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Abstract
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Aim To evaluate the accuracy of the Root ZX,
Elements-Diagnostic, Precision AL and Raypex 5 elec-
tronic apex locators when compared to radiographs for
locating the apical constriction.

Methodology The apical constriction of 693 canals
in 245 maxillary and mandibular teeth was located in
vivo with four electronic apex locators (EALs) and
radiographically. After extraction the actual location of
the apical constriction was determined visually and with
magnification. A paired samples t-test, X2 test and a
repeated measure ANOVA at the 0.05 level of significance
were used to determine differences between the groups.
Results For anterior teeth, the Root ZX, Elements,
Precision AL, Raypex 5 and radiographs located the
apical constriction 89.09%, 83.63%, 85.45%, 81.81%

and 32.72% of the time, respectively. For premolar
teeth, the Root ZX, Elements, Precision AL, Raypex 5
and radiographs located the apical constriction 75%,
61.60%, 64.28%, 61.60% and 32.14% of the time,
respectively. For molar teeth, the Root ZX, Elements,
Precision AL, Raypex 5 and radiographs located the
apical constriction 69.01%, 50.49%, 65.40%, 43.93%
and 14.59% of the time, respectively. There was no
statistically significant difference between the four EALs
(P = 0.05).

Conclusion Measuring the location of the apical
constriction using the four apex locators was more
accurate than radiographs and would reduce the
risk of instrumenting and filling beyond the apical
foramen.

Keywords: apical constriction, electronic apex loca-
tor, working length determination.
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Introduction

The removal of all pulp tissue, necrotic material and
microorganisms from the root canal system is essential
for success following root canal treatment. Root canal
preparation and filling should not extend beyond the
tooth root nor leave uninstrumented areas inside the
root canal.

Anatomically, the apical constriction (Kuttler 1955),
is a logical location for working length (WL) since it
often coincides with the narrowest diameter of the root
canal (AAE 2003). However, locating the apical
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constriction (AC) clinically is problematic. Dummer
et al. (1984) concluded that it is impossible to locate the
AC clinically with certainty because of its position and
topography. The cementodentinal junction (CDJ) has
also been suggested as the location for WL because it
represents the transition between pulpal and periodon-
tal tissue (Grove 1931). The location of the CDJ is
widely accepted as being 0.50-0.75 mm coronal to the
apical foramen (Ricucci & Langeland 1998) but, as
with the AC, the exact location of the CDJ is impossible
to identify clinically. In general, the CDJ is considered to
be co-located with the minor foramen (AC) (Stein et al.
1990); however, this is not always the case (Dummer
et al. 1984).

WL is defined as ‘the distance from a coronal
reference point to the point at which canal prepa-
ration and filling should terminate’ (AAE 2003).

© 2011 International Endodontic Journal
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Radiographic determination of WL has limitations such
as distortion, shortening and elongation, interpretation
variability and lack of three—dimensional representa-
tion. Even when a paralleling technique is used
elongation of images has been found to be approxi-
mately 5% (Vande et al. 1969). Accurate determination
of WL during root canal treatment is a challenge.

A WL 1 mm short of the radiographic apex may
result in over or under instrumentation because of the
variability in distance between the apical foramen and
the radiographic apex (Gutiérrez & Aguayo 1995).
Thus, this often used ‘rule’ is not predictable or
reliable.

Methods of determining the WL include tactile
sensation, knowledge of root canal lengths and
anatomy, assessment of preoperative radiographs,
and electronic apex locators (EALs) (Heo et al
2008). Radiography has been considered as the
traditional and most appropriate method of obtaining
information on the anatomy of the root canal and
its surrounding tissues (Bramante & Berbert 1974,
Forsberg 1987).

Plain-film periapical radiographs are still essential
aids for diagnosis, for working films (e.g. measuring the
length of root canals, fitting gutta-percha cones), to
verify the final fill, and for follow-up comparisons at
recall examinations.

