomes in root canal treatment (5). The absence of severe 

pain cases in either group further suggests that both 
methods are effective and well-tolerated, reinforcing their 
reliability in routine endodontic practice. 
The role of working length determination in endodontic 
success has been widely studied, with radiographic and 
electronic apex locator techniques being the two primary 
modalities. Historically, periapical radiographs have been 
the gold standard due to their ability to provide detailed 
anatomical information about the root canal system and 
surrounding structures (4). However, concerns regarding 
image superimposition and radiation exposure have led to 
the increasing adoption of electronic apex locators, which 
offer a radiation-free alternative while achieving high 
accuracy in working length determination (3). Several 
studies have reported that electronic apex locators can 
match or even exceed the accuracy of radiographs in 
locating the apical constriction, particularly when 
combined with coronal flaring and irrigation techniques 
(10). This study contributes to the growing body of evidence 
supporting the clinical equivalence of both methods while 
emphasizing the added benefit of reduced radiation 
exposure associated with the electronic apex locator. 
Previous investigations have explored the impact of working 
length determination methods on postoperative pain, but 
findings have been inconsistent. Some studies suggest that 
electronic apex locators may minimize irritation to 
periradicular tissues by preventing over-instrumentation 
and reducing apical debris extrusion, thereby leading to 
lower postoperative pain levels (11). However, others have 
found no significant difference between the two methods in 
terms of pain outcomes (7). The present study supports the 
latter view, indicating that neither technique confers a 
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distinct advantage regarding postoperative discomfort. The 
uniformity of pain levels across both groups may be 
attributed to standardized instrumentation and obturation 
techniques, including the use of rotary nickel-titanium files 
and lateral compaction with gutta-percha, both of which 
have been shown to reduce procedural trauma and 
postoperative inflammation (14). Additionally, the 
controlled irrigation protocol with sodium hypochlorite may 
have mitigated microbial irritation, contributing to the 
observed pain resolution trends. 
Pain perception in endodontics is multifactorial, influenced 
by factors such as preoperative pulpal status, apical debris 
extrusion, and individual pain thresholds (9). Although the 
electronic apex locator theoretically reduces the likelihood 
of over-instrumentation, the present study suggests that 
when meticulous endodontic techniques are applied, the 
method of working length determination plays a relatively 
minor role in postoperative pain. This finding highlights the 
importance of comprehensive treatment planning, careful 
instrumentation, and adherence to strict aseptic protocols 
in optimizing patient outcomes, irrespective of the 
technique employed. 
Despite its strengths, including a randomized design and the 
use of validated pain assessment scales, this study has 
certain limitations. The sample size, although adequate for 
detecting moderate differences, may not have been large 
enough to identify subtle variations in pain outcomes 
between groups. Additionally, pain perception is inherently 
subjective and can be influenced by psychological factors, 
which were not explicitly assessed in this study. The 
inclusion of only single-rooted teeth with vital pulps also 
limits the generalizability of the findings to more complex 
cases involving necrotic pulps, curved canals, or 
retreatment procedures. Future research should explore the 
impact of working length determination techniques in a 
broader range of endodontic scenarios, including multi-
rooted teeth and cases with periapical pathology. Moreover, 
advanced imaging techniques such as cone-beam 
computed tomography (CBCT) could be incorporated to 
further investigate the accuracy of electronic apex locators 
in relation to anatomical variations. 
The clinical implications of these findings are significant, as 
they provide evidence-based guidance for endodontists in 
selecting an appropriate working length determination 
method. Given the comparable pain outcomes observed in 
this study, the decision between periapical radiography and 
electronic apex locators should be guided by considerations 
such as radiation exposure, operator preference, and 
patient-specific factors. As electronic apex locator 
technology continues to evolve, further studies should 
assess its long-term efficacy in improving endodontic 
success rates. Until then, both radiographic and electronic 
techniques remain viable options, provided that meticulous 
endodontic protocols are followed to ensure optimal patient 
comfort and treatment outcomes. 

CONCLUSION 
This study evaluated the effect of working length 
determination using periapical radiographs and electronic 

apex locators on postoperative pain following root canal 
treatment and found no significant difference in pain 
intensity or resolution time between the two methods. Both 
techniques demonstrated comparable clinical outcomes, 
with postoperative pain peaking within the first six hours and 
subsiding over 48 hours, reinforcing their reliability in 
endodontic practice. Given the comparable efficacy of both 
methods, the choice between radiography and electronic 
apex locators should be guided by factors such as operator 
preference, radiation exposure, and patient-specific 
considerations. Clinically, these findings support the 
integration of electronic apex locators as a viable alternative 
to radiographs, particularly in cases where minimizing 
radiation exposure is prioritized. Future research should 
explore the impact of working length determination 
methods in more complex endodontic cases, including 
multi-rooted teeth and necrotic pulps, to further optimize 
endodontic treatment protocols and patient-centered 
outcomes. 
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