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Abstract

Background Precise knowledge of the apical construction, which determines the end of the area for canal
preparation and filling, is essential for the success of root canal treatment and the management of postoperative pain.
For this purpose, devices based on various methods that determine the working length (WL) are used. However, it is
still controversial which method provides the most accurate measurements.

Aim To investigate the compatibility of the electronic apex locator (EWL) and simultaneous working length
determination (SWL) methods in single-root teeth in comparison with the radiographic working length determination
(RWL) method and to determine which one produced more effective results in terms of postoperative pain.

Materials & methods One hundred patients scheduled for root canal treatment (RCT) were randomly assigned

to one of the three groups according to the working length measurement method (EWL, SWL or RWL). After WL
determination with assigned method, root canals were prepared and then obturated. Age, gender, simplified oral
hygiene index (OHI-S), oral and dental examinations and Visual Analogue Scale (VAS) results of all participants were
recorded. The incidence and intensity of postoperative pain were rated on a Visual Analogue Scale (VAS) by patients
6,12, 24,48 h and 7 days after RCT. The number of analgesic tablets (400 mg lbuprofen) taken by patients was also
recorded. Data were analyzed using the chi-square, One- way ANOVA and Kruskal-Wallis tests. Bland-Altman and
Passing-Bablock regression analysis were used as method comparison techniques.

Results It was determined that the number of patients receiving analgesia and the total number of analgesia
doses were higher in EWL and RWL groups compared to SWL group (p <0.0001). When the WL values at which the
treatment was applied were compared in the patient groups; WL values of EWL group were statistically lower than
SWL group (p<0.01). While there was no difference between the preoperative VAS scores of the groups (p=0.7590),
the postoperative 6th and 12th hour VAS scores of SWL group were lower than those of EWL and RWL groups
(p=0.005 and p=0.0002, respectively). Again, the VAS scores of SWL group at the 24th and 48th postoperative hours
were lower than those of RWL group (p <0.05). According to the Bland-Altman and Passing-Bablock regression
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analysis results, although there was no statistically significant difference between the EWL and SWL methods
(p=0.471), the bias value of -0.1190 was well below the acceptable total error (0.1648). Additionally, a strong
relationship was found between EWL and SWL methods (r=0.9698, r?=0.9406, p<0.001). Therefore, statistically these
two methods were considered compatible with each other. It was determined that there was a statistically significant
bias (0.340, p<0.0001) between the RWL and SWL methods, exceeding the total error.

Conclusions As a result, it was determined that the SWL method, which is used to determine working length for the
success of endodontic treatment, can be used as an alternative to the EWL method thus producing more effective
results in the management of postoperative pain. However, in addition to the method used, the technology of the
device developed for this method should not be ignored.

Clinical relevance Precise knowledge of the apical construction, which determines the end of the area for canal
preparation and filling, is essential for the success of root canal treatment and the management of postoperative
pain. For this purpose, devices based on various methods that determine the working length are used. However, it is
still controversial which method provides the most accurate measurements. This study found that the simultaneous
working length determination method can be used as an alternative to the electronic working length determination
method and produces more effective results in the management of postoperative pain. Another important outcome
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method. This is a first in literature.

locator, Postoperative pain

of this study is that the Total Allowable Error (TEa) for the electronic apex locator method, which is accepted as the
reference, has been calculated for the first time. Other methods have been evaluated according to this reference

Keywords |Irreversible pulpitis, Root canal treatment, Simultaneous working length determination, Electronic apex

Introduction

Root canal treatment (RCT) procedures should be con-
fined within the root canal system. The working length
(WL) is defined as the distance between a coronal ref-
erence point and the apical construction ([AC] or in
other words, minor apical foramen). AC represents the
histologic point of transition between the pulpal and
the periodontal tissue at the cementodentinal junction,
and is accepted as the physiological apical limit for end-
ing endodontic instrumentation and obturation [1]. The
location of the apical constriction is 0.5 to 1.0 mm short
of the radiographic apex [1]. Exceeding the tolerance of
0.5-1.0 mm from the AC and making the root canal fill-
ing shorter or longer will either cause the infected and
necrotic tissue not to be completely cleaned or the peri-
apical area where healthy vessels and nerves are located
will be damaged [2]. However, there are limitations in
relying solely on radiographs to determine the working
length because of variation in the distance and location
of the apical constriction relative to the anatomical and
radiographic apex, root curvature, and superimposition
of the zygomatic arch in maxillary molars [2]. Therefore,
the digital radiograph method, which previously used the
radiological working length (RWL) technique, has been
replaced by the working length determination with elec-
tronic apex locator (EWL) method, which is more widely
used today [3]. Devices that apply various methods to
determine the root canal working length have been devel-
oped. The simultaneous working length (SWL) determi-
nation is a newer development that allows clinicians to
clean and shape root canals while monitoring the file’s

position inside the canal using dynamic feedback from
EAL. In this method, an endodontic motor with a built-
in EAL provides continuous feedback during root canal
instrumentation allowing clinicians to make real-time
adjustments to the WL. Thus, it provides continuous
feedback, which allows the clinician to make real-time
adjustments. The motor of devices using this method has
automatic apical reverse and automatic apical stop opera-
tion. In this way, when the tip of the file reaches the api-
cal foramen, the file safely reverses and stops rotating.
Thereby, SWL method reduces the risk of over- instru-
mentation [4]. In the light of the above information, the
null hypothesis tested in this study is that there is no sig-
nificant difference between the SWL, the EWL and RWL
methods, these methods are equally effective in postop-
erative pain management.

