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he Ability of Two Apex Locators to Locate the Apical
oramen: An In Vitro Study
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bstract
he objective of this study was to compare the accuracy
f the Root-ZX and Novapex electronic apex locators
EALs) in locating the apical foramen. Forty extracted
uman teeth were used. The coronal portion of each
anal was flared using Gates Glidden drill. Canals were
rrigated with 2.5% sodium hypochlorite. The actual
ength (AL) and electronic length (EL) measurements
ere made on each specimen separately with both
evices with an aid of a K-type file. The results obtained
ith each EAL were compared with the corresponding

ontrol length. The statistical analysis of the results
howed EAL reliability in detecting the apical foramen
o 89.7% for the Root-ZX and 82.1% for the Novapex,
aking the tolerance of �0.5 mm into account. A paired
ample t test showed that there was no statistically
ignificant difference between the accuracy of the de-
ices (p � 0.4305). The results of this study indicate
hat the Root-ZX and Novapex are useful and accurate
evices for the apical foramen location. (J Endod 2006;
2:560–562)
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orrect working length determination is the main factor leading to success in root
canal treatments. Studies have shown the histological results after endodontic treat-

ent to be superior when instrumentation and root filling are limited to the apical
arrowing. Therefore, accurate determination of the location of the apical constriction

s a key factor in successful root canal therapy (1).
The ideal apical endpoint of endodontic instrumentation and obturation has been

etermined to be the cemento-dentinal junction. However, it is variable. On average, it
ccurs 0.50 to 0.75 mm coronal to the apical foramen (2). Although the apical foramen
ccurs 0.5-mm coronal to the anatomic apex (2), the CDJ may be as far as 2.0 mm from
he apical foramen (3). Using these averages, most operators attempt to terminate
nstrumentation �1 mm short of the radiographic apex. This technique is accurate and
eliable in most situations. In those teeth in which the foramen is not positioned at the
verage distance from the radiographic apex yet, the canal will be either over or under
nstrumented. Furthermore, radiographic interpretation of the apices of some teeth
e.g. maxillary molars) may be so difficult that radiographic working length determi-
ation is not simple (4).

Electronic apex locators (EAL) are widely used in endodontics to determine the
oot length during root canal treatment. Introduced by Sunada (5) in 1962, the EAL has
ecome an invaluable tool in modern endodontic practice. These devices, when at-

ached to a file, are able to detect the point at which the file leaves the root canal and
nters the periodontal ligament. Early electronic apex locators are relied on the prin-
iple that the electrical resistance between the oral mucous membranes and the peri-
dontal ligament remained constantly 6.5 K�, regardless of the age of the patient and

he type and shape of the tooth. Second-generation electronic apex locators measure
mpedance, which is a complex function of inductance and capacitance found in any
lternating current and is considered generalized resistance (6).

In his study, Huang (7) concludes that when the tip of one file passes through the
arrow apical foramen, the physical properties of the foramen produce the electrical
esistance gradient. This resistance gradient is not caused by the biological character-
stics of the periodontal ligament as it was discussed by Sunada (5). The latest gener-
tion of apex locators has many advantages when compared to earlier devices. Unfor-
unately, many devices are inaccurate in root canals that contain moisture, vital pulp
issue, blood, and other exudates (8).

Kobayashi and Suda (9) have developed an EAL, the Root-ZX (J. Morita CO., Tustin,
A) that is based on the ratio method for measuring canal length. This method simul-

aneously measures impedance values at two frequencies (8 kHz and 0.4 kHz) and
alculates a quotient of impedances. This quotient is expressed as a position of the file
n the canal. When the minor diameter of the canal is reached, the quotient approaches
value of 0.67. This is a constant value that is reliable in the presence of electrolytes or
ulp tissue.

Recently, a new EAL has been developed, the Novapex (Forum Technologies,
ishon Le-zion, Israel), which utilizes voltage difference and operates on the principle

hat impedance measurement not only differs between two electrodes, depending on the
requencies used, but also differs greatly at an apical constriction region (10). There is
ack of literature information about the accuracy of Novapex in determining the correct

lectronic working length.
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Given this, the purpose of the present study was to conduct an in
itro evaluation to compare the accuracy in detecting the apical foramen
f two electronic apex locators (EALs): the Root-ZX and Novapex.

