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ABSTRACT

Objective: To assess precision of Raypex 6 to locate foramen 
and establish placement in the canal -dentin-cement (CDC) area 
in lower molar canals by means of diaph anization. Material and 
methods: 52 permeable canals from 20 extracted lower molars 
immersed in alginate were used. Crown opening, location, 
permeabilization and irrigation with 5.25% sodium hypochlorite 
were performed. Electronic conductometry was obtained with 
Raypex 6 electronic locator. A K #15/20 fi le type was inserted in 
all samples which had labial clip inserted in alginate. The device’s 
screen indicated position of the apical foramen in the red bar, K 
fi les position was readjusted in the fi rst two yellow bars, the fi le 
was then fixated with acrylic resin. Teeth were diaphanized by 
means of the nitric acid technique; teeth were kept in methyl 
salicylate. Samples were analyzed with clinical microscope at 16x, 
they were subjectively assigned a value called precise when the tip 
of the fi le was located at 0-0.5 mm, external or positive (+), when 
the fi le was +0.1 mm or more, and short or negative (-) when it 
was -0.51 mm or less with respect to the apical foramen. Results: 
Of the 52 analyzed samples, 40 were found to be precise, seven 
long and fi ve short. Descriptive statistics showed 76.9% precision. 
Conclusion: Electronic working length with Raypex 6 showed 
suitable precision in mesial canals of lower molars.
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RESUMEN

Objetivo: Evaluar la precisión de Raypex 6 para localizar el fora-
men y ubicarse en la zona cemento-dentina conducto (CDC) en 
conductos de molares inferiores por medio de diafanización. Mate-
rial y métodos: 52 conductos permeables de 20 molares inferiores 
extraídos inmersos en alginato fueron utilizados. Se realizó abertura 
coronaria, localización, permeabilización e irrigación con hipoclori-
to de sodio al 5.25%. Con el localizador electrónico Raypex 6 se 
obtuvo conductometría electrónica. Se introdujo lima tipo K #15 o 
20 en cada muestra que tenía el clip labial inserto en alginato. La 
pantalla del dispositivo indicó la posición del foramen apical en la 
barra roja y se procedió a reajustar la posición de la lima K en las 
dos primeras barras amarillas y la lima se fi jó con resina acrílica. 
Los dientes se diafanizaron por medio de la técnica de ácido nítrico 
y se mantuvieron en salicilato de metilo. Las muestras se analiza-
ron con microscopio clínico a 16x y de manera subjetiva se asignó 
el valor de preciso, si la punta de la lima se ubicó entre 0 a -0.5 
mm, fuera o positivo (+) si la lima estuvo +0.1 mm o más y corto o 
negativo (-) si fue de -0.51 mm o menos con respecto al foramen 
apical. Resultados: De las 52 muestras analizadas, se encontraron 
40 precisas, siete largas y cinco cortas. La estadística descriptiva 
demostró 76.9% de precisión. Conclusión: La longitud de trabajo 
electrónica con Raypex 6 mostró una adecuada precisión en con-
ductos mesiales de molares inferiores.
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INTRODUCTION

Precise location of the apical foramen and 
determination of conductometry is one of the most 
important phases of endodontic treatment, due to the 
fact that it is the space where instrument use and fi lling 
of root canals are limited.1 The target is to ensure that 
root canal treatment is conducted within anatomical 
limits of the root canal.2

Periapical X-rays are used to conventionally obtain 
working length, nevertheless it has been shown it 
suffers limitations during execution. From a subjective 
interpretation it can be said that anatomical structure 
superposition, image distortion, quality of fi lm and/
or sensor affect the image, hindering observation 
of apical foramen position; it is a bi-dimensional 
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image of a three-dimensional object. Moreover 
complications might rise when treating patients with 
nauseous refl ex, affected with macroglossia, or are 
pregnant women or children.3

