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Abstract

Introduction: The precise localization of the apical foramen and the
odontometry determination is an important stage since it locates the
apical limit for instrumentation and filling. Objective: To compare
the accuracy of Root-ZX Mini and Raypex 6 in locating apical foramen
in extracted molars. Material and methods: 80 mesial and buccal
canals from 40 mandibular and maxillary human molars were
used. A size #15 K-file was introduced to canal, until the locator
indicated the apical foramen (red bar/line in both devices). With
the file in position, it was re-adjusted for Root-ZX II Mini on the
green bar and on the two yellow bars for Raypex 6. All the samples
were measured from the tip of the file to the apical foramen with
radiovisiograph and the Sidexis software. The apical third of the
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root was shaved until exposure of the file. The distance
from the file tip to the most coronal border of the apical
foramen was obtained and it was measured with a clinical
microscope at 16-fold magnification. The measured lengths
with the radiovisiograph and the clinical microscope were
analyzed with the statistical Student’s T-test. Results: The
average length from the tip of the file to the apical foramen
using Root-ZX Mini was 0.695 mm and 0.543 mm with
Raypex 6. There was no significant difference. Conclusion:
Two devices were accurate in locating apical foramen with

an adequate level of reliability.

Introduction

In endodontic treatment, the precise localization
of the apical foramen and the working length
determination is an important stage since it locates
the apical limit for instrumentation and filling
[22]. The location aims to endodontic procedures
are performed within the anatomic limits of the
root canal [18].

The radiographic technique has been used to
determine the working length, however, it shows
diverse clinical limitations: it has a subjective
interpretation; there is overlapping of anatomic
structures; there may be image distortion; it is
difficult to determine the position of the apical
foramen; the quality of the film or of the sensor
may affect the image; it’s a bi-dimensional image
of a three-dimensional object. In addition, some
clinical circumstances limit its use, such as patients
with macroglossia, nausea, pediatric patients or
pregnant women [9].

The electronic method to locate the apical
foramen was firstly introduced by Custer [4] in
1918, using the electrical conductivity principle [9].
In 1942, Susuki [24] indicated that the electrical
resistance between an instrument inserted inside
the root canal and an electrode adhered to the
oral mucosa, registered constant values [11, 13].
Based on this principle, Sunada [23] developed a
simple direct-current device to measure the canal
length. Later, equipment that employed impedance
at simple or multiple frequencies were designed,
which have overcome some observed problems in
the first models and they have been overcoming
the problems that the first devices had [8]. The
fourth generation apparatus employed two separate
frequencies (400 Hz and 8 kHz), and measured
the resistance of two frequencies of alternating
current at the same time, obtaining in this way
the impedance ratio [9].

These locators are not affected by the presence
of irrigants inside the canal, nevertheless, some
inaccurate measurements are due to morphological
(lateral, accessory and convergent canals,
bifurcations, resorptions and perforations) and
technical aspects (contact with metals) [2].

To determine the working length, it is advisable
to combine the use of periapical radiography and
electronic apex locator [1, 9, 16, 26]. However, in
clinical situations with difficulty to obtain the
working length with periapical radiograph [6], only
the electronic device is used.

The release of new models of devices for
electronic working length requires their assessment
to allow the verification of their reliability. Thus, the
purpose of this study is to compare the accuracy in
locating of the apical foramen in mesial and buccal
canals of extracted molars, using Root ZX Mini
and Raypex 6, with radiographic and microscopic
evaluation.

Material and methods

Eighty mesial and buccal canals from forty
mandibular and maxillary human molars were
used with approval of the Bioethics Committee
of the Military Hospital. They were obtained from
the Maxillofacial Surgery Service from the Dental
Specialist Centre of the Mexican Army and Air Force,
México. The Root ZX Mini (JJ Morita, Tokyo-Japan)
and Raypex 6 (VDW, Munich-Germany) devices were
used, dividing the samples in two study groups of
40 canals each, the electronic measurements were
made with both devices.

With a diamond disc (SS White — USA) the
clinical crown was cut off from all the pieces at the
cementum-enamel junction; they were individualized
into mesial or buccal roots, sectioning the roots in
cross direction to the longitudinal axis to obtain
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a flat border with the teeth root axis, achieving in
this way direct vision to the root canal.