Custer (1918) was the first to determine WL
electronically. Suzuki (1942) investigated the electrical
resistance properties of oral tissues and developed the
first electronic apex locator. The device was resistance-
based and measured the resistance between two
electrodes to determine the location of an instrument
in the canal. Later devices were impedance-based
(Nekoofar et al. 2006) and used multiple frequencies.
More recently resistance and capacitance-based devices
emerged that measure resistance and capacitance,
directly and independently.

The Root ZX (J. Morita Co., Tokyo, Japan) uses the
‘ratio method’ to locate the minor foramen (AC)
(Kobayashi & Suda 1994) by the simultaneous mea-
surement of impedance using two frequencies. The
Root ZX claims to work in the presence of electrolytes
and nonelectrolytes and requires no calibration
(Kobayashi 1995) and was able to measure in an
ex vivo study the correct WL (£0.5 mm) in 97.37% of
cases (Plotino et al. 2006).

The Elements-Diagnostic (SybronEndo, Sybron
Dental, Orange, CA, USA) uses multiple frequencies,
in an attempt to eliminate the influence of canal
conditions and was able to determine the correct WL
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(£0.5 mm) in 94.28% (Plotino et al. 2006) or 82.19—
85.62% (Briseno-Marroquin et al. 2008) of cases.

The Raypex 5 (VDW, Munich, Germany) was able to
detect the correct WL (0.5 mm) in 80-85.59% of
cases (Briseno-Marroquin et al. 2008) and in 80% of all
cases within the same limits (Wrbas et al. 2007).

The Precision Apex Locator (PAL) (Precision Apex
Locator, Operation Manual. Brasseler USA, Savannah,
GA, USA) is a new EAL whose accuracy has not been
tested and reported in the literature to date.

Electronic apex locators have the potential to facil-
itate the recognition of the instrument inside the canal,
allowing more precise in vivo determination of WL
(Gordon & Chandler 2004).

Current EALs have a high reliability, high accuracy
and high reproducibility in locating the major apical
foramen regardless of the electrolyte (Jenkins et al
2001).

In addition to improving WL accuracy (Nekoofar et
al. 2006) EALS address concerns about radiation as
they have the potential to reduce the number of
radiographs taken during root canal treatment
(Pagavino et al. 1998).

Modern EALs can locate the apical foramen and the
AC with high precision, it is unclear how accurate these
devices are as they approach the apical region and how
precise the meter readings correlate with the file position.
The precision of measurement might also depend on the
file size and the dimensions of root canal and foramen.

The purpose of this study was to evaluate in vivo the
accuracy and predictability of four EAL for determining
WL as compared to radiographs: RootZX, Elements-
Diagnostic Unit, The Raypex 5 and The PAL.

Materials and methods

Two hundred and forty-five teeth (693 canals) with
fully formed apices and without apical resorption were
used (Table 1). All teeth gave positive responses to hot
and cold tests and were extracted for periodontal or

Table 1 Distribution of 245 teeth (693 canals)

No. of canals

Tooth Maxillary Mandibular
Central Incisor (17) 13 4
Lateral Incisor (26) 21 5
Canine (12) 9 3
Premolar (28) 19 9
Molar (162) 309 301
Total 245 371 322

International Endodontic Journal, 44, 510-518, 2011
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prosthodontic reasons. Ethical approval for the study
(obtained from Tijuana’s School of Dentistry) and an
informed consent was signed by the patients.

After local anaesthesia, rubber dam isolation and
access cavity the canals were flared coronally with size
1 and 2 Orifice Shapers (Dentsply Tulsa Dental, Tulsa,
OK, USA) using 3% sodium hypochlorite for irrigation.
The final rinse was aspirated but no attempt was made
to dry the canals. The AC of each tooth was located first
with the four EALs and then radiographically.

