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ABSTRACT
Accurate determination of the working length (WL)
is essential for the success of root canal treatment, ensuring
proper cleaning, shaping, and obturation of the canal sys-
tem while avoiding apical over-instrumentation or inad-
equate preparation. Usually, WL is determined using a com-
bination of electrometric devices and periapical radiographs,
yet the increasing availability of digital radiographic soft-
ware offers new opportunities for more precise measurement.
The aim of this study was to estimate the ability of the soft-
ware Planmeca Romexis viewer (Planmeca Group, Helsinki,
Finland) to measure WL on periapical digital radiographs,
and to compare its performance with electrometric measure-
ments obtained using an electronic apex locator. The WL
was established under direct vision with a stereomicroscope.
Periapical radiographs were taken under standardised con-
ditions, and WL was measured digitally using the linear
measurement tools of the Romexis software. Electrometric
WL values were also recorded for each tooth. All values
were statistically compared with the actual lengths to assess
accuracy and consistency. The results demonstrated a strong
correlation between electrometric measurements and the
actual WL, with minimal deviations. The digital radio-
graphic measurements using Planmeca Romexis also showed
a high level of accuracy, though slightly less consistent than
the electrometric method, particularly in cases with ana-
tomical variations or radiographic superimposition.
Within the limitations of this in vitro study,
electrometric and digital radiographic measurements proved
reliable for WL determination. The Planmeca Romexis soft-
ware can serve as a valuable adjunct in clinical practice,
complementing electrometric methods in endodontic treat-
ment.

Keywords: dental digital radiography, electromy-

ography, endodontics, radiography, apical constriction,
tooth apex,
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INTRODUCTION

Accurate determination of the working length (WL)
is a crucial step in endodontic therapy [1]. WL is com-
monly defined as the distance from a stable coronal refer-
ence point to the point at which root canal preparation and
obturation should terminate, ideally located at the apical
constriction [2, 3]. Correct estimation ensures the effec-
tive cleaning and shaping of the canal system while pre-
venting the extrusion of instruments and filling materials
into the periapical tissues [4]. Over-instrumentation has
been associated with postoperative pain, inflammatory re-
sponse, and delayed periapical healing [4], whereas un-
der-instrumentation risks leaving infected tissue and de-
bris within the canal, contributing to persistent periapical
pathology [4, 5]. Thus, reliable WL determination is indis-
pensable for achieving predictable and biologically sound
outcomes in root canal treatment [1, 6]. Several methods
have been used for WL determination, including tactile,
electrical, and radiographic procedures, as well as the
Rosneberg method [7, 8]. The radiographic assessment and
electrometric measurement using electronic apex locators
(EALs) are the most widely employed in contemporary prac-
tice [9, 10, 11]. Each approach offers specific advantages
and limitations [8, 9].

Radiographs provide a visual record of the root and
periapical tissues, supporting diagnosis and treatment plan-
ning, as well as WL estimation. However, radiographs are
subject to inherent shortcomings, including their two-di-
mensional nature, anatomical superimpositions, and inter-
pretation errors related to projection geometry. Variations
in root morphology, canal curvature, and individual ana-
tomical variations can further complicate the radiographic
determination of WL [7, 8].

EALs, on the other hand, are designed to identify
the position of the apical foramen based on the detection
of electrical resistance or impedance within the canal [9].
Multiple studies have validated their accuracy, and they
are now regarded as highly reliable, even under clinical
conditions involving the use of irrigants [10, 12, 13]. Nev-
ertheless, electrometric methods can occasionally be in-
fluenced by metallic restorations, extensive periapical le-
sions, resorption, or perforations, and they provide no ad-
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ditional information on canal anatomy or surrounding tis-
sues [14, 15, 16]. For these reasons, best practice typically
advocates a combination of radiographic and electrometric
methods to maximise precision [8, 9, 12].