The canals were located with the DG16 (SS
White — USA) explorer and they were negotiated
with #15 or 10 K file (Dentsply-Maillefer, Ballaigues
— Switzerland). The entrance to the canals was
irrigated with a 5 ml of 5.25% sodium hypochlorite
(NaOCl) (Viarzonit T — México, D.F.) and the canals
orifices were enlarged with #4 Gates-Glidden drills
(Dentsply-Maillefer Ballaigues — Switzerland). The
pulp chamber was flooded with NaOCI.

The roots were positioned vertically in a vegetal
sponge wetted with a 3 ml. 0.9% Sodium Chloride
solution (Kabipac — Mexico, D.F.), the sponge was
placed in a glass container, simulating the natural
oral humidity. The manufacturer’s recommendations
were followed for both devices.

The electrode was placed in contact with the
humidity of the sponge to complete its circuit.
A size #15 K file (Dentsply-Maillefer, Ballaigues
- Switzerland) was inserted in the root canal
until the apical foramen was felt. The file-holder
was placed at the stem of the instrument and the
position of the file inside the apical foramen was
confirmed with either one or the other electronic
device (the red bar was illuminated). The working
length was re-adjusted. In the case of the Root ZX
Mini, it was on the green bar and with the Raypex
6 in the first two yellow bars (both devices at 0.5
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mm). The lecture was left to stabilization for 5
seconds. Then the file-holder was removed from the
number 15 K file and it was fixed to the root dentin
with cyanoacrylate adhesive (Kola-loka, Mexico) and
light-cured resin (3M ESPE, Germany), verifying
the reading again in the foramen locator.

Digital radiographs were taken with collimator
(Dentsply-Mexico) using the parallelism technique;
a phosphorus film scanner “Vista Scan Diirp
Dental” (Henry-Schein — México, D.F.) was used on
all the samples, on to which was previously placed
a scaled template.

The measurements were done by two operators
in the digital radiography, using the Radiovisiograph
(Sirona-Germany) and the Sidexis Sirona Dental
X-Ray software (Sirona-Germany). The pointer was
positioned from the file tip (initial point) and a line
was drawn towards the apical radiographic apex
(figure 1), registering the distance in millimeters
in a data-collection sheet.

With the use of the clinical microscope Ompi
99 (Zeiss, Germany) at 16-fold magnification and a
fine-grain conical diamond bur (SS White, México)
at high speed the 4 apical millimeters were trimmed
in longitudinal direction until the file was exposed.
Pictures were taken (figure 2) using the clinical
microscope OPMI 1 FR pro (Zeiss-Mexico) at 16-fold
magnification and a digital camera (Sony-Japan).

Figure 1 - Measurement with the Sidexis Sirona Dental X-Ray and imaging system software (Sirona -Germany)
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Figure 2 - Measurements with Root ZX Mini (A) and Raypex 6 (B)

To perform the microscopic measurements, 2
calibrated examiners used Corel-Draw 4 software.
In the first place, the CDJ zone and the apical
foramen were identified. A line from the mesial to
the distal wall was drawn on both anatomical zones.
The intersection of the straight line coming from
the tip of the file towards the center of the apical
foramen was considered as the measuring point.
These results were grouped in three categories,
according to Piasecki et al. [15]. All the values
were registered in a data-collection sheet and

were analyzed with the Student’s T-test, with a
significance level of 0.05.

Results

The radiographic and microscopic measurements
results are shown in the graph 1. The results grouped
in the 3 qualitative results: long, acceptable, and
short are shown in graphs 2 and 3. No significant
difference was observed between both electronic
devices, in all of the evaluating methods.

0.8
0.695

B Radiographic

Root ZX mini

Radiographic:t=1.34, p=0.184

B Microscopic

Raypex 6

Microscopic: t=0.99, p =0.327

Graph 1 - Arithmetic mean of the radiographic and microscopic measurements of the distance between the file tip

and the foramen using Root ZX Mini and Raypex 6



262 - RSBO. 2015 Jul-Sep;12(3):258-65

Garcia-Herverth et al. - Accuracy of Root ZX mini and Raypex 6 in locating the apical foramen of molars: radiographic and
microscopic evaluation