Electronic working length was first proposed 
by Custer4 in 1918, under the principle of electric 
conductivity.3 With these principles in mind, Suzuki5 
in 1942, reported that electric resistance of an 
instrument within instrumented root canal and 
connected to an electrode applied to the oral mucosa, 
recorded constant values.6,7

With these values, in 1962, Sunada8 developed 
a simple locator of continuous current to measure 
root canal. With time, locators were designed, 
using impedance in simple or multiple frequencies 
having overcome problems encountered by the fi rst 
locators.9 Presently, fourth generation devices use 
two separate frequencies (400 HZ and 8 kHz) which 
measure resistance of two alternate currents (AC) 
frequencies at the same time, and thus impedance 
coeffi cient is obtained.3

It has been shown that fourth generation locators 
are not affected by the presence of irrigating solutions 
in the canal,6 nevertheless, the reason for erroneous 
measurements could be due to certain morphological 
aspects such as lateral, accessory or convergent 
canals, resorptions, perforations and contact with 
metals.10 A combination of techniques is advisable 
in order to achieve more accurate working length 
during endodontic treatment.3,11-13 Nevertheless, in 
clinical situations where endodontic treatment was 
performed, due to the fact one patient was wearing 
postsurgical retention plate, and another had been 
subjected to orthodontic treatment involving a 
maxillary expander, it was observed that LEF were 
effective for electronic conductometry, using two 
X-rays.14 Another study reported five endodontic 
treatments performed with exclusively electronic 
conductometry; it was observed that 12 out of 14 
endodontic treatments were at a distance of 0-2 
mm from the radiographic apex, thus showing that 
electronic working length is a reliable method which 
decreases the number o trans-operative X-rays.15

Based on the aforementioned, the purpose of this 
project was to evaluate accuracy of Raypex 6 to locate 
foramen and locate in the area of CDC (cement-
dentin-canal) in canals of lower molars.

MATERIAL AND METHODS

For the study, 52 canals from 20 extracted, lower 
molars were used, provided by the tooth file of the 
Specialties’ Maxillofacial Surgery Service, Military 

Regional Hospital of Guadalajara, Jalisco, in order to 
conduct electronic measurements with a Raypex 6 
device (VSW Munich, Germany). With a diamond disk 
(SS White-Mexico) clinical crowns were cut in all the 
molars at the cement enamel junction. Samples were 
individualized into mesial and vestibular roots. Roots 
were diagonally cut with respect to the longitudinal 
axis in order to obtain a fl at border with the axis of the 
tooth’s root and thus achieve access with direct vision 
into the root canal. Canals were located with DG16 
explorer (SS White-USA), and were permeabilized 
with a K file numbers 10 and 15 (VDW GmbH, 
Germany). Canal entrances were irrigated with 5.25 
sodium hypochlorite (Viarzonit-T Mexico), they were 
broadened in the cervical third with Gataes-Glidden 
number 4 burr (VDW GmbH, Germany) Roots (in their 
middle and apical thirds) were placed in a vertical 
position in a glass containing alginate (Tropicalgin-
Zhermack, Mexico City), to replicate natural oral 
humidity. Measurements were conducted on the 
flat surface, following at all times manufacturer’s 
recommendations.