Materials and methods

Design of working groups

The prospective study included 100 patients aged 18—59
years who applied to the Department of Endodontics
of Istanbul Medipol University between June 2022 and
January 2023 due to irreversible pulpitis (IP). The study
was approved by the Institutional Ethical Committee
(E-10840098-202.3.02-3130, 25/05/2022), and written
consent was obtained from all participants.

This study has a randomized, single-blind design.
Patients participating in the study did not know which
method was used. However, the blinding of the endo-
dontist was not possible due to the use of different WL
methods.
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According to the methods used to determine the WL,
35 patients in whom EWL method was used with the
electronic apex locator (Root ZX mini, J. Morita Corp.,
Tokyo, Japan) were included in EWL group; 35 patients in
whom the simultaneous working length (SWL) method
(Woodpecker Ai Endo Motor With Apex Locator, Guilin
Woodpecker Medical Instrument Co., China) were used
were included in SWL group; 30 patients in whom the
radiologic working length (RWL) method was used were
included in RWL group. The patient groups included in
the study groups were randomly selected from people
similar in terms of age and gender characteristics.

Demographic characteristics of all participants [age,
gender, simplified oral hygiene index-score (OHI-S)], oral
and dental examinations [(number of root canal treated
teeth (RCT), number of crowns, number of composite/
amalgam fillings (DDS), tooth types (maxillary anterior,
mandibular anterior or mandibular premolars) and num-
ber of missing teeth (NMT) etc.] and Visual Analog Scale
(VAS) results were recorded. Similarly, the number of
patients using analgesics (NPA) and the total number of
analgesic doses administered (TAD) per week were also
recorded. Preoperative digital radiographs were taken
using paralleling technique under standard exposure
conditions. Periapical index (PAI) score was calculated
from the radiological images of the patients [5].

Inclusion criteria

Patients between the ages of 18—59.

Patients without systemic disease.

Single-rooted teeth having one canal.

Those with an irreversible pulpitis diagnosis.

Teeth having mature apexes with no radiographic

sign of root resorption.

6. Those with a root canal without severe curvature
(<30°).

7. Patients who signed an informed consent form were
included in the study.

8. Patients forming all study groups were selected from

those with PAI scores of 1-2.

Gk W=

Exclusion criteria

1. Maxillary premolar teeth.

2. Mandibular premolars and incisors with two root
canals.

3. Patients who were pregnant, lactating, morbidly
obese, had acute or chronic inflammatory disease
(large local or generalized infection, cancer,
cardiovascular disease and advanced diabetes
mellitus) were excluded from the study.
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4. Those who could not show the necessary compliance
and were not able to remain inactive for the
treatment to be carried out properly, those with
mental retardation, advanced age and cooperation
disorders were excluded from the study.

5. In addition, patients with calcified root canals,
root resorption, periodontal problems (probing
depth >4 mm), incomplete root development,
history of previous endodontic treatment, severely
curved roots or excessive coronal destruction on the
diagnostic radiograph taken before the procedure
were not included.

6. Patients with radiographically confirmed periapical
lesions.

Clinical procedures

The principal investigator (E.G.) performed the entire
endodontic procedure on all the patients using a stan-
dardized protocol. Rubber dam isolation was used in
all the cases, and local anaesthesia (Articaine 4% with
1:200,000 epinephrine, Ultracaine DS Fort, Hoechst-
Marion Roussel, Frankfurt, Germany) was administered.
A standard access cavity was prepared using sterile dia-
mond and carbide burs. The incisal or occlusal edges
were ground lightly to create stable reference points
for the rubber stops on the root canal files. Canals were
shaped using the ProTaper Universal SX shaper file sys-
tem (ProTaper Universal; Dentsply Maillefer, Ballai-
gues, Switzerland), and then irrigated with 2.5% NaOCl
solution. Then, patients were randomly assigned into 3
groups according to the WL determination methods: The
EWL, SWL and RWL groups.

In the EWL group, the Root ZX mini Electronic Apex
Locator (EAL, ] Morita Corp, Tokyo, Japan) was used.
After coronal flaring, a size #15 K-file attached to the
EAL was inserted into the root canal. When the “APEX”
was reached, the file was withdrawn until the “0.5 mm”
mark. The file was removed from the root canal and the
WL was determined. The rubber stop on the file shaft
was positioned on the reference point after determining
the apical limit. The distance between the instrument’s
tip and the rubber stop was measured with a caliper to
the nearest 0.01 mm. This procedure was repeated thrice,
and the mean of these measurements was considered as
the EWL [3]. After the WL was measured with EAL in
EWL group, this length was also measured with SWL
and RWL methods. However, in the EWL group, root
canal preparation was performed based on the length
measured according to EAL.