100

B Root ZX Mini
Hm Raypex 6
longer acceptable short
Radiographic: p=0.611
Graph 2 - Qualitative results obtained with radiograph
100
90
80 72.5
B Root ZX Mini
M Raypex 6

longer acceptable short

Microscopic: p=0.358

Graph 3 - Qualitative results obtained with microscope
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Discussion

The major canal is apically limited by the
apical foramen. The pulp and periodontal tissues
converge at the CDJ (cement dentin junction), located
on average 1 to 2 mm from the apical foramen
[9]. However, it is not possible to determine the
exact position of the CDJ using radiographs in a
precise way [12, 15], moreover, this joint of cement
and dentin may be present at different heights in
the same canal, depending on the observed wall;
thus, it also could be referred as CDJ zone and not
CDJ limit. This CDJ zone is located on average 1
to 1.5 mm from the apical radiographic apex, but
this length may vary [9].

The precision of the electronic devices is
based on the fact that the double-frequency devices
possess a calibration that allows the indication of
the variation of impedance relative values (quotient
or difference) from the apical region, permitting
the location of the instrument tip near 1 mm of
the apical foramen, which is near to the apical
constriction [9]. This position was proved when
the ability of Root ZX to detect the presence of
the apical constriction in teeth, with or without
foramen patency, was tested. The analysis of the
impedance values showed that the equipment was
actually based on the detection of the decrease
in the dentin thickness in the apical third of the
root canal [9].

The electronic method yields similar results as the
radiographic one [16, 17, 25], regarding to the apical
foramen localization. Nevertheless, the electronic
devices have the advantage that their reference point
is the apical foramen, which is imperceptible in the
radiographs [12]. The radiographic method has as
reference point, the radiographic apical apex, which
in the majority of cases differs in the location of the
major foramen [19].

The precision was evaluated of three electronic
foramen locators and compared them with the
digital radiograph [1]. They observed that there
was no significant difference between the two
examined radiographic planes in comparison with
the electronic measurements. In the present study,
it was observed an interval from 0.543 mm to
0.387 mm between the precision of the radiographic
location of the foramen with both devices, which
in the clinical practice will allow locating the CDJ
zone. The localization of the foramen is clinically
acceptable, with a =1 mm margin from the CDJ
zone, however, the £0.5 mm margin to the minor
diameter of the CDJ zone is acceptable [7, 15,
20].

The accuracy of locating the apical foramen of
the Root ZX and Novapex also was evaluated with a
+0.5 mm tolerance [3]. They observed the foramen
location between 82% (Novapex) and 89% (Root
ZX) with no statistical difference between them.
With a margin of *1 mm. MiniApex locator and
Raypex 5 was evaluated and obtained a precision
of 100%, whereas with the margin of +0.5 mm,
the two devices had the 75% of accuracy, with
no statistical difference between them [21]. With
the same measuring range were evaluated ex vivo
the reading accuracy of Root ZX, Bingo 1020 and
Ipex in respect to the real measure of the teeth.
They concluded that all electronic devices tested
were able in determining the precise tooth length
when considered a variation of 1 mm from the
position of apical foramen [10]. Root ZX, Raypex
5 and the Elements Apex locator regarding to
their precision to detect the minor foramen and
the morphological factors that influence the
determination of the working length [5]. They point
out that the minor foramen morphology and the
major foramen location are influencing factors on
the measurements by the apical locators. Another
factor that they may interfere on the location of
the foramen is the presence of apical resorption
in teeth with apical periodontitis, however, Root
ZX showed precision for the location of the apical
foramen in the presence of apical periodontitis
[15]. Elsewhere Root ZX II and Propex II were
compared to establishment working length and
direct visual measurement. Both apex locators
showed an acceptable percentage of correct readings
[14]. In the present study, recently extracted teeth
were used, without considering if apical resorption
existed or not. In this study both electronic locators,
Root ZX Mini and Raypex 6, showed reliability for
the determination of the apical foramen, showing
precision in 1 mm with no statistical difference
between them.

Conclusion

Under the ex vivo conditions in this study, Root
ZX Mini and Raypex 6 were precise in locating the
apical foramen in mesial canals of lower molar
and buccal canals of upper molar teeth, with the
same reliability as the digital radiographs of the
extracted roots. It is recommended to perform in
vivo clinical studies with these devices, to consider
all the variables present in clinic.
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