The crown was accessed with a number 4, high 
speed, round burr (Jet SDS Kerr-Mexico City), canal 
location and permeabilization was conducted with 
type K fi le, number 8 or 10 (VDW GmbH, Germany). 
Irr igat ion was performed with 5.25% sodium 
hypochlorite (Viarzoni T, Mexico City). With clip 
inserted in alginate (mark) a number 15 or 20 type 
K file was introduced (VDW GmbH), in accordance 
with the fi le that did fi t, assessed by means of tactile 
sensation and apparent measurement in the X-ray. 
Screen of Raypex 6 device (VDW Munich, Germany) 
indicated the position of the apical foramen in the 
red bar. K file was then readjusted (VDW GmbH, 
Germany) in the fi rst two yellow bars. It was reserved 
for 10 seconds until reading was stabilized, the K fi le 
(VDW GmbH Germany) holder was removed and was 
fixated to the tooth with acrylic resin. With foramen 
locator, reading was once more verifi ed. Teeth were 
diaphanized with nitric acid technique, and were then 
preserved in methyl salicylate. Pictures were obtained 
with clinical microscope OPMI 1 FR PRO (Zeiss 
Mexico) at 16x as well as with a digital camera (Sony, 
Japan). Digital images were obtained which were then 
evaluated by two endodontic specialists, blinded and 
calibrated to identify the limit of the apical foramen; 
a subjective value was assigned: accurate when the 
tip of the fi le was at 0 to 0.5 mm, external or positive 
(+) when the fi le was ± 0.1 mm or more, and short or 
negative (-) when it was at -0.5 mm or less with respect 
to the apical foramen. No samples were excluded in 
the present study.
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RESULTS

In the present study, with conducted observations 
and applied descriptive statistics, 40 precise working 
lengths were found, representing 76.9% and 12 non-
precise working lengths, representing 23.1%. Non-
precise conductometries were seven external (13.5%) 
and fi ve short (9.6%) with respect to the apical foramen 
(Figures 1 to 3).

DISCUSSION

Root canal  systems are l imi ted by apical 
foramen,16-19 nevertheless, the apical foramen does not 
have a point as a limit, that is to say, this anatomical 
region is called area or junction of cement-dentin-
canal (CDC), and is thus defi ned as CDC zone and 
not CDC limit. Due to anatomical variability of apical 
foramen, CDC junction can be found at an average 
1-2 mm from the apical foramen.3 In an X-ray, CDC 
area is generally located at 1-1.5 mm short of the 
radiographic apex, nevertheless, this length can vary3 
due to the fact that it is impossible to establish with an 
x ray the exact position of the CDC zone.2,20

When endodontic treatment is undertaken, it is of 
the utmost importance to accurately establish position 
of the CDC zone, since it bears infl uence in the repair 

of periapical tissues,19 therefore accurate working 
length must be secured. Some research papers 
report that electronic and radiographic methods 
present similar results,13,21,22 nevertheless, LEFs have 
the advantage that their reference point is the apical 
foramen, which is imperceptible in X-rays.20 The 
radiographic method has the radiographic apex as a 
reference point, which, in most cases differs from the 
location of the main foramen.23

Precision of the devices Root ZX, Raypex 5 and 
Elements Apex Locator was assessed in order to 
locate the minor foramen as well as morphological 
factors which influence in the determination of the 
working length; and they considered that morphology 
of the minor foramen and its position are factors which 
directly influence in the LEFs precision,24 and that 
apical resorptions in teeth with apical periodontitis 
similarly bear some influence.15 The present work 
employed recently extracted teeth and did not consider 
whether there were or weren’t apical resorptions. 
Raypex 6 was reliable in 76.9%. In another in vivo 
study, which compared Raypex 5, DentaPort ZX 
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Figure 1. Precise working length in mesial canals.

Figure 2. Working length outside of the apical foramen and 
distal canal.
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Figure 3. Short working length in mesial canals.
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and ProPex II, it was concluded they did not exhibit 
differences in major foramen location.24

Raypex 6  is  a  four th  generat ion dev ice, 
manufactured by the company VDW (Germany), it 
was available in the market in June 2011.25 LEFs of 
this generation separately measure resistance and 
capacitance they have double frequency (400 Hz and 
8 kHz) and are controlled by a microprocessor which 
is used to determine working length.3,26 In the first 
work reported in literature (2014), a comparison was 
established between Raypex 6 and DentaPort ZX in 
36 patients’ single rooted teeth. A number 10 fi le was 
placed in each canal and was fi xated with light-cured 
resin. The apical portion of the root was exposed, 
and the distance from the tip of the fi le to the apical 
foramen was measured. No signifi cant difference was 
found between DentaPort ZX and Raypex 6 in terms 
of ability to detect main foramen. DentaPort ZX was 
accurate in 82.3% in the ± 0.5 mm and 97% in ± 1 mm, 
whereas Raypex 6 was accurate in 88.2% in the ± 0.5 
mm range and 100% in the ± 1 mm;27 these fi gures 
are higher than those found in the present study which 
revealed 76.9% accuracy.