In the SWL group, the working length was determined
by using the Ai Motor (WOODPECKER, Guilin, China),
according to the manufacturer’s instructions. The file was
advanced within the root canal to a point just beyond
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the major foramen, as indicated by the flashing “APEX”
bar on the liquid crystal display. The file was then with-
drawn until the liquid crystal display showed a flashing
bar “0.5 mm” mark from the apex. Measurements were
recorded in the same manner as in the EWL method.
After the WL measurement in SWL group, this length
was also measured with EWL and RWL methods. How-
ever, in the SWL group, root canal preparation was per-
formed based using dynamic feedback from the device.

Radiographic determination was done by measuring
the length of the root on radiograph and then subtract-
ing millimeters from this estimate [6]. With a #15 K-file
inserted into the canal, a periapical radiograph was taken
with a parallel technique (Carestream RVG 5200; Car-
estream Health Inc, Atlanta, CA, USA). The measure-
ment from the tip of the apex is added to the known
length of the file that was in the canal, then another
radiograph was taken again to confirm that the end of the
file was placed 1 mm short of radiographic apex. This was
accepted as RWL. After the WL measurement in RWL
group, this length was also measured with EWL and
SWL methods. However, in the RWL group, root canal
preparation was performed based on the length mea-
sured according to RWL.

The canals were shaped at the working length deter-
mined for the group to which it was assigned in each
group. Root canals were prepared by using the ProTa-
per Next files (Dentsply-Sirona, Ballaigues, Switzerland).
These files were used with a preprogramed endomotor
(Xsmart Plus; Dentsply Maillefer, Ballaigues, Switzer-
land) in EWL and RWL groups. However, the preparation
in the SWL group was done using Ai Motor endomotor
(WOODPECKER, Guilin, China), which has a built-in
apex locator. The mode was set as an auto-apical stop to
ensure that there was no over-preparation during instru-
mentation. Simultaneous length control was provided
with SWL method. The canals were apically enlarged to
size 40 (X4) at the working length (SX, X1, X2, X3, and
X4, respectively). Between each instrument change, the
root canal was irrigated with 5 ml of 2.5% NaOCI solu-
tion with a 30-gauge side-vented irrigation needle.
Hence, a total of 25 ml of the irrigating solution was
used. After instrumentation was completed, the smear
layer was removed with 2 ml 17% EDTA, which was left
in the canal for 3 min. Saline solution was used after to
flash the root canals to eliminate the effect of EDTA. The
canals were obturated using epoxy resin sealer (AH Plus,
Dentsply DeTrey GmbH, Konstanz, Germany) and cold
lateral compaction of gutta-percha. Ibuprofen 400 mg
was prescribed to the patients, with instructions to use it
as a rescue analgesic only in the event of unbearable pain.
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Application of visual analog scale for pain

Visual Analogue Scale (VAS) is a valid, subjective mea-
sure of acute and chronic pain. It is based on determin-
ing the pain level on a numerical line. The basic principle
is used to convert some qualitative values that cannot be
measured numerically into numerical data. Scores from
one end of a line to the other are recorded by making a
handwritten mark on a 10 cm line representing the con-
tinuum between “no pain” and “worst pain” [7]. In this
study, patients were informed about this scale before
making the evaluation. It was announced that a VAS
would be used to assess pain severity. Patients were asked
to describe their pain condition by drawing a line or
pointing where it fit on this line. Later, the distance from
where there was no pain to where the marking was made
was measured. This distance was recorded as the numeri-
cal value of the patient’s pain. All participants were asked
to repeat the same procedure preoperatively and postop-
eratively at 6 h, 12 h, 24 h, 48 h and 7 days after RCT.

Statistical analysis

Statistical evaluation of the data obtained from the
research was made using SPSS Statistic-Software (IBM
Corp., Version 25, Chicago, USA) and MedCalc® Statis-
tical-Software (MedCalc Software Ltd., Version 22.016,
Ostend, Belgium) programs. Chi-square (x2) test was
used to examine whether the categorical data of this study
were independent in affecting the test statistics. Before
further statistical analysis, the Kolmogorov-Smirnov nor-
mality test, which tests the assumption of normality, was
applied to determine how the data were distributed. In
the analysis of parametric and nonparametric data of this
study consisting of three groups, One- way ANOVA and
Kruskal-Wallis tests were applied. To test whether there
was a relationship between the independent variables of
the study, Pearson and Spearman correlation tests were
used for parametric and nonparametric data, respec-
tively. Bland-Altman and Passing-Bablock regression
analysis were used as method comparison techniques to
evaluate whether the EWL, SWL and RWL methods used
to determine the root canal working length of all partici-
pants produced compatible results.