The introduction of digital radiography has ad-
vanced the radiographic method by improving image qual-
ity, reducing radiation dose, and allowing post-acquisi-
tion processing [10, 11]. Viewer software such as Planmeca
Romexis further enhances the diagnostic and measurement
potential of periapical images [13]. Features such as mag-
nification, contrast adjustment, linear measurement tools,
and image calibration provide clinicians with the oppor-
tunity to refine WL estimation beyond what conventional
radiography allows [20]. These tools may help overcome
some of the interpretative limitations of two-dimensional
radiographs, particularly in cases of subtle apical constric-
tions or complex periapical anatomy [2, 7]. While several
in vitro studies have examined the performance of digital
radiography and software-based measurements [10, 11], in
vivo investigations are crucial for evaluating how these
technologies function under the conditions of daily clini-
cal practice [12, 18]. Unlike laboratory studies, clinical
scenarios introduce additional factors that may influence
measurement accuracy, such as patient movement, varia-
tions in soft tissue anatomy, challenges in angulation dur-
ing radiograph acquisition, and differences in canal mor-
phology across a wide patient population [7, 8]. Evaluat-
ing software performance in vivo, therefore, provides evi-
dence that is more directly translatable to clinical deci-
sion-making [11, 18]. To date, few studies have directly
compared the WL measured with Planmeca Romexis dig-
ital radiographic software against electrometric measure-
ments in vivo. Establishing whether radiographic meas-
urements performed with advanced software can approxi-
mate the accuracy of EALs is of significant clinical inter-
est [9, 10, 12]. If digital radiographic methods demonstrate
sufficient reliability, they may serve as a dependable ad-
junct in situations where EAL readings are inconclusive
or unavailable, thereby strengthening diagnostic confi-
dence and treatment precision [1, 18]. The present clinical
study was therefore designed to estimate the ability of
Planmeca Romexis viewer software to measure the correct
working length on periapical digital radiographs and to
compare these findings with electrometric measurements
obtained in vivo [10]. It is anticipated that electrometric
measurement will maintain its position as the most accu-
rate reference method. This in vivo study was conducted
to compare the accuracy of working length (WL) measure-
ments obtained with an electronic apex locator (EAL) with
those obtained through measurements on periapical dig-
ital radiographs using Planmeca Romexis viewer software
[13]. However, it is hypothesised that digital radiographic
measurements performed on diagnostic X-rays with the
software Planmeca Romexis viewer (Planmeca Group, Hel-
sinki, Finland) will show high concordance with EAL re-
sults, thereby validating the software as a reliable comple-
mentary tool with the most accurate approximation in daily
endodontic practice [17].
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MATERIAL AND METHODS

Study design

A total of 80 teeth (n=80) were included and assigned
to two main groups: Group I (n=40) — single-rooted, single-
canal teeth, and Group II (n=40) — molars. Each group was
subdivided into Subgroup A (n=20) for primary treatment
and Subgroup B (n=20) for retreatment. A diagnostic dig-
ital parallel periapical radiograph was obtained for each tooth
indicated for either primary or secondary endodontic treat-
ment. Standardised radiographic exposure parameters were
applied to ensure reproducibility and minimise distortion.
After access cavity preparation, the endodontic cavities were
refined, and reference points were established on each re-
spective tooth to ensure consistency during subsequent
measurements. All measurements were recorded systemati-
cally in tabular form for each tooth and canal. For Group I
(single-rooted, single-canal teeth), a single measurement was
obtained per canal.

In contrast, for Group II (multi-rooted, three/four ca-
nal teeth), three to four measurements were performed to
account for the presence of multiple canals. Two methods of
working length determination were compared: digital meas-
urements derived from diagnostic radiographs and
electrometric measurements obtained using an electronic
apex locator. These values were subsequently subjected to
comparative analysis to evaluate the accuracy and reliabil-
ity of the two methods. Ethical approval was obtained from
the institutional review board prior to the commencement
of the study, and written informed consent was obtained
from all participants.

Patient selection

Patients requiring primary or secondary root canal
treatment in single-rooted or multi-rooted teeth were re-
cruited from the Dental practice (January 2024 - November
2024). The inclusion criteria comprised teeth with mature
apices, the absence of periapical lesions larger than 2 mm,
no previous root canal treatment, and patients aged between
18 and 60 years in good general health. Exclusion criteria
included teeth with open apices, root resorption, calcifica-
tions obstructing canal access, the presence of crowns or
large metallic restorations, and patients with systemic dis-
eases or who were pregnant.

Clinical procedure

After local anaesthesia and rubber dam isolation, an
access cavity was prepared using diamond burs, an endo-
dontic probe to locate the orifice and SX ProTaper (Dentsply
Sirona, Ballaigues, Switzerland) rotary endodontic instru-
ments for shaping the orifice and pericervical dentin. Canal
patency was confirmed with a size #08 or #10 K-file.

