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Influence of the method for determining
working length on the obturation level
of primary molars

Abstract: Efficient working length determination is essential for a
successful endodontic treatment. The purpose of the present study was
to evaluate whether the method for determining the working length of
root canals (radiographic or electronic) influences the obturation level
of primary molars. Thus, a controlled, triple-blind, randomized clinical
trial was conducted. Sixty-four children aged 6 to 9 years with an
indication for primary molar pulpectomy were included. Participants
were divided into two groups according to the method used to
determine the working length of the root canals: (G1) radiographic and
(G2) using an electronic apex locator. The study had 3 operators: #1
performed the clinical procedures, except the electronic measurement;
#2 performed radiographic measurement and final evaluation of
obturation level; and #3 performed eligibility criteria and electronic
measurement. Adequacy of obturation level was evaluated based on
the final conventional radiography and it was recorded as acceptable
or unacceptable (short or overfilled). Data were analyzed with repeated
measures logistic regression. There was no difference between the
obturation level of primary molars measured by radiographic and
electronic methods (p > 0.05). The other investigated variables (age,
tooth type, dental arch position, last instrumentation file, and canal
location) also did not influence the obturation level (p > 0.05). In
conclusion, both measurement methods resulted in similar adequacy of
obturation level in primary molars after pulpectomy.

Keywords: Pulpectomy; Tooth, Deciduous; Randomized Controlled
Trial; Root Canal Obturation.

Introduction

Despite the high success rates demonstrated by previous studies,?
the clinical indication of pulpectomy for primary teeth is still complex.>*
The complexity is related, among several factors, to the immaturity
of patients to report their symptoms, the root canal anatomy, the
physiological resorption process, the proximity to the permanent
successor, the difficulty in obtaining good radiographic views of
primary tooth apices, and difficulty in determining the working
length.* Correct determination of the working length is important for
the success of root canal treatment in primary teeth.*® Underestimating
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this dimension can lead to insufficient chemical-
mechanical preparation of the root canal, as well
as inefficient root filling.> Likewise, overestimating
it can result in injury of the periapical tissues and
the successor tooth germ, postoperative pain, and
periapical inflammation.’

Methods to determine the working length include
periapical radiographs and electronic apex locators
(EALSs).>® Periapical radiography is essential for
diagnosis and allows direct observation and study
of the root canal anatomy. However, high-quality
radiographs of primary teeth are difficult to obtain’
due to superimposition of some anatomic structures,
variations in the apical foramen, image distortion,
and the patient’s collaboration.®’ To overcome these
difficulties, the use of EALs has become common
in clinical endodontic practice.’® EALs define the
working length by measuring the impedances with
different frequencies between the endodontic file
and the canal fluids.* Its use is well established in
permanent teeth, but clinical studies in primary
teeth are still needed."”

Adequate obturation is achieved when a fluid-
tight seal is obtained along the entire length of the
root canal.®'? It should eliminate all entry ports
between the periodontium and the root canal
system, creating a homogeneous, hermetically
sealed mass with minimal voids.? The success of
the endodontic procedure depends not only on an
effective mechanical debridement of the root canal,
but also on the level and quality of the obturation,
which can be influenced by the type of material
used, the technique applied, and by factors inherent
to the preparation of the canal, such as the correct
determination of the working length.'?

There is low-quality evidence of the influence of
the method used to determine the working length on
the obturation level of primary teeth pulpectomies,’*
and no randomized clinical trial has evaluated this
influence on primary molars. Therefore, the present
clinical trial aimed to evaluate whether the method
for working length determination (radiographic or
electronic) influences the level of obturation of primary
molars after pulpectomy. The null hypothesis is that
the method used does not influence the obturation
level of primary molars.
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Methodology