Bland-Altman analysis

It is a statistical technique frequently used to compare
two medical methods. With this analysis, it was evalu-
ated how compatible the results of two methods are.
By comparing the means of the differences between the
measurements of the methods, it was examined whether
these differences were within the 95% agreement range.
On the graph, the differences were placed on the Y axis
and the means of the two methods were placed on the
X axis. The fact that the differences were randomly dis-
tributed around zero and the mean of the differences
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was within the range of +1.96 standard deviation (s) was
accepted as evidence of agreement between the methods
[8, 9]. In this study, the agreement of a new method was
evaluated by taking the EWL method as a reference.

Total allowable error (7,,TEa) calculation for working length
In terms of patient safety, it is recommended that the
total error of the measurement should not exceed the
total allowable error (1, TEa,). The total error is the sum
of systematic and random errors made during measure-
ment. Below is the Westgard formula for calculating
TEa [10]. The value of Z is 1.65 with a 95% probability
(one-sided).

TEa% = Bias% + Zx CV% (coefficients of variation)

To determine the bias%, the EWL method was chosen
as the standard method in endodontic treatment today,
and the average WL value of group 1 patients was deter-
mined as the target value. The mean WL value of group
2 patients with the new method (SWL) was subtracted
from the mean WL value of group 1 patients (measured
by the EWL method), which represents the target value,
and divided by the target value [bias% = 100x(20.7-22.3)
/20.7)]. As a result, bias% was found to be 7.7%.

To determine the coefficients of variation (CV)%, WL
values of the same patient were measured using the EWL
method at 20 different times during the day. The mean
(Mean) and standard deviation (SD) of these 20 WL val-
ues were calculated (19.87%1.0574). The following for-
mula was used for CV%.

CV% = (SD/Mean) x 100
= 50.3216%

TEa% = 7.7% + 1.6 x 5.3216%
=T7.7%+8.78%
= 16.48%
= 0.1648

Table 1 Comparison of data on demographic characteristics of
study groups

EWL SWL RWL p value
n, 35 35 30 -
Gender, Male (%) 15(43%) 16(46%) 16(53%) €0.6880
Age, year 353498  358+119  358+109 509747
BMI, kg/m? 267+38  27.1£38 263+4.7 80.7586

B One-way ANOVA with post-test (Tukey Kramer Multiple-Comparisons Test), C
Pearson Chi-Square test. Statistical significance level=p<0.05. Parametric data
are given as meanztstandard deviation. EWL: working length determination
with EAL method, SWL: Simultaneous working length determination, RWL:
Radiographic working length, BMI: Body mass index
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Power analysis and randomization

To determine the minimum number of subjects, in the
priori-power analysis (G*Power-Version 3.1, Diisseldorf,
Germany) based on the data of a study [11] comparing
the pain levels of patients undergoing root canal retreat-
ment, at least 15 subjects were included for each patient
group of this study (subjects) was calculated as required
(effect size d=1.11, a=0.05, power=0.90). However, in
order to reach a stronger prediction and since the mini-
mum number of samples should be 230 in parametric
statistical analyses, it was planned to consist of 30 cases
for the control and 35 cases for the experimental groups
of this independent study.

The randomization process of the patients participat-
ing in the study into groups was carried out by two endo-
dontists (M.U. and S.E.) working in the unit where the
research was conducted. Patients who met the inclusion
criteria were randomly assigned to one of 3 groups. Addi-
tionally, patients requiring RCT for more than one tooth
were randomly assigned to groups to ensure objectivity
and maintain equal sample size.

Results

Comparison of demographic and clinical characteristics
Demographic data of the study groups are shown in
Table 1. The mean ages of patients were 35.3+9.8 (18—
53), 35.8+11.9 (18-53) and 35.8+10.9 (18-56) years,
respectively for EWL (M/F: 15/20), SWL (M/F: 16/19),
and RWL (M/F: 16/14) groups. The mean body mass
index (BMI) values were 26.7+£3.8 (21-35), 27.1+3.8
(20-34) and 26.3+4.7 (19-36) kg/m? respectively for
EWL, SWL and RWL groups. There were no differ-
ences between groups in terms of gender, age and BMI
(p=0.6880, p=0.9747 and p=0.7586, respectively).
Therefore, the differences detected between the groups in
terms of the variables investigated were considered to be
independent of these demographic characteristics.

Comparison of clinical and examination findings
The clinical and examination findings of the study groups
are given in Table 2. There was no statistically significant
difference between groups in terms of PAI and tooth type
(p>0.05). Similarly, there was no statistically significant
difference between the groups in terms of OHI-S score,
tooth types, number of crowns, number of root canal
treated teeth, number of filled teeth and number of miss-
ing teeth (p>0.05). Therefore, it shows that the groups
are homogeneous in terms of OHI-S, PAI tooth type,
number of crowned teeth, filled teeth, root canal treated
teeth and missing teeth. This indicates that pain-related
evaluations between groups will be independent of the
influence of these variables.