The AC was located with the Root ZX according to
the manufacturer’s Operation Instructions (J. Morita
Corp. 2005). A size 15 stainless steel K-file was
advanced in the canal until the LCD showed a flashing
bar between APEX and 0.5 with corresponding symbol
and a flashing tooth with the audible signal indicating
that the AC had been located. It is not necessary to set
the device on zero before measuring each individual
canal.

The microprocessor calibrates ROOT ZX automati-
cally, preparing it ready to use immediately after
turning on the main switch. No set up is required
and no resetting is required for multiple measurements.
Automatic calibration insures accuracy and eliminates
the effects of changes in temperature, moisture inside
the canal (J. Morita Corp. 2005).

Two silicone stoppers (two were used to prevent
movement) on the file were positioned at the reference
point. The file was removed from the canal and the
length measured to the nearest 0.01 mm with a digital
caliper (Fig. 1). This was the insertion length.

The AC was located with the Elements-Diagnostic EAL
per the manufacturer’s Instruction Guidelines (Sybron-
Endo 2006). The same size 15 file used for the Root ZX

Figure 1 Digital caliper used in the present study. Apical view
of tooth 25 under 20 x magnification.
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was advanced in the canal to just beyond the foramen, as
indicated by the ‘0.0" on the LCD display. The file was
then withdrawn until the reading showed a consistent
‘0.5" with corresponding symbol and audible signal
indicating that the AC had been reached. The stoppers
were positioned at the reference point and the insertion
length measured as described above.

The AC was located with the Raypex 5 when all
three green bars were reached. According to manufac-
turer’s instructions, then the insertion length was
measured as above.

The AC was located with the PAL according to the
manufacturer’'s Operation Manual (Brasseler USA
2006). The AC was located when the “0.5” mark
was reached and a constant audible tone was heard.
Then the insertion length was measured as above.

After the four EAL had located the AC on the same
tooth with the same size 15 file the AC was located
radiographically by advancing the file until its tip was
thought to be 1.0 mm from the radiographic apex as
estimated from the pretreatment radiograph. A radio-
graph was exposed and if the tip was not 1.0 mm from
the radiographic apex the file was repositioned and
another radiograph taken to ensure that it was. The file
was removed and after the insertion length was
measured it was re-inserted to this length (1 mm from
the radiographic apex) and cemented in place with Fuji
II LC dual-cure glass—ionomer cement (GC Corp.,
Tokyo, Japan). The file handle was removed with a
high speed bur and after the tooth was extracted
without disturbing the file, it was placed in 6% NaOCI
for 20 min to clean the root surface and stored in a 1%
Thymol solution. All clinical procedures were
conducted by the principal investigator. The sequence

Figure 2 Apical view of tooth 7 under 20 X magnification.
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of use for the four EAL was varied between the teeth
(Figs 2 and 3).

After the tooth was removed from the Thymol and
with the file still cemented in place, the apical 5 mm of
the root was ground parallel to the long axis of the
canal with a fine diamond bur and abrasive discs.
When the file became visible, additional dentine was
removed, whilst viewing the process under 20 x
magnification with an OPMI Pico microscope (Carl
Zeiss, Munich, Germany) until the file tip and the apical
foramen were in focus (Fig. 4).

Image tool 3.0 (Image Tool Software Copyright),
UTHSCSA University of Texas Health Science Center
San Antonio, USA, were use to complete the measure-
ments. A digital photograph was taken and stored in
Adobe Photoshop 5.5 (Adobe Systems Inc., San Jose,
CA, USA) (Fig. 5).

The distance of the file tip from the AC (narrowest
part of the canal) was measured and recorded as being
—1.0 or —0.5 mm from the AC; at the AC, or +0.5 mm
or +1.0 mm from the AC. A minus symbol (-)
indicated a file short of the AC; A plus symbol (+)

Figure 3 Position of the k file in the canal.

Figure 4 Using the software Image tool 3.0 (Image Tool
Software Copyright), UTHSCSA.
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indicated it was through the AC. Since the insertion
length was already known, the actual length to the AC
was determined by adding or subtracting the distance
of the file tip from the AC to the insertion length.