Study design and ethical considerations
The study protocol of this parallel, controlled,
triple-blind, randomized clinical trial was approved
by the local Human Research Ethics Committee of
the Federal University of Santa Catarina (#1.450.709)
and it was registered in the ClinicalTrials database
(Identifier: NCT03161639). Each child assented to
participate, and children’s parents or guardians signed
an informed consent form. Only the researchers
had access to participants’ information. The present
report followed the guidelines of the Consolidated
Standards of Reporting Trials (CONSORT).*

Sample size calculation

Sample size estimation was performed in the Sealed
Envelope software (Sealed Envelope Ltd., https://
sealedenvelope.com/) considering an equivalence trial
with a binary outcome. Based on data from previous
studies, a success rate of 90% and an equivalence
limit of 25% were considered.’®!® A final sample
of 64 primary molars was obtained, totalizing 192
root canals. The sample size was recalculated in the
G-Power 3.1.9.2 software (Universitdt Diisseldorf,
Germany), considering a significance level of 5% and
a power of 80%, confirming that a sample size of 192
root canals is sensitive to detect a 2.45 difference in
odds ratio.

Participants

The participants were patients enrolled in the
Pediatric Dentistry Clinics of the Federal University
of Santa Catarina from July 2016 to November 2017.
Only one tooth per child was included.

Inclusion criteria were children aged 6 to 9
years, without systemic impairments, with a
primary molar with clinical and radiographic
indications of pulpectomy. The following exclusion
criteria were applied: molars with previous root
canal manipulation, with radiographic evidence
of calcification, furcation perforation, bone
resorption involving the permanent tooth crypt, and
physiological or pathological internal or external root
resorption exceeding a third of its length.>* Molars
with coronal destruction that prevented adequate



rubber dam isolation and posterior restorative
procedure were excluded.

Training, calibration process, and pilot study

To ensure study blindness, three operators
were trained and calibrated (when applicable) to
perform data collection. Operator #1 - an MSc and
specialist in pediatric dentistry - was trained to
perform the pulpectomy procedures (except working
length measurement). Operator #2 - a PhD and
specialist in pediatric dentistry - was calibrated to
perform the radiographic measurement (Cronbach’s
alpha = 0.959) and the evaluation of the obturation level
(Kappa = 0.750). For working length measurement,
ten radiographs of primary molars with indication
of pulpectomy were measured twice with a seven-
day interval. For the evaluation of the obturation
level, other ten radiographs with filled primary
molars were evaluated. All radiographs used in this
process were from the university’s database, and no
children were submitted to unnecessary radiographs.
Operator #3 was calibrated to perform the electronic
measurement (Cronbach’s alpha = 0.947). For this
purpose, five pulpectomies were performed on five
children in two appointments with an interval of
seven days.

A pilot study was conducted with five children.
Five primary molar pulpectomies were performed ina
single appointment to standardize the randomization,
operator blindness, chair-time, pulpectomy clinical
intervention (operator #1), and measurements
(operators #2 and #3). No important adjustment was
necessary. Children involved in both the calibration
process and pilot study were not included in the
final sample.

Interventions, randomization, and blinding

At the first appointment, the initial periapical
radiograph was taken for the diagnosis and to
verify the eligibility criteria. It was executed under
0.4 seconds of exposure time, 70 kVp, and 10 mA,
with a periapical film (2x3 cm InsightR; Carestream
Health, New York, USA) and a positioner (Fit Rinn;
Dentisply Sirona, Ballaigues, Switzerland). The
same positioner was used in all evaluations and
always placed in the same position. The positioner
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was adjusted to the size of the child’s mouth to be
more comfortable.

The sequence of clinical procedures is summarized
in Figure 1. Once the eligibility criteria were checked,
the radiograph measurement was performed by
operator #2. The distance from the cusp tip to the
apex or the border of the physiological /pathological
root resorption was measured with a flexible plastic
ruler (the shortest part of the root was measured
in cases of irregular apex resorption). After, the
working length was established as 1 mm short of this
measurement.®”>” Measurements were performed
in a dark room with an x-ray viewer and under a x4
magnifying glass (Illuminated magnifying glass,
Tokyo, Japan). The working length was recorded in
a specific file.