The number of patients receiving analgesia in the study
groups and the working length values measured by three
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Table 2 Comparison of clinical and dental examination data of study groups
EWL SWL RWL p value

n, 35 35 30 -

OHI-S 32+18 32+16 32+15 40.9676
2.8(0.8-6.3) 3.5(0.8-6.0) 2.9(0.8-6.9)

PAI 2+1 2+1 1+1 ©0.6880
2(1-2) 2(1-2) 1(1-2)

MaxA/ManA/ManPre, n 9/16/10 17/7/11 11/7/12 €0.1060

Number of dental crown, n 1.8+£20 24+46 21+£26 203130
1.0(0.0-7.0) 0.0(0.0-16.0) 1.5(0.0-12.0)

RCFE n 1.8+£20 41+£31 42+3.7 80.8559
1.0(0.0-9.0) 4.0(0.0-11.0) 3.0(0.0-17.0)

NF, n 27%2.1 26+16 2718 80.9760
2.0(0.0-7.0) 3.0(0.0-6.0) 3.0(0.0-8.0)

MT, n 6+6 6+6 4+4 £0.1957
4(0-15) 4(0-20) 3(0-13)

PRA, n(%) 29(83%) 17(49%) 29(%97%) A<0.0001

Intergroup p <0.01,>0.05,<0.001

TADS, week 1.1+£0.7 05+0.7 14+£06 A<0.0001
0-1) 0(3-0) 0-1)

Intergroup p <0.01,>0.05,0.001

Working length, mm 207+1.7 223+25 212425 80.0095

Intergroup p <0.01,>0.05, >0.05

A Kruskal-Wallis Test (Nonparametric ANOVA) with post-test (Dunn’s Multiple-Comparisons Test), B One-way ANOVA with post-test (Tukey Kramer Multiple-
Comparisons Test), C Pearson Chi-Square test. Statistical significance level=p<0.05. When p values obtained by ANOVA tests are <0.05, p values are determined by
making comparisons between groups (Group 1-2, Group 1-3 and Group 2-3, respectively). Parametric data are given as meantstandard deviation. MaxA/ManA/
ManPre: Maxillary anterior /mandibular anterior / Mandibular premolars, EWL: working length determination with EAL method, SWL: Simultaneous working length
determination, RWL: Radiographic working length, OHI-S: Simplified oral hygiene index, PAI: Periapical index score, RCT: Root canal treatment, NF: Number of filling,
MT: Missing teeth, PRA: Number of patients receiving analgesia, TADS: Total number of analgesics dose per week

different methods are given in Table 2. It was deter-
mined that the number of patients receiving analgesia
was statistically higher in EWL and RWL groups com-
pared to SWL group (p<0.0001). The total number of
analgesic doses (TADS) administered to EWL and RWL
groups’ patients was also higher compared to SWL group
(p<0.0001) (Fig. 1a). When the WL values of the patient
groups created according to the WL methods in which
endodontic treatment is applied are examined; While
the WL values of RWL group were not statistically dif-
ferent from the WL values of both EWL and SWL groups
(p>0.05), the WL values of EWL group were statistically
lower than those of SWL group (p<0.01) (Fig. 1b).

Comparison of SWL method with EWL and RWL methods
When the measurements of all patients taken with all
three methods were examined, there was no statistical
difference between the EWL, SWL and RWL methods in
terms of WL values (p=0.3386) (Table 3).

There was no statistical difference between the WL val-
ues determined by EWL and SWL methods (mean differ-
ence=0.1190, 95% CI = -0.5207 and 0.7587, p=0.7141),
and a strong relationship was found between the two
methods (Correlation coefficient (r)=0.9698, r>=0.9406).

According to the Bland-Altman graph and Passing-
Bablock regression analysis results of the EWL and SWL
methods, although the model comparing these two

methods was not found to be statistically different (the
methods were found to be compatible) (p=0.471), a bias
(systematic or proportional) was found to be -0.1190
[95% CI: (-0.2311) - (-0.0069)] value was found to be
statistically significant compared to 0 value (p=0.0376)
(Fig. 2). However, since the acceptable total error value
(TEa=0.1648) was taken as the tolerance value, the bias
value found was smaller than TEa. Therefore, these two
methods were found to be statistically compatible with
each other.

According to the Bland-Altman and Passing-Bablock
regression analysis results of the RWL and SWL meth-
ods, although the model comparing the two methods
was not statistically different (p=0.681), the bias was
found [0.340 (95% CI: 0.2295-0.4505), p<0.0001] statisti-
cally significant and greater than TEa (Fig. 3). Similarly,
according to the analysis results of the RWL and EWL
methods, the model comparing the two methods was
not found to be statistically different (»p=0.210), the bias
was found to be statistically significant [0.459 (95% CI:
0.3650-0.5530), p<0. 0001] and this bias value was above
TEa (Fig. 4). Therefore, the RWL method was not fully
compatible with both the EWL and SWL methods.