Radiographic measurement

Periapical radiographs were acquired using a digital
intraoral X-ray unit (Planmeca ProX, Planmeca, Helsinki,
Finland) under standardised exposure parameters (e.g., 70
kVp, 8 mA, 0.16 s). The paralleling technique, combined
with an Rinn positioning device, was used to ensure repro-
ducibility and minimise projection errors. A size 10 K-file
was introduced into the canal to a length approximating the
electrometric WL before radiographic exposure. The ob-
tained digital images were transferred to the Planmeca
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Romexis viewer software. The linear measurement tool was
used to calculate the distance from the coronal reference
point to the radiographic apex.

Electrometric measurement

WL was established using an electronic apex locator
(Raypex 6, VDW GmbH, Munich, Germany). The file was
advanced until the device indicated the position of the api-
cal foramen, and the measurement was recorded. To ensure
reproducibility, three readings were taken, and the mean
value was considered the electrometric WL.

Reference standard

As an in vivo study, the actual WL could not be deter-
mined by direct microscopic observation. Therefore, the
electrometric measurement was considered the clinical ref-
erence standard, based on extensive validation of apex
locator accuracy in previous literature. Radiographic meas-
urements with Romexis were compared against this stand-
ard.

Data recording and statistical analysis

All measurements were recorded in millimetres to two
decimal places. Data were entered into a spreadsheet and
statistically analysed using SPSS software (version 26.0,
IBM, Armonk, NY, USA). Descriptive statistics (mean, stand-
ard deviation, range) were calculated for each measurement
method. Paired #-tests were applied to compare the mean
differences between electrometric and radiographic WLs.
Agreement between the two methods was further evaluated
using Bland—Altman plots. The level of statistical signifi-
cance was set at p < 0.05.

Ethical considerations

The study adhered to the principles outlined in the
Declaration of Helsinki (2013). All patients were informed
about the nature of the study, its procedures, potential ben-
efits, and risks. Written consent was obtained before partici-
pation. Patients received standard root canal treatment fol-
lowing WL determination, and no additional radiation was
used beyond the routine diagnostic requirement.

RESULTS

A total of 80 teeth (n=80), divided into single-rooted,
single-canal teeth (Group I) and molars (Group II), were in-
cluded in the analysis. All procedures were completed with-
out complications, and complete datasets were obtained for
both radiographic and electrometric measurements. Descrip-
tive statistics indicated that, for Group I, the mean working
length determined radiographically was closely compara-
ble to the electrometric measurement, with minimal devia-
tion observed. In Group II, which involved multiple canals
per tooth, slight variability was noted between the two meas-
urement modalities, particularly in the mesial and distal
canals (Fig. 1, 2). Overall, the measurements obtained from
the digital radiographs demonstrated good agreement with
those recorded using the electronic apex locator. These find-
ings provide a preliminary indication of the relative accu-
racy and reliability of the two methods across different tooth
types, with further statistical analysis conducted to deter-
mine the significance of the observed differences. The data
from the measurements were presented in Tables 1 and 2.

Fig. 1. Presentation of upper lateral incisor for Group I Subgroup A and lower first molar for Group II Subgroup A.
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Fig. 2. Presentation of upper lateral incisor for Group I Subgroup B and lower first molar for Group II Subgroup B.

Group | Subgroup B

Table 1. Estimation of electrometrical measurements (Raypex 6, VDW GmbH, Munich, Germany) of working length
and measurements with Romexis viewer software (Planmeca Group, Helsinki, Finland) on one-rooted teeth.

Electro metrical | Romexis Electro metrical | Romexis Electro metrical | Romexis
N* | measure- ments viewer N* | measure- ments viewer N* | measure- ments viewer
(in mm) - EAL | (in mm) - RV (in mm) - EAL | (in mm) - RV (in mm) - EAL  |(in mm) - RV

#1 21,0 20,6 #15 22,0 22,4 #28 21,0 21,5
#2 22,0 21,4 #16 21,0 21,0 #29 22,0 21,6
#3 21,0 21,3 #17 21,5 21,5 #30 21,5 21,5
#4 18,5 18,6 #18 20,5 20,8 #31 20,5 20,5
#5 20,0 19,7 #19 19,0 19,5 #32 19,5 19,0
#6 19,5 19.2 #20 19,5 19,5 #33 20,0 21,0
#7 21,5 21,0 #34 19,5 20,0
#8 20,5 20,2 #21 21,5 21,0 #35 21,5 21,0
#9 21,0 20,7 #22 18,0 18,0 #36 21,0 21,0
#10 19,0 19,4 #23 18,5 18,0 #37 21,5 22,0
#11 18,5 18,2 #24 19,5 20,0 #38 21,5 21,5
#12 18,5 19,0 #25 21,0 20,4 #39 19,0 20,15
#13 19,0 19 #26 21,5 21,5 #40 20,0 20,8
#14 20,5 19,26 #27 19 18,7

*N =Number of tooth.