Materials and Methods
The research involved 40, extracted, single-rooted, human teeth

ith mature apices. The teeth were soaked in 2.5% sodium hypochlorite
or 6 h and then stored in sterile 0.9% saline until used. The crown was
ectioned with diamond disc to allow access to the root canal and
stablish a level surface to serve as a stable reference for all measure-
ents. Gates Glidden burs #5 and 6 were used to flare the coronal

ne-third of each canal. Canals were irrigated with sterile saline during
he access and flaring, and the patency of the apical foramen was veri-
ied using a #20 Flexofile. One cervical plane was prepared with a
iamond bur to serve as a fixed coronal reference point for all the
easurements.

Electronic measurement was achieved using the Novapex and
oot-ZX. The teeth were placed in contact with a conductive gel to
imulate the periodontium. This gel consisted of alginate. The teeth were
ept in position until the alginate had set completely. All measurements
ere made in an interval of 2 h, with the gel kept sufficiently humid for

his time. Measurements were taken after 2-ml irrigation with 2.5%
odium hypochlorite (Biodinâmica, Brazil) into the root canals. Cotton
ips were used to dry the tooth surface and eliminate the excess irrigat-
ng solution. The electronic and actual lengths were measured by only
ne boarded endodontist with experience in the use of electronic apex
ocators, using the size 20 Flexofile (Dentsply, Maillefer) according to
he manufacturer’s instructions (Novapex Owner’s Manual) (10).

hen the signal reached the ’0.0’ mark (apical foramen), the measure-
ents were noted. For the Root-ZX the same Flexofile was placed in the

anal while attached to the appropriate electrode of Root-ZX apex lo-
ator. The other electrode (lip clip) was attached to the conductive gel.
he apex locator was operated according to the manufacturer’s instruc-
ions (11). The termination point used in this study was the red line on
he meter designated by the manufacturer as the APEX.

The silicone stop of the instrument was then moved, the file was
emoved from the canal and measured with a caliper and its length
egistered as the electronic length (EL).

The actual root canal length (AL) is the distance from the coronal
eference plane to the apical foramen. It was measured by inserting a
20 file into the root canal until the file tip was just visible at the level of
he apical foramen. This procedure was done under a magnifying glass
t a magnification of 5�. After adjusting the silicone stopper to the
oronal reference, the file was removed from the root canal, and the
istance between the file tip and the stopper representing the actual root
anal length was measured to the nearest tenth of a millimeter.

The results obtained (in millimeters) for each EAL were recorded
n independent tables. In each case, we subtracted the corresponding
eference measurement (i.e. actual length) from the electronically de-
ermined distance, recording the result in tabular form as positive form
measurements exceeding the apical foramen), negative (measure-
ents short of the apical foramen), or correct (measurement coincid-

ng with the actual length) with a �0.5 mm acceptable range. Paired t
est was used to statistically analyze the significance of the mean differ-
nces between EL and AL at 5% confidence level.

Results
One tooth was missed during specimen preparation because the

pex formation was incomplete, leaving 39 teeth for analysis. Each tooth
erved as its own control. Thus, 39 measurements for each EAL were

btained. Statistical results showed no significant difference between l

OE — Volume 32, Number 6, June 2006
oot-ZX and Novapex in their ability to accurately identify the apical
oramen. Concerning locating the apical foramen, Root-ZX was accurate
9.7% of the time to �0.5 mm, whereas Novapex was accurate 82.1%
f the time to �0.5 mm from the apical foramen (Table 1). Statistical
nalysis showed no significant differences between the two apex loca-
ors tested (p � 0.4305).

Discussion
The main purpose of this study was to evaluate the accuracy of one

AL most widely used in clinical practice the Root-ZX, and a new brand
pex locator the Novapex. An in vitro study was developed in view of the
ifficulties posed by clinical studies in comparing electronic measure-
ents with a control (12).