In a second appointment, the tooth was anesthetized
with 1.8 mL of 2% lidocaine HCl with epinephrine
1:100.000 (Alphacaine; DFL, Rio de Janeiro, Brazil)
through the appropriate nerve block technique.
The tooth was isolated with a rubber dam and the
traditional root canal access was performed. Then,
operator #3 performed the electronic measurement
(without operator #1 in the room) and recorded it
in a specific file.

Electronic measurement was done by operator #3
by inserting a 15/0.02 K-ty pe file (Dentsply Maillefer,
Baillagues, Switzerland) into the root canal until the
EAL (Root ZX II; J. Morita, Tokyo, Japan) beeped
and the panel indicated that the apex level had been
reached. This measure was considered valid when
the value remained stable for at least 5 seconds.
A rubber stopper was adjusted to the reference point,
the file was carefully removed from the canal, and
the measurement was done with a metallic ruler.
The working length was established 1 mm short of
the indicated value.5"

The participants were then randomly allocated
(1:1) into two groups: (G1) radiographic measurement
and (G2) electronic measurement, using a permuted
block design of 4 and 6 patients each. The allocation
concealment was secured by a computer-generated
randomization list, placed in numbered opaque
sealed envelopes. The working length was then
informed to operator #1, who was blinded. All root
canals were chemo-mechanically prepared, dried
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Figure 1. Summary of clinical procedures.

with paper points, and sealed with zinc oxide eugenol
(ZOE)*? (Biodinamica, Ibipora, Brazil) with the aid of
a #25 Lentulo drill (Dentsply Maillefer, Baillagues,
Switzerland), at 400 rpm. The final restoration was
performed with composite resin.'® At the end of the
clinical procedure, a final conventional radiograph was
obtained using a positioner. The pulpectomy procedure
was performed in a single session for all cases.

The obturation level and adequacy of root canal
filling were evaluated radiographically using an x-ray
viewer and a magnifying glass (operator #3). All final
conventional radiographs were measured with the
same plastic ruler. The adequacy of root canal filling
was recorded as: short-filled (when ZOE ended 2 mm
shorter of the radiographic apex); acceptable (when
ZOE ended within 0-2 mm of the radiographic apex)
and; overfilled (when ZOE extruded past the apex).”

Data analysis

The data analysis was performed in the Statistical
Package for Social Sciences version 21.0 (IBM SPSS
Statistics, Chicago, USA). The Kappa agreement
coefficient was used to describe the intra-examiner
agreement for level of obturation. Cronbach’s Alpha was
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used to evaluate the operators’ internal consistency
for the measurement methods. Data were analyzed by
repeated measures logistic regression. The independent
variable (level of obturation) was dichotomized as
acceptable (adequate cases) or unacceptable (short and
overfilled cases). Variables with a p-value < 0.20 in
the unadjusted model were included for the adjusted
model. Statistical significance was set at 5%.

Results

The flowchart of patient assessment is shown in
Figure 2. Initially, 491 children were assessed for
eligibility criteria and 427 were excluded. From these,
409 did not meet the clinical and radiographic inclusion
criteria, 7 declined to participate, and in 11 cases the
intervention could not be appropriately performed in
one appointment and were therefore excluded. Finally,
64 primary molars were included, totalizing 192 root
canals. Thirty-one primary molars (94 canals) were
allocated to G1 (radiographic method). One first primary
molar had 4 canals and the others had three canals.
Thirty-three primary molars (98 canals) were allocated
to G2 (electronic method). All molars from this group
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Allocation

Analysis

Figure 2. Flowchart of participants’ assessment adapted from Consort.

had three canals. One canal was excluded because the
electronic measurement could not be done properly.

