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Performance in vitro of apex locators in determining root length in
primary molars

Desempenho in vitro de localizadores apicais na determinacdo de comprimento radicular em molares deciduos
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ABSTRACT

Objective
The aim of the study was to evaluate performance of digital radiographic and two electronic apex locators, Propex Il and Root ZX in root canal
length determination in primary molars.

Methods

25 primary molars were divided into two groups, G1 without root resorption and G2 with root resorption. The exams were performed using
all methods by two experienced examiners, with 1-week interval. The gold standard was determined by visual examination. The methods were
statistically analyzed regarding the values of reproducibility and correlated with the gold standard by Pearson’s correlation coefficient.

Results

The root canal length determination coincided with gold standard in 22.7% for Root ZX, 17.5% for Propex Il and 12.5% for digital radiography.
Correlation values were higher in G1, the Root ZX presented the highest values. In G2 the digital radiography showed the lowest correlation.
In G1, the intra-examiner reproducibility values ranged from 0.925 to 0.523, and interexaminer 0.863 to 0.670. In G2, the values of intra-
examiner reproducibility ranges from 0.864 to 0.097, and inter was 0.774 to 0.379.

Conclusion
It was concluded that the methods performance varying according to examiner’s experience. The Root ZX presented the highest
reproducibility and accuracy.

Indexing terms: Apex locator. Digital radiography. Endodontics. Primary teeth. Root ZX.

RESUMO

Objetivo
Avaliar o desempenho in vitro de radiografia digital e de dois localizadores apicais eletronicos, Propex Il e Root ZX na determinacédo do
comprimento de canal em molares deciduos.

Métodos

Foram selecionados 25 molares deciduos divididos em dois grupos, G1, sem reabsorcao radicular e G2 com reabsorcdo radicular. Os
exames foram realizados utilizando todos os métodos por dois examinadores experientes, com intervalo de 1 semana. O padréo ouro foi
determinada por exame visual. Os métodos foram analisados estatisticamente em relacdo aos valores de reprodutibilidade e correlacionada
com o padrao ouro pelo coeficiente de correlacdo de Pearson.

Resultados

A determinacdo de comprimento de canal coincidiu com padrao-ouro em 22,7% para o Root ZX, 17,5% para Propex Il e 12,5% para
a radiografia digital. valores de correlacdo foram maiores no G1, o Root ZX apresentou os maiores valores. Em G2 da radiografia digital
apresentou a menor correlacdo. No G1, os valores de reprodutibilidade intra-examinador variou 0,925-0,523 e interexaminadores 0,863-
0,670. No G2, os valores da reprodutibilidade intra-examinador varia 0,864-0,097, e inter era 0,774-0,379.

Conclusédo
Concluiu-se que o desempenho dos métodos varia de acordo com a experiéncia do examinador. O Root ZX apresentou maior reprodutibilidade
e precisao.

Termos de indexacdo: Localizador apical. Radiografia digital. Endodontia. Dentes deciduos. Root ZX.
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INTRODUCTION

The maintenance of the integrity of primary
dentition is the major goal of pediatric dentistry, due
to the proper skeletal, functional and cognitive child
development, once these elements ensure chewing,
speech and aesthetics™. Thus, endodontic treatment is
necessary in order to avoid tooth extractions. Pulpectomies
in primary teeth are indicated in cases of pulp necrosis
or irreversible pulpits, in teeth with at least 2/3 of root.
The root canal length determination is essential for the
treatment success, mainly in deciduous, because the risk of
permanent damage*. The most used method to determine
the root length for primary teeth is the conventional and
digital radiography. However, there are many limitations in
this method?, such as image distortion, superposition, and
the X-ray exposes the patient to ionizing radiation®.

Considering the radiographs limitations, new
techniques have been investigated. The electronic apex
locators (EAL) provide some advantages in determining the
correct root length determination even though in pediatrics
endodontics>®. In the 80s, the EALS first-generation based
on the electrical resistance values to measure the length
of the root canal’. However, these devices caused painful
during measurement, probably due to cellular necrosis
caused by the passage of high voltage electric current®°.
The second generation operates by measuring changes in
impedance’® and the third generation, the two frequency
impedance-type devices was based on different electrical
principles. These values are reliable even though in the
presence of pulp tissue?.

In vitro studies showed high efficacy of EAL in
primary teeth, providing better quality in endodontic
deciduous treatment*'"-'3. Thus, the aim of this in vitro
study was to compare the performance of two electronic
apex locators, Propex Il and Root ZX, and digital radiograph
in primary molars. The study hypothesis tested was that
the methods produced different performance. Moreover,
there was no difference between teeth with and without
physiologic resorption.