Table 2. Estimation of electrometrical measurements with Raypex 6 ( VDW GmbH, Munich, Germany) of working

length and measurements with Romexis viewer software (Planmeca Group, Helsinki, Finland) on multi-rooted teeth.

*N

MBI1 MB2 P DB ML MB **D/DL DB
sekok setesksk
EAL RV EAL | RV | EAL | RV EAL | RV | EAL | RV | EAL | RV | EAL | RV | EAL | RV

(mm) | (mm) (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm)|(mm)

#1

20,0 | 20,0 | 20,5 | 20,0 | 20,5 | 20,1

#2

18,0 | 17,5 | 19,5 | 192 | 21,0 | 20,6 | 19,0 | 18,2
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#1205 [ 201 ] 195 [ 191 [ 215 [ 208 | 195 | 185
#4 19,0 | 18,7 | 20,0 | 20,0 | 20,0 | 20,0

#5 1 190 | 192 ] 205 [ 196 | 21 | 206 | 205 | 202

#6 19 | 196 | 20,0 | 208 | 21,0 | 21,9

#7 195 | 19,6 | 20,5 | 20,1 | 20,0 | 20,7

#3 210 | 203 | 21,5 | 200 | 22,5 | 22,9 | 22,0 | 21,3
# | 185 | 18,1 | 195 | 196 | 21,5 | 21,1 | 190 | 194

#10 19,0 | 184 | 20,0 | 200 | 20,0 | 204 | 20,5 | 19,7
#11] 200 | 194 [ 215 | 21,1 | 225 | 222 | 21,5 | 207

#12 210 | 203 | 21,0 | 21,0 | 200 | 192 | 20,0 | 20,8
#13 19,5 | 192 | 195 [ 200 | 21,0 | 204 | 190 | 187

#14 | 18,5 | 18,1 21,5 | 209 | 195 | 19,1

#15] 205 | 199 | 21,0 | 206 | 22,0 | 21,7 | 21,5 | 21,2

#16 21,5 | 208 | 21,0 | 21,0 | 22,5 | 21,3

#17 195 | 19,1 | 205 | 19,7 | 20,5 | 20,1

#18 | 195 | 19,1 | 20,0 | 197 | 21 | 204 | 20,5 | 19.9

#19] 20,5 | 197 | 195 | 192 | 225 | 22,1 | 20,5 | 194

#20 210 | 20,6 | 21,0 | 204 | 225 [ 21,7

#1] 195 | 19,1 20,5 | 19,6 | 185 | 182

#22 195 | 192 | 20,0 | 19,9 | 20,0 | 20,7

#3215 | 208 | 21,0 | 201 | 21 | 212 | 205

#24 21,0 | 20,1 | 21,0 | 20,3 | 20,0 | 192 | 20,0 | 19,8
#5 190 | 183 | 185 | 177 | 19,5 | 19,1

#6215 | 218 215 | 221 | 22 | 226 | 205

#7205 | 192 ] 190 [ 201 | 21,5 | 209 | 195

#8 215 | 207 | 210 | 203 | 225 | 21,7 | 22 |21.8
#9] 180 | 173 210 | 21,0 | 190

#30] 21,5 | 203 | 21,0 | 21,9 | 20,0 | 206 | 20,0

#1 190 | 198 | 180 | 172 | 195 | 19,1

#32| 215 | 206 22 | 214 | 200

#33 ] 180 | 180 | 195 | 199 | 21,0 | 20,7 | 19,0

#34 1205 | 200 | 195 | 203 | 21,5 | 21,0 | 19,5

#35] 20,0 | 200 | 210 | 21,8 [ 220 [ 22,7 | 210

#36 215 | 212 | 21,0 | 202 | 205 | 19,8 | 20,0 | 199
#37] 215 | 219 215 [ 209 | 21 | 2006 | 200

#38] 195 | 19,0 21 | 209 | 205

#39 195 | 18,7 | 20,5 | 19,5 | 20,0 | 19,7

#40 | 20,5 | 208 | 20,0 | 21,2 | 20,5 | 20,1 | 20,5

*N = Number of tooth. **D = Distal canal in three-canal lower molars or DL = Distolingual canal in four-canal lower
molars. ***% EAL = Measurements with Electronic apex locator. **%** RV = Measurements with Romexis viewer.