A high internal consistency was achieved for both
radiographic (Cronbach’s Alpha of 0.959) and electronic
(0.947) methods. Furthermore, a Kappa value of 0.750
was obtained for intra-examiner agreement for level
of obturation.

The sample distribution according to obturation
level is presented in Table 1. Most cases presented
acceptable obturation level (53.6%), while 46.4%
presented an unacceptable level (short: 26.6%;
overfilled: 19.8%). Table 2 shows the results from
the logistic regression model. The main predictor
(determination method) was not associated with
level of obturation in the present sample (p = 0.44).
Likewise, the other investigated variables (sex, age,
type of teeth, dental arch position, root canal location,
and last instrumentation file) were not associated
with obturation level (p > 0.05).

Discussion

The present study found no differences in the
obturation level of primary molar pulpectomies

performed with two methods for working length
determination (radiographic and electronic). Similarly,
other investigated factors such as age of children,
tooth type, dental arch position, canal location, and
last instrumentation file were not associated with
obturation level. These findings demonstrate that it
is possible to obtain an adequate canal obturation
independently of the investigated variables or how
the working length was measured. Therefore, the
null hypothesis was accepted.

Radiographs remain essential for a correct
diagnosis.” In regular clinical practice, it is also
often used to determine the working length of root
canals during pulpectomies. The reproducibility
and accuracy of the radiographic method for
working length measurements are still significant.’
Moreover, radiographs are accessible, cost-effective,
and offer a relatively good image resolution.’
However, caution should be taken in order to avoid
unnecessary x-ray exposure.’

EALs have been used in endodontic treatment
for many years, especially in permanent teeth.!
However, despite being accurate, safe, and relatively
painless, it is still not routinely used in pediatric
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Table 1. Sample distribution according to the obturation level
(n=192).

Acceptable Unacceptable
Variables (Adequate (Short or
level) overfilled)

WL measurement method

Radiographic 47 (24.4 47 (24.5)

Electronic 56 (29.2) 42 (21.9)
Sex

Female 48 (25.0) 31(16.2

Male 55 (28.6) 58 (30.2)
Age

67 years 43 (22.4) 29 (28.3)

8-9 years 60 (31.2) 60 (21.1)
Type of teeth

First molars 22 (11.5) 20 (10.4)

Second molars 81 (42.1) 69 (36.0)
Dental arch position

Upper arch 27 (14.7) 24 (12.6)

Lower arch 76 (39.5) 65 (33.8)
Root canal location

Palatal or distal 32 (16.6) 33(17.2)

Mesio or distobuccal 71 (37.0) 56 (29.2)
Last instrumentation file

#40 82 (42.6) 72 (37.3)

#35 21 (11.0) 17 (9.1)

Total 103 (53.6) 89 (46.4)

WL: Working length

clinical practice.”’ In the radiographic method, a
linear root canal measurement is achieved based
on a 2D image. In the electronic method, a flexible
file is inserted into the root canal. Because the file
can adjust to the root canal shape, the obtained
measure can be more accurate®? especially when
canals are overlapped by anatomical structures.”!
The use of EALs in pediatric dentistry has some
limitations, such as difficulty in controlling the
reference point, cost, limited visualization of the
exact position of the file’s tip, and observation of
anatomical details.®

Physiological and pathological root resorption
are common in primary teeth and constantly change
the root canal morphology.?> One of the advantages
of EALs is detecting root perforation or a resorption
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Table 2. Unadjusted repeated measures logistic regression
model for the obturation level and possible associated variables
(n=192).