METHODS

This study was approved by the Ethics Committee
in Research (report #826.335).

Teeth selection and preparation
For sample preparation 40 primary molars were

RGO, Rev Gauch Odontol, Porto Alegre, v.64, n.3, p. 244-249, jul /set., 2016

Performance in vitro of apex locators in determining root length in primary molars

used and donated by the bank of teeth of the University
of Sdo Paulo (USP). The primary molars were selected
according to the following inclusion criteria: presence of
complete root or root resorption less than 1/3 of the root
length. Teeth with greater root resorption 1/3, internal or
external resorption, and root fracture were excluded. The
teeth were stored in saline solution, changed every day.
The teeth were divided into two groups according to the
stage of root: without root (Group 1); and roots with root
resorption less than 1/3 (Group 2).

Determination of root canal length

The teeth were cleaned properly and then were
performed the endodontic access cavity preparation with
spherical diamond bur (1016, KG Sorensen, Sao Paulo, SP,
Brazil), followed by channel access through endodontic
files (type K File # 10, 21mm, Maillefer, Dentsply).

For determining visual root length, it was used
an endodontic file type K-File # 15 inserting in the root
canal with rubber stop positioned in the buccal face of
the crown until it emerged at the apical foramen. The
distance of the rubber stop was measured with a caliper.

For digital radiographic exam, the radiographs were
made of standardized manner using digital sensor (Kodak
RVG 6100) and X-ray device Gnatus XR 6010, operating at
60 kVp and 10 mA, exposure time of 0.20 seconds, and
focus-film distance of 20 cm. The images were displayed
through software Kodak Dental System. The image of each
teeth were determined the apparent root length of each
root. After this measurement, the apparent length was
transferred to an endodontic file type K-File # 15, being
inserted into the root canal with rubber stop positioned in
the buccal face of the crown, and new digital radiographs
were taken with each root. Thus, the image was analyzed
and determined the root length of each root.

Previously to determining the root length by EAL,
each tooth was individually placed in a standard position
for apex locator (IM Brazil, Sao Paulo, Brazil) with sponge
soaked in sodium hypochlorite. Propex Il (Maillefer,
Dentsply, Switzerland) and Root ZX (Morita, Sdo Paulo,
Brazil) were used. These methods were applied in an
endodontic file type K-File # 15 was initially inserted
into each root canal, when the apex locator charges,
it represents that the file is in the apical foramen, the
course file was slipped to the reference edge of the
crown and recorded the measure as electronic length /
foramen (CEF).

The methods were performed by two examiners
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trained and independently. Each examiner ran the

measurements twice with 1-week interval.

Statistical analysis

Data were statistically analyzed using SPSS 14.0
(Statistical Package for the Social Sciences for Windows®,
SPSS Inc., Chicago, IL, US). The methods were analyzed
according the accuracy with the gold standard (Visual
examination) by the Spearman’s Rank coefficient
correlation. In addition, the reproducibility of the methods
was determined by the values of inter- and intra-examiner

according the Intraclass Correlation Coefficient (ICC). The
significance level of 5% was adopted.

RESULTS

From the 40 primary molars, 73 roots were in
accordance with the selection criteria, being 40 without
root resorption (Group 1), and 33 roots with root resorption
(Group 2). The mean of root lengths and standard deviation
determined by each method from each examiner are
reported in Table 1.

Table 1. Mean (SD) of root lengths according the examiner and the method.

Mean (SD)
Method n Examiner 1 Examiner 2
Digital Rx 40 14.92 (2.06) 13.51(2.41)
No root resorption Root ZX 40 14.90 (1.59) 14.78 (1.57)
Propex I 40 15.07 (1.46) 15.12 (1.40)
Gold standard 40 15.05 (1.79)
) Digital Rx 33 12.60 (1.50) 11.87 (1.53)
Root reGSgrPT'O” Root ZX 33 13.43 (1.67) 13.03 (1.36)
( Propex I 33 14.28 (1.14) 14.56 (1.45)
Gold standard 33 13.03 (1.46)

The reproducibility values are shown in Table 2.
The values of intra-examiner for examiner 1 were 0.872
and 0.792 (digital Rx), 0.523 and 0.703 (Root ZX) and
0.621 and 0.097 (Propex Il) in G1 and G2 respectively.

Regarding examiner 2, the values values of intra-
examiner were 0.707 and 0.778 (digital rx), 0.925 and
0.834 (Root ZX), and 0.647 and 0.299 (Propex II) in G1
and G2 respectively.

Table 2. Intra- and Interexaminer confiability of digital radiograph, PROPEX Il and ROOT ZX by Intraclass Correlation Coefficients (ICC).