A total of 40 teeth (n=40) were evaluated in Group I,
of which 20 were primary cases (Subgroup A) and 20 were
retreatment cases (Subgroup B). For Subgroup A, the mean
working length measured with the electronic apex locator
was 20.13 £ 1.21 mm, with values ranging from 18.5 mm to
22.0 mm. The corresponding radiographic measurements
obtained using the Romexis viewer demonstrated a mean
value of 20.09 £ 1.16 mm, within a similar range of 18.2—
22.4 mm. In Subgroup B, the mean electrometric working
length was slightly higher at 20.45 + 1.15 mm (range: 18.0-
22.0 mm), while the radiographic method yielded a mean of
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20.49 + 1.16 mm (range: 18.0-22.0 mm). Statistical com-
parisons revealed no significant differences between Sub-
groups A and B for either measurement technique. Inde-
pendent samples t-tests demonstrated that the difference in
mean electrometric values between Subgroup A and Sub-
group B was not statistically significant (t =-0.87, p = 0.39).
Similarly, no significant difference was observed between
radiographic measurements in the two subgroups (t =-1.09,
p = 0.28). These findings indicate that the type of endodon-
tic intervention, whether primary or secondary, did not sub-
stantially influence the recorded working length values.

J of IMAB. 2025 Oct-Dec;31(4)



Paired analysis was also conducted to assess the agree-
ment between the two measurement modalities within each
subgroup. In Subgroup A, the comparison between
electrometric and radiographic results revealed close con-
cordance, with no statistically significant difference (t=0.52,
p = 0.61). A similar pattern was observed in Subgroup B,
where electrometric and radiographic values were again sta-
tistically indistinguishable (t = —0.26, p = 0.80) (Fig .3).

Taken together, these results demonstrate a high level
of agreement between electrometric and radiographic meth-
ods across both primary and retreatment cases. The lack of
significant inter-group and intra-group differences suggests
that both approaches provide clinically comparable esti-
mates of working length in single-rooted teeth, irrespective
of whether the treatment was performed for the first time or
as a retreatment. These findings provide evidence for the
reliability of both techniques under clinical conditions,
supporting their interchangeable use in endodontic prac-
tice (Table 1).

Fig. 3. Box-plot representation of working length
measurements in Group I (single-rooted, single-canal teeth).
The distribution of values is presented for Subgroup A (pri-
mary treatment) and Subgroup B (retreatment), with sepa-
rate plots for measurements obtained using the electronic
apex locator (FAL) and the radiographic method (Romexis
viewer).

Distribution of working length measurements (Group 1)

T 1

21

201

Working length (mm)

11

18r

A - EAL A - Romexis B - EAL B - Romexis

Agreement analysis between methods

In addition to descriptive and inferential statistics,
further analyses were conducted to evaluate the level of
agreement between the two measurement techniques. A
Bland-Altman analysis demonstrated a mean difference
(bias) of —0.02 mm between the electronic apex locator
(EAL) and the radiographic measurements (Romexis), in-
dicating negligible systematic error. The 95% limits of
agreement ranged from -1.32 mm to +1.28 mm, within
which the vast majority of individual observations were
contained. This suggests that, although minor variations
occurred on a case-by-case basis, the two methods pro-
vided highly comparable estimates of working length
across the study population (Fig.4).
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Fig. 4. Bland—Altman plot for EAL measurements vs
Romexis viewer measurements.
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The degree of concordance was further quantified by
calculating the intraclass correlation coefficient (ICC, model
2,1: two-way random, absolute agreement). The ICC value
was 0.91, indicating excellent agreement. This finding in-
dicates that more than 90% of the variance in measurements
was attributable to true differences between teeth rather than
inconsistency between methods.

Taken together, these analyses reinforce the observa-
tion that the EAL and Romexis techniques yield consistent
and clinically interchangeable results for determining work-
ing length in single-rooted teeth. The combination of Bland—
Altman analysis and ICC strengthens the reliability of the
findings and provides robust evidence supporting the use
of either method in clinical endodontic practice.