VAS scores of the groups are given in Table 4. There
was no statistical difference between the VAS scores of
the groups in the preoperative period (p=0.7598). When
the VAS scores of the groups at the 6th and 12th hours
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Fig. 1 Boxplot showing (A) total number of analgesia doses administered (TADS) and (B) working length (WL) data of the study groups according to the
method in which endodontic treatment was applied. It appears that the total number of analgesia doses administered to EWL and RWL patients was
higher compared to SWL. While there is no difference between the other groups, the WL values of EWL are statistically lower than group 2. A Kruskal-Wallis

Test (Nonparametric ANOVA), B One-way ANOVA Test

Table 3 Comparison of WL values of all patients measured
according to working length (WL) determination methods

EWL SWL RWL p
value
n, 100 100 100 -
Working 213+23 215423 218+23 8
length, mm 21.0(16.0-27.0) 21.3(15.0-27.0) 21.6(16.0-27.0) 0.3386

B One-way ANOVA. Data are presented as meanzxstandard deviation and
median (min-max). EWL: working length determination with EAL method,
SWL: Simultaneous working length determination, RWL: Radiographic working
length

postoperatively were examined; while there was no statis-
tical difference between EWL and RWL groups (p>0.05),
the VAS scores of SWL group were found to be lower
than EWL and RWL groups (p<0.05 and p<0.05, respec-
tively) (Fig. 5A-C). At the 24th postoperative hour, the
VAS scores showed no difference between the groups.
However, the VAS scores of SWL group were lower
than the VAS scores of RWL group (p<0.05) (Fig. 5D).
Similarly, at the 48th postoperative hour, SWL exhib-
ited lower VAS scores compared to both EWL and RWL
groups (p<0.05 and p<0.001, respectively) (Fig. 5E). On
the postoperative day 7, no significant difference was
observed between the groups (p=0.0547) (Fig. 5F). Over
time, a more rapid decrease in VAS values was observed
in EWL group (Fig. 6).

According to the correlation analysis results, there was
no statistically significant correlation between WL values
and preoperative VAS score and OHI-S score (r<0.200

and p>0.05). Similarly, there was no significant corre-
lation between postoperative VAS scores and WL and
OHI-S values (r<0.200 and p>0.05).

Discussion

The correct determination of the WL is a key factor for
successful RCT, because it reduces the possibility of
insufficient debridement of the canal or damage to the
periapical tissues due to over-instrumentation [12]. Due
to the pivotal role of WL determination in root canal
therapy, several methods have been used as follows tac-
tile sensation, radiography, EAL, the simultaneous work-
ing length control [13]. Although there are many studies
in the literature on the factors affecting the success of
endodontic treatments and WL measurement techniques
and current devices, there is still a need for studies that
accurately analyze WL methods and reveal alternative
techniques today [3, 14—17]. In this study, we discussed
alternative methods that provide the most effective WL
measurement, which is critical to the success of root
canal treatment, and the importance of WL in postopera-
tive pain management.

In the present study, WL was measured by three dif-
ferent methods, namely EWL, SWL and RWL, and the
effect of these systems on the postoperative pain level
was evaluated clinically. Since pain is a subjective con-
cept encountered by every individual, the most impor-
tant problem in studies on this subject is to convert and
evaluate quantitative data due to the qualitative feature
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Fig. 2 Bland-Altman and passing-bablock regression plot showing WL data of EWL and SWL groups. Although there was no statistically significant dif-
ference between the two methods, the bias value of -0.1190 was statistically significant (p=0.0376). However, this value was smaller than the acceptable
total error value (TEa=0.1648). Therefore, these two methods were found to be statistically compatible with each other
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Fig. 3 Bland-Altman and passing regression graph showing WL data of RWL and SWL groups. Although there was no statistically significant difference
between the two methods, the bias value of 0.340 was statistically significant (p <0.0001) and this value was larger than the acceptable total error value
(TEa=0.1648). Therefore, these two methods were not statistically compatible with each other
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Fig. 4 Bland-Altman and passing regression plot showing WL data of groups of EWL and RWL groups. Although there was no statistically significant
difference between the two methods, the bias value of 0.4590 was statistically significant (p <0.0001) and this value was larger than the acceptable total
error value (TEa=0.1648). Therefore, these two methods were not statistically compatible with each other

Table 4 Comparison of the number of patients receiving analgesia and working length (WL) values measured by three different
methods in the study groups

EWL SWL RWL p value

n, 35 35 30 -

Preop VAS, score 81+13 82+14 80+1.2 A0.7598
8(5-10) 9(5-10) 8(5-10)

Postop VAS 6 h, score 5.1+16 38+24 58+2.1 80.0005
5(1-8) 4(0-9) 6(1-9)

Intergroup p <0.05, >0.05, <0.001

Postop VAS 12 h, score 43+18 28+17 45+18 80.0002
5(0-7) 3(0-6) 4(1-8)

Intergroup p <0.01,>0.05, <0.001

Postop VAS 24 h, score 25+17 1.7+16 28+16 80.0199
3(0-6) 2(0-6) 3(0-6)
>0.05, >0.05, <0.05

Postop VAS 48 h, score 13+1.2 06+1.1 20+12 A <0.0001
2(0-4) 0(0-5) 0(5-2)