ICC (confidence interval 95%)

Method Intra-examiner .
. . Interexaminer
Examiner 1 Examiner 2
No root resorption Rx digital 0.872 (0.772 - 0.930) 0.707 (0.510 - 0.833) 0.721(0.530 - 0.842)
Root ZX 0.523(0.160 - 0.762) 0.925 (0.863 - 0.960) 0.863 (0.756 - 0.925)
Propex I 0.621 (0.386 - 0.780) 0.647 (0.423 - 0.796) 0.670 (0.456 -0.811)
Root resorption Rx digital 0.792 (0.619 - 0.891) 0.778 (0.596 - 0.884) 0.379 (0.046 - 0.636)

The accuracy of the methods was analyzed
using Spearman’s Rank coefficient correlation with the
gold standard values (Table 3). It can be seen that in G1
the methods presented a strong correlation for both
examiners, being Root ZX locator the most accurate
method (0.874 and 0.914). In G2, Propex Il presented the
lowest correlation 0.468 and 0.226, for examiner 1 and 2,
respectively.
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Table 4 and 5 show the real difference in mm
appointed from the methods to the apex (gold standard).
Root ZX presented 22.5% of the sample values equal to
the gold standard. The Propex Il locator presented values
farthest from the gold standard in G2, once 42.2% of the
sample this 2.0 <d <3.0 apex. The digital Rx method had
a higher frequency of values in negative relation from the
apex, 25% of the sample (10 roots, -2.0 < d <-1.0).
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Table 3. Accuracy of the methods according to the linear correlation of digital radiograph,
PROPEX Il and ROOT ZX values from each examiner with the gold standard (Visual
examination) by Pearson's correlation coefficient (r).

Groups Method

Pearson’s correlation coefficient (r)

Examiner 1 Examiner 2
. Digital Rx 0.835 0.761
No root resorption (G1) Root ZX 0.874 0.914
Propex Il 0.735 0.712
Digital Rx 0.706 0.294
Root resorption (G2) Root ZX 0.541 0.710
Propex Il 0.468 0.226

Table 4. Difference Distribution (in mm) of the gold standard with digital Rx methods, Root ZX and Propex Il to teeth without resorption.

?r:‘frfr‘te)rence Distribution 54 4 5o -2.5)1.sod< -1.00.s5d<- 05<d<0 0 0 Sg < 0.51<-0d < 1.02T0d < dZS(3)<0
Digital Rx 15% (6) 25% (10)  15% (6) 15% (6) 12.5% (5) 10% (5) 5% (2) 2.5% (1) 0
Root ZX 0 125% (5)  7.5% (3) 30% (12) 22.5% (9) 20% (8) 5% (2) 2.5% (1) 0
Propex Il 0 15%(6)  175%(7) 10% @4) 17.5% (7) 12.5% (5) 12.5% (5) 15% (6) 2.5%(1)
Note: ** Positive values represent higher values of the methods, and negative values represent values greater visual examination.

Table 5. Difference Distribution (in mm) of the gold standard with digital Rx methods, Root ZX and Propex Il to teeth with resorption.

?nllfg.-)rence Distribution 54 5 -2.?1.50d< -1'00.Ssd<- 05<d<0 0 0 3(5:1 < 0.51T0d < 1.02T0d S 2.0<d<3.0
Digital Rx 12.1% (4)  33.4% (11) 9.1% (3) 182% (6) 6.1% (2) 6% (2) 9.1% (3) 6% (2) 0
Root ZX 3% (1) 3% (1) 15.2% (5) 152% (5) 18.2% (6) 21.3% (7) 3% (1) 9.1% (3) 12.1% (4)
Propex I 0 6.1%((2) 9.1% (3) 3% (1) 3% (1) 121% 4) 3% (1) 212 % (7) 42.4% (14)

Note: ** Positive values represent higher values of the methods, and negative values represent values greater visual examination.

DISCUSSION

The apical limit determination is one of the most
important factor in successful endodontic therapy to
prevent under or over instrumentation, it can damage the
permanent germ and, on the other hand, the under filling
is a risk for infection relapse?3'4,

There are no standardized methods for the
exact measurements of the root canal length in primary
teeth3, thus this study investigated the distinct methods
for determining the root length in primary molars by two
examiners. Although radiography method is the most used,
it presented limitation in detecting minor degrees of root
physiological resorption*'. Moreover, the underposition
of the structures may difficult to predict the exact root
length, and this method is subjective because is extremely
dependent on the professional.