After the actual length (distance from reference point
to the AC) was determined the distance of the file tip
from the AC was calculated for the four EAL by
comparing the insertion length with the actual length.
The difference was recorded as —1.0 or —0.5 mm, etc.,
from the AC as shown in Tables 2-5.

The distances of the file tip from the AC obtained
by the EAL and the distances obtained radiographi-
cally were compared using a paired samples t-test,
chi-square test and a repeated measure ANOVA evalu-
ation at the 0.05 level of significance.

Results

The percentage of measurements at the AC; 0.5 and
1.0 mm short of the AC; 0.5 and 1.0 mm through the
AC was recorded as shown in Tables 6-9.

For anteriors, premolars and molars: no measure-
ments were 1.0 mm short of the AC. For anteriors and
premolars: No measurements were 0.5 mm short of the
AC (Tables 5-8).

There was no statistically significant difference
amongst the four EALS.

Discussion

The goal of this study was to evaluate in vivo the
accuracy and predictability of the Root ZX, Elements-
Diagnostic Unit, Raypex 5 and PALs for determining
WL as compared to radiographs.

Figure 5 Using the software image tool 3.0 UTHSCSA. Digital
caliper used in this study.

International Endodontic Journal, 44, 510-518, 2011
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Table 2 Distance of file tip from the apical constriction determined by Root ZX, Elements, Precision AL, Raypex 5 and Radiograph

(55 anterior teeth)

Group -1.0 -0.5 mm AC +0.5 mm +1.0 mm
n = 55 (%) n =55 (%) n =55 (%) n = 55 (%) n = 55 (%)
Variance Variance Variance Variance Variance
Std. Deviation Std. Deviation Std. Deviation Std. Deviation Std. Deviation
Root ZX - - 49 (89.09%) 6 (10.90%) -
0.099/0.314 0.100/0.340
Elements - - 46 (83.63%) 9 (16.36%) -
0.139/0.373 0.151/0.380
Precision A L - - 47 (85.45%) 8 (14.54%) -
0.127/0.355 0.112/0.350
Raypex 5 - - 45 (81.81%) 10 (18.18%) -
0.152/0.389 0.152/0.390
Radiograph - - 18 (32.72%) 26 (47.27%) 11 (20%)
0.609/0.780 0.810/0.94 0.153/0.382

AC: Apical Constriction.
(+) and (-) values indicate file tip beyond (+) or short (-) of the AC.
p = 0.05.

Table 3 Distance of file tip from the apical constriction determined by Root ZX, Elements, Precison AL, Raypex 5 and Radiograph

(28 premolars)

Root ZX Elements Precison AL Raypex 5 Radiograph
n = 28 (%) n = 28 (%) n = 28 (%) n = 28 (%) n = 28 (%)
Distance from Variance Variance Variance Variance Variance
AC (mm) Std. Deviation Std. Deviation Std. Deviation Std. Deviation Std. Deviation
-1.0 - - - - -
-0.5 - - - - -
AC 21 (75%) 17 (61.60%) 18 (64.28%) 17 (61.60%) 9 (32.14%)
0.194/0.440 0.247/0.497 0.238/0.487 0.247/0.497 0.702/0.838
+0.5 7 (25%) 11 (39.28%) 10 (34.71%) 11 (39.28%) 9 (32.14%)
0.198/0.492 0.201/0.501 0.198/0.498 0.189/0.499 0.756/0.989
+1.0 10 (35.71%)
0.761/0.994

AC: Apical Constriction.
(+) and (-) values indicate file tip beyond (+) or short (-) of the AC.
p = 0.05.