Intergroup p <0.05, >0.05, <0.001

Postop VAS 7 day, score 05+0.7 04+0.8 08+0.8 A0.0547
0(0-2) 0(0-3) 1(0-2)

A Kruskal-Wallis Test (Nonparametric ANOVA) with post-test (Dunn’s Multiple-Comparisons Test), B One-way ANOVA with post-test (Tukey Kramer Multiple-
Comparisons Test), C Pearson Chi-Square test. Statistical significance level=p<0.05. When p values obtained by ANOVA tests are <0.05, p values are determined by
making comparisons between groups (Group 1-2, Group 1-3 and Group 2-3, respectively). Parametric data are given as meantstandard deviation. VAS scores are
given as meantstandard deviation and median (min-max). EWL: working length determination with EAL method, SWL: Simultaneous working length determination,
RWL: Radiographic working length
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Fig. 5 Boxplot plot showing the VAS score values of the study groups (A) preop, (B) postop 6th hour, (C) postop 12th hour, (D) postop 24th hour, (E)
postop 48th hour and (F) postop 7th day. When the VAS scores of the groups are examined at the 6th and 12th hours postoperatively, it is seen that there
is no statistical difference between EWL and RWL, while the VAS scores of SWL are lower than those of EWL and RWL. It is seen that the VAS scores of SWL
are lower than RWL at the 24th postoperative hour. It is seen that the VAS score of SWL is lower than both EWL and RWL at the 48th postoperative hour.

A Kruskal-Wallis Test (Nonparametric ANOVA), B One-way ANOVA Test

of pain. Various scales are employed in the assessment
of pain, including verbal rating scale, visual analog scale
(VAS), numerical rating scales, facial expression scale
[17]. In the context of our study, the VAS descriptive
scale was selected due to its ease of application and its
ability to provide a visual indicator. This scale was uti-
lized for the measurement and ongoing monitoring of
pain intensity. In our data set consisting of three groups,
there was no difference between the groups in terms of
VAS scores in the preoperative period, which created a
good basis for testing the effectiveness of the WL method

used in the endodontic treatment approach. Preopera-
tive pain levels were similar in all three methods. In the
postoperative period, differences in pain management
were observed according to the effectiveness of the
method. In general, there was a decrease in pain lev-
els in the postoperative period compared to the preop-
erative period. The most significant reduction in pain at
the 6th and 12th hours after RCT was observed in SWL
patients compared to the other groups. A similar picture
was also seen at 24 and 48 h after RCT. This shows that
the SWL method is more successful than others in pain
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Fig. 6 When the VAS scores of the groups are examined over time, it is observed that the VAS values of SWL show a faster decrease

management in the short and medium term. The homo-
geneity of all groups in terms of demographic and clini-
cal characteristics defined in the Materials and methods
section shows that the effect of SWL application on pain
management is independent of other factors. Moreover,
the fact that fewer patients SWL group required analge-
sia and received lower doses of analgesia supported this
finding. Similarly, in a randomized controlled study con-
ducted by Arslan et al. [18], they reported that the SWL
technique during root canal preparation, as a non-phar-
macological strategy to reduce postoperative pain, is use-
ful in preventing postoperative pain, which is parallel to
our study. Superiority of SWL method in postoperative
pain management can be explained by use of electronic
apex integrated endodontic motor, which allows simulta-
neous length control during instrumentation. An inter-
esting property of this motor is that when an instrument
reaches the working length, the motor automatically
stops the instrumentation. Thus, it can be concluded that
automatically stopping instrumentation when the instru-
ment reaches the working length would decrease post-
operative pain compared with manually controlling the
working length by using stoppers during instrumentation
(separate length determination and root canal prepara-
tion) [18].

The SX file used in this study was preferred for wid-
ening the coronal part and optimizing the root canal
entrance during root canal shaping. This file is used espe-
cially for widening the coronal third and providing easier
access to the apical part of the root canal. In addition, this
widening process facilitates accurate measurement of the
working length, ensuring complete cleaning and shaping
of the root canal during treatment [19]. Standardization
was achieved by using the SX file in all study groups.

Today, determining the working length in endodontic
treatment with correct techniques is seen as the key ele-
ment in the success of the treatment and new methods
are being developed for this purpose [20]. Investigating

the incidence of endodontic flare up and related factors
in root canal treatment cases, Igbal et al. [21] reported
that incorrect WL detection may lead to flare up and
secondary root canal treatment. A longer WL may cause
unpredictable periapical instrumentation and debris
being pushed into the periapical tissues, resulting in
recurrent and exacerbated infections [21, 22]. For this
reason, the WL must be determined with correct tech-
niques. Although various methods have been developed
today to determine WL, the real question here is which
method, and which technological device is more suit-
able. This is a critical decision point for us endodon-
tists. Therefore, current methods measuring WL should
be known and the most appropriate method should be
decided by evaluating these methods by applying correct
analytical processes and test statistics. Method compari-
son analyzes used in this study, which we conducted to
find an answer to this problem, showed that EWL and
SWL methods can be alternatives to each other within
acceptable error limits. However, the SWL technique was
found to be more successful in pain management. For
this reason, we recommend using the SWL technique as
the first option. In addition, in this study, based on EWL
data, TEa% (16.48%) was determined for the first time to
be used in the evaluation of devices and methods to be
used in determining working length. This is an important
contribution to literature.