In this study were used Root ZX and Propex II.
Root ZX its measurements are performed by calculating
the impedance quotient of two distinct frequencies (0.4
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and 8.0 kHz) and show precision rates greater than 90%,
even when used in unfavorable conditions, such as teeth
root resorption. The propex Il operates by capturing the
signals of two alternating currents (0.5 and 8.0 kHz) and
for this calculation, the mean square root of impedances
at these two frequencies are measured separately and have
a problem with the amplitude of the signal, being lesse
affected by any interference in the root canal'®.

Another problem for the radiograph exam is
the position of the film inside the child’s mouth and the
exposition to radiation hazards®. Our finds demonstrated
that the radiography methods noticed more difference
between the examiners, mainly, due to professional
experience. It can be evidenced by the interexaminer
reproducibility; the digital Rx method presented a lower
value in resorption group. While, the examiner 1, the most
experienced have higher reproducibility (intra-examiner).

New electronic methods have been developed in
order to overcome all these difficulties. There are a few
studies investigating the EAL in primary dentition?#6. Two
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electronic apex locators were tested in this study, Propex
Il and Root ZX. The use of Root ZX exhibited, in G1, high
level of agreement between the examiners in relation to
other methods. On the other hand, the Propex Il method
had the less of agreement between the examiners, being
lower than Rx digital method. Thus, these results suggest
that the radiography, as a conventional method could not
be replaced, however, it is known others tools to determine
the root length, furthermore, the EALs also reduce radiation
exposure and time care'.

Our findings demonstrated that all methods had
more difficulties in resorption roots. In the group without
resorption, the methods presented a strong correlation
with the gold standard for both examiners. However,
it was lower in root with resorption, being the Propex
Il method the weakest correlation tool. Other authors
showed no differences between resorbed and no resorbed
roots and two types of EAL (Root ZX and Endex)*'®. The
Propex Il presented the lower performance in this study,
different from Nelson-Filho et al.’? that recommend
this EAL to primary teeth. Chakravarthy Pishipati (2013)
showed in permanent teeth that Root ZX and Propex Il
did not present significant difference in determining root
length'. Patifio-Marin et al. (2011), who used the Propex
Il, which showed better accuracy compared to visual and
radiographic method'®. The studies can notice different
results due to the methodology differences, such as tools
and teeth studied.

Considering the difference of the measures from
the apex, Root ZX had the highest frequency of real root
length in G1 (22.5%) and G2 (18.2%), moreover within
+0.5 and £1 mm the accuracy of Root ZX in G1 was 72.5%
and 85% respectively, and in G2 was 54.7% and 72.9%,
better results than Bodur et al.> was 54.9% and 70.6% in
no resorption roots and 25.8% and 63.4% in resorption
roots. Beltrame et al.’® observed accuracy of +0.5 mm
69% and 65% of the canals in roots without and with
resorption, respectively using Root ZX. The studies showing
that Root ZX and Root ZX Il are the most common EALs
used in primary teeth31419-20 This is an electronic canal
length measuring device based on the ratio method,
which simultaneously measures impedance values at two
frequencies (8 KHz and 0.4 KHz) and calculates a quotient
of impedances?.

Andrade et al.® and Barololoomi et al.?' compared
the use apex locator Root ZX with the visual and
radiographic methods in primary teeth. The authors found
that the locator presented higher values and accuracy to
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the location of the apical foramen of teeth either with or
without resorption. Faced with this, the electronic method
may be useful in the effectiveness and for the success of
endodontic treatment in primary teeth.

If the root length wasn’t accurately measured,
the endodontic treatment can be failure, which can result
in overinstrumentation or underinstrumentation. In our
results, in both groups (with our without resorption), the
Root ZX showed to be the most accurate method. On the
other hand, the radiographic was less accurate method,
presenting values under from the apex, while, Propex
showed values over from the apex. Regarding primary
teeth, overinstrumentation and overfilling can be damage,
once it can affect the germ of permanent tooth. Moreover,
underintrumentation/underfilling can be increasing the
failure risk?.

Although, the EAL using Root ZX is a good method
to determine the root length, radiographic image provide
an observation of a number of anatomical details?. Thus,
the EAL could be applied to complement the conventional
exam (radiograph) in determining the root lengths and
resorption.

A limitation of the present study is an in vitro
design, thus this results can be interpreted with care
when it is extrapolled for in vivo measurements. It can
be concluded that the presence of resorption affected
the performance of the methods. The Root ZX may be
recommended for use for determining the root length of
primary teeth, which can be applied in association with
conventional diagnostic measures, such as radiograph, for
examiners no trained for its use. Further, in vivo evaluations
of these devices in primary teeth should be carried out of
different electronic apex locators available commercially.
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