Historically, radiographs have been the primary
means for determining WL. However, they have
inherent limitations, being two-dimensional images of
three-dimensional objects. A WL is obtained radio-
graphically by positioning the tip of a file a certain
distance, usually 1.0 mm, from the radiographic apex.
This method lacks accuracy because the 1.0 mm is
measured from the end of the root (radiographic apex)
rather than the end of the canal (apical foramen).
Wrbas et al. (2007) urged caution to avoid over
estimating WL because the foramen frequently was
not at the apex. Gutiérrez & Aguayo (1995) recorded a
wide variability in distances between the foramen and
radiographic apex ranging from 0.20 to 3.40 mm.
They stated that over instrumentation of the canal
must be a common and unnoticed occurrence.

International Endodontic Journal, 44, 510-518, 2011

There is general agreement in the endodontic com-
munity that WL should be located at the AC. Kuttler
(1955), found that the AC averaged 0.5-0.75 mm
from the apical foramen and that the distance increased
with age because of cementum deposition. Chapman
(1969) and Dummer et al. (1984) found that the AC
was located 0.5-1.0 mm from the apex in 92% and
95% of the examined teeth, respectively. Hassanien et
al. (2008) detected the AC an average distance of
1.2 mm from the apical foramen. In light of these
studies, it would seem that there is ample justification
to establish a WL 1.0 mm short of the radiographic
apex. Unfortunately, this assumption is not always
accurate in locating the AC and caution should be used
because a WL 1 mm short of the radiographic apex and
believed to be close to the AC may actually be beyond

© 2011 International Endodontic Journal



Vieyra & Acosta Comparison of working length determination

oo e 2 the foramen. When this happens an instrument passing
D through a necrotic pulp and through the foramen will
2less 3 most likely carry bacteria and toxins into the apical
- tissues (Siqueira et al. 2002, Siqueira & Barnett 2004).
8035 ' ° Receiving an indication from an EAL when the AC or
8 foramen is located would be very helpful in avoiding
o(83Q ' ° this mishap.
2 The use of an EAL to determine WL has gained in
© s S|laszae° popularity. Even though the user must be aware of the
‘é % E o 2 possible sources of error (metallic restorations, salivary
ccl8|=|288 '° contamination, dehydration, etc.), this and other stud-
olewe 2 ies have shown that the accuracy of EAL are superior to
o =~ radiographs (Van de Voorde & Bjorndahl 1969, Pratten
2l-or P & McDonald 1996, Venturi & Breschi 2007). An in vivo
- study (Shabahang et al. 1996) the Root ZX was within
Blgx ' ° 0.5 mm of the minor foramen (AC) 96% of the time, a
r value similar to this study (100%). In general, this
2 alygs ' study also agrees with others (Usun et al. 2008) that
% 2 9 EAL are more accurate than radiographs and greatly
: <. S|-gg "' ° reduce the risk of instrumenting and filling short of or
= Z% 5 E . 2 beyond the apical foramen.
21’ sl8|S|vge e Being 1.0 mm through the AC increases the risk of
g over instrumentation and filling. In this study, using
Z P > S a radiographically determined WL 1.0 mm from the
E w2 radiographic apex resulted in 20% of the anterior
f’é o A teeth, 35.7% of the premolars and 23.44% of
% Qg 3 the molars being 1.0 mm through the AC. In
= © comparison, no EAL measurements for anterior and
§ olaga: 3 premolar teeth were 1.0 mm through the AC and for
§ ° molars it was only 0%, 0.98%, 0%, and 0.32% for
E P § 3o 2 the Root ZX, Elements, Precision AL, Raypex 5,
[= .
s|e 2 e o 5 respectlyel.y. ' ' '
é g ls 2 |» oc-w~o < The limitations and disadvantages of using only the
g o 2 radiographic method to determine WL are well known.
3 N 38 G However, since the joint use of radiographs together
é I D g with EAL results in greater accuracy (ElAyouti et al.
= = o = o 2002), radiographic verification of WL length is still
§ 2 oo o ; desirable (Fouad et al. 1990).
E 8|
§ ol BR& "°| § Conclusion
[
i 2|vco § _'S_ Under clinical conditions EALs identified the AC with
2K8e_ © E greater accuracy than radiographs. In addition, only
% E LZ § 2log o § . LE 0.6% (average) of the EAL mea‘suremer.lts were 1:() mm
= B 5 through the AC whereas with radiographs it was
E _g < E E 31.4%. A WL 1.0 mm through the AC will, in some
é ; £ g % cases, results in instrumenting and filling beyond the
g g _é o > foramen. A WL 0.5 mm short of, or at the radiographic
< g 2 g gé— apex, would further increase the likelihood of this
2 ,§ Slw wos|I6 happening. EALS can increase the accuracy of WL
e 5°192%72lez determination.
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Table 5 Distance of file tip from the apical constriction determined by Root ZX, Elements, Precison AL, Raypex 5 and Radiograph