According to the Bland-Altman and Passing-Bablock
regression analysis results of this study, the model com-
paring the EWL and SWL methods was found to be
statistically compatible, and the bias (systematic or pro-
portional) detected between the measurements made
with these two methods remained within the allow-
able total error limit. It was evaluated as evidence that
they made equivalent measurements and could be used
as alternatives instead of each other. However, since the
high bias values detected between the RWL method and
the EWL and SWL methods, respectively, were above
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the acceptable total error. It was decided that the RWL
method could not be used as an alternative to the other
two methods. The minor apical foramen is the border
line between the dental pulp and the periodontal area,
approximately 0.5-1 mm from the anatomical apex [23].
For this reason, some sources accept a 0.5 mm error
in finding the apex within the tolerance limit [24, 25].
Therefore, there is a possibility that the RWL technique,
especially measured by radiological method, may exceed
the tolerance limits. This can be explained by the varia-
tions in root canal anatomy and the consequential high
variance of average values that are used to define the
distance between anatomical apex and apical constric-
tion [26]. The frequency of laterally located foramina can
lead to misinterpretation of radiographic working length
and result in unintentional overinstrumentation [27]. A
further disadvantage of radiographs is their two-dimen-
sionality. Superimposition of anatomical structures can
require retakes of endodontic radiographs [27].

Correlation is often incorrectly used in method studies
as part of the evaluation of whether two measurements
agree. Because if one of the methods incorrectly overes-
timates all measurements by a certain amount, the cor-
relation coefficient may indicate a strong relationship
without detecting this consistent disagreement. In this
case, it is not correct to say that the two measurements
agree well [9, 10]. However, regression is closely linked to
correlation and provides complementary information. In
addition to the strength of the relationship (Pearson cor-
relation coefficient (r) and r? are calculated), it also gives
the a and b values that provide the best bisector approxi-
mation of the relationship between Y and X. In this study,
we used Bland-Altman and Passing-Bablock regres-
sion analyzes to make an accurate evaluation in method
comparison.

Sharma and Arora [28] reported that the electronic
method was a more accurate method than the radio-
graphic method in determining the working length of
the root canal finding significant differences between
the radiographic method and the electronic apex locator
method, which coincided with the incompatibility and
high bias we detected between the EWL and the RWL
methods. Therefore, these researchers confirm our con-
clusion that these two methods are not compatible with
each other and cannot be used as alternatives to each
other. The difference of our study is that in method com-
parisons, bias is compared with the total allowable error
and creates a definitive judgment.

Endodontic treatment results attract great attention in
dentistry. The aim of evaluating these results is to acquire
the right skills and improve judgment ability. The main
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rule in the correct evaluation of endodontic success is the
correct selection of the criteria that form the basis of suc-
cess. Differences in postoperative pain levels in endodon-
tic research are attributed to researchers using different
criteria and making different radiographic and clinical
evaluations [17, 24]. Therefore, in this study, in order to
evaluate the postoperative pain after endodontic treat-
ment depending on the working length in patients with
irreversible pulpitis, sampling was made as appropri-
ate as possible and basic criteria were determined at the
beginning. Thus, factors that would affect the study were
determined and blinding was ensured. As a matter of
fact, the consistency between the groups’ results regard-
ing VAS, analgesia application and working length was
the best reflection of this.

Since pulp tissue located in the pulp chamber is
inflamed due to caries, trauma or other reasons in irre-
versible pulpitis, severe spontaneous pain and clear pain
reaction to warmth and cold stimuli, often, sharp to
dull throbbing pain signs are usually present [29, 30]. If
left untreated, an apical periodontitis may form in the
tooth, periapical tissues may be damaged, or tooth loss
may result. For this reason, studies that describe possible
complications, focus on new endodontic developments
regarding canal preparation, and determine the factors
affecting treatment success have begun to increase. For a
successful root canal treatment, it is necessary to know
the root canal structure and morphology accurately [31].
This obligation requires the correct determination of the
working length. To meet this requirement, in our study,
in addition to the WL determined by the selected method
as the basis for treatment in randomly formed groups,
the WL values of all patients were measured with other
methods. These values created an important data pool
to be used in method comparison. Therefore, the results
obtained provided strong analytical support for method
comparisons.

Limitations of the study

First of all, since this research is an analytical prospective
study, although the cause-effect relationship is stronger
compared to other studies, the study findings can be sup-
ported with a larger sample size (Fig. 7). Even though no
statistical difference was detected between the patient
group and the control group in terms of age and gender,
different biological and metabolic effects may have an
impact on the pain stimulus and pain perception. Due to
financial limitations, inflammatory and anti-inflamma-
tory biomarkers such as prostaglandin E2, TNF-a, IL-6
and IL-10, which may be related to the severity of pain
and pulpitis, were not evaluated.
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