Numerous studies have reported on the accuracy of EALs in deter-
ining the location of the minor diameter (13, 14, 17). These studies

iffer in establishing the reference point from which measurement ac-
uracy is determined: some authors measured from the minor diame-
er, while others measured from the major diameter or apical foramen.
n vitro studies have shown the Root-ZX to be 62.7 to 68% accurate to
ithin �0.5 mm (18).

Several in vitro researches have assessed the accuracy of the
oot-ZX (J. Morita Corp., Tokyo, Japan). A study carried out by Shaba-
ang et al. (17) produced values to a precision of 96.2%. Lucena-
artin et al. (12) showed that it gave a precise measure in 85% of the

ases. The results of our study are in general agreement with previously
eported results. It was not possible to compare Novapex with other
xistent studies because of the lack of research on this device. However,
oldberg et al. (22), through an in vitro study, evaluated the accuracy of

hree apex locators in determining working length during the retreat-
ent process. The authors evaluated the ProPex, Novapex, and Root-ZX

nd they had as results 80, 85, and 95% of accuracy, respectively, for the
hree devices. No significant differences were detected between the
hree apex locators, (p � 0.05) demonstrating that the electronic apex
ocators tested have similar accuracy in the retreatment process.

In our research only one operator carried out the electronic and
ctual working lengths. As it can be seen in other studies, if the locators
re used according to the instructions of the manufacturer, no previous
xperience with these devices is essential to obtain correct measure-
ents. In addition, the important interobserver concordance suggests

hat electronic root canal measurement is an objective and acceptably
eproducible technique (12, 15).

Ibarrola et al. (16) suggested that preflaring root canals before
sing the Root-ZX led to an increased accuracy of the electronic apex

ocator. For this reason, the canals were carefully preflared with Gates
lidden in the present study. A literature search revealed no in vitro
tudies evaluating the accuracy of the Novapex EAL. In this research the
0.0’ mark in the Novapex and Root-ZX displays was used as an apical
ndpoint.

Several studies have demonstrated that EALs can accurately deter-
ine the working length in between 75 to 96.5% of the root canals with
ature apices (17, 18). The best results have been reached with the

ABLE 1. Position of the file tip relative to the apical foramen as determined
y the Root-ZX and the Novapex

Distance from Apical
Foramen (mm)

Root-ZX
(n � 39) % Novapex

(n � 39) %

��0.5 1 (2.6%) 2 (5.1%)
�0.5 to 0.5* 35 (89.7%) 32 (82.1%)
�0.5 3 (7.7%) 5 (12.8%)

negative value indicates file position coronal to the apical foramen.
atest generation devices, such as Root-ZX (17, 19). Dunlap et al. (20)

Comparing EALs in Locating Apical Foramen 561
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eported that 82% of electronic values recorded with the Root-ZX model
ere accurate to �0.5 mm of the apical constriction when 2.5% NAOCL
as used.

The apical limit used was the apical foramen. The measurements
ith Root-ZX and Novapex were, respectively, 89.7% and 82.1% from

he apical foramen. It is important to point out that although the elec-
ronic measures have been in the average of other studies, in three
pportunities for Root-ZX and in five for Novapex, the file tips surpassed
he apical foramen and this situation can lead to imprecise measures.
ccording to Lee et al. (21) more important than where to read is the
uestion of how the measurements can be consistently reproduced. If
he device indication is consistent, if we know where we are, and if we
now the average distance between the file tip and the true CDJ, then we
an obtain an accurate length, by subtracting the average distance from
he device reading. The authors encountered measurements were 97%
or the apical foramen and they showed that measurements from the

ajor foramen were more consistent than from the CDJ. Shabahang et
l. (17) showed that the Root-ZX was able to locate the foramen within
range of �0.5 mm in 96.2%.

In this laboratory study, there were no statistically significant dif-
erences related between the two devices. Consequently, the Root-ZX
nd the Novapex were able to determine the position of the apical
oramen accurately. Last but not least, the latest generation of apex
ocators provides an accurate and useful adjunct for the determination
f the root canal length.
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