(162 molars)

Root ZX Elements Precison AL Raypex 5 Radiograph
n =610 n =610 n =610 n =610 n=610
Distance from Variance Variance Variance Variance Variance
AC (mm) Std. Deviation Std. Deviation Std. Deviation Std. Deviation Std. Deviation
-1.0 — — — — —
,05 — — _ —_ —_
AC 8 (1.31%) 79 (12.95%) 11 (1.8%) 124 (20.32%) 113 (18.52%)
0.276/0.525 0.877/0.936 0.315/0.561 1.169/1.084 1.400/1.183
+0.5 7 (1.14%) 11 (1.80%) 10 (1.63%) 11 (1.80%) 9 (1.47%)
0.244/0.605 0.315/0.561 0.198/0.498 0.315/0.561 0.189/0.484
+1.0 10 (1.63%) 0.198/0.498
AC: Apical Constriction.
(+) and (-) values indicate file tip beyond (+) or short (-) of the AC.
p = 0.05.
Table 6 Percentage of measurements at the AC with the four EALS
Anteriors: RZX: 89.1% E: 83.6% P: 85.4% RAY: 81.8% R: 32.72%
Premolars: RZX: 75.0% E: 61.6% P: 64.3% RAY: 61.6% R: 32.1%
Molars: RZX: 69.0% E: 50.5% P: 65.4% RAY: 43.9% R: 14.6%
Root ZX= (RZX); Elements= (E); Precision AL= (P); Raypex 5 = (RAY) and radiograph=(R).
Table 7 Percentage of measurements at 0.5mm short of the AC with the four EALS
Anterior and Premolar teeth: No measurements were 0.5 mm short of the apical constriction
Molars: RZX: 1.3% E: 11.1% P: 1.8% RAY: 20.3% R: 18.5%
Root ZX= (RZX); Elements= (E); Precision AL= (P); Raypex 5 = (RAY) and radiograph=(R).
Table 8 Percentage of measurements at 0.5mm through the AC with the four EALS
Anteriors: RZX: 10.9% E: 16.4% P: 14.5% RAY: 18.2% R: 47.3%
Premolars: RZX: 25.0% E: 39.3% P: 34.7% RAY: 39.3% R: 32.1%
Molars: RZX: 29.7% E: 35.6% P: 33.4% RAY: 37.0% R: 42.0%
Root ZX= (RZX); Elements= (E); Precision AL= (P); Raypex 5 = (RAY) and radiograph=(R).
Table 9 Percentage of measurements at 1.0mm through the AC with the four EALS
Anteriors: RZX: 0.0% E: 0.0% P: 0.0% RAY: 0.0% R: 20.0%
Premolars: RZX: 0.0% E: 0.0% P: 0.0% RAY: 0.0% R: 35.7%
Molars: RZX: 0.0% E: 0.98% P: 0.0% RAY: 0.32% R: 38.5%

Root ZX= (RZX); Elements= (E); Precision AL= (P); Raypex 5 = (RAY) and radiograph=(R).

No significant difference was apparent comparing the
accuracy of the four EALS. All achieved a clinically
acceptable determination of WL and were significantly
more accurate than radiographs.
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