Differences between Raypex 5 and Raypex 6 
are related to the device, that is to say, with the 
model and not the operating principle, according to 
the McDonald et al classification,28 both are fourth 
generation devices. With reliability presently offered 
by LEFs,13,29-32 it is possible to propose performance 
of root canals system treatment with two and three 
X-rays.13-15 Nevertheless, to this date, there are still 
no 100% reliable and accurate LEFs,3 that is to say, 
we still have to resort to X-rays; even a combination 
of methods could be considered as ideal.3 In the 
present work with Raypex 6, inaccuracy of 23.1% was 
encountered.

Raypex 6 is an electronic device in which, according 
to the manufacturer, the position of the CSDC zone is 
located between green and yellow stripes,25 this is to 
say it does not directly show the precise position of 
the CDC junction, therefore, in the present study CDC 
junction was considered when in the Raypex 6 screen 
it was shown to be in the two yellow bars, which 
indicated that the file is at a 0.5 distance from the 
apical foramen. From the aforementioned, at that same 
position a 62.5% incertitude was obtained with Raypex 
6, which suggests it is a non-precise, unreliable LEF 
for electronic conductometry. Nevertheless it must be 
worthwhile to mention that a rigorist working length 
criterion was used, assessed with scanning electron 
microscopy.33 This varies when a clinical criterion is 
applied, that is to say, observation and assessment 
through X-rays. In a report of fi ve root canal treatment 

performed exclusively with electronic working length 
(without radiographic confirmation), and only two 
X-rays, it was observed that the obturation level in 12 
out of 14 canals was found to be from 0 to 2 mm of the 
radiographic apex. It is considered that the electronic 
working length is reliable and decreases treatment 
time and number of X-rays.

With used methodology, Somma et al study34 was 
considered reliable. In this study three LEF were 
compared in vivo (DentaPort ZX, Raypex 5 and Propex 
II); they used diaphanization to evaluate samples, and 
found that according to in vivo circumstances, all three 
LEFs did now statistically signifi cant differences among 
them with respect of apical foramen location. Even 
though in our study a 76.9% precision was obtained 
with Raypex 6, with this methodology it is considered 
that during the de-mineralization process undertaken 
for diaphanization, there could be loss of apical root 
tooth structure, as well as a possible alteration in 
electronic measurements, perhaps this was the reason 
for the 23.1% non-precision rate of Raypex 6.

In another study, Raypex 6 precision to locate 
CDC zone and main foramen was evaluated with 
the use of cone beam computerized tomography 
(CBCT), in dry circumstances, or when irrigated with 
sodium hypochlorite, bi-distilled water or Ultracain; 
150 extracted human teeth were divided into five 
groups (n = 30). Positive and negative values were 
recorded as short and long working length. Electronic 
measurements were more reliable than those 
observed with CBCT. Raypex 6 was more precise to 
locate main foramen when compared to CDC.35 Briefl y, 
use of Raypex 6 to determine working length does not 
fully avoid the risk of overestimating measurements 
outside of the apical foramen.

CONCLUSION

Bearing in mind limitation inherent to the in vitro 
study, it can be said that Raypex 6 was accurate 
in 76.9%, and can be used with limitations and 
anatomical considerations in the endodontic clinic, 
therefore, it is recommended to conduct further clinical 
studies with this device and to replicate the reality 
observed in the endodontic clinic.
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