Obturation level

Variables Unadjusted model*
OR (95%Cl) p-value

WL measurement method 0.44
Radiographic 1
Electronic 1.33 (0.64-2.76)

Sex 0.1
Female 1
Male 1.63 (0.90-2.95)

Age 0.32
6-7 years 1
8- 9 years 0.67 (0.31-1.4¢)

Type of teeth 0.89
First molars 1
Second molars 1.07 (0.43-2.65)

Dental arch position 0.93
Upper arch 1
Lower arch 1.04 (0.45-2.41)

Root canal location 0.34
Palatal or distal 1
Mesio or distobuccal 1.31 (0.75-2.28)

Last instrumentation file 0.87
#40 1
#35 1.08 (0.42-2.82)

WL: Working length; *Only sex had p < 0.20 in the unadjusted model.

connecting with the periodontal ligament.”* Moreover,
root resorptions occurring on buccal or lingual root
surfaces are frequently not detectable radiographically,
increasing the risk of overinstrumentation and/or
overfilling.”® Previous clinical studies®** reported
no significant difference between the use of EALs
and conventional radiography for determining the
working length in primary teeth. In addition, the
radiographic method has some important limitations,
such as superposition of roots and adjacent anatomical
structures, image distortion, increased appointment
time, limited access in children’s mouths, and exposure
to ionized radiation.®* Therefore, the use of EALs in
primary teeth should be evaluated as an alternative
to the conventional radiographic method.



Successful obturation is achieved when a
homogeneous mass completely seals the root canal
with minimal voids, preventing bacterial invasion
and persistence of infection.”® However, there is no
consensus in the literature about the influence of
obturation level on pulpectomy success rate. Bawazir
and Salama? found that adequately filled or overfilled
canals showed a higher radiographic success rate
than short-filled canals. Another study® reported no
statistically significant difference between success rate
and extent of root canal filling. Coll and Sadrian®
reported a higher success rate for short-filled teeth
compared to overfilled teeth. Therefore, given the
controversial reports, further clinical trials with
longer follow-ups are needed to elucidate the role
of obturation level on the success rate of primary
tooth pulpectomies.

The present study also evaluated other factors
that could influence the obturation level, such as the
children’s age, tooth type, dental arch position, canal
location, and last instrumentation file. However,
none of these were associated with the obturation
level of the root canals. A previous clinical study
reported that the obturation level was similar in first
and second primary molars.?® Likewise, children’s
age and tooth arch position did not seem to impact
the obturation level in primary teeth.?® In contrast,
it was previously reported® that the working length
of the upper distobuccal and lower mesiolingual
canals was significantly different when using an EAL
(compared to the radiographic method). However,
no association was found between the obturation
level and the canal position in the present study:.
Other variables that could not be evaluated, such as
the operator’s ability and the obturation technique,
should be investigated in future studies.

In private clinical practice, the method for
determining the working length (electronic or
radiographic) can be chosen by the dentist, considering
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the pros and cons of each method. Although there
is a tendency to use EAL in clinical practice, further
studies are necessary to ensure its accuracy based on
long-term treatment success. If the electronic device
is not available (e.g., public services), this should not
prevent the dentist from performing the procedure,
as the radiographic method has similar accuracy in
determining the working length in primary molars.
Thus, endodontic treatment of primary molars is not
dependent on the measurement method.

Some limitations of the present study should
be stated. The difficulties in performing and
standardizing radiographs that clinicians face in
daily clinical practice are well known, especially
in children. Thus, to minimize possible bias, all
radiographies were performed with a positioner.
Excluding cases would mean that the result of this
research would not reflect clinical practice. Another
limitation was the use of two different rulers for the
measurement methods. A plastic ruler was used in
the radiographic method and a sterilized metal ruler
was used the electronic method.

Blinding the operators and performing adequate
sample randomization decreased the risk of bias.
Besides, to eliminate further discrepancies, a single
operator carried out the pulpectomies, and two
blinded, calibrated operators performed each
measurement method. It was considered important
that only a single operator performed all canal
treatments to carefully follow the pre-established
protocol, avoiding, for example, possible variations
in technique or operator experience.

Conclusions

In conclusion, according to the present findings,
working length determination by EALs or conventional
radiography did not affect the obturation level of
primary molars after pulpectomy.
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