DISCUSSION

The measurements were performed using two meth-
ods: electrometrical (with an apex locator) and digital (with
a Romexis viewer and Planmeca measured on digital paral-
lel periapical radiography) to determine their diagnostic
validity and the potential effect of other connected param-
eters, such as canal curvature. The second purpose is to pro-
vide an explanation for observed variances and similarities
by referencing relevant research that employed comparable
methods (digital imaging) to provide an evidence-based
foundation that may be useful in clinical practice [10]

Accurate determination of the working length (WL)
remains a cornerstone of successful endodontic therapy. It
ensures thorough chemomechanical debridement of the root
canal system while avoiding iatrogenic injury to the peri-
apical tissues. Under- or overestimation of WL has well-
documented consequences: instrumentation short of the
apical constriction may leave necrotic tissue and microbial
biofilm in situ, whereas over-instrumentation risks extru-
sion of debris and irrigants, contributing to postoperative
pain, delayed healing, or even chronic periapical inflamma-
tion [6]. Hence, precision in defining the WL is not merely a
procedural formality but a critical determinant of long-term
treatment outcome [6, 12].
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The complexity of WL determination increases sig-
nificantly in root canals with curvatures. Anatomical varia-
tions often hinder straight-line access, creating difficulties
in negotiating instruments to the full length without risk of
transportation or leading [7, 8]. In such cases, electronic
apex locators (EALs) demonstrate superior accuracy com-
pared with radiographic methods alone, as their impedance-
based measurements are less influenced by curvature [9].
Nonetheless, curvature alters tactile perception during in-
strumentation and may lead to premature binding of files
before reaching the true apical constriction. Strategies such
as preflaring, use of flexible nickel-titanium instruments,
and continuous verification of WL with EALs and confirma-
tory radiographs are therefore essential in minimising pro-
cedural errors [11, 12, 13].

An additional challenge arises in canals affected by
apical resorption, often associated with periapical lesions.
Resorption disrupts the anatomical landmarks that typically
guide WL determination, such as the cemento—dentinal junc-
tion and the apical constriction [15]. As a result, the apical
foramen may be irregular or displaced, reducing the reli-
ability of both tactile sensation and radiographic reference
points [16]. In such scenarios, reliance on modern EALs is
indispensable, yet clinicians must interpret readings cau-
tiously, as electronic measurements may be unstable in cases
of extensive resorption [19]. The clinical objective should
not be to extend instrumentation into the resorptive defect
but rather to establish a WL that respects the biological
limits of periapical healing. Careful adjustment of the WL,
combined with conservative apical preparation and the use
of biocompatible sealers, is recommended to promote tissue
repair [20].

Taken together, accurate WL determination is a mul-
tifaceted process that requires the integration of electronic,
radiographic, and clinical data. Particular attention is war-
ranted in anatomically complex canals and in cases compli-
cated by apical resorption associated with periapical pa-
thology. Ultimately, individualised WL management is fun-
damental for effective infection prevention, prevention of
procedural mishaps, and long-term preservation of periapi-
cal health.

The present findings confirm a high degree of agree-
ment between electronic apex locator (EAL) and radio-
graphic (Romexis) measurements in determining working
length in single-rooted teeth (Fig. 2). The Bland—Altman
analysis indicated negligible bias and narrow limits of agree-
ment, while the intraclass correlation coefficient demon-
strated excellent reliability (ICC = 0.91). These results are
consistent with previous investigations, which report that
modern apex locators provide measurements closely com-
parable to those obtained radiographically, with deviations
generally within a clinically acceptable range of =1 mm.

The clinical relevance of these findings lies in the
interchangeable use of the two techniques, particularly in
circumstances where one method may be less feasible or
subject to limitations. Radiography remains the traditional
approach, yet it is influenced by factors such as image dis-
tortion, superimposition of anatomical structures, and ra-
diation exposure. Conversely, EALs provide immediate read-
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ings without additional radiation but may be affected by
root canal morphology, apical resorption, or the presence of
conductive irrigants. The demonstrated concordance there-
fore suggests that both methods can be applied with confi-
dence, allowing clinicians to select the most appropriate
technique according to the clinical scenario.

Nevertheless, it should be noted that the absence of
an external gold standard limits the ability to validate abso-
lute accuracy. Future studies incorporating histological or
microscopic reference measurements would be valuable to
further substantiate these results.

Clinical Implications

From a clinical perspective, accurately determining
the working length (WL) is pivotal for achieving predict-
able endodontic outcomes. Establishing a reliable WL di-
rectly influences the thoroughness of canal debridement,
disinfection, and subsequent sealing [1]. Failure to achieve
accuracy—whether through under-instrumentation, leaving
residual infection, or over-instrumentation, which can cause
extrusion of debris—can significantly compromise periapi-
cal healing and long-term tooth retention [4].

In curved canals, the clinician is confronted with the
dual challenge of anatomical complexity and limited ac-
cess. NiTi rotary systems with enhanced flexibility allow
safer negotiation of curves while maintaining the original
canal path, thereby reducing the risk of ledging or apical
transportation. Nevertheless, WL should be verified repeat-
edly with electronic apex locators (EALSs), complemented
by radiographic confirmation, particularly when tactile feed-
back becomes unreliable due to curvature [9]. Routine
preflaring of the coronal third not only improves the accu-
racy of WL readings but also facilitates the safe advance-
ment of instruments.

Teeth with apical resorption present further difficul-
ties. Loss of apical constriction complicates the definition
of a precise endpoint, making instrumentation strategies
more biologically driven [14]. In these cases, EALs remain
the most dependable modality, although readings may fluc-
tuate. Clinicians must therefore interpret measurements with
caution, setting the WL slightly short of the radiographic
apex to minimise over-instrumentation. The adoption of
bioceramic sealers, which can form a hermetic seal and pro-
mote tissue regeneration, offers additional advantages in
resorptive scenarios [21].

Importantly, both clinical and educational protocols
should emphasise the integration of EALSs, high-resolution
radiography, and operator awareness of anatomic variabil-
ity. The ability to individualise WL determination accord-
ing to each case—whether straightforward, curved, or
resorptive—represents a critical clinical skill. Ultimately,
precision in WL not only supports effective disinfection
but also prevents procedural errors that may otherwise jeop-
ardise treatment prognosis [22].

The present study offers evidence of agreement be-
tween radiographic and electrometric methods for determin-
ing working length in both primary and secondary endo-
dontic treatments. However, several limitations should be
recognised when interpreting the findings. A major limita-
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tion is the lack of a universally accepted gold standard
against which the accuracy of the two methods could be
objectively verified. Neither periapical radiography nor the
electronic apex locator provides a direct measurement of
the actual canal length; instead, both are indirect techniques
subject to operator variability and anatomical factors [2].
Consequently, the results indicate relative comparability
between methods rather than absolute accuracy. Addition-
ally, the study was conducted under clinical conditions,
where variations in root canal morphology, periapical sta-
tus, and technical execution may influence outcomes. The
relatively limited sample size within each subgroup also
restricts the generalisability of the findings. Future investi-
gations incorporating in vitro validation against histologi-
cal or microscopic measurements, as well as larger and more
diverse clinical populations, would be beneficial in
strengthening the evidence base [3, 18]

CONCLUSION

Precise determination of the working length (WL) is
fundamental to the success of endodontic treatment. By
ensuring that instrumentation and obturation are confined
within biologically acceptable limits, accurate WL supports
thorough microbial control while preventing periapical in-

jury. The consequences of inaccurate WL - whether through
under-instrumentation that leaves residual infection, or over-
instrumentation that damages apical tissues - underscore
the central role of this clinical parameter in both healing
and long-term prognosis.

Special attention is required when treating curved
canals and cases complicated by apical resorption. In curved
canals, maintaining WL accuracy while respecting canal
anatomy demands careful use of flexible NiTi instruments,
regular verification with electronic apex locators (EALSs),
and confirmatory radiographs. Apical resorption, often as-
sociated with periapical pathology, complicates WL deter-
mination due to disruption of the apical constriction. Here,
clinicians must rely on EALs while interpreting readings
with caution, adopting conservative instrumentation and
employing modern biocompatible sealers to enhance peri-
apical repair.

Taken together, WL determination should not be re-
garded as a singular measurement but as a dynamic, integra-
tive process that combines electronic, radiographic, and
clinical data. Individualised WL management tailored to
anatomical complexity and pathological conditions is cru-
cial for optimising disinfection, minimising procedural er-
rors, and achieving predictable endodontic